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Abstract 

Already in the 60-70s of the last century, it was firmly established that, regardless of the initial general condition of the 

patient and the level of his immunoreactivity, the surgical operation itself has an adverse effect on the immune system 

and causes the development of immunodeficiency. In the phagocytic system of immunity, under the influence of surgical 

intervention, both quantitative (lowering the number of main phagocytic cells: neutrophils and monocytes) and 

qualitative changes (lowering the ability of phagocytes to capture, kill and digest microorganisms) are observed. It is 

important to note that during the operation, the population of phagocytic cells that is closest to the site of intervention is 

more affected. Cells of the monocyte-macrophage system play an important role in the induction of both cellular and 

humoral immune response. Changes in humoral immunity consist in lowering blood level of all classes of 

immunoglobulins (IgG, IgA, IgM) and especially IgG – the main component of humoral immunity. In the cellular immunity, 

under the influence of surgery, quantitative and qualitative changes are also observed. First of all, the total number of 

lymphocytes decreases and the level of T-lymphocytes decreases while maintaining the ratio between the two main 

subpopulations: T-helpers and T-suppressors. 

Cytokines play a major role in the implementation of the inflammatory response to surgical trauma. The local release of 

cytokines - interleukin-1 (IL-1), -6 (IL-6), tumor necrosis factor (TNF) coordinates the local inflammatory response at the 

site of injury, inducing neutrophil chemotaxis to the area of inflammation. Cytokines induce fever and acute phase 

reactions, mobilize neutrophils from the bone marrow and cause lymphocyte proliferation. The action of cytokines is 
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complex, to a certain extent, interdependent. Cytokine production reflects on the invasiveness of surgery. So, it is minimal 

in laparoscopic procedures and maximal in prosthetic joints, large vascular and abdominal operations. 

 

Keywords: Surgical Stress; Cytokines; Immunology; Neuroendocrine System 

 
Abbreviations: TNF: Tumor Necrosis Factor; IL: 
Interleukin; PGE2: Prostaglandin E2; HF: High-Frequency 
Waves; LF: Low-Frequency Waves.  
 

Introduction 

According to Chaitov R, et al. already in the 60-70s of 
our century it was firmly established that, regardless of 
the initial general condition of the patient and the level of 
his immunoreactivity, the surgical operation itself has an 
adverse effect on the immune system and causes the 
development of immunodeficiency, the main 
manifestation of which are infectious postoperative 
complications [1-3]. According to many authors, in the 
phagocytic system of immunity under the influence of 
surgical intervention, both quantitative and qualitative 
changes are observed [1,2,4-6]. Quantitative changes 
consist in decrease in number of the main phagocytic 
cells: neutrophils and monocytes. Qualitative changes 
consist in lowering the ability of phagocytes to capture, 
kill and digest microorganisms. The decrease in functional 
properties of phagocytes is at least partially related to the 
suppression of their ability to form reactive oxygen 
species: superoxide anion, hydroxyl radical, singlet 
oxygen, etc., which play an extremely important role in 
the oxygen-dependent killing of microorganisms [4,5]. 

 
Cells of the monocyte-macrophage system play an 

important role in the induction of both cellular and 
humoral immune response. Surgery disrupts this function 
of monocytes / macrophages: on the 2nd and 7th days 
after surgery, a significant decrease in the expression of 
HLA-DR and HLA-DQ antigens on these cells occurs, 
resulting in a reduced ability of the organism to develop a 
specific immune response [7]. 

