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of Renal and Ureteric Calculi
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Abstract

Urolithiasis is a global pathology with increasing prevalence rate. The surgical 
management of kidney and ureteral stones is based on the stone location, size, the 
patient’s preference and the institutional availability of various modalities. To date, 
the available modalities in the management of urolithiasis includes external shock 
wave lithotripsy (ESWL), percutaneous nephrolithotomy (PNL), ureterorenoscopy 
(URS) including flexible and semirigid ureteroscopy. Tremendous technological 
advancement in the urological armamentarium has happened since its inception lead-
ing to multiple acceptable modalities for the treatment of a particular stone. In accor-
dance with the available recommendations from various institutions and the newer 
evidence we recommend that the initial choice of modality for the treatment of a 
renal calculus depends on the stone size and whether the location is lower pole or not. 
For lower pole stones upto 20 mm PNL and RIRS is efficient irrespective of location 
while ESWL should only be considered for lower pole stones upto 10 mm. For stones 
larger than 20 mm mini PNL is effective for stones upto 40 mm while RIRS holds 
acceptable efficiency for stones not larger than 30 mm. For stones larger than 40 mm 
standard PNL only should be considered if single stage treatment is attempted.

Keywords: PNL, nephrolithiasis, urolithiasis, SWL, RIRS, URS

1. Introduction

Urolithiasis is a common urinary tract condition with a prevalence of approximately 
14% [1]. There are multiple factors which influence an individual’s propensity for 
formation of urinary tract calculi, the most common of which are age, sex, and 
ethnicity [1, 2]. Anatomically they can have origin in the upper tract or the lower tract 
of which those originating in the upper tracts are more common while approximately 
5% are found within the bladder [3]. They present a significant clinical and economic 
burden to the healthcare systems [4, 5]. In an attempt to bring uniformity in manage-
ment worldwide, many institutions have developed extensive guidelines to aid in the 
evaluation and management of urolithiasis.

Once the diagnosis of urolithiasis is confirmed, the goal of a diagnostic evaluation 
is to identify, efficiently and economically, the differences present in the patient’s 
metabolic physiology to guide effective preventive strategies for recurrence and 
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better assessment of prognosis. The extent of evaluation depends on the factors like: 
severity and type of stone disease; new stone formation or recurrent stone formation; 
co-existence of any systemic disease and/or risk factors for recurrent stone formation; 
family history of nephrolithiasis and last but not the least patient’s interest in stone 
prevention (Figure 1).

Technological advancements in the endourological armamentarium have hap-
pened at a rapid pace since its inception and is still going on. As a result, the search for 
the best treatment modality for any given stone undergoes a frequent shift from one 
modality to other in accordance with the newer available evidence. The aim of this 
chapter is to highlight and summarize in the form of an algorithmic approach the best 
possible treatment of renal and ureteric calculi in accordance with the recommenda-
tions from various urological institutions worldwide along with the newer available 
evidence.

2. Evaluation of suspected nephrolithiasis

The entire diagnostic workup can be broadly categorized into two categories viz. 
biochemical and systemic assessment by various laboratory parameters and secondly, 
imaging specific to nephrolithiasis which will aid in treatment planning [6].

2.1 Biochemical and systemic evaluation

The main aim of biochemical evaluation is identification of any systemic adverse 
effects secondary to the urinary tract calculi along with a baseline workup of patient 

Figure 1. 
A stepwise approach for the diagnostic evaluation of suspected nephrolithiasis.
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as a part of preparation for definitive surgical therapy. This baseline assessment 
should include evaluation of basic hematological parameters, renal function, urinaly-
sis along with an abbreviated metabolic workup for hypercalcemia, hyperuricemia 
and hyperphosphatemia. Every attempt should be made to diagnose and treat any 
urinary tract infection (UTI) prior to definitive surgical therapy to avoid the risk of 
urosepsis [7].

2.2 Diagnostic imaging

The aim of diagnostic imaging is to confirm the presence of urinary tract calculi 
and to guide the decision making for the specific modality to be undertaken for 
treatment. Factors that influence the choice of treatment modality include stone size, 
location, density and composition, condition of contralateral kidney and presence or 
absence of complications of stone disease.

