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Background: The current review aimed to assess if the outcomes of retrograde intrarenal surgery (RIRS) differ with neuraxial anesthesia (NA) or general anesthesia (GA).

Methods: The databases of PubMed, Embase, CENTRAL, ScienceDirect, and Google Scholar were searched up to 3rd December 2021 for randomized controlled trials (RCTs) and observational studies comparing outcomes of RIRS with NA or GA.

Results: Thirteen studies involving 2912 patients were included. Eight were RCTs while remaining were observational studies. Meta-analysis revealed that stone free status after RIRS did not differ with NA or GA (OR: 0.99 95% CI: 0.77, 1.26 I2 = 10% p = 0.91). Similarly, there was no difference in operation time (MD: −0.35 95% CI: −4.04, 3.34 I2 = 89% p = 0.85), 24 h pain scores (MD: −0.36 95% CI: −0.96, 0.23 I2 = 95% p = 0.23), length of hospital stay (MD: 0.01 95% CI: −0.06, 0.08 I2 = 35% p = 0.78), Clavien-Dindo grade I (OR: 0.74 95% CI: 0.52, 1.06 I2 = 13% p = 0.10), grade II (OR: 0.70 95% CI: 0.45, 1.07 I2 = 0% p = 0.10) and grade III/IV complication rates (OR: 0.78 95% CI: 0.45, 1.35 I2 = 0% p = 0.37) between NA and GA. Except for grade I complications, the results did not change on subgroup analysis based on study type and NA type.

Conclusion: Our results suggest that NA can be an alternative to GA for RIRS. There seem to be no difference in the stone-free rates, operation time, 24-h pain scores, complication rates, and length of hospital stay between NA and GA for RIRS. Considering the economic benefits, the use of NA may be preferred over GA while taking into account patient willingness, baseline patient characteristics, and stone burden.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, identifier: CRD42021295407.
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INTRODUCTION

Urolithiasis is a highly prevalent urological disease that significantly impacts the health and quality of life of affected individuals (1). The prevalence of the disease varies across different regions in the world, ranging from 0.1 to 14.8% in Western countries to up to 10.6% in the Asian population (1, 2). Furthermore, 50% of individuals with urolithiasis suffer from recurrence within 5 to 10 years of first diagnosis (3). The presence of urolithiasis can cause significant morbidity in an individual leading to symptoms like infection, flank pain, hydronephrosis, and decreased renal function (4). Indeed, colic pain due to renal stone is a very common presentation in an emergency department (5).

Several treatment methods are available for managing urolithiasis ranging from observation, medical expulsive therapy, shockwave lithotripsy, percutaneous nephrolithotomy (PCNL), retrograde intrarenal surgery (RIRS), to laparoscopic or open renal surgeries for extreme cases (3). Of the minimally-invasive treatment modalities, RIRS has superior stone-free rates as compared to shockwave lithotripsy and reduced complications as compared to PCNL, which makes it an attractive treatment option (6, 7). Recent guidelines suggest that RIRS is a safe and effective treatment modality for stones up to 20 mm in size (8, 9). Furthermore, advances in technology and equipment like the development of new laser systems, flexible ureteroscopy with miniaturized ureteroscopes have not only expanded the indications of RIRS but also have made the procedure safer with a short duration of hospitalization and low rate of complications (10).

However, as RIRS has been traditionally performed under general anesthesia (GA), several anesthetic complications still occur which can add to the complexity as well as the cost of the procedure. In this context, the role of regional anesthesia, specifically neuraxial anesthesia (NA) has been explored for RIRS in recent times. NA can be advantageous as compared to GA as it eliminates several GA-related adverse events and allows for early mobilization (11). Over the past decade, several studies have compared outcomes of NA vs. GA for RIRS but with variable results. To the best of our knowledge, only two systematic reviews (12, 13) have been attempted to pool evidence on the impact of anesthesia on RIRS outcomes. However, a major limitation of these reviews was that only six studies could be included in the analysis. Considering the publication of new literature, there is a strong need for updated evidence. Thus, the current review aimed to pool evidence from the literature to compare the efficacy and safety of RIRS performed under NA vs. GA.



MATERIALS AND METHODS

The reporting guidelines of the PRISMA statement (Preferred Reporting Items for Systematic Reviews and Meta-analyses) (14) and the Cochrane Handbook for Systematic Reviews of Intervention (15) were followed for this review. We registered the study protocol prospectively on PROSPERO (No CRD42021295407). The protocol was registered to compare regional anesthesia with GA for RIRS. However, since the majority of the studies were on NA and only one study used peripheral nerve block, we modified the review to compare outcomes of NA vs. GA for RIRS.


Database Search

An electronic literature search was conducted on the databases of PubMed, Embase, CENTRAL, and ScienceDirect. Gray literature was searched using Google Scholar, only for the first 100 results for each query. We sought the aid of a medical librarian to formalize the search strategy. The databases were searched by two reviewers separately while defining the search limits from the inception of the databases to 3rd December 2021. No language restriction was applied. A combination of MeSH and free-text keywords were, namely: “retrograde intrarenal surgery,” “RIRS,” “ureterorenoscopy,” “ureterolithotripsy,” “FURS,” and “anesthesia.” Details of the literature search common to all databases are presented in Supplementary Table 1. The primary search results were assessed initially by their titles and abstracts to identify citations requiring full-text analysis. The full texts of the articles were reviewed by the two reviewers independently based on the inclusion and exclusion criteria. All disagreements were resolved in consultation with the third reviewer. We also cross-checked the references of included studies and prior systematic reviews on the topic to look for any additional articles.



