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THE IMPACT OF ANAESTHESIA ON 
HYPERALGESIA, TESTOSTERONE, CORTISOL, 
C-REACTIVE PROTEIN, AND GLUCOSE LEVELS 
AFTER SPINE SURGERY: PROSPECTIVE 
RANDOMISED CONTROLLED TRIAL
Maksym Barsa1,2*, Olha Filyk2

Introduction

The incidence of chronic postoperative pain in Europe 12 
months after surgery is 11.8%. Severe pain occurs in 2.2% 
of those patients – when the intensity of pain reaches more 
than 6 points on the visual analogue scale (VAS). Signs of 
neuropathic pain were recorded in 35.4% of patients with 
severe pain and 57.1% of patients with moderate pain. Mild 
pain (VAS 1–2) was diagnosed in 17.4% of patients twelve 
months after spinal surgery. The percentage of patients with 
moderate-to-severe pain (VAS 3–5) reached 39.1%. Effective 
treatment of pain is critically important precisely on the first 
day after surgery, because prolonged severe postoperative 
pain is a risk factor for chronic postoperative pain [1].
It is important to detect the development of hyperalgesia and 
possible chronisation of the pain at an early stage. A pain 
complaint itself is a subjective criterion for assessing pain 
intensity. The characteristics of pain relayed by the patient are not 
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Background: A large number of spinal deformities with severe pain are treated with complex and traumatic spinal sur-
geries. The objectives of our study were to test the hypotheses that bilateral erector spinae plane block (BESPB) as a 
component of combined anaesthesia for spinal surgeries decreases the quantity of opioid analgesic used and reduces 
hyperalgesia in comparison with general anaesthesia. We additionally proposed the use of serum testosterone, cortisol, 
C-reactive protein (CRP), and glucose levels as laboratory markers for hyperalgesia.
Methods: Fifty-two patients who underwent posterior transpedicular fixation of the spine were randomly assigned 
to either general anaesthesia – control group (CG) – or combined anaesthesia with BESPB – study group (SG). The 
main outcomes sought were quantity of opioid analgesic perioperatively; hyperalgesia measured with mechanical pain 
thresholds; and testosterone, cortisol, CRP, and glucose serum levels before and after surgery. 
Results: The quantity of fentanyl and morphine was lower in SG in comparison with CG. There was no difference in me-
chanical pain thresholds in the SG cohort as opposed to CG, where mechanical pain thresholds were lower on the fifth 
day after surgery. No difference was found before and after surgery in testosterone, cortisol, CRP, and glucose levels 
in SG. In the CG, the level of testosterone was significantly lower than baseline; the levels of cortisol, CRP, and glucose 
were significantly higher than baseline on the fifth day after surgery. 
Conclusion: Bilateral erector spinae plane block as a component of combined anaesthesia for spinal surgeries reduces 
the quantity of opioid analgesic used and hyperalgesia. Also, we can propose to use the serum testosterone, cortisol, 
CRP, and glucose levels as the laboratory markers of hyperalgesia.
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always sufficient to determine hyperalgesia and chronic pain. 
The cornerstone of pain treatment is its objective assessment.
Von Frey monofilaments are one of the ways to diagnose 
hyperalgesia [2]. Maximilian von Frey in the late nineteenth 
century proposed to use different diameter horsehairs to 
assess sensitivity [3]. Since then, monofilaments have been 
named after him. However, instrumental methods do not 
suffice to assess hyperalgesia and predict the development 
of chronic postoperative pain.
Every syndrome has its own specific patient complaints, 
clinical signs, and laboratory markers that determine and 
establish the final diagnosis and treatment. Subsequently, 
laboratory markers are used to assess the effectiveness of 
the treatment and patient recovery.
The diagnosis of hyperalgesia and chronisation of acute 
pain has its own laboratory markers [5, 14, 52] which can be 
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concentration of C-reactive protein expands rapidly and 
significantly; its changes can be observed within 6 to 8 hours, 
and the peak value might be reached within 24 to 48 hours. 
The half-life of C-reactive protein is only a few hours, making 
it an ideal marker for clinical observations. 
Recently it has been found that the intensity of acute pain 
is associated with increased concentrations of C-reactive 
protein. This elevation might be explained by inflammation 
of local soft tissues leading to pain and excessive C-reactive 
protein serum levels [14, 15]. Other studies have shown an 
association between inflammation and increased C-reactive 
protein with enlarged pain sensitivity and hyperalgesia 
[16, 17]. The association of elevated C-reactive protein serum 
levels with hyperalgesia and chronisation of pain may be 
explained by determining levels of cold pain activation in brain 
regions including the anterior insula, posterior parietal cortex, 
caudate nucleus, and thalamus [18].
Determining the glucose level is necessary to define the stress 
response. Also, serum glucose levels are used by researchers 
to compare the effectiveness of analgesia in various surgeries 
[19, 20] and even in the assessment of chronic pain [21].
The primary objective of our study was to test the hypothesis 
that bilateral erector spinae plane block (BESPB) as a 
component of combined anaesthesia for spinal surgeries 
would decrease the quantity of opioid analgesic and reduce 
hyperalgesia in comparison with general anaesthesia. The 
secondary objective was to test the hypothesis that the serum 
testosterone, cortisol, CRP, and glucose levels can be used 
as laboratory markers of hyperalgesia.