2.3 Selection of modality

CT of the abdomen and pelvis without contrast performed using low-radiation-
dose protocols is that the gold standard imaging modality for adults with suspected 
urinary tract calculi, if not contraindicated. In the case of unavailability of CT scan, 
ultrasonography of the kidneys and bladder in combination with abdominopelvic 
radiography should be performed [8]. However, in the presence of small radiolucent 
stones there will be high fraction of stones that will miss the diagnosis. Other imaging 
modalities like intravenous urography (IVU) and magnetic resonance imaging (MRI) 
are not preferred as first line investigations and have specific and limited indications.

CT scan also accurately describes stone size and location for treatment planning 
as it also provides accurate information on the size and number of other stones in 
the kidneys. If available, there are very few contraindications to perform a low-dose 
CT [9, 10].

• If the patient is pregnant, an ultrasound is the preferred modality and CT is con-
traindicated because of risk of teratogenicity to the developing fetus.

• If the patient has a body mass index (BMI) >30 kg/m2, then a standard-dose CT is 
preferred because of better exposure.

Computed tomography (CT) of the abdomen and pelvis without contrast reli-
ably detects hydronephrosis and demonstrates the best diagnostic performance for 
nephrolithiasis. Sensitivity and specificity of CT for detecting ureteral calculi, using 
conventional radiation doses is, greater than 94% and 97% respectively [11–14]. CT 
done using low dose protocols is also highly sensitive and specific for detection of 
>2 mm calculi with a sensitivity and specificity of 97% and 95% respectively [9, 11, 
12, 15–17]. Low-dose CT may be less reliable for detecting small stones (<2 mm) and 
ureteral stones in patients with obesity (BMI >30 mg/k2). Patients with urolithiasis 
are at increased risk of recurrent stone formation and also may require repeat imaging 
sessions. Therefore, low dose CT, if not contraindicated, should be the standard of 
care to minimize the cumulative radiation exposure to the patients as the sensitivity 
for detection of stones >3 mm is high and comparable to the standard dose CT in 
non-obese patients [18, 19]. For the estimation of stone size, low and standard dose 
CT yield equivalent measurements [20].
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3. Surgical treatment of nephrolithiasis

3.1 Goals of surgical therapy

As a part of shared decision making as recommended by American Urology 
Association, the following factors should be discussed and explained to the patients 
and the choice of surgical modalities should be made keeping the following factors 
into consideration along with the patients’ preferences.

3.1.1 Stone clearance

Treatment success for ureteral or kidney stone surgery is generally defined in 
terms of stone clearance rates. Although the definition successful stone clearance 
is not having unanimous acceptance globally, the absence of residual stones or the 
presence of residual stone fragments ≤4 mm in size are generally considered a suc-
cessful outcome. Achieving a stone-free status is important, since small residual stone 
fragments, particularly those >4 mm, may act as a nidus leading to aggregation and 
recurrent stone formation. Many centres also evaluate the need for re-treatment or 
additional procedures for complete stone clearance and consider it as another impor-
tant measure of efficacy of any modality of treatment.

3.1.2 Risk of adverse events

The benefits of surgical stone removal must be balanced against the risk for 
adverse events and complications. Procedures that offer the highest stone clearance 
rates (such as ureteroscopy [URS] and percutaneous nephrolithotomy [PNL]) are also 
believed to have higher complication rates. The decision making should incorporate 
a detailed discussion with the patient regarding the possible adverse events and the 
subsequent need for ancillary treatments.

3.1.3 Effect on quality of life (QoL)

The treatment planning should also take into account the patients’ perspective 
regarding the treatment and the subsequent overall impact on patient’s quality of 
life depending upon factors like patient’s perception of pain and other discomforting 
symptoms, the total number of hospital visits and admissions and the overall health-
care related economic impact on the patient.

