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1. INTRODUCTION
Surgical intervention and anes-

thesia procedure lead to a series of 
hormonal changes in the organism, 
which is mainly attributed to cate-
cholamine response to stress (1, 2, 
3). Under the term stress we mean 
the number of negative noxa acting 
on the body, and the surgery with 
anesthesia procedures, are also, the 
negative noxa. When exposed to 
stress the organism and hormonal 
response primarily are responsive 
pituitary, adrenal, adrenal cortex, 
prostate glandular tissue, and the 
sympathetic nervous system (4, 5).

Surgical intervention is resulting 
in significant changes in neuroen-
docrine regulation, metabolism and 
physiological functions as part of 
the overall response to stress. The re-
action of the organism is manifest-
ed by distribution of blood flow, to 

ensure the function of vital organs 
and to carry out mobilization of 
energy sources. Hypovolemia and 
pain are direct stimulators of hor-
monal response to trauma (6, 7, 8).

After all major surgeries there is 
an increase in plasma concentrations 
of glucagon. Intraoperative low val-
ues   of both insulin and elevated lev-
els of counter-insulin hormones are 
powerful stimulus for gluconeogen-
esis (5). Cortisol, glucagon and epi-
nephrine exhibit a synergistic effect 
on gluconeogenesis, protein catabo-
lism, glucose intolerance, insulin re-
sistance and peripheral leukocytosis. 
Numerous studies have shown that 
the resulting response in the body is 
not only a consequence of the action 
of hormones, but that the endocrine 
and inflammatory mediators to-
gether create an active metabolic re-
sponse to stress (1, 9, 10, 11, 12, 13, 14).

Thus, neuroendocrine, metabol-
ic and inflammatory aspects of the 
injury are part of an overall “stress 
response”. In particular, it manifests 
in patients undergoing surgical in-
tervention. These reactions can oc-
cur with trauma, burns, severe in-
fections and physical exertion. Met-
abolic and neuroendocrine response 
to surgical intervention depends on 
several factors, such as severity and 
duration of the surgical trauma, pa-
tient’s age, type of anesthesia and 
surgical techniques (6, 7). A num-
ber of hormones in the broad sense, 
which is secreted during this peri-
od, affect change in hemodynamic 
stability, metabolism, immune re-
sponse in the body and changes in 
internal milieu. The study was fo-
cused on the value of the ACTH 
hormone, prolactin, TSH, T3, T4, 
cortisol, during the two different 
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hormonal changes in the organism, which is 
mainly attributed to catecholamine response 
to stress. Surgical intervention is resulting 
in significant changes in neuroendocrine 
regulation, metabolism and physiological 
functions, as part of the overall response 
to stress. Research aim: The aim of this 
study was to determine and evaluate the 
levels of hormones in patients undergoing 
transvesical prostatectomy under general or 
local anesthesia. Material and methods: 
The study included a total of 100 patients 
from the Clinic of Urology, Clinical Center 

of Sarajevo who underwent surgery by 
technique of transvesical prostatectomy 
(BPH) in which the indicators were set:: 
a) repeated urinary retention; b) calculosis 
and diverticulosis of the urinary bladder; 
c) urinary infection, d) repeated massive 
hamaturia and e) the distal obstruction that 
can lead to uremia. Results: General an-
esthesia may limit the perception of stimuli 
from injury, but does not eliminate the full 
response to noxious stimuli, even with deep 
anesthesia. All intravenous agents and 
volatile anesthetics in normal doses have 
little effect on the endocrine and physi-
ological functions. Neural blockade induced 
by regional anesthesia or local anesthetics 
have a direct impact on endocrine and 

metabolic response. Regional anesthesia 
with the present consciousness, but with 
sympathetic blockade caused a greater 
suppression of hormonal responses than 
the general balanced anesthesia. In our re-
search we obtained: a) a significant increase 
in prolactin intraoperatively, for respondents 
under general anesthesia; b) a significant 
increase in TSH values   intraoperatively for 
respondents under general anesthesia; c) 
a significant drop in T4 intraoperatively in 
patients with regional anesthetic technique; 
d) a significant increase in cortisol values   
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regional anesthetic technique.
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techniques of anesthesia: general 
and local-regional, applied during 
surgery transvesical prostatectomy.

