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В статье изложен современный взгляд на инфузионную терапию 

периопеционного периода основанный на биоимпедансометрии при 

анестезиологическом обеспечении у детей. Проведен анализ исследований и 

указаны более уязвимые части изучаемой тематики. Поставлена тактика 

работа для дальнейшего более глубокого изучения.  
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Резюме 

В статье изложен современный взгляд на инфузионную терапию 

периопеционного периода основанный на биоимпедансометрии при 

анестезиологическом обеспечении у детей. Проведен анализ исследований и 

указаны более уязвимые части изучаемой тематики. Поставлена тактика 

работа для дальнейшего более глубокого изучения.  
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Summary 

The article presents a modern view of the infusion therapy of the perioperative 

period based on bioimpedansometry for anesthesia in children. An analysis of the 

studies is carried out and the more vulnerable parts of the studied topic are indicated. 

The tactics of work are set for further deeper study. 
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Relevance 

Infusion therapy in children with anesthetic management is a difficult task, since 

their hydration status is difficult to assess. Markers such as invasive are widely used, 

the resulting intravascular pressure is recognized to have serious deficiencies as a 

measure of hydration and does not provide any information about the extravascular 

or intracellular state of the fluid. Many methods are invasive, which makes them not 

applicable in pediatric practice. Modern medicine requires non-invasive but precise 

methods. 

In the whole world medicine at the moment one of the important problems is infusion 

therapy. By the beginning of the XXI century in Europe and the USA, the main 

provisions of a multidisciplinary method for accelerated recovery of surgical 

patients after elective operations were formulated. A new concept has appeared in 

the English-language literature, denoted by two terms: "Fast-Track Surgery" (FTS) 

and "accelerated recovery after surgical operations" (Enhanced Recovery After 

Surgery - ERAS). In these protocols, special attention is paid to fluid therapy and 

perioperative fasting. should be emphasized that fasting before surgery, starting at 

midnight, has become firmly established in clinical practice. This approach was 

justified by the risk of food and water retention in the stomach with the subsequent 

occurrence of regurgitation and aspiration during induction of anesthesia. The side 

effects of such a limitation are obvious: the possibility of hypovolemia, depletion of 

glycogen stores and hypoglycemia, metabolic stress, which led to the emergence of 

the above mentioned protocols in world practice and a more detailed study of this 

issue. 



M. S. Brady et al. (2010) published a meta-analysis of 22 randomized studies 

of preoperative fasting. The results suggested that stopping the intake of fluids, 

including juices, water, tea, and coffee, 2 hours before surgery did not increase the 

incidence of aspiration complications in elective surgery compared to patients who 

fasted from midnight to surgery. In addition, no differences were found in the 

amount of gastric contents and its pH [41.]. This point of view was confirmed in 

subsequent publications [42]. The European Society of Anesthesiologists 

recommends taking clear liquids 2 hours before induction of anesthesia, and also 

avoiding solid food for 6 hours [43]. 

Especially in pediatric practice, where hypovolemia and hypoglycemia can 

lead to more formidable complications than in adult patients, in our opinion, requires 

careful research. We paid special attention to the problem of the adequacy and 

effectiveness of infusion therapy in the perioperative period in children. Since this 

task, in our opinion, remains quite relevant at the present time, which is due to both 

the anatomical and physiological characteristics of the child's body and the 

peculiarities of the surgical intervention. Infusion therapy during anesthesia in 

children has remained a subject of debate over the past decades [3,4] Errors in 

perioperative fluid administration in children can lead to serious complications and 

even death [5]. Accurate monitoring of fluid balance in patients after surgery is 

challenging.     The most common method for determining the composition of the 

human body and its constant perioperative monitoring today is bioimpedance 

analysis. The practical application of bioimpedance analysis in anesthesiology and 

resuscitation began in the 1960s with the work of the French anesthesiologist A. 

Tomasset with the aim of assessing the composition of the human body, water 

sectors of the body, and then to study other components of the body composition [7]. 

