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Abstract 

Kidney stones are one of the most prevalent disorders associated with significant morbidity. Initially the renal 
stones were treated with open surgery but with the advancements in technology shift towards the minimally 
invasive therapeutic procedures is observed. Recent technological advances in the field of urology have led to 
more prevalent use of retrograde intrarenal surgery for the treatment of urolithiasis. The introduction of new laser 
systems and advanced flexible ureteroscopy with a small ureteroscope have contributed to increase in indications 
for intrarenal surgery to include not only larger kidney stones > 2 cm, but also urothelial carcinoma of the upper 
urinary tract, urethra, and idiopathic renal haematuria. Retrograde intrarenal surgery is one of the most safe and 
effective minimally invasive technique which due to its positive outcomes and less rate of complications has 
gained much popularity in the field of urology with the passage of time. The purpose of this research is to review 
the available information about the indications, efficacy, safety and complications of retrograde intrarenal 
surgery. Retrograde intrarenal renal surgery is indicated in various cases including lower calyx stones and stones 
greater than 2 cm among many others. Evidence from the literature suggests retrograde intrarenal surgery as 
quite a safe and effective method with high success rate and minimum and minor complications being reported. 
In future more randomized trial studies on retrograde intrarenal surgery can however significantly contribute to 
literature and benefit clinical practice also. 
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Introduction 
Renal stones are one of the most frequent disorders, 
resulting in patient misery, lost labour, and morbidity, all 
of which have socioeconomic effects. Urolithiasis is 
prevalent in 2.8% of Americans and 1.5% of Europeans. 
In addition, the high chance of recurrence associated 
with urinary tract disease is observed to be about 50% 
within ten years. Renal calculi treatment has greatly 
improved over the past decade accompanied by advances 
in kidney stone technology. As a result of which higher 
stone-free rates and lower morbidity have been 
achieved.  Renal stones were previously treated with 
open surgery while in today’s time several minimally 
invasive therapeutic procedures are in use (1). The 
beginning of new era in urology was significantly 
marked by use of a flexible ureterorenoscope to perform 
retrograde intrarenal surgery (RIRS). Small kidney 
stones are easily accessible through RIRS, and serious 
urinary tract infections can be treated with minimally 
invasive procedures. The first application of RIRS was 
to treat minor kidney stones. The approach drew a lot of 
interest, and it was proposed that larger stones may be 
treated as well, however with longer operative durations. 
RIRS was used to treat medium stones in the 
beginning and then larger stones.  Percutaneous 
nephrolithotomy (PNL and PCNL) is the standard 
treatment for large stones, which has a high success 
rate but also a high risk of morbidity. As RIRS is 
accompanied with fewer complications and morbidity 
many urologists believe that RIRS should be used to treat 
large stones (2). 

The concept of endoscopic access to the renal collecting 
systems and description of navigation in the renal pelvis 
with a rudimental flexible fiberscope was first introduced 
by Marshall in 1964 for the purpose of diagnostic 
evaluation and treatment of upper urinary tract diseases. 
Miniaturization and technological advancements have 
only allowed for a gradual improvement in procedures 
and their widespread use in clinical practice over the last 
30 years. RIRS with flexible ureterorenoscopes is now 
regarded as one of the first-line therapy choices for 
active renal stone removal (3). Urologists face a major 
challenge in treating renal calculi in people with one 
active kidney. Complete removal of stones without 
damaging kidney tissue or having adverse effects on 
kidney function requires careful and selective treatment 
options. Due to the remarkable advances in flexible 
ureteroscopes and holmium lasers, RIRS has grown 
popular as an alternative to PCNL and Shock wave 
lithotripsy (SWL) in the treatment of renal calculi less 

than 20 mm. RIRS has a low rate of complications and a 
high number of stone-free patients. If large kidney stones 
are present, this surgery may need to be repeated. For 
patients with a solitary kidney, RIRS offers the 
advantage of preventing renal parenchyma injury (4). 

Kidney calculi are a common urological condition that 
has a high recurrence rate. Kidney function loss could 
happen from stone migration leading to renal colic and 
calculi blockage. Urologists in charge of urolithiasis now 
have access to high-tech devices, resulting in safer and 
more effective lithotripsy. RIRS is another minimally 
invasive procedure for treating upper urinary calculi like 
PCNL. RIRS has been proposed as an alternative to 
percutaneous techniques for the treatment of lower pole 
stones because of its minimal trauma, quick recovery, 
ease of operation, and lack of complications. RIRS is a 
less invasive technique with less blood loss, shorter 
hospital stays, and a lower stone-free rate than PCNL (5). 

