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ABSTRACT 

Objective: The perioperative stress response of patients who were planned to have percutaneous 

nephrolithotomy under epidural anesthesia with opioids and local anesthetics has not been 

investigated in detail yet. Our hypothesis is that the stress response following percutaneous 

nephrolithotomy can be lessened by epidural analgesia.  

Methods: A total of 48 patients, between 18-65 years of age and ASA I-II, in whom elective 

percutaneous nephrolithotomy was planned, were randomly divided into two groups as follows. 

Group GA (n = 24): general anesthesia by sevoflurane and fentanyl and postoperative intravenous 

PCA; Group GE (n = 24): epidural anesthesia and general anesthesia together with postoperative 

epidural analgesia (0.125% levobupivacaine+fentanyl). Blood levels for glucose, insulin, prolactin 

and cortisol were evaluated prior to anesthesia, after surgical incision, immediately following 

percutaneous dilatation and postoperative 24th hour. Intraoperative hemodynamic parameters and 

postoperative pain scores together with preoperative and postoperative hematocrit values were 

recorded.  

Results: Postoperative pain scores were found to be statistically significantly lower (p < 0.05) in 

Group GE at all measurement times. Intraoperative blood loss was statistically significantly lower 

in Group GE (p = 0.011). When hemodynamic parameters were compared, at all time intervals 

except baseline measurement, blood pressure and heart rate were significantly lower in Group GE 

(p < 0.05). Levels of stress hormones, glucose, cortisol, insulin and prolactin remained 

significantly lower in Group GE.  

Conclusion: We think that epidural anesthesia, performed in addition to general anesthesia, may 

be a comfortable anesthesia method with its suppressive effects on intraoperative and 

postoperative stress response together with reduced pain scores in the postoperative period.  

Keywords: Epidural analgesia, levobupivacaine, percutaneous nephrolithotomy, surgical stress 

response  
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INTRODUCTION 

Stress response is the union of a series of autonomic, neuro-endocrine, metabolic and immune 

responses, initiated by various noxious stimulants, aiming to protect the homeostasis of the 

body against them (1).  

Hormones secreted by the endocrine system, especially pituitary, thyroid, parathyroid, 

pancreas and adrenal glands, are important in terms of creating a response when anesthesia 

and surgery are performed. The pituitary gland is stimulated by hypothalamic regulatory 

hormones secreted by the hypothalamus. While concentrations of catabolic hormones such as 

cortisol, glucagon and catecholamines are elevated by the hormones secreted by the pituitary 

gland, concentrations of anabolic hormones such as insulin and testosterone are reduced. The 

necessity of using methods which can reduce the stress response of the organism to surgery is 

gaining more importance in determining the method for anesthesia and surgery (2-4).  

Although anesthesia and surgery can individually cause endocrine and metabolic 

changes by creating stress, these responses can be reduced, even avoided, by implementing 

different anesthetic methods. For this purpose, to reduce the stress response, various methods 

have been developed. Among these methods, the combination of epidural and general 

anesthesia has been in use extensively for the last ten years for major abdominal, orthopedic 

and thoracic interventions.  

Parallel to the technological improvements in the field of medicine, percutaneous 

nephrolithotomy (PNL) which is a noninvasive procedure became the preferred method 

against open surgery for management of renal stones (5).  

The advantages of percutaneous technique are less postoperative pain, a smaller 

wound scar and a shorter hospital stay (6). However, despite all of the advantages of 

percutaneous nephrolithotripsy, bleeding, infection, fluid and electrolyte disorders may occur; 

recurrent interventions and irrigation of the kidney may result in various chemical, 
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hemodynamic and hormonal changes (7-9). The comparative data on these changes have not 

been investigated in detail yet (10).  

Our hypothesis was that the stress response following PNL can be lessened by 

intraoperative and postoperative epidural anesthesia/analgesia. The aim of this randomized 

prospective study was to assess the efficiency of two different methods of anesthesia on 

endocrine and metabolic responses of patients undergoing PNL. 

