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Purpose: Emergence agitation (EA) is a condition where factors 

associated with patient, surgery and anesthesia play role in occurrence, 

and that may occur in any age groups–particularly well-defined in 

children and delay discharge. Emergence agitation has been 

investigated for medical interventions under general anesthesia in 

children, but not for dental treatment under deep sedation. The 

objective of this study was to investigate the incidence of EA in 

pediatric cases scheduled for tooth extraction under deep sedation and 

its relationship with drugs for sedation. 

Materials and Methods: 120 cases, less than 12 years old  and in ASA 

I-II group according to “American Society of Anaesthesiologists 

(ASA)” risk classification were scheduled for elective tooth extraction 

under deep sedation without premedication. The patients were admitted 

in operating room just  according to our anesthesia protocol. With the 

aim of achieving Richmond Agitation Sedation Scale (RASS)=(-4),   In 

Group K who allowed IV (Intravenous)  canulla insertion: 2-3 mg.kg
-1

 

IV Ketamine was administrated. In Group KM who also allowed IV 

cannula insertion: 0.5 mg of Midazolam was added to 2-3  mg.kg
-1

 IV 

Ketamine. In Group S: 8% Sevofluranein  50% O2/N2O through face 

mask (connected to a Mapleson C  circuit) was administrated to the  

Group S who did not allow inserting IV canulla. Detecting the RASS as 

-4 local infiltration anaesthesia was applied for the extraction of 

associated teeth. Following the procedure recovery was evaluated at T0, 

than 15 min. later (T15), 30 min. later (T30), 45 min later (T45), 60 min 

later (T60) with RASS. 

Results:  The RASS values at T0 were statistically significantly higher 

in Group K than those of other groups. No significant differences were 

found between groups for RASS mean at T15 RASS values at T30, T45, 

T60 minutes were statistically significantly lower in Group S than 

Group K and Group KM. 

Conclusions: We concluded that use of ketamine alone or in 

combination with low dose of midazolam for short-time surgical 

procedures did not cause agitation compared to sevoflurane, increased  
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quick recovery and child-parent satisfaction and efficiency of operating 

room. 
 

Copy Right, IJAR, 2017,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Dental fear and anxiety complicates and sometimes even makes treatment impossible in children (1). It is required to 

use sedation or general anesthesia in patients for whom dental treatment cannot be performed under local anesthesia 

and behavioral and psycho-pedagogical techniques remain inadequate (2, 3). The sedation is a method that is often 

used for dental treatment of children for performing dental treatment in safe and comfortable conditions; reduces the 

time apart for the child-parent and the occupancy time of patient beds, and increases the efficiency of operating 

room. The sevoflurane, midazolam and ketamine are therefore commonly used anesthetics. The sevoflurane is the 

preferred inhalation agent because it has low solubility and low risk for hepatotoxicity, is less irritant, maintains 

hemodynamic stability, and results in quick recovery (4, 5). However, the sevoflurane is also reported to cause 

agitation more often in pediatric patients than other anesthetics during recovery from general anesthesia (5, 6). The 

ketamine is a non-competitive N-methyl-D-aspartate receptor antagonist that is commonly used anesthetics for 

outside anesthesia. Ketamine allows for sedation, analgesia and amnesia without suppressing the functions of 

respiratory tract and circulatory system (7). But, hallucinogenic properties of the ketamine is its unwanted effect. 

Midazolam is one of the benzodiazepine class sedative, and dose-dependent, anxiolytic, sedative-hypnotic and 

safely used with presence of specific antidote, working by increasing GABA activity in the central nervous system 

(8). However, low doses of midazolam is reported to cause agitation not sedation in some cases (9). 

 

The EA was first defined in 1960 and is a problem that occurs within the first 30 minutes after surgery, often 

spontaneously improves within 15 minutes, includes disorientation, agitation, delusion, hallucination, discomfort, 

unstoppable crying, cognitive changes and impaired memory, and delays the discharge (9-13). It has been reported 

that selected anesthetics may play role in the incidence of EA in general anesthesia practice for medical reasons (9). 

