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Abstract Objective: To compare the efficacy and safety of general anesthesia (GA) vs. spinal

anesthesia (SA) in percutaneous nephrolithotomy (PCNL).

Methods: Two hundred patients were enrolled in a prospective randomized study to receive either

GA or SA for PCNL. Patients’ characteristics, vital parameters, visual analog scale (VAS) and

needs for additional analgesia were evaluated. Intraoperative and post-operative complications

were recorded. Patients’ and surgeons’ satisfactions were also compared.

Results: Vital parameters were maintained at safe values throughout procedures in both groups.

Visual analog pain score was lower in SA group till 1 h postoperative in comparison with GA group

(P < 0.05). Patients in SA group recorded lower consumption of analgesia in the 1st postoperative

day in comparison with GA group (P < 0.05). Postoperative shivering was higher in SA group than

GA group (8% vs. 2%) while nausea and vomiting was higher in GA group than SA group (5% vs.

2% and 4% vs. 1% respectively). Patients in GA group reported higher overall satisfaction scores

than SA group (mean 9.6 ± 0.4 vs. 8.6 ± 0.8, P < 0.05). Similarly, surgeon’ satisfaction score was

higher in favor of GA group compared with SA group (mean 10 ± 00 vs. 8.3 ± 0.4, P < 0.05).

Conclusions: Both GA and SA are effective and safe in PCNL. SA has fewer complications and

lower consumption of analgesia postoperatively. However, GA provides more satisfaction for

patients and surgeon.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Anesthesiologists.
1. Introduction

Percutaneous nephrolithotomy (PCNL) is considered to be the
gold standard treatment for renal calculi especially when limi-

tations of extracorporeal shock wave lithotripsy (ESWL) are
countered. PCNL can be performed under spinal (SA),
epidural (EA) or general anesthesia (GA) [1,2]. From urologi-

cal perspective, the particular advantages of GA in PCNL pro-
cedure include its feasibility to control tidal volume, secure
patient airway especially in prone position, and extensibility
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of anesthesia time [1,3]. The feasibility to control tidal volume
minimizes renal mobility secondary to respiration while exten-
sibility of anesthesia time allow surgeon to create multiple

punctures with subsequent increased efficacy of the procedure
especially in cases with large stone burden. Moreover, GA is
more comfortable for the patients and the ability to carry

out prolonged operation in prone position without limitation
of airway is another advantage [3,4]. On the other hand, SA
has some advantage over GA, such as lower postoperative

pain, lower consumption of analgesic drugs and avoidance of
side effects from multiple medications used in GA [5].

A limited number of prospective randomized trials have
been carried out to establish which one of these procedures

is better in decreasing perioperative complications [5,6]. There-
fore impact of anesthesia type on efficacy of PCNL is still
unclear. The aim of this study was to compare the efficacy

and safety of GA vs. SA in patients undergoing PCNL.

2. Materials and methods

The study protocol was approved by local ethical committee.
Between January 2011 through May 2013, 200 patients (ASA
I or II) of either sex aged from 20 to 60 years underwent

PCNL. All patients underwent preoperative evaluation includ-
ing detailed history taking, physical examination, preoperative
urine analysis, urine culture, serum creatinine level, complete

blood count (CBC) and liver function tests, electrocardiogra-
phy (ECG) and plain chest X-rays. For the detection of stone
characteristics, intravenous urography (IVU) and/or non-con-
trast computed tomography were carried out.

Patients under chronic treatment with analgesics or cortico-
steroids, patient with contraindications to spinal anesthesia
(coagulopathy, local infection. . .), allergy to local anesthetic

solutions or opioids, patients with significant spinal, hepatic,
cardiovascular, respiratory or psychiatric disorders were
excluded from the study.

Patients with concomitant pelviureteric junction obstruc-
tion, horseshoe kidneys, concomitant ureteric stones, and
those who did not will to be involved in randomization were

also excluded from the study. After informed consent, all
patients were enrolled in a prospective randomized protocol
to receive either spinal anesthesia (SA) or general anesthesia
(GA) (100 patients in each group). Randomization was carried

out by opening sealed envelope at the operating theater at the
day of surgery. The day before surgery, the study protocol:
spinal and general anesthesia procedures were explained to

each patient and all patients were instructed to describe pain
on the visual analog scale (VAS) for pain. All patients received
10 mg diazepam orally at the night of surgery. On arrival of

the patients to theater suite, and after routine monitoring,
peripheral intravenous cannula (18G) was inserted. Lactated
Ringer’s solution was infused at a rate of 8 ml/kg to replenish
the overnight fasting hours. Patients of both groups were pre-

medicated with fentanyl 1 lg/kg and midazolam 0.05 mg/kg.
All patients received intravenous 3rd generation cephalo-

sporin, 2 h before surgery and for next 1 day thereafter.