Physiological
hormonal, metabolic, 
immune, hematological

Psychological and 
behavioral

Tiredness and fatigue

Table 1. Stress caused changes in the organism

Prostate adenoma is the most 
common benign neoplasm in men, 
so that three quarters of men over 
50 have symptoms of BPH. 20-30% 
of men who live to age of 80 years 
have the need for surgical interven-
tion. BPH is considered a disease of 
modern civilization, and because of 
the high prevalence of the disease 
it has an enormous socio-economic 
importance. In the U.S. only for the 
surgical treatment of BPH has been 
spent in 2003 about 2.5 billion dol-
lars (15, 16).

For optimal treatment for BPH 
is necessary accurate diagnosis and 
differentiation of the diseases that 
can produce similar symptomatol-
ogy (prostate cancer and chronic 
prostatitis).

It seems important that expressed 
signs of obstruction and associated 
complications accelerate the aging 
process and the psychological and 
physical deterioration of the organ-
ism, while adenomectomy provides 
medical and social rehabilitation of 
patients and quality of life that suits 
their age. The therapeutic choice de-
pends on a number of factors, pri-
marily refers to the general condi-
tion of patient, age, comorbidities, 
socioeconomic condition and living 
conditions. Patient age may not be 
an obstacle for surgical treatment, 
more important parameters are gen-
eral health condition and fitness of 
the patient.

2. AIM OF THE RESEARCH
The aim of this study was to 

determine and evaluate levels of 
hormones in patients undergoing 
transvesical prostatectomy under 
general or local anesthesia.

Determined the level of hormone 
values   during three time periods: 
before anesthesia, during surgery 

in enucleation of prostate glandular 
tissue and 24 hours after surgery.

3. PATIENTS AND METHODS
The research was retrospective-

prospective, clinical, compara-
tive, longitudinal and observation-
al. Complete research is completely 
spent at the Clinic for Anesthesiolo-
gy and reanimation of Clinical Cen-
ter of Sarajevo University (CCUS). 
The study included a total of 100 pa-
tients from the Clinic of Urology, 
Clinical Center of Sarajevo who un-
derwent surgery by technique of 
transvesical prostatectomy (BPH) 
in which the indicators were set: a) 
repeated urinary retention; b) cal-
culosis and diverticulosis of the 
urinary bladder; c) urinary infec-
tion, d) repeated massive hamatu-
ria, e) the distal obstruction that 
can lead to uremia (15).

According to the criteria defined 
the subjects were divided into two 
test groups:
 • Group I (n=50) – patients un-

derwent surgery under general 
anesthesia,

 • Group II (n=50) – patients un-
derwent surgery in local-region-
al anesthesia.

The research used two types 
of anesthesia: general and local-
regional anesthesia.

All patients included in the 
study (N = 100) received orally 
(PO) Midazolam, basal sedation 

in a dose of 7.5 mg, 60 minutes 
prior to surgery. During anesthesia 
are used the standard monitoring 
of patients included: following 
electrocardiogram (ECG) changes, 
heart rate, blood pressure, oxygen 
saturation (SaO2), followed by 
pulse oximetry and expiratory 
concentrations of carbon dioxide 
(CO2).

In the course of this research have 
been applied the standard methods 
of general and loco-regional an-
esthesia, which are routinely used 
in surgery of the prostate. Taking 
blood samples in order to deter-
mine the test levels of hormones rel-
evant for this research was done by 
the standard procedure in the Cen-
tral CCUS biochemical laboratory.

4. RESULTS
For data processing we used a 

statistical program SPSS 15.0 (SPSS 
Inc., Chicago, IL).

Data are presented and analyzed 
by the following statistical tests and 
methods:

Age of the subjects involved in 
research, according to predefined 
inclusion criteria ranged from 60-80 
years, with an average value of X = 
69.95 (SD ± 5.5).

According to the type of anes-
thesia, and the inclusion criteria, 
an equal number of respondents 

(N=50) was selected by two types 
of anesthesia – general and loco-re-
gional.

In 10% of patients the haemogram 
was corrected during the surgery, 
without differences in applied 
anesthetic technique N=10.