 

 

MATERIALS AND METHODS 

Following approval by the Ethics Committee, this study was conducted as a randomized and 

prospective study. Informed written consents of all patients involved in the study were 

obtained. Inclusion criteria to the study were as follows: (1) planned elective PNL in morning 

hours (9:00-11:00) (2) in I-II ASA (American Society of Anesthesiologists) risk classification 

groups during preanesthetic evaluation (3) ages between 18-65 years (4) no history of chronic 

pain or opioid use. The patients excluded from the study were as follows: Diabetes mellitus, 

arterial hypertension, congestive heart failure, psychiatric disorder, history of drug allergy or 

allergy against amide-type local anesthetics, bacteremia, endocrine and metabolic disorders, 

having clear contraindications in terms of epidural intervention, history of narcotic or non-

narcotic analgesic drug use in the last 24 hours, drug or alcohol addiction.  

Randomization: 

On the morning of operation, by using computer randomization software, the patients were 

randomized and divided into two groups as follows: Group GA, general anesthesia followed 

by postoperative patient-controlled analgesia; Group GE, combined general/epidural 

anesthesia followed by postoperative epidural analgesia.  
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Anesthesia Technique: 

Due to the circadian rhythm of the stress hormone levels, operations of the patients were 

performed in the morning hours (9:00-11:00 am) and only the first case of that day was 

included in the study.  

Group GA: For induction of anesthesia, 2 mg / kg propofol (Propofol®, Fresenius Kabi, 

Germany) IV and for muscle relaxation 0.6 mg / kg rocuronium (Esmeron®, Glaxo Smith 

Kline, UK) IV were used. When necessary, 0.1 mg/kg rocuronium was used throughout the 

surgery for muscle relaxation. Following endotracheal intubation, anesthesia was maintained 

by 1.5% sevoflurane (Sevorane®, Abbott, USA), 50 mcg / hr fentanyl, 50% N2O in oxygen, 

and 50% O2 in air (Tidal Volume = 6-8 ml / kg, frequency = 10 / min). During operation, 

fentanyl 1 mcg/ kg was administered as an additional anesthetic dose if sudden increases in 

heart  rate and MAP did not respond to a 50% increase in gas concentration. 

Group GE (General Anesthesia + Epidural Anesthesia Group): In Group GE, before 

induction of anesthesia, after taking necessary precautions of asepsis-antisepsis, infiltration 

anesthesia was performed by administering 3 ml of 2% lidocaine subcutaneously, in sitting 

position. With a median approach through intervertebral spaces T11-T12 or T12-L1, an 18 G 

Tuohy epidural needle was advanced with its opening in the cephalic direction and epidural 

space was defined by the “negative pressure hanging drop” technique. After being ensured 

that there was no blood or CCF coming out, 2 ml (40 mg) lidocaine was administered as a test 

dose. 0.125% Levobupivacaine was administered in 10-15 ml of bolus doses, together with 2 

mcg / ml fentanyl. By following the level of sensory block with the hot-cold method in 

bilateral midclavicular lines, it was waited to rise up to T6. Intraoperative analgesia was 

provided by administering 10 ml / hr 0.125 levobupivacaine + 2 mcg / ml through the epidural 

catheter. When analgesia reached satisfactory level, general anesthesia was performed. The 

same protocol was used and endotracheal intubation was made in Group GA. Following 
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endotracheal intubation, anesthesia was maintained by 1.5% sevoflurane, 50% N2O in 

oxygen, and 50% O2 in air.  

Postoperative Analgesia: 

In Group GA, postoperative analgesia was provided by patient-controlled analgesia using 

fentanyl. PCA device was set as follows: loading dose of 1.5 mcg / kg; bolus dose of 25mcg; 

lockout time 10 minutes; total infusion dose of 400 mcg; 4 hour-limit.  

