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It is known that pharyngalgia is very common after tonsillectomy. It should be emphasized that the intensity of pain 
after adenoidectomy in children is not less important than after adenotonsillectomy. Despite the availability of 
standardized pain assessment scales and existing postoperative analgesia recommendations, unresolved postoperative 
pain still occurs in children. The research included 117 children with an average age of 7.5 ± 0.4 years, who underwent 
adenoidectomy at the Department of Anesthesiology and Intensive Care of "Regional Children’s Clinical Hospital" of 
Kharkov city in 2014. Depending on the method of general anesthesia, patients were divided into 3 groups: group I (n = 41) 
those who received propofol in combination with fentanyl; group II (n = 40) those who received sevoflurane in 
combination with fentanyl; group III (n = 36) those who received thiopental sodium combined with fentanyl. 
We monitored the heart rate, systolic blood pressure, diastolic blood pressure, mean arterial pressure, BIS-index, heart 
rate variability, respiration rate, and SpO2. We determined the levels of cortisol and insulin in the blood serum, glucose 
level, the ratio of cortisol/insulin was calculated. Assessment of the efficiency of postoperative analgesia was performed 
using the Wong-Baker FACES Pain Scale («Faces») and the Oucher Scale. The result of analysis of the intensity of 
postoperative pain determined that at the 1st hour after the operation by the «Faces» and Oucher scales, it was 
significantly higher in patients of group II compared with the patients of group I and group III. The morning after the 
operation there was no significant difference in the pain scales, and the number of scale points showed that children 
from all groups did not have pain. According to the data of ANOVA it was determined that only the patients in group I 
with indicator ΔBIS-index «intubation – traumatic moment of operation» experienced postoperative pain intensity on 
the «Faces» scale. A very strong correlation between «cortisol – BIS index» was observed during the traumatic moment 
of operation and unidirectional positive correlations were seen both between ΔBIS-index «intubation-the traumatic 
moment of operation» and between the level of cortisolemia (Δcortisol before surgery – the traumatic moment of 
operation, Δcortisol extubation – the 1st day after the surgery and Δcortisol before surgery – the 1st day after the 
surgery) and the intensity of postoperative pain by the «Faces» and Oucher scales. The around-the-clock prescribed 
administration of ibuprofen at dose 10 mg/kg after adenoidectomy provided effective postoperative analgesia. At the 1st 
hour after the operation lower pain intensity was revealed in patients using propofol in combination with fentanyl by 
both pain scales. We believe that propofol is able to influence the level of cortisol and assume that due to minimal 
changes in the level of cortisol during the perioperative period, propofol can reduce the intensity of postoperative pain.  

Keywords: removal of the adenoid vegetations, children, intravenous anaesthesia, inhalation anaesthesia, postoperative pain 

Introduction  
 

It is known that the greater the severity of surgical stress, the 
higher incidence of complications in the perioperative period. The 
most important aggressive factors of surgical stress are: psycho-
emotional aggression, pain, blood loss, nonpainful reflexes and 
damage to vital organs. In each case, the severity of the stress factors 
is quite different and depends on many factors. The leading factors 
are the initial state of vital body systems, traumatism of surgical 
intervention and the effectiveness of the techniques that the 
anaesthesiologist provides to protect the patient from nociceptive 
effects of surgical stress.  

Speaking about surgical stress, it should be remembered that the 
basis of perioperative stress response is the reaction of the hypothala-
mic-pituitary-adrenal system, which causes hyperglycemia, an exces-
sive production of adrenocorticotropic hormone (ACTH), cortisol, 
somatotropin, catecholamines, angiotensin II, glucagon, lactate forma-
tion and reduces the secretion of insulin, testosterone and activation of 

the sympathetic nervous system (Palmieri et al., 2006). Despite the fact 
that at the present time there is no direct method for measuring the stress 
level during general anesthesia, one of the most common criteria for 
evaluating stress is the level of stress hormones with hemodynamic 
parameters, which characterize the effectiveness of a patient’s 
protection from surgical stress during surgery (Paola et al., 2015).  

Today some of the most widely studied parameters in evaluating 
surgical stress in children and adults are cortisol and glucose (Wolf, 
2012; Yang et al., 2013; Sekhon et al., 2013; Naguib et al., 2013; Gupta 
et al., 2013; Chen et al., 2013; Wang et al., 2014; Das et al., 2015). 
However, some of the existing attempts to evaluate stress reactions by 
studying the level of cortisol during diagnostic procedures and invasive 
urological interventions in children under general anesthesia have 
shown mixed results (Hsu et al., 2012; Taylor et al., 2013).  

