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Abbreviations 

 

AI  Artificial Intelligence 
AUC  Area under curve  
ESWL  Extracorporeal Shock Wave Lithotripsy 
ESBL-CARBA Extended Spectrum Beta-Lactamase-Carbapenemer, 

genes causing bacterial resistance to these antibiotics 
Ch/CH  Charrièr =circumference in millimetres (3mm=3Ch)  
CROES Clinical Research Office of Endourological Society 

nomogram (see GSS/STONE) 
CT  Computer Tomography 
CT KUB Computed tomography of Kidneys, Ureters and 

Bladder  
CTU  CT urography 
EAU  European Association of Urology  
EHL  Electrohydraulic  
ER  Emergency room 
F/Fr/Fg French gauge=3 times the diameter of a circular 

catheter (almost the same as Ch)  
FTIR  Fourier transform infrared spectroscopy 
Gy Gray=absorption of one joule of radiation energy per 

kilogram of matter 
GP  General Practitioner  
GSS Guy’s Stone Scoring, describing stone complexity 

before PCNL surgery 
HM  Human Model  
HU  Hounsfield Units 
ICU  Intensive Care Unit 
In Inch=based on the metric system and defined as 

exactly 25.4 mm 
Indinavin  A HIV medication causing “X-ray invisible stones” 
IVP  Intravenous Pyelography 
IRS  Infrared Spectroscopy  
LASER/ laser  Light Amplification by the Stimulated Emission of 

Radiation  
L1  Lumbar nerve-segment, se Th. 
MAV  Mean attenuation value 
MET  Medical expulsive therapy 
mm Millimeter is a unit prefix in the metric system 

denoting a factor of one thousandth (10−3) 
MR/MRI  Magnetic Resonance Imaging 
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NO Nitric oxide, free radical and important signaling 
molecule 

NSAID  Non-steroidal anti-inflammatory drugs 
PCNL  Percutaneous Nephrolithotomy  
PFTE  Hydrophilic polymer, polytetrafluoroethylene 
Prostaglandin E2 Important molecule in the inflammatory response 
PKD  Polycystic kidney disease 
PUJ  Pelvi-Ureteric Junction 
RCT  Randomized controlled trial. 
RTA Renal Tubular Acidosis. Deficiency of excreting acid 

through the kidney. Alkaline urine. 
SSD  Skin-to-stone distance   
SVF  Standardized Care Procedures 
SVF-makrohematuri Investigation when patients present with 

makrohematurie includes urine cytology, cystoscopy 
and CT-IVP scan of the upper urinary tract. 

SFR Stone Free Rate, here and in most articles <4mm stone 
fragments. 

STONE Nephrolithometry scoring system, describing stone 
complexity before PCNL surgery 

Sv Sievert=a measure of the health effect of ionizing 
radiation on the human body 

Th Thoracic: in this context nerve-segment/dermatome. 
Numbers relates to vertebra where nerve leaves the 
medulla. 

URS  Ureteroscopy 
Xanthine stones Stones derived from a genetic deficiency of xanthine 

oxidase 
XRD  X-ray powder diffraction crystallography. 
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Introduction 

The excruciating pain of a kidney stone causing obstruction is something that has to 
be experienced to be fully understood. Early May, some years ago, I woke up at 
dawn, with a dull backpain and a need to void. In the bathroom, the pain became so 
intense that I collapsed on the floor. I managed to crawl back to my bed, moaning 
in pain. My wife woke up and pointed out to me that I probably had a kidney stone 
attack, asked me to moan in a quieter way or I would wake the children.  

For at least the past 5 000 years our civilisations have been trying to find a cure to 
address the suffering of stones in the urinary tract [1, 2]. Kidney stones are common 
globally[3]. The prevalence rate globally is 5.6% (0.26%-18.5%), and the incidence 
is 114-720/100 000 individuals. According to epidemiological data from seven 
Western countries, the incidence and prevalence of urolithiasis are increasing [4, 5]. 
Prevalence of urolithiasis in Western countries ranges from 8 to 19% in males and 
from 3 to 5% in females [6]. The age when stone disease peaks is between 40 and 
50 years. The percentage of stones accidentally found in the population 
(asymptomatic) is estimated to be around 3% [4]. 

In Sweden the male prevalence of urolithiasis was 10% and the incidence was 1-2% 
in the 1970s. The prevalence in females at the same time was 3% and the incidence 
was 0.5% [7]. The number of patient visits registered and diagnosed with kidney 
stones in Sweden has increased from 16,654 (2008) to 25,991 (2019): an increase 
of 56% [8]. There is still a gender difference but this is starting to equalize [9]. The 
recurrence of urolithiasis within 10 years has been reported to be 26% in first-time 
stone formers [10]. We can now treat stones within the urinary tract and minimise 
morbidity and mortality for patients with kidney stones. 
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Kidney stones 

The simple way to explain how kidney stones are created is described by pouring 
salt into a glass of water. Initially it forms a solution, but if you keep adding salt a 
saturation will occur and the salt will start to reappear at the bottom of the glass. To 
again reach a solution, just add more water. This is also a recommendation to all 
recurrent urinary stone patients: add more fluid to your daily intake and decrease 
the risk of stone formation. When described scientifically, stone formation has 
phases: first the formation of a nucleus, then the aggregation of materials and 
thereafter the “holding of its position” to enable more growth. All is affected by the 
levels of stone constituents appearing in urine, the amount of water excretion, the 
pH, promoters and finally inhibitors [3].  

To have an impact on recurrent stone formation we try to disrupt these processes. 
As urological surgeons we extract or crush the stones causing problems. 

Spontaneous crystallization is uncommon even when urine is a supersaturated fluid. 
In the creation of urine, supersaturation is a natural way for the kidney to work with 
the electrolytes or salts. This is normal in the loop of Henle (where urine is refined 
in the kidney) and may lead to calcium phosphate accumulating interstitially in the 
inner medulla. When or if these deposits become extensive enough to be visible 
macroscopically we call them Randall’s Plaques [11]. Urine is not generally 
supersaturated and the mechanisms preventing stone formation are stronger than the 
ones promoting it [12-15]. 

Stone structure is like most things in nature: simple, but in a complex way – a 
comparison with sand and cement forming concrete could be used. Stones contain 
a mixture of crystals/particles (sand) and binding agent/organic matrix (cement). 
The crystals being calcium, oxalate etc., the matrix containing proteins, lipids, 
polysaccharides, and other cell-derived material [16, 17]. 

Crystallization can be influenced by the presence of other crystals, cells, or foreign-
bodies [18]. When a stone is formed it starts with nucleation constituting crystals 
from the urine (calcium, phosphate, oxalate etc.). 

Aggregation of crystals and the organic matrix interacting with the kidney´s pelvis 
structures speeds up this process. However, the kidney function works against stone 
formation, as rapid washout of urine from the kidney and ureter normally prevents 
stones from forming by “flushing” everything clean. Crystal growth: If the crystals 
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are retained within the pelvis or collecting system, over time this can promote 
further growth and could lead to the formation of a clinically significant stone. An 
increased excretion of stone constituent molecules, an alteration in urine pH, 
reduced urine volume, remaining at the site of formation or a combination of these 
factors and, of course, time are needed for the stone to form [3, 19]. 

Stones can be classified in many different ways. A pragmatic way is based on how 
they are formed. 

Non-infectious stones: Calcium oxalate/phosphate and uric acid stones. 

Infectious stones: Magnesium ammonium phosphate, ammonium urate and 
carbonated apatite. 

Genetically caused stones: Defects in protein metabolism like cystine and xanthine 
stones. 

Drug induced stones: For example, Indinavir stones. 

A surgical way of classification is by referring to factors that influence the need for 
surgical action to treat the stone. The first thing to consider is if the stone will be a 
problem for the patient. The main factors being the stone-size, location and does it 
or could it cause obstruction? If the stone size is larger than around 6mm, something 
usually needs to be done about it. Smaller stones (≤5mm) can often be left without 
treatment because most will pass spontaneously [20]. Many other factors have an 
impact on what method to choose when removing the stone and this will be 
discussed later. 
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Stone composition 

The majority of stones are composed of calcium-oxalate/calcium-phosphate 
(≈80%), followed by uric acid (≈10%), infectious stones (≈9%, carbapatite/struvite) 
and other molecules (1%, cysteine being one of those) [21, 22]. Infectious stones 
are formed in the presence of urease-producing bacteria, sometimes growing 
quickly to large stones called “staghorn calculi” [23, 24]. There is a geographical 
difference in the probability of forming stones: 1-5% in Asia, 5-9% in Europe, 13% 
in North America and 20% in Saudi Arabia [25]. 

Etiology of nephrolithiasis is multifactorial and can be caused by several different 
underlying diseases and numerous genetic conditions (hypercalciuria, gout and 
cystinuria) [26], and environmental factors including global warming [4, 27].  

Weight, body mass index [28, 29] and diabetes mellitus [30] also increase the 
incidence of kidney stones; these last two are part of the metabolic syndrome 
affecting many populations at different levels of the healthcare system. Other 
diseases with increased risk of stone development are hyperparathyroidism, 
nephrocalcinosis, polycystic kidney disease (PKD), conditions with increased levels 
of vitamin D, sarcoidosis, spinal cord injury, and neurogenic bladder conditions. 
Gastrointestinal diseases (all intestinal bypass surgery, intestinal resection, Crohn’s 
disease, malabsorptive conditions (including enteric hyperoxaluria after urinary 
diversion)) and bariatric surgery are also risk factors. [20] 

Dietary risk factors are mainly associated with increased sodium and animal protein 
intake. Geographically, stone disease is more common in the developed western 
world and ethnically more common in white Caucasians than in Blacks [25]. The 
following text addresses some of the risk factors for stone disease. 

