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Abstract

The present study compared the neuroendocrine response in patients un-
dergoing conventional cystectomy with two postoperative pain management
techniques: epidural analgesia (EA) and intermittent opioid analgesia (IOA) on
adrenocorticotropic hormone (ACTH), cortisol, glucose levels for 48 hours. We
hypothesize that appropriate analgesic regime can attenuate stress response re-
action. Forty-four patients scheduled for radical conventional cystectomy were
assigned to one of the two study groups: group A (n = 22) with EA, group B
(n = 22) with IOA. The surgical stress factor induced significant hypothalamic-
pituitary-adrenal (HPA) axis responses in both groups. The ACTH and cortisol
levels were higher than baseline for both groups, but more significantly in group
B. Blood glucose level was elevated few hours after the surgical intervention and
was back to baseline level by the following morning. The results suggest that
EA might have more advantages associated with reduced postoperative pain
and attenuated neuroendocrine response when open access is the preferred op-
erative technique. There is a need of randomized multicentre trials to evaluate
the quality of life, the survival and the role of pain management at least 12
months after radical cystectomy.
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Introduction. In recent years, innovations in surgical technology have great-
ly changed anaesthesia practice. The standard treatment of invasive urinary blad-
der carcinoma includes preoperative radiotherapy, radical surgical removal of the
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tumour with derivation of the urine and postoperative chemotherapy. Conven-
tional open radical cystectomy is still the most frequent surgical approach in
Bulgaria.

The stress response to surgery involves neuroendocrine, metabolic, and in-
flammatory processes in the organism. Neuroendocrine effects are induced by
activation in the HPA axis [1]. Surgical stress can be attenuated by preoperative
assessment, individualized approach, intra- and postoperative pain management
techniques. Prolongation of the stress response can worsen outcomes. Regard-
less of the progress of medical technology after radical cystectomy, a part of the
patients entering the intensive care unit need prolonged intensive care.

ACTH, somatotropin and prolactin secretion from the anterior pituitary gland
are increased under stress. ACTH stimulates cortisol production in the adrenal
cortex. Cortisol secretion increases several minutes after surgery and reaches a
maximum at 4–6 hours after surgery, depending on the severity of tissue damage.
A feedback mechanism operates so that the increased concentrations of circu-
lating cortisol inhibit the secretion of ACTH by the putiutary gland. Cortisol
promotes protein breakdown, glycogenolysis and gluconeogenesis in the liver as
well as inhibits the use of glucose by cells. These effects lead to an increased blood
glucose (BG) concentrations [1]. Hyperglycemia, defined as BG levels greater than
9.99–11.1 mmol L−1, is associated with poor clinical outcomes including increased
postoperative complications, perioperative mortality, hospital length of stay [2].

Postoperative pain is a potent trigger for stress response. Epidural local
anaesthetics (LA) block afferent stimuli and reduce neuroendocrine metabolic re-
sponses [3]. Their administration results in an effective pain relief [4]. Continuous
epidural analgesia (EA) with early nutrition and mobilization suggests an atten-
uated stress response and improved recovery [5].

Epidurally applied ropivacaine and morphine are more effective than each
agent applied alone [6].

The surgical stress response triggers a cascade of neuroendocrine responses.
The combination of epidural opioids and local anaesthetic provides synergisic ef-
fect. Nonetheless, the relationship between quality of analgesia and postoperative
outcomes remains ill defined.

Materials and methods. Radical cystectomy with ureterocutaneostomy
was performed in 44 patients. A prospective design was used. All patients had
clinically, endoscopically and histologically verified bladder adenocarcinoma and
had signed informed consent.

On the day before surgery patients were made familiar with the use of a nu-
merical rating scale (NRS; 0 = no pain, 10 = worst pain imaginable) [7]. Anaes-
thesia was induced in both groups using propofol 2–3 mg kg−1 i.v., fentanyl 1–1.5
µg kg−1 i.v., and atracurium 0.6 mg kg−1 i.v. It was maintained with isoflu-
rane 1–2% end-tidal concentration. Intermediate bolus doses of 0.5–1 µg kg−1 i.v.
fentanyl were given when needed.
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Surgery was performed via a midline lower laparotomy. Epidural analgesia is
defined as the postoperative use of a local anaesthetic and an opioid. An epidural
catheter (18 gauge Perifix Complete Set, B. Braun) was inserted via a midline
approach at the L1-L2 interspace using the loss of resistance technique in patients
assigned to group A.