Materials and Methods

The study was carried out in 2021 at the Yuriy Semenyuk 
Rivne Regional Clinical Hospital and supervised by the Rivne 
Regional Council in the Department of Anaesthesiology and 
Intensive Care and the Rivne affiliate of the Department of 
Anaesthesiology and Intensive Care, Faculty of Postgraduate 
Education, Danylo Halytsky Lviv National Medical University. 
Ethical approval for this study (protocol № 5-1B/1612) was 
granted by the Commission of Ethics and Bioethics at the 
Yuriy Semenyuk Rivne Regional Clinical Hospital and was 
supervised by Rivne Regional Council (chairman V. Tkach), 
16 December 2020. 
All participants provided written informed consent to participate 
in the study. The study was registered on ClinicalTrials.gov 
(identification number NCT04697498). Study design: open, 
prospective, controlled, randomized, allocation ratio 1:1.
Randomisation assignments were generated using an 
internet-based randomisation software (https://www.random.
org) and was performed after the patient was administered 
general anaesthesia and was intubated. With patient in prone 

assessed at the beginning of the disease, during treatment, 
and after patient recovery. Evaluation of laboratory markers 
of hyperalgesia allows us to change treatment and prevent 
chronic pain from developing. We propose using serum 
cortisol, testosterone, C-reactive protein (CRP), and glucose 
levels as laboratory markers of hyperalgesia.
Testosterone is synthesised by Leydig interstitial cells in the 
testes (testiculi) and controlled by luteinizing hormone–releasing 
factor of the hypothalamus. In women, testosterone synthesis 
occurs in the same manner in the ovaries (ovarium) [4]. The 
impact of testosterone on hyperalgesia and the perception of 
pain have been studied in animals. Thus, orchiectomy and further 
decrease in testosterone levels in male mice caused prolonged 
hyperalgesia. Subsequent administration of exogenous 
testosterone to these males significantly reduced hyperalgesia 
and returned it to preoperative levels [5]. Another study made a 
credible case that testosterone plays a protective role for pain 
perception in rats [6]. Moreover, low testosterone levels are likely 
to result in a widening pain field and neuronal plasticity which 
can turn into entrenched chronic pain states, which was found in 
fibromyalgia patients [7].
Cortisol is synthesised in the adrenal glands under control 
of corticotropin-releasing hormone in the hypothalamus. 
The main task of cortisol is to ensure the supply of energetic 
material to the body during the stress response, as quickly as 
possible. Therefore, activation of the hypothalamic–pituitary–
adrenal system significantly increases serum cortisol level. 
Due to its high level, amino acids in the liver are metabolised 
to glucose. Cortisol also inhibits the absorption and use of 
glucose by all cells in the body, which counteracts the effect of 
insulin, causing an increase in serum glucose levels. 
Hyperalgesia associated with hyperactivity of the 
hypothalamic–pituitary axis of the adrenal glands can be 
assessed employing adrenocorticotropic hormone and 
cortisol plasma concentrations [8]. In the study of the effects 
of nocebo on the activity of the hypothalamic–pituitary axis 
of the adrenal glands, cortisol was used as a marker of 
hyperalgesia as well [9].
It should be taken into consideration that hyperactivity of 
the hypothalamic–pituitary adrenal gland and constant rise 
in serum cortisol, due to constant pain and worry about 
its occurrence, leads to chronisation of pain [10,  11,  12]. 
However, not only pain influences serum testosterone and 
cortisol levels. Stress additionally decreases testosterone 
and increases cortisol levels in people who do not experience 
physical pain [13].
C-reactive protein is an acute-phase protein that is synthesised 
in hepatocytes. Most of the damaging processes in body tissues 
(infections, inflammatory diseases, malignant neoplasms, 
injury, or surgery) are associated with a pronounced acute-
phase response of C-reactive protein and other acute-phase 
reactants. After the onset of the acute phase response, the 
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position, before skin incision the researcher staff randomly 
assigned the patient to the control or study group. The control 
group (CG) included patients who underwent surgery under 
general anaesthesia. In this group no regional techniques 
were performed. The study group (SG) included patients who 
underwent surgery under general anaesthesia with a BESPB. 
In this group, before skin incision the anaesthesiologist 
performed BESPB. The skin puncture site for blockade was 