Analysis of stone composition 

A stone analysis should be performed in all patients and can be reconsidered in 
recurrent cases [20, 31]. To know what the stone contains is fundamental in medical 
stone prevention and treatment. It can also be of value in the choice of surgical 
treatment. Macroscopic or microscopic examination gives a rough perception of the 
stone’s composition. Calcium oxalate/phosphate stones are smaller, colors vary, but 
they are always hard. Uric acid stones are yellowish. Struvite stones are off-white 
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or brownish and “soft”. Cysteine stones sometimes vary in color from yellow to 
green. 

Infrared spectroscopy (IRS) or X-ray diffraction (XRD) or photomicroscopy are 
mostly used nowadays to determine stone composition. Chemical analysis (wet 
chemistry) is an alternative but is obsolete in Sweden. Other ways to determine stone 
constitutes are polarization, optical crystallography, MR spectrometry and 
chromatography [32].  

Calcium 

Hypercalciuria is present in 25–60% of stone formers [33]. The most common cause 
is idiopathic hypercalciuria. It is often familial and is strongly influenced by diet. 
Patients typically have excessive intestinal calcium absorption. They may also have 
a decrease in renal calcium reabsorption, and sometimes also a decreased in bone 
mineralization. This has a link to calcium metabolism and to an excessive number 
of receptors for vitamin D. There is evidence that chromosome 2 is involved, with 
genes increasing the intestinal absorption of calcium [34]. Unusual and rarely seen 
explanations are: primary hyperparathyroidism, granulomatous diseases, primarily 
sarcoidosis, Vitamin D intoxication, milk-alkali syndrome, and overuse of carbonic 
acid inhibitors.  

Phosphate 

Phosphaturia in subjects with stone disease is under investigation. The function still 
remains somewhat unclear. Hyperphosphaturia might be a predictor of recurrent 
stone disease. [35, 36]. 

Oxalate 

Hyperoxaluria is noted among patients with recurrent calcium stones. Most of the 
oxalate is produced by the body itself, and intake has little effect on its metabolism. 
But there is increased oxalate absorption in the gut from foods high in oxalate (nuts 
and chocolate etc.) or its precursors occurs as well. Intestinal disorders or bowel 
resection (including gastric bypass surgery and Crohn's disease) are common 
causes.[37-39]. 

Uric acid 

Stones made of uric acid exist in up to 20% of the stone cases. Excess uric acid in 
the urine can also promote the formation of both calcium oxalate and calcium 
phosphate stones. High protein intake can also increase the formation of calcium 
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stones (reducing the solubility of calcium oxalate) [40-42]. Clinically this is usually 
associated with low urine volume and low pH in the urine. One clinical condition 
associated with uric acid stones is cancer in patients treated with cytostatic drugs 
(cancer-cell death causing “purine overload”) [43]. 

Struvite/Infection stones 

Pure struvite or Mg NH4PO4.6H2O, is sometimes referred to as triple phosphate and 
contains no calcium. Struvite stones are formed when urinary bacteria (such as 
Proteus) produce ammonium ions as well as alkaline urine. Phosphate is present in 
its trivalent form, combining with three cations (normally ammonium, magnesium, 
and calcium). A common mixture is composed of pure struvite (Mg NH4PO4.6H2O) 
and calcium phosphate (Ca10 PO4 6.CO3) [3]. Women are more prone to struvite 
stones than men [44], because of an increased prevalence of urinary tract infection 
(UTI). 

Cystine 

These stones are a result from an excess of urinary cystine. This is caused by a 
genetic defect in reabsorption of cystine in the kidney. Cystine is relatively insoluble 
in aqueous solutions such as urine. Cystine excretion can therefore easily exceed the 
upper limit of its solubility, unless the urine is diluted deliberately to reduce the 
concentration. These patients need to drink lots of fluid. Sodium restriction can also 
significantly decrease urine cystine excretion. It is an uncommon autosomal 
recessive disorder [45]. Cystine stones are visible on plain radiographs, and well 
visible on CT-KUB. These patients are diagnosed at a young age in Sweden. 

Drug induced 

Some drugs cause kidney stone disease. The model drug, serving as an example, is 
the HIV medication Indinavir. It creates stones that are hard to detect, both on 
plain X-ray and on CT-KUB [46]. 

Glycoproteins 

The effects of the few proteins and glycosaminoglycans that pass through the kidney 
into the urine are complex. Some are found in the stone matrix, specifically, 
osteopontin/uropontin, Tamm-Horsfall protein, urinary prothrombin fragment 1 and 
some subunits of the serum inter-α-inhibitor. It is unclear whether they act as 
attachment sites—hence promoters—when expressed on the surface of cells or as 
inhibitors of stone formation[3].  



18 

What promotes stone formation? 

Hereditary aspects 

The genetic influence on stone formation in idiopathic stone formers is considerable 
and twin studies estimate a heritability of >45% for nephrolithiasis and >50% for 
hypercalciuria. The prevalence of monogenic kidney stone disorders, including 
renal tubular acidosis (RTA), primary hyperoxaluria and cystinuria, is 
approximately 15% [47]. The effect of race on stone disease is very difficult to 
answer due to confounders, but prevalence and incidence rates are highest for 
whites, followed by Hispanics, Blacks, and Asians [4]. Hereditary diseases 
associated with stone disease are cystinuria (type A, B and AB), primary 
hyperoxaluria (PH), renal tubular acidosis (RTA) type I, 2,8-Dihydroxyadeninuria, 
xanthinuria, Lesch-Nyhan syndrome, and cystic fibrosis.  

Food 

When discussing food intake as a risk factor or cause of stones it is usually due to 
“excessive intake”, i.e. not normal consumption. 

Proteins can lead to hypercalciuria, hyperuricosuria and hypocitraturia 
(recommendation 0.8-1g/kg/day, a limited intake, and not what would satisfy those 
trying to develop their muscles, such as bodybuilders). 

Salt is often enjoyed in food but can increase the calcium excretion in urine and at 
the same time reduce urinary citrate levels (recommendation 3-5g/day). 

The intake of oxalate, which is found in spinach, rhubarb, nuts, and chocolate etc., 
is low in the Nordic countries but more common in the Mediterranean region. People 
with the rare condition of enteric hyperoxaluria should be counselled by a dietician 
to keep their intake at a minimum. 

As always, the best foods to consume are vegetables, fruit, full grain bread, less fat 
and - if using fats these should be of vegetable origin [48]. Unfortunately. few live 
up to these standards. 

High C-vitamin intake seems to increase the risk of stone disease in men but not in 
women [49]. 

Low urine volume 

Whatever the type of stone, low urine volume is often one of the problems. Patients 
with stones have a lower 24-h urine volume than average [50]. Low urine volume 
is very frequent in stone formers, i.e. it occurs in up to 77% of people with kidney 
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stones [51, 52]. With urine volumes of less than 2 liters/day, the supersaturation of 
urine (calcium and oxalate) increases and sometimes in an exponential manner [53].  

Low urine pH 

Low pH can be a problem - it may lead to both uric acid and calcium oxalate stones 
[26].  

Low pH has little practical effect on cystine stones, as the solubility of this substance 
remains minimal at most urinary pH values. But cystinuria leads to having a lifelong 
kidney stones, and treatments include increasing the pH value (pH > 7.5) [54]. 

Other conditions with acidic urine are medullary sponge kidney, 
hyperparathyroidism, carbonic anhydrase deficiency or use of carbonic anhydrase 
inhibitors, and in hereditary and acquired forms of renal tubular acidosis [55, 56]. 

Hypocitraturia 

This condition occurs in 30–40% of stone formers, but with great variation.  

RTA (renal tubular acidosis) and chronic diarrhea syndromes are rare but known 
causes of hypocitraturia. Dietary intake affecting citrate level in the urine is more 
common. Fruit content in the diet seems to matter, with more fruit being a good 
thing.  

Hypocitraturia as an isolated abnormality is not common among stone formers but 
seen together with other defects such as hypercalciuria and hyperoxaluria. 
Hypocitraturia may also be related to high protein diets [57-59]. 

What limits stone formation? 

Urine volume 

The recommendation is to drink more than before and drink a lot!  

Fluid intake should be as evenly distributed over all 24 hours as possible. A rough 
rule is to drink more than 2.5l/24h. This should result in urine levels exceeding 2 
liters/24 h. A simple rule to all, is to take an extra glass of water at each break or 
meal. The difficult part is obviously drinking in the night. Water is usually the best 
fluid to drink. If juice is preferred, lime juice is best (as it increases citrate in the 
urine). Orange juice does the same, but it also increases the level of oxalate in the 
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urine which is unfavorable. Apple juice, unfortunately, only increases oxalate 
levels. 

Coca-Cola is a bad choice as phosphoric acid reduces citrate levels in the urine. 

Whether beer/alcohol is god or bad is unclear. Increased fluid intake is a good thing, 
however alcohol induces dehydration and affects ADH (Antidiuretic Hormone) 
which are unfavorable. Beer/alcohol also contains purines increasing urate levels in 
urine. 

Medication and other substances/molecules 

Hydrochloro-thiazide: A diuretic drug medication used for increasing urine volume. 
A normal dose is 25 mg twice a day. With this drug there is often a need for extra 
potassium administration as well. 

Allopurinol: Inhibition of xanthine oxidase lowering the levels of uric acid in blood 
and urine. Normal dosage is 100 to 300 mg daily. 

Alkaline citrate: Potassium citrate should be preferred over sodium citrate. Sodium 
increases urinary calcium excretion, thereby limiting the beneficial effect of the 
urine citrate. Citrate can work as an inhibitor of stone formation. The main effect 
being that it binds to calcium molecules in urine preventing calcium from binding 
to oxalate or phosphate [60-63]. Alkaline citrates also increase urine pH which in 
many cases is beneficial. Normal dosage is 9-12 g per day. 

Sodium bicarbonate: Alkalinization of urine. Used most for uric acid stones and 
cystine stones[64]. Dosage is normally 1.5 g three times a day. 

Calcium: Taken orally tablet form, calcium reduces the uptake of oxalate in enteric 
oxaluria. These patients normally have calcium oxalate stones [53]. In cases of 
hyperoxaluria (excretion of >0.5 mmol/day and no excess calcium excretion) 500 
mg per day at meals can be used. 