On arrival in the postanaesthesia care unit patients of group A were given an
initial loading dose of 10 ml of a mixture of 3 mg ml−1 ropivacaine and 0.1 mg
ml−1 morphine. This analgesic regime was continued 48 h at a speed of 3–5 ml
h−1. Patients of group B received an initial dose of morphine 3 mg i.v. followed
by 3 mg i.v. if needed to relieve intensity of pain to maximum 10 mg morphine
within 30 min.

Pain scores on a NRS were obtained at rest and after movement (changing
position, coughing) and recorded by trained nurses.

Neuroendocrine stress responses were assessed by measuring plasma concen-
trations of ACTH, cortisol, and glucose before surgical incision (baseline), 4 h
after surgery, after 12 h, on the 1st and 2nd postoperative morning. Blood sam-
ples for plasma ACTH and cortisol were collected in 10 ml tubes treated with
ethylenediamine tetraacetic acid (EDTA). Plasma ACTH and serum cortisol were
measured by radioimmunoassay. ACTH values in the laboratory were 7.2–63.3
pg ml−1, and cortisol values were 133.0–537.0 nmol L−1. Glucose concentrations
were determined by a routine glucose oxidase method (Glucose, Granutest 250;
Merck) with a reference range of 3.9–5.6 mmol L−1.

The sample size of 44 patients was estimated to show a clinically useful differ-
ence (at least 25%) in mean morphine consumption over 48 h. Statistical analyses
were carried out using SPSS v.22 and MS Excel. Methods include means compar-
ison, Student’s t-test for normal data and Mann–Whitney U-test for skewed data.
Significance level was set at 0.05. 95% confidence intervals were calculated.

Results. Demographic and physical status variable between the two groups
are expressed as mean +/–SEM (Table 1). There were no significant differences
between groups.

T a b l e 1

Demographic data and patient physical status characteristic

Group Number Sex Sex Age (y) Weight (kg) Height (cm)
n male female x±Sx x±Sx x±Sx

Group А 22 15 7 65.18±5.5 80.82±6.42 173.55±3.58
Group B 22 16 6 67.32±2.87 77.95±4.21 174.14±2.86
ASA (American Society of Anaesthesiologists) Group А Group B

ASA II 7 5
ASA III 15 17
Total: 22 22
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The mean duration of surgery and consumption of fentanyl were similar in
both groups. Hemodynamic parameters, oxygen saturation, respiratory rate were
monitored. The mean value of systolic blood pressure in group A was 122.59
(SD±21.97) and 139.00 (SD±11.5) in group B. The mean value of the heart rate
in group A was 83.27 (SD±11.24) and 81.36 (SD±13.41) in group B, p > 0.05.
There were no cases of bradypnea, defined as respiratory rate below 8 min−1.

The baseline concentrations of ACTH, cortisol, and glucose were similar in
the two groups. In the earliest postoperative period ACTH mean level in group
A was 42.44 pg ml−1 (SD±13.18) and 51.99 pg ml−1 (SD±15.42) in group B. At
the end of the study period the mean ACTH plasma level in group A was 16.8 pg
ml−1 (SD±6.26) and 16.11 pg ml−1 (SD±6.87) in group B (Fig. 1).