 
Changes in humoral immunity consist in decreasing 

blood level of all classes of immunoglobulins (IgG, IgA, 
IgM), especially the main component of humoral 
immunity – IgG [7,8]. In the cellular immunity, 
quantitative and qualitative changes are also observed. 
First of all, the total number of lymphocytes decreases 
and the level of T-lymphocytes decreases while 
maintaining the ratio between the two main 
subpopulations: T-helpers and T-suppressors, and similar 

results were obtained in analyzing the immune status 
both in the experiment and in the clinic [7-9]. The authors 
note that after surgery there is a sharp decrease in the 
total population of T (CD3) lymphocytes, T (CD4) helper 
cells, T (CD8) suppressors and B lymphocytes in both 
peripheral blood and spleen and mesenteric lymph node 
[9]. The decrease in the functional activity of T-cells after 
surgery is also manifested in the reduced ability of these 
cells to give a proliferative response to T-mitogens and in 
the ability to synthesize some cytokines [10]. So, there is a 
significant decrease in the ability of T-cells to produce one 
of the central cytokines of the immune system, IL-2 [11]. 
One of the reasons for this decrease is the appearance of a 
soluble receptor for IL-2 (IL-2P) in the serum, which is 
one of the potent inhibitors of IL-2. The latter appears in 
the serum of patients on the 1st day and reaches a peak 
on the 3rd day after the operation. By this time, there is 
also a maximum decrease in the ability to produce IL-2 in 
the peripheral blood lymphocytes of the operated 
patients. The degree and duration of this decrease 
depends on the duration of the operation, the size of the 
wound [11,12]. One of the reasons for the emergence of 
IL-2R may be an increase in peripheral blood of operated 
patients with the number of activated T-lymphocytes 
observed in some operations, characterized by the 
presence of activation markers on the surface membrane: 
HLA-DR antigens and an IL-2 receptor [13]. This increase 
can probably be regarded as the body’s response to the 
inflammatory process, which to some extent always 
develops after surgery. As a result of dropping (shedding) 
IL-2P from the surface of activated T-lymphocytes, it 
appears in increased amounts in the blood and has a 
suppressive effect on T-lymphocytes. In most cases, the 
maximum immunodepression in almost all parameters of 
the immune system is observed on the 2nd day after the 
operation and depending on the nature of this operation 
and the initial state of the patient, its duration varies from 
7 to 28 days [3,14]. 

 
At present, some of the main causes of the 

development of immunodeficiency states after surgery 
are becoming clear. One of these causes is a disorder in 
the body under the influence of the operation of 
immunoregulatory processes carried out with the help of 
TH1- and TH2-helpers. The first synthesize cytokines that 
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stimulate cellular immunity (γ-interferon, TNF-α, IL-1β, 
etc.), the second synthesize cytokines that stimulate 
humoral immunity (IL-4, IL-10, TRF, etc.). Cytokines 
synthesized by TH1 cells inhibit the function of TH2 cells, 
and vice versa – γ-interferon, TNF-α and IL-1β, as well as 
IL-12, produced by macrophages, are potent activators of 
T-lymphocytes and phagocytic system cells (like 
neutrophils, and monocytes / macrophages). Their 
antagonists are IL-4, IL-10 and TRF: these cytokines 
inhibit cellular immunity and, therefore, the functional 
activity of phagocytic cells. 

