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The aim of the study was to evaluate the adequacy of analgesia when using bolus and dot 

methods (combination of program and bolus methods).According to the results of the 

examination, under general anesthesia (pain peak) - bolus infusion of fentanyl was 

accompanied by hemodynamic hyperdynamics, impaired microcirculation and increased 

cortizol in the peripheral blood. Stable hemodynamic parameters, adequate microcirculation, 

and stable cortizol concentration have been reported with the use of the dosing method. The 

above confirms that the dosing method of fentanyl infusion better ensures the adequacy of 

analgesia during surgery and general anesthesia. 
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Introduction: Achieving adequate analgesia is an important component of the patient's 

anti-stress protection at the stages of his/her surgical treatment [1]. Opioids and, in 

particular, fentanyl, occupy the leading position in the diverse resources of analgesics. 

The effect of the medication depends on its distribution, elimination, interaction with 

other medications [2,3]. However, the most important determinant is to maintain a 

constant working concentration of the medication during anesthesia [4,5]. Conventional 

(bolus) infusion technologies involve the administration of medications in the form of 

recommended doses and frequencies. However, this method does not provide for 

achieving a stable concentration of the medication and therefore a sufficient level of 

analgesia at the stages of the operation. Peak doses of the medication are accompanied by 

significant dose-dependent undesirable effects [6, 7, 8], which are caused at first by 

excessive concentrations of the medication, and subsequently insufficient concentration 

of the medication for maintaining proper analgesia. 

Infusion of the medications with the help of perfusions allows to maintain a constant 

concentration of the medication [9]. However, this method does not imply the dynamics 



of the intraoperative situation and does not always ensure the adequacy of analgesia.                                                                                                                                                    

Consequently, it becomes prospective to use the principle of subsidized administration of 

the medication, which provides for the achievement of a constant concentration of the 

narcotic analgesic by programmed infusion, and based on the intraoperative situation, 

the creation of an effective concentration in the blood due to its bolus administration 

[10]. 

The goal of this study is to evaluate the analgesic effect of fentanyl in bolus and 

subsidized methods of its infusion.                                                                                                   

Material and Methods: Observations were carried out in 42 patients aged from 18 to 58 

years without severe concomitant pathology with approximately equivalent in scale and 

duration of operations. Anesthetic means: induction - propofol - 1.5 mg/kg, fentanyl - 5.0 

μg / kg, myoplegia - atracurium 5.0 mg/kg. General anesthesia under conditions of low 

O2: Air gas flows, isoflurane MAK 1.1, in the mode of moderate hyperventilation (EtCO2 

= 28-32 mmHg), myoplegia with atracurium 5.0 mg/kg/hr. Patients are divided into 2 

groups depending on the method of maintaining analgesia with fentanyl. Group I (n = 

22) consisted of patients for whom analgesia was maintained only by a bolus infusion of 

fentanyl 1.6 μg/kg according to the criteria generally accepted in anesthesiology. In 

Group II (n = 20), analgesia was carried out by the subsidized method of fentanyl 

administration, which included the infusion of the medication at a rate of 5.0 μg/ kg/hr 

and boluses of 1.6 μg/kg as indicated. Before the end of the operation (10-15 min.) the 

infusion of medications was discontinued. Patients were extubated according to the 

criteria generally accepted in anesthesiology practice. At the stages of anesthesia - after 

intubation (stage I), at the peak of the surgical trauma (stage II), at the end of anesthesia 

and surgery (stage III) and in the postoperative period (after 2 hours - stage IV), the heart 

rate values  (bpm), mean blood pressure (mmHg), and temperature gradient * (ΔТ, С°), 

(monitor BeneViewT5) were recorded, and the total consumption of fentanyl (μg/kg) 

was calculated as well. The concentration of cortisol (ng/ml) in the peripheral venous 

blood was determined by the enzyme-linked immunosorbent assay using Cortizol KIT 

on ELize UNO analyzer (Germany). Differences were considered significant at p <0.05 

according to Student's t-criteria (Table).                                                                                                             

Table. Dynamics of parameters of HR (bpm), mean BP (mmHg), temperature gradient (ΔТ, 

С°), and cortisol (ng/ml) at the stages of anesthesia, surgery and in the postoperative period 

in conditions of bolus and subsidized introduction of Fentanyl (n=42).  

