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Less-invasive ways to remove 
stones from the kidneys and ureters

AbstrAct■■

Less-invasive interventions for upper tract urolithiasis are 
extracorporeal shock-wave lithotripsy, ureteroscopy, and 
percutaneous nephrolithotomy. Each has advantages and 
disadvantages, depending on the location, size, and com-
position of the stone and on the patient’s renal anatomy, 
body habitus, and comorbidities.

Key Points■■

Stones that obstruct the flow of urine or that are associ-
ated with infection (ie, struvite or “staghorn” stones) 
should be removed promptly.

For small stones in the distal ureter, medical therapy is 
an option: pain control, hydration, and control of ureteral 
spasms with calcium channel blockers and alpha-block-
ers help the patient pass the stone spontaneously.

Extracorporeal shock-wave lithotripsy is the mostly com-
monly used option, but it is less effective for large stones 
and in obese patients.

The ureteroscope can now be used to extract stones as 
high up as the kidney. Catheters that contain lasers and 
lithotripsy devices can break up large stones in situ for 
removal.

Percutaneous nephrolithotomy is very effective for large 
stones in the kidney and is especially indicated for stru-
vite stones.

V ery few patients undergo surgery for 
stones in the kidney or ureters anymore, 

now that less-invasive interventions are avail-
able, such as extracorporeal shock-wave litho-
tripsy, ureteroscopic stone removal, and percu-
taneous nephrolithotomy. Each of these options 
has advantages and disadvantages, depending 
on the characteristics of the stone or stones, 
such as size, number, location, and composition, 
as well as patient factors such as renal anatomy, 
body habitus, and comorbidities.

See related article, page 583

 This article reviews the current interven-
tional management of upper tract urolithiasis.

NOT ALL STONES NEED INTERVENTION ■

From 10% to 15% of people in the United 
States develop a stone at some point in their 
life,1,2 and this number is increasing.3 Not all of 
them need intervention (table 1).
 In a patient who has symptoms of urinary 
obstruction or sepsis, the decision to intervene 
is obvious. Stones that obstruct the flow of 
urine often cause symptoms due to distension 
of the ureter, the renal pelvis, or the renal cap-
sule in a relatively predictable and characteris-
tic pattern of pain originating in the flank and 
often radiating to the groin, testicle, or labia. 
And untreated struvite (“staghorn”) stones, a 
result of infection, can lead to life-threatening 
sepsis.
 However, in patients with asymptomatic 
stones, the decision may not be clear-cut. Ap-
proximately 32% of patients with asymptom-
atic renal calculi go on to develop symptoms 
in the next 2.5 years, increasing to 49% at 5 
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years.3 Of the patients who develop symptoms, 
half will require a procedure to remove the 
stone, while half will pass the offending stone 
spontaneously.3

 If even a small amount of stone is left in 
the kidney after surgery or other intervention, 
a large stone can form again, and ultimately, 
the function of that renal unit can decline. 
For this reason, most renal calculi should be 
treated or at least followed for signs of progres-
sion with serial imaging studies.
 Today, although some patients are followed 
with kidney-ureter-bladder radiographic stud-
ies, most undergo computed tomography, 
which has the advantages of clearly delineat-
ing the stone location and size, the presence 
of small ureteral stones, and the presence and 
magnitude of hydronephrosis.
 If the patient has no refractory symptoms 
related to obstruction and no signs of infec-
tion or of parenchymal damage, then observa-
tion with close follow-up is reasonable. How-
ever, infection with urinary tract obstruction, 
urosepsis, intractable pain or vomiting, acute 
kidney injury, obstruction in a solitary or trans-
planted kidney, or bilateral obstructing stones 
are all indications for urgent intervention.
 Additionally, some patients who have 
asymp tomatic stones should undergo evalua-
tion and treatment because of their occupa-
tion. Examples are airline pilots and soldiers, 
in whom an episode of intractable renal colic 
could prove dangerous.

Stones in women
Women who are pregnant or of childbearing age 
and have an asymptomatic renal stone are not 
at any higher risk of stone growth and so should 
be treated the same as any other patient—ex-
cept that ultrasonography should be used for 
imaging to minimize radiation exposure. Urine 
should be sent for culture. From 50% to 80% of 
these patients will pass their stones spontane-
ously with hydration and analgesia.4
 If intervention is required, percutaneous 
nephrostomy and placement of ureteral stents 
can be done to expose the patient to the least 
possible amount of anesthesia or radiation.5

 Ureteroscopic stone extraction in preg-
nant patients has also been shown not to 
cause pregnancy-related complications, and it 
entails minimal fluoroscopic exposure.6

 Although lithotripsy has been used inad-
vertently in pregnant patients, its routine use 
in pregnant patients remains contraindicated.7