RIRS is becoming more common for treating urolithiasis 
as a result of recent technological developments in 
endourology. In addition, since the advent of various new 
laser systems and advanced flexible ureteroscopy with a 
small ureteroscope, RIRS indicators have continued to 
expand to include not only larger kidney stones> 2 cm, 
but also urothelial carcinoma of the upper urinary tract, 
the intensity of -ureter. , and idiopathic renal haematuria. 
In the fast-developing field of endourology, clinicians 
must stay up with these advances and make effective use 
of these tools. At the same time, certain risks and 
complications are also associated with the procedure 
such as burns from laser use, damage to the urethra, and 
radiation exposure during intrarenal retrograde surgery 
under fluoroscopic guidance (6). The purpose of this 
research is to review the available information about the 
indications, efficacy, safety and complications of 
retrograde intrarenal surgery. 

Methodology 
This study is based on a comprehensive literature search 
conducted on May 23, 2022, in the Medline and 
Cochrane databases, utilizing the medical topic headings 
(MeSH) and a combination of all available related terms, 
according to the database. To prevent missing any 
possible research, a manual search for publications was 
conducted through Google Scholar, using the reference 
lists of the previously listed papers as a starting point. We 
looked for valuable information in papers that discussed 
the information about the indications, efficacy, safety 
and complications of retrograde intrarenal surgery. There 

http://dx.doi.org/10.52533/JOHS.2022.2702


Journal of Healthcare Sciences 
 

136 http://dx.doi.org/10.52533/JOHS.2022.2702          

 

were no restrictions on date, language, participant age, or 
type of publication. 

Discussion 
In recent years, RIRS has grown in popularity and also 
contributed to an increase in the knowledge and 
experience of surgeons with it. This method of treatment 
is effective and trustworthy, with fewer complications 
and better success rates. Its main characteristic is 
intrarenal access via a natural route without piercing the 
parenchyma. The length of the trip, along with 
the delicate nature and high cost of the equipment, are 
however some important obstacles that must be 
addressed. RIRS appears to be an effective treatment for 
the management of patients with stones less than 2 cm, 
with viral infections, kidney failure, and bleeding 
disorders, according to the current literature. In 
individuals with large stone volume, only recurring 
sessions or combining treatments can result in high 
success rates. RIRS has been shown to be a successful 
and dependable approach for treating kidney stones as 
per several research studies. The success rates for RIRS 
are between 65% and 92% (7). 

Indications for the RIRS 

Failure of prior SWL, lower calyx stones, and stones 
smaller than 1.5 cm were all signs of RIRS in the 
beginning. However, the limitations on the RIRS 
indications have recently been reduced and can now be 
used as a first-line treatment with SWL of stones smaller 
than 2 cm, and as an alternative to PCNL stones in the 
lower calyx and those more than 2 cm.   Although no 
absolute signs have been documented, the following are 
possible indications:  Stones of a medium size that are 
not suited for SWL or PCNL.  Stones that are resistant to 
SWL or non-transparent stones.  Anatomical anomalies 
are present. Coexistence of renal and ureteral 
stones.  Treatment of bilateral renal stones in a single 
session is required.  Nephrocalcinosis with several 
kidney stones. Patients with obesity, musculoskeletal 
abnormalities, renoureteral anomalies, infundibular 
stenosis, urinary diversion, combined or 
auxiliary procedures after PCNL , and bleeding disorder 
also who have exhausted all other treatment options are 
candidates for retrograde intrarenal surgery (8). 

Evidence from literature for efficacy and safety of 
RIRS 

RIRS can be utilized as an alternative to PCNL in case 
of large renal stones. Author further suggested that 
however there is a need of more randomized trials to 

corroborate these findings (9). Findings of a Spanish 
study in 2016 reported that bilateral single-stage RIRS is 
a safe and efficient therapy option for patients with 
bilateral renal stones. The average number of stones per 
renal unit was 2.7 with range 12, and the majority (40%) 
being situated in the renal pelvis with a mean size of 
16.08±8.06 mm and a mean stone burden of 258.54 ± 
242.59 mm2. At three months, the stone-free rate was 
83.33%. The average operation time duration was 75 
minutes, with a two-day hospital stay. There were no 
major complications reported (10). 

According to the existing evidence in literature, RIRS for 
stone treatment is equally safe and effective as compared 
to SWL or PCNL. Findings of a cross-sectional study in 
2017 reported that overall, stone free rate 
was 90.6%.  The mean stone size was 0.8 cm, with an 
89.7-minute procedure time duration. The average stay 
in the hospital was 2.7 days. By single RIRS, the stone 
free rate of stone load between 2.0 cm and 3.0 cm was 
80.2%, and the stone-free rate of stone burden over 3.0 
cm was 45% in the large stones size subgroups. The 
stone-free rate of ten of the 22 patients who received 
two-staged RIRS improved from 45.0% to 76.5%. In the 
study groups, no major complications were observed 
(11). Results of a retrospective study in 2018 concluded 
that among the available, minimally invasive therapeutic 
procedures both PCNL and RIRS are considered safe 
and effective choices for removal of renal stone in 
patients with horse shoe kidney (12).   