Parameter \ 

stage 

After 

intubation 

(stage I) 

Peak of 

surgical 

trauma (stage 

End of  

anesthesia 

and 

After surgery  

(stage IV) 



II) surgery 

(stage III) 

HR (bpm)     

Group I 
76,2±6,9 

 

82,3±5,7 

 

76,4±5,

6 

 

76,2±7,4 

 

Group II 87±7,2 72,4±7,9 79,8±5,

8 79,8±5,8 

mean BP 

(mmHg) 

    

Group I 72,4±6,7 93,2±6,5 99±6,3  96±7,9 

Group II 86,4±6,7 92,5±4,8 96±7,8 86,2±5,7 

ΔТ, С°     

Group I 4,9±0,8 +2,47±0,3 +3,16±0,5 +6,7±0,7 

Group II 5,4±0,7 -4,9±0,5 -1,8±0,3 -1,9±0,5 

Cortisol, ng / 

ml 

    

Group I 134,1±10,7 181±10,0 276±9,7 253±9,8 

Group II 130±10,6 120,1±5,7 167±9,5 164±11,8 

Fentanyl 

consumption 

μg/kg 

    

Group I 6,7±0,8 

Group II 8,5± 0,5 

 

p <0.05 according to Student. 

* Temperature gradient (ΔТ, С °) is the difference between central and peripheral 

temperatures. The central temperature is recorded with an electronic thermometer at 

the tympanic membrane, and the peripheral temperature is recorded on the skin of the 

right big toe (the region farthest from the heart).                                                                     

Results and Discussion:  Comparison of the parameters of central hemodynamics in the 

groups revealed the following tendencies: with bolus administration of fentanyl (Group 

I) at the peak of the surgical trauma, was observed an increase in heart rate from 76.2 ± 

6.9 to 82.3 ± 5.7 bpm, while with subsidized administration ( Group II) - a tendency to 

decrease in heart rate from 87 ± 7.2 to 72.4 ± 7.9 bpm (p <0.05). At the subsequent stages 

of the study, the HR parameters in the groups did not differ from the initial values. 



When recording mean blood pressure in Group I it was found to increase at all stages of 

recording, from 72.4 ± 6.7 (stage I), to 93.2 ± 6.5 (stage II), 99 ± 6.3 (stage III), and 96 ± 

7.9 (stage IV) mmHg, respectively.  In Group II, this parameter at stages II, III, IV of the 

study significantly differed from the corresponding values in Group I and was lower. At 

the same time, registration and calculation of the temperature gradient (ΔТ, С °) revealed 

that with bolus administration of fentanyl at all stages it increased from the baseline by + 

2.47 ± 0.3, + 3.16 ± 0.5, and + 6.7 ± 0.7 ΔТ, С °, respectively. In Group II, a gradual 

decrease of the temperature gradient from the baseline was found at all stages, by -4.9 ± 

0.5, -1.8 ± 0.3 and -1.9 ± 0.5 ΔТ, С °, respectively. At stage IV of the study, the difference 

in the temperature gradient between the groups reached statistical significance (p <0.05). 

The secretion of cortisol in the peripheral venous blood with bolus administration of 

fentanyl increased more than 2 times from the baseline, and at the stages of the study 

made 181 ± 10.0, 276 ± 9.7 and 253 ± 9.8 ng/ml, respectively; with the subsidized 

administration of fentanyl, only a tendency to its increase from 130 ± 10.7 (baseline) to 

167 ± 9.5 (stage III) and 164 ± 11.8 ng/ml by the end of anesthesia and surgery. At stages 

III and IV, the difference in the concentration of cortisol in the blood significantly 

differed between the groups (p <0.05) (Diagram). The consumption of fentanyl in the 

groups was 7.9 ± 1.8 and 11 ± 0.2 μg/kg. 

Conclusion: In order to achieve adequate analgesia, programmed administration of 

remifentanil is widely used, and when indicated, subsidized administration of fentanyl. 

However, remifentanil is not available in many clinics. Taking into account the similar 

pharmacodynamics of these medications, we carried out a study of the method of 

subsidized anesthesia based on fentanyl. 

 As shown by our study, general anesthesia and surgery under conditions of bolus 

administration of fentanyl were accompanied by tension in the circulatory function and 

a pronounced impairment of microcirculation (spasm), which was confirmed by a 

constant increase in the values of the temperature gradient and a steady increase in the 

concentration of cortisol in the blood. Consequently, the bolus injections of the 

medication did not provide the proper level of analgesia at the stages of anesthesia and 

surgery. 

 With the subsidized administration of fentanyl, normal hemodynamics, as well as a 

decrease in the temperature gradient (adequate microcirculation), and stable cortisol 

secretion were recorded. The above confirms the adequacy of analgesia at the stages of 

anesthesia, surgery, and in the postoperative period. 

  Therefore, the method of subsidized administration of fentanyl under general balanced 

anesthesia provides a higher level of anti-stress protection than bolus (conventional) 



administration of fentanyl. 

 

 

Diagram. Change in the concentration of cortisol (ng/ml) in the blood in the studied 

groups. 

 

OX - research stages; 

OU - cortisol concentration, ng/ml. 

The secretion of cortisol in group I at the stages of the study was 134.1 ± 10.7, 181 ± 10.0, 

276 ± 9.7 and 253 ± 9.8 ng / ml, in II - a tendency to increase it from 130 ± 10,7 (baseline) 

to 167 ± 9.5 (stage III) and 164 ± 11.8 ng / ml at the end of anesthesia and surgery. At 

stage III and IV, the difference in the concentration of cortisol in the blood significantly 

differed between the groups (p <0.05). 
 