 
Thus, an increase in the functional activity of TH2-

helpers and a decrease in the functional activity of TH1-
helpers is one of the main reasons for the development of 
surgical infections. But a significant increase in the 
activity of the opposed subpopulation of lymphocytes - 
TH1-helper cells leads to the development of other, 
equally serious complications. As just noted, these cells 
synthesize IL-1β and TNF-α. Note that these pro-
inflammatory cytokines are also the main factors in the 
development of septic shock. Indeed, it has been shown 
that a decrease in the functional activity of the TH2-helper 
cells and the level of cytokines produced by them is one of 
the leading causes of the development of septic shock. A 
special role here belongs to IL-10, which is the strongest 
inhibitor of the synthesis of pro-inflammatory cytokines 
by macrophages - IL-1 and TNF [15]. In addition to 
cytokines, prostaglandin E2 (PGE2) plays a certain role in 
the inhibition of TH1-helper cells and, consequently, the 
cellular immune response. Under the influence of surgery, 
monocytes / macrophages are activated, which manifest 
in the enhancement of their synthesis of PGE2. The latter 
is a potent immunosuppressive agent: it inhibits the 
proliferative activity of T-lymphocytes and the synthesis 
of a number of cytokines and, above all, IL-2. It also 
suppresses the functional activity of B-lymphocytes. In 
addition, PGE2 inhibits the function of TH1 lymphocytes 
and activates the functional activity of TH2 cells with the 
synthesis of immunosuppressive cytokines [6]. The 
inhibitory effect on the immune system and other factors 
formed in the body under the influence of surgery must 
be taken into account. Surgery is stress, and under stress, 
as will be shown in more detail below, there is an 
increased release of corticosteroids, catecholamines, 
endorphins, etc. into the bloodstream. All of them are far 
from being indifferent to the body’s immune system and 
each of them makes its own negative contribution to the 
functioning of this system after surgery. In general, 
surgery has a complex and multifaceted effect on the 
immune system, which can be characterized as an 
activation and suppression. This is a result of the fact that 

the operation can act differently on the opposite 
functioning immunoregulatory cells: activation of the 
function of TH2 cells leads to the development of surgical 
infections; activation of the function of TH1 cells leads to 
the development of septic shock. 

 
Therefore, the whole complex of changes that occurs 

in the immune system under the influence of the 
operation can be briefly described as deregulation of 
immunity [16-18]. 
 

Methods 

Study group consisted of 57 underage patients and 64 
adult patients with a traumatic disease of varying severity 
who were treated promptly for the underlying disease. 
The average age of children was 10.5 ± 2.5 years, the 
average age of adults was 42.5 ± 11.5 years. A 
comprehensive examination was carried out in the 
preoperative period for 1 day before surgery, in the 
intraoperative period on the day of surgery, and in the 
postoperative period for 3-5 days after surgery. The 
nature, duration of surgery and type of anesthesia were 
not taken into account. The control group consisted of 
practically healthy children and adults of similar age. 

 
A study of thyroid function was performed by 

determining blood level of thyroid hormones: thyroxine 
(T4), triiodothyronine (T3), and also thyroid-stimulating 
hormone of the pituitary (TSH) using the radionuclide 
method using standard test kits from Boehringer 
Ingelheim. 

 
The study of the immune system was performed by 

flow cytometry, and the total numbers of lymphocytes, T-
lymphocytes (CD3 +) and B-lymphocytes (CD72 +) were 
counted in the peripheral blood. Subpopulations of T-cells 
were predominantly determined with suppressor and 
helper activity, including theophylline-sensitive rosette-
forming cells (TRFC-sens) and theophylline-resistant 
rosette-forming cells (TRFC-res), the number of 
circulating immune complexes, phagocytic activity. 

 
In our study, we performed a spectral analysis of heart 

rate variability (HRV) after recording an ECG of at least 
100 R-R intervals using an EK12K-01 cardioanalyzer and 
the Kardis 2.0 software package. The relative values of TF, 
LF, HF and the ratio of LF / HF were calculated. 

 
StatSoft Statistica software, ver. 10.0.А was used for 

parametric and nonparametric calculations. Statistical 
significance was stated at р < 0,05. 
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Results 

Despite the psychoemotional stress, in the 
preoperative period of surgical stress, the optimal values 

of the vagosympathetic balance (LF / HF1) were noted, 
which is reflected in Table 1. 

 

Indicators 
Surgical stress period 

Preoperative Intraoperative Postoperative 
TF 3725±502 4123±543* 3734±491* 
LF 1225±85 1638±92* 1322±71* 
HF 1200±89 876±53* 1093±67* 

LF/HF 1,02 1,87* 1,21* 

Note: (*) - statistically significant differences (p <0.05) compared with the previous period. 
Table 1: Indicators of vagosympathetic balance in adults with surgical stress (ms2, МSD). 
 