Although there is not only one cause for EA, it is important to know the risk factors causing this condition in order 

to reduce the contributing factors and treat it (7). The factors playing role in occurrence of EA may be grouped in 

association with patient, surgery and anesthesia (9). The EA has been investigated in detail in the literature for the 

pediatric population and medical procedures performed under general anesthesia (e.g., strabismus surgery, 

adenotonsillectomy), but it has not been sufficiently studied for the dental treatment performed under deep sedation 

(9, 13, 14). Therefore, the objective of this study was to examine the characteristics of postoperative recovery for 

evaluating the incidence of EA and its relationship with drugs used for anesthesia in pediatric cases scheduled for 

tooth extraction under deep sedation (15). 

 

Materials and Methods:- 
With the approval of local ethics committee of Faculty of Dentistry, Ankara University, this study was performed 

with data of 120 cases, less than 12 years old, ASA I-II group according to „American Society of Anesthesiologists 

(ASA)‟risk classification, who were scheduled for tooth extraction under deep sedation because it was not possible 

to perform tooth extraction under local anesthesia. The informed consent form was read and signed by the children‟s 

parents. 

 

The cases whose parents did not provide informed consent, who had drug allergy, mental-motor retardation, 

uncontrolled systemic disease and psychiatric complaint or diagnosis, and were on antiepileptic or sedative 

medication and above 12 years of age were excluded from the study.  

 

Patient‟s age, body weight (kg), height (cm), ASA risk group and number of teeth extracted were recorded in the 

study protocol. The anesthesia protocol used for tooth extraction in our clinic was followed. After 6-hour fastening 

time, a topical anesthetic (EMLA®) was applied on the hand dorsal surface of all cases 30 minutes before 

transferring them to the operating room. All the cases were transferred to the operating room without premedication. 

Group K allowed to insert intravenous (IV) cannula and intravenously received 2-3 mg.kg
-1 

of Ketamine (Ketalar®, 

Pfizer, 50 mg ml
-1

, Istanbul, Turkey). Group KM (Ketamine-Midazolam, n=40) intravenously received 0.5 mg 

Midazolam (Dormicum®, Roche, 5 mg.ml
-1

, Fontenay-sous-Bois, France) in addition to 2-3 mg.kg
-1  

of Ketamine. 

Group S disallowed to insert intravenous cannula and received 8% Sevoflurane in the 50% O2/N2O (Sevoflurane
®
, 

Abbott, Italy) through a face mask (connected to a Mapleson C circuit). The aim was to achieve Richmond Agitation 

SedationScale(RASS, Table 1): -4 (deep sedation) in all of the groups. Research method was planned to obtain 
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(RASS: -4) sedation level. For that reason if we could not obtain RASS = -4 level, another doses of ketamine (0.05 

mg kg-1 iv ketamine in Group K, KS) or additional Sevoflurane (in Group S) inhalation was planned. The EA was 

assessed another anesthesia personnel who was blinded to which anesthetic agent was administrated to the patients. 

The cases were oxygenized through nasal cannula for 4 L/min during the procedure, and noninvasive Systolic 

Arterial Pressure (SAP), Diastolic Arterial Pressure (DAP), Heart Beat Rate (HR), and peripheral oxygen saturation 

(SPO2) were monitored. When desired sedation level (RASS=-4) was obtained, dental surgeon performed infiltration 

anesthesia (Ultrakain DS
®, 

1 mL/40 mg Articaine hydrochloride+0.006 mg epinephrine hydrochloride, Sanofi 

Aventis, Istanbul) on the teeth planned for extraction, and then dental procedure was performed. The anesthetic 

gasses were terminated in Group S when RASS was -4; spontaneous breathing was maintained and oxygenation 

through nasal cannula was performed during the procedure. Anesthestic  agents were administered performed by 

