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Introduction

 The current technologies of perioperative anesthesia 
and analgesia in orthopedics and spine surgery effectively ad-
dress the issues of pain relief, being aimed to prevent possible 
complications and side effects in the postoperative period. Ma-
jor orthopedic procedures, including spine surgery, are usually 
accompanied by massive tissue damage, severe blood loss, sur-
gical stress response, and postoperative pain, which can cause 
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Abstract
Purpose: To evaluate the effect of epidural anesthesia on immune and inflamma-
tory changes, and to indicate their possible correlation with cognitive functions in 
patients undergoing orthopedic surgery.
Methods: Fifty-six female patients, aged 55-64 undergoing transpedicular fixa-
tions were randomly divided into two clinical groups: Group 1 (n = 31) where 
epidural and general anesthesia were combined and Group 2 (n = 25), in which 
general anesthesia with sevoflurane was administered. All the patients were as-
sessed with the pain VAS at rest and during mobilization, and with the cognitive 
function standardized scales: MMSE, MoCA, and FAB. The plasma levels of 
cortisol, cytokines and were evaluated.
Results: Group 1 patients have demonstrated more adequate pain relief, lower 
cortisol and cytokines levels. In Group 2, there were 32% of patients with tran-
sient and mild cognitive dysfunction on postoperative day (POD) 1 as compared 
with Group 1 (16%). All the cognitive impairments were gone by POD 5 after 
the surgery.
Conclusion: Epidural anesthesia (EA) has proved to be the most adequate anal-
gesia and yielded the highest total scores in the cognitive tests on POD 1, as com-
pared with general sevoflurane anesthesia and postoperative opioid analgesia. EA 
can modulate adaptive immunity improving the distribution of white blood cells. 
However, further research is required to obtain more results regarding the patho-
genesis of POCD in patients after spinal surgery. 
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immune suppression by itself[1-3]. The surgical stress response 
begins with initial changes in the neuroendocrine balance, and 
it can also result from alterations in homeostasis. Postoperative 
cognitive dysfunction (POCD) is a major consequence of this. 
It is essentially “deterioration in cognition temporally associat-
ed with surgery”[4,5], and might lead to a higher mortality rate 
within three post-operative months[6]. A number of studies have 
revealed that the inflammatory response is a key factor in the de-
velopment of postoperative cognitive dysfunction (POCD)[7-10]. 
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Deterioration in the endocrine response to surgery can heighten 
the risk of developing POCD. Higher cortisol levels postoper-
atively have also been shown to potentially result in cognitive 
disorders[11]. Preclinical trials also suggest that inflammation 
is a possible pathogenic mechanism for the development of 
POCD[7,10]. 
 High levels of inflammatory markers have been associ-
ated with postoperative cognitive impairment[12]. It is considered 
that an excessive level of stress markers may indicate a greater 
risk of developing POCD, as a side event associated with the 
application of general anesthesia[13,14]. Furthermore, an increased 
level of such markers as proinflammatory cytokines may ac-
count for the surgical stress-induced immune response, which 
manifests itself within the hippocampus postoperatively and has 
been shown to cause POCD in murine models. The cytokines in 
question include interleukins (IL-6, IL-1b)[12-14] and tumor necro-
sis factor-alpha (TNF)[15].
 Heterogeneous data are found in studies looking into the 
effect of regional anesthesia (RA) as compared to that of general 
anesthesia (GA) with regard to POCD rates. For instance, Ras-
mussen et al.[16] reveal no significant difference between RA and 
GA in the rates of POCD; however, another study demonstrates 
a significantly poorer cognitive function in patients undergoing 
GA rather than RA[17]. As previously discussed, RA attenuates 
the stress response to a greater degree than GA. This suggests 
that although the levels of surgical stress can be associated with 
POCD, its role as a key factor is still uncertain[18].
 The medical and social significance of the issue is due to 
an increased rate of complications and, therefore, higher delayed 
mortality, longer duration of hospital stay and rising treatment 
costs[4]. Currently, the risk factors of POCD have been accurately 
identified with the aid of evidence-based medicine. The factors 
include the severity, duration and type of surgical procedures, 
elderly age, previous chronic pain, and patients’ education level, 
along with anesthesia awareness episodes or critical hypotension 
in the past[5,19].
 At the same time, there are no conclusive data on the 
effect of anesthesia techniques on the development of POCD, 
and there is still little research into the role of regional anesthesia 
in POCD prevention. It should be noted that the majority of stud-
ies have investigated the risk factors of POCD in aged patients 
as the most vulnerable group in terms of postoperative delirium 
and POCD[19]. However, working-age patients are exposed to no 
less danger associated with traumatic surgery, the risk of cog-
nitive disturbances and social or psychological disadaptation, 
along with delayed postoperative recovery, discharge and return 
to normal life and social functions[20]. For these reasons, anesthe-
siologists should be constantly looking for new approaches for 
perioperative anesthesia and analgesia, to reduce the inflamma-
tory stress response, and the possible development of cognitive 
dysfunction.
 We have hypothesized that spine surgery may contrib-
ute to the development of systemic inflammation and hence the 
inflammation of the central nervous system, which might lead to 
an increase in the inflammatory and immune markers, accompa-
nied by cognitive disturbances.
 The purpose of the study was to evaluate the effect of 
epidural anesthesia on immune and inflammatory changes, and 
to indicate their possible correlation with cognitive functions in 
patients undergoing orthopedic surgery.
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Methods