close to the incision and so small that no additional bandages 
were needed in the postoperative period; therefore, the 
patient did not know whether he was in the BESPB group. 
Anaesthesia providers were not blinded to group allocation, 
but patients and the assessors collecting the outcome data 
were. The control and study groups were further divided into 
two subgroups each depending on the sex: control group 
male (CGM), control group female (CGF), study group male 
(SGM), study group female (SGF); and age of the patients: 
control group male 20–49 years old (CGM1), control group 
male ≥50 years old (CGM2), control group female 20–49 
years old (CGF1), control group female ≥50 years old (CGF2), 
study group male 20–49 years old (SGM1), study group male 
≥50 years old (SGM2), study group female 20–49 years old 
(SGF1), study group female ≥50 years old (SGF2).
Primary outcome: hyperalgesia measured with the mechanical 
pain threshold assessed with Von Frey monofilaments.
Secondary outcomes were measures of serum testosterone, 
cortisol, and C-reactive protein levels before surgery and on 
the fifth day after surgery; serum glucose levels before surgery 
and 6 hours after surgery; and the quantity of opioid analgesic 
used intra- and postoperatively. Patients’ testosterone, cortisol, 
C-reactive protein, and glucose serum samples were taken a 
few days before surgery, along with standard patient blood 
sampling between 8 and 9 am; patients were fasted for 8–12 
hours before to get the most accurate results. Glucose levels 
were assessed 6 hours after surgery during the postoperative 
period. Serum samples of testosterone, cortisol, and 
C-reactive protein were collected on the fifth postoperative 
day between 8 and 9 am, patients were fasted for 8–12 hours 
before as well. Fentanyl was administered intraoperatively to 
all patients in both groups before tracheal intubation and skin 
incision. Furthermore, fentanyl administration differed in both 
groups, and depended on changes in heart rate and blood 
pressure. In addition, the administration of fentanyl depended 
on the phase of the surgery. The administration of morphine 
in the postoperative period depended on the intensity of pain 
on the VAS. Nonsteroidal anti-inflammatory drugs were taken 
every 6 hours postoperatively in both groups. Estimation of 
fentanyl quantity during surgery was performed by μg/kg-
1h-1. Estimation of morphine quantity was performed after 
surgery by total milligrams for one patient.
To determine the mechanical pain threshold before surgery and 
on the fifth day after surgery Von Frey monofilaments were used. 

The set consists of 20 nylon filaments of different thicknesses in 
ascending order. Patients were asked to lie down on their backs, 
close their eyes and inform the doctor when they felt a clear point 
of contact with the skin. Monofilaments were pressed against the 
skin of the middle third of the palmar surface of the forearm at an 
angle of 90 ° until the filament bent for 2 seconds. Monofilaments 
were used in ascending order, with an interval of 10 seconds.
Measurement of serum testosterone and cortisol levels 
was performed on an immune-electro-chemiluminescent 
photometer analyser, Cobas E411; measurements of 
serum C-reactive protein and glucose were performed on a 
biochemical analyser-photometer, Cobas Integra 400 Plus, in 
the Department of Clinical Laboratory Diagnostics at the Yuriy 
Semenyuk Rivne Regional Clinical Hospital. The reference 
values of serum testosterone, cortisol, C-reactive protein, and 
glucose levels are shown in Table 1.
The inclusion criteria were as follows:  informed consent of 
the patient to participate in the study, scoliosis or other spinal 
deformities that require surgical correction, and the absence 
of known allergies to local anaesthetics.
Exclusion criteria included refusal to participate in the study 
both at the beginning of the study and at any stage of the 
study, type I or II diabetes, acute spinal cord injury, physical 
status according to the ASA III, and more, oral contraceptives, 
oestrogen therapy, prednisolone or methylprednisolone 
before surgery, age less than 12 and more than 70 years 
old. Body mass index (BMI) more than 40 kg/m2. Chronic 
analgesic therapy, those with a history of opioid dependence, 
those receiving anticoagulation or experiencing any bleeding 
disorder, or those who were unable to communicate with the 
investigators. In addition, all patients who required repeated 
surgical interventions due to surgical complications (infectious 
or neurological) during this case of hospitalisation were 
excluded as well.
All the patients in the operating room received paracetamol, 
dexketoprofen, ondansetron, dexamethasone, and tranexamic 