Anesthesiologist to obtain RASS=-4 level. Doses of anesthesics, procedure time and unwanted side effects were 

recorded by same Anesthesiologist.  At the end of the procedure, another anesthesia personnel (allied health staff)  

who were blinded groups were recorded RASS at minute 0 (T0) in the operating room and the RASS at minutes 15., 

30., 45. and 60. [respectively (T15), (T30), (T45), (T60)] were recorded in the wards with parents.The cases numbered 

for 2 months were grouped by the anesthetist according to anesthetics administered, and the data of first 40 cases in 

each group was included in the study.   

 

Statistical Analysis:- 
The data was analyzed using SPSS version 20.00. The descriptive analysis was performed to determine mean and 

standard deviation of data. ANOVA was used to analyze intergroup differences. Tukey test was performed to 

analyze differences between groups that had equal variances, and post hoc Dunett‟s test was performed when the 

variances were not equal between the groups. Normal distribution of data was assessed by Kolmogorov Smirnov test 

and the data had normal distribution (p<0.005). The homogenity test was performed to determine whether or not 

intergroup variances were homogeneous.  

 

Results:- 
The data of all cases (n=120) was included in the study. The groups were created according to anesthetics 

administrated in accordance with our clinical protocols (Group K: Ketamine, n=40, Group KM: Ketamine + 

Midazolam, n=40, Group S: Sevorane, n=40). 

 

No statistically significantly differences were found in comparison of groups for height, body weight, procedure 

time, and number of teeth extracted. In comparison of groups for the age of cases, the age of cases in Group KM was 

statistically significantly higher than that of cases in Group K (p< 0.05), No significant differences were found 

between the Group KM and the Group S (Table 2). 

 

In comparison of study groups for RASS, statistically significantly differences were found between the groups 

(p<0.001). The RASS values at minute 0 were statistically significantly higher in Group KM than that of other 

groups. While no statistically significantly differences were found between the groups for mean RASS at 15, the 

RASS values at minute 30., 45. and 60. were statistically significantly lower in Group S (Table 3).  

Comparison of groups by number of cases in RASS score groups (Table 4, 5, 6, 7, 8 and Graphic 1)  

 

Discussion:- 
In the study groups, the targeted sedation level [RASS=(-4) score (deep sedation)] was achieved with anesthetics 

administered and the tooth extraction was successful in all of the cases. 

 

RASS was used by Kerson et al. (15) to assess consciousness and awareness in the pediatric population, to titrate 

sedative agents, and to evaluate childhood delirium, and is one of the validity and safety proven scales that is 

intuitive, easy to use, includes agitation and sedation scales together, and has the highest adaptation among 

practitioners (16). The score “0” represents ideal level on the scale, and the values up to “+4” represent increasing 

agitation, and values up to “-5” represent increasing sedation level (17). 

 

According to the memorandum published by ASA in 1999 and revised in 2004, the deepsedation is a sedation 

manifestation during which consciousness is depressed by or totally disappears by drugs, defense reflexes are 

partially maintained, patients cannot be easily aroused and occasionally respond to physical and verbal stimulus, 
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interventions may be required to maintain the airway patency and spontaneous ventilation but no cardiovascular 

functions are affected (18).  

 

Our clinic practice aims at RASS:-4 (deep sedation) to achieve a proper mouth opening during dental treatment and 

successfully perform the procedure. We obtained RASS:-4 level in all of the cases, started the procedure and 

extracted the teeth without any undesirable effects. Upon completion of the procedure, we assessed the emergence 

agitation with RASS. 

 

The factors establishing the incidence and severity of EA are multifactorial (7). However, one of the factors 

contributing to the development of EA is anesthesia time. No statistically significantly differences were found 

between the groups for the procedure time and number of teeth extracted (7,9, 12, 14). 