According to the concomitants 
diagnoses observed in the distribu-
tion was a large number of differ-
ent diseases, so it is aligned to sever-

Increased 
secretion

Pituitary Adrenal gland Pancreas Other
Growth hormone
Adrenocorticotropic h.
β-endorphin
Prolactin
Arginine vasopressin

Catecholamines
Cortisol
Aldosterone

Glucagon Renin

Unchanged 
secretion

Thyreostimulating h.
Luteinizing h.

% % %

Lowered 
secretion

% % Insulin
Testosterone
Estrogen
Triiodothyronine (T3)

Table 2. Hormonal changes during surgeries

Concomitant diseases N %

No 21 21.0

Cardiovascular diseases 44 44.0

Respiratory diseases 4 4.0

Diabetes mellitus 9 9.0

Other diseases 14 14.0

DM + HTA 8 8.0

Total 100 100.0

Table 3. Concomitant disease of the respondents
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al major groups, namely: a) cardio-
vascular diseases – 44.0%; b) diseas-
es of the respiratory system – 4%  ; c) 
Diabetes mellitus/DM) – 9%, d) and 
DM with arterial hypertension – 
8%; f) other diseases – 14% (Table 3)

Table shows the number of re-
spondents, the minimum and max-
imum values   of ACTH, the mean 
and standard error and standard de-
viation of the two types of anesthe-
sia (15).

As the Table 4 shows the larg-
est increase in ACTH values   are 
recorded during surgery in both 
types of applied techniques of anes-
thesia, with a slightly higher maxi-
mum values   achieved when using 
the technique of local-regional an-
esthesia, but the mean values  , how-
ever maintained within the referent 
ranges for both types of anesthesia.

5. DISCUSSION AND 
CONCLUSION
The prostate is a glandular-

muscular organ whose secretory 
epithelial cells secrete prostate 
specific antigen (PSA), acid 
phosphatase, enzymes and 
amino peptide. The basal cells of 
these glands contain androgen 
receptors and secreted acidic 
phosphate-rich ATP. Neoplasms 
probably originate from these 
cells. Neuroendocrine prostate 
cells known as AUPD (Amine 
Uptake Precursor Decarboxylase) 
contain and secrete biogenic 
amines, serotonin, bombesin, 
gastrin, calcitonin, somatostatin, 
thyeostimulating hormone (TSH), 
horiogonadotropin, hromogranin 
A and B.

Secretory function of prostate 
and other accessory glands has been 

reduced by inflammation of the 
prostate and seminal bladder.

General anesthesia may limit the 
perception of stimuli from inju-
ry, but does not eliminate the full 
response to noxious stimuli, even 
with deep  anesthesia. All intrave-
nous agents and volatile anesthet-
ics in normal doses have little effect 
on the endocrine and physiological 
functions. Neural blockade induced 
by regional anesthesia or local anes-
thetics have a direct impact on endo-
crine and metabolic response. The 
basic mechanism of neural block-
ade of stress response to surgical in-
tervention is completely preventing 
pain signals from the operating field 

reach the CNS. Inhibitory effects of 
neural blockade on endocrine and 
metabolic response during surgical 
procedures also apply to the afferent 
and efferent pathways (1).

Regional anesthesia causes com-
plete sensory block, which pre-
vents the poor stimulus in the area 
of   the surgical field. This is not the 
case with general anesthesia, which 
generally does not prevent surgical 
stimuli or CNS reactions and stress 
responses, and Sometimes the cre-
ation of abnormal reflexes (14).

The results show the following 
hormonal responses:

Noted is the increase in ACTH 
values   during surgery in case of 
regional and general anesthesia, 
with a slightly greater increase 
among respondents under general 
anesthesia.

In the postoperative period ACTH 
values   returned to preoperative 
values, with slightly lower values   in 
subjects under regional anesthesia.