4. Choice of surgical approach

The factors that play a role in the selection of a modality for surgical treatment 
of nephrolithiasis can be divided into patient factors (comorbidities, body habitus, 
pregnancy, infection, bleeding diathesis and patient preference) and factors related 
to the stone like size, location and composition of stone. Choice of the treatment 
modality should be a part of shared decision making between the patient and 
the healthcare provider. However, it can broadly be classified into two categories 
depending on whether the indication of procedure is emergency or a planned 
intervention.
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4.1 Emergency surgery

Urgent decompression of the collecting system with either PNL or ureteroscopy 
(URS) with urinary diversion should be done if UTI is ruled out and emergency 
intervention is indicated [21]. On the other hand, in the presence of suspected or 
confirmed UTI urgent drainage of the collecting system by a ureteral stent or percu-
taneous nephrostomy tube should be instituted along with empirical antimicrobial 
therapy till urinary culture specific antibiotics can be instituted. Definitive stone 
management should be done once the infection is treated because stone manipula-
tion in the presence of active UTI may lead to life-threatening urosepsis and should 
therefore be avoided [22]. Mortality has been found to be lower in patients who are 
treated with urgent surgical decompression followed by delayed definitive manage-
ment compared with those who are taken up for upfront definitive treatment and lack 
of surgical decompression [22]. There is no specific recommendation regarding the 
choice of modality for urinary diversion as both the modalities, i.e. indwelling double 
J stents and percutaneous nephrostomy tubes, have been shown to be equally effective 
at drainage in one randomized trial [21].

4.2 Elective surgery

Ureteral stones — If emergency management of ureteric stones is not required, the 
choice of treatment modality for planned removal of stone depends upon stone fac-
tors, anatomical factors and patient factors [7]. Stone factors include the total stone 
size and total stone burden, location of stones and the density of stones (assessed 
by the Hounsfield units of the stone). Anatomical factors include the urinary tract 
anatomy, presence of any distal obstruction or any congenital anatomical anomaly. 
Patient factors include the factors like pregnancy, bleeding diathesis and obesity.

For proximal and mid-ureteric stones ≤10 mm, SWL or URS is the most com-
monly performed procedure. For >10 mm stones in the same location, SWL is not 
recommended and URS is considered the first-line therapy. For distal ureteric stones, 
irrespective of the size, URS is considered the first-line treatment option. SWL is not 
suitable in patients with obesity, pregnancy, uncontrolled bleeding diathesis, abnor-
mal urinary tract anatomy, and in stones with high attenuation (i.e., >900 Hounsfield 
units on preoperative CT scan). PNL, laparoscopic, robot-assisted, and open surgery 
are generally reserved for patients in whom SWL and/or URS are unsuccessful, or 
in patients with a complex kidney or ureteral anatomy. However, in patients who 
are planned to undergo concomitant open or reconstructive surgery for coexisting 
anatomical anomalies (e.g., ureteropelvic junction [UPJ] obstruction or ureteral stric-
ture), the procedure can be combined with stone retrieval prior to reconstruction.

The rationale for this above mentioned approach is based on the results of 
multiple meta-analyses of randomized trials that have shown that URS offers higher 
stone-free rates (SFRs) and requires fewer retreatments and secondary procedures 
as compared to SWL, but with a higher rate of complications [23–27]. A 2016 
systematic review that evaluated the efficacy of URS and SWL for the treatment of 
ureteral stones reported that the overall SFR with URS is significantly greater than 
that with SWL [23]. This difference in SFR with URS was also noted for subgroup of 
patients with stones ≤10 mm at all locations in the ureter and also for stones >10 mm 
in mid and distal ureter. For stones >10 mm in the proximal ureter, SFR was com-
parable between URS and SWL [23]. Complication rates for all the complications 
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were comparable between both the groups except for ureteric perforation which was 
higher in the URS group [23]. However, another meta-analysis by Aboumarzouk 
et al. has reported higher procedure related complication rate with URS as compared 
to SWL [24]. The number of retreatments required with URS is lower than that 
required with SWL [28].