In the intraoperative period, the total spectral power 
(TF) increased by 10.7% in adults. Moreover, this 
happened mainly due to low-frequency waves (LF), 
whose power increased by 33.7% compared with the 
preoperative stage (p <0.05). The power of high-
frequency waves (HF) during surgery decreased by 
27.0%, which led to a shift in the vagosympathetic 
balance towards the predominance of the sympathetic 
effect on HRV (LF / HF> 1.5). 

 
In the postoperative period, changes in the spectral 

indices of HRV tended to restore their original values in 
adults. However, unlike that in children, the power of low-

frequency waves (LF) maintained elevated values 
compared with baseline (p <0.05), although it decreased 
by 19.3% compared with the intraoperative period. This 
can be explained by the preservation of sympathetic 
impulses in the postoperative period in adults, despite the 
fact that the values of the vagosympathetic balance 
coefficient indicate a slight decrease in the sympathetic 
effect on HRV. 

 
In adults, in the preoperative period of surgical stress, 

a balanced ratio adrenaline/noradrenaline (A/NA) in 
urine is observed Table 2. 

 

Indicators 
Surgical stress period 

Preoperative Intraoperative Postoperative 
A 6,85±0,85 17,85±2,25* 9,68±1,76* 

NA 6,61±0,76 13,67±3,33* 8,76±2,21* 
A/NA 1,04 1,30* 1,10* 

Note: (*) - statistically significant differences (p <0.05) compared with the previous period 
Table 2: The daily excretion of catecholamines in the urine in adults under surgical stress (ng/ml, МSD). 
 

In the intraoperative period, in adults as well as in 
children, there is an increase in urinary catecholamine 
excretion (p <0.05), with the level of adrenaline rising 2.6 
times, and norepinephrine - 2.1 times. The A/NA ratio 
shifts towards the predominance of the adrenal 
regulation (A/NA > 1). 

 

In the postoperative period in adults, the excretion of 
catecholamines in urine decreases (p <0.05), however, it 
remains above the preoperative level: adrenaline - by 
41.3%, and noradrenaline - by 32.5%. The A / HA ratio 
indicated a slight predominance (p <0.1) of the adrenal 
regulation. 

 

Thus, the data from this study indicate a significant 
activation of the sympathoadrenal system during surgical 

stress, which is manifested in an increase in the basal 
excretion of catecholamines in the urine. However, in 
underage patients, sympathoadrenal system activation 
leads to a subsequent depletion of sympathetic impulses 
in the postoperative period, which is manifested in a 
decrease in the excretion of noradrenaline in the urine 
and an increase in the A/NA ratio. Apparently, intra-
system imbalance occurs, which characterizes the state of 
disadaptation of the child's body during surgical stress. 

 
At the same time, in adults, study of the density of 

receptors for norepinephrine on lymphocytes by rosette 
method showed an increase in the number of rosette-
forming cells (RFC) with bull erythrocytes sensitized with 
norepinephrine in the intraoperative (by 20.6%) and 
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postoperative (by 12%) periods of surgical stress Table 3 was found. 
 

Indicators 
Surgical stress period 

Preoperative Intraoperative Postoperative 

RFC number 9,2±0,5 11,1±0,3* 10,3±0,7* 

Note: (*) - statistically significant differences (p <0.05) compared with the previous period 
Table 3: The number of RFC with norepinephrine in adults with surgical stress (per 100 cells, МSD). 
 

 

 

Figure 1: Characteristics of LMIR with norepinephrine in adults under surgical stress. 
 

 
Studying receptor sensitivity to noradrenaline, an 

analysis of the results of leukocyte migration inhibition 
reaction (LMIR) with the mitogen Con A in the presence of 
different concentrations of noradrenaline showed that 
during the intraoperative and postoperative periods of 
surgical stress, the lymphocyte migration index decreases 

in response to a decrease in the noradrenaline 
concentration in the incubation medium (Figure 1). 