Table 1: Reference values of serum testosterone, cortisol C-reactive 
protein, and glucose levels.

TESTOSTERONE

Men 20–49 years 8.64–29.0 nmol/l

Men ≥50 years 6.68–25.7 nmol/l

Women 20–49 years 0.290–1.67 nmol/l

Women ≥50 years 0.101–1.42 nmol/l

CORTISOL

AM 7:00–10:00 171–536 nmol/l

PM 16:00–20:00 64–327 nmol/l

C-REACTIVE PROTEIN

<5 mg/ml

GLUCOSE

4.11–6.05 mmol/l
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acid. Anaesthesia was induced using propofol, fentanyl, and 
atracurium besylate. After preoxygenation, tracheal intubation 
was performed in an improved position, and the patient was 
rotated to the abdomen with specific placement to prevent 
abdominal compression. Lung protective ventilation was 
conducted with supporting driving pressure of 12–14 cm 
H2O. After induction of anaesthesia, general anaesthesia was 
maintained with sevoflurane and dexmedetomidine. Standard 
intraoperative monitoring included: electrocardiography; 
respiratory rate; body temperature; systolic, diastolic, mean 
blood pressure; heart rate; and SpO2. For postoperative 
analgesia, patients in both groups received paracetamol 
in combination with dexketoprofen every six hours. 
Thromboprophylaxis was administered based on the risk of 
thromboembolic complications.
Patients in the SG underwent BESPB, after intubation of the 
trachea, in prone position, before the skin incision. To identify 
the required level of blockade the extent of transpedicular 
fixation was discussed before surgery with the surgeon, and 
the blockade was performed bilaterally as close as possible 
to the screw implantation sites. A solution with bupivacaine 
0.375%, dexamethasone 0.02% and epinephrine 0.00018% 
was used for blockade. The erector spinae and transverse 
vertebral processes were identified using a linear ultrasound 
probe at a frequency of 7 MHz. At the required level of the 
spine, 3 cm lateral to the spinous process, using ultrasound 
contrast needle 22G, a local anaesthetic with adjuvants was 
administered bilaterally under the erector spinae muscle. 
Observation of the patients who underwent spine surgery 
proceeded until discharge from the hospital.
All data were tested appropriately for normality of distribution 
and expressed as means (95% CI). The significance of 
deviations in the mean values was assessed according to the 
criteria of Student or Mann-Whitney. A P-value less than 0.05 
was taken as statistically significant.

Results

This study involved 103 patients who underwent posterior 
transpedicular fixation of the spine for scoliosis and other spinal 
deformities. Sample size was determined using a statistical 
power calculation. Prior to the randomisation phase, 38 
patients were excluded from the study (nine patients received 
opioid  analgesic before surgery, six patients received oral 
contraceptives, five patients had diabetes, three patients had 
spinal cord injury, one patient received oestrogen therapy, 
and one patient received methylprednisolone, and 13 patients 
refused to participate in this study). The remaining 65 patients 
were randomly assigned to the SG and CG (SG – 32 patients; 
CG – 33 patients). At the stages of allocation 31 patients 
received allocated intervention and one patient refused to 