Magnesium: Inhibits growth and aggregation of calcium phosphate stones. 
However, magnesium supplementation for stone prevention in humans has had 
disappointing results [65]. In cases of hypomagnesiuria, 200-400 mg daily is 
recommended. 

Pyrophosphate: A naturally occurring substance in urine, pyrophosphate has been 
shown to inhibit both calcium oxalate and calcium phosphate crystallization [66-
68]. 

L-Methionin: Makes the urine more acidic and has an effect on infectious stones 
[69]. If urine pH is constantly >6.2, medication with 200-500 mg three times daily 
can be used and the infection of course should be treated with antibiotics. 
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Pyridoxine (vitamin B6): Reduces hyperoxaluria, and is used for calcium oxalate 
stones [70]. High dosage ≈40 mg per day seems to reduce stone formation in women 
[71]. 

Tiopronin: Makes cystine more soluble in the urine. Used for cystinuria patients. 
When starting on 250 mg/day increase this by 1-2 g/day [72]. 

Coffee: Caffeine increases urinary excretion of calcium, sodium and magnesium. It 
also has a diuretic action if consumption exceeds 300-360 mg (4 cups of coffee/day). 
Coffee might have potential protective effects against the formation of urinary 
stones [73]. 

Tea: Exerts many protective effects against stone formation, through the 
accompanying water intake, the action of caffeine and the effects of components 
with antioxidant properties [74]. 

Phytate: Forms during maturation of plant seeds and grains and is a common 
constituent of plant-derived foods. The action of phytate as an inhibitor takes place 
both in the intrapapillary tissue and in urine [6, 75]. 

Osteopontin/uropontin: Inhibits spontaneous nucleation as well as growth as shown 
under experimental conditions[14]. Tamm-Horsfall protein, or uromodulin, is a 
kidney-specific protein. It is made by cells of the thick ascending limbs of the Henle 
loop. It coats the luminal side of the epithelium and is the most abundant of the 
urinary proteins under normal circumstances. Its excretion rate is approximately 100 
mg/day. [76]. It has not been demonstrated to affect nucleation or growth of most 
stones, but it has a powerful effect of inhibiting crystal formation. Urinary 
prothrombin fragment 1- Is produced by thrombin cleavage of the serum protein. It 
is an effective inhibitor of both calcium oxalate crystal growth and aggregation [77]. 

Lifestyle factors relating to stone formation 

Both coffee and tea (especially green tea) seems to have a protective effect against 
urinary stones [73, 74]. Physical activity studies are inconclusive. Activity could 
reduce the risk of stone disease due to its effect on calcium metabolism and bone 
mineralization. Activities for longer periods of time causing dehydration, like when 
running a marathon, might however increase the risk of stone formation [78-81]. 
Alcohol: some effects are positive and some negative; and it seems to have no 
overall effect on the risk of kidney stone disease [78, 82]. Whether smoking is a risk 
factor for stones is also unclear and studies again are inconclusive [78]. It seems like 
sexual activity increases the stone free rate after ESWL but whether it affects the 
risk of stone disease remains to be investigated [83]. Probiotics containing 
oxalobacter formigens seem to reduce the risk of stone disease [84].The metabolic 
syndrome (including obesity, hypertension, high triglyceride levels, and diabetes) 
has proven to be a risk factor for urological stone disease [85]. As the increased risks 
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of stone disease seems most strongly associated with the metabolic syndrome, one 
could argue that an increase in physical activity and a reduction of alcohol and 
smoking would be beneficial at a population level. High ambient temperature has 
an effect and increases the risk of stones. Exposure to high doses of lead or cadmium 
also increase the risk of kidney stone disease [20]. Reducing salt and animal protein 
in the food and increasing vegetables and fruit in the diet are beneficial for many 
reasons including reducing the risk of stone disease [48, 84, 86, 87]. 
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Natural passage of the stone 

The natural passage of the stone through the urinary system is a subject of utmost 
importance in this field, but studies reflecting these data are scarce. The total amount 
of kidney stones that passes naturally is impossible to calculate, so estimations made 
from statistical analysis of smaller groups are usually made. The total figure for 
spontaneous stone passage is likely to be between 64% and 80% [88, 89]. The 
location of the stone matters for the probability of stone passage. Distal/lower stones 
clear at a higher rate than the proximal/upper stones. The ESWL study in this thesis 
also show this fact. The overall stone disease progression for asymptomatically 
found kidney stones, defined by the development of stone-related symptoms or 
stone growth, occurs in up to 80% of cases. Spontaneous stone passage occurs in 
15% (more likely in stones <5 mm). The risk of surgical intervention for initially 
asymptomatic renal stones is approximately 10% to 20% at 3 to 4 years after 
discovery [3]. Below in the table is an estimate of stone passage probability [88]. 
Table 1. Stone passage rate at 4 weeks and 20 weeks, depending on stone width, measured in a standardized bone 
window (n=numbers and %). 

Stone size in 
mm 
(n/%) 

Total after 
4 w  

Total after 20 
w  

Lower 
stones 4 w  

Lower stones 
20 w  

Upper 
stones 4 
w  

Upper 
stones 20 
w  

<2.4( n=84/21%) 98% 98% 98% 97% 100% 100% 

2.5-3.4 
(n=121/31%) 

92% 98% 93% 99% 87% 96% 

3.5-4.4 
(n=83/21%) 

71% 81% 74% 83% 67% 78% 

4.5-5.4 
(n=48/12%) 

47% 65% 68% 89% 9% 30% 

5.5-6.4  
(n=33/8%) 

21% 33% 38% 57% 0% 16% 

>6.5  
(n=23/6%) 

29% 9% 67% 33% 0% 0% 

All stones 
(n=392) 

76% 80% 84% 91% 52% 53% 
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Anatomy and some physiology 

The kidney is situated just below the diaphragm which is really high in the 
abdominal cavity [3]. It is protected by the ribs, the thoracic cavity and the 
back/spine muscles. Looking at the kidney from the front of the body, everything is 
“in front” of it [90]. This constitutes a problem when performing transabdominal 
surgery on this organ. Surgeons need to move almost everything, gut, colon, etc. to 
get to it. It has a “cap”, the adrenal gland, which is important endocrinologically, 
producing cortisol, adrenalin etc. As it is one of the waste gauges, excreting urine, 
the kidney has a direct connection to the aorta and cava vessels and has an enormous 
throughput of blood. The cleaning process, filtrating blood through the kidney, is 
driven by pressure. There needs to be a pressure difference and this difference, the 
filtration pressure (normally around 20 mm/Hg), is what makes the process possible. 
It is affected by blood pressure and also by the pressure on the other side: the “urine 
pressure”. A deeper understanding of this pressure difference might be available. 
Blood pressure has two phases: the systolic phase, around 140 mmHg, and the 
diastolic phase, around 80 mmHg. The capillary pressure in the kidney is around 60 
mmHg and this is the arterial pressure entering the Bowman capsule. Plasma (blood 
fluid without the cells) has an oncotic “counter pressure” of around 25 mmHg and 
the other fluid “counter pressure” of the Bowman capsule is around 15 mmHg. This 
leaves us with a filtration pressure of around 20 mmHg [90]. Blood is pressed 
through the glomeruli (working like the crude separator driven by the difference in 
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pressure) filtrating about 180 liters of primary urine every day. The complex nature 
of the kidney parenchyma, including the “loop of Henle” concentrating and 
reabsorbing water and salts and then producing about 1.5 liters of urine a day, is one 
of nature’s chemical miracles. The volume corresponds somewhat to the weight of 
a person. When discussing patients in the ICU (Intensive Care Unit), a rough 
estimate of well hydrated people is indicated by urine production that corresponds 
in ml/h to their weight in kg (70 kg person producing 70 ml/h urine). The 
concentrated urine, leaving the loop of Henle, drops down through the papillae 
formed like inverted pyramids, into the renal calyces. Pressure in the renal pelvis is 
low, between 2 and 6 mmHg. The urine is drained quite rapidly down to the renal 
pelvis, and thereafter rhythmically pressed down into the proximal ureter. This 
process should not take too long in order to minimize the risk of stone formation as 
described earlier.  

 

The first obstacle, or the place where some stones get stuck: the PUJ (Pelvi- Ureteric 
Junction). This is also a critical point where anomalies may arise. It is likely that 
some of these obstructions has developed prenatally. Changes in the ureter wall at 
PUJ can be seen. Sometimes the ureter is connected higher up in the pelvis, making 
draining suboptimal, as described by the Swede Karl Östling in his thesis in 1942 
(sometimes referred to as “Östling kidney” or “Östling phenomenon”). Östling´s 
findings are not commonly referred to outside of Sweden and most consider this 
phenomenon to be a secondary effect of the expanding renal pelvis and gravity. 
Swedish urologists still use his name to describe this phenomenon and it needs to 
be addressed. 
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Another common cause of obstruction is a crossing/overriding vessel, usually an 
artery to the lower pole of the kidney, “nicking” the ureter.  

The ureter works much like the gut, squeezing the urine (through peristaltic 
movement) aided by gravity down towards the bladder. The contraction wave of the 
propulsion starts in some cells in the upper calices, triggered by an increase in 
pressure within the renal pelvis. The depolarization wave propagates from one cell 
to another (as it does also in the heart and the sinoatrial node). It has a frequency of 
around 10/minute, emptying the system every 6-10 seconds with a small urine bolus 
(≈0.1ml) arriving in the bladder [90]. 

The next tight passage is when the ureter, sliding down behind all other organs in 
the retroperitoneal space, is pushed forward by the need to pass in front of the 
vessels providing and draining blood to and from the leg. Stones are easily stuck 
here and it is always a challenge to treat stones in this area endoluminally with an 
ureteroscope. Another surgical aspect of this “crossing” is that if surgeons have 
difficulty in finding the ureter during surgery, this is where to start looking.  