 

Children with EA are unaware of the things around them and cannot be calmed by parents and other caretakers 

(19).Literature reports that EA mostly occurs between the ages of 2 and 5, but preschoolers are at risk (7, 9, 20, 21). 

In comparison of study groups by mean age, the age of cases in Group KM was statistically significantly higher than 

that of cases in Group K (p<0.05), but not different from the Group S (Table 2). After the procedure was completed, 

12.5% of cases in Group S were agitated, 22.5% of cases were restless at minute 0 (Table 4). None of the cases in 

two other groups were agitated from the completion of procedure and to the discharge. In our opinion, this may be 

due to anesthetics selected as well as the age characteristics of children.  

 

One factor responsible for EA is personality traits of child and stressed induction of anesthesia (11). The children in 

all groups were the cases for who tooth extraction was attempted under local anesthesia but could not be performed 

due to dental anxiety and fear. Therefore, the fear and anxiety level of all cases in the study was higher than those 

who were treated under local anesthesia. Kain et al. (22) concluded that there was a relationship between the 

preoperative anxiety and the postoperative behavior disorder. The cases in Group KM and Group K allowed 

intravenous cannulation but not the cases in Group S, and the number of agitated and restless cases in Group S was 

greater. We therefore judge that preoperative anxiety level may have an effect on the development of EA. 

 

Another responsible factor among other factors causing EA is the presence of pain (9, 21). However, the surgeon 

performing the procedure administrated infiltration anesthesia to all the cases during tooth extraction, and none of 

the cases complained about the pain for 60 minutes after the procedure. 

 

Another factor that is associated with EA is a noisy environment distant from family (9, 12, 20, 21). During the 

study, deep sedation was administrated in a quiet and peaceful environment and all the cases were exposed to the 

same conditions.   

 

The other factors that increase the incidence of EA include quick recovery of patients and possibility of airway 

obstruction. All of the cases included in this study were in the ASA I risk group and none of them had systemic 

diseases that might cause airway obstruction. We oxygenated our cases in 4L/min through nasal cannula during the 

procedure and did not have airway obstruction that might disturb the oxygenation or similar unwanted side effects. 

When we examine the groups for quick recovery of consciousness in an environment without family, we consider 

that anxiety caused by preoperative dental anxiety and fear was quickly remembered because midazolam had 

amnesic effects that was used in standard dose in addition to Ketamine in Group KM, Ketamine used in Group K 

had amnesic affects, and had no such effect in Group S; therefore the number of agitated and restless cases in Group 

S was statistically significantly higher than that of other groups.   

 

The factor that is mostly responsible for EA is anesthetics. The pediatric anesthetists underline that they observe 

higher agitation with Sevoflurane and associate this with low blood/tissue solubility and its EEG 

(electroencephalography) changes (6, 23). Işık et al.suggested that EA was also observed for administration of 

sevoflurane for MRI where no surgical intervention was performed (24). Cravero et al. (25)compared the 

sevoflurane and halothane anesthesia in children who underwent magnetic resonance imaging, and reported that no 

agitation was observed in cases received halothane and that 33% of cases received sevoflurane had agitation. The 

authors concluded that quicker recovery with sevoflurane and sudden awakening of child in a foreign environment 

resulted in agitation. The studies comparing propofol and sevoflurane reported that recovery was quicker with 

propofol and the agitation was higher in the sevoflurane group (26, 27). In the present study, 55% of cases in Group 

K, 20% of cases in Group KM and 0 case in Group S were alert and calm following completion of procedure. The 
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recovery was quicker in Group KM and Group K than that of Group S, and the number of agitated and aggressive 

cases was higher in this group as compared to two other groups. Therefore, we consider that recovery time may have 

an effect on the EA.  