Thus, the main purpose of anesthesia is to protect the child from 
surgical stress. Stress has special significance in children with 
imperfections in their central and peripheral systems of neurohumoral 
regulation, which leads to low adaptability in such children’s 
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organism. That is why one of the main problems in ear, nose and 
throat (ENT)-surgery is to optimize the maintenance of perioperative 
analgesia (Strauss, 2012). However, recently the bulk of research on 
surgical stress in a variety of types of surgery (depending on the 
duration and extent of trauma) has been conducted on adult patients 
under different methods of general anesthesia compared to the 
pediatric patients. In addition, until now in the literature there has 
been a lack of data about the effectiveness of protecting children from 
surgical stress during "minimally invasive" operations, for example 
during adenoidectomy in children.  

One of the most important factors which determine the 
postoperative period is pain in various degrees of severity 
(Tsekhmister et al., 2016). Acute pain is the most common adverse 
factor which affects children as a result of surgery, illness, injury or 
any necessary medical treatment. Adenotonsillectomy is associated 
with severe pain, which sometimes lasts until the seventh 
postoperative day (Uysal et al., 2011). However, in the literature, 
we have found only a few works about the intensity of 
postoperative pain after adenoidectomy in children.  

This opinion is shared in the survey conducted by Russell et al. 
(2013), who noted that at present there is still a paucity of data which 
shows how painful the most common surgical procedures in children 
can be. Previous work has indicated that more than 80% of children 
need to receive analgesics after ambulatory adenoidectomy and 
discharge from the hospital (Kokki and Ahonen, 1997). Korpela et al. 
(2007) compared the efficacy of naproxen and acetaminophen with or 
without pethidine during adenoidectomy in children. They found that 
83% of children of the naproxen group and 97% of the 
acetaminophen group who had not been given pethidine during 
surgery required the administration of additional analgesics in the 
ward (fentanyl 1 μg/kg). Thus, the usage of pethidine reduced the 
need for additional analgesia in the postoperative period (Korpela 
et al., 2007). Therefore, the abovementioned work indicates that the 
intensity of pain in children after adenoidectomy is not less important 
than after adenotonsillectomy.  

According to the results of a study conducted by Schnelle et al. 
(2013), which evaluated the intensity of postoperative pain in 
134 children in the first 24 hours after ENT-operations using the 
German-wide project Quality Improvement in Postoperative Pain 
Management in Infants (QUIPSI) questionnaire, it was determined 
that the maximum intensity of pain in children is significant within 
the first 24 hours, and most children require additional analgesics. 
From the total number of surveyed patients, the majority of patients 
had undergone adenoidectomy (60%) and combined with 
tonsillectomy (16%). The authors concluded that the strategy of 
treating pain in children is not sufficient (Schnelle et al., 2013).  

Vons et al. (2014) also evaluated the prevalence and severity of 
postoperative pain in 167 children, who underwent adenoidectomy 
(78 patients) and adenotonsillectomy (89 patients) in outpatient 
settings. The percentage of patients with significant pain, who were 
already at home on the 1st day after the surgery, according to the 
Parent’s Postoperative Pain Measure Scale (over 6 points) and the 
visual analogue scale (over 4 points), was 25% and 35% respectively 
of the total number of patients who had undergone adenoidectomy 
(Vons et al., 2014). Probably, this may be due to the insufficient dose 
of non-narcotic analgesics in the postoperative period.  

Based on the foregoing we believe that, despite the existing 
methods of general anesthesia which are designed to protect 
children from surgical stress, not enough attention has been devoted 
to the quality of antistress protection during «minimal» traumatic 
surgery and providing effective postoperative analgesia following 
ENT-operations in children. The aim of this research is to improve 
the experience of children during the postoperative period after 
adenoidectomy by reducing the intensity of postoperative pain. 
 
Materials and methods  
 

The research was conducted at the Department of Anesthesiology 
and Intensive Care "Regional Children’s Clinical Hospital" (Kharkiv, 

Ukraine) during 2014. It included 117 children with an average age of 
7.5 ± 0.4 years, who underwent adenoidectomy and responded to 
ASA I-II. The average duration of surgery was 7.3 ± 0.3 min. All 
patients were divided into three groups depending on the method of 
general anesthesia.  

Patients in group I (n = 41) underwent anesthesia using 1% 
solution of propofol (2.5 ± 0.03 mg/kg), maintenance performed by 
bolus administration of propofol (1 mg/kg) for an average of 2.5–
3.0 minutes after previous administration. 