The final tight passage is when the ureter is passing through the bladder wall. This 
passage is ingenious and works as a reflux mechanism (passing the wall 
tangentially, the bladder wall-tension prevents urine reflux) but unfortunately stones 
get stuck here as well. Another important fact about the ureter is that its wall is really 
thin proximally and “thicker” and more muscular distally, meaning that the risk of 
perforation increases proximally when performing endoscopy. Patients with 
calyceal diverticulum or cysts have increased risk of forming stones in the cyst. 
Urine is retained and crystallization occurs more easily. Ureteral stricture, vesico-
uretero- reflux, horseshoe kidney and ureterocele are also more prone to stone 
formation probably due to the same reason, as urine excretion is prolonged [3]. 
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Important development making stone 
surgery possible 

When performing surgery, anesthesia is needed. Ether anesthesia was first described 
by Crawford Long in 1942. The discovery of “nitrous oxide” in 1945 was made by 
Horace Wells. Both of these discoveries are fundamental to the development of 
surgery. 

The possibility of treating post-surgical infections comes with the discovery of 
“Penicillin” by Alexander Fleming in 1928 and the “Sulfa drug” in 1935 by Gerhard 
Domagk. Surgery leapt forward through handling postoperative infections. In 
Sweden one of the first “stone cases” we can read about is in the year 1889. The 
famous Swedish surgeon John Berg, through a vesicovaginal incision, extracted a 
distal ureteric stone. The patient survived and recovered without complications (like 
a fistula or infection), which to a modern surgeon seems like “pure luck”[91]. 

In the beginning of the 1900s, X-ray was introduced leading to the visualization of 
obstructing stones. The surgical approach at that time was normally a lumbar 
incision, taking an extraperitoneal approach to mobilizing the kidney and with the 
hand “feeling” the position of the stone, thereafter surgically removing it. It was big 
surgery with large incisions which was done at great risk to patients (first and 
foremost due to the risk of postoperative infections). The patient was usually 
admitted for several weeks, and in some cases months. The use of X-ray increased 
dramatically as a diagnostic tool and somewhat reduced the extent of surgical 
exploration.  

In the 1920s Intravenous pyelography (IVP) was introduced. Knowing where the 
stone was situated using IVP, a German surgeon developed a “stone basket”. His 
name was Ludwig Zeiss, and the method was named “zeissning” in Sweden. This 
method, which used a small steel basket which was introduced up through the ureter 
“catching” the stone and extracting it by pulling it down into the bladder, had its 
shortcomings. It is often the case (if not always) that the stone is stuck for a reason 
(e.g. the stone is too big or the ureter too narrow), and when pulling to extract the 
stone, there is an immanent risk of ripping the ureter. With the basket and stone 
method, the distal ripped ureter in such cases resulted in large reconstructive surgery 
and great suffering for the patient.  
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The need to see what was actually going on became more and more pressing. Soon 
the development of the “ureteroscope” began. There is obviously no straight line 
from the urethral orifice to the kidney pelvis. The challenges of having a partly 
flexible instrument, producing light at the sight of the stone and presenting a correct 
view, were not easy to overcome. It was not until 1980 that the ureteroscope became 
a clinically useful instrument which was widely applied [3].  

Stone surgery in the kidney pelvis was an open procedure until the 1970s when 
Fernström introduced minimal invasive percutaneous nephrolithotomy (PCNL) in 
1976 [92]. In the 1980s extracorporeal shockwave lithotripsy (ESWL) was 
developed; this technique which crushes the stone within the body revolutionized 
stone treatment. When in 1985 electrohydraulic lithotripsy was introduced it 
commercialized the invention and made it useable for larger groups of patients. In 
the 1990s, more precisely 1993, the Holmium laser arrived: finally, a laser that could 
treat “all stones” was available 
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Radiologic evaluation/imaging 

Non-contrast-enhanced computed tomography (NCCT) has become the standard for 
diagnosing acute flank pain and has replaced intravenous urography (IVU) [93]. The 
method has been refined with low dosage protocols and is usually referred to as 
computer tomography-kidney, ureter, bladder (CT-KUB). Review studies have 
shown that low-dose CT diagnosed urolithiasis with a sensitivity of 93.1% (95% CI: 
91.5-94.4) and a specificity of 96.6% (95% CI: 95.1-97.7%), and if stones are 
>3mm, detects all stones [94, 95]. Ultrasound is used for children and pregnant 
women. Ultrasound is limited by a strongly reduced sensitivity (sensitivity of 45% 
and specificity of 94% for ureteral stones and a sensitivity of 45% and specificity of 
88% for renal stones) [96]. Magnetic resonance imaging (MRI) is also an option for 
these two groups. NCCT presents the stone size in all dimensions, its density 
(measured in Hounsfield Units/HU sometimes also referred to as mean attenuation 
value/MAV), the skin-to-stone distance and surrounding anatomy. Cases in which 
size >10-11 mm, MAV values >900-1000 HU and SSD >9-10 cm seem to correlate 
with less successful treatment/SFR after ESWL [97-103]. The modern CT protocol 
is standardized in Sweden using 120 kV and 3/1.5 mm (slice thickness and interval) 
[104]. Measurements on stone size can be done in different “window settings” on 
the computer. The most correct way might be adjusting the “window level” to half 
of the measured stone density. “Soft tissue settings” will overestimate the size of 
the stone by ≈1mm (blooming effect), using the “skeletal window” will lead to an 
underestimation of the stone size by the same (≈1mm). When measuring density 
(HU/MAV) and using the “region of interest” (ROI), measurement should include 
2/3 of the stone to avoid partial volume effects. HU values below 570 HU (or if a 
larger stone than 5 mm 750 HU) indicate uric acid stones, but infectious stones and 
cystine stones can also have values in this range. Dual-energy CT can be used to 
give us more information on stone composition, by identifies uric acid stones with 
good precision [105]. SSD is normally calculated from the skin at 0° (back side), 
45° and 90° using radiographic calipers [106, 107]. The straightest way from the 
skin to stone, and the way ESWL is practically performed, is from the back avoiding 
the transversal extensions from the vertebra straight to the stone. We explored this 
way to measure SSD in paper IV. Many would argue that it is of great importance 
to get the information available from NCCT as soon as possible to guide the doctor 
in making the right treatment decisions. If stones are absent, the cause of the acute 
abdominal pain might be identified from NCCT, avoiding dangerous differential 
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diagnoses. Immediate imaging for stone disease is mandatory with fever or solitary 
kidney, and when diagnosis is doubtful [20].  

Adding an intravenous contrast medium, CT urography (CTU), can provide 
additional information about renal function, the anatomy of the collecting system, 
and the level of an obstruction, and allows for rapid 3D reconstruction. This 
facilitates the planning of more complex stone surgery (used both in the workup of 
many URS and most PCNL cases) resulting in easier access and shorter operating 
times [93, 108]. A final comment on this topic is that obesity is a challenge for all 
investigative methods. 
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Symptoms 

The pain is intense in a way that is difficult to describe for those who have not 
themselves experienced it. It can case vegetative symptoms, nausea and vomiting. 
The pain is often intermittent, i.e. “it comes and goes”; however, it may be more 
correct to describe intense and less intense periods, as some level of pain is often 
present. What causes the pain is an increased pressure in the renal pelvis (caused by 
obstruction of the urinary flow, usually in the ureter). An ultrasound of the kidney 
showing hydronephrosis can be expected if the patient is in pain. The pressure 
fluctuates somewhat due to the rhythmic squeezing of the system but also due to 
how much fluid actually passes the stone. The pain is described as “flank pain” 
following the level of visceral pain (the deep indescribable sensation from the inner 
organs) that is projected in the corresponding peripheral nervous dermatome (Th 
11-L1). On the effected side, the pain extends from the spine over the lower ribcage 
and then radiates anteriorly and downwards. Distal stones sometimes get mistaken 
for appendicitis or ovarian torsion etc. and pain can radiate down and be projected 
in the genitals or thighs. Stones lying in the kidney pelvis rarely cause any pain but 
may do so if they are obstructing a calyx or calyceal group. These free stones in the 
renal pelvis are however often highly mobile, and when bigger than 6 mm they are 
considered to be a risk for later causing obstruction on their way out. Calcifications 
in the parenchyma of the kidney is usually not associated with pain. Calcifications 
in the parenchyma can be associated with other kidney diseases or seen as a rest of 
a healed condition such as bleeding or infection. Microscopic hematuria is quite 
commonly seen in stone disease, and macroscopic hematuria is more rare [109-111]. 
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Basic laboratory analysis  

The following discussion will address the basic laboratory evaluation of the stone 
patient, leaving out the more thorough medical investigation and urine analysis 
sometimes needed in stone patients. A urine sample with a “dip-stick” is performed 
on most patients including red cells, white cells, nitrites and sometimes an 
approximation of urine pH-value. Microscopic hematuria strengthens the suspicion 
of stones [3]. White cells and nitrites indicate infection/inflammation. Most would 
also recommend a urine culture as bacteria could be one of the causes of stone 
disease and are treatable with antibiotics. The recommendation is to take a 
blood/serum sample including creatinine, uric acid, (ionized) calcium, sodium, 
potassium, blood cell count and C-reactive protein. Creatinine as an acute test is of 
limited use as it is elevated in almost all stone cases [20]. Increased levels of uric 
acid which indicate gout and increased levels of (ionized) calcium 
hyperparathyroidism are possible causes of stones. Sodium, potassium and blood 
cell count are routinely taken but their value is questioned if no surgery is planned. 
C-reactive protein is important, giving information on serious infection and usually 
affecting decisions regarding admittance and intervention. There is strong evidence 
that a stone analysis should be made if possible (see stone analysis). If surgery is 
planned a coagulation test should be performed (partial thromboplastin time and 
international normalized ratio). Comorbidities must be taken into consideration and 
testing in such cases be expanded. Pregnant women and children also require special 
consideration [20]. 
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Treatment 

Pain 

Pain requires immediate treatment in the acute phase of a stone attack. In most 
patients renal colic is caused by ureteral stones. Extrinsic obstructions, such as 
junction pathologies and malformation, account for 10-15% [112]. 