      One of the researchers (M. Tsukamoto., Et al. (2017)), in his works devoted to 

intraoperative fluid administration in pediatric practice using bioelectrical 

impedance analysis during dental surgery, indicated that fluid therapy is important 

for achieving optimal results in the postoperative period. [8,9,10]. Recently, fluid 

restriction has been recommended to reduce complications following major surgery, 

but has remained unknown in minimally invasive surgery [8-10]. 

        Other studies have also shown that preoperative oral intake of clear liquids can 

be safe up to 2 hours before surgery, and light snacks can be consumed up to 6 hours 

before surgery [11, 12]. However, the typical fasting times are often longer than 

expected 6-10 hours [11]. Especially, pediatric patients may be more vulnerable to 

dehydration because they have a relatively large portion of total body water (TBW) 

body weight compared to adults. [13] 

       E. Itobi ID from the UK, in their study investigated the effect of edema on 

recovery after major abdominal surgery and the potential value of multifrequency 

bioimpedance measurements. In their opinion, generalized edema is often observed 

in patients with acute surgical complications who are in critical condition and require 

intensive supportive treatment after surgery [14]. Hanged mortality of patients was 



observed with pathological fluid accumulation in the perioperative period [15,16]. 

Generalized edema can also occur in ward surgical patients who do not show signs 

of critical illness [17]. The tendency to accumulate fluid is well known, it is a 

physiological response to surgical injury, but the mechanisms leading to generalized 

edema are not fully understood, the prevalence of generalized edema after routine 

major surgery has not been established [18,19]. But there is anecdotal evidence that 

this may be associated with poor clinical outcome, and none of this has been 

scientifically evaluated [17].    Mattha¨ and Ernstbrunner et al., In their study 

"Bioimpedance spectroscopy for assessing the status of patients before and after 

general anesthesia," studied the postoperative fluid distribution. All patients 

undergoing anesthesia and surgery usually receive intravenous fluid therapy during 

surgery to correct anesthesia and surgery associated with hemodynamic 

disturbances. The timing, quantity and specific type of its introduction, however, 

remain controversial [20]. Based on the assumption of preoperative dehydration and 

significant amounts of intravenous fluid, it is still common clinical practice, although 

a positive perioperative fluid balance with postoperative increase in fluid weight on 

the basis is associated with major complications [21–25]. 

           

 

 

Materials and methods. 

We have analyzed the modern literature on infusion therapy of the perioperative 

period, where the method of research was bioimpedance measurement. Based on 

these data, the bioimpedance analysis of body composition was taken as the basis of 

their methodology, which is based on the differences in the electrical resistivity of 

biological tissues due to the different content of fluid and electrolytes in them. The 

analysis allows, based on the measured values of electrical resistance (impedance) 

of the human body and anthropometric data, to assess the state of protein, fat and 

water metabolism, the intensity of metabolic processes, correlate them with intervals 

of normal values of signs, assess the reserve capabilities of the body and the risks of 

diseases [2, 10]. Currently, there are quite a few reports in the literature [6,30] about 

the possibility of using bioimpedance measurements of the body when it is probed 

with currents of different frequencies to control the state of water balance. 

Fundamental research on mathematical modeling of bioimpedance measurements 

using high-resolution three-dimensional geometric models of the human body made 

it possible to visualize the measurement sensitivity areas and confirmed the 

importance of the method for assessing changes in body composition and fluid 

balance [4].      The BIA VSM data allow to give a comprehensive assessment of the 

state of the volume and nutritional status, and the availability of computer support - 



to track the results of changes in dynamics. The device is intended for use in clinical 

practice, the output protocols of the method contain estimates of the following 

parameters: 

 - volemic status - the volume of total body fluid (OBF), the volume of extracellular 

fluid (VF), the volume of intracellular fluid (ECF), the percentage of lack or excess 

of extracellular fluid, the ratio of VF / ECF, the level of hypo- or hyperhydration (l); 

- nutritional status - lean mass (HM), fat mass (FM), cell mass (BM), lean mass index 

(ITM), fat mass index (FFM), body mass index (BMI) [44]. 

