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O R I G I N A L   P A P E R UROLITHIASIS

Is spinal anesthesia an alternative and feasible method  
for proximal ureteral stone treatment?
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Introduction We investigated the clinical, operational, and pain parameters of patients who underwent 
semirigid ureterorenoscopy (sURS) under spinal anesthesia (SA) and general anesthesia (GA) for proximal 
ureter stones. 
Material and methods Patients treated with sURS after diagnosis of proximal ureter stones between  
January 2014 and May 2017 were reviewed retrospectively. The patients were divided into two groups 
(the SA group and the GA group) based on the type of anesthesia used. Perioperative variables and 
operation results were evaluated and compared. Success was defined as the patient being stone-free as 
observed on low-dose non-contrast computed tomography performed in the first month postoperatively. 
Results The SA and GA groups had 40 and 32 patients, respectively. There were no statistically significant 
differences between the groups in terms of age (p = 0.593), gender (p = 0.910), average stone size  
(p = 0.056), side (p = 0.958), or density (p = 0.337). Based on the Clavien classification system, complica-
tion rates between the two groups were similar. The postoperative visual pain scale in the SA group was 
statistically significantly lower (p <0.05) than in the GA group. Success rates in the SA and GA groups  
were found to be 90% (36/40) and 93.7% (30/32), respectively, with no significant difference between  
the groups (p = 0.819). 
Conclusions Ureterorenoscopy, which is performed for proximal ureter stone treatment in adult patients, is 
a reliable surgical method that can be performed under both SA and GA. SA offers the advantage of reduced 
postoperative pain as compared to GA.
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Important factors that determine the spontane-
ous passage of ureteral stones are stone size and 
location. The probability of spontaneous passage 
is higher in patients with a stone size of ≤5 mm, 
whereas this probability is substantially lower  
in patients with a stone size of ≥10 mm. The prob-
ability of spontaneous passage of proximal ureteral 
stones is low compared with stones in other regions 
of the ureter, being 48% for proximally located  

INTRODUCTION

Stone disease in the urinary system has a high prev-
alence that varies depending on climate, geography, 
ethnic background, diet, and genetic factors. Ure-
teral stones are observed in 20% of urinary system 
stones [1, 2]. Patients with urinary system stones 
have a 50% chance of relapsing within ten years  
of their first diagnosis [2].
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ureteral stones and 79% for distally located ureteral 
stones [3]. 
Several methods are currently used for treating prox-
imal ureteral stones, including monitoring, medical 
expulsive therapy, shockwave lithotripsy (SWL), ure-
terorenoscopy (URS), laparoscopic surgeries, and, 
rarely, open surgery. The current European Associa-
tion of Urology (EAU) urolithiasis guidelines recom-
mend URS as the first-line treatment if the proximal 
ureteral stone size is >10 mm and SWL and URS  
for stones with a size of <10 mm [4].
In the literature, several factors affecting the suc-
cess of the URS operation performed for proximal 
ureteral stones have been researched, including 
ureteroscope type and diameter, preoperative stent 
placement, and stone size and location. However, 
the effect of the type of anesthesia on URS success 
remains a subject for discussion. In the EAU uroli-
thiasis guidelines, it is stated that most URS opera-
tions are performed under general anesthesia (GA); 
however, the treatment of mid-distal ureteral stones 
can be performed under spinal anesthesia (SA) or se-
doanalgesia [4]. Although GA is the more commonly 
preferred approach, the advantages of SA, which in-
clude no loss of reflexes, fewer complications regard-
ing patient position, and low treatment cost, should 
be considered [5]. However, in addition to these ad-
vantages, SA also has disadvantages, such as the 
challenges involved in accommodating the patient’s 
desired position, the patient’s concern regarding ex-
periencing pain during the operation, and the occur-
rence of post-spinal headache. There are numerous 
studies on SA application in the treatment of distal 
ureteral stones, but, to the best of our knowledge, 
studies comparing anesthesia types in proximal ure-
teral stone treatment are lacking in the literature. 
The purpose of this study was to retrospectively com-
pare the results and efficiency of different anesthesia 
techniques (SA and GA) within patients who under-
went semirigid ureterorenoscopy (sURS) with the 
Holmium:YAG laser for proximal ureteral stones.