Findings of another meta-analysis in 2019 showed that 
when compared to RIRS, PCNL had a significantly 
greater stone-free rate but was accompanied by a longer 
hospital stay. The groups did not differ significantly in 
terms of operating time or complication rate. When the 
results from various studies were pooled, PCNL had a 
similar stone-free rate as RIRS. RIRS had a lower stone-
free rate along with shorter hospital stay, but the same 
operation time and complication rate as PCNL. It is thus 
believed that RIRS could be a viable option for PCNL in 
terms of efficacy and complication rates for renal stones 
(13). Results of a comparative study in 2020 revealed 
that RIRS group had less haemoglobin drop along with 
shorter hospital stays as compared to ultra-mini 
percutaneous nephrolithotomy group and no significant 
difference in complications were observed in both 
groups (14). Findings of a meta-analysis in 2020 
concluded that the RIRS method is both safe and 
effective. It can effectively treat patients with stones 
larger than 2 cm, resulting in a high stone-free rate and a 
shorter hospital stay without increasing complications.  
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Gokcen reported that the RIRS method could be used as 
an effective and safe treatment for kidney stones in 
patients over the age of 65, with hospitalization and 
stone-free rates as indicated in younger patients as there 
were no major complications with the procedure 
observed in the study (15). Results of a comparative 
study in 2020 reported the amount of bleeding during 
surgery, the amount of haemoglobin loss after surgery, 
the total cost of hospitalization, and the time spent in 
hospital after surgery were all lower in the RIRS group 
than in the PCNL group, and the surgical time was 
longer. The RIRS group had a lower incidence of 
complications than the PCNL group (20% vs.45%) (16). 
Results of a retrospective study in 2013 showed that in 
patients with bilateral renal stones, single-session RIRS 
and laser lithotripsy can be executed effectively and 
safely, with a high rate of success and low complication 
rate. The average stone size was 24.09± 6.37 mm, with a 
51.08±15.22-minute operative time. After the first and 
second procedures, the stone-free rates were 92.8% and 
97.6%, respectively. The average length of stay in the 
hospital was 1.37± 0.72 days. There were no major 
complications or blood transfusions observed in the 
study group (17). Studies from the available literature 
support that RIRS is a safe and effective procedure. 

Complications of RIRS 

Yahsi states that RIRS surgery is a safe and effective 
procedure for the treatment of renal stones, with a high 
success rate and low complication rate. The majority of 
complications are minor and can be addressed 
conservatively. Fever, flank pain, urinary infection, 
transitory haematuria, acute urinary retention, ureteral 
and pelvicalyceal abrasion, stone street, subcapsular 
hematoma, fornix rupture, extravasation, urinoma, ureter 
avulsion, transfusion-dependent haemorrhage, and 
sepsis are the most common sequelae of RIRS. 
According to various studies, reported complication rates 
range from 0% to 25% (18).  Xu reported that among 322 
RIR surgeries, there were 26.1% complications. 
Complications were reported in Grades I, II, IIIb, and 
IVb at a rate of 67.7%, 22.7%, 7.2%, and 2.4%, 
respectively.  Fever over 38°C was the most common 
complication. Following the operation, 13.4% 
experienced febrile episodes. Only antipyretics were 
needed in 28 individuals (8.7%), while antibiotics were 
needed in 15 patients (4.7%). The next most prevalent 
complication was postoperative haematuria, which 
occurred in 23 patients (7.7%) (19). 

Zhang reported that after RIRS, 7.14% developed 
infection complications. Operative time was found to be 

an independent risk factor for infection.  Early antibiotic 
treatment and vigorous fluid management, according to 
research, may reduce the likelihood of infection 
complications after RIRS. Author further suggests that 
longer operative times and larger stones may be risk 
factors for infection complications following RIRS (20). 
Lai reported that minor complications occurred in 15% 
of patients, and no one required a blood transfusion. For 
single kidney patients, the 1% rate of 
serious complications was also lower than PCNL. The 
more challenging consequences with RIRS were ureteral 
perforation and stricture (21). Factors that increase the 
likelihood of complications after RIRS have been 
thoroughly investigated, and people at different risk have 
been identified. Females, diabetes, kidney failure, heart 
disease, aging, history of recurrent UTI, incomplete 
stone removal, urinary incontinence, paraplegia, and 
charleston comorbidity index higher, in addition to the 
positive culture of pre-surgery urine and indwelling 
urinary drains all of which are among the risk factors for 
developing RIRS complications. Other variables that 
increase the risk of complications after surgery include 
immunosuppression, recent chemotherapy or steroid 
treatment, poor nutrition, and long hospital stay. In order 
to prepare for RIRS, such populations require specific 
consideration (22). Well-established literature is 
available regarding the indications and efficacy of RIRS 
however in future more randomized control trials should 
be conducted which will further significantly contribute 
to highlighting the importance of RIRS and strengthen 
the literature. 

Conclusion 
RIRS is a well-established treatment that is constantly 
evolving as technique with the advancements in 
technology. It has achieved widespread popularity as a 
result of its low invasiveness and positive results. Future 
advances will be required to improve its cost-
effectiveness and expand its application to a broader 
variety of indications.  
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