   The goal of E. Itobi ID from the UK was to gain a better understanding of the 

processes that lead to postoperative edema by using multifrequency bioimpedance 

analysis (BIA) to monitor total body water redistribution (TBW) after major 

abdominal surgery. 

 

  Результаты и обсуждение 

Research by M. Tsukamoto., Et al. (2017) patients were 2 to 12 years old, ASA risk 

I, preoperative fasting, oral intake of light food allowed until midnight, and clear 

liquid until 6:00 am. Patients who were scheduled for induction of anesthesia from 

8:15 AM (the first on the surgical day) did not receive a preoperative fluid load. 

None of the patients were premedicated. Patients received a crystalloid load of 10 

ml / kg / h from the induction of anesthesia before the start of the surgical procedure, 

and from 1 to 3 ml / kg / h during the operation [8]. Their research showed that fluid 

changes lead to a decrease in intracellular water using BIA during general 

anesthesia. The introduction of fluid provides correction of the existing fluid deficit 

and to compensate for perioperative fluid shifts between intracellular and 

extracellular. And in low-trauma surgery, there is no concern about fluid loss and 

fluid shear that may be associated with highly traumatic surgery. [35,36] In this 

study, the opinion on highly traumatic surgery remains unclear as indicated by the 

author. In addition, there are no specific figures on the amount of infusion load. If 

only the general opinion is that low-traumatic operations do not require more 

detailed correction of infusion therapy. The author also pointed out that not all 

patients had a fasting time of 2-3 hours, in many cases it exceeded [8]. Also, in this 

study, extracellular water loss occurred and intracellular water decreased due to 

preoperative fasting and low fluid therapy during general anesthesia, although 

hemodynamic changes were stable and there were no complications in the 

postoperative period [8,34]. All data were taken from a study of 16 patients, which, 

in our opinion, cannot bear the recommendatory nature of this method in order to 

correct the infusion therapy of the perioperative period..  

The study by E. Itobi ID included 38 patients, among them there were no differences 

in the sex ratio, the risk assessment of the American Society of Anesthesiologists 

[13] between patients, the bioimpedance analysis was measured on days 1, 3 and 5 



after surgery. included in the study, but the 20 patients who developed edema were 

older than those who did not develop edema (mean 73 (9) versus 63 (14) years; P = 

0.007). Fluid intake during the first 5 days after surgery was the same in both groups, 

but those with edema excreted less total fluid (16.9 (2.4) versus 19.7 (3.5) liters; P 

= 0.022). Edema was associated with delayed transport of solid food (P = 0 001) and 

bowel opening (P = 0 020), prolonged hospital stay (mean 17 (range 8–59) versus 9 

(range 4–27) days ; P = 0.001) and more postoperative complications (13 of 20 

versus four of 18 patients; p = 0.011). The preoperative ratio of whole body 

impedance at 200 kHz and impedance at 5 kHz was higher in those who 

subsequently developed edema (0 81 (0 03) versus 0 78 (0 02); P = 0 015). Fluid 

balance calculations in this study showed that some patients are able to accumulate 

large volumes in the postoperative period without developing clinical obvious 

edema. Such fluid can accumulate in parts of the body that are not readily available 

clinically. Fluid retention within the gastrointestinal tract following major 

abdominal surgery has been attributed to a combination of albumin sequestration 

and decreased motility with potentially adverse effects [14,15]. The most important 

clinical finding from this study is that the presence of edema is associated with 

slower postoperative recovery. Patients with edema had significantly more 

complications, a slower recovery of bowel function, and a longer hospital stay. 