participate in the study in SG. In the CG, 31 patients received 
allocated intervention and two patients refused to participate 
in the study. One patient was lost to follow-up because the 
method of surgery was changed in the SG; in the CG, three 
patients were lost to follow-up because the method of surgery 
was also changed. At the stages of analysis, three patients 
were excluded from analysis because of unsuccessful blood 
sampling in the SG, and two patients were excluded from the 
CG because of the same reason. Data from 53 patients was 
analysed (27 patients in SG and 26 patients in CG). Because 
testosterone synthesis in both sexes is different, and the 
reference values depend not only on sex but also on the age 
of patients, to obtain reliable values of testosterone levels 
in both study groups patients were further divided into four 
subgroups (men aged 20–49 years old, men over the age of 
50 years old, women aged 20–49 years old, women over the 
age of 50 years old). A CONSORT follow-up diagram is shown 
in Figure 1. The baseline characteristics of patients (age, 
sex, ASA, body mass index) showed no significant statistical 
deviations and are shown in Table 2.
The result of the comparison of the impact of the method 
of anaesthesia on laboratory markers of hyperalgesia after 
spinal surgery revealed statistically significant deviations 
(P<0.05) in mechanical pain thresholds, testosterone, 
cortisol, C-reactive protein, and glucose levels after surgery 
in the CG. In the SG no statistically significant deviations 
were found in mechanical pain thresholds nor in any of 
the laboratory markers studied. The quantity of fentanyl 
used during surgery and morphine used after surgery was 
significantly lower (P <0.05) in SG.
Opioid  analgesic. The quantity of fentanyl administered 
during surgery in the SG was significantly lower (1.68 CI 
95% 1.4–2 μg/kg-1h-1) than in the CG, where the quantity of 
intraoperative fentanyl was 4.7 (CI95% 4 to 5.4) μg/kg-1h-1. 
In the postoperative period in the SG, only five patients, once, 
received morphine hydrochloride at a dose of 10 mg due to 
exceeded intensity of pain up to 7 points on the VAS. Quite 
opposite results were obtained in the CG, where morphine 
hydrochloride was administered to 23 patients from the 
beginning of sixth postoperative hour and re-administrated 
every 24 hours for 3 days after surgery, because the intensity 
of pain reached up to 7 points on a visual analogue scale. 
A graphical representation of the statistical ranges of 
administered fentanyl and morphine hydrochloride in the 
study groups are shown in Figure 2.
Mechanical pain thresholds. In the CG, patients before the 
surgery felt a clear touch of the monofilament at a pressure 
of 21.45 (95% CI 18.80–24.10) g/mm2, but on the fifth 
postoperative day the feeling of a clear touch appeared at 
a monofilament pressure of only 4.75 (95% CI 4.13–5.38)  
g/mm2. In the SG, preoperative indicators of clear pressure 
did not differ significantly (p<0.05) from postoperative and 
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Table 2: The baseline characteristics of patients.
SG (n=27) CG (n=26)

Men (n=26)

Age 20–49 years old (n) 7 7

Age ≥50 years old (n) 7 6

Women (n=24)

Age 20–49 years old (n) 6 8

Age ≥50 years old (n) 7 5

ASA

I (n) 11 9

II (n) 16 17

BMI (kg/m2) 26.6 (CI 95% 23.4–29.7) 26.6 (CI 95% 
23.4–29.7)

were 14.49 (95% CI 10.72–25.21) g/mm2 and 16.70 (95% CI 
13.02–20.57) g/mm2, respectively. The average mechanical 
pain thresholds in CG and SG before surgery and after 
surgery are shown in Table 3. A graphical representation 
of the statistical ranges of mechanical pain thresholds are 
shown in Figure 3.

Testosterone. In the SG, the level of testosterone after 
surgery did not differ significantly from baseline. The average 
testosterone levels in SG before surgery and after surgery are 
shown in Table 4. A graphical representation of the statistical 
ranges of testosterone levels in SG is shown in Figure 4.
In contrast to SG, patients in CG had significantly lower 
testosterone levels on the fifth postoperative day. The average 
testosterone levels in CG before surgery and after surgery are 
shown in Table 5. A graphical representation of the statistical 
ranges of testosterone levels in CG is shown in Figure 5.
Cortisol. The level of cortisol has statistically the same values 
before and after surgery in the SG in contradistinction to the 
CG, where the level of cortisol was significantly higher after 
surgery in comparison with baseline. The average cortisol 
levels in SG and CG before and after surgery are shown in 
Table 6. A graphical representation of the statistical ranges of 
cortisol levels in the studied groups is shown in Figure 5.
C-reactive protein. In the SG, the level of C-reactive protein after 
surgery also did not differ statistically from baseline. In the CG, 
patients had significantly higher levels of C-reactive protein on 
the fifth postoperative day. The average C-reactive protein levels 

Figure 1. CONSORT follow-up diagram.
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Figure 2. A graphical representation of the statistical ranges of administered fentanyl and morphine 
hydrochloride in the study groups: (a) fentanyl during surgery in SG and CG; (b) morphine hydrochloride total 
amount after surgery in SG and CG.

