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Abstract

Purpose: This study aims to evaluate how dexmedetomidine impacts extubation success as well as its adverse effects in comparison 
with midazolam among pediatric patients.

Methods: Children between 1 and 18 years following the intubation in the PICU and who had undergone either dexmedetomidine 
(dex) or midazolam (mid) infusion after extubation were included to the study. Dex or mid infusion was started after extubation for 
all of these patients. Patients’ data was retrospectively obtained from patient files. 

Results: A total of 218 patients were included in our analysis: 126 patients in the dexmedetomidine group (DEXg) and 92 patients 
in the midazolam group (MIDg). The rate of failed extubation was 15% in DEXg compared to 38% in MIDg, which is statistically sig-
nificant (p < 0.05). 

Conclusion: Leaving from ventilation rates were more significantly in patients who received dex after extubation. So, during the 
weaning period immediately after the extubation, the use dex instead of mid increases the success of extubation due to a lack of 
respiratory depression and its side effects. 
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Introduction
Sedative agents such as opioid and/or benzodiazepine are commonly used for patients to whom mechanical ventilation is applied due 

to a need for respiratory support until extubation in order to prevent pain and/or agitation, and thus to ventilate lungs more efficiently as 
well as prevent accidental extubations [1]. The sedation of patients over a long time period can cause failed to extubation, reintubation, 
or prolonged mechanical ventilation duration even if the sedative drugs are stopped [1,2]. There are many challenges, especially for pedi-
atric patients, such as agitation, delirium, and withdrawal due to the stopping of sedatives during preparation of the patients for extuba-
tion, thus preventing the weaning of patients needing to be re-sedated due to an increase in tachycardia and tachypnea [3,4]. This causes 
prolonged duration of dependence on ventilators, extended stay at intensive care units, and an increase in mortality and morbidity [5,6]. 
This leads to need for a sedative drug that is safe in terms of its adverse effects, and that does not suppress respiration during preparation 
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for extubation. Dexmedetomidine (dex) is a selective alpha-2 receptor agonist with a broad range of pharmacological qualities. Alpha-2 
receptor agonists provide analgesia, reduce anxiety, and provide sedation without respiratory depression [7-9]. Over the past 10 years, 
dex has emerged as a usable option for sedation of critically ill children. Even though its use is limited in many North American Pediatric 
Intensive Care Units, dex is attractive because of its favorable hemodynamics and lack of respiratory depression [10]. Potential adverse 
events during sedation with dex include hypotension, hypertension, nausea, bradycardia, and atrial fibrillation [11]. 

Midazolam (mid) and lorazepam are the benzodiazepines that are optimal for sedation in the PICU because they can be implemented 
by either intermittent or continuous infusion and have a relatively short duration of effect. Benzodiazepines bind to specific receptors in 
the gamma aminobutyric acid (GABA) receptor complex, which raises the binding of this inhibitory neurotransmitter [12]. Anxiolysis is 
reached at low doses. Higher doses are associated with sedation, muscle relaxation, anterograde amnesia, anticonvulsant effects, and both 
respiratory and cardiovascular depression [13]. 

Benzodiazepines are used for sedation of patients who are agitated after extubation at our hospital’s Pediatric Intensive Care Unit 
(PICU), however, the use of dex has also increased in recent years. 

Aim of the Study
This study aims to compare dex and mid in terms of their success rate of when it comes to extubation and drug safety for pediatric 

patients needing sedation after extubation.