 

There are contradictory data for premedication with midazolam: a number of studies suggest that it is effective in 

reducing preoperative anxiety and EA in children received anesthesia with sevoflurane (28). Despite this, Cole et al. 

pointed out that EA was higher after isoflurane and halothane anesthesia in children received midazolam for 

premedication (30%-40%)(19). They explained that this might be due to a gap caused by midazolam in the memory 

of children, sudden awakening in an environment that was totally strange to children, and an intense sense of fear 

accompanied by irritating stimulus. Shrestha S et al. (29) compared placebo and midazolam by orally administering 

(0.5 mg/kg) paracetamol, and reported that 96.7% of children in midazolam group and 53.3% of children in placebo 

group were calm when leaving their parents. The authors also reported that induction of anesthesia was calm in 

73.3% of children in midazolam group and 33.3% of children in placebo group, and no differences were found 

between two groups for recovery. Lapin et al. (28) and Ko et al. (30) reported that premedication with midazolam 

reduced the EA; McGraw et al. (31) reported that it had no effects on the EA, moreover children developed 

postoperative unfavorable behavioral changes. We administered 0.5 mg/kg standard dose of midazolam to all of the 

cases in Group KM in addition to ketamine. We found that less cases were alert and calm and more cases were 

drowsy and sedated at minute 0 according to RASS at the end of procedure compared to the group received 

Ketamine alone (Group K). We judge that standard dose of midazolam added to ketamine deepened the anesthesia, 

slightly prolonged the recovery time, however, we did not have any agitated cases in these two groups for 60 

minutes following completion of procedure.   

 

Literature has no studies that evaluate the effect of ketamine on the postoperative agitation in children who 

underwent dental treatment. On the other hand, there are studies reporting that premedication with ketamine reduced 

postoperative agitation compared to placebo (7, 32). Hadi at al. (7) intraoperatively administrated bolus low dose of 

ketamine to cases undergoing adenotonsillectomy with sevoflurane, and reported reduced incidence and severity of 

agitation developed with sevoflurane. Chen at al. (33) reported that dexmedetomidine and ketamine reduced EA and 

pain in strabismus surgery. We did not have agitated cases in the groups (Groups KM and K) received ketamine 

neither. 

 

In comparison of study groups for postoperative RASS values, the cases in Group KM were statistically 

significantly drowsy at minute 0 compared to the other groups, and we associated this deepened anesthesia with 

midazolam. In regard to RASS values at minute 30, 45 and 60, we observed that cases in Group S were statistically 

significantly restless and agitated than other cases. We consider that sevoflurane delays recovery in short-time 

surgical procedures, which is in consistent with literature, and results in agitation because it has no amnesic effects.  

Finally, we used anesthetics (Ketamine, Ketamine-Midazolam and Sevoflurane) in cases of tooth extraction to 

achieve deep sedation, which are not compared alone in the literature for incidence of recovery and agitation. We 

achieved quicker recovery with ketamine alone (Group K) and did not have any agitated cases. We concluded that 

use of ketamine alone or in combination with low dose of midazolam for short-time surgical procedures did not lead 

to agitation compared to sevoflurane, increased quick recovery and child-parent satisfaction and efficiency of 

operating room, and that preoperative anxiety or agitation level may be an indicator for development of 

postoperative behavior disorder. However, the limitations of this study include selection of anesthetics according to 

characteristics of cases and lack of randomization. Secondly, age distribution was not comparable in the groups. 

Therefore, we consider that postoperative, randomized and controlled studies on similar age groups are needed. 
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Graphic 1:-Comparison of groups by number of cases in RASS score groups  T0, T15, T30, T45, T60 

 
 

Table 1 :-Richmond Agitation SedationScale (RASS) 

 

Table 2:-Demographic characteristics by groups (mean± SD) 

 Group KM 

(n=40) 

Group K 

 (n=40) 

Group S 

(n=40) 