Pain is caused by a pressure increase in the renal pelvis. This stresses the cells and 
triggers the release of prostaglandin E2 (PE2) and NO (Nitric oxide). Unfortunately, 
this leads to an increase in the blood flow of the kidney, increasing urine production 
and causing the pressure to rise even more. The effect of PE2 and NO will normally 
come to an end after ≈5 hours when the Renin-Angiotensin system will cause a 
vasoconstriction and reduce blood flow and urine production [3]. The optimal drug 
eliminates pain, preserves renal function and eliminates the obstruction. Metamizole 
is a drug not registered for humans in Sweden but used in Europe and in Sweden on 
animals. It blocks prostaglandin synthesis in the same way as non-steroidal anti-
inflammatory drugs (NSAIDs) but also has a spasmolytic effect on smooth muscle. 
NSAIDs work by inhibiting prostaglandin synthesis, can be effective as a painkiller, 
and have an anti-inflammatory effect which reduces the swelling around the stone 
(enabling the urine to pass around the stone). NSAIDs also reduce blood flow to the 
kidney and thereby the glomerular filtration leading to a reduction in urine volume, 
thereby lowering intrarenal pressure. This last effect on the renal blood flow is 
potentially dangerous. It can cause ischemia and damage the kidney, and caution 
must be taken to avoid overdosing [113].  
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Opioid analgesics affect opioid receptors in all nerves including the brain. These 
work only as painkillers but are very effective and with trained personnel the risk of 
overdosing is minimal. However, the risk of patients developing a drug dependency 
(opioids induce euphoria) over time establishes a limitation for the use of drugs in 
this group. Alfentanil is an opioid with potent effect and short duration and is widely 
used in treatment situations (see ESWL). 

Antidiuretic hormone (ADH) makes the urine extremely concentrated, keeping urine 
production at a very low level. Here there is the risk of fluid retention in the body. 
This can induce congestive heart failure and there is a risk of electrolytic changes 
that limit the use of this drug to a minimum (it can be more safely used in younger 
patients) [112].  

In summary, NSAIDs, preferably diclofenac, are the drugs of choice for this 
condition with the following exceptions [113]. Opiates are the first-choice therapy 
during pregnancy (since they have no teratogenic potential and do not affect the 
blood supply to the fetus). Paracetamol (N-acetyl-p-aminophenol) is sometimes 
considered first treatment for pediatric use. It has none of the adverse side effects 
that are associated with NSAIDs or opioids. Alfa blockers (Tamsulosin) have been 
included among the drugs that are used for stone expulsion. The reason is that there 
is a high concentration of alpha-1D adrenergic receptors in the terminal ureter. 
Inhibition of the alpha-1D receptor might relax smooth muscle in the intramural 
ureteral tract, making it easier for both the stone and urine to pass [114].  

Treatment indication 

Apart from treating the intense pain, which is a very high priority for the patient, it 
is vital to realize that the high intra renal pressure caused by the obstruction actually 
damages the kidney and its function. This is what the pain signals.  

NSAID inhibits 
activity
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The following section will clarify some physiological facts regarding urine 
production. As mentioned above, urine is produced due to a pressure difference of 
around 20mmHg called filtration pressure. Urine production can be affected by 
prerenal, renal and postrenal factors. Prerenal cause: if blood pressure is reduced 
less urine is produced. The simple way to explain this is by using the parallel of a 
major bleeding. Under such circumstances it is rational for the body to try to “save” 
all the rest of the fluids, and no or very little urine will be produced. Renal cause: 
the kidney itself is affected by a malaise (infection etc.,). Postrenal cause: an 
obstructing stone, and also urinary retention, causing the counter pressure to rise 
(less filtration/urine produced) [3]. 

Oliguria (sparse production) is the term when less than 400-500ml urine/24 h is 
produced. Anuria applies to less than 100-200ml/24h in the adult.  

As humans normally have two kidneys and stones usually only affect one side at a 
time, the obstruction from a stone is “compensated” by production from the other 
kidney and the urine volume is only slightly affected. But high pressure slowly 
damages the affected kidney. If urinary flow has been totally obstructed for one 
week, ones the obstruction is removed the kidney will recover fully. After 2 weeks 
only 70% of function will remain, after 4 weeks 30% and after 6 weeks the kidney 
will be irreversibly damaged and left without practical function [115]. In real life 
the obstruction is rarely absolute and the time to severe damage is longer.  

The old study on dogs from 1956 was the origin of defining follow up 
recommendations and guidelines (usually a follow up X-ray is recommended within 
3-4 weeks) but it also point out that delaying treatment in some cases causes 
irreversible kidney damage. 

The body also uses the flow of urine as protection against the invasion of bacteria, 
by continually “flushing“ bacteria out; therefore, an obstruction to urinary flow may 
increase the risk of infection. An important fact that also needs to be considered 
when discussing treatment of these patients is that the combination of an obstruction 
and a bacterial infection above the stone is a life-threatening condition. It demands 
immediate action in order to avoid sepsis and death of the patient. See section on 
infection [116, 117]. Kidney stones with infection eventually always cause a 
problem for the patient and these stones need treatment. Patients with a solitary 
kidney need special consideration. Having one kidney itself does not particularly 
increase the risk of stone formation, but prevention of stone and recurrence is of 
more importance. Early onset of urolithiasis, especially in children and teenagers 
with a long life ahead and a stronger association to hereditary or familial stone 
formation, often requires multidisciplinary caretaking. 
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What affects the choice of treatment?  

Treatment and the choice of method is always a discussion between the doctor and 
the patient. Doctors have to consider all aspects of the obstructing stone and the 
patient’s abilities/disabilities. The size of the stone: if smaller than around 6mm in 
diameter, doctors should definitely give the stone (and the patient) the chance of 
passing the stone by natural means. If the stone is much bigger, i.e. “enormous”, 
and/or if the kidney function is very low, nephrectomy might still in modern days 
be the best option. Everything in between >6mm and “enormous with impaired 
function” can be regarded as a treatment indicator needing further consideration [3]. 
The treatment recommendations referred to below is in line with the EAU 
Guidelines [20]. 

Location: If larger than 6 mm and situated in the renal pelvis or high in the ureter, 
most people – especially patients – tend to choose and prefer ESWL as the first 
treatment choice.  

When treating stones with ESWL all the fragments “remain in the body” and need 
to be passed the natural way. Stones bigger than 1 cm create a lot of smaller 
fragments. If they are many and the patient is “unlucky” the risk of complications 
(as that of “Steinstrasse” ) increases. This could be overcome by the placement of a 
double-J catheter or nephrostomy (draining the urine regardless of the stone). Both 
have their drawbacks and cause discomfort for patients. If the stone is really large, 
above 1.5 cm (it rarely happens outside of the renal pelvis), PCNL is the best and 
quickest method of getting rid of the stone.  

URS is not at all uncomplicated and the method has a medium risk of complications 
as described below under surgery (some are very troublesome, such as  strictures). 
The ureter wall is thicker in its distal parts, reducing the risk of penetration/serious 
damage, and the distal ureter is usually quite easily accessible. This is why URS is 
considered as the first treatment option for most distal stones larger than 6mm. 

Type of stone: Doctors rarely initially know what type of stone they are treating. 
With recidivating stone formers, you may have a qualified guess regarding stone 
type. Methods are developing that make knowing “ahead” possible, like the dual-
energy CT scans which now, with good accuracy, can identify ureteric acid stones. 
In Sweden most patients with cystinuria are diagnosed in their youth and this will 
be known to both the nephrologist and the urologist. The type of stone can have an 
effect on the choice of treatment, but still any treatment can be used. Nowadays 
most clinics have a Holmium laser which means “any” stone is treatable; this was 
not the case with some of the older laser types. 

Other treatment indications/aspects: This is more complex and should be carefully 
evaluated before treatment. Pain occurs in rare cases when the stone is in the renal 
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pelvis. It happens when the stone intermittently obstructs a calyceal neck or 
sometimes by the same action in a cyst.  

Intermittent bleeding may be due to intercurrent bleeding disorders or be associated 
with antithrombotic treatment but can also be caused by stones or cancer. 
Macroscopic bleeding in the urine should always be promptly investigated and 
cancer excluded. Bleeding caused by a stone can be a treatment indication if it leads 
to anemia or reduced quality of life. Recurrent infections may also be a treatment 
indication, where the source of infection is believed to be the stone; this usually 
requires a selective culture from the upper urethral system on the effected side. 
Intercurrent morbidity and other illnesses, anatomical considerations and anomalies 
must be considered and evaluated. Not treating asymptomatic stones, usually lower 
calyceal stones in the renal pelvis, is acceptable. The decision not to treat and to 
evaluate stone growth using CT-KUB after six months and thereafter yearly 
depending on age and patient preferences can be recommended for asymptomatic, 
and normally smaller stones.  

But still, the most important factor when deciding the right treatment is a well and 
adequately informed patient who is reflecting and participating in the choice of stone 
treatment and which modality to use.  

Medical expulsive therapy (MET) 

Medical treatment, facilitating the stone to pass, needs also to be shortly addressed. 

All MET treatments are based on increasing the urine volume to “flush” the stone 
out and relax (dilate) the ureter with medication which facilitates natural passing of 
the stone [20].  

MET is an alternative if the patient’s preference is “nonsurgical” treatment. The 
treatment is disputed and guidelines on the subject have changed in clinical practice 
during recent years. The greatest benefit of MET seems to be among patients with 
> 5 mm ureteral stones and preferably those with distal stones. Alfa receptor 
blockers have an effect in “relaxing” the ureteral wall. The distal ureter has a lot of 
alfa receptors as described earlier. Phosphodiesteras-5 inhibitors (PDE-5 inhibitors 
like sildenafil /Viagra) work through inhibiting c-GMP and also relaxing smooth 
muscle, and corticosteroids being “anti-inflammatory agents” have been suggested 
to render an additive effect with α-blockers. These data are not yet consistent [118].  
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Chemolysis 

Percutaneous chemolysis can be an option for infectious and uric acid stones, but 
due to practical reasons, that it is very time consuming and requires a nephrostomy, 
is nowadays rarely performed. In Sweden Renacidin (Citric Acid, Glucono delta-
lactone, and Magnesium Carbonate) [119] have been used for this; THAM solution 
has also been used [120]. Complications arise if there is an increase in intrapelvic 
pressure. Risk of sepsis and hypermagnesemia (rare and with diffuse symptoms) 
may then occur [20].  