Patients in group II (n = 40) underwent anesthesia using a 
sevoflurane-oxygen mixture given by the "bolus" method without 
filling the breathing circuit of 8 % sevoflurane with oxygen flow 
4 l/min. Upon reaching the clinical- surgical stage of anesthesia, 
maintenance of anesthesia was performed at feed 2.0–2.5% 
sevoflurane in fresh gas flow of 2 l/min.  

Patients in group III (n = 36) underwent anesthesia using a 1% 
solution of thiopental sodium (5–6 mg/kg). Given the short duration 
of the intervention, there was no need for repeated administration of 
anesthetic to maintain the anesthesia.  

In all groups, muscle relaxation was ensured by administering a 
2% solution of suxametonium iodide at a dose (2 mg/kg). As 
needed, further bolus administration of suxametonium iodide was 
performed at average dose (1 mg/kg). Intraoperative analgesia was 
carried out by 0.005% solution of fentanyl at a dose (2 mg/kg).  

In order to prevent nausea and vomiting in patients of all 
groups, ondansetron was administered (0.1 mg/kg) intraoperatively. 
Postoperative analgesia in all groups was performed by around-the-
clock prescribed ibuprofen at a dose (10 mg/kg).  

Perioperative non-invasive monitoring of the heart rate, ECG, 
systolic, diastolic and mean arterial pressure (MAP), heart rate 
variability (HRV), respiration rate, blood oxygen saturation index 
(SpO2) was carried out by the UM-300 monitor (Utas, Ukraine) at 
the following stages: 1st is before surgery; 2nd is induction of 
anesthesia; 3rd is tracheal intubation; 4th is traumatic moment of 
operation; 5th is extubation; 6th is 1st hour after the surgery; 7th is 
6th hour after the surgery; 8th is 1st postoperative day.  

The HRV parameters were examined at all stages, except for 
the 3rd stage (tracheal intubation). BIS-index was investigated by 
the UM-300 monitor (Utas, Ukraine) and BIS Vista (Aspect 
Medical Systems, USA). The data at the 1st, 3rd, 4th and 5th stages 
were evaluated. Doses were titrated to maintain BIS-index in the 
range of 40–60%.  

The level of cortisol (C) in serum was determined by ELISA 
using a set of reagents of production (XEMA-MEDICA, Russia). 
Insulin levels (I) were determined by a set of reagents of production 
(DRG, Germany). Glucose was determined by the glucose oxidase 
method using a set of reagents of production (Filisit-Diagnostics, 
Ukraine). They were evaluated in the following stages: 1st, 4th, 5th 
and 8th.  

Evaluating the effectiveness of pain relief in the early 
postoperative period was performed by using the Wong-Baker 
FACES Pain Scale «Faces» and the Oucher scale at the following 
stages: at the 1st, 6th, 8th hour and on the 1st day after the 
operation.  

Statistical analysis of the data was performed using SPSS 19 for 
Windows. Results of descriptive statistics are presented as Mean ± 
SE (mean ± standard error of mean). Check for normal distribution 
was carried out by the Kolmogorov-Smirnov criterion. We used t-
Student test to compare quantitative indicators and determine the 
differences between them for dependent and independent samples 
with Bonferroni correction. Correlation analysis was carried out 
using the criterion of Pearson (r). An ANOVA was carried out with 
the calculation of Fisher’s F-test in order to assess the effect of the 
studied factors on the pain intensity.  
 
Results  
 

Patients of all groups were matched by sex, age, anthropometric 
data and the duration of surgery. Hemodynamic parameters in 
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patients of all groups did not differ and were stable during surgery. 
BIS-index had the same tendency to change in patients of all groups 
(40% < BIS-index < 60%), but in the stages of study some 
differences were found between patients of groups I and III and 
patients of groups II and III (Р = 0.002 and Р = 0.014, respectively), 
which were not clinically significant (Table 1).  

Table 1 
The changes of the hypnotic component  
of general anaesthesia (BIS-index) in patients of all groups  
in the perioperative period (Mean ± SE) 

Stages of study 
Groups 

1st 3rd 4th 5th 
group I, n = 41    95.8 ± 0.5** 52.2 ± 1.7 51.5 ± 1.6* 76.5 ± 0.9
group II, n = 40  96.6 ± 0.3*      42.1 ± 1.1***; ###    46.4 ± 2.6*** 78.5 ± 0.6
group III, n = 36 97.5 ± 0.2 54.8 ± 1.0 56.0 ± 1.2 78.3 ± 0.6

Note: significant difference between the groups at appropriate stages:  
### – P < 0.001 compared with group 1; * – P < 0.05 compared with group 3, 
** – P < 0.01 compared with group 3, *** – P < 0.001 compared with group 3.  