F P 

Age (year) 6.15 ±1.95* 5.10 ±1.33 5.37 ±1.62 4.30 0.016* 

Height (cm) 107.30±18.87 100.00±13.36 107.17±15.48 2.70 0.071 

Body weight (kg) 21.83±5.16 20.00±4.89 22.78±6.70 2.49 0.087 

Procedure time 

(minute) 

7.87 ±2.77 7.05±2.56 6.75±2.25 2.10 0.126 

Number of teeth 

extracted 

2.85 ± 1.99 2.40±1.62 2.67±1.83 0.61 0.541 

 

Table 3:-Groups as in terms numbers of the correspondings RASS scoring (mean± SD)  

RASS/Time Group KM Group K Group S F P 

T0 6.02±0.65 5.47±0.55 5.27±1.28 7.596 0.001 

T15 5.27±0.50 4.95±0.22 4.32±0.69 35.596 0.000 

T30 4.97±0.15 4.95±0.22 4.10±0.59 70.484 0.000 

T45 4.97±0.15 4.95±0.20 4.07±0.57 78.561 0.000 

T60 4.97±0.15 4.95±0.22 3.95±0.93 43.507 0.000 

Numbers correspondings RASS 

scoring 

Scoring Clinical status 

1 +4 Combative 

2 +3 Very agitated, aggressive  

3 +2 Agitated (frequent non-purposeful movement) 

4 +1 Restless 

5 0 Alert and calm 

6 -1 Drowsy 

7 -2 Light sedation 

8 -3 Moderate sedation  

9 -4 Deep sedation 

10 -5 Unarousable  
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Table 4:-Number of cases according to RASS values at T0 n (%) 

Groups Agitated 

(+2) 

Restless 

(+1) 

Alert and 

calm  (0) 

Drowsy 

(-1) 

Light sedation 

(-2) 

Total 

Group KM 0 0 8 (20) 23 (57.5) 9 (22.5) 40 

Group K 0 0 22 (55) 17 (42.5) 1 (2.5) 40 

Group S 5 (12.5) 9 (22.5) 0 22 (55) 4 (10) 40 

Total 5 9 30 62 14 120 

 

Table 5:-Number of cases according to RASS values at T15 n(%) 

Groups Agitated 

(+2) 

Restless 

(+1) 

Alert and calm 

(0) 

Drowsy Total 

Group KM 0 1 (2.5) 27 (67.5) 12 (30) 40 

Group K 0 2 (5) 38 (95) 0 40 

Group S 2 (5) 26 (65) 9 (22.5) 3 (7.5) 40 

Total 2 29 74 15 120 

 

Table 6:-Number of cases according to RASS values at T30 n (%) 

Groups Very agitated, 

aggresive (+3) 

Agitated 

(+2) 

Restless 

(+1) 

Alert and Calm 

(0) 

Total 

Group KM 0 0 1 (2.5) 39 (97.5) 40 

Group K 0 0 2 (5) 38 (95) 40 

Group S 1 (2.5) 2(5) 29 (72.5) 8 (20) 40 

Total 1 2 32 85 120 

 

Table 7:-Number of cases according to RASS values at T45 n(%) 

Anesthetic agent Very agitated, 

aggresive(+3) 

Agitated 

(+2) 

Restless 

(+1) 

Alert and Calm 

(0) 

Total 

Group KM 0 0 1 (2.5) 39 (97.5) 40 

Group K 0 0 2 (5) 38 (95) 40 

Group S 1 (2.5) 2 (5) 30 (75) 7 (17.5) 40 

Total 1 2 33 84 120 

 

Table 8:-Number of cases according to RASS values at T60 n(%) 

Groups Very agitated, 

aggresive (+3) 

Agitated 

(+2) 

Restless 

(+1) 

Alert and Calm 

(0) 

Total 

Group KM 0 0 1 (2.5) 39 (97.5) 40 

Group K 0 0 2 (5) 38 (95) 40 

Group S 2 (5) 5 (5) 24 (60) 9 (22.5) 40 

Total 2 5 27 86 120 
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