 This prospective randomized study has been approved 
by the Institutional local ethics committee, and its all partici-
pants have provided their written informed consent. The study 
included 56 female patients aged 55 - 64, with the following 
degenerative diseases: lumbar osteochondrosis with multilevel 
spinal stenosis. All the patients underwent orthopedic lumbar 
surgery such as transpedicular fixation of two or three levels, 
with spinal decompression, over the period from October 2015 
to May 2017. 
 Excluded from the study were patients unable to un-
derstand the study protocol or to handle the infusion pump/
catheter system, or with any known contraindications to the 
medications under study or to regional anesthesia. Further ex-
cluded were patients suffering from insulin-dependent diabetes 
mellitus, neuropathy in low extremities of any etiology, from de-
myelinating diseases, and from hepatic or renal failure; patients 
with any additional surgical site outside the back intended for 
catheter placement; patients using opioids chronically or active-
ly abusing illicit substances; pregnant patients or those unable 
to communicate with the researchers and hospital staff due to 
deafness or blurred vision. Moreover, the exclusion criteria were 
extended to ischemic stroke within the past 12 months, the syn-
drome of cognitive impairment and dementia under 23 scores by 
the Mini-Mental State Examination (MMSE); to persistent neu-
rological deficit resulting from stroke; to clinically significant 
anxiety and/or depression according to the Hospital Anxiety and 
Depression Scale (≥ 11 points); physical status classification 
system by the American Society of Anesthesiologists (ASA) 
> 3; to the patient’s educational level being under nine grades; 
to mental illnesses, and to the duration of anesthesia over three 
hours.

Study Protocol
 All the patients were randomly assigned to one of the 
two treatment groups – Group 1 (n = 31) where epidural and 
general anesthesia were combined, and Group 2 (n = 25), in 
which general anesthesia was administered.  The randomization 
was effected with the aid of sealed envelopes containing group 
assignments based on a computer-generated randomization se-
quence (http://www.randomizer.org). Both groups were com-
parable in gender, anthropometric features and perioperative 
blood loss. In Group 1, patients were administered combined 
anesthesia – epidural anesthesia with fentanyl and ropivacaine, 
and endotracheal anesthesia with sevoflurane. All procedures 
were performed by an attending regional anesthesiologist expe-
rienced in both regional and general anesthesia techniques, and 
by the same surgical team. To test and evaluate the presence and 
severity of cognitive dysfunction, a neurologist expert in deter-
mining the cognitive status was involved. 