In assessing the effectiveness of the antistress protection of 
children during surgery we found that the largest fluctuations were 
inherent in the level of cortisol among stress markers. During the 
traumatic moment of operation in the patients of group I and during 
all stages of the study, the level of cortisol did not exceed the limits 
of the reference values. However, the patients of groups II and III 
had a more significant tendency to increase its level. But it should 
be noted, that there was no significant difference between the 
groups at this stage (Р > 0.05) (Table 2–5).  

Table 2  
Comparative dynamics of cortisol (nmol/l) in the studied groups 
throughout different research stages (Mean ± SE)  

Groups 
Stages  

of study group 1,  
n = 21 

group 2,  
n = 19 

group 3,  
n = 20 

Reference 
values 

1st 260.0 ± 24.4 322.0 ± 88.3 308.1 ± 44.5 
4th 333.3 ± 37.2   830.0 ± 322.3   506.3 ± 218.2 
5th   413.3 ± 44.3##     606.7 ± 48.1***; ### 322.5 ± 62.4 
8th 310.0 ± 75.3 304.0 ± 61.4 207.6 ± 38.1 

370 ± 230

Note: significant difference between cortisol values at different stages: *** – P < 
0.001 compared with 8th stage; significant difference between the groups: ## – P < 
0.01 compared with group 2, ### – P < 0.001 compared with group 3.  

Table 3  
Comparative dynamics of insulin (μunit/ml) in the studied groups 
throughout different research stages (Mean ± SE)  

Groups Stages 
of study group 1, n = 21 group 2, n = 19 group 3, n = 20 

Reference 
values 

1 th      11.8 ± 1.0 ###   7.2 ± 0.6 12.0 ± 1.9 
4 th 14.7 ± 2.3 12.9 ± 6.4 15.0 ± 2.0 
5 th 12.5 ± 1.9 12.9 ± 1.9 14.3 ± 2.2 
8 th 10.0 ± 2.1       16.5 ± 1.9***; ## 11.2 ± 0.6 

13.5 ± 
11.5 

Note: significant difference between insulin values at different stages: *** – 
P < 0.001 compared with 1st stage; significant difference between the groups: ## – 
P < 0.01 compared with group 3, ### – P < 0.001 compared with group 2.  

Table 4 
Comparative dynamics of ratio cortisol / insulin (C/I) in the studied 
groups throughout different research stages (Mean ± SE)  

Groups Stages 
of study group 1, n = 21 group 2, n = 19 group 3, n = 20 

Reference 
values 

1 st 1.0 ± 0.1   1.0 ± 0.1** 1.0 ± 0.1 
4 th 1.2 ± 0.2 2.3 ± 0.6 1.1 ± 0.3 
5 th 1.2 ± 0.4   2.0 ± 0.5** 1.4 ± 0.5 
8 th 1.1 ± 0.2   0.5 ± 0.1## 0.8 ± 0.3 

1.0 ± 0.1 

Note: significant difference between C/I values at different stages: ** – P < 
0.01 compared with 8th stage; significant difference between the groups:  
## – P < 0.01 compared with group 1.  

At all stages of the study, the level of insulin did not exceed the 
limits of reference values in the patients of all groups. Among all 

studied groups only in the patients of group II was there a tendency 
to increase the ratio of C/I up to 2.3 ± 0.6 at the stage of the 
traumatic moment of operation, which indicates the intensity of 
adaptation abilities of patients in this group. The level of glycemia 
in patients of all groups did not exceed the limits of reference values 
(4.4 ± 1.1 mmol/l) during all stages of the study.  

Based on this, a correlation analysis was made between stress 
markers, hemodynamic parameters and the BIS-index.  

Table 5  
Comparative dynamics of glucose (mmol/l) in the studied groups 
throughout different research stages (Mean ± SE)  

Groups Stages 
of study group 1, n = 21 group 2, n = 19 group 3, n = 20 

Reference 
values 

1 st 3.5 ± 0.1 3.3 ± 0.5 3.7 ± 0.2 
4 th   3.9 ± 0.2** 3.4 ± 0.4 3.6 ± 0.2 
5 th 4.5 ± 0.1 4.6 ± 0.4 4.2 ± 0.3 
8 th 3.8 ± 0.3 3.9 ± 0.3    4.3 ± 0.1++ 

4.4 ± 1.1 

Note: significant difference between glucose values at different stages: ++ – 
P < 0.01 compared with 1st stage, ** – P < 0.01 compared with 5th stage.  