Oral chemolysis, usually by alkalinization of the urine with intake of sodium 
bicarbonate or alkaline citrate, are recommended for uric acid stones. Doctors must 
note the risk of hypercalciuria and the risk of calcium stones developing by 
alkalinization [20]. The practical results are somewhat disappointing [119].  

Guide wires 

The lifeline of all stone surgery is a guide safety wire. Guidewires function in many 
different ways [121] including helping to obtain safe access to the upper urinary 
tract by threading catheters and endoscopes on/over them. They “straighten” the 
ureter, bypass strictures and let surgeons “back out” in a safe controlled way, 
sometimes aiding the placement of a stent after the procedure. They can be 
characterized by their length, size, tip or their resistance to kinking. The most used 
guide wire is the 0.035 in (2.7 F) nitinol, coted (practically impossible to kink) with 
PFTE (hydrophilic polymer, polytetrafluoroethylene) stiff guide wire with a straight 
but soft/floppy tip [3]. The problem with these guide wires is that they are extremely 
slippery when handling, and that they need to be kept straight (they are not easy to 
handle when looping). When performing PCNL most surgeons choose a guide wire 
that is less prone to slip out, twined nitinol like the Lunderquist wire [122] is a 
good example. “Backloading” the flexible ureteroscopes wires needs to be longer 
and have floppy tips at both ends to avoid damaging the working channel of the 
expensive ureteroscopes. 

Catheters 

There is need for urine drainage in the case of obstruction. The development of 
catheters began as early as 3.000 B.C. Nowadays a “bladder catheter” is a hollow 
tube with an inflatable balloon keeping it in place in the bladder. If obstruction of 
urine is persistent it will lead to organ damage, life-threatening infection or even 
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death. In old literature there is evidence that in China they used onion stalks and that 
the Greeks and Romans used tubes of wood or precious metals to drain urine. The 
word “catheter” originates from a Greek verb meaning "let down" (dropping or 
maybe “dripping” the urine). Benjamin Franklin , one of the Founding Fathers of 
the United States, invented silver catheters for his brother John. The catheter holes 
differ according to their use (for example, Couvelaire or Whistle tip for gross 
hematuria). The male urethra is S-curved and a dangerous passage is the sphincter-
plane and the prostate. To facilitate this passage the Coudé tip catheters were 
developed in the 18th and 19th centuries. Nowadays there are many different tips. 
The mostly used “special tip” is the Thieman tip which is a modern form of the 
Coudé tip. The rubber catheters were developed in the 1860 (Nélaton), but these 
were soft at body temperature, with the lumen collapsing, and drainage was 
therefore suboptimal. The first self- retaining catheters had wing tips (Malecot) or 
flexible shoulders (Pezzer) [3].  

Rubber vulcanization changed this (Goodyear, the tier manufacturer, invented this 
in 1844) by making the catheter firm and durable. Latex rubber arrived in the 1930s. 
The Foley catheter was developed by Dr. Frederic Foley and he introduced the 
“latex balloon catheter” in 1935. Catheters today without a balloon are usually 
called “Nélaton” and the ones with a balloon are called “Foley” catheters [123].  

The balloon was initially intended for creating pressure at the TURP (Trans Urethral 
Resection of the Prostate) site with a hemostatic function, and it is still sometimes 
used for this purpose as well. Its main function today is to act as a simple and 
ingenious device for keeping the catheter safe in the bladder without too much 
discomfort for the patient. 

The modern disposable catheter was developed by David S. Sheridan, the “Catheter 
King”, in the 1940s. Nowadays there exist different styles (different holes and 
different tips) and materials (silicone rubber, nitinol, nylon, polyurethane, PETE 
latex, and thermoplastic elastomers) for catheterization. The silicone catheters are 
the most commonly used, they are inert and do not react to body or medical fluids 
[124-126]. 

When urologists discuss the size of catheters they talk of “thickness” or diameter. 
The thicker the “better drainage” but, of course, also the more discomfort for the 
patient. This was first described by a Frenchman named Charrière (Ch). He 
measured the circumference in millimetres (3mm=3Ch). The tale told (but not true, 
I guess) is that the Americans had great difficulty in pronouncing Charrièr so they 
just called it “French”. The French scale (F/Fr) or French gauge (Fg) system is 
nowadays also used to measure the size of a catheter. Gauge is a measurement of 
needles or tubes, the Birmingham gauge system. French is 3 times the diameter of 
a circular catheter, and with 3 being almost the same as  (3.14) one can say that 
these two measures are about the same. (For those who have forgotten old school 
math, the circumference of a circle equals  times the diameter.)  



40 

Obstruction of the upper urinary tract exists as well, leading to the development of 
catheters bypassing strictures or stones in this area. To make these catheters hold 
their position creative engineering has led to the development of the “pig’s tail”. 
These catheters are introduced in the ureter or renal pelvis over a stiff guidewire in 
a straight manner. When the guidewire is extracted the end of the catheter is “curled 
up” like a “pig’s tail”, making the catheter hold its position. They are also called 
double-J catheters and are widely used in urology. They work as an inside catheter 
between the kidney and bladder passing the obstruction, for example, caused by a 
stone [127]. The advantage of being “inside the body” does not mean that the patient 
does not feel the sensation of its placement. Placing it with a cystoscope causes pain, 
and analgesics, sedation or anaesthesia are needed. When in place it can cause 
bleeding, there is the risk of infection rapidly arising from the bladder to the kidney 
and, when micturating, urine will reflux to the kidney pelvis causing pain like a 
limited stone attack. Some patients tolerate this well, others think it is “hell on 
earth”. The single J catheter is not often used, it has a pigtail end in the renal pelvis 
but has an open end in the other side, going out through the urethra. However, its 
use is increasing due to the limitations of applying a nephrostomy catheter when 
patients are receiving anticoagulant therapies. It also facilitates evaluation of urine 
production, by taking samples etc. The nephrostomy, a catheter from the pelvis of 
the kidney directly out through the skin in the flank, is mostly undertaken by a 
radiologist under ultrasound guidance. The nephrostomy has its advantages: it can 
be applied even on a total stop in the ureter and it is easily changeable if there is a 
problem. Nephrostomy enables  evaluation of the kidney’s separate function, taking 
samples, and “flushing” debris, and it provides an opportunity for antegrade 
pyelograms. When a nephrostomy is applied the pressure in the renal pelvis 
becomes low or even pressureless. Even if it causes discomfort to the patient it is 
important if there is a life-threatening infection, cancer in the ureter or if the life 
expectancy of the patient is short (<6 months). The limitations of conducting a 
nephrostomy are first and foremost related to the risk of bleeding, as mentioned 
above. Bleeding disorders are quite rare. But nowadays many patients receive 
anticoagulation treatment for other medical conditions. 

Infections and stone 

This thesis addresses infection in adults, as infection in children requires a different 
approach. I will discuss infections of adult in an overview manner. Even if 
hematogenic infectious spread occurs I will leave this out. Infections of the bladder 
are referred to as “cystitis” and infection of the upper urinary tract, often including 
the kidney, is referred to as “pyelonephritis”. The bacteria need to enter the system 
through the meatus of the urethra, defying the mucosa, being able to resist he 
constant flow of acid urine trying to flush out the bacteria and battling the other 
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parts of the immune systems in order to make the urinary infection emerge. Even so 
this occurs quite frequently. Females have urethras less than half the length of males 
and are therefore more prone to infections. The “bacterium of bacteria” in the 
urinary system is Escherichia Coli. It is a Gram-negative, facultative anaerobic, rod-
shaped, coliform bacterium of the genus Escherichia that is commonly found in the 
lower intestine of the gut (most urinary tract infections originate from gut or skin 
bacteria). This is the most common cause of urinary tract infection, and many other 
bacteria exist (for example, Enterococcus Faecalis – a gram-positive, commensal 
bacterium also inhabiting the human gastrointestinal tracts) but we can use E.coli as 
an example. If there is a reflux of urine from the bladder to the ureter (like with a 
double J-catheter) the risk of a high infection “pyelonephritis” exists [3]. As the 
mucosa is defensive for all types of intrusion, bacteria like to “hang on to” foreign 
bodies (like catheters) or to stones and appreciate if the “urine flushing” is reduced, 
as in cases where there is a stricture. Most urinary tract infections can be easily 
managed by antibiotic treatment. When performing urological surgery, the bacterial 
spectrum is more diversified than in the normal population and surgeons need to 
know what type of bacteria to treat; a urine culture is essential. Nowadays bacteria 
are developing more resistance to all antibiotics, so we also need a measurement of 
bacterial resistance, again culture is needed. Prophylactic antibiotics as a single dose 
or as time-limited doses which reduce complications have been scientifically 
studied [20, 128] and are used in many surgical procedures, also in urology. If there 
is an ongoing urinary tract infection, we treat it or postpone the surgery. A special 
case is when there is an infection above an obstacle (like a stone). This can cause a 
“suspended pyelitis”, a life-threatening condition that needs to be dealt with 
promptly. Especially dangerous is the combination of increased pressure in the 
pelvis/kidney and bacteria/immune response hitting the kidney and body. The 
condition is septic due to the infected “abscess” and pus retained under pressure in 
the kidney pelvis. Intensive and immediate treatment including intravenous broad-
spectrum antibiotics, fluids, monitoring of vital functions, sometimes in the 
Intensive Care Unit/ICU and, maybe most importantly, drainage [129, 130] need to 
be performed. It is, however, not scientifically proven to be better than using a 
double J-catheter than a nephrostomy [117, 131]. But if surgeons choose to use the 
double J-catheter as drainage, they will have to anesthetize the patient, which is 
more expensive, it will prolong the hospital stay, increase the use of analgesics and 
the patient will suffer from fever longer than if undertaking a nephrostomy [132]. 
Emphysematous Pyelonephritis is a rare condition not uncommonly associated with 
diabetes mellitus and sometimes with stones and can require acute nephrectomy 
[133]. In stone treatment with ESWL among the older population, an increased risk 
of asymptomatic bacteriuria exists. Patients who have received an indwelling 
urethral catheter, nephrostomy or double J-catheter are at risk of having bacteriuria. 
It seems probable, that the risk of infectious complications from urological stone 
surgery is increased when parts of the catheter are exposed outside the body 
(nephrostomy, bladder catheter), but this remains to be scientifically proven. 
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Crushing the stone may lead to bacterial exposure in combination with trauma from 
the ESWL/URS or PCNL mixing blood and bacteria – possible sepsis is the worst 
case scenario [134]. A commonly used classification system that grades infection 
and sepsis is the SOFA score; an example is shown below. 
Table 2. The Sequential Organ Failure Assessment (SOFA) Score: a score ≥7 on initial evaluation is associated with 
significant shock, with a score ≥13 associated with significant risk for mortality in the intensive care setting (MAP=Mean 
arterial blood pressure mmHg and vasoactive agents administered for at least 1 hour). 