Epidural anesthesia
 After the insertion and positioning of a peripheral in-
travenous (IV) catheter, standard noninvasive monitors were 
applied, and oxygen was given via a face mask or nasal cannu-
las. Patients received IV midazolam and fentanyl titrated to their 
comfort but allowing them to maintain verbal responsiveness. 
The procedural area designated was cleaned with chlorhexidine, 
and the patients were covered with a clear fenestrated sterile 
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drape. Following the local infiltration of 5 ml of 2% lidocaine, 
the patients underwent puncturing and the insertion of the epi-
dural catheter in the prone position 3 - 4 interspinous spaces 
above the access planned, the catheter being positioned 4 - 5 
cm cranially before the surgery. The catheter was secured with 
an aseptic sticker. After performing an aspiration test and giving 
the test dose (2 ml solution of 2% lidocaine), a bolus of 3 - 7 
ml of 0.5% ropivacaine with 100 mg fentanyl was administered 
via the catheter. Throughout the surgical procedure, a mixture 
of 0.2% ropivacaine with fentanyl (2 mg/ml) was being infused 
epidurally at a rate 2 - 8 ml per hour.
 During the 48 hours of the early postoperative period, 
patients in Group 1 were getting epidural analgesia with the 
same mixture of 0.2% ropivacaine and fentanyl at a rate of 2 - 8 
ml per hour, disposable elastomeric infusion pumps being ap-
plied. In Group 1 patients, the epidural catheter was removed on 
the second postoperative day (POD 2).

General anesthesia
 The induction of anesthesia in both groups was per-
formed with IV propofol (2 mg/kg) and fentanyl (2 mg/kg). Pri-
or to intubation, rocuronium was used to ensure a neuromuscu-
lar blockade at a dose of 0.6 mg/kg. Before the section and the 
most traumatic stages of surgery, patients in Group 2 underwent 
general anesthesia with sevoflurane (1.2 - 1.7 MAC); they were 
infused fentanil at a rate of 0.002 - 0.003 mg/kg per hour, and 
administered a bolus dose of 50 - 100 mcg. Postoperative pain 
management in Group 2 was performed by administering IV 
morphine via the Patient-Controlled Analgesia (PCA) infusion 
system. In Group 1 patients, general anesthesia was achieved 
by the inhalation of sevoflurane (0.7 - 0.8 MAC) with an as-
sessment of the anesthesia depth according to a Bispectral Index 
(BIS) monitor (Covidian, Mansfield, MA) within a target range 
of 50 - 60% in both groups. All the patients received standard 
perioperative monitoring. The visual analogue scale (VAS) was 
utilized to evaluate the intensity of postoperative pain at rest and 
during mobilization. Pain assessment ranged from “0” (no pain) 
to “10” (worst pain imaginable). At the conclusion of surgery, all 
the patients were extubated and transferred to the recovery room 
and then to their ward. Following the extubation, they were eval-
uated neurologically to detect potential deficits.

Immune and cytokine testing
 Serum was sampled at the following time points: 1 – 
before surgery; 2 – at the time of the surgical incision; 3 – at the 
most traumatic point of the surgery; 4 – at the end of surgery; 
5 – on POD 1; 6 – on POD 3; 7 – on POD 5. At each point, 
whole blood was obtained by IV puncture and collected with 
EDTA. A 2-ml blood sample was used for blood cell count and 
the remainder was centrifuged to obtain plasma, which was fro-
zen to -112°F for further analysis. The plasma concentrations of 
epinephrine and cortisol were measured using an immunosor-
bent assay kit (CORTISOL, Diagnostics Biochem Canada Inc., 
Canada, ON), with a sensitivity limit of 0.4 μg/dl. C-reactive 
protein was measured at four time points (1, 4, 6, and 7) with 
the use of immunoassay kits (ELISA, USA). The plasma levels 
of interleukins (IL-1β, IL-6, IL-8, and IL-10) were measured at 
time points 1, 4, 5, and 6 with enzyme-linked immunosorbent 
assay (ELISA) kits, the detection levels being as follows: 0.125 
pg/ml for human IL-1β, 0.15 pg/ml for IL-6 and IL-8 and 0.5 pg/

ml for IL-10.
 The membrane markers for phenotyping blood cells 
(the expression of immune cell surface receptors – the cluster of 
differentiation: HLA-DR+/CD3-, HLA-DR+/CD3+, HLA-DR, 
CD3, CD4, CD8, CD16, CD19 CD16/56+ и CD16/56+/CD3+) 
were measured before surgery, after surgery, on POD 1 and POD 
3, using monoclonal antibodies kits according to the  cytofluoro-
metry technique (Navios, Beckman Coulter Inc., USA).