MATERIAL AND METHODS

Medical records and files of 102 patients who un-
derwent sURS owing to proximal ureteral stones  
in a tertiary care training and research hospital be-
tween January 2014 and May 2017 were obtained 
from the database following the approval of the 
hospital management and were retrospectively ex-
amined. All patients signed a written consent form 
prior to the operation. The present study conforms 
to the principles of the Declaration of Helsinki. 
Patients with a proximal ureteral stone with a size  
of >5 mm resulting in ectasia in the upper urinary 

system, who experienced symptoms and/or had failed 
SWL three times were included in the study. Pa-
tients aged <18 years, those who had to be converted  
to GA after failed SA, those with a bilateral ureteral 
stone, those for whom complete data was unavail-
able, and those without follow-up were excluded from  
the study. 
After applying the exclusion criteria, a total of 72 pa-
tients were included in the study. The patients were 
divided into two groups based on the type of anes-
thesia they received: the SA group (n = 40) and the 
GA group (n = 32). The anesthesia type was deter-
mined jointly by the anesthesiologist, urologist, and 
the patient. SA was chosen for patients who did not 
prefer GA and whose lung pathologies made them 
ineligible for GA. GA was chosen for patients with 
severe cardiac issues, such as bradycardia, those who 
would have been unable to cooperate with the surgi-
cal team during the operation, and those who pre-
ferred not to receive SA. 
Routine physical examination, full blood examina-
tion, coagulation parameters, blood biochemistry, 
full urine analysis, and urine culture were performed 
on all patients prior to the operation. Patients who 
had bacteria in the urine culture were treated with  
an appropriate antibiotic according the culture be-
fore undergoing the operation. All URS procedures 
were performed in patients with a sterile urine cul-
ture. Stones located in the region between the ure-
teropelvic junction and pelvic brim in the ureter were 
considered proximal ureteral stones. Urinary system 
radiography (KUB), urinary ultrasonography (USG), 
and/or low-dose non-contrast computed tomography 
(NCCT) by the stone protocol were conducted for the 
determination of stone size and location. The stone 
size was recorded in mm by measuring the longest 
diameter in the axial plane. Characteristic data, 
the location, density, and size of stones, intraopera-
tive parameters, surgical duration, hospitalization 
length, postoperative pain, complications and clear-
ing rates of the stone were retrospectively examined 
and compared over the files. The patients were ad-
ministered with intravenous 3rd generation cephalo-
sporin prophylactically 30 minutes before the opera-
tion. The complications were classified based on the 
Clavien grading system [6]. The relationship between 
the induced anesthesia type and the above mentioned 
variables were evaluated. Pain (renal colic and head-
ache) severity on the first morning following the sur-
gery (24 hours after the operation) was evaluated us-
ing the Visual Analog Scale (VAS) (VAS 0 = no pain, 
VAS 10 = the most severe pain that could be seen). 
Nonsteroidal anti-inflammatory drugs (diclofenac so-
dium, 100–150 mg/day) and/or tramadol (50–100 mg)  
were intravenously administered for pain treatment.  
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Whether the stone was cleared following the sur-
gery was examined using USG or KUB on postop-
erative day 1 and using low-dose NCCT at the end  
of the postoperative first month. Stone-free was de-
fined as no stone on NCCT or patients with a stone size  
of ≤3 mm in the first month follow-up.

Spinal anesthesia technique

After 10 ml/kg physiological saline solution was ad-
ministered via intravenous infusion in the operating 
theater waiting room, the L3-L4 or L4-L5 vertebral 
space was determined with the patient in a sitting 
position on the operating table. Cutaneous and sub-
cutaneous tissues were passed from this space using 
a 25-gauge needle that was introduced into the sub-
arachnoid region. After the cerebrospinal fluid flow 
was observed, a total of 10–15 mg of heavy bupiva-
caine was injected into this space. A pinprick test was 
performed using a sterile needle to evaluate the level 
of anesthesia. Anesthesia was provided in the derma-
tome up to the T6 level. These patients were adminis-
tered 1–2 mg midazolam intravenously for sedation.

General anesthesia technique

At the beginning stage of anesthesia, 2–3 mg/kg pro-
pofol and 1–2 mcg/kg fentanyl were administered; 
0.6 mg/kg rocuronium bromide was administered 
prior to tracheal intubation. Anesthesia was main-
tained with sevoflurane 1–2% and N2O/O2 50%/50% 
in oxygen in addition to supplemental doses of ro-
curonium bromide 0.1 mg/kg every 30 min.