Inclusion Criteria

Inclusion criteria were defined as per the PICOS (Population, Intervention, Comparison, Outcome, and Study design) framework, which included:

Population: Adult patients (>18 years of age) with urolithiasis undergoing RIRS.

Intervention: NA including spinal or epidural or combined spinal-epidural.

Comparison: GA.

Outcomes: Stone-free rates, and/or operation time, and/or pain scores, and/or complications.

Study design: Randomized controlled trials (RCTs), controlled clinical trials, and observational studies

Exclusion criteria were: 1) non-comparative studies 2) Studies combining regional anesthesia with GA 3) Studies not reporting relevant outcomes 4) Studies published only as abstracts.



Data Extraction and Risk of Bias Assessment

A data extraction sheet was used by two reviewers to extract relevant data from the studies. Details of the first author, publication year, study location, surgery type, sample size, demographic details, mean stone size and density, stone side (right/left), the definition of stone free status, study outcomes, follow-up duration, and imaging used on follow-up were extracted. The primary outcome of interest was stone-free status. We did not pre-define this outcome and used the definition of the included studies. Secondary outcomes were operation time, postoperative pain scores, complications graded by Clavien-Dindo classification, and length of hospital stay (LOS).

The included RCTs were assessed for risk of bias using the Cochrane Collaboration's risk of bias assessment tool-2 (15). The domains evaluated were: randomization process, deviation from intended intervention, missing outcome data, measurement of outcomes, and selection of reported results. Based on the risk of bias in individual domains, the overall bias was marked as “high risk,” “some concerns,” or “low risk.” For non-RCTs, the risk of a bias assessment tool for non-randomized studies (RoBANS) was used (16). Studies were assessed for: selection of participants, confounding variables, intervention measurements, blinding of outcome assessment, incomplete outcome data, and selective outcome reporting. The quality assessment was carried out by two reviewers separately and any disagreements were resolved in consultation with the third reviewer. The certainty of the evidence of only RCTs was assessed using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) tool using the GRADEpro GDT software [GRADEpro Guideline Development Tool. McMaster University, 2020 (developed by Evidence Prime, Inc.)].



Statistical Analysis

We used “Review Manager” (RevMan, version 5.3; Nordic Cochrane Centre [Cochrane Collaboration], Copenhagen, Denmark; 2014) for the meta-analysis. Continuous outcomes like operation time and pain scores were pooled using the mean difference (MD) and 95% confidence intervals (CI). Dichotomous data like stone-free status, complications were pooled using odds ratios (OR). The random-effects model was used for all the meta-analyses. Heterogeneity was assessed using the I2 statistic. I2 values of 25–50% represented low, values of 50–75% medium, and more than 75% represented substantial heterogeneity. Publication bias was assessed using visual inspection of funnel plots. We also conducted a sensitivity analysis by excluding one study at a time in the meta-analysis software itself to look for any change in the significance of the results. Sub-group analyses were conducted based on study type and type of NA.




RESULTS


Details of Included Studies

Details of the literature search at every stage are presented in Figure 1. A total of 1,864 articles were found on initial screening. Deduplication revealed a total of 740 records of which 726 were excluded based on title and abstract screening. Fourteen articles were retrieved for full-text analysis of which one was excluded as it compared peripheral nerve block with GA. Finally, a total of 13 studies were included in this systematic review and meta-analysis (17–29).


[image: Figure 1]
FIGURE 1. Study flow chart.


Characteristics of included studies are presented in Table 1. Eight studies were RCTs while the remaining were prospective or retrospective cohort studies. Four studies compared combined epidural and spinal anesthesia with GA while seven studies compared only spinal anesthesia with GA. Two studies (19, 25) conducted a three-arm analysis comparing epidural vs. spinal vs. GA. For the meta-analysis, we combined data of epidural and spinal groups of these two studies into a single group. However, for subgroup analysis based on NA type, we used data of spinal anesthesia from these studies. A total of 1,567 patients receiving NA were compared with 1,345 GA patients in the included studies. The definition of stone-free status varied across the included studies with the minimally acceptable stone size cut-off ranging from 1 to 4 mm. The follow-up duration ranged from 2 weeks to 3 months. Imaging type on follow-up also varied with studies using radiographs, ultrasound, and/or computed tomography.


Table 1. Details of included studies.
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Primary Outcome

All studies reported data on stone-free status. Meta-analysis revealed no statistically significant difference in stone-free status between patients receiving NA or GA (OR: 0.99 95% CI: 0.77, 1.26 I2 = 10% p = 0.91; Figure 2). There was no evidence of publication bias on visual inspection of the funnel plot (Supplementary Figure 1). On sensitivity analysis, there was no change in the significance of the results on the exclusion of any study. Subgroup analysis based on study type (RCTs or non-RCTs) and NA type (combined epidural and spinal anesthesia or spinal anesthesia only) also did not change the significance of the results (Table 2). The certainty of the evidence of RCTs based on GRADE was “moderate” (Supplementary Table 2).


[image: Figure 2]
FIGURE 2. Meta-analysis of stone free rates between NA and GA for RIRS.



Table 2. Details of subgroup analysis.
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Secondary Outcomes

Twelve studies reported data on operation time. Pooled analysis revealed no statistically significant difference in operation time with either anesthesia technique (MD: −0.35 95% CI: −4.04, 3.34 I2 = 89% p = 0.85; Figure 3). The results did not change in significance on sensitivity analysis. Subgroup analysis based on study type and NA type also demonstrated similar results (Table 2). The certainty of the evidence of RCTs based on GRADE was “moderate” (Supplementary Table 2).


[image: Figure 3]
FIGURE 3. Meta-analysis of operation time between NA and GA for RIRS.