Cognitive testing
 To assess the severity of postoperative cognitive dys-
function, we resorted to the standardized questionnaires con-
tained in the Montreal cognitive assessment scale (MoCA). To 
test frontal dysfunction, the frontal assessment battery (FAB) 
was employed. All the participants underwent cognitive analysis 
according to the quick assessment scales of MoCA and MMSE 
(mini-mental state examination test), despite the low sensitivity 
of the latter. The MoCA test battery serves to quickly assess mild 
cognitive dysfunction. This test evaluates memory, frontal func-
tions (visual-constructive skills, the ability to speak fluently and 
to think abstractly, etc.), the nominative function of speech and 
visual-dimensional praxis. Alternative variants of assignments 
were chosen randomly and used before and after the surgery to 
increase the sensitivity of the tests. Reduction by one standard 
deviation from the point scored on the MoCA scale was con-
sidered to be a POCD criterion in the postoperative period as 
compared with the preoperative testing (Z score ≥ 1.0).
 The Frontal Assessment Battery (FAB) was used to 
assess the frontal dysfunction, the goal being to make a quick 
screening for dementia, which mainly affects the frontal lobes 
and subcortical cerebral structures, along with the speech func-
tions – conceptualization, vocabulary, and praxis including sim-
ple and complicated choice reactions. FAB assesses the grasping 
reflex, indicating a failure of the frontal lobe in adults. The re-
sults of FAB testing depend on the total number of points scored: 
16 - 18 points correspond to the normal frontal function, 12 - 15 
– to moderate impairment, and 12 points – to severe frontal dys-
function. The duration of a patient’s testing is 10 - 20 minutes. 
The alternative variants of assignments chosen randomly were 
used before and after the surgery to increase the sensitivity of 
the tests. Reduction by one standard deviation from the point 
scored in the FAB testing was regarded as a POCD criterion in 
the postoperative period comparing with the preoperative testing 
(Z score ≥ 1.0). All the assessments of cognitive functions were 
made at the 1st stage (the initial stage before surgery), the 5th 
stage – on POD 1, the 7th stage – on POD 5, and the 8th stage – on 
POD 7.

Statistical Analysis
 Statistical analysis was conducted according to the type 
of data distribution and the conditions of criterion applicability 
with the aid of STATISTICA software package (version 10.0, 
Stat Soft Inc.). We have employed non-parametric statistical 
methods and linear regression. 
 Values were reported as the mean and the standard 
deviation for parametric data, or the median with a 25 - 75% 
interquartile range for nonparametric data. Parametric variables 
were checked for normality using the Shapiro-Wilk test. The 
Mann-Whitney U statistical test was applied to nonparametric 
and ordinal variables. Comparison of the two groups was per-
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formed using the Student t test (for normally distributed data) 
and the Wilcoxon signed-rank test. Differences were considered 
statistically significant at P < 0.05.

Results

 All the patients have completed the study without early 
elimination. Both groups were comparable in their demographic 
and clinical parameters (gender, weight, height, ASA, the type 
and duration of the surgery, perioperative blood loss) (Table 1).

Table 1: Clinical and Demographic Data (Mean ± Standard Deviation).
Parameter Group 1 (n = 31) Group 2 (n = 25)
Level of Education 10.1 ± 0.9 9.8 ± 1.1
Age (yrs)* 57.3 ± 3.6 58.6 ± 2.5
Length of surgery, min 148.3 ± 12.7 150.2 ± 13.7
Blood loss during surgery, 
ml 350.6 ± 30.5 330.7 ± 40.2

BIS at traumatic time 
point, % 51.6 ± 2.5 52.2 ± 1.9

Mean blood pressure at 
traumatic time point, mm 
Hg

68.5 ± 6.3* 85.7 ± 4.7

 
* Р < 0.05 for comparison between groups, Values are mean ± standard 
deviation.

 Hemodynamic monitoring has shown that the use of 
epidural analgesia does not lead to life-threatening cardiovas-
cular disorders, despite the fact that Group 1 has demonstrated 
a mean blood pressure which was significantly lower than in 
Group 2 from the statistical standpoint. However, in both groups 
there were no episodes of significant or long reduction in either 
the systolic or mean blood pressure, which could seriously affect 
the results of the neuropsychological assessment. Furthermore, 
we have not detected a critical decrease in the mean blood pres-
sure, which would require the administration of a vasopressor. In 
both groups we have observed a comparable level of the BIS-in-
dex and its unidirectional changes during the surgical stages. It 
has been revealed that the BIS-index was within the range of 50-
55% during the most traumatic stages of surgery. It should also 
be noted that in both groups there were no awareness episodes, 
either spontaneous or induced, during the anesthesia, despite the 
fact that they significantly differed by MAC of Sevoflurane.