Kidney stones — SWL, URS, and PNL are the most commonly used surgical 
modalities for patients with kidney stones. In patients where emergency manage-
ment of renal calculi is not indicated, modality for elective management is selected 
based on multiple stone factors, anatomical factors and patient factors as is the case 
with ureteric stones. Stone factors include the total stone size and total stone burden, 
location of stones and the density of stones (assessed by the Hounsfield units of the 
stone). Anatomical factors include the urinary tract anatomy, presence of any distal 
obstruction or any congenital anatomical anomaly. Patient factors include the factors 
like pregnancy, bleeding diathesis and obesity.

Traditionally, PNL has been associated with maximum stone clearance with 
the disadvantage mainly associated to the invasive nature of procedure with risk of 
hemorrhage. Advancements in technology has focused on minimizing the morbidity 
associated with PNL by reducing the diameter of sheath size and nephroscopes result-
ing in lesser invasion of renal parenchyma. This miniaturization has evolved from 
the first description of minimally invasive techniques by Lahme et al., which used 
an access sheath with outer diameter of 18F (inner diameter of 15F) and a 12F neph-
roscope, to the micro-PNL described by Bader et al. which uses a 4.85F “all seeing 
needle” only along with laser fragmentation and dusting of the stone. Other modifi-
cations include ultra-mini PNL first described by Desai et al. using a 11F amplatz and 
6F nephroscope and super-mini PNL described by Zeng et al. which uses an active 
irrigation and suction mechanism attached to a miniaturized PNL system where the 
fragment evacuation is done by the so called “vacuum cleaner effect” [29].

The current prevalent approach to the choice of surgical modality, largely in 
accordance with the 2016 American Urological Association/Endourological Society 
and 2018 European Association of Urology guidelines [23, 30], is as follows:

For ≤20 mm superior calyceal, middle calyceal or pelvic calculi, SWL or URS is the 
preferred modality while for inferior calyceal stones, URS or PNL is preferred. SWL 
is not preferred for inferior calyceal stones keeping in mind the poor stone clearance 
rates of SWL for lower pole stones. For stones that are >20 mm, PNL is considered the 
first-line option irrespective of the stone location. If PNL is not available or contra-
indicated, staged URS (i.e., performed in separate planned sessions) can be a viable 
alternative. The evidence guiding the rationale for this approach is based upon several 
randomized trials and meta-analyses [23, 31–42]. Collectively, these studies have 
shown that SFR for both SWL and URS gradually decreases with the increasing stone 
size, whereas efficacy of PNL in terms of stone clearance is minimally affected with 
the stone burden [31]. For stones <20 mm located in upper pole, middle calyx, or 
pelvis of the kidney, SWL and URS offer SFRs of roughly 50 to 80 percent [31, 43]. 
In a meta-analysis comparing SWL to URS for renal calculi of size 10 to 20 mm, 
URS provided improved SFR and lower retreatment rate without an increase in 
complication rates [32]. For lower pole renal calculi URS and PNL offer significantly 
improved stone clearance rates compared to SWL, with a moderate increase in the 
rate of complications. These findings are corroborated by the results of a systematic 
review, for lower pole renal calculi of size 10 to 20 mm, which showed highest SFR for 
PNL followed by URS and SWL [23]. For stones >20 mm, SFR for SWL was as low as 
10 percent [23]. The reason for this reduction in SFR of SWL with increasing stone 
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burden in the lower pole is mainly because of poor clearance of stone fragments post 
disintegration rand not due to poor efficiency of disintegration which is not much 
affected by the stone location within the kidney.

5.  Evidence based recommendations and comparison of various 
guidelines regarding choice of surgical procedure: a summary  
of available guidelines