Table 4: The average testosterone levels in SG before surgery and after surgery.
General anaesthesia with BESPB (SG)

Before Surgery After Surgery

Men 20–49 years old 20.73 (95% CI 19.07–22.38) 21.11 (95% CI 20.00 –22.23)

Men 20–49 years old 19.38 (95% CI 13.11–25.65) 16.35 (95% CI 8.21–24.49)

Women 20–49 years old 0.65 (95% CI 0.20–1.16) 0.62 (95% CI 0.11–1.13)

Women ≥50 years old 0.55 (95% CI 0.04–1.07) 0.71 (95% CI 0.07–1.35)

Table 3: The average mechanical pain thresholds in SG and CG before surgery and after surgery.
Before Surgery After Surgery

SG 14.49 (95% CI 10.72–25.21) g/mm2 16.70 (95% CI 13.02–20.57) g/mm2

CG 21.45 (95% CI 18.80–24.10) g/mm2 4.75 (95% CI 4.13–5.38) g/mm2

Figure 3. A graphical representation of the statistical ranges of mechanical pain thresholds: (a) in study group; 
(b) in control group.

in SG and CG before and after surgery are shown in Table 7. 
 A graphical representation of the statistical ranges of CRP levels 
in the studied groups is shown in Figure 6.
Glucose. The glucose level after surgery did not differ 
statistically from the baseline in SG. Patients in CG had 

significantly higher levels of glucose on the fifth postoperative 
day. The average glucose levels in SG and CG before and 
after surgery are shown in Table 8. A graphical representation 
of the statistical ranges of the glucose levels in the studied 
groups is shown in Figure 7.
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Figure 4. A graphical representation of the statistic ranges of testosterone levels in SG: (a) Men 20–49 years 
old; (b) Men ≥50 years old; (c) Women 20–49 years old; (d) Women ≥50 years old.

Table 5: The average testosterone levels in CG before surgery and after surgery.
General anaesthesia without BESPB (CG)

Before Surgery After Surgery

Men 20–49 years old 26.94 (95% CI 25.37–28.52) 6.79 (95% CI 5.28–8.29)

Men 20–49 years old 17.67 (95% CI 14.23–21.1) 2.63 (95% CI 0.88–4.39)

Women 20–49 years old 1.09 (95% CI 0.85–1.32) 0.11 (95% CI 0.08–0.14)

Women ≥50 years old 1.15 (95% CI 0.82–1.48) 0.1 (95% CI 0.1–0.1)

Figure 5. A graphical representation of the statistic ranges of testosterone levels in CG: (a) Men 20–49 years 
old; (b) Men ≥50 years old; (c) Women 20–49 years old; (d) Women ≥50 years old.
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Table 6: The average cortisol levels in Groups 1 and 2 before and after surgery.
Before Surgery After Surgery

SG 291.6 (95% CI 265.74–317.46) 322 (95% CI 290.35–353.65)

CG 296.4 (95% CI 270.8–567.2) 767.24 (95% CI 720.02–814.46)

Figure 6. A graphical representation of the statistical ranges of cortisol levels in the studied groups: (a) in SG; (b) in CG.

Table 7: The average C-reactive protein levels in Groups 1 and 2 before and after surgery.
Before Surgery After Surgery

SG 1.95 (95% CI 1.48 to 2.42) 2.34 (95% CI 1.88 to 2.81)

CG 1.48 (95% CI 0.89 to 2.06) 8.54 (95% CI 8 to 9.1)

Figure 7. A graphical representation of the statistical ranges of CRP levels in the studied groups: (a) in SG; (b) in CG.