In Group GE, postoperative analgesia was provided through epidural catheter. Analgesia was 

maintained by patient-controlled epidural analgesia pump, administering 5 cc / hr 0.125 

levobupivacaine + 2 mcg / ml fentanyl.  

The Assessment of Stress Markers 

In terms of stress response, for blood levels of cortisol, prolactin, glucose and insulin, blood 

was withdrawn for a total of 4 times into 4 ml biochemistry vacuum tubes at the times 

indicated as follows: T1 = Immediately before induction of anesthesia, T2 = After surgical 

stimulus, T3 = Immediately after percutaneous dilation T4 = Postoperative 24th  hour.  

Measurement of Cortisol Levels: The samples were studied using the chemiluminescent 

method, by Immulite 2000 hormone auto-analyzer (Diagnostic Products Corporation, Los 

Angeles, USA). The normal values in diurnal rhythm are 5-25 mcg / ml in the morning and 

approximately half of the value of the morning time in the afternoon.  

Measurement of Glucose Levels: The samples were studied using the enzymatic UV test 

(hexokinase method), by Olympus analyzer (Olympus Diagnostica GmbH, Ireland). The 

normal value is between 75-115 mg / dL. 

Measurement of Prolactin Levels: Prolactin levels were measured using immunoassay method 

(Roche Diagnostics, Cobas Integra USA). Results were reported as ng / ml. 

Measurement of Insulin Levels: The samples were studied using solid phase 

chemiluminescence method (Diagnostic Products Corporation, Los Angeles, USA).  
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Clinical Evaluation: The hemodynamic parameters of the patient were recorded during the 

operation (heart rate, systolic and diastolic blood pressure, oxygen saturation). To evaluate 

postoperative analgesia, visual analogue scale (VAS) was used. VAS score assessment was as 

follows; 0 = no pain, 10 = unbearable pain, pain intensity was evaluated on the scale from 0-

10. Postoperative pain was evaluated at 0, 1st, 2nd, 4th, 8th, 12th, 24th, and 48th hours by an 

anesthesiologist blinded to the study. Postoperative adverse effects such as nausea, vomiting, 

pruritus, headache, dizziness and numbness in the legs were recorded and treated, if 

necessary. 

Sample Size: Based on the our preliminary study we aimed to detect a difference of 6 µg/dl in 

the cortisol concentration between groups and we found that the standard deviation (SD) was 

around 7 µg/dl. Accordingly, we determined that the number of patients required in each 

group was 24, based on  power of 87%  and alpha error of 0.05  by using Russ Lenth's Piface 

Java module. 

Statistical Analysis: The Statistical Package for Social Sciences (SPSS Inc. Chicago, IL) 20.0 

Program was used for statistical analysis. ANOVA for repeated measurements with 

Bonferroni verification was used for changes in intraoperative hemodynamic values together 

with metabolic and stress hormones. For comparison, Student's t test and Mann-Whitney U 

test for independent groups were used. p <0.05 was considered statistically significant. 

 

 

RESULTS 

The demographic data together with the operative features (age, gender, weight, height, 

duration of the operation, length of hospital stay) of the groups were given in Table1. There 

were no significant differences in terms of demographic data and operative characteristics of 

the cases (p>0.05).  
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The preoperative and postoperative 24th hour values of the groups for hematocrit, BUN and 

creatine were given at Table2. Intraoperative blood loss was assessed based on the 

preoperative and postoperative hematocrit values. Intraoperative blood loss was statistically 

significantly more in Group GA than Group GE. While there was no statistically significant 

difference between groups in terms of preoperative hematocrit values (p>0.05), the difference 

between Group GA and Group GE was statistically significant in terms of postoperative Htc 

values (p=0.011).  