In SA group spinal anesthesia was done by injecting 3–4 ml
of heavy bupivacaine 0.5% plus 25 lg fentanyl at L3–4 inter-
vertebral space in sitting position using 25 gauge spinal needle.

Head of the bed was tilted down for 5–10 min with checking
the level of anesthesia. Conscious sedation during PCNL was
obtained with intravenous midazolam 1–2 mg.
In GA group induction of general anesthesia was induced
with propofol 2–3 mg/kg and rocuronium 0.9 mg/kg to facili-
tate tracheal intubation. Anesthesia was maintained with iso-

flurane (1–2%) and 60% air in oxygen mixture. Controlled
ventilation was achieved by (Drager-model (Primus), S. No:
5370893, Germany, 2006) ventilator to maintain end tidal car-

bon dioxide tension around 35 mm Hg. ECG, noninvasive
blood pressure, pulse oximetry and end tidal carbon dioxide
(ET CO2) was monitored throughout surgery by (Datex-Ome-

da model (S/5) AN. S. No: 3422715, Finland, 1998) monitor.
In patients of the GA group neuromuscular block was antag-
onized with neostigmine 0.04 mg/kg and atropine 0.02 mg/kg
at the end of surgery.

2.1. PCNL procedure

While patient was in modified lithotomy position, a 5-French

open tip ureteric catheter was inserted by using 19-ch. cystos-
copy. Under fluoroscopy, renal punctures were created at time
of surgery in all patients by the urologist. All procedures were

carried out in prone position. A 22-ch. drainage nephrostomy
tubes and ureteric catheter were routinely left for 48 h after
PCNL.

2.2. Measurable outcome

Pre-operative parameters included patients’ demographics,
ASA status, body mass index and stone size.

Intra-operative parameters included recording of pulse,
blood pressure at basal level and every 15 min till the end of
procedure. Hypotension was defined when systolic blood pres-

sure was <90 mm Hg. Bradycardia was defined when pulse
<60 beat/min. Any conversion from spinal to general anesthe-
sia was documented and the patient was excluded from the

study. Operative time was calculated starting from onset of
cystoscopic fixation of ureteric catheter till end of PCNL.

After patients were transferred to post-anesthesia care unit,

meticulous recording of vital parameters continued every
15 min. Post-operative pain was assessed in both groups over
24 h using VAS for pain assessment. The scale consists of
10 cm horizontal line ranging from 0 (no pain) to 10 (intoler-

able pain). Patients were asked to mark the line vertically at
a point which matched their pain [7,8].

VAS score was recorded by attending nurse at 15 min,

30 min, 1 h, 2 h, 4 h, 6 h, 12 h, 18 h and 24 h postoperatively.
Adverse effects including nausea, vomiting, shivering or pruri-
tus were recorded up to 24 h postoperatively. Intramuscular

pethidine 50–100 mg was given when VAS P 4. The total dose
of pethidine consumed by each patient was calculated. At the
end of the study period, Satisfaction Visual Analog Scale sys-

tem was used to evaluate patients and surgeon satisfaction in a
similar manner to that used to measure pain [7,8]. The overall
patients and surgeon satisfactions were assessed using 10 point
visual analog scale (VAS) with 0 representing extremely unsat-

isfied and 10 representing extremely satisfied [9].

2.3. Statistical analysis

The power of this clinical trial was retrospectively calculated
using the G power analysis program version 3. Using post
hoc power analysis with visual analog score for pain



Table 1 Patients demographics, duration of surgery and mean stone size. Values are mean ± standard deviation or number (n) and

percentage.