Table 8: The average glucose levels in SG and CG before and after surgery.
Before Surgery After Surgery

SG 5.09 (95% CI 4.88–5.3) 6.06 (95% CI 5.83–6.3)

CG 5.2 (95% CI 4.9–5.5) 9.23 (95% CI 8.63–9.83)
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Discussion

Even small doses of opioid  analgesic for pain relief before 
orthopaedic surgery cause hyperalgesia prior to intervention. 
As a result, the quantity of analgesics used after surgery is 
increased because of the development of tolerance to opiates 
[22]. We excluded all patients who received opioid analgesic 
before surgery. The results of serum testosterone and 
cortisol tests can be affected by the administration of oral 
contraceptives [23, 24] and oestrogen therapy [25, 26]. The 
results of serum cortisol tests could also be affected by the 
administration of prednisolone or methylprednisolone before 
surgery [27], therefore, we excluded all patients from the 
study who received the same therapy before surgery.
The use of regional anaesthesia methods reduces the 
quantity of opioid analgesic used perioperatively, reduces the 
intensity of postoperative pain and subsequent development 
of hyperalgesia. Our study clearly showed that general 
anaesthesia without ESPB reduces pain threshold and causes 
the development of hyperalgesia in patients who underwent 
spine surgery. Use of Von Frey monofilaments allowed us to 
investigate the opiates’ effects on hyperalgesia [28] and to 
predict chronisation of the pain [29].
In the results of our study, we found that the use of the BESPB 
did not affect the serum testosterone levels in patients who 
underwent spinal surgery due to less analgesic use before and 
after surgery. In contrast, in the general anaesthesia group, the 
quantity of opioid  analgesic used was significantly higher and 
testosterone levels after surgery were significantly lower.
Opioid  analgesics in different hospitals still are the gold 
standard for pain management. However, we must keep in 
mind that short-term opiate therapy may lead to their long-
term use, at least in some patients [30]. According to studies 
carried out in Europe and the United States in 2009 and 2012, 
respectively, the number of patients taking opioid analgesics 
before elective orthopaedic surgery (hip or knee arthroplasty) 
ranged from 16% to 32%, and 22% to 56% of patients 
continued to take opiates postoperatively. As a result, 32% to 
68% of patients had pain at the site of surgery for 30 days after 
surgery; moreover, 32% of patients after 713 days had pain 
in various localisations [31, 32]. These results may indicate 
hyperalgesia and chronic postoperative pain.
Despite the effectiveness of opiates in pain therapy, their 
influence on organs and systems of the human body is often 
ignored. One of the systems most vulnerable to routine drug 
use is the endocrine system [33]. Symptoms of hypogonadism 
are observed in patients who have made long-term use 
of opioid  analgesics for chronic pain treatment [34]. The 
mechanism of development of such complications consists 
of suppression of gonadotropin-releasing hormone in the 
hypothalamus [35]. In addition, opiates reduce the sensitivity of 
the anterior pituitary gland to sex and gonadotropin-releasing 