The included studies varied significantly in reporting pain outcomes. The only common outcome was pain scores at 24-h which too was reported by only six studies. The meta-analysis demonstrated no statistically significant difference in 24-h pain scores on the Visual analog scale (VAS) in patients undergoing surgery under NA or GA (MD: −0.36 95% CI: −0.96, 0.23 I2 = 95% p = 0.23; Figure 4). On sensitivity analysis, there was no change in the significance of the results on the exclusion of any study. Since only one of the six studies was an observational study, subgroup analysis based on study type was not conducted. However, subgroup analysis based on NA did not change the significance of the results (Table 2). The certainty of the evidence of RCTs based on GRADE was “moderate” (Supplementary Table 2).


[image: Figure 4]
FIGURE 4. Meta-analysis of 24 h pain scores between NA and GA for RIRS.


Comparing Clavien-Dindo grade I complications, we noted no statistically significant difference between NA and GA groups (OR: 0.74 95% CI: 0.52, 1.06 I2 = 13% p = 0.10; Figure 5). On sensitivity analysis, exclusion of the studies of Kwon et al. (22) (OR: 0.70 95% CI: 0.53, 0.94 I2 = 3% p = 0.02) and Oztekin et al. (25) (OR: 0.69 95% CI: 0.52, 0.90 I2 = 0% p = 0.007) changed the significance of the results demonstrating reduced complications with NA. Subgroup analysis based on study type revealed no difference in complications between the two groups for RCTs but reduced risk of complications with NA in non-RCTs. However, there was no change in the significance of results on subgroup analysis based on NA type. The certainty of the evidence of RCTs based on GRADE was “moderate” (Supplementary Table 2).


[image: Figure 5]
FIGURE 5. Meta-analysis of complication rates between NA and GA for RIRS.


Our results also revealed no statistically significant difference between NA and GA for Clavien-Dindo grade II (OR: 0.70 95% CI: 0.45, 1.07 I2 = 0% p = 0.10) and grade III/IV complications (OR: 0.78 95% CI: 0.45, 1.35 I2 = 0% p = 0.37; Figure 5). For grade II complications, exclusion of the study of Baran et al. (17) revealed reduced complications with NA as compared to GA (OR: 0.56 95% CI: 0.33, 0.94 I2 = 0% p = 0.03). However, the analysis of grade III/IV complications was stable on sensitivity analysis. Sub-group analyses based on study type and NA type also did not change the significance of the results (Table 2). The certainty of the evidence of RCTs based on GRADE was “low to moderate” (Supplementary Table 2). Overall, the combined data of all complications indicated a reduced risk of complications with NA as compared to GA (OR: 0.72 95% CI: 0.58, 0.69 I2 = 0% p = 0.002).

Eight studies reported data on LOS. Pooled analysis revealed no statistically significant difference between the two groups (MD: 0.01 95% CI: −0.06, 0.08 I2 = 35% p = 0.78; Figure 6). On sensitivity analysis, there was no change in the significance of the results on the exclusion of any study. Subgroup analyses also did not change the significance of the results (Table 2). The certainty of the evidence of RCTs based on GRADE was “moderate” (Supplementary Table 2).


[image: Figure 6]
FIGURE 6. Meta-analysis of LOS between NA and GA for RIRS.




Risk of Bias Analysis

Details of risk of bias analysis for RCTs and non-RCTs are presented in Tables 3, 4, respectively. All RCTs were marked with a high risk of bias for non-blinding of outcome assessment, hence the overall risk of bias was also high. For non-RCTs, there was a high risk of bias in majority studies for lack of adjustment of confounding factors and for blinding of outcome assessment.


Table 3. Risk of bias in included RCTs.

[image: Table 3]


Table 4. Risk of bias in included non-RCTs.
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DISCUSSION

The European guidelines on the management of urolithiasis recommend the use of GA for RIRS (30). Indeed, performing the procedure under GA has advantages like increased patient comfort and better respiratory control. However, on the downside, GA is also associated with several adverse events like pulmonary complications, the possibility of drug allergies, postoperative nausea and vomiting, and very rarely, neurological and cardiac complications (31). Furthermore, patients with medical comorbidities are frequently declared unfit for GA necessitating alternate means of anesthesia for performing RIRS in such individuals. Another important factor to consider is the cost. GA results in approximately 10% higher healthcare expenditure as compared to regional anesthesia in the USA while it may be up to four times costlier in developing nations (32, 33). Surgery under GA also demands adequate infrastructure and equipment which may not be always available. In resource-limited countries of Sub-Saharan African and Southeast Asia, the use of regional anesthesia is beneficial as it provides access to healthcare in a cost-effective and secure environment (34). Considering the high prevalence of urolithiasis in the global population and the need for a safe and minimally invasive procedure to manage the disease, the feasibility of RIRS under a regional anesthetic technique like NA needs to be explored.

Our review compared outcomes of RIRS performed under NA or GA by pooling data from 13 studies thereby presenting significantly updated evidence as compared to the prior reviews (12, 13) which could include just six studies. In the analysis of our primary outcome, with data from 2,912 patients, we noted that stone-free status did not differ after surgery under NA or GA. Success rates in the NA and GA group were 80.2 and 82.9%, respectively. In comparison, the meta-analyses of Wang et al. (13) (OR: 1.07 95% CI: 0.82, 1.38) and Luo et al. (12) (OR: 0.96 95% CI: 0.91, 1.02) with a total sample of 1,747 and 580 patients, respectively have also reported similar results. Researchers have suggested that the efficacy of RIRS depends on several factors like the urinary tract anatomy, the experience of the operator, and intraoperative breathing control. Movement of the kidney and ureters during RIRS results in oscillating movements which may interfere with the precision required for laser disintegration of the stones (17). Such movements can decrease the efficacy of the procedure and increase the operative time. In this context, the use of GA can be beneficial as the anesthetist can suspend machine-controlled ventilation and control the tidal volume and breathing dynamics manually, thereby reducing visceral movements and providing a stable environment to the surgeon (35). However, the consistent results of ours and previous reviews (12, 13) indicate that such visceral movements have little impact on stone-free rates. Movements can also be restricted under NA by asking the patients to hold their breaths which can facilitate stone disintegration (21). However, it should be noted that the definition of stone-free status was heterogeneous amongst the included studies with the acceptable cut-off size of remnant stones ranging from 1 to 4 mm. Furthermore, there were variations in the postoperative imaging modality and follow-up time. Considering these differences, further studies using homogenous definitions are needed to obtain better evidence.