In the patients of group I at the stage of the traumatic moment of 
operation we noted strong negative “insulin – heart rate” (r = –0.81; 
P = 0.05); strong positive “C/I – heart rate” (r = 0.81; Р = 0.05) and a 
very strong positive “cortisol – BIS-index” (r = 0.97; Р = 0.001) 
correlations. On the 1st postoperative day we noted a strong 
connection “cortisol – heart rate” (r = 0.83, Р = 0,041).  

In the patients of group II within all stages of the study at the 
stage of extubation we established only one strong positive 
correlation “glucose – BIS index” (r = 0.75, Р = 0.011).  

In the patients of group III at the preoperative stage we noted 
moderate positive connection “glucose – MAP” (r = 0.44, Р = 
0.048). At the traumatic moment of operation strong correlation 
links were recorded: “glucose – BIS-index” (r = 0.72, Р = 0.004) 
and “insulin – BIS-index” (r = -0.85; Р = 0.031). On the 1st 
postoperative day there was a noticeable positive correlation 
“glucose – heart rate” (r = 0.51, Р = 0.02).  

When examining the pain intensity using the “Faces” scale in 
the early postoperative period there was more pronounced pain in 
the patients of group II (1.4 ± 0.2 points) in comparison with the 
patients of the group I (0.8 ± 0.1 points) and group III (0.8 ± 0.1 
points) (P = 0.013 and P = 0.014, respectively) (Fig. 1).  

Fig. 1. Dynamics of “Faces” scale indicators  
in the postoperative period in patients of all groups  

By the Oucher scale a similar pattern was traced, but at the same 
time apart from the above differences we detected the difference 
between the patients of groups I and III (P = 0.011) (Fig. 2).  

At the 6th hour after the operation the intensity of postoperative 
pain on the “Faces” scale was significantly lower in the patients of 
group III (0.3 ± 0.1 points) compared with the patients of group I 
(0.6 ± 0.1 points) and group II (0.9 ± 0.2 points) (P = 0.013 and P = 
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0.001, respectively) and by the Oucher scale – the same in the 
patients of group III (0,3 ± 0,1 points) compared only with the 
patients of group II (0.6 ± 0.1 points) (P = 0.014).  

 

Fig. 2. Dynamics of Oucher scale indicators  
in the postoperative period in patients of all groups  

In the dynamics of observation in the patients of all groups a 
tendency was noted to increase of pain intensity in the postoperative 
period, but only in the patients of group I did we not observe 
significant differences of the pain intensity between the stages of 
the study (P > 0.05). The next morning after the operation the 
number of scale points showed that postoperative pain did not 
trouble children of all groups (P > 0.05).  

Given the very strong positive correlation “cortisol – BIS-
index” (r = 0.97, Р = 0.001) in the patients of group I at the stage of 
the traumatic moment of the operation, we carried out a more 
detailed analysis of the relationships between the level of stress 
markers, hemodynamic parameters, BIS-index and the differences 
of these parameters between the stages of the study, which have 
been marked (Δ). We noted, that patients for whom the value of 
ΔBIS-index “intubation – traumatic moment of operation” (ΔBIS) 
was negative did not experience postoperative pain according to the 
“Faces” and Oucher scales starting from the 6th hour after the 
operation until the 1st postoperative day inclusive.  

Following the analysis of variance, it was found that only in the 
patients of group I did ΔBIS affect the intensity of postoperative 
pain according to the “Faces” scale at the following stages: at the 
6th hour after the operation (F = 4.278; P = 0.039), at the 8th hour 
after the operation (F = 4.583, P = 0.032) and on the 1st 
postoperative day (F = 4.583, P = 0.032). Patients of groups II and 
III felt no effect of ΔBIS on the intensity of postoperative pain 
during all stages of the study (P > 0.05). In addition, it should be 
noted that the value of ΔBIS in the patients of groups II and III 
(4.54 ± 1.45% and 3.76 ± 0.66%, respectively) was significantly 
higher in comparison with the patients of group I (–0.73 ± 1.03%) 
(P = 0.007 and P = 0.002, respectively).  

The results of studying the effect of the level of stress markers in 
the perioperative period on the intensity of postoperative pain in the 
patients of all groups showed: first, only changes in the level of 
cortisol influenced the intensity of postoperative pain according to 
pain scales; secondly, it was registered only in the patients of group I.  