GA group (n = 100) SA group (n= 100) P value

Sex: 0.59

Male 64(64%) 60(60%)

Female 36(36%) 40(40%)

Age in years(Mean ± SD) 43 ± 11 44 ± 11 0.79

BMI (Mean ± SD) kg/m2 27.4 ± 2.1 27.1 ± 4.1 0.95

Operation time (min) (Mean ± SD) 102 ± 9.2 94 ± 8.1 0.8

ASA I 69(69%) 65(65%) 0.57

ASA II 31(31%) 35(35%)

Stone size in mm (Mean ± SD) 33.7 ± 6.3 31.9 ± 7.4 0.07

GA: general anesthesia, SA: spinal anesthesia, n: number.
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assessment as the primary objective and assuming type 1 error
protection of 0.05 and an effect size convention of 0.5, a total
sample size of 200 patients produced a power of 0.96. For con-

tinuous variables, data were tested for normal distribution
using Kolmogorov Smirnov test. For comparison with basal
levels, Wilcoxon’s signed rank test or paired-samples T test

was used whenever appropriate. Mann–Whitney U test or
independent-samples T test was used to compare both groups.
Fisher’s exact test or Chi-square test was used to compare cat-

egorical variables. For all tests, statistical significance was con-
sidered when p < 0.05. All statistical analysis was conducted
by using SPSS�, version 17 Chicago, Ilions.

3. Results

Two hundred patients, were enrolled in this study (64% males
and 36% females in GA group VS 60% males and 40%

females in SA group). Mean age ± SD at the time of presen-
tation was 43 ± 11 years in GA group VS 44 ± 11 years in
SA group. BMI kg/m2 for GA group was 27.4 ± 2.1 while

for SA group was 27.1 ± 4.2. Mean stone burden was similar
between both groups. No significant difference was found
between both groups regarding patients’ demographics charac-

teristics and mean surgery time (Table 1.).
Intra-operative heart rate and mean arterial blood pressure

were comparable in both groups at the basal level, and then it

continued at lower level in spinal group till 1.5 h after begin-
ning of the procedure Table 2.
Table 2 Intra-operative changes in heart rate (beat/min) and mea

deviation.

Heart rate

GA group (n= 100) SA group (n= 100) P valu

Basal 74.7 ± 4.6 74.9 ± 4.4 0.69

5 min 71.1 ± 4.2 72.7 ± 4.7 0.49

15 min 70.6 ± 4.4 68.9 ± 4.1* 0.001

30 min 70.2 ± 4.9 67.9 ± 4.1* 0.001

45 min 70.1 ± 3.9 67.6 ± 4.3* 0.001

60 min 71.8 ± 3.9 68.6 ± 4.2* 0.001

75 min 72.1 ± 3.9 69.9 ± 4.3* 0.001

90 min 73.3 ± 4.7 69.6 ± 4.1* 0.001

120 min 71.4 ± 4.9 70.6 ± 3.9 0.31

GA: general anesthesia, SA: spinal anesthesia, n: number.
* Statistically significant in comparison to the other group (P < 0.05).
VAS was lower in SA group till 1 h postoperatively in com-
parison with GA group (p < 0.05) Table 3. Patients in SA
group started to receive analgesics after the 1st hour from

the end of the surgical procedures while patients in GA group
received analgesics early postoperative. Patients in GA group
reported higher overall satisfaction scores than patients in

SA group (mean 9.6 ± 0.4 vs. 8.6 ± 0.8, p < 0.05). Similarly,
over all surgeons’ satisfaction score was higher in favor of GA
group compared with SA group (10 ± 00 vs. 8.3 ± 0.4,

P < 0.05) Fig. 1.
Postoperative shivering was higher in SA group than GA

group (8% vs. 2%) while nausea and vomiting was higher in
GA group than SA group (5% vs. 2% and 4% vs. 1% respec-

tively). Postoperative consumption of analgesia was signifi-
cantly lower in patients in SA group in the 1st postoperative
day in comparison with patients in GA group (P < 0.05)

Table 4. No patients had other complications such as arrhyth-
mia, hypotension or respiratory trouble throughout monitor-
ing. All procedures in SA were accomplished without need to

conversion to GA.