Reference. 

1. Kim SH, Stoicea N, Bergese SD. Intraoperanbve use of remifentanil and opioid induced 

hyperalgesia/acute opioid tolerance:systematic review. Front Pharmacol.2014 May 8;5:108. 

https://doi.org/10.3389/fphar.2014.00108. 

2. Donald R. Taylor, MD. The Pharmacology of Fentanyl and Its Impact on the Management 

of Pain. Medscape Neurology. 2005;7(2). 

3. Sandra D.Comera, Catherine M.Cahillb. Fentanyl: Receptor pharmacology, abuse 

potential, and implications for treatment. Neuroscience & Biobehavioral Reviews.Volume 

106, November 2019, Pages 49-57. https://doi.org/10.1016/j.neubiorev.2018.12.005. 

https://doi.org/10.3389/fphar.2014.00108
https://doi.org/10.1016/j.neubiorev.2018.12.005


4.Andrea M. Trescot, MD, Sukdeb Datta, MD, Marion Lee, MD and Hans Hansen, MD. 

Opioid Pharmacology. Pain Physician 2008: Opioid Special Issue: 11: S133-S153. 

5. Evelien J. M. Kuip, Maarten L. Zandvliet, Stijn L. W. Koolen, Ron H. J. Mathijssen, 

Carin C. D. van der Rijt, Br J Clin Pharmacol. A review of factors explaining variability in 

fentanyl pharmacokinetics; focus on implications for cancer patients 2017 Feb; 83(2): 294–

313. https://doi.org/10.1111/bcp.13129. 

6.Jegen Kandasamy MBBS, MD, Waldemar A. Carlo MD, Pharmacologic Therapies IV in 

Assisted Ventilation of the Neonate (Sixth Edition), 2017, 366-379. 

https://doi.org/10.1016/B978-0-323-39006-4.00034-X. 

7. A.M. Hashemian, H. Doloo, M. Saadatfar, M. Moradifar, R.Faramarzi, M. Sharifi. The 

American Journal of Emergency Medicine, July 21, 2017. 

https://doi.org/10.1016/j.ajem.2017.07.069. 

8. Opioide Schäfer M. In: Tonner PH, Hein L, editors. Pharmakotherapie in der Anästhesie 

und Intensivmedizin. Heidelberg: Springer; 2011. p. 110–8. https://doi.org/10.1007/978-3-

540-79156-0. 

9. van Lersberghe C1, Camu F, de Keersmaecker E, Sacré S. Continuous administration of 

fentanyl for postoperative pain: a comparison of the epidural, intravenous, and transdermal 

routes. J Clin Anesth. 1994 Jul-Aug;6(4):308-14. https://doi.org/10.1016/0952-

8180(94)90078-7. 

10. Mather EM, Cousins MJ. The site of action of epidural fentanyl. What can be learned by 

studying the difference between infusion and bolus administration? The importance of 

history, one hopes [Editorial]. Anesthesia and Analgesia 2003; 97: 1211–3. 

https://doi.org/10.1213/01.ane.0000092951.32643.a6. 

 

 
 

ნ.ლებანიძე,ნ.მათითაიშვილი,ო.სტეპანიჩევა,ა,მაღრაძე,ნ.ხავთასი                          

ადექვატური ანალგეზიის მიღწევა ზოგადი ანესთეზიის დროს                       

კლინიკა “ჯერარსი“.თბილისი,საქართველო,                                       

 

ზოგადი გაუტკივარების დროს აუცილებელია  ადექვატური ანტინოციცეპტიური 
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კვლევის მიზანი იყო ანალგეზიის ადექვატურობის შეფასება ბოლუსური და 

დოტაციური მეთოდების გამოყენების დროს (პროგრამული და ბოლუსური 

მეთოდების შერწყმა) . 

გამოკვლევის შედეგიდან გამომდინარე ზოგად ანესთეზიას (ტკივილის პიკზე) -

ფენტანილის ბოლუსური ინფუზიის დროს თან ახლდა ჰემოდინამიკის 

ჰიპერდინამია, მიკროცირტულაციის დარღვევა და კორტიზოლის მატება 

პერიფერიულ სისხლი. 

დოტაციური მეთოდის გამოყენების დროს რეგისტრირებულია 

სტაბილურიჰემოდინამიკისმაჩვებებლები,ადექვატური მიკროცირკულაცია და 

კორტიზოლის სტაბილური კონცენტრაცია. 

ზემოაღნიშნული ადასტურებს, რომ დოტაციური მეთოდი ფენტანილის 

ინფუზიის უკეთესად უზრუნველყოფს ანალგეზიის ადექვატურობას ოპერაციის 

და ზოგადი ანესთეზიის მსვლელობაში. 

 