Operation technique

In the lithotomy position under GA or SA, a 0.035-
inch sensor type guidewire was inserted for safety 
from the ipsilateral ureteral orifice toward the kid-
ney with a 8/9.8 Fr or 4.5/6.5 Fr Wolf sURS. After the 
endoscope reached the stone, a stone cone ureteral 
catheter was inserted to the proximal end of the stone 
as is standard. Holmium YAG: laser device (Quan-
ta System Litho laser) with 0.8–1.5 J energy level,  
8–15 Hz frequency, and 272–365 µm size laser probe 
was preferred in all patients for stone fragmentation. 
A basket catheter or grasping forceps were not used. 
All other fragmented stones were left for spontane-
ous passage. At the end of the operation, a double-J 
catheter was placed depending on the discretion of 
the surgeon and edema in the ureter. A 16- or 18-Fr 
Foley catheter was placed in all patients at the end 
of the operation. Urethral Foley catheters were ex-
tracted on postoperative day 1, whereas the urethral 
double-J stents were extracted within 3–4 weeks.

Data analysis

For the statistical analysis, the IBM Statistical Pack-
age for Social Sciences (IBM SPSS Statistics; Ar-
monk, NY, USA) statistics software 25 program was 
used. The normal distribution fitness of the param-
eters was assessed using the Shapiro-Wilk test. One-
way ANOVA was used for the comparison of groups 
with normal distribution in the comparison of the 
descriptive statistical methods (mean, median, stan-
dard deviation, and frequency), and a Mann-Whitney 
U test was used to determine the group causing the 
difference. Independent Sample t-test was used for 
inter-group comparison of quantitative data showing 
normal distribution. A p value of <0.05 was consid-
ered statistically significant.

RESULTS 

Of the 72 patients included in the study, 49 (68%) 
were male and 23 (31.9%) were female. The mean 
age and female/male ratio of both groups (SA vs. 
GA) were similar, and there was no significant differ-
ence between the two groups in terms of age and sex  
(p = 0.593 and p = 0.910). Patient demographics are 
presented in Table 1. The mean stone size and den-
sity of both groups were similar, and no significant 
differences were observed between the two groups 

Table 1. Assessment of demographic and clinical characteris-
tics of patients

Spinal 
Anesthesia 

Group  
(n = 40)

General 
Anesthesia 

Group  
(n = 32)

P value

Sex
Male
Female

28 (70%)
12 (30%)

22 (68.7%)
10 (31.2%)

0.910

Mean age, years (range) 41.9 ±12.3 
(19–72)

40.3 ±13.3 
(20–76) 0.593

History of SWL treatment n (%) 12 (30%) 9 (28.1%) 0.863

Mean stone size, mm (range) 10.1 ±2.2 
(6–15)

11.1 ±2.1 
(8–17) 0.056

Ureteral stone side n (%)
Right
Left

21 (52.5%)
19 (47.5%)

17 (53.1%)
15 (46.8%)

0.958

Mean stone density Hounsfield 
units (range)

991.7 ±404 
(350–2500)

1093.4 ±489 
(400–3000) 0.337

Impacted ureteral stone n (%)
Yes 
No

24 (60%)
16 (40%)

18 (56.2%)
14 (43.7%)

0.750

Stone opacity n (%)
Radiopaque or poor radiopacity
Non-opaque

37 (92.5%)
3 (7.5%)

29 (90.6%)
3 (9.3%)

0.776

SWL – shockwave lithotripsy
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(p = 0.056 and p = 0.337). According to the surgical 
notes, the stones were impacted in more than half 
of the patients 58.3% (n = 42/72) in total. When the 
groups were evaluated separately, it was detected 
that in both groups, most of the stones were em-
bedded in the ureteral mucosa and were impacted, 
and there was no significant difference (p = 0.750). 
Almost all of the stones in both groups were radi-
opaque or semi-opaque (SA vs. GA, 92.5% vs. 90.6%, 
respectively). 
There was no statistically significant difference in 
terms of duration of surgery in both groups (p = 0.875). 
In the SA group, in total, 2 (5%) patients reported 
that they experienced slight pain during the operation 
and were treated with intravenous sedation (fentanyl 
and ketamine). In the SA group, one patient devel-
oped nausea, and this patient was successfully treated  
with intravenously administered metoclopramide HCl.  
At the end of the operation, a double-J stent was used 
in 65% of the patients in the SA group and 62.5% 
of the patients in the GA group. Median visual pain 
scale was much lower in the SA group than in the 
GA group, and this difference was highly significant  
(1 vs. 2.5, p = 0.000) (Table 2). 
The general complication rate in the SA group was 
slightly higher, but this difference was not significant 
(10% vs. 9.3%, p = 0.776). During the postoperative 
period, headache and dizziness developed in 2 pa-
tients (5%) in the SA group, who were treated within 
5 days using nonsteroidal anti-inflammatory drugs, 
caffeinated drinks, and bed rest. A postoperative fe-
ver and urinary system infection (Clavien grade I) 
developed in one patient in the SA group and in two 
patients in the GA group; these were treated with 
the appropriate antibiotic and antipyretic treatment. 
Renal colic (Clavien grade IIIa) requiring ureteral 
stent placement developed in one patient in each 
group. The stone was not pushed back to the kid-
ney in any of the patients, and there were no major 
Clavien grade IV and above complications observed. 
Table 2 summarizes the relationship between vari-
ables during and after the operation and the anes-
thesia types. 
The success (stone-free) rate at the first month fol-
low-up after the surgery was 90% (36/40) in the SA 
group, whereas it was 93.7% (30/32) in the GA group. 
Although the success rate was slightly higher in the 
GA group, no statistically significant difference was 
observed between the two groups (p = 0.819).