Methods
Participants

This study was conducted on patients admitted to the PICU between September 2016 and August 2018. The requirement for written, 
informed consent was waived due to the nature of the study. However, in order to follow our institution’s policy, informed parental con-
sent was obtained from patients verbally over the phone. Our research was conducted in accordance with the Declaration of Helsinki and 
was approved by the Local Research Ethics Committee. Children between 1 and 18 years of age following the intubation in PICU and who 
had undergone dex or mid infusion after extubation were included in the study. Patient exclusion criteria were as follows: 

1.	 Patients age < 1 month or > 18 years, 

2.	 Patients using a combination of opioids/benzodiazepines for sedation analgesia after extubation, 

3.	 Patients with muscle blockage, 

4.	 Patients with congenital airway abnormalities, 

5.	 Patients on extended ventilation (more than seven days) and 

6.	 Patients with incomplete file records.

The following data was obtained from patient files: 

•	 Demographics (age, gender, primary diagnosis), 

•	 Information about mechanical ventilation (i.e. indications of intubation, ventilation mode, duration of intubation, ventilator set-
tings before extubation, extubation time, after extubation; reintubation, need for non-invasive mechanical ventilation (NIV-MV)), 

•	 High flow oxygen therapy (HFOT), 

•	 Type of treatment used for sedation and analgesia, initial dose and total dose, 

•	 Duration of the infusion, 

•	 Whether there is any side effect related to sedation, 
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•	 Requirement for additional sedation and inotropic support, 

•	 Length of stay at PICU and 

•	 Mortality status. 

Measures 

In order evaluate the safety of the drug, we collected hemodynamic parameters including heart rate, mean arterial pressure, and satu-
ration of oxygen. Vital findings (i.e. heart rate, saturations of oxygen) of all the patients in PICU are routinely monitored through monitors 
connected to a central screen, whereupon non-invasive blood pressure is measured every hour and monitored from the same screen. The 
mean arterial pressure (MAP) and heart rate (HR) at different time points (two (B2h) and one hour before extubation (B1h), as well as one 
(A1h), two (A2h), four (A4h), eight (A8h), and twenty-four hours after extubation (A24h)) were obtained from nurse observation records. 
The period of time from intubating the patient to weaning was defined as the intubation duration time. Given that institutional protocol, 
midazolam and/or fentanyl infusion is used for sedation and analgesia of intubated patients, the use of MV is thus monitored at our clinic. 
We stop sedatives and analgesics before extubation, and we wait for patient to wake up. The decision regarding extubation readiness is 
based on several observations following criteria: 

•	 Whether the patient was alert and awake or not,

•	 Hemodynamic stability, 

•	 Oxygen saturation > 90%, 

•	 Positive inspiratory pressure < 20, 

•	 Positive end expiratory pressure < 7 cm H2O, 

•	 Normal blood gas results and

•	 Stable ventilation and oxygenation. 

Patients identified for extubation typically have normal lung function and hemodynamics. Signs of withdrawal were defined according 
to a Withdrawal Assessment Tool-Version 1 (WAT-1) score > 3 [14]. 

Patients were divided into 2 groups: those receiving dex infusion after extubation; dexmedetomidine group (DEXg) and those receiving 
midazolam infusion; midazolam group (MIDg). Each group was evaluated in terms of side effects, drug dose, drug infusion time, the need 
for non-invasive mechanical ventilation, the need for reintubation, length of stay at PICU and mortality status. 

Statistical analysis

The Shapiro-Wilk test was used to check to see whether the continuous variables in the study were normally distributed. Descriptive 
statistics were expressed in terms of numbers and percentages for categorical variables as well as in terms a mean, standard deviation, 
and median (Interquartile Range: IQR) for numerical variables. Normally distributed variables were expressed in terms of mean ± stan-
dard deviation (M ± SD), whereas non-normally distributed variables were expressed in terms of median and IQR or (25 - 75th percentile). 
The Mann-Whitney U test was employed for two group comparisons of the non-normally distributed numerical variables. The changes 
in Mean Arterial Pressure (MAP) and heart rate values were compared using the Wilcoxon signed rank test. A logistic regression analysis 
was used for evaluate the factors that effect on extubation success. Statistical significance was considered in terms of p values < 0.05. IBM 
SPSS for Windows 21.0 (IBM Corp. Released 2012, Armonk, NY) was used for analyses and calculations.