According to our data, the study has several disadvantages. First, the sample size 

was small, which means that the risk of type II error was high. Second, although 

there was complete agreement between observers in the diagnosis of edema, it is 

recognized that the detection of edema may be influenced by factors such as skin 

elasticity and interstitial tissue compliance, which are known to be age 

dependent.Matth and Ernstbrunner, etc., in their study in 71 women aged 45 ± 15 

years with a body weight of 67 ± 13 kg and anesthesia duration of 154 ± 68 minutes, 

the preoperative fluid overload increased from 20.7 ± 1.1 L to 0.1 ± 1.0 L, which 

corresponds to 25.1 ± 7.5% and 0.8 ± 6.7% of the normal extracellular volume, 

respectively (both p 0.001), after patients received 1.9 ± 0.9 L intravenously 

crystalloid liquid. Perioperative urinary excretion was 0.4 ± 0.3 L. The increase in 

extracellular volume was accompanied by an increase in the total volume of body 

fluid, while the intracellular volume increased insignificantly and did not reach 

statistical significance (p = 0.15). Net perioperative fluid balance (fluid volume 

injected minus urinary excretion) was significantly associated with changes in 

extracellular volume (r2 = 0.65), but was not associated with changes in intracellular 

volume (r2 = 0.01). Routine intraoperative fluid administration results in a 

significant and clinically significant increase in the extracellular compartment. BIS 

measurements have yielded plausible results and may be useful to guide 

intraoperative fluid therapy in future studies [39]. The results indicate the full use of 

the method in the perioperative period in adults. But there is no analysis in pediatric 

practice. Which allows us to explore more deeply in pediatric anesthesiology. 



 

Conclusions 

At the moment, there is no doubt about the demand for protocols for the infusion of 

patients in the perioperative period. That would improve the rapid recovery of 

patients in the postoperative period from a medical and economic point of view of 

this problem. Bioimpedance monitoring allows continuous monitoring of body 

fluids and immediate correction, if necessary, during the entire perioperative period. 

In the future, based on the data obtained, it is possible to develop infusion therapy 

for the perioperative period in children. In practical medicine, it is possible to 

provide data on the infusion of children with anesthesiological support in surgical 

practice. 

 

 

 

 

 

 

 

 

 

 

 

 

 

List of references 

1. Александрович Ю. С.,ГордеевВ. И.,ПшенисновК. В. Интраоперационая 

инфузионная терапия у детей // Российский вестник детской хирургии, 

анестезиологии и реаниматологии. 2013. №3. С. 58–65. 

2. Гордеев В. В. Практикум по инфузионной терапии в педиатрической 

реанимации. – СПб: Элби-СПб, 2011. – 112 с. 

3. Adi-Ionut Ciumanghel, Ioana Grigoras, Dimitrie Siriopol, Mihaela Blaj, 

Daniel-Mihai Rusu.  Bio-electrical impedance analysis for perioperative fluid 

evaluation in open major abdominal surgery. J Clin Monit Comput. 2020; 

34(3): 421–432. 



4. Robert Sümpelmann, Christiane E. Beck, Katja Nickel. Systemic and regional 

cerebral perfusion in small infants undergoing minor lower abdominal surgery 

under awake caudal anaesthesia: An observational study European Journal of 

Anaesthesiology · January 2020  

5. Hanaki N , Ишикав М , Нисиок М , Касиваги Y , Miki Н , Miyake Н , 

Таширо С . Анализ биоэлектрического импеданса для оценки изменений 

в водных отделах организма после операции на пищеварительной 

системе. Hepatogastroenterology. 2006 сентябрь-октябрь; 53 (71): 723-9. 

6. Василевский Ю.В., Данилов А. А., Николаев Д.В., Руднев С.Г., 

Саламатова В.Ю, Смирнов А.В. Конечно‐ элементный анализ задач 

биоимпедансной диагностики // Журнал вычислительной математики и 

математической физики. 2012. Т.52, №4. С.733‐ 745. 

7. Руднев С.Г., Соболева Н.П., Стерликов С.А. Биоимпедансное 

исследование состава тела населения России. М., 2014. 493 с. 

8. M. Tsukamoto, J. Hirokawa, T. Yokoyama  Intraoperative fluid management 

in pediatric patients using bioelectrical impedance analysis during oral 

surgery Pediatric Anesthesia and Critical Care Journal 2017;5(2):81-85. 