DISCUSSION

The aim of the treatment of the ureteral stone is to 
ensure that the patient is completely stone-free with 
minimal morbidity. sURS is frequently used for ure-

teral stones in daily urological practice. The selec-
tion of the anesthesia type to be used during sURS 
is determined by the stone location, surgical method 
employed, emergency of the operation, patient–urolo-
gist–anesthesiologist preferences, and the abilities of 
the anesthesiologist. The tendency to perform sURS 
under regional anesthesia for the diagnosis and 
treatment of upper urinary system stones and other 
pathologies is continuing to increase at the recom-
mendation of the anesthesiologists [7]. This increase  
is owing to the increasing number of patients being 
operated daily in the operation theatre, to decrease 
costs, and to facilitate the safe discharge of patients 
on the same day or the day after [8]. However, al-
though SA is a considerably better-tolerated anesthe-
sia type than GA, its preference is contradictive when 
considered from an urologists’ point of view. Most 
urologists believe that ureteral trauma can occur ow-
ing to reflexes such as deep breathing and coughing 
not being controlled during sURS performed under 
regional anesthesia, and these reflexes can be bet-
ter controlled with GA. Contrary to popular belief, 
no significant difference has been reported in the 
literature between the anesthesia types used in the 
URS operation in terms of ureteral trauma. Although 
there are several studies regarding the reliability, ap-
plicability, and tolerability of sURS performed owing 
to distal ureteral stones under SA, local anesthesia, 
or sedation, studies directly comparing the applied 
anesthesia types for the endoscopic treatment of the 
proximal ureteral stones is lacking [7, 8]. We think 
that there is a deficiency in the literature about this 
topic so we aimed to investigate the efficacy of SA in-
stead of GA for pain and feasibility of those who un-
derwent sURS for proximal ureteral stones. 

Table 2. Comparison of postoperative outcomes

Spinal 
Anesthesia 

Group  
(n: 40)

General 
Anesthesia 

Group  
(n: 32)

P value

Mean operative time, min (range) 56.6 ±21.1 
(30–110)

55.7 ±24.1 
(30–120) 0.875

Mean hospital stay, day (range) 1.2 ±0.7 
(1–5)

1.3 ±0.8 
(1–5) 0.603

Double J stent placed (n, %)
Yes
No

26 (65%)
14 (35%)

20 (62.5%)
12 (37.5%)

0.827

Visual analog scores, median 1 2.5 0.000*

Complications, n (%)
Urinary tract infection (Clavien I)
Postoperative headache (Clavien I)
Renal colic requiring stent (Clavien III)