Data on the blood pressure and heart rate belonging to the groups were shown in 

Figure1a, 1b and 1c. Blood pressure and heart rate were found to be statistically significantly 

lower in Group GE when compared to the baseline values in all time intervals that 

measurements were made. Additionally, in comparative evaluation of the two groups, in all 

time intervals except baseline measurement, blood pressure and heart rate were significantly 

lower in Group GE (p<0.05).  

Plasma concentrations of stress hormones were presented in Table3. In Group GA, 

while the glucose concentration increased significantly following T2 and T3 when compared 

to baseline value (p<0.05), at T4 measurement time, it returned to its baseline level. In Group 

GE, no significant increase was observed when compared to baseline value (p>0.05).  

In Group GA, following T2, T3 and T4, plasma cortisol concentrations were found to be 

significantly higher than the baseline value (p<0.05). However, in Group GE, no significant 

change was observed when compared to baseline. At T2, T3 and T4 measurement times, the 

cortisol levels were found to be significantly higher in Group GA when compared to Group 

GE (p<0.05).  

In terms of blood insulin levels, there were no statistically significant differences 

between groups in all measurement times (p<0.05). In Group GA, the plasma insulin 

concentration showed statistically significant changes following T2, T3 and T4 when 
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compared to baseline value (p<0.05). In Group GE, when compared to baseline value, no 

statistically significant change was observed in any measurement time (p>0.05).  

The prolactin level increased significantly at T2 and T3 measurement times in Group 

GA when compared to Group GE (p=0,002 and p=0,003 respectively) and returned back to its 

normal value at T4 measurement time. In Group GA, while the plasma prolactin level 

increased significantly following T2 and T3 when compared to baseline value (p<0.05), at T4 

measurement time, it returned to its normal value. In Group GE, when compared to baseline 

value, no significant change was observed in any measurement time (p>0.05).  

Data related to VAS scores were shown in Figure2. Pain scores were found to be 

statistically significantly lower in all measurement times following surgery in Group GE 

when compared to Group GA. 

There were no significant differences between two groups when postoperative side effects 

were taken into consideration nausea, vomiting, pruritus, headache, dizziness and numbness 

in the legs. 

 

 

DISCUSSION 

When our data was compared to general anesthesia performed alone; epidural 

levobupivacaine added to general anesthesia was determined to decrease the stress hormone 

response, to provide better postoperative pain control, and to cause less bleeding. When 

intraoperative hemodynamic parameters were taken into consideration, heart rate and blood 

pressure were determined to remain statistically significantly higher in Group GA than Group 

GE which showed a more stable change.  
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Intense epidural analgesia acquired by local anesthetics prevents the endocrine and metabolic 

response in pelvic and lower extremity operations. Epidural anesthesia and analgesia were 

shown to attenuate the neuroendocrine response related to surgical stress (11). 

Epidural anesthesia reduced the response to surgical stress depending on the level of 

anesthesia and the site of surgical intervention. While increases in glucose and cortisol levels 

were prevented in lower abdominal interventions by an epidural block between T4-S5, a T6-

S5 block was not able to avoid it (2).  

The importance of epidural anesthesia is manifested especially in reduction of the 

hidden endocrine stress response to a minimum in high-risk patients having co-morbidities 

such as arterial hypertension, coronary artery disease and diabetes mellitus (12).  

Numerous studies that took place in the literature claimed that epidural anesthesia suppressed 

the stress hormone response and reduced the need for intraoperative opioid use (13, 14). 

Yuhong Li et al., in their study on 32 adult patients in whom nephrectomy was performed, 

showed that epidural ropivacaine added to general anesthesia suppressed both the 

intraoperative and postoperative stress hormone responses (15). J. Y. Hong et al. 

demonstrated similar results in their study on 60 adult patients in whom radical retropubic 

prostatectomy was performed with addition of epidural ropivacaine + sufentanil to general 

anesthesia (16).  

Percutaneous nephrolithotomy (PNL) can be briefly described as management of 

urinary system stones by entering through a small hole created between the skin and kidney. 