In particular, the value of Δcortisol at the stage “before surgery – 
the traumatic moment of operation” affected the pain intensity: on 
the “Faces” scale on the 1st day after the operation (F = 4.321; P = 
0.038), according to the Oucher scale at the 6th hour after the 
operation and on the 1st day after the operation (F = 3.900; P = 
0.048 and F = 5.417; P = 0.020, respectively). Also it was found 
that Δcortisol at the stage “extubation – the 1st day after the 
surgery” affected the pain intensity on the “Faces” scale at the 1st 
hour after the operation (F = 4.792; Р = 0.029) and on the Oucher 

scale at the 1st hour after the operation (F = 4.309; Р = 0.038); the 
value of Δcortisol at the stage “before surgery – the 1st day after the 
surgery” affected the pain at the 1st hour after the operation 
according to the “Faces” scale (F = 4.684; Р = 0.030). Regarding 
the patients of groups II and III, we did not register the influence of 
Δcortisol on the intensity of postoperative pain during any of the 
stages of the study (before surgery – the traumatic moment of 
operation; the traumatic moment of operation – extubation; 
extubation – the 1st day after the surgery) (Р > 0.05).  

However attention should be drawn to the following: in the 
patients of group II, the value of Δcortisol “before surgery – the 
traumatic moment of operation” was significantly higher (582.5 ± 
203.7 nmol/l) compared with the patients of group I (46.0 ± 12.6 
nmol/l) (P = 0.010) and group III (122.7 ± 144.8 nmol/l) (P = 
0.013), which is likely to contribute to the development of more 
severe postoperative pain in the patients of group II. Moreover, the 
intensity of postoperative pain in the patients operated on under 
general anesthesia using sevoflurane in combination with fentanyl, 
was higher compared with the patients of groups I and III according 
to the pain scales.  

Based on the results of the correlation analysis it was established 
that a noticeable positive correlation was marked: between the ΔBIS-
index “intubation – the traumatic moment of operation” and the 
“Faces” scale at the 6th hour after the operation (r = 0.65, P = 0.029); 
between the ΔBIS-index “intubation – the traumatic moment of 
operation” and the “Faces” scale at the 8th hour after the operation (r = 
0.67; P = 0.022) and between the ΔBIS-index “intubation – traumatic 
moment of operation” and the “Faces” scale on the 1st day after the 
operation (r = 0.70, Р = 0.019).  

In the study of the correlation between Δcortisol and pain 
intensity by pain scales, significant positive correlation was 
observed on the 1st day after the operation in the patients of group 
I: Δcortisol (before surgery - the traumatic moment of operation) – 
the “Faces” scale (r = 0.58; P = 0.031); Δcortisol (before surgery – 
the traumatic moment of the operation) – the Oucher Scale (r = 
0.64; P = 0.013). Also, noticeable positive correlation relationships 
were found at the 1st hour after the operation: Δcortisol 
(extubation – the 1st day after surgery) the “Faces” scale (r = 0.57, 
P = 0.031), Δcortisol (extubation – the 1st day after surgery) the 
Oucher scale (r = 0.52, P = 0.04). In addition, at the 1st hour after 
the operation we found a noticeable positive correlation between 
Δcortisol (before surgery – the 1st day after the operation) – pain on 
the “Faces” scale (r = 0.58, P = 0.031).  
 
Discussion  
 

The evaluation of the efficiency of antistress protection during 
adenoidectomy in children found that the most sensitive indicator of 
surgical stress among all studied stress markers was the level of 
cortisol. In summary, during all stages of the research, the cortisol 
level did not differ between the groups. However, at first, only in 
the patients of group I its level did not go beyond reference values 
for all stages of the research and secondly, in the patients of groups 
II and III a significant upward trend in cortisol was noted during the 
traumatic moment of operation, but there were no significant 
differences between groups at this stage (P > 0.05).  

First of all, it is necessary to note that cortisol secretion is 
increased as a result of stimulation of the adrenal cortex by means 
of ACTH. An increase in the concentration of ACTH and cortisol in 
plasma can be detected almost immediately after the onset of 
surgery and their increase is related to the intensity of the surgical 
stimulus (Paola et al., 2015). But despite this, there are current 
studies which show that propofol can reduce the secretion of 
cortisol by inhibiting γ-aminobutyric acid and glutamate receptors 
(Sakai et al., 1995; Kelbel and Weiss, 2001).  

Apparently, that is why the results obtained on the effectiveness 
of the antistress protection of general anesthesia with the use of 
propofol and sevoflurane are confirmed in some existing works. 
Chen et al. (2013) in his study determined which of the methods of 
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general anesthesia has more advantages during fibrobronchoscopy 
in children. According to the study, they found that anesthesia with 
propofol in combination with remifentanil has more advantages in 
comparison with sevoflurane, one of which is a significantly lower 
stress hormone level during surgery.  