SOFA score 1 2 3 4 

PaO2/FIO2(mmHg) 

Or SaO2/FIO2 

<400 

221-301 

<300 

142-220 

<220 

67-141 

<100 

<67 

Platlets x 103/mm3 <150 <100 <50 <20 

Bilirubin (Micromol/L) 20-32 33-101 102-204 >204 

Hypotension MAP<70 dopamine ≤5 or 
dobutamine 

dopamine >5 or 
noradrenalin 0,1 

dopamine >15 or 
noradrenaline >0,1 

Gascow Coma Score 13-14 10-12 6-9 <6 

Creatinine 
(micromole/L or Urine 
output(Ml/day) 

110-170 171-299 300-440 

<500 

>400 

<200 

  

Stone disintegration 

As described earlier, open surgery was one of the first methods used by doctors to 
remove stones. The endoscopic way came later. Retrieving stones with a basket 
“Zeissing”, also mentioned before, has its shortcomings. Manually crushing the 
stone with a stone-grasper specially made for this, usually called a “Punch” in 
Sweden, works well when applied to stones in the bladder but works poorly in the 
ureter and renal pelvis. This is mainly because these instruments are small, and the 
power exerted through the instrument is usually not effective enough to crush the 
stone [3]. “Crushing methods“ for stones that work endoscopically in the upper 
ureter tract are electrohydraulic (EHL), ultrasonic, ballistic and laser lithotripsy. 
EHL came in the late 1950s. With high voltage (around 5kV) the spark at the tip of 
the instrument creates a cavitation bubble crushing the stone. It is effective with 
crushing rates of up to 90%. To my knowledge it is not used in Sweden today, 
probably because there is a major risk of tissue damage with this method. But the 
same method (EHL) was also used to create ESWL shockwaves. In the 1980s 
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Extracorporeal shock wave lithotripsy (ESWL) was introduced and commercialized 
[135]. 

Ultrasonic lithotripsy developed in the 1950s. Electrical energy is converted into a 
sonic wave using hollow (or solid) metal rods making the tip oscillate at around 
20Hz. The use of hollow metal rods with suction in the hollow part is quite 
satisfactory. In Sweden this is used for most PCNL procedures, sometimes 
combined with a ballistic lithotripter. It is effective in around 90% of stone cases, 
and with the addition of the ballistic part works fast and well without damage to the 
tissue in most cases. The ballistic lithotripter works like a miniature “jack hammer”  
driven by air under pressure (usually 3ATM and with a frequency of 12-15Hz) 
which is noisy but effective [136]. 

LASER 

Laser is Light Amplification by the Stimulated Emission of Radiation. We know 
from “Star Wars” that it is created when energy is used to activate atoms of a 
medium like Holmium. The light atoms bounce between mirrors and at a certain 
wavelength they are allowed to pass through a “filter” and then enter a thin fiber. 
With this fiber the energy can be directed on to the stone in a pulsating manner. The 
first clinical laser was the “Pulsed-dye laser”. It came into use in the 1980s and the 
wavelength was 504nm. It caused no tissue damage but failed to crush some stone 
types adequately. The “Holmium” laser (yttrium-aluminum-garnet) uses a 
wavelength of 2150nm and works on practically all stones. The laser can cause 
tissue damage which can be useful cauterize bleeding and does so when in contact 
with tissue [3]. There are many other lasers too many to discuss here. Regarding 
fiber technology it is worth mentioning that the thickness/diameter of the fiber limits 
the amount of energy (measured in Joules x Hertz/Hz) that can be directed at the 
stone. The semirigid scopes usually use around 300um and the flexible ones around 
200um. Other important aspects are the frequency or Hz and long or short pulsing 
of the laser. You can choose if you only want to crack the stone, to chop pieces off 
it (short pulse, Joules higher around 10 and 1 Hz) or to make really small fragment 
“dusting” (long pulse, Joules low <0.5, high Hz 40). The dusting technique requires 
more powerful and more expensive laser machinery and can be problematic with 
harder stones [137]. The latest laser, the thulium fiber laser, has come into clinical 
use. It can break kidney stones into pieces that are 10 times smaller than with a 
holmium laser. Producing smaller particles makes it easier to leave fragments as 
small as possible and will probably have an effect on SFR [138]. 
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ESWL (Extracorporeal Shock Wave Lithotripsy) 

In aviation, hypersonic flight means a challenge for the resilience of the airplane 
structure. Rain drops create a shockwave destroying the material of the airplanes 
when flying really fast.  

To mimic this experimentally, a shockwave machine was created in the end of the 
1960s. Shockwaves cause no visible injuries when passing through muscle tissue, 
fat tissue or fascia but seem to have great effect in areas with high acoustic 
impedance, such as kidney stones. The Dornier HM1 (Human Model 1) – the first 
clinical lithotripter – was constructed, and the method was put into clinical 
practice[139] . In the 1980s extracorporeal shock wave lithotripsy (ESWL) was 
introduced and revolutionized urolithiasis treatment [140]. All ESWL systems 
contain a shockwave generator, a localization system (X-ray or ultrasound) and a 
positioning system (to move the patient and focus on the stone). The generator of 
the shockwave can be electrohydraulic, piezoelectric or, as most modern machines, 
electromagnetic. The generator is positioned in a bowl of steel reflecting the 
shockwave into a focal point. It is extremely important to maintain the energy of the 
pulse and water is usually preferred as the medium. Air reducing the effect of the 
shockwave immensely must be avoided. In the first models described above the 
whole body was in water “taking a bath” during treatment [141]. 

When performing ESWL you try to get as much energy as possible to “hit” the stone 
and thereby crush it. Modern machines allow the patient to have some water at the 
treatment site making treatment easier and more feasible by avoiding a bath for 
every patient. The electromagnetically produced shockwave is made in a steel bowl 
filled with water. To explain this in a simple way, think of it as a can of cola 
containing an electric coil. When applying electric current through the coil a 
magnetic field occurs, and since the current is alternating the can expands or 
implodes depending on the magnetic field. This is happening at a very high speed, 
creating sound waves bouncing on the steel-bowl walls aimed at a point above the 
“focus point”. The energy or the effect of such waves will, as with any other wave, 
lose power with distance and be affected by the medium it moves through. The 
shockwave is short in time, at around 4 microseconds. The pressure wave rises 
quickly reaching up to 40 Mpa and is followed by negative pressure replacing it 
being as low as -10 Mpa at the focal zone. These pressure differences are what make 
the stone crack [3]. There are at least four stone breaking effects. The Hopkinson 
effect, hitting the stone in the back due to a reflection effect, shear forces, squeezing 
effect and cavitation [3]. These phenomena also affect all tissue and, of course, the 
kidney but at a much lower level. Still there are situations when ESWL should not 
be performed. Contraindications usually recognised are pregnancy, untreated 
coagulation abnormalities, most anticoagulants, tumours or aneurysms in the 
shockwave path, active/untreated pyelonephritis and untreated high blood-pressure 
[142]. 
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ESWL is an effective treatment [143] and has gained worldwide acceptance. It is 
today considered to be the first line treatment for more than 75% of patients with 
urolithiasis. It is also cost effective [144]. The development and introduction of 
different shock wave sources, coupling and imaging techniques have improved both 
treatment, comfort and results. 

The need for anaesthesia has vanished and with good pain reducing drugs and 
modern machinery ESWL is performed at an outpatient clinic.  

ESWL is well tolerated, even by the sick and elderly [145]. However, the optimal 
device remains to be found for lithotripsy which will provide high efficacy with no 
need for anesthesia and with minimal tissue trauma. For the time being, ESWL in 
Sweden remains the first-line treatment for stones between 6-15mm located in the 
upper third of the ureter and in the renal pelvis [135]. Many use alfentanil, an opioid 
with short duration for treatment of pain during the therapy, at a dose of around 
10ug/kg intravenously. The effect is very good, but short and rarely affects vital 
functions, such as breathing. It is important that the patient is comfortable during 
the treatment procedure, as anxiety or pain induces movement which makes 
urologists “miss” the stone. Increased breathing sometimes puts the lung and air in 
the way of treatment which is unfavourable. Merely normal breathing moves the 
kidney and the stone quite significantly, normally around 15mm and makes some 
of the shockwaves miss their target. Good pain relief and control are needed. 
Starting ESWL on a lower energy setting with stepwise power ramping, thereby 
achieving vasoconstriction has a protective effect on kidney parenchyma. Under 
good conditions stone-free rates reach up to 90% [3]. Although complete stone 
clearance in more complex cases is not always achieved by ESWL, relief of 
symptoms, reduced infection and saving kidney function may still motivate use of 
ESWL treatment [3].  