Similar to stone-free rates, our analysis also demonstrated no difference between NA and GA for operation time. Our results differ from the review of Wang et al. (13) which reported reduced operating time with NA but are similar to the results of Luo et al. (12) which noted no such difference. Indeed, operation time with RIRS can depend on several variables. In a recent study, Katafigiotis et al. (36) have shown that stone number, dimension, density, the type of instrument, surgeon experience, type of operating room, and use of prior nephrostomy tube are independent factors that can influence operating time with RIRS. Considering a wide-ranging of factors influencing operating time, it was not surprising to note the high heterogeneity in the meta-analysis which persisted even after subgroup analyses.

Postoperative pain is an important variable with determines patient satisfaction after a surgical procedure. In our meta-analysis, we could pool data of only 24-h pain scores between NA and GA for RIRS, which demonstrated no statistically significant difference. However, a better comparison of analgesic outcomes would have been achieved by comparing VAS scores at different intervals within the first 24 h along with the comparison of the need for rescues analgesics. Nevertheless, the heterogenous analgesic protocol amongst the included studies along with variable data reporting precluded such an analysis. In comparison, studies on other urological procedures have demonstrated that regional anesthesia offers adequate pain control as compared to GA. Tyritzis et al. (37) have shown that spinal anesthesia offers better pain control in the first 2 h after surgery while GA prevails at later stages in patients undergoing transurethral procedures. A meta-analysis comparing regional anesthesia with GA for patients undergoing PCNL has shown that regional anesthesia results in lower pain scores and reduced analgesic requirement (38).

Along with pain, another vital aspect of patient satisfaction is the incidence of complications. While GA has its own set of systemic side effects, NA can lead to complications like hypotension and headaches. However, the risk of such complications differs with different NA techniques. Spinal anesthesia has a high incidence of hypotension and headaches due to dural perforation but is easier to administer and economically reasonable. On the other hand, epidural anesthesia does not cause headaches, has a low incidence of hypotension but is comparatively difficult to administer, and can lead to insufficient blocks (20). A combination of epidural and spinal has become popular to overcome the difficulties of individual techniques. Due to inadequate data, this review could not compare the risk of specific complications between NA and GA and the risk of complications based on Clavien-Dindo grade were analyzed. On pooled analysis, we found no difference in the risk of grade I, II, and III/IV complications with the use of NA or GA for RIRS. However, considering the 95% CI of ORs, there was a small tendency of reduced risk of complications with NA as compared to GA. Also, the overall combined results indicated a 28% reduced risk of complications with NA. The results of the combined results should be interpreted with caution as they included a wide variety of complications with different study types and may not be prone to bias.

The inclusion criteria of our review were broad to include both RCTs and observational studies to present up-to-date and comprehensive evidence on the subject. However, it is well-known that observational studies are prone to selection bias. Specifically, it is plausible that patients with less complex anatomy and easily retrievable stones would have been offered NA while difficult cases would be have been carried out under GA. Furthermore, baseline differences in patient and stone characteristics would have skewed the outcomes. One method to overcome these differences is the use of propensity score matching, which, however, was carried out only by one study (24). We, therefore, segregated the current evidence based on the study type for all outcomes. Except for grade I complications, we noted that the results did not differ between RCTs and non-RCTs, which significantly adds to the credibility of our results. Secondly, the included studies also differed in the type of NA with some using combined epidural and spinal while others using only spinal anesthesia. However, in our subgroup analysis, we noted no difference in outcomes with either technique. Since the number of studies in the subgroup analyses was less, future trials should compare outcomes of RIRS under epidural vs. spinal vs. combined epidural and spinal anesthesia.

There are other limitations to our review as well. Firstly, the quality of included studies was not high for both RCTs and non-RCTs. The certainty of the evidence of RCTs was classified as “moderate” for most outcomes. Importantly there was a lack of blinding of outcome assessment in all studies which could have influenced the results. Secondly, since the studies were carried out at different centers, there would have been variations in the anesthesia and postoperative analgesia protocols. Furthermore, the influence of surgeon experience on the study outcomes cannot be negated. It may have been plausible that only experienced surgeons may have performed the procedure in some centers while a mix of novice and experienced surgeons may have been involved in other studies. Surgeon experience is an important factor influencing success rates of RIRS and breathing movements could significantly increase the risk of complications for inexperienced operators. Thirdly, we were unable to compare the incidence of specific complications like nausea/vomiting, headaches, urinary retention, etc due to limited data from the included studies. Fourthly, while the total number of studies in the meta-analysis was 13, the overall number of RCTs and non-RCTs were less than 10 and hence funnel plots may not have been appropriate to assess publication bias. Lastly, most of the included studies were from just three countries (Turkey, China, and Italy). This limits the generalizability of our findings.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Materials, further inquiries can be directed to the corresponding author.