 
These data may indicate a decrease in receptor 

sensitivity to norepinephrine on lymphocytes in adults. 

 

Indicators 
Surgical stress period 

Preoperative Intraoperative Postoperative 

TSH, mU/l 2,72±0,24 3,76±0,36* 3,45±0,30 

Т3, nmol/l 2,63±0,23 2,12±0,18* 2,87±0,21* 

Т4, nmol/l 123,3±7,3 117,5±5,5* 145,5±9,7* 

Т3+Т4/TSH 46,3 31,8* 43,0* 

Т3/Т4´100% 2,13 1,80* 1,97* 

Note: (*) - statistically significant differences (p <0.05) compared with the previous period. 
Table 4: Blood level of thyroid hormones in underage patients with surgical stress (МSD). 
 

In the study of blood level of thyroid hormones in 
underage patients with surgical stress (Table 4), a 
significant increase (p<0.05) in the TSH level by 38.2% in 
the intraoperative period is noted. At the same time, the 

level of T3 and T4 decreased significantly (p <0.05) by 
19.4% and 4.7%, respectively. In addition, indicators of 
thyroid activity: the thyroid index (T3 + T4 / TSH) and the 
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ratio T3 / T4 also significantly decreased, which indicates 
an inhibition of thyroid function during surgical stress. 

 
In adults with surgical stress (Table 5), a significant 

increase in TSH (p> 0.05) was observed in the 
intraoperative and postoperative periods by 52.6% and 

24.3%, respectively. At the same time, the level of T3 and 
T4 decreased by 48.7% and 18.9%, respectively. A 
decrease in thyroid activity is also indicated by a decrease 
in the thyroid index (by 47.2%) and the ratio T3 / T4 (by 
36.9%). 

 

Indicators 
Surgical stress period 

Preoperative Intraoperative Postoperative 

TSH, mU/l 1,75±0,15 2,67±0,23* 3,32±0,32* 

Т3, nmol/l 1,99±0,13 1,02±0,12* 2,45±0,15* 

Т4, nmol/l 91,5±5,5 74,2±8,4* 93,3±6,3* 

Т3+Т4/TSH 53,4 28,2* 28,8 

Т3/Т4´100% 2,17 1,37* 2,63* 

Note: (*) - statistically significant differences (p <0.05) compared with the previous period 
Table 5: Blood level of thyroid hormones in adults with surgical stress (МSD). 
 

During postoperative period, in adults, while the level 
of TSH increased, the T3 level significantly increased, so 
that its level even exceeded the preoperative level by 
23.1%. At the same time, when studying thyroid activity, 
the changes did not correlate: the thyroid index remained 
low, and the T3 / T4 ratio increased by 92.0% compared 
with the intraoperative period (p <0.05). 

 
As a result of a study of thyroid function, it was 

established that during surgical stress, despite an increase 
in blood level of TSH, a depression of the function of the 
thyroid system is observed in both children and adults. In 
the postoperative period in adults and children, blood 
level of thyroid hormones increases. However, in adults, 
thyroid activity is restored faster, which may indicate a 
higher adaptive capacity of the thyroid system in adults 
than in children. 
 

Summary 

Results of our study indicate that during surgical 
stress, significant changes in the adrenal-thyroid system 
are observed, manifested in increased sympathetic 
activity, which in children, unlike adults, can lead to 
depletion of sympathetic impulses in the postoperative 
period. At the same time, in adults, the density of 
norepinephrine receptors on lymphocytes increases and 
their sensitivity decreases. At the same time, in spite of 
the increased blood level of TSH, in adults, surgical stress 
causes a suppression of the function of the thyroid 
system, manifested in a decrease of blood level of T3 and 
T4. In the postoperative period, blood level of thyroid 
hormones in children and adults increases. However, in 
adults, thyroid activity is restored faster than in children, 

which may indicate a higher adaptive capacity of the 
thyroid system of the adult organism. 
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