4 (10%)
1
2
1

3 (9.3%)
2
–
1

0.776

Ureteroscopy success rate, n (%) 38 (95%) 28 (93.7%) 0.819

* p <0.05
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above-mentioned studies, although the effects of SA 
and GA on sURS results were not directly compared, 
it has been indirectly implied that the preferred anes-
thesia type does not exhibit a significant effect on the 
outcome of the operation. In our study, we detected 
no significant difference in any of the parameters be-
sides the postoperative pain severity measurement. 
Postoperative pain being low in the SA group was at-
tributed to the superiority of the method employed 
over GA. In our study, the rates of successful sURS 
operations in both groups were similar (95% in SA 
group and 93.7% in GA group). Our results show that 
both anesthesia types can be performed reliably and 
effectively and have similar complication rates.
Spinal anesthesia has some disadvantages such as 
bradycardia, hypotension (owing to sympathetic 
blockage), which can be cured with appropriate treat-
ment; headache, which can require a longer hospi-
talization; and extended urinary retention. There is  
a common belief that possible negative effects of SA 
are widely observed during and after the treatment 
of proximal ureteral stones. No instances of hypo-
tension or bradycardia were observed related to SA  
in any of our patients. We correlate this to the ad-
equate hydration of patients in the waiting room and 
the involvement of experienced anesthesiologists 
during the operation. In our study, nausea was ob-
served in one patient as a side effect of SA during the 
operation, and the patient was treated with meto-
clopramide, which was administered intravenously. 
In SA, slight pain was experienced by two patients, 
and these patients were treated with increasing the 
intravenous sedation.
Advantages of SA over GA are that its effect begins 
quicker; the hospitalization length, nausea/vomiting 
at the end of the operation, mortality, morbidity and 
need for postoperative analgesic are lower; patient 
satisfaction is greater, and it provides more local-
ized and intense blockage than epidural anesthesia 
[17, 18]. In some patients and operations, SA may be  
a more appropriate option; for example, SA is usually 
preferred for pregnant women because the transfer 
of the administered medication to the fetus is min-
imized. In our study, we did not compare the cost  
of the medication used for anesthesia, need for post-
operative analgesic, and patient satisfaction.
The most important limitations in our study were 
that it was retrospective and single centered, and the 
relatively small number of patients. Other limitations 
were that the complications caused owing to the two 
compared anesthesia types were not examined in the 
study, and the two types were not compared in terms 
of cost and surgeon satisfaction. Despite these limita-
tions, our study is the first study to compare the anes-
thesia types for proximal ureteral stones.

During and after the operation, the expectations and 
objectives of the surgeon and anesthesiologist from 
the operation are different. The surgeon desires to 
complete the operation without complications or 
with minimal complications and to achieve the most 
successful results, whereas the anesthesiologist aims 
to awaken the patient with the most reliable and 
fastest approach at the end of the operation. These 
different expectations and objectives of the surgical 
team can cause incompatibilities in technical and 
specific operations such as URS. Urologists believe 
that the prevention of involuntary reflexes, such as 
coughing, sneezing, and hiccups, is more likely when 
the proximal ureteral stones are reached comfort-
ably under GA and the ureter is more relaxed and 
there is less resistance. The most important reasons 
for this belief are that the path to be undertaken in 
the ureter using the semirigid ureterorenoscope is 
longer, and the tense and physiologic cresses of the 
ureter disappear via the entire ureter, and the ure-
ter becomes straight. Apart from these, urologists do 
not prefer regional anesthesia because it is not al-
ways successful, it causes anxiety in the patient, and 
adequate muscle relaxation is not achieved [9, 10]. 
Although ureteroscopy is a minimally invasive 
method, when being performed routinely under GA,  
it is considered a more invasive method. Therefore,  
it is necessary to change the anesthesia type. There 
are numerous studies comparing the anesthesia 
types performed before sURS; however, most stud-
ies compare local anesthesia with GA or SA [9–13]. 
Frequently, carefully selected patients, such as those 
with distal ureteral stones and female patients were 
included in these studies, and thinner caliber ure-
teroscopes are used during the surgeries. In a study, 
the applicability of ureteroscopic lithotripsy using lo-
cal anesthesia was researched, and it was emphasized 
that ureteroscopic lithotripsy is effective and reliable 
[14]. However, in that study, the stone was in the 
proximal ureter in only 6 out of these 200 patients, 
and none of them had a stone size of >10 mm [14]. 
In another recent study, SA or GA has been induced 
for sURS, and the results obtained were evaluated. 
GA was induced for most patients, and it was em-
phasized that the location and impaction of the stone  
is a predictive factor for negative surgical results [15]. 
Similarly, in another study, Hollenbeck et al. have re-
searched the effectiveness of URS operations in prox-
imal and distal ureteral stones. In that study wherein 
the patients were divided into two groups (GA-SA  
or sedation) with a similar number of patients, they 
reported that the treatment of ureteroscopic stone 
can be safely performed for both proximal and distal 
ureteral stones and those patients with proximal ure-
teral stone are not at an additional risk [16]. In the 
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whom GA is contraindicated and for those who are 
concerned about and/or afraid of GA. Further stud-
ies are needed from multiple centers, and including 
more patients. 
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CONCLUSIONS

Our results show that sURS is a feasible and safe sur-
gical modality for the treatment of proximal ureteral 
stone disease under either SA or GA. SA appears to 
be superior to GA in terms of postoperative pain. 
SA can be considered an alternative for patients in 
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