The values   of prolactin (PRL) 
indicate an increase in value during 
the surgery in both applied tech-
niques of anesthesia, with a signif-
icantly higher maximum values   
registered with general anesthe-

Type of 
anesthesia

 N Min Max Mean/SEM ±SD

General

ACTH
before surgery

50 8.10 63.20 23.37 1.87 13.16

ACTH during surgery 50 7.38 251 54.92 8.60 60.80

ACTH after surgery 50 7.30 180 25.59 5.083 35.95

Loco-regional
ACTH
before surgery

50 8.36 62.40 21.21 1.83 13.01

ACTH during surgery 50 6.40 352 51.85 10.45 73.92

ACTH after surgery 50 3.86 39.50 15.82 .98 6.99

Table 4. ACTH values   in relation to the type of anesthesia

ACTH before surgery Rejected normality of variable (P=0.018)
ACTH during surgery Rejected normality of variable (P<0.001)
ACTH after surgery Rejected normality of variable (P<0.001)
Prolactin before surgery Accepted normality of variable (P=0.545)
 Prolactin during surgery Accepted normality of variable (P=0.570)
Prolactin after surgery Rejected normality of variable (P=0.014)
TSH before surgery Rejected normality of variable (P=0.012)
TSH during surgery Rejected normality of variable (P=0.006)
TSH after surgery Rejected normality of variable (P=0.003)
T3 before surgery Rejected normality of variable (P=0.003)
T3 during surgery Accepted normality of variable (P=0.100)
T3 after surgery Rejected normality of variable (P=0.026)
T4 before surgery Accepted normality of variable (P=0.969)
T4 during surgery Accepted normality of variable (P=0.599)
T4 after surgery Accepted normality of variable (P=0.560)
 Cortisol before surgery Accepted normality of variable (P=0.695)
 Cortisol during surgery Accepted normality of variable (P=0.098)
Cortisol after surgery Accepted normality of variable (P=0.248)
FT3 before surgery Accepted normality of variable (P=0.509)
FT3 during surgery Accepted normality of variable (P=0,462)
FT3 after surgery Accepted normality of variable (P=0,110)
FT4 before surgery Accepted normality of variable (P=0,468)
FT4 during surgery Accepted normality of variable (P=0,869)
FT4 after surgery Accepted normality of variable (P=0,985)

Table 5. The results of the Kolmogorov–Smirnov test for normality of distribution for the hormones 
values.
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sia (3554μIJ/L). High levels of PRL 
are maintained also postoperative-
ly after 24 hours, but were great-
er in case of regional anesthesia 
(maximum value recorded 1074μIJ/ 
L) than in general (recorded maxi-
mum value 720μIJ/L).

The values   of TSH were elevat-
ed during surgery in both anesthet-
ic techniques, with a significantly 
higher maximum values   registered 
with general anesthesia.

The values   of TSH postoperative-
ly after 24 hours showed a return to 
baseline in both the applied tech-
nique of anesthesia.

The values   of T3 hormones fluc-
tuate in the downward direction, 
which is particularly evident at the 
minimum values   for both types of 
anesthesia.

The values   of T3 hormone post-
operatively after 24 hours are still in 
a downward trend in both anesthet-
ic techniques.

The values of T4 hormone in 
subjects under general anesthesia 
did not show significant deviations 
from the mean values either intra-
operatively or postoperatively.

The values   of T4 hormone in sub-
jects with applied regional anesthet-
ic technique showed significant de-
cline in the intraoperative value, 
with a gradual increase in the value 
postoperatively. Postoperatively af-
ter 24 hours the registered values   do 
not reach the preoperative values.

Noted is the increase in cortisol 
values   both intraoperatively and 24 
hours postoperatively for both anes-
thetic techniques.

Noted is the significant increase 
in cortisol values   24 hours postoper-
atively in patients with regional an-
esthesia.

Regional anesthesia with the 
present consciousness, but with 
sympathetic blockade caused a 
greater suppression of hormonal re-
sponses, than the general balanced 
anesthesia.

The most striking results of this 

study were obtained by using so-
phisticated statistical methods of 
descriptive statistics and binary lo-
gistic regression analysis indicazed:

A significant increase in prolac-
tin intraoperatively, for respondents 
under general anesthesia.

A significant increase in TSH val-
ues   intraoperatively for respondents 
under general anesthesia.

A significant drop in T4 intraop-
eratively in patients with regional 
anesthetic technique.

A significant increase in corti-
sol values   24 hours postoperatively 
in patients with regional anesthetic 
technique.
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