MEDIcAL ExpuLSIVE ThERApy ■

Conservative management, consisting of oral 
or intravenous hydration and analgesia, can 
be tried in patients with renal calculi whose 
condition is otherwise stable. Typically, in-
travenous hydration is given at a mainte-
nance rate.8 Analgesia can be provided with 
both nonsteroidal anti-inflammatory drugs 
(NSAIDs) and narcotics, although NSAIDs, 
in particular ketorolac (Toradol), provide the 
best pain control.9

 Calcium channel blockers and alpha- 
blockers inhibit ureteral spasms and promote 
the spontaneous passage of ureteral calculi.10 

TABLE 1

Acute management of renal colic

computed tomography (cT) shows obstruction or  
hydronephrosis, and the patient has signs of infection  
(white blood cell count > 15 × 109/L, chills, sweats)
Admit to hospital 
Give broad-spectrum antibiotics 
Drain kidney via percutaneous nephrolithotomy with ureteral stent 
Take urine culture from renal pelvis

cT shows obstruction or hydronephrosis, 
but the patient has no signs of infection
Send home 
Prescribe oral pain medication 
Prescribe an alpha-blocker 
Follow up with a urologist

cT shows no obstruction or hydronephrosis, but the 
patient has a solitary kidney or persistent pain or vomiting
Admit to hospital 
Give intravenous fluids at maintenance rate 
Control pain 
Drain kidney if it is solitary

cT shows no obstruction or hydronephrosis, and the 
patient has two kidneys and no persistent pain or vomiting
Send home 
Prescribe oral pain medication 
Prescribe an alpha-blocker 
Follow up with a urologist
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Compared with hydration alone, nifedipine 
(Procardia) has been shown to lead to an ab-
solute increase of 9% in stone passage rates, 
and alpha-blockers have produced an absolute 
increase of 29%.11 These drugs can be given 
in conjunction with corticosteroids to reduce 
ureteral edema, which may contribute to stone 
retention in the ureter.12

 As of this date, medical expulsive therapy 
is well established only for stones in the lower 
(distal) ureter. The applicability of this treat-
ment for stones in the proximal ureter and kid-
ney is still being investigated. In patients who 
have stones smaller than 1 cm in diameter and 
whose symptoms are under control, observa-
tion with medical expulsive therapy may well 
be appropriate. However, after 4 weeks, inter-
vention is indicated, as the risk of complica-
tions and renal deterioration increase.

STONE SuRGERy hAS BEcOME RARE ■

Before the advent of lithotripsy and ureteros-
copy (see below), most patients with symp-
tomatic upper tract calculi underwent open 
surgical lithotomy. Many variations of pyelo-
lithotomy and nephrolithotomy were per-
formed, even bench surgery with autotrans-
plantation (ie, removing the kidney, removing 
the stone, and then reimplanting the kidney). 
However, lithotripsy and ureteroscopic ex-
traction have dramatically reduced the role of 
open stone surgery: it is currently done in only 
0.3% to 0.7% of cases.13,14

 Laparoscopic surgery for renal calculi 
is also rarely done. Although almost ev-
ery type of stone procedure has been done 
laparoscopically,15–19 this approach is indicated 
only in situations in which lithotripsy or uret-
eroscopic treatment is expected to fail.

LESS-INVASIVE OpTIONS ■

Lithotripsy for small renal stones
Lithotripsy breaks up urinary calculi. In this 
noninvasive outpatient procedure, a generator 
creates a shock wave that is propagated toward 
a fixed focus centered on the stone (FIGURe 1).
 Soon after it became available, lithotripsy 
became immensely popular because of its abil-
ity to break up stones without surgery. Uret-
eroscopic treatment has assumed a bigger role 

in recent years because it is more versatile, but 
lithotripsy remains the most common treat-
ment for urolithiasis.
 Advantages, uses. Lithotripsy is generally 
indicated for renal stones smaller than 2 cm,20 
especially those not located in the calyx in 
the lower pole. It is most effective for stones 
in the renal pelvis (76% of patients become 
stone-free), and least effective for stones in 
the lower pole (59% stone-free).21 For this 
reason, for stones in the lower pole, only those 
smaller than 1 cm in diameter are treated with 
lithotripsy.
 In the past, lithotripsy was also favored in 
patients who had stones in the proximal ure-
ter, an area that was technically difficult to 
access with a ureteroscope. Recent advances 
in ureteroscope design have all but eliminated 
this difficulty.
 Disadvantages. Lithotripsy can damage 
nearly any structure in the trajectory of the 
shock wave, causing bleeding, inflammation, 
or perforation. It can also cause disturbances 
in cardiac electrical signal transmission, lead-
ing to cardiac arrhythmias during treatment. 
Long-term concerns include a possible link 
between lithotripsy and the development of 
diabetes and hypertension.22 Lithotripsy is 
contraindicated in pregnancy and coagulo-
pathic states and is less effective in morbidly 
obese patients.
 Lithotripsy is more likely to fail if the skin-
to-stone distance is more than 10 mm, if the 
lower pole forms an acute angle with the ure-
ter, or if the body mass index is greater than 30 
kg/m2 (ie, if the patient is obese).23