Postoperative pain
 The comparative analysis of postoperative pain syn-
drome has shown that Group 1 patients suffered pain of signifi-
cantly less intensity, both at rest and during mobilization. The 
corresponding self-rated pain levels are shown in Table 2. Ad-
ditional administration of IV morphine in Group 1 was not vir-
tually needed. Patients in Group 1 used less IV morphine than 
the patients in Group 2 at all time points, with statistical signif-
icance achieved for POD 1 and POD 2. The patients in Group 
2 complained of moderate and sometimes severe pain, the daily 
morphine requirements being 22.3 ± 4.3 mg.

Table 2: Evaluation of Postoperative Pain at rest and during mobiliza-
tion.
Time 
points 
(hours)

Group 1 (n = 31) Group 2 (n = 25)

at rest mobilization at rest mobilization

0 0.8 ± 0,1* 2.1 ± 0.7 2.4 ± 0.7 2.9 ± 0.8
2 1.2 ± 0.3* 3.1 ± 1.3* 3.0 ± 1.4* 6.7 ± 0.7
3 1.7 ± 0.2* 2.7 ± 1.0* 2.9 ± 1.3* 5.6 ± 0.6
6 1.5 ± 0.2* 2.6 ± 0.6* 2.9 ± 1.2* 4.8 ± 1.1
12 2.0 ± 0.3* 2.5 ± 0.6* 2.5 ± 1.6* 4.1 ± 1.2
16 1.8 ± 0.4* 2.8 ± 0.9* 2.9 ± 1.5* 4.9 ± 0.2
24 2.5 ± 0.5* 3.6 ± 0.8 3.5 ± 1.7 5.3 ± 0.7
36 2.7 ± 0.6* 2.8 ± 0.4* 2.7 ± 0.5* 4.8 ± 0.5
48 1.8 ± 0.2* 2.5 ± 0.3* 2.5 ± 0.8* 4.5 ± 0.9

* Р  < 0.05 for comparison between groups, Values are mean ± standard 
deviation.

Assessment of stress and immune response
 The study has shown that the plasma levels of the 
main inflammatory cytokines IL-6, IL-1β, IL-8, IL-10, C-reac-
tive protein, and cortisol were significantly higher in patients of 
Group 2 as compared with Group 1, at points 3, 4, 5, 6 (P < 
0.05 for all). At the same time, we have observed unidirectional 
changes of stress markers in both groups (Figure 1). In Group 1 
patients, cortisol levels were highest at the traumatic period of 
the surgery, returning to normal values by POD 1. The plasma 
levels of IL-6 were on the increase at the end of surgery, with the 
maximum value observed on POD 1 and falling insignificantly 
towards POD 3 in both groups (P < 0.05) (Figure 1). They had 
completely normalized by POD 7 in both groups.
 The assessment of the inflammatory response has 
demonstrated a severe inflammatory reaction in 79% of patients 
in Group 2, such as leukocytosis (WBC up to 19.1 ± 3.5 x 10*9/l) 
and an increase in the acute-phase protein levels (fibrinogen up 
to 9.1 ± 2.7 g/l, and C-reactive protein to 180.6 ± 25.4 mg/l). 
This occurred in combination with dysproteinemia, according to 
the erythrocyte sedimentation rate measurements.
 The study has revealed unidirectional significant chang-
es in natural killer cells (NK-cells, CD16/56+) in both groups, 
their number increasing towards the end of surgery, and this 
trend continuing until POD 3. Nevertheless, Group 2 revealed 
a significantly greater number of NK-cells at the end of surgery, 
on POD 1 and POD 3 (P < 0.05 for all) as compared with Group 
1. At the same time, the CD3-surface marker was significantly 
reduced in both groups on POD 1 and POD 3, which testifies 
to immune depression. The marker was considerably lower in 
Group 2 than in Group 1.
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Figure 1:  Assessment of the plasma levels of cytokines IL-1β, IL-6, IL-8 IL-10 at Points 1, 4*, 5*, and 6* (*P < 0.05 for comparison between 
groups, # P < 0.05 for comparison with the baseline).

Figure 2: Assessment of the CD-3 and CD4/CD8 Ratio at Points 1, 
6*# and 7* (*P < 0.05 for comparison between groups, # P < 0.05 for 
comparison with the baseline).