AUTHOR CONTRIBUTIONS

MD and YC designed the project and prepare the manuscript. MD, YC, and LS were involved in data collection and data analysis. LS edit the manuscript. All authors have read and approved the final manuscript.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fsurg.2022.853875/full#supplementary-material

Supplementary Figure 1. Funnel plot for the meta-analysis of stone free rates between NA and GA.

Supplementary Table 1. Search strategy.

Supplementary Table 2. GRADE assessment of evidence.



REFERENCES

 1. Wang W, Fan J, Huang G, Li J, Zhu X, Tian Y, et al. Prevalence of kidney stones in mainland China: a systematic review. Sci Rep. (2017) 7:41630. doi: 10.1038/SREP41630

 2. Romero V, Akpinar H, Assimos DG. Kidney stones: a global picture of prevalence, incidence, and associated risk factors. Rev Urol. (2010) 12:e86–96.

 3. Zisman AL. Effectiveness of treatment modalities on kidney stone recurrence. Clin J Am Soc Nephrol. (2017) 12:1699–708. doi: 10.2215/CJN.11201016

 4. Kirkali Z, Rasooly R, Star RA, Rodgers GP. Urinary stone disease: progress, status, and needs. Urology. (2015) 86:651–3. doi: 10.1016/J.UROLOGY.2015.07.006

 5. Leveridge M, D'Arcy FT, O'Kane D, Ischia JJ, Webb DR, Bolton DM, et al. Renal colic: current protocols for emergency presentations. Eur J Emerg Med. (2016) 23:2–7. doi: 10.1097/MEJ.0000000000000324

 6. Kim CH, Chung DY, Rha KH, Lee JY, Lee SH. Effectiveness of Percutaneous nephrolithotomy, retrograde intrarenal surgery, and extracorporeal shock wave lithotripsy for treatment of renal stones: a systematic review and meta-analysis. Medicina (Kaunas). (2020) 57:1–23. doi: 10.3390/MEDICINA57010026

 7. Shi X, Peng Y, Li X, Wang Q, Li L, Liu M, et al. Propensity score-matched analysis comparing retrograde intrarenal surgery with percutaneous nephrolithotomy for large stones in patients with a solitary kidney. J Endourol. (2018) 32:198–204. doi: 10.1089/END.2017.0482

 8. Assimos D, Krambeck A, Miller NL, Monga M, Murad MH, Nelson CP, et al. Surgical management of stones: american urological association/endourological society guideline, part i. J Urol. (2016) 196:1153–60. doi: 10.1016/J.JURO.2016.05.090

 9. Assimos D, Krambeck A, Miller NL, Monga M, Murad MH, Nelson CP, et al. Surgical management of stones: american urological association/endourological society guideline, PART II. J Urol. (2016) 196:1161–9. doi: 10.1016/J.JURO.2016.05.091

 10. Inoue T, Okada S, Hamamoto S, Fujisawa M. Retrograde intrarenal surgery: past, present, and future. Investig Clin Urol. (2021) 62:121–35. doi: 10.4111/ICU.20200526

 11. Van Waesberghe J, Stevanovic A, Rossaint R, Coburn M. General vs. neuraxial anaesthesia in hip fracture patients: a systematic review and meta-analysis. BMC Anesthesiol. (2017) 17:87. doi: 10.1186/S12871-017-0380-9

 12. Luo Z, Jiao B, Zhao H, Huang T, Zhang G. Comparison of retrograde intrarenal surgery under regional versus general anaesthesia: a systematic review and meta-analysis. Int J Surg. (2020) 82:36–42. doi: 10.1016/J.IJSU.2020.08.012

 13. Wang W, Gao XS, Ma Y, Di X, Xiao K, Zhou L, et al. Regional vs general anesthesia for retrograde intrarenal surgery: a systematic review and meta-analysis. J Endourol. (2020) 34:1121–8. doi: 10.1089/END.2020.0188

 14. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. (2009) 6:e1000097. doi: 10.1371/journal.pmed.1000097

 15. Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. Cochrane Handbook for Systematic Reviews of Interventions. Version 6. Cochrane. (2019).

 16. Kim SY, Park JE, Lee YJ, Seo H-J, Sheen S-S, Hahn S, et al. Testing a tool for assessing the risk of bias for nonrandomized studies showed moderate reliability and promising validity. J Clin Epidemiol. (2013) 66:408–14. doi: 10.1016/j.jclinepi.2012.09.016

 17. Baran O, Aykac A, Sari S, Ates A, Ozok U, Sunay M. Retrograde intrarenal surgery for stone disease under spinal anaesthesia, a minimally invasive technique. A retrospective analysis of 1,467 cases. Actas Urol Esp. (2019) 43:248–53. doi: 10.1016/J.ACURO.2018.11.003

 18. Bosio A, Dalmasso E, Alessandria E, Agosti S, Pizzuto G, Peretti D, et al. Retrograde intra-renal surgery under spinal anesthesia: the first large series. Minerva Urol Nefrol. (2018) 70:333–9. doi: 10.23736/S0393-2249.18.02926-0

 19. Cai H, Wu X, Chen X, Chen W. Comparison of the effects of general, spinal and epidural anesthesia on ureter access and surgical outcomes during flexible ureterorenoscopy for transurethral single stone removal surgeries: a monocentric retrospective study. Ann Med. (2021) 53:2110–9. doi: 10.1080/07853890.2021.1998596

 20. Çakici M, Özok HU, Erol D, Çatalca S, Sari S, Özdemir H, Selmi V, Kartal IG, Karakoyunlu N. Comparison of general anesthesia and combined spinal-epidural anesthesia for retrograde intrarenal surgery. Minerva Urol Nefrol. (2019) 71:636–43. doi: 10.23736/S0393-2249.19.03481-7