Results

1,950 patients were admitted to the PICU between September 2016 an August 2018. The medical records of 493 patients requiring 
intubation among the patients were examined, whereby 275 of them were excluded. 211 patients were excluded for not meeting the in-
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clusion criteria, and 64 patients were excluded due to incomplete medical records (Figure 1). A total of 218 patients were included in our 
analysis: 126 patients in the dexmedetomidine group (DEXg) and 92 patients in the midazolam group (MIDg). There was no difference in 
terms of age, gender, or follow-up diagnosis. Patient characteristics and demographics are presented in table 1. Dex was infused at a dose 
between 0.1 and 0.4 µg/kg/h, with the median initial dose being 0.27 µg/kg/h. The median initial dose of mid was 0.07 mg/kg/h and the 
maximum dose was increased up to 0.55 mg/kg/h. No loading dose was administered to any of the patients. The rate of ailed extubation 
was 15% in DEXg, compared to 38% in MIDg, which in turn is statistically significant (p < 0.05). Additionally, the duration of stay in the 
PICU was significantly longer in MIDg (p < 0.05) (Table 2). Multivariable analysis revealed that precedex was a significant factor upon it 
being adjusted for the children’s age and type of disease.

Figure 1: Patient enrollment flow.
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Group DEX Group MID Group P value
Age, months, median (IQR) 33.0 (15.0 - 72.0) 43.0 (22.3 - 78.0) NS
Sex (male/female), n 64/62 47/45 NS
Diagnosis, n, %
Sepsis
Trauma
Postop
Pneumonia
Bronchiolitis
Metabolic disease
Encephalitis
Meningitis
Acute encephalopathy
Asthma
Other

19 (15)
21 (17)
16 (13)
15 (12)
10 (8)

12 (10)
4 (3)
3 (2)
4 (3)
5 (4)

16 (13)

18 (20)
15 (16)
13 (14)
11 (12)
9 (10)
8 (9)
2 (2)
2 (2)
2 (2)
4 (4)

8 (90)

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

Dose of Drug infusion median, (IQR)
İnitial dose (mc/kg/h)
Max Total dose (mc/kg/h)

0.27 (0.30 - 0.50)
0.30 (0.30 - 0.50)

0.07 (0.05 - 0.10)
0.16 (0.05 - 0.55)

Infusion duration (after MV), hours, median, (IQR) 48 (33.8 - 72) 29 (20.5 - 48) < 0.001

Table 1: Demographic profile. 
IQR: Interquartile Range; N: Number; mc/kg/h: Microgram Per Kilogram Per Hour; MV: Mechanical Ventilation; NS: Nonsignificant.

There also was a difference between two groups in terms of sedative drug infusion durations (p < 0.001). 

here was no difference in MIDg when the median values of mean arterial pressures (MAP) were compared either before or after 
sedation; however, there was a slight difference in MAP both before and after the initiation of dex. There was no clinical hypotension 
considering the percentiles suitable for the age and height of the patient. Comparison of hemodynamic indexes between the MIDg and 
DEXg during before and after extubation was summarized in table 3. All patients with bradycardia fell in the DEXg, whereby the median 
age was 12 months, the initial dex infusion median dose was 0.3 (IQR = 1.75 - 0.3) µg/kg/h, and the lowest recorded heart rate was A1h 
and A2h (Table 4). The infusion of dex was stopped in two of the patients with bradycardia, whereupon they were continued with half a 
dose after pausing for 1 hour in three patients with bradycardia. There was no problem recorded in any of the patients during follow-up. 

Group Group DEX Group MID P value
Failed extubation, n, % 19 (15) 35 (38) < 0.001
Need of NIV, n, %
NIV-MV
HFOT

58 (46)
24 (19)
34 (27)

52 (56)
19 (20)
33 (36)

NS
NS
NS

Extubation duration time, (hour), median, IQR 52 (29.5 - 99.0) 47 (28.5 - 109.5) NS
PICU Time, (day), median, IQR 4.0 (3.0 - 7.0) 5.5 (3.1 - 11.0) =0.004

Table 2: Comparison of failed extubation, need of NIV and PICU time between each group.
NIV: Noninvasive Ventilation; MV: Mechanical Ventilation; HFOT: High Flow Oxygen Therapy; IQR;  