Recommendations from the American Urological Association guidelines when 
analyzed in comparison to the guidelines from Canadian Urological Association, 
European Association of Urology, National Institute for Health and Care Excellence 
guidelines and Urological Association of Asia revealed a high level of consensus 
surrounding the medical management of urinary tract calculi [44]. For surgical 
management, there was noted to be a high level of consensus regarding certain 
aspects of treatment of ureteral stones, including not pre stenting for uncomplicated 
ureteroscopy and employment of either ureteroscopy or shockwave lithotripsy as first 
line treatment. Jiang et al. [44] performed a qualitative review of the available major 
guidelines on the management of nephrolithiasis and noted a consensus on most of 
the factors but a discordance was also noted in certain stone categories. Also only 
UAA guidelines distinguish between the indications for traditional PCNL vs. mini-
PCNL, micro-PCNL or ultramini-PCNL. The risk of complications, especially postop-
erative hemorrhage, after PCNL had traditionally limited its use as a first line surgical 
option only for bigger calculi (>20 mm) or lower pole calculi >10 mm. However, 
with the continued technological advancements in endourology and development 
of miniaturized techniques of PCNL have led to lesser renal parenchymal loss and 
lesser hemorrhage. The increasing use of these miniaturized PCNL techniques has led 
to availability of better quality of evidence regarding their safety and efficacy when 
compared to the other available options like SWL and RIRS. As can be seen in the 
below mentioned algorithm comparing the recommendations of various guidelines 
for the choice of modality of surgical treatment of renal calculi, the miniaturized 
PCNL techniques which are gradually replacing standard PCNL are not taken into 
consideration (Figure 2).

The greatest discordance among various guidelines for the choice of surgical treat-
ment modality can be seen in the upper pole and interpolar calculi of size <10 mm and 
10 - 20 mm where the first line options as proposed by various guidelines differ. For 
upper pole calculi of size upto 10 mm SWL is the recommended modality by NICE 
guidelines while AUA and EAU guidelines recommend for URS or SWL for stones 
upto 20 mm. UAA guidelines, on the other hand, take into account the newer min-
iaturized options of ultra-mini or micro PCNL and recommend it to be the modality 
of choice for stones upto 20 mm. For stones larger than 20 mm all guidelines unani-
mously recommend for PCNL irrespective of stone location. Discordance in recom-
mendations is also seen for lower pole stones of size 10-20 mm and in this regard, the 
AUA appears to favor the use of PCNL but does not necessarily mandate its use over 
RIRS [23]. Instead, they insist that patients should be informed about the improved 
SFR of PCNL with increased risk of adverse events. On the other hand, the EAU 
guidelines very clearly recommend the use of PNL for lower pole calculi >20 mm and 
suggest that it should be highly considered for stones in the 10 - 20 mm range as well 
(Table 1) [45]. These recommendations have not specifically mentioned about the use 
of mini, ultra-mini or super mini PCNL (Figure 2).
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  Figure 2.  
  Comparative description of recommendations of various guidelines for selection of modality for surgical 
management of nephrolithiasis [ 44 ].          



9

Guideline Based Algorithmic Approach for the Management of Renal and Ureteric Calculi
DOI: http://dx.doi.org/10.5772/intechopen.108076

A meta-analysis of randomized controlled trials by Feng et al. [46] concluded that 
mPCNL had a higher SFR than standard PCNL and there was no significant differ-
ence between the two groups regarding ≥2 cm renal calculi. Besides, mPCNL has 
been noted to be associated with significantly less bleeding and a lower transfusion 
rate. Further, a multi-institutional comparative study by Liu et al. [47] showed SMP 
to be safe and highly effective for renal calculi upto 4 cm with lesser postoperative 
complications as compared to standard PCNL. However, for stones larger than 4 cm 
the stone clearance by SMP was lower than standard PCNL. The better efficacy of 
mini PNL in terms of stone free rates and improved stone clearance has been cor-
roborated by a recent network meta-analysis of randomized trials by Tsai et al. [48] 
Another network meta-analysis by Chungh et al. [49] comparing PCNL, RIRS and 
SWL showed PCNL to have the maximum stone free rates followed by RIRS. SWL 
was shown to have the least stone free rates. Subgroup analysis for lower pole stones 
showed similar results. Complications (in SWL, PCNL, and RIRS were 12.5%, 20.2%, 
and 15.0%, respectively) were greater in the patients undergoing PCNL but the major 
complications (15.4% in SWL, 13.8% in PCNL, and 18.3% in RIRS) were comparable 
between the three groups.