hormones. Inhibition of luteinizing hormone-releasing factor 
synthesis reduces testosterone production.
Testosterone therapy also demonstrates the importance of 
the endocrine system in the development of chronic pain and 
hyperalgesia. Exogenous testosterone is especially effective 
in patients with long-term opioid  analgesic use. Pain was 
reduced, and energy, motivation, and libido were improved [36]. 
Testosterone therapy in opiate-induced male hypogonadism 
also maximised lean body mass and decreased total fat mass 
(body composition was measured by dual X-ray absorptiometry 
scan) [37]. Therefore, low testosterone levels after spinal surgery 
may be a predictor of hyperalgesia and can be used in the early 
diagnosis of chronic postoperative pain.
The regional component of anaesthesia in the surgical correction 
of spinal deformities reduces the body’s stress response to 
surgical trauma. Stress not only suppresses the hypothalamic–
pituitary–gonadal axis (resulting in decreased serum testosterone 
levels) but also stimulates the hypothalamic–pituitary–adrenal 
axis and cortisol synthesis [38]. Cortisol levels obtained after 
surgery indicated a reduction in the body’s stress response to 
surgery if the BESPB was used.
Cortisol is also an effective marker of stress response to 
surgical trauma. Frequently used by various researchers, 
this marker had already demonstrated the effects of 
anaesthesia on the stress response to surgery in adults [39] 
and children [40, 41]. In addition, cortisol was an effective 
marker of stress even in pregnant women in a study with 
intrathecal sufentanil in the first period of labour [42]. In 
addition, serum cortisol levels were used to compare two 
different surgeries on different parts of the body to determine 
the effect of surgical trauma on the stress response [43]. 
Cortisol is no less important than testosterone as a marker 
of chronic pain. A study by Forest Tennant and Laura 
Hermann in 2002 showed that morning serum cortisol levels 
can be not only useful biological markers of chronic pain but 
also an effective marker for treating chronic pain [44].
C-reactive protein is another important marker not only of the 
body’s inflammatory response but also of chronic pain. The 
results of our study clearly demonstrate the impact of the method 
of anaesthesia on C-reactive protein levels after surgery. In 
patients who underwent BESPB, the level of C-reactive protein 
after surgery did not differ statistically from baseline, indicating that 
the use of regional anaesthesia reduces the body’s inflammatory 
response to surgical trauma compared to the group of patients 
who underwent surgery only under general anaesthesia. 
However, it is not entirely clear why this effect is observed, either 
because of a reduction in the quantity of opioid  analgesic or 
because of the action of a local anaesthetic, which can act as an 
anti-inflammatory agent [45]. 
Intraoperative tissue trauma causes a neuroendocrine 
stress response that primarily involves the hypothalamic–
pituitary–adrenal axis and parasympathetic nervous system, 
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with the synthesis of acute phase proteins of inflammation 
in the liver. Physiological studies of the effect of prolonged 
blockade of peripheral nerves for knee joint arthroplasty 
clearly shed light on the deuteration of the inflammatory 
response to surgical trauma [46]. Postoperative analgesia 
also affects the inflammatory response. The use of long-term 
epidural infusion reduces the level of C-reactive protein in the 
postoperative period compared with morphine analgesia [47]. 
Elevated C-reactive protein levels after surgery may also be 
a marker of chronic acute postoperative pain [48]. Elevated 
C-reactive protein levels after non-cardiac surgery in patients 
with myocardial damage are associated with an increase 
in one-year and 30-day mortality after discharge from the 
hospital [49]. Similar to the mean nociceptive response index 
during surgery, C-reactive protein level is likely correlated with 
serious complications after gastrointestinal surgery under 
general anaesthesia [50]. 
Glucose levels are probably the simplest and most effective 
way to diagnose the body’s stress response to surgical 
trauma in patients who do not have diabetes or who are not 
taking high doses of steroids. Glucose levels are routinely 
measured in the perioperative period [51]. In our study, the 
result of comparing glucose levels after surgery obtained 
statistically significant results; in patients who did not receive 
the blockade, glucose levels were significantly higher. This is 
another indicator of the effectiveness of regional anaesthesia 
in reducing the body’s stress response to surgery.
A few limitations should be mentioned. First, this was a single-
centre study with patients that received only transpedicular 
fixation of the spine without spinal cord surgery. Second, it 
should also be noted that we did not use placebo (saline) for 
injection in the general anaesthesia group without the regional 
component, as it can play a role in the analgesic component. 
Third, the heterogeneity of the spine surgeries performed 
should be considered. The number of segments operated 
varied from 2 to 15 and the duration of surgery ranged 
from 65 to 360 min, which probably can result in different 
intensity of postoperative pain, limited by the randomisation. 
Besides, despite the fact that we stratified patients by age 
to determine testosterone levels, mechanical pain threshold 
and hyperalgesia in younger patients may differ from older 
patients. Finally, we did not analyse the serum testosterone, 
cortisol, C-reactive protein, and glucose levels after discharge 
from the hospital. Additionally, we did not evaluate the 
chronicity of pain several months after the surgery and we 
did not investigate its relationship with the performed spinal 
surgery. Therefore, we are limited in the conclusion that those 
laboratory and instrumental indicators obtained during the 
patient’s stay at the hospital can indicate the chronisation of 
acute pain.

Thus, regional anaesthesia is not the only effective and safe 
method for reducing intra- and postoperative pain. Employing 
BESPB reduces the quantity of opioid analgesic after surgical 
correction of spinal deformities. Due to the elimination of the 
negative effects of pain and opiates on the neuroendocrine 
regulation of endogenous hormones and anti-inflammatory 
cytokine synthesis, BESPB not only reduces the body’s 
stress response to surgical trauma but also does not trigger 
the mechanism of hyperalgesia and, possibly, chronisation of 
acute postoperative pain.

Conclusion

Employing bilateral erector spinae plane block as a component 
of general anaesthesia for spine surgery reduces the incidence 
of hyperalgesia and the quantity of opioid  analgesics used 
during surgery and in the postoperative period. We can 
propose to use the serum testosterone, cortisol, C-reactive 
protein, and glucose levels as the laboratory markers of 
hyperalgesia, but further research is necessary.
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