9. 9.Bennett J, McDonald T, Lieblich S, Piecuch J, Perioperative rehydration in 

ambulatory anesthesia for dentoalveolar surgery. Oral Surg Oral Med Oral 

Pathol Oral Radiol Endod. 1999;88:279-284. 

10. Voldby AW, Brandstrup B, J Intensive Care, Fluid therapy in the 

perioperative setting-a clinical review, 2016;4:27. 

11. Chappell D, Jacob M, Hofmann-Kiefer K, Conzen P, Rehm M, A rational 

approach to perioperative fluid management, Anesthesiology. 2008;109:723-

740. 

12.  Ljungqvist O, Søreide E, Preoperative fasting, Br J Surg, 2003;90:400-406. 

13.  Splinter WM, Schreiner MS, Preoperative fasting in children, Anesth Analg, 

1999;89:80-89. 

14.   Lobo DN, Bjarnason K, Field J, Rowlands BJ, Allison SP. Changes in 

weight, fluid balance and serum albumin in patients referred for nutritional 

support. Clin Nutr 1999; 18:197–201. 

15. Arieff AI. Fatal postoperative pulmonary edema: pathogenesis and literature 

review. Chest 1999; 115: 1371–1377. 

16.  Lowell JA, Schifferdecker C, Driscoll DF, Benotti PN, Bistrian BR. 

Postoperative fluid overload: not a benign problem. Crit Care Med 1990; 18: 

728–733. 

17.  Itobi1, M. Stroud and M Elia. Impact of oedema on recovery after major 

abdominal surgery and potential value of multifrequency bioimpedance 

measurements British Journal of Surgery 2006; 93: 354–361. 

18.  Moore FD. Metabolic Care of the Surgical Patient. W. B. Saunders: 

Philadelphia, 1959. 

https://www.researchgate.net/scientific-contributions/5002480_Robert_Suempelmann
https://www.researchgate.net/journal/0265-0215_European_Journal_of_Anaesthesiology
https://www.researchgate.net/journal/0265-0215_European_Journal_of_Anaesthesiology


19.  Moore FD, Brennan MF. Surgical injury: body composition, protein 

metabolism and neuro-endocrinology. In Manual of Surgical Nutrition, 

Ballinger W, Collin J (eds). W. B. Saunders: Philadelphia, 1975; 169–202. 

20.   Doherty M, Buggy DJ (2012) Intraoperative fluids: how much is too much? 

Br J Anaesth 109: 69–79 

21.   Brandstrup B, Tonnesen H, Beier-Holgersen R, Hjortso E, Ording H, et al. 

(2003) Effects of intravenous fluid restriction on postoperative complications: 

comparison of two perioperative fluid regimens: a randomized assessor-

blinded multicenter trial. Ann Surg 238: 641–648. 

22.   Lobo DN, Bostock KA, Neal KR, Perkins AC, Rowlands BJ, et al. (2002) 

Effect of salt and water balance on recovery of gastrointestinal function after 

elective colonic resection: a randomised controlled trial. Lancet 359: 1812–

1818. 

23.   Lang K, Boldt J, Suttner S, Haisch G (2001) Colloids versus crystalloids and 

tissue oxygen tension in patients undergoing major abdominal surgery. 

Anesth Analg 93: 405–409, 403rd contents page. 

24.   Lowell JA, Schifferdecker C, Driscoll DF, Benotti PN, Bistrian BR (1990) 

Postoperative fluid overload: not a benign problem. Crit Care Med 18: 728–

733. 

25.   Moller AM, Pedersen T, Svendsen PE, Engquist A (2002) Perioperative risk 

factors in elective pneumonectomy: the impact of excess fluid balance. Eur J 

Anaesthesiol 19: 57–62. 

26.   Holte K, Kehlet H (2006) Fluid therapy and surgical outcomes in elective 

surgery: a need for reassessment in fast-track surgery. J Am Coll Surg 202: 

971– 

989. 

27.   Sinclair S, James S, Singer M (1997) Intraoperative intravascular volume 

optimisation and length of hospital stay after repair of proximal femoral 

fracture: randomised controlled trial. BMJ 315: 909–912. 