 21. Karabulut I, Koc E, Yilmaz AH, Ahiskali EO, Keskin E, Adanur S, et al. Could spinal anesthesia be a choice for retrograde intrarenal surgery. Urologia. (2018) 85:169–73. doi: 10.1177/0391560318758936

 22. Kwon O, Lee JM, Park J, Cho MC, Son H, Jeong H, et al. Influence of anesthesia methods on surgical outcomes and renal function in retrograde intrarenal stone surgery: a prospective, randomized controlled study. BMC Anesthesiol. (2019) 19:239. doi: 10.1186/S12871-019-0901-9

 23. Li T, Wu J, Zhan H. Two different anesthesia methods for upper ureteral calculi: a prosective randomized controlled study. Chin J Endourol. (2013) 7:432–6. doi: 10.1016/j.urology.2009.06.076

 24. Olivero A, Ball L, Fontaneto C, Mantica G, Bottino P, Pelosi P, et al. Spinal versus general anesthesia during retrograde intra-renal surgery: a propensity score matching analysis. Curr Urol. (2021) 15:106–10. doi: 10.1097/CU9.0000000000000014

 25. Oztekin U, Caniklioglu M, Selmi V, Kantekin CU, Atac F, Gurel A, et al. Do anesthesia methods in retrograde intrarenal surgery make difference regarding the success of ureteral access and surgical outcomes? J Laparoendosc Adv Surg Tech A. (2020) 30:273–7. doi: 10.1089/LAP.2019.0548

 26. Pelit ES, Binici O, Kati B, Yagmur I, Demir M, Arslan E, et al. A prospective randomized study comparing retrograde intrarenal surgery under spinal anaesthesia versus general anaesthesia. J Reconstr Urol. (2020) 10:28–34. doi: 10.5336/UROLOGY.2020-75691 

 27. Sahan M, Sarilar O, Akbulut MF, Demir E, Savun M, Sen O, et al. Flexible ureterorenoscopy and laser lithotripsy with regional anesthesia vs general anesthesia: a prospective randomized study. Int Braz J Urol. (2020) 46:1010–8. doi: 10.1590/S1677-5538.IBJU.2019.0770

 28. Topaktaş R, Altin S, Aydin C, Akkoç A, Ürkmez A, Aydin ZB. Is spinal anesthesia an alternative and feasible method for proximal ureteral stone treatment? Cent Eur J Urol. (2020) 73:336–41. doi: 10.5173/CEJU.2020.0049

 29. Zeng G, Zhao Z, Yang F, Zhong W, Wu W, Chen W. Retrograde intrarenal surgery with combined spinal-epidural vs general anesthesia: a prospective randomized controlled trial. J Endourol. (2015) 29:401–5. doi: 10.1089/END.2014.0249

 30. Türk C, Petrík A, Sarica K, Seitz C, Skolarikos A, Straub M, et al. EAU guidelines on interventional treatment for urolithiasis. Eur Urol. (2016) 69:475–82. doi: 10.1016/J.EURURO.2015.07.041

 31. Harris M, Chung F. Complications of general anesthesia. Clin Plast Surg. (2013) 40:503–13. doi: 10.1016/J.CPS.2013.07.001

 32. Mehrabi S, Zadeh AM, Toori MA, Mehrabi F. General versus spinal anesthesia in percutaneous nephrolithotomy. Urol J. (2013) 10:756–61. doi: 10.22037/uj.v10i1.1968

 33. Walcott BP, Khanna A, Yanamadala V, Coumans JV, Peterfreund RA. Cost analysis of spinal and general anesthesia for the surgical treatment of lumbar spondylosis. J Clin Neurosci. (2015) 22:539–43. doi: 10.1016/J.JOCN.2014.08.024

 34. Dohlman LE, Kwikiriza A, Ehie O. Benefits and barriers to increasing regional anesthesia in resource-limited settings. Local Reg Anesth. (2020) 13:147–58. doi: 10.2147/LRA.S236550

 35. Emiliani E, Talso M, Baghdadi M, Ghanem S, Golmard J, Pinheiro H, et al. The use of apnea during ureteroscopy. Urology. (2016) 97:266–8. doi: 10.1016/J.UROLOGY.2016.06.016

 36. Katafigiotisitay I, Sabler IM, Heifetz EM, Isid A, Sfoungaristos S, Lorber A, et al. Factors predicting operating room time in ureteroscopy and ureterorenoscopy. Curr Urol. (2019) 12:195–200. doi: 10.1159/000499306

 37. Tyritzis SI, Stravodimos KG, Vasileiou I, Fotopoulou G, Koritsiadis G, Migdalis V, et al. Spinal versus general anaesthesia in postoperative pain management during transurethral procedures. ISRN Urol. (2011) 2011:1–6. doi: 10.5402/2011/895874

 38. Pu C, Wang J, Tang Y, Yuan H, Li J, Bai Y, et al. The efficacy and safety of percutaneous nephrolithotomy under general versus regional anesthesia: a systematic review and meta-analysis. Urolithiasis. (2015) 43:455–66. doi: 10.1007/S00240-015-0776-2

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Duan, Chen and Sun. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fsurg-09-853875-g005.gif
Study o Subgroup_Events Totl Events Toul Weight IV, Kandom, 5% 1.