Cognitive function
 The assessment of the cognitive function has indicated 
a lower total score in the postoperative period as compared with 
the baseline in both groups. However, this decrease was only 
significant in Group 2 patients and on POD 1 (Figure 3).  At the 
same time, patients in both groups had completely restored their 
total test scores according to all the scales and questionnaires 
by POD 5, which did not worsen until their discharge. We have 
shown that the initial cognitive functionality in both groups lied 
within the normal values, along with the other parameters of the 

 The ratio of CD-4 (T-helpers) and CD-8 (cytotoxic 
cells) surface markers has been the complex criterion of the im-
mune status. This parameter has undergone opposite changes in 
the two groups under study. Group 1 patients have indicated a 
significantly increased CD4/CD8 ratio and a much higher num-
ber of B-cells (B-lymphocytes), both parameters to normalize 
by POD 3. At the same time, the CD4/CD8 ratio in Group 2 was 
characterized by a severe and significant decline, particularly 
on POD 1 (P < 0.05, Figure 2). Significant changes in cortisol, 
C-reactive protein and IL-6 have had strong positive correlations 
among themselves and with the self-rated pain at the end of sur-
gery and on POD 1.
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biochemical and immunological tests conducted.

Figure 3: Assessment of the cognitive functions at Points 1, 5, 6, and 7  
(*P < 0.05 for comparison between groups, # P < 0.05 for comparison 
with the baseline).

 For the whole period of the study, no case of postopera-
tive delirium has been observed in both groups, and not a single 
instance of the development of a severe cognitive dysfunction 
has been detected in the postoperative period. The total scores of 
the cognitive tests have indicated a strong negative correlation 
with the levels of peripheral inflammatory markers on POD 1. 
The MMSE test scores in Group 2 on POD 1 have indicated a 
moderate negative correlation with the levels of IL-6 (Spearman 
rank correlation R = -0.4, p = 0.0011, 0.95 CI).

 A comparative assessment of the FAB test results has 
revealed no significant deviations in the initial scores in both 
groups. However, Group 2 has shown a significant drop in the 
points scored on POD 1 (Figure 3). It should be noted that the 
most severe weakening of the frontal function has manifested 
itself in decreased dynamic praxis. Patients in both groups took 
a longer time to complete the test On POD 1 and POD 3, the 
number of mistakes and unfulfilled assignments going up.
 It is noteworthy that the results of all the three tests 
(MMSE, MoCA, and FAB) in both groups tend to approach the 
preoperative levels on POD 5 and POD 7, with no significant 
differences between the groups having been found.