percutaneous nephrolithotomy 
for large or staghorn stones
Percutaneous nephrolithotomy is highly effec-
tive for renal calculi but is associated with more 
complications than lithotripsy or ureterosco-
py. It involves inserting a needle through the 
skin into the renal collecting system and then 
dilating the tract to approximately 1 cm. In-
struments are then inserted through this tract 
to break up and remove stones. In contrast to 
laparoscopy, no insufflation is used; the per-
cutaneous tract provides direct access to the 
kidney for stone removal.
 Advantages, uses. Outcomes of percutane-
ous nephrolithotomy are uniformly favorable 
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most patients 
with stones 
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FIGURe 1

In upper-tract urolithiasis, less-invasive interventions have nearly replaced classic lithotomy 
surgery. The choice of intervention depends on the size, number, and location of the stone or 
stones, on the type of stone present, and on patient factors.

percutaneous nephrolithotomy
• Renal or ureteral stones 
  > 2 cm in diameter 
• Lower-pole renal stones 
  > 1 cm in diameter 
• Struvite (staghorn) 
  stones 
• Impacted proximal 
  ureteral stones 
• Ureteral stones 
  refractory 
  to ureteroscopy Extracorporeal shock-wave lithotripsy

• Renal stones smaller than 2 cm 
• All ureteral stones (except cystine stones, 
  radiolucent stones, stones not visualized 
  under fluoroscopy because of anatomic 
  limitations)

ureteroscopy
• All ureteral stones 
• Stones in the kidney or ureter in cases of: 
    Pregnancy 
    Bleeding diathesis 
    Lower-pole stones smaller than 1 cm 
    Hard stones (> 1,000 Hounsfield units), 
      ie, cystine, calcium oxalate monohydrate 
    Skin-to-stone distance > 10 cm 
    Body mass index > 30 kg/m2 
    Complex drainage anatomy 
    Stones refractory to lithotripsy
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across a wide spectrum of stone sizes, composi-
tions, and locations.
 Percutaneous nephrolithotomy is indi-
cated in patients who have renal or ureteral 
stones larger than 2 cm or lower-pole stones 
larger than 1 cm (FIGURe 1).24,25

 Staghorn stones, commonly associated 
with infection, lead to renal destruction with 
significant risk of morbidity and even death if 
left untreated.26 Because they must be com-
pletely removed, which is often difficult or im-
possible to do with ureteroscopy or lithotripsy, 
percutaneous nephrolithotomy is the first-line 
treatment.24

 Disadvantages. Percutaneous nephro-
lithot  omy is invasive and carries the associated 
risks of any major surgical procedure, including 
sepsis, perirenal hematoma or bleeding, and in-
advertent injury to adjacent organs, including 
the pleurae, lungs, bowel, or spleen.

ureteroscopy has improved
With improvements in design, stone treat-
ment with flexible and semirigid ureteroscopy 
have become major options for urinary calculi, 
even those as far up as the kidney (FIGURe 1).
 Advantages, uses. Ureteroscopy offers a low 
risk of complications (similar to that of litho-
tripsy), and stone-free rates approach those of 
percutaneous nephrolithotomy for small to 
moderate-sized renal stones.27,28 Outcomes are 
best for stones smaller than 1 cm, with residual 
fragments being seen with larger stones.
 New flexible ureteroscopes that deflect 
up to 270° allow stones in the lower pole to 
be treated successfully.29 In conjunction with 
laser lithotripsy, ureteroscopy can be used to 
successfully treat hard stones (density > 1,000 
Hounsfield units), stones in obese patients, 
and stones refractory to lithotripsy.
 Rates of complications and second pro-
cedures are low, and, compared with litho-
tripsy, ureteroscopy takes less time to clear 
the stone.30 Ureteroscopy can also be used to 
treat stones in kidneys with complex anatomy, 
in which poor clearance of fragments may be 
a problem.28 It may also be used in coagulo-
pathic, pregnant, or morbidly obese patients, 
in whom lithotripsy or percutaneous nephro-
lithotomy is less effective or contraindicated.
 Disadvantages. Of note, ureteroscopy is 
a surgical skill, and better outcomes are ob-

tained by surgeons with more experience.31

 Complications of ureteroscopy include 
ureteral stricture, perforation, thermal injury, 
avulsion, intussusception, infection, or stein-
strasse (obstruction with fragments of stones). 
In addition, after ureteroscopy, a temporary 
ureteral stent is often placed: the stent may 
cause discomfort and requires a minor adjunc-
tive procedure for removal.