zep20is 5onoo2 % L wezne
g w5 on Wehnhe
Ko s i ]
e e m o amosin
Koo § % o% eaanr
Tooman 020 2o I “Saewi
ooy 5 ter serian s
& s Cessn g
Sawa o s S smwiia
S RER

rassdries

ot . ooz
- Sorlaso il
i oirioer 33
8 i
] sitlow o3
i ‘oo tsa
ki enaerig
s S

e Ta + 000 6N - 6231 70 - 501 - 0%
T ot s £ 1450 016,

133 s

ahnen L

Tourosmen e s oo anosmasn
e T 034 €N - 0.4
T ot s 23080 - 6108
ool —deloerl AL P

ooy

o

A

[ —





OPS/images/fsurg-09-853875-g006.gif
M e Lot g — o B

Sty o subroup o 50 Yo Mean 50 Tot)_waight . handom SXC_veur i bindem 3% 1
i DR N SRnn
Shwdnt  hn oS b B IR tmienth






OPS/images/fsurg-09-853875-g003.gif
e R

oty 278,00 45 10 <o <o

SiaCiisin
Erisiesi-fiod






OPS/images/fsurg-09-853875-g004.gif
arpipe vt ot st et s Snmmu
ity W h T8 R ARG
S 305 8 o or & B Salames
EEctaa Vi i b

o e o





OPS/images/fsurg-09-853875-t003.jpg
References

Baran et al. (17)
Karabulut et al. (21)
Olivero et al. (24)
Lietal. (20)
Oztekin et al. (25)
Topakias et al. (26)
Zengetal. (29)
Caietal. (19)

Randomization
process

Low risk
Low risk
Low risk
Low risk
Low risk
Some concerns
Low risk
Low risk

Deviation from intended
intervention

Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk

Missing outcome
data

Some concerns
Low risk
Some concerns
Some concerns
Low risk
Low risk
Low risk
Low risk

Measurement of
outcomes

High risk
High risk
High risk
High risk
High risk
High risk
High risk
High risk

Selection of
reported result

Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk

Overall risk
of bias

High risk
High risk
High risk
High risk
High risk
High risk
High risk
High risk





OPS/images/fsurg-09-853875-t001.jpg
References

Lietal. (29)

Zeng et al. (29)

Bosio et al. (18)

Karabulut et al. (21)

Baran et al. (17)

Gakici et al. (20)

Kwon et al. (22)

Oztekin et al. (25)

Pelit et al. (26)

Sahan etal. (27)

Topaktas et al. (28)

Cai etal. (19)

Olivero et al. (24)

Country

China

China

Italy

Turkey

Turkey

Turkey

South Korea

Turkey

Turkey

Turkey

Turkey

China

Italy

Study
design

RCT

RCT

RC

RCT

RC

RCT

RCT

RCT

RCT

RCT

RC

RC

PC

Groups

CSEA
GA

CSEA
GA

SA
GA

SA
GA

SA
GA

CSEA
GA

SA
GA
EA
SA
GA
SA

GA

CSEA
GA

SA
GA
EA
SA
GA

SA
GA

Sample size

89
106
31
34
139
47
43
43
897
664
45
50
31
39
35
35
35
50
50
45
61
40
32
116
131
145
40
40

Mean age
(vears)

312+9
363+79
476+11.6
493+ 11.6
52+ 14.8
48.7 £12.8
NR

47+ 142
484 £14
48.7 +£14.6
428114
547 £14
541+ 145
473+148
458+ 15.4
449+ 14.6
45.1 £ 14.9
489 + 159
441126
46+ 16.3
419+ 123
403+ 13.3
478113
45+11.8
398+84
55.8 + 13.9
54.9 +16.9

Gender M/F Mean BMI Mean

39/50
68/42
20/11
20/14
80/59
29/18
NR

479/218
434/230
26/19
31/19
20/11
26/13
22/13
25/10
28/12
32/18
22/28
26/19
35/26
28/12
22/10
82/34
92/39
114/31
26/14
28/12

Kg/m?  stone size
(mm)
NR NA
233£29 199
284+89 2413
NR 14+6
14+49
NR NR

265+£43 176%59
271+45 172+6
268+38 16153
254£32 139%7
2637 12+£34
247427 11.3+33
23371 11.8%29
87.4+615 12.7+36
3344229 13+38

NR 18.1+£563

17341
NR 157473
122477
NR 101422
1M1£21

259+31 109+19
265+2 111429
252+£19 11535
254+29 123454
26+26 123+4.1

Mean stone
density (HU)

NR

847.642952
811.8+£204.7

NR
NR

7799+175.9
764 + 164.9

764 £ 164.9
835.6+189.1

961.1£354.4
937 +294.2

854.6+384.2
1035.8+371.8
1116 + 2949

NR
NR
991.7 & 404

1093.4 + 489
NR

NR

Stone side
R/L

NR

1912
20/14

NR

NR

NR

23/22
27/23
16/16
16/24
1718
20/15
20/15
19/31
22/28
25/20
30/31
NR

61/56
69/62
7174

NR

Cut-off size for

stone free
status (mm)

<2

<2

<3

Follow-  Follow up

up imaging
duration
(months)
NR NR
1 cT

05 KUB, USG

1 KUB, USG,
CT
1 cr
1-3 cT

2-3 KUB or CT

1 cT

3 KUB, USG or

cT
1 cT
1 cT
1 cT
1 KUB or USG

BMI, body mass index; RCT, randomized controlled trial; PC, prospective cohort; RC, retrospective cohort; CSEA, combined spinal epidural anesthesia; EA, epidural anesthesia; SA, spinal anesthesia; GA, general anesthesia; HU,
Hounsfield units; KUB, kidney ureter and bladder radiograph; USG, ultrasonography; CT, computed tomography; NR, not reported; R, right; L, left; M, male; F, female.