PNL is the preferred treatment method for renal stones greater than 2 cm, multiple stones or 

staghorn renal stones (17). Together with technological improvements in the field of 

medicine, percutaneous nephrolithotomy (PNL) became a method preferred to open surgery 

for management of renal stones as a noninvasive procedure. Parallel to increasing experience 

and improvements in surgical equipment in the last 30 years, significant developments took 
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place in PNL technique. While undesired side effects of PNL and duration of hospital stay 

decreased, its success rate increased (18).  

PNL procedure is generally performed under general anesthesia. But recently, PNL operations 

performed under epidural anesthesia, intravenous sedation and local anesthesia have been 

reported (19).  

Regarding studies on patients undergoing PNL operation, we did not meet any study 

assessing effects of epidural anesthesia on intraoperative and postoperative surgical stress in 

the literature. In a study comparing open surgery with PNL (6), stress response was found to 

be manifested in both groups, with the magnitude of this response being less in PNL. In 

another study comparing open surgery with PNL, 24th hour and 48th hour cortisol levels were 

found to be statistically significantly lower in PNL group than open surgery group (20). These 

two studies were conducted under general anesthesia. However, our study is a study 

evaluating the stress response to combined epidural and general anesthesia during PNL 

surgery. In our study, the hormonal response related to surgical stimulus occurred in both 

groups. However, the hormonal response, manifested by increased levels of glucose, cortisol 

and prolactin could be more effectively suppressed during both intraoperative and 

postoperative periods in the group that epidural analgesia was used. 

When we analyzed the studies comparing general and epidural anesthesia during PNL, 

we found out that postoperative pain, intraoperative bleeding, length of hospital stay and 

complications were the generally investigated parameters. Singh et al. (21) and Ünsal et al. 

(22) reached the conclusion that PNL with epidural anesthesia was a safe, effective and 

comfortable procedure. Tangpaitoon et al. (23) and Gönen et al. (24) compared epidural and 

general anesthesia in patients undergoing PNL. They found out that, while less pain scores, 

less need of postoperative analgesics and better patient satisfaction were present in patients 

with epidural anesthesia, no difference existed between general and epidural anesthesia in 
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terms of decreasing Hb levels. Contrary to these two studies, in our study, the decrease 

between preoperative and postoperative hematocrit values was statistically more significant in 

Group GA when compared to Group GE. Since block level was above T4 in most of our 

cases, stress response was reduced and hemodynamic stability was provided. Therefore, the 

surgical procedure was continued with less blood pressure in epidural anesthesia group, 

resulting in the decrease of hematocrit being less than the general anesthesia group.  This 

suggests the conclusion of less blood loss during surgery created with epidural anesthesia 

when compared to the general anesthesia group. We propose that the reason for obtained less 

pain scores with epidural anesthesia in our study may be our epidural intervention, which had 

been performed through T11-T12 space and had created sensorial block at the T6 level, 

especially suitable for renal surgery. The physiologic manifestations of stress should be 

reduced especially in patients with limited functions.  

In hormonal response related to surgical trauma, the basic mechanism is the activation 

of hypothalamic-pituitary-adrenal axis and the sympathetic system by the afferent stimuli 

from the surgical field. Thus, catecholamines such as epinephrine and norepinephrine stress 

hormones such as cortisol, prolactin, ADH and GH are released. While these released 

hormones increase glucose production on one hand, they also lead to hyperglycemia by 

reducing glucose utilization, opposite to the effect of insulin, on the other hand.    

Epidural anesthesia is an effective method for postoperative pain control; additionally, by 

administering local anesthetics into the epidural space, segmental sympathetic block is 

created. Due to their effects on postoperative morbidity and mortality, the effects of this 

temporary sympathetic blockade on cardiovascular, respiratory and other systems seem worth 

investigating. Thoracic epidural anesthesia is successfully used in heart, lung and major 

abdominal surgery (25). Early mobilization together with an analgesia maintained during 
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mobility, provides suppression of stress response, early extubation, reduction in lung-related 

complications and rapid recovery in bowel functions. 