6. PCNL as a day-care procedure?

PNL is traditionally conducted as a procedure that necessitates hospitalization 
rather than outpatient care. However, there is significant pressure to use health care 
resources as effectively as possible in order to continuously improve medical quality 
and patient satisfaction with as little medical expenditure as possible. This attempt 
for optimal utilization of hospital resources, particularly in the publicly funded 
health care system, is one of the primary indications to attempt to cut down the costs 
associated with the hospitalization required for PCNL. Complications after PCNL and 
the length of hospital stay have already been steadily declining mainly attributable 
to the less invasive approaches and advancements in postoperative pain management 
[50]. Discharging the day of procedure or no later than 24 hours following surgery is 
referred to as day-care PCNL [51–53] and is regarded as a potential viable option for 
some patients, supported by emerging evidence [51–55]. Grade I and II complications 
following PCNL are the most common and may usually be managed conservatively or 
in a brief course [56]. The early studies were conducted on tiny cohorts, and in 2005, 

Guideline Stone size SWL RIRS PNL

AUA 10 mm Preferred Preferred Discouraged

10-20 mm Discouraged Allowed Preferred

>20 mm Discouraged Allowed Preferred

EAU 10 mm Preferred Preferred Discouraged

10-20 mm Allowed Allowed Allowed

>20 mm Discouraged Discouraged Preferred

Table 1. 
Recommendations for the surgical management of lower pole stones based on current AUA and EAU guidelines.
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Singh et al. published their initial findings on a small series of the day-care PCNL that 
included 10 patients. The reported readmission rates for day-care PCNL have ranged 
from 0 to 10% [51]. Jones et al. conducted a systematic review on the safety and 
efficacy of day-care PNL and concluded that it is a safe procedure when preoperative 
preparation and patient selection are done judiciously [51]. However, there still is a lot 
of concern about patient safety, which keeps this approach from being incorporated 
into routine practice. Furthermore, there aren’t many research that compare day-care 
and inpatient results and formal cost-effectiveness assessments. There is still lack of 
good quality evidence which comprehensively evaluates the safety and efficacy of 
day-care PCNL along with the advantage of cost effectiveness and this gap needs to 
be bridged before formal incorporation of day-care PCNL for management of renal 
calculi can be done for global acceptance.

7. Conclusion

We therefore, based on the newer evidences on the miniaturized modifications of 
PCNL and their comparative analysis with RIRS and SWL, recommend the following 
approach for the appropriate selection of surgical modality for renal and ureteral calculi.

For renal calculi upto 20 mm, the choice of surgical modality should be based on 
the stone location. For lower pole stones of size upto 10 mm, super mini or ultra-mini 
modifications of PCNL can be considered the first line modality because of proven 
safety and improved efficacy in terms of stone clearance. However, RIRS and SWL 
can also be considered in case of unavailability of SMP or UMP. For lower pole stones 
of size 10-20 mm, SMP or UMP should be preferred if available due to the already 
mentioned factors. SWL for stones 10–20 mm in lower pole should be avoided given 
the increased propensity of requirement of repeat procedure due to poor stone clear-
ance in one session.

For renal calculi of size greater than 20 mm, decision should be made depending 
on further stratifying the stone size of less than 4 cm or more than 4 cm. Stones up to 
4 cm can be efficiently cleared by miniaturized PCNL and therefore it should be the 

Figure 3. 
Approach for surgical management of nephrolithiasis.
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preferred modality due to improved safety profile as compared to standard PCNL. 
However for stones larger than 4 cm, the clearance has been sub-optimal using minia-
turized techniques and standard PCNL should be the preferred approach (Figure 3).

As is easily understood by the discussion, the technical advancements and min-
iaturization of PCNL is leading to its increased use and applicability to the various 
domains which were previously being primarily managed by other less invasive 
modalities like RIRS and SWL. Given its increasing safety profile and comparable 
efficacy to standard PCNL, it can now be used for almost all stone categories except 
for very large stones without the risk of significant complications and therefore is 
becoming a promising modality to replace the standard PCNL as the gold standard 
modality for treatment of nephrolithiasis.
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SWL Shockwave Lithotripsy
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