Interquartile Range; NS: Nonsignificant.
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Time B2h B1h A1h A2h A4h A8h A24h
HR (beats/minute), median, IQR

Group DEX 111.0 (95.0 - 123.0) 105.0 (95 - 121.0) 100.0  
(87.0 - 117.0)

100.0  
(88.0 - 120.0)

108.0  
(88.0 - 120.0)

105.0  
(92.0 - 120.0)

110.0  
(94.0 - 120.0)

Group MID 102 (98 - 112) 105 (96 - 117.3) 103.5  
(95.5 - 115.8)

102.0  
(92.5 - 116.5)

99.0  
(90 - 115.8)

100.5  
(94.3 - 117.8)

98.0  
(90.3 - 112)

MAP (mm/Hg), median, IQR

Group DEX 75.5 (71.8 - 85.0) 76.0 (71.8 - 85.0) 75.5 (71.0 - 85.0) 75.5  
(71.0 - 85.0)

76.0 71.8 - 
85.0) 76.0 (71.0 - 85.0) 75.5  

(71.0 - 85.0)

Group MID 77.0 (69.3 - 86.0) 77.0 (70.0 - 85.8) 77.0 (69.0 - 85.8) 77.5  
(69.3 - 86.0)

77.0  
(70.0 - 85.8) 77.0 (70.0 - 85.8) 77.0  

(69.0 - 85.8)

Group DEX group
Age (months, median, IQR) 12.0 (6.5 - 18.0)
Sex (male/female), n 3/2
HR (beats/minute), median, IQR
B2h 128.0 (117.5 - 131.0)
B1h 125.0 (116.0 - 131.5)
A1h 58.0 (51.5 - 78.0)
A2h 120.0 (53.5 - 120.0)
A4h 125.0 (99.0 - 129.0)
A8h 119.0 (106.0 - 127.5)
A24h 122.0 (110.5 - 128.5)
Dose of Drug infusion median, (IQR), İnitial dose (mc/kg/h) 0.30 (1.75 - 0.30)
Infusion duration (after MV), hours, median, (IQR) 72.0 (48.0 - 84.0)

Table 4: Characteristics of patients with bradycardia. 
Heart rate (HR) at different time points (two (B2h) and one hour before extubation (B1h);  

one (A1h), two (A2h), four (A4h), eight (A8h), and twenty - four hours after extubation (A24h); Interquartile Range.

Table 3: Comparison of hemodynamic indexes between each group during, before, and after extubation.
MAP: Mean Arterial Pressure; HR: Heart Rate; DEX: Dexmedetomidine; MID: Midazolam; IQR: Interquartile Range.

Moreover, none of the patients were reported to have any drug withdrawal or any abnormalities such as hallucination or delirium. All of 
the patients included in our study survived.

Discussion
Sedation and ventilator weaning are closely linked [15]. There are some studies demonstrating the sedative effects of dex in pediatric 

patients [16-19]. However, most of these studies have been conducted on patients needing sedation after surgery and/or for a short term 
[16,19-21] and they also are not related to extubation success. The number of studies conducted on use of dex especially for weaning 
in pediatric patients at Medical PICUs is currently insufficient. Therefore, we evaluated the effect of dex on extubation and its adverse 
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effects in pediatric patients in this study. The need for reintubation among our patients was small, whereby the duration of stay in inten-
sive care was apparently shorter in DEXg. Parallel to this study, Gupta., et al. conducted a study on 60 adult intubated patients in order to 
compare the efficacy of dex. They reported that those who were administered dex were extubated within a shorter time period, and that 
dex facilitated extubation [22]. They used dex right before extubation, while we used dex after extubation. Nevertheless, the important 
this was that dex did not cause respiratory depression while providing sedation. Intubation time was longer among our DEXg (which 
was not statistically significant), but however successful weaning was higher. Nunes., et al. compared dex with other sedative drugs, and 
found that although duration of ventilation in patients administered only dex was longer, their success at weaning success was compared 
to others [23]. Likewise, Lu., et al. reported in a study conducted on adults that the consecutive use of mid with dex increased quality of 
extubation, maintained respiratory, and circulatory parameters, and that it reduced negative reaction when compared to the exclusive 
use of midazolam [24]. Le., et al. conducted a study a group of pediatric patients in which 89 patients took dex after cardiac surgery. They 
found that dex did not have any significant impact in terms of early extubation, ventilation time, or duration of stay in intensive care in 
comparison to the standard regime (benzodiazepine-based practice) they used [21]. 