OPS/images/fsurg-09-853875-t002.jpg
Variable Groups

Stone free rates

Study type RCTs
Non-RCTe
NA type CSEA vs. GA
SAvs. GA
Operation time
Study type RCTs
Non-RCTs
NAtype CSEAvs. GA
SAvs. GA
Pain24 h
NA type CSEA vs. GA
SAvs. GA
Complications Grade |
Study type RCTs
Non-RCTs
NA type CSEA vs. GA
SAvs. GA
Complications Grade Il
Study type RCTs
Non-RCTs
NAtype CSEA vs. GA
SAvs. GA
Complications Grade II/IV
Study type RCTs
Non-RCTs
NA type CSEA vs. GA
SAvs. GA
Length of hospital stay
Study type RCTs
Non-RCTs
NA type CSEA vs. GA
SAvs. GA

RCTs, randomized controlled trials; CSEA, combined spinal epidural anesthesia; SA, spinal anesthesia; GA, general anesthesia; OR, odds ratic

Number of studies

® o o~ © oo o

NN

FNEAEFNES AN ® & a0

[N

Sample size- NA

404
1163
527
1208

1163
527
1163

393
247

220
1163
393
1136

177
1123
393
1073

76
1123
323
1007

202
327
368
292

Sample size-GA

417
928
430
1095

374
928
430
1052

275
269

201

928
264
1045

158
896
264
970

84
888
229
888

234
217
290
306

Effect size

OR: 0.97 95% Cl: 0.56, 1.65 12 = 34% p = 0.90
OR: 1.01 95% CI: 0.80, 1.29 1 = 0% p = 0.91
OR: 0.98 95% Cl: 0.62, 1.64 12 = 11% p = 0.92
OR: 0.99 95% CI: 0.76, 1.28 I = 8% p = 0.93

MD: 1.33 95% Cl: —6.66, 9.31 I = 89% p = 0.74
MD: —2.95 95% Cl: —7.27, 1.36 I = 88% p = 0.18
0.40 95% Cl: —6.74, 7.55 2 = 92% p =0.91

MD: —1.4395% Cl: —4.99, 2.13 12 = 82% p = 0.43

MD: ~0.36 95% Cl: —1.11,0.38 I = 96% p = 0.34
MD: ~0.60 95% Cl: —1.30, 0.10 12 = 92% p = 0.09

OR: 1.7395% Cl: 0.62, 4.82 12 = 0% 029
OR: 0.67 95% Cl: 0.50, 0.88 I> = 0% p = 0.004
OR: 1.02 95% Cl: 0.33, 3.18 I = 52% p = 0.97

OR: 0.95 95% CI: 0.69, 1.30 I = 6% p = 0.73

OR: 0.44 95% Cl: 0.14,1.35 2 = 0% p = 0.15
OR: 0.68 95% Cl: 0.34, 1.36 12 = 34% p = 0.28
OR: 0.66 95% CI: 0.38, 1.15 1 = 0% p = 0.14
OR: 0.69 95% Cl: 0.40, 1.19 12 = 10% p = 0.18

OR: 1.479 95% CI: 0.21, 14.96 I = 0% p = 0.59
OR: 0.74 95% Cl: 0.44, 1.26 R = 0% p = 0.27
OR: 0.93 95% CI: 0.49, 1.75 1> = 0% p = 0.81
OR:0.7395% CI: 0.42, 129 = 0% p = 0.28

MD: 0.1 95% Cl: ~0.06, 0.29 2 = 48% p = 0.22
MD: —0.04 95% Cl: —0.09, 0.00 2 = 0% p = 0.07
MD: —0.0395% Cl: —0.07,0.01 P = 0% p = 0.15
MD: 0.08 95% Cl: —0.11,0.28 I = 59% p = 0.40

‘MD, mean difference.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Outcomes of Retrograde Intrarenal Surgery Performed Under Neuraxial vs. General Anesthesia: An Updated Systematic Review and Meta-Analysis



		Introduction



		Materials and Methods



		Database Search



		Inclusion Criteria



		Data Extraction and Risk of Bias Assessment



		Statistical Analysis







		Results



		Details of Included Studies



		Primary Outcome



		Secondary Outcomes



		Risk of Bias Analysis







		Discussion



		Data Availability Statement



		Author Contributions



		Supplementary Material



		References

















OPS/images/cover.jpg
, frontiers
in Surgery

Outcomes of Retrograde Intrarenal
Surgery Performed Under Neuraxial
vs. General Anesthesia: An Updated
Systematic Review and
Meta-Analysis





OPS/images/fsurg-09-853875-g001.gif
et ‘ScencaDirect (1=

Rocords ramoved boforo

Dupiate tecords removed
eso0y 0 Tize)
(mL 564)
[— Recards excdod
<70 =728
Roports sough forrtioval Roports ntretioved
Py %6
Reports assessod o iy R oot Ghvit e
pyats ok (11)

Studies included inreview
0=13)






OPS/images/fsurg-09-853875-g002.gif
. o o
Sudy or subgroup_Events Toul Evens Tou! Weight W, Kandom, 5% 1

o PR
S, $59TE A
EE 28 g e
g% 4844
S8 5 i) E Has
e GE B E Db
BB E & opam
B, PP D4R Zam
B i3s3l
R
. oo

oon [T . )





OPS/images/fsurg-09-853875-t004.jpg
References

Bosio etal. (18)
Baran et al. (17)
Gakici et al. (20)
Kwon et al. (22)
Sahan et al. (27)

Selection of
participants

Low risk
Low risk
Low risk
Low risk
Low risk

Confounding
variables

Low risk
High risk
High risk
High risk
Low risk

Intervention
measurements

Low risk
Low risk
Low risk
Low risk
Low risk

Blinding of outcome  Incomplete

assessment

High risk
High risk
High risk
High risk
High risk

outcome data

Low risk
Low risk
Low risk
Low risk
Low risk

Selective outcome
reporting

Low risk
Low risk
Low risk
Low risk
Low risk









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Surgery