Discussion

 The study has demonstrated that inadequate pain relief 
after surgery can result in a wide range of metabolic disorders, 
which may adversely affect the recovery from spinal surgery. 
Pain directly stimulates sympathetic activity, which manifests 
itself in the increased plasma levels of adrenaline and noradren-
alin, and also stimulates the metabolic disorders of glucose and 
cortisol, and immune dysfunction. We can conclude that epidur-
al analgesia positively affects the immune system, preventing 
severe postoperative immuno suppression, which is particularly 
due to the increase in the number of CD-3-cells, B-cells, CD4/
CD8 ratio, and partially of NK-cells. In a previous study, higher 
cortisol levels postoperatively were shown to be associated with 
a higher chance of developing POCD[4,5,7,8].
 Epidural anesthesia has an important influence on the 
modulation of the immune response in patients who underwent 
major orthopedic surgery. This study has shown that combined 
general and epidural anesthesia during and after reconstructive 
surgery on the spine provides better pain relief and hence early 
patients’ mobilization.
 Rasmussen et al.[16] demonstrated no significant distinc-
tion between general and regional anesthesia in rates of POCD; 
however, another study showed a significantly poorer cognitive 
function in patients who had been administered general rather 
than regional anesthesia[17]. Each study included patients getting 
noncardiac surgery, but both had biases such as large dropout 
rates and failure to account for social factors. As previously dis-
cussed, regional anesthesia leads to an attenuated stress response 
in comparison to general anesthesia. This suggests that although 
levels of surgical stress can be associated with POCD, its role 
as a causative factor is still uncertain. In our research, we have 
completely confirmed the previous data regarding the stress re-
sponse modulation and attenuating the immune suppression.
 Our study has demonstrated that the total test scores 
in the MoCA and MMSE tests were insignificantly reduced in 
Group 1. At the same time, Group 2 patients have revealed more 
serious cognitive impairments, but of a transient and mild char-
acter (Figure 3). Moderate negative correlations of total scores 
in the MoCA and MMSE tests have also been found with the lev-
el of C-reactive protein, and the need for opioids on the surgery 
day and on POD 1.
 According to the results of cognitive assessment, pa-
tients of the age of about sixty have displayed moderate distur-
bances of dynamic praxis, which was manifested in difficulties 
comprehending the action program, memorizing facts and in 
impaired speech productivity. Such decline in cognitive func-
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tionality was a natural consequence of inactivity and exhaustion 
on POD 1.
 In Group 2, eight patients (32%) showed moderate 
cognitive dysfunction on POD 1, normalizing towards POD 5; 
the application of Fisher test has demonstrated significant differ-
ences between groups (five patients or 16% in Group 1, P < 0, 
05).
 The present study has indicated that surgical stress 
response in middle-aged patients after orthopedic spinal sur-
gery manifests itself in a significant increase of inflammatory 
markers, particularly IL-6, IL-1, IL-10, C-reactive protein, and 
in immune dysfunction. At the same time, the severity of the 
post-operative cognitive decline, estimated with the aid of stan-
dard scales and questionnaires, showed strong correlation with 
the level of inflammation markers on POD 1, particularly with 
the level of proinflammatory interleukin-6. The levels of IL-6 
have also strong or moderate positive correlations with cortisol, 
C-reactive protein, and the severity of self-rated pain.
 Nevertheless, Group 1 patients have demonstrated the 
absence of any significant cognitive deficit in the early period 
after spinal surgery, as compared with the baseline level of their 
cognitive functionality. Group 2 patients have displayed a statis-
tically significant reduction in their neuropsychological testing 
scores, as compared with Group 1 and also with the preoperative 
data. The most considerable changes have been associated with 
the impairment of short-term memory, speech fluency and pro-
ductivity, and the power of concentration. However, these symp-
toms were not severe or fatal, and corresponded to the moderate 
and short-term cognitive dysfunction in the early postoperative 
period.
 A study by van Harten et al. shows that immunological 
reaction is one of the most important causative factors of cardi-
ac POCD[21]. Buvanendran also finds that cardiac and non-car-
diac POCD are associated with inflammatory reaction[22]. The 
researchers have shown that IL-6 and S-100β are the POCD-re-
lated pro-inflammatory markers; their meta-analysis strengthens 
the clinical evidence that POCD is accompanied by inflamma-
tory reaction. However, other proinflammatory cytokines, such 
as IL-10 and IL-8, were not involved in this analysis due to the 
limited number of studies available.
 In the present study, we have conducted a comparative 
clinical analysis of two homogeneous groups falling within the 
age range of about sixty and featuring a minimum number of 
risk factors for the POCD development (surgical intervention 
not more than three lumbar segments, its duration under three 
hours, the blood loss under 500 ml). The groups had comparable 
limits of the BIS-index and systemic hemodynamics.
 In the present-day neurosurgery and anesthesiology, 
both anesthetic techniques in question are believed to be ade-
quate and acceptable for spinal surgery. However, we still can-
not make a conclusion that epidural anesthesia has immediate 
impact on the POCD development, due to insufficient data and 
the absence of the follow-up period. We can only suggest that 
the measures restricting surgical stress response and immune 
suppression (e.g. epidural blockades) indirectly minimize the 
risk of POCD in middle-aged patients in the early postoperative 
period after spinal surgery.

Conclusion

 Epidural anesthesia in spinal surgery has been a ma-
jor factor limiting the surgical stress response. EA has proved 
to be the most adequate analgesia and yielded the highest total 
scores in the cognitive tests on POD 1, as compared with general 
sevoflurane anesthesia and postoperative opioid analgesia. Fur-
thermore, EA can modulate adaptive immunity by improving the 
distribution of white blood cells.
 Due to little clinical material, lack of follow-up and in-
sufficient evidence of the immediate effect of epidural anesthe-
sia on POCD, further research is required to obtain more results 
regarding the pathogenesis of postoperative cognitive alterations 
after spinal surgery in middle-aged and elderly patients, and to 
explicate the relationship between cognitive functionality and 
inflammatory/immune changes, including processes in the cen-
tral nervous system.
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