The use of dex was approached with precaution due to concerns about its adverse effects on pediatric patients [7,25]. The adverse 
effects of dex infusion related to hypotension, hypertension, and bradycardia have been mentioned in several studies [17-20]. Hayden., et 
al. conducted a PICU-based study and found that while dex caused reduction of heart rate, it nevertheless had minimal effects on blood 
pressure [17]. Another study conducted on adult intubated patients comparing the adverse effects of dex concluded that there was an 
apparent decrease in heart rate and blood pressure among patients being administered dex. This, however, was deemed insignificant, and 
dex was deemed reliable and effective as a sedative. Another study conducted involving newborn and pediatric intensive care compared 
cardiovascular system adverse effects of dex. The study revealed that the bradycardia episodes were higher among infants, and that the 
decrease in the heart rate was thought to be associated with a higher dose of dex administered to infants [25]. A recent study reported 
that dex was tolerated well both in intubated and non-intubated newborn and infant patients. However, Banasch., et al.’s study conducted 
at a PICU investigating the adverse effects and tolerability of dex, had revealed that hypotension was observed in 27% of patients and that 
bradycardia was found in 21% of patents. It also found that both effects were observed in 7% of patients, but that these adverse effects 
were only observed in patients who were administered dex at an earlier age and for a longer time period [18]. 

In our study, patients with bradycardia were also younger (median 12 months). We observed bradycardia usually within the first 
2 hours after starting infusion, whereupon we stopped the drug, and continuing with lower doses, which did not seem to cause any 
problems among patients. Bradycardia is seen as one adverse effect after the infusion of dex in studies conducted on pediatric patients 
whereby the rate was 14% and 21% [18,26]. The rate of bradycardia was not so high (5/126) in this study. That is, mild hypotension was 
observed especially in the first two hours after dex infusion, and minimal changes were recorded in tension arterial (TA) as long as the 
infusion continued. However, these values were deemed as normal upon considering the TA percentiles based on the age and height of the 
patient. The dex infusion initial dose in those who had bradycardia after dex infusion was higher when compared to the median values 
of our patients, (0.27 vs 0.30 µg/kg/min). Similarly, the duration of infusion was also longer in the bradycardia group (48 vs 72 hours) as 
well. Even though we detected a slight difference in MAP and heart rate in our study, hypotension among these adverse effects was not 
clinically significant whereby bradycardia was resolved rapidly upon stopping the drug. The rate of extubation failure was 15% in DEXg, 
whereas it was 38% in the MIDg. Likewise, the duration of stay in the PICU was longer in MIDg.

Limitation of the Study
Several limitations of the study should not be ignored. First, data was collected retrospectively, and so may be prone to selection and 

information bias. Second, some patients were excluded due to incomplete medical records, furthermore this was a single-center study 
with limited sample size, so the generalizability of the findings is unknown. Thirdly, our patients were all critically ill, making it difficult 
to ascertain whether the adverse events were related to the therapy or to the underlying critical illness. Additionally, there was a lack of 
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evaluation with other sedative agents because of the use of these drugs in our clinic. A randomized controlled trial with a larger sample 
size will be needed to confirm our findings.

Conclusion
In conclusion, we would like to state that dex is a reliable drug, and that both can be used in pediatric intensive care units, and that 

it increases the rate of extubation success during the weaning of pediatric patients when compared with midazolam. In conclusion, we 
might recommend that hospitals include dexmedetomidine in weaning protocols for pediatric patients.
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