In another study (Yusupov et al., 2015), based on analysis of 
64 patients who underwent surgery for the correction of congenital 
malformations also came to the conclusion that general anesthesia 
with propofol and analgesia nalbuphine provides sufficient  protection 
of children from surgical stress without signs of activation of 
hormonal regulation. It should also be noted that the present works 
which investigate the level of stress markers in adult patients when 
intravenous and inhalation anesthesia are compared also demonstrate 
the advantages of propofol in combination with remifentanil in 
relation to sevoflurane (Ihn et al., 2009; Marana et al., 2010).  

By the way, if we recall the depth of the hypnotic component of 
general anesthesia, we also found work in the current literature that 
discusses of the depth of the hypnotic component caused by 
propofol on surgical stress. Yang et al. (2013) compared the effect 
of varying depths of the hypnotic component of anesthesia using 
propofol in combination with remifentanil on perioperative changes 
in hemodynamics and stress hormones during adenotonsillectomy 
in children. According to the results of the study, they concluded 
that a deeper level of sleep (BIS-index – 25–35%) can more 
effectively inhibit perioperative cortisol reaction.  

Jung and Cho (2015) compared the reaction of stress markers 
(norepinephrine and glucose) at different depths of sleep in patients 
operated on for the lung resection. The authors also concluded that 
a deeper level of anesthesia, which is achieved by the high rate 
infusion of propofol during surgery, provides a low perioperative 
response of the above indices.  

During the course of our research, we did not study the effect of 
the depth of the hypnotic component of anesthesia on surgical 
stress. However, the data obtained from the level of stress markers 
confirm the fact that despite a shallow level of sleep (BIS-index – 
51.9 ± 1.9%) in patients of the group I, compared to previous 
studies (BIS-index – 25–35%), they were sufficiently protected 
from the effects of surgical stress. The revealed strong positive 
correlation “cortisol – BIS-index” (r = 0.97, Р = 0.001) in the 
patients of this group, in our opinion, is the evidence of the 
influence of the depth of sleep, caused by propofol, on the level of 
cortisol, and hence the severity of surgical stress. 

Regarding the patients of groups II and III and the tendency to 
increase in cortisol level at the stage of the traumatic moment of 
operation, in view of the lack of understanding of the current range of 
increase in the cortisol level in response to various types of stress, 
including surgical, we believe that this fact requires further studies. 

Returning to postoperative analgesia, despite the availability of 
standardized pain assessment scores and existing reviews and 
recommendations on the efficiency of analgesics, postoperative 
pain is still found in children (Messerer et al., 2010; Pierce and 
Voss, 2010; Russell et al., 2013; Schultz-Machata et al., 2014; 
Misiołek et al., 2014).  

The analysis of postoperative analgesia in the work Schnelle et al. 
(2013) pointed out that only about 32% of the total number of children 
received ibuprofen in an average dose 8.39 ± 1.62 mg/kg, while 38% 
did not receive non-narcotic analgesics in the postoperative period. 
Maximum pain intensity over the first 24 hours in children was 
significant, prompting the authors to conclude that a higher percentage 
of children need more analgesics. The obtained results can be 
interpreted in different ways, as they can also be the consequence of the 
administration of analgesics according to the child’s specific needs, but 
not according to their planned use. Therefore, we assume that a child’s 
refusal to accept analgesia cannot for certain be considered as an 
indicator of adequate analgesia (or absence of pain), because there 
may also exist the factor of the neglect of postoperative analgesia by the 
child or its parents. During our study, around-the-clock prescribed 
administration of ibuprofen to all patients at the maximum single dose 
of 10 mg/kg, in our opinion, provided more effective postoperative 

analgesia in comparison with the above results, which was demon-
strated by using the pain scales.  