4. Discussion

Many studies conducted comparison between regional and GA
in PCNL procedure with conflicting results. In a prospective
randomized study comparing spinal epidural block vs. general

anesthesia Singh et al., reported lower VAS score, less need for
analgesics and shorter hospital stay in spinal epidural group
n arterial blood pressure (mm Hg) values are mean ± standard

Mean Blood Pressure

e GA group (n= 100) SA group (n= 100) P Value

94.8 ± 5.6 94.6 ± 4.9 0.76

93.1 ± 5 85.8 ± 4.0* 0.001

95.1 ± 4.9 59.7 ± 3.5* 0.001

94.3 ± 6.1 60.7 ± 3.8* 0.001

95.0 ± 5.1 60.0 ± 3.8* 0.001

93.7 ± 5.6 85.1 ± 4.2* 0.001

95.1 ± 6.1 85.5 ± 3.8* 0.001

94.4 ± 5.8 84.9 ± 5.3* 0.001

94.1 ± 6.2 94.3 ± 5.3 0.92



Table 3 Postoperative visual analogue scale for pain score

(From 0 ‘‘no pain’’ to 10 ‘‘intolerable pain’’) values are

expressed as mean ± standard deviation.

Duration GA group (n= 100) SA group (n= 100) P value*

15 min 3.2 ± 0.4 0* 0.001

30 min 3.1 ± 0.3 0* 0.001

1 h 2.8±.0.5 0* 0.001

2 h 3.4 ± 0.3 3.1 ± 0.3 0.21

4 h 3.2 ± 0.7 3.5 ± 0.5 0.23

12 h 3.4±.0.5 3.6 ± 0.8 0.22

18 h 3.2 ± 0.4 3.1 ± 0.3 0.15

24 h 3.1 ± 0.6 3.6 ± 0.5 0.12

GA: general anesthesia, SA: spinal anesthesia, n: number.
* Statistically significant in comparison to the other group

(P < 0.05).

Figure 1 Patients and surgeon satisfaction scores (From 0

‘‘extremely unsatisfied’’ to 10 ‘‘extremely satisfied’’).

Table 4 Post-operative complications and pethidine usage

(mg/day) values are expressed as (count and percentage) or

mean ± standard deviation.

Complication GA group

(n= 100

patients)

SA group

(n= 100

patients)

P value

Shivering (2)2% (8)8% 0.520

Nausea (5)5% (2)2% 0.248

Vomiting (4)4% (1)1% 0.174

Pethidine usage (mg/day) 170.83 ± 38.28 149.17 ± 38.50* 0.002

GA: general anesthesia, SA: spinal anesthesia, n: number.
* Statistically significant in comparison to the other group

(P < 0.05).
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[5]. These superior results of spinal epidural block have been
supported by other reports [10]. In this study, patients in SA
group recorded lower VAS score and lower consumption of

analgesia postoperatively. Kuzgunbay et al. found no differ-
ence between general anesthesia and spinal epidural anesthesia
regarding operative time, postoperative hemoglobin level, hos-

pital stay, success rate and postoperative complications [11].
However more patients’ satisfaction was reported with spinal
epidural block [1,10]. Complications of GA such as vascular,

pulmonary and neurological complication specially during
changing patient’s position from lithotomy to prone have been
reported [12–15]. On the other hand, SA is usually associated
with hypotension resulting from sympathetic block especially

during changing into prone position [13,16,17]. In a recent ret-
rospective study that involved 1004 patients, complications
were graded and compared between GA and SA [18]. The

GA group had more complications according to modified Cla-
vien classification. However, not all complications were
directly related to anesthesia. In the current study, no signifi-

cant difference was found between both groups regarding
overall rate of postoperative complications. Shivering was
reported with SA more than GA group. Meanwhile, nausea

and vomiting was higher in GA. No major complications were
reported in both groups.

The mean operative time in the current study, like many
other reports, was higher in GA group [18]. This could be
reflected on higher satisfaction rates which were recorded by
surgeon. The feasibility of GA to be prolonged might provide

enough time to finish PCNL without burden of anesthesia end-
time.

On the other hand, patients’ satisfactions were higher in

GA group. This finding was contradictory to most of pub-
lished studies [10,19] and this may be explained by patients dis-
comfort from prolonged stay in prone position [20] in SA

group with awareness of a lot of noise in the operation theater.
Furthermore most of the patients had wrong ideas about
spinal needle consequently preferred general anesthesia to
avoid spinal needle puncture.

5. Conclusions

Both GA and SA are effective and safe in PCNL. SA has fewer

complications and lower consumption of analgesia postopera-
tively. However, GA provides more satisfaction for patients
and surgeon.
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