FAcTORS ThAT AFFEcT   ■
ThE chOIcE OF TREATMENT

Size and location of the stone
The most important predictors of spontaneous 
passage of ureteral stones are size and location. 
In general, small stones are more likely to pass 
spontaneously than large ones, and distal 
stones are more likely to pass than stones more 
proximal in the urinary tract.
 Stones are typically classified as either 
ureteral (proximal, middle, or distal) or renal 
(pelvic or calyceal), depending on their loca-
tion.
 In the ureter. Most ureteral stones smaller 
than 5 mm in diameter pass spontaneously 
within 4 weeks of the onset of symptoms.25,32 

In patients who have stones smaller than 1 
cm, whose pain is controlled, and who show 
no evidence of sepsis or renal insufficiency, a 
period of observation is a reasonable option.11 
Medications such as tamsulosin (Flomax) and 
nifed ipine have been shown to reduce the 
need for analgesia and to reduce the time to 
stone passage.33,34

 Lithotripsy and ureteroscopy are the two 
primary interventions for ureteral calculi.
 Regardless of size, stones in the ureter can 
usually be removed by ureteroscopy. This may 
involve laser or pneumatic lithotripsy within 
the ureter or simple ureteroscopic basket re-
trieval of the intact stone. In situ lithotripsy 
is an option for proximal ureteral calculi and 
may be favored by patients who wish to avoid 
placement of a ureteral stent at the time of 
intervention. Percutaneous nephrolithotomy 
is reserved for large (> 2-cm) or impacted 
proximal ureteral stones, or for cases in which 
ureter oscopy has failed.35

 For stones in the proximal ureter, no differ-
ence has been shown in stone passage rates be-
tween lithotripsy and ureteroscopy. For proxi-

drug therapy  
is well 
established,  
but only for  
small stones  
in the lower  
(distal) ureter
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mal stones smaller than 1 cm, lithotripsy has 
a higher stone-free rate, and for stones larger 
than 1 cm, ureteroscopy has been shown to 
have superior stone-free rates.11

 For mid-ureteral and distal ureteral stones 
of all sizes, ureteroscopy has been shown to 
have superior stone-free rates, although the 
difference is statistically significant only for 
distal stones.11

 In the kidney. Large renal stones (> 2 cm) 
or staghorn calculi within the renal collect-
ing system are best treated with percutaneous 
nephrolithotomy, whereas renal stones smaller 
than 1 cm can usually be treated ureteroscopi-
cally or with lithotripsy.
 Stones within the renal collecting system 
measuring between 1 and 2 cm in diameter can 
be treated with ureteroscopy, lithotripsy, per-
cutaneous nephrolithotomy, or a combination, 
depending on the location and composition of 
the stone and the wishes of patient.

Stone composition
 Cystine stones and calcium oxalate 
stones are hard, with a density greater than 
1,000 Hounsfield units. Lithotripsy has a high 
failure rate with these types of stones.36

 Uric acid stones are softer and do not show 
up well on x-ray imaging. While it is techni-
cally feasible to perform lithotripsy under ul-
trasonographic guidance, most practitioners 
prefer to use fluoroscopy to locate the stone. 
For this reason, patients with radiolucent 
stones (ie, uric acid stones) are also not good 
candidates for lithotripsy.
 Struvite (staghorn) stones are by defini-

tion infected, with bacteria residing within 
the stone itself. Thus, it is imperative to re-
move all stone fragments during treatment to 
prevent sepsis and stone reformation. Over 
time, an untreated staghorn calculus will lead 
to failure of the renal unit.
 Although lithotripsy, ureteroscopy, and 
percutaneous nephrolithotomy can all be 
used to treat staghorn calculi, percutaneous 
nephrolithotomy has the best stone-free rate 
(78%), and lithotripsy has the lowest (54%).24 
Therefore, percutaneous nephrolithotomy is 
recommended as the first treatment for these 
stones, and if combination therapy is used, 
then percutaneous nephrolithotomy should 
be done last to ensure that the stone is com-
pletely removed.24 If lithotomy is to be used, 
drainage of the renal unit must be done in ad-
vance with either percutaneous nephrostomy 
or a ureteral stent, to ensure that all infected 
stone fragments will be flushed out.24

pREVENTING REcuRRENcES ■

Metabolic abnormalities that increase the risk 
of urolithiasis can be identified and treated 
in up to 95% of patients who form recurrent 
stones.37 Most of these patients require simple 
dietary modifications, and just 15% require 
pharmacotherapy. (For more on this topic, see 
the review by Dr. Phillip Hall in this issue of 
the Journal.38) As urolithiasis is common and 
often recurrent, the appropriate interventive 
management, combined with dietary prophy-
laxis, should minimize patient morbidity and 
preserve renal function.	 ■
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