Fig. 1. Mean plasma concentration of ACTH, time periods: 1 – before surgical
incision, 2 – 4 h after surgery, 3 – after 12 h, 4 – 1st postoperative day, 5 – 2nd day

At 4 h after surgery the mean cortisol level was 433.31 nmol l−1 (SD±139.55)
in group A and 556.38 nmol l−1 (SD±104.60) in group B (Fig. 2). At the end
of the study period mean serum cortisol level in group A was 229.96 nmol L−1

(SD±115.27) and 334.36 nmol L−1 (SD±67.48) in group B.
At 4 h after surgery the mean level of glucose in group A was 10.42 mmol

L−1(SD±1.05) and 13.82 mmol L−1 (SD±0.47) in group B. At the second post-
operative morning the mean level of blood glucose in group A was 5.08 mmol L−1

(SD±1.21) and 5.67 mmol L−1 (SD±0.87) in group B (Fig. 3).
The scores of the NRS in rest (NRS-R) and mobilization (NRS-M) in group

A were lower than in group B during the study period. The total mean dose of
morphine required in group A was 9.54 mg (SD±2.21) vs. 34.09 mg (SD±6.43)
in group B. The difference is more than 25% and it is statistically significant
(p < 0.05).
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Fig. 2. Mean plasma concentration of cortisol, time periods: 1 – before surgical
incision, 2 – 4 h after surgery, 3 – after 12 h, 4 – 1st postoperative day, 5 – 2nd day

Fig. 3. Mean plasma concentration of glucose, time periods: 1 – before surgical
incision, 2 – 4 h after surgery, 3 – after 12 h, 4 – 1st postoperative day, 5 –

2nd day

Discussion. In this study, EA was superior to IOA. Throughout the obser-
vation period (48 h), patients in group A had significantly lower pain score and
were more satisfied than patients in group B.

The optimal analgesic regime for open urologic surgery in the lower abdominal
cavity is a subject of debate. EA has gained widespread acceptance in providing
postoperative analgesia for major abdominal surgery [8]. On the other hand with
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the advancement of minimally invasive operative techniques regional analgesia
there is almost no place.

EA is effective in attenuating the surgical stress response when open access
is needed. It has an impact on decreasing complications following abdominal
surgery. It can reduce postoperative systemic neuroendocrine reaction, opioid
consumption, and possibly to improve patient survival [9]. We have shown that
epidurally administered ropivacaine and morphine decrease pain sensitivity for
patients in group A and reduce ACTH and cortisol concentrations to a certain
level, provide stable blood glucose level though not statistically significant due to
small sample size. Our findings confirmed the data obtained in previous studies
[1,10]. The plasma levels of ACTH and cortisol are increased during surgery, at
24 and 48 h their concentration decreases and stays higher than the baseline, but
changes are less when EA is used. We have registered more stable postoperative
blood glucose levels in group A without extremely high or low concentrations.
Stable BG level is beneficial for patients susceptible to alter pancreatic function
and higher risk of insulin resistance due to the stress response.

It is well established that surgical intervention can modulate the activity of
the endocrine and immune systems [11]. It has been reported that surgery induced
immunosuppression is directly linked to the extent of the perioperative trauma
[3]. If the stress respose is prolonged, it results in decreased resistance, increased
morbidity and longer hospitalization [12].

Numerous studies have demonstrated that EA reduces postoperative physi-
ologic responses in addition to providing pain relief [2,13]. We have shown that
EA has certain benefits regarding neuroendocrine response. However, effects of
epidural analgesia on postoperative morbidity remain controversial. Most studies
to date do not have sufficient power to detect clinically significant differences.

Regardless of the progress of medical technology, a part of the patients after
open radical cystectomy need prolonged intensive care, because of postoperative
complications. However, in Bulgaria statistical data is lacking for long-term follow
up after successful treatment. The results of a study evaluating the quality of life
and the survival of patients after cardiac surgery in Bulgaria show that they
fully recover within 6 and 12 months after sucessful treatment [14]. Patients who
have survived after cardiac surgery and prolonged ICU stay have worse quality of
life than those with a normal stay [15]. Determining the factors that affect the
length of hospital stay after cystectomy is of special importance in planning the
intervention and the resources needed for recovery.

The multifactorial nature of the stress response makes it difficult to determine
and eliminate the reasons that triger it. Preoperative conversation with the patient
and detailed explanation could be beneficial.

Conclusion. Our results support the presumption that through the pain
management strategy and individual approach stress response can be modulated
when open radical cystectomy is the treatment of choice. The appropriate appli-
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cation of modern technology in compliance with the current situation in Bulgaria
can facilitate patient recovery and improved survival. EA was proposed as a
beneficial technique for patients undergoing open radical cystectomy.
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