28.   Frumento RJ B-GE (2003) Newman MF. Perioperative organ protection. 

Baltimore: Lipincott Williams and Wilkins. 1–27. 

29.  Lyons FM, Meeran K (1997) The physiology of the endocrine system. Int 

Anesthesiol Clin 35: 1–21. 

30.  Yu C.M., Wang L., Chau E. et al. Intrathoracic impedance monitoring in 

patients with heart failure: correlation with fluid status and feasibility of early 

warning preceding hospitalization // Circulation. 2005 Aug 9; 112 (6): 841—

8. Epub 2005 Aug 1. 

31.  Иванов Г.Г., Котлярова Л.В., Грибанов А.Н., Дворников В.Е. Оценка 

водных секторов организма методом биоимпедансной спектроскопии и 

зависимость от пола, возраста и антропометрических данных // Восьмая 

научно-практическая конференция. Главный клинический госпиталь 

МВД России. — М., 2006. — С. 95—106. 



32.  Мартиросов Э.Г., Николаев Д.В., Руднев С.Г. Технологии и методы 

определения состава тела человека // 2006. — М.: Наука. — С. 102—128. 

33.  А.А. Павлович, М.C. Озерова, М.А. Панина, С.Н. Кислая, В.Е. 

Дворников, Г.Г. Иванов Анализ нарушений баланса водных секторов 

Организма при остром инфаркте миокарда методом 

биоимпедансометрии Вестник РУДН, серия Медицина, 2008, № 1 57-64. 

34.   Bennett J, McDonald T, Lieblich S, Piecuch J, Perioperative rehydration in 

ambulatory anesthesia for dentoalveolar surgery. Oral Surg Oral Med Oral 

Pathol Oral Radiol Endod. 1999;88:279-284. 

35.   Boland MR, Noorani A, Varty K, Coffey JC, Agha R, Walsh SR, 

Perioperative fluid restriction in major abdominal surgery: systematic review 

and metaanalysis of randomized, clinical trials, World J Surg, 2013;37:1193-

202. 

36. 36. Chappell D, Jacob M, Hofmann-Kiefer K, Conzen P, Rehm M, A rational 

approach to perioperative fluid management, Anesthesiology. 2008;109:723- 

740. 

37.   Hoye RC, Bennett SH, Geelhoed GW, Gorschboth C. Fluid volume and 

albumin kinetics occurring with major surgery. JAMA 1972; 222: 1255–1261. 

38.    Moss G. The role of albumin in nutritional support. J Am Coll Nutr 1988; 

7: 441–442. 

39.   Ernstbrunner M, Kostner L, Kimberger O, Wabel P, Sa¨emann M, et al. 

(2014) Bioimpedance Spectroscopy for Assessment of Volume Status in 

Patients before and after General Anaesthesia. 1-8. 

40.  Сара Л. Джонс, Aiko Tanaka, Гленн М. Иствуд и.д. Биоэлектрический 

векторный анализ импеданса больных в критическом состоянии: 

проспективное, clinician- ослепило исследование Critical Care ( 2015) 19: 

290.  

41. Brady M. C., Kinn S., Stuart P., Ness V. Preoperative fasting for adults to 

prevent perioperative complications (Review). The Cochrane Collaboration. 

US, New Jersey, John Wiley & Sons, 2010. 157 p. 

42. Brady M. C., Kinn S., Stuart P., Ness V. Preoperative fasting for adults to 

prevent perioperative complications (Review). The Cochrane Collaboration. 

US, New Jersey, John Wiley & Sons, 2010. 157 p. 

43. Brady M. C., Kinn S., Stuart P., Ness V. Preoperative fasting for adults to 

prevent perioperative complications (Review). The Cochrane Collaboration. 

US, New Jersey, John Wiley & Sons, 2010. 157 p. 

44.  Л.Н. Рахматуллина, К.Я. Гуревич. Применение биоимпедансного 

монитора состава тела в клинической практике у диализных больных 

Нефрология. 2013. Том 17. №4. 

 

 