 

 

CONCLUSION 

The method of anesthesia that will be selected for percutaneous nephrolithotomy, which is 

characterized as a minimally invasive surgical procedure is also important. Combined 

epidural analgesia, added to general anesthesia, may be a comfortable anesthesia method 

especially in renal operations, with its low pain scores achieved by a sensory block above T6, 

its suppression of intraoperative and postoperative stress response and less pain scores in the 

early postoperative period. Our method of anesthesia and strategy for analgesia should be 

directed to the reduction of neuro-humoral response and avoidance of perioperative mortality 

and morbidity. 
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Table1: Demographic data and Operative Characteristics 

 Group GA (n=24) Group GE (n=24)       p 

Gender (M/F) 13/11 13/11  

Age 42.13±14.99 44.79±14.83 0.53 

Weight (kg) 74.50±9.339 73.88±9.835 0.82 

Height (cm) 169.92±9.75 167.13±8.32 0.29 

Duration of Operation (min) 99.58±16.26 104.83±19.77 0.32 

Length of Hospital Stay (days) 3.41±1.21 3.29±1.16 0.71 

All values were given as Mean ± Standard Deviation 

 

 

 

 

 

Table 2: Preoperative and postoperative 24th hour values of Htc / BUN / Creatine 

 Group GA (n=24) Group GE (n=24) P 

Preoperative Htc (mg/dl) 44.6±4.53 46.79±5.46 0.138 

Postoperative Htc (mg/dl) 36.49±5.93 41.00±5.89 0.011* 

Preoperative BUN 15.16±3.84 14.83±5.35 0.809 

Postoperative BUN 14.66±4.90 12.70±4.11 0.142 

Preoperative Creatine 0.87±0.21 0.88±0.22 0.984 

Postoperative Creatine 0.88±0.17 0.96±0.23 0.158 

All values were given as Mean ± Standard Deviation 

*p<0.05 
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Table 3: Changes in Plasma Stress Hormone Levels 

 Group GA (n=24) Group GE (n=24) P (between groups) 

Glucose (mg/dl)    

T1 95.00±24.14 99.58±19.18 0.470 

T2 113.00±23.37† 97.33±19.07 0.014* 

T3 126.66±22.31† 90.20±11.63† 0.000* 

T4 95.91±19.51 101.79±10.68 0.202 

Insulin (mU/I)    

T1 8.81±4.36 6.79±3.32 0.078 

T2 5.73±4.69† 7.77±4.20 0.120 

T3 3.50±2.45† 4.92±3.58 0.115 

T4 18.35±15.71† 16.55±14.14 0.678 

Cortisol (µg/dl)    

T1 10.11±3.03 13.12±6.17 0.097 

T2 16.08±5.73† 14.36±8.62 0.027* 

T3 18.18±8.41† 12.74±5.94 0.013* 

T4 19.38±7.27† 12.90±8.20 0.012* 

Prolactin (ng/ml)    

T1 10.84±3.21 11.10±3.01 0.776 

T2 30.40±18.64† 13.37±5.45 0.001* 

T3 45.44±34.34† 19.89±14.11 0.002* 

T4 10.42±5.59 12.86±15.70                 0.477 

All values were given as Mean ± Standard Deviation 

*p<0.05 when comparison was made between groups 

† p<0.05 when intragroup comparison was made with the baseline value (T1) of the 

group 

T1 = Immediately before induction of anesthesia, T2 = After surgical stimulus, T3 = 

immediately after percutaneous dilation T4 = Postoperative 24th hour.  
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Fig. 1a, b, c: Changes in heart rate and blood pressures, *p<0,05 
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Fig. 2: Post Operative Pain Scores. *p<0.05 when comparison was made between groups. 

Pain scores are statistically significantly lower in all measurement times following surgery in 

Group GE when compared to Group GA 

 

 