Frederick et al. (2011) in their work examined 40 children aged 
2–8 years and studied the effect of controlled sleep depth under 
anesthesia using sevoflurane on the emergence delirium by 
distributing patients into two groups: a “low normal” range (40–
45%) and a “high normal” range (55–60%) by means of the BIS 
index during ophthalmic operations. They found, that in the patients 
of the group (BIS-index – 40–45%) the score on the behavioral pain 
scale FLACC was significantly higher – 7 points compared with the 
other group (BIS-index – 55–60%) – 3.5 points (P = 0.03), despite 
the same amount of intraoperatively administered fentanyl in both 
groups (Frederick et al., 2011). During our study, we also recorded 
similar data, in particular, in children who were operated on under 
general anesthesia using sevoflurane, the BIS-index at the tracheal 
intubation stage was significantly lower (42.1 ± 1.1%) compared 
with children who were operated on under intravenous general 
anesthesia with propofol and thiopental sodium (52.2 ± 1.7% and 
54.8 ± 1.0%, respectively; P = 0.001). Later during the traumatic 
moment of operation for children of the sevoflurane group a 
tendency remained towards lower values in the hypnotic 
component of general anesthesia relative to the other two groups 
(46.4 ± 2.6%, 51.5 ± 1.6% and 56, 0 ± 1.2%, respectively). In the 
1st hour after the operation, the pain intensity in children who were 
operated on under general anesthesia using sevoflurane was higher 
on the “Faces’ and Oucher scales (1.4 ± 0.2 and 1.6 ± 0.3 points, 
respectively) compared with children who were operated on under 
intravenous general anesthesia with propofol and thiopental sodium 
(0.8 ± 0.1, 0.5 ± 0.1, 0.8 ± 0.1 and 0.9 ± 0.2 points, respectively). 
Therefore, we also share the opinion of Frederick et al. (2011), that 
further research is needed to investigate the effect of the depth of 
the hypnotic component of anesthesia, caused by various methods 
of general anesthesia, on the intensity of postoperative pain.  

Currently, the question of the influence of propofol on the 
intensity of postoperative pain is being discussed, in particular it is 
stated that it provides a more powerful analgesic effect in the 
postoperative period in comparison with other anesthetics (Hasani 
et al., 2013; Tan et al., 2010). However, none of the authors explain 
why this is happening. Our data also showed that in the 1st hour 
after adenoidectomy in children operated on under general anes-
thesia using propofol in combination with fentanyl, the pain 
intensity was the lowest, assessed by the “Faces” and Oucher 
scales, compared with two other methods of general anesthesia. 
We assume that this may be related to the ability of propofol to 
reduce the secretion of cortisol. The strong positive correlation 
“cortisol – BIS-index” (r = 0.97; P = 0.001) in patients of group I is 
direct evidence of the influence of the depth of the hypnotic 
component of anesthesia caused by propofol on the level of cortisol. 
As a result, the level of cortisol changed minimally during all stages 
of the study in patients operated on under general anesthesia using 
propofol in combination with fentanyl.  

It is known that if the level of some hormones increases above 
reference values (cortisol, progesterone, estrogen, testosterone and 
thyroid hormones), it will be impossible to provide adequate pain 
relief (Mensah-Nyagan et al., 2009).  

The results of our study revealed the unidirectional positive 
correlation between ΔBIS and postoperative pain intensity, and 
between the level of cortisol (Δcortisol before surgery – the 
traumatic moment of operation, Δcortisol extubation – the 1st day 
after surgery and Δcortisol before surgery – the 1st day after 
surgery) and postoperative pain intensity. The obtained results, in 
our opinion, to some extent explain the relationship between the 
level of cortisol and postoperative pain. Given this, we assume, that 
it is due to the relative balance of cortisol level (remaining within 
the reference values – 140–600 nmol/l) in the perioperative period 
in patients operated on under general anesthesia using propofol in 
combination with fentanyl, that we were able to provide more 
adequate pain relief and less pain intensity in the early postoperative 
period, compared with the patients from two other groups. However, 
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our hypothesis requires further research. In the case of its 
confirmation, given the direct impact of the depth of the hypnotic 
component of general anesthesia based on propofol on the secretion 
of cortisol, further studies are needed to determine which optimal 
range of BIS-index anesthesiologists must use during operations in 
order to not only avoid an excessively deep or too superficial hypnotic 
component of general anesthesia, but also to predict the likely quality 
of postoperative analgesia. It is worth noting the fact that patients 
operated on under general anesthesia using propofol in combination 
with fentanyl, in which the value of ΔBIS “intubation – the traumatic 
moment of operation” was negative, did not experience postoperative 
pain on the “Faces” and Oucher scales, starting from the 6th hour 
after the operation until the 1st postoperative day inclusive.  
 
Conclusion 
 

A lower pain intensity, assessed by the “Faces” and Oucher scales, 
was observed at the 1st hour after the operation in patients using 
propofol in combination with fentanyl compared with the patients who 
received general anesthesia with sevoflurane or thiopental sodium in 
combination with fentanyl (P = 0.013 and P = 0.011, respectively).  

The around-the-clock administration of ibuprofen at a dose 
10 mg/kg after adenoidectomy provides effective postoperative 
analgesia in children of all groups and there is no need for additional 
prescription of analgesics during their entire stay in hospital. 
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