A persistent challenge for urological surgeons treating stones with all modalities, is 
choosing the right treatment modality for the right patient; or maybe even more 
crucial, it is choosing what treatment not to recommend due to risk of complications 
or lack of effectiveness in that specific case. A limitation of ESWL treatment is that 
urologists have to “see” the stone on X-Ray or ultrasound and be able to focus the 
shockwave on the stone in three dimensions. Most use X-ray for focusing which 
requires that the stone is somewhat dense (maybe >450 HU) to make ESWL 
possible [146]. 

Urologists strive to select the best treatment and categorise the patients correctly. 
The risk that the stone contains bacteria always exists. Bacteria play a part in the 
formation and sometimes growth of the stone. Many patients treated with ESWL 
are elderly, making the risk of asymptomatic bacteria always something to consider. 
Many doctors use a quick-test/a dipstick to screening for bacteriuria. Some patients 
also have an indwelling urethral catheter, therefore at risk of having regular bouts 
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of bacteriuria. Sepsis, which is the worst case scenario in treatment-associated 
infections, occurs in 1-3% [134].  

The size of the stone has an impact on treatment and the choice of method. When 
treating a larger stone it leaves us with the problem of “Steinstrasse”: stone 
fragments “queuing up” in the ureter causing obstruction and pain which occurs in 
4-7% [147]. Smaller and sometimes really small fragments can cause pain, 
obstruction and require surgical removal [148]. This is sometimes addressed by 
“stenting” using a double J-catheter or nephrostomy tube; these solutions are mostly 
considered for bigger stones, >1 cm. Another problem is regrowth of residual 
fragments which occurs in 19-59% [134]. ESWL has an effect on the tissue and an 
intrarenal hematoma is quite common (14-19%) but becomes symptomatic only in 
less than 1% [149]. Dysrhythmia or arrythmia is common and occurs in 11-59% 
[134] but has little clinical significance. The risk of other tissue damage has been 
reported as case reports, liver and spleen hematoma, perforation of bowel etc., but 
these cases are extremely rare. 

Paper 1 describes side effects and complications of ESWL treatment.  

The optimal treatment for kidney stones might be impossible to achieve. Most 
believe that better estimation regarding SFR could be reached by having more 
information about the stone. One stone measurement could be replaced by two or 
even three measures, providing stone volume which may be a better predictor of 
treatment effect and the risk of complications using ESWL. 

A better understanding of the size may also provide guidance about the number of 
ESWL treatments needed, giving patients a better estimation of when treatment 
results might be obtained. An important factor in the treatment effect/results is also 
the distance from the skin to the stone (SSD). Living in the western world, people 
get more overweight each year and the SSD gets longer. The effect or energy hitting 
the stone is reduced by the distance, therefore making it more challenging to treat 
stones with ESWL. In Paper IV this is investigated as well as objective radiographic 
measurements that affect ESWL treatment. 
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URS (Ureteroscopy) 

The idea of being able to investigate malaises through the body’s natural orifices 
has been around forever. Initially “doctors” investigated blood, saliva, stool and 
urine samples to put forth a theory of the diagnosis and its origin (the theory of 
bodily fluids). This famous model consists of the four humors, first described by 
Hippocrates: black bile, yellow bile, phlegm, and blood with their corresponding 
four temperaments [1].  

Investigation of the body and theories of its function existed through autopsies at an 
early stage. But looking into the living body was, and in some ways still is, limited. 
Pain needs to be controlled, there are aspects of ethics, challenging technical issues, 
and contamination etc.  

The first ureteral tube that was used to inspect the urethra and the bladder was 
designed by Bozzini in 1806; the limited light came from a candle. Maximilian Nitze 
developed the first usable cystoscopy (Kystoscop) in the late 18th century and the 
beginning of the 19th century. Working with and grinding the optics and creating 
different angles made it possible to look at/inspect the sides/walls of the investigated 
organ (0-30 degrees are nowadays standard). The first endoscopes were extremely 
fragile, and any tension might make the lenses crack. The development of better 
optics made it possible to divide the glass rod into many smaller glass rods, allowing 
movement without cracking, leading to our “semirigid” scopes still in use today.  

 The problem with all older cystoscopes was first and foremost light. This was 
improved by the rod lenses (Hopkins), but the solution came as late as the 1960s 
with fibreoptics.  
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Further technical progress was achieved with the development of flexible scopes. 
Then they were made thinner, which enabled examination of the ureter to find and 
treat stones there [3].  

 

Nowadays the flexible ureteroscopes are very usable, with flexible angles from 0 to 
270 degrees, thin (6 French), easy to handle, and digital with a “chip on the tip” 
sensor for producing the image [142]. The image is projected onto a large screen 
that can be adjusted to the surgeon’s comfort when performing surgery, also making 
tutoring a lot easier than previously. A flexible scope has many advantages. When 
performing a cystoscopy, which is done under local anaesthesia, surgeons can 
follow the s-shaped urethra with as little discomfort for the patient as possible. It 
also makes it possible to inspect and work at different angles. Still, today most distal 
ureteric stones are treated with semirigid ureteroscopes. This is because they are 
easily handled, durable and canulating the ureteric orifice is much easier than with 
a flexible scope. Normally no access sheets are needed and most urologists use the 
semirigid scope as their first-choice instrument for the distal ureter. Studies suggest 
that ureteroscopy (URS) is as effective as extracorporeal shockwave lithotripsy 
(ESWL) for treating stones including the ones in proximal parts of the urinary tract 
[150, 151]. The guidelines of the European Association of Urology (EAU) [20] 
recommend using either ESWL or URS for stones < 2 cm. With the exception of 
untreated urinary tract infection (UTI) and contraindications for general anaesthesia, 
URS can be safely performed in a majority of patients. The Holmium: YAG laser is 
effective for all types of stones and is nowadays considered the gold standard for 
stone disintegration. Preoperative stenting has been shown to facilitate URS 
treatment [152]. Postoperative stents in URS have a place in selected cases but cause 
irritative lower urinary symptoms when used [153].  
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Stone-Free Rate (SFR) is used to measure outcome and successful treatment. 
Residual stones ≤4 mm in diameter after treatment are considered clinically 
insignificant, and the patients considered stone-free [154]. The complication rates 
range from 9-25%, after URS [20]. A urine culture is mandatory according to most 
guidelines, and patients with a UTI should receive antibiotic treatment prior to URS 
[20]. The most common bacterium causing UTI is Escherichia coli [155]. The 
complication rates for post-URS UTI´s and the rates of sepsis range from 2% to 4% 
[156]. 

The second study retrospectively evaluated the outcome of patients treated with 
URS, additionally describing the complications related to this treatment. The 
discussion of whether stone surgery should be done outside normal working is 
debated within the urological community. The influence of personnel not specially 
trained in urological procedures, on call operating personnel and whether the 
surgeon’s fatigue may affect outcomes and complication rates are some of the 
questions addressed in paper II. 

Evaluating and understanding the complications may potentially lead to better 
patient selection and consequently improved safety for patients treated with URS.  

 

PCNL (Percutaneous Nephrolithotomy) 

The majority of stones greater than 6-7 mm require urological intervention [157]. 
Indications for active stone removal in the renal pelvis are symptomatic stones (pain, 
bleeding, infection) or stones affecting renal function. As stones greater than 6-7 
mm are at risk of causing obstruction when passing the ureter and also cause 
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infection, these patients are normally considered for active treatment [20]. Open 
renal stone surgery is now rarely performed since the development of extracorporeal 
shock wave lithotripsy (ESWL), flexible ureteroscopy and percutaneous 
nephrolithotomy (PCNL) [158]. PCNL, first described by Fernström et al. in 1976 
[92], is today the treatment of choice for patients with kidney stones greater than 
1.5-2 cm, lower pole stones greater than 1-1.5 cm and staghorn stones. Staghorn 
calculi/coral calculi, are renal calculi obtaining their shape by forming a cast of the 
renal pelvis and calyces, thus resembling the horns of a stag [159]. Contra 
indications to performing PCNL are untreated UTI, potential malignant tumour in 
the kidney or in the way of accessing the renal pelvis and pregnancy. Known 
complications to PCNL are fever (2.8-32.1%), bleeding requiring transfusion (0-
45%), organ injury (0-1.7%) and sepsis (0.3-1.5%) [160]. The Clavian classification 
system can be used to evaluate the morbidity associated with PCNL [161]. The EAU 
Guidelines recommend urinary culture and treatment of all bacteriuria 
preoperatively [20]. Positive stone culture and pelvic urine culture seem to be better 
predictors of urosepsis than midstream voided urine taken preoperatively [162].  

To evaluate a patient before PCNL the patient should be well informed of the 
different treatment options and be fit enough for 3-4 hours of surgery. In the 
preoperative workup, a CT-scan with contrast focusing on the kidney is mandatory; 
sometimes the functional partition of the stone bearing kidney must be evaluated 
[20]. A renogram is medical imaging using an injected radioactive isotope and a 
Gamma camera investigating the function of the kidneys separately. An important 
organ to avoid when puncturing the renal pelvis is the colon. If the colon is in the 
way of the puncture line, puncture needs to be done under ultrasound r CT guidance. 
At the current time, the Guy’s Stone Scoring (GSS) system [163], the STONE 
nephrolithometry scoring system[164], and the CROES (Clinical Research Office 
of Endourological Society) nomogram [165] are used for the prediction of the 
success rate and possible complications following PCNL in research and sometimes 
in clinical practice [166].  
Table 3 (which can serve as an example of systems for pre-operative evaluation of stone/surgical complexity, and as a 
predictor for SFR). (≈success rate GSS1-90%, GSS2-70%, GSS3-50% and GSS4-40%) 

Guy’s stone 
score 1 
(GSS1): 

a solitary stone in the mid/and or lower pole or in the renal pelvis with a normal anatomy and 
simple collecting system 

Guy’s stone 
score 2 
(GSS2): 

a solitary stone in the upper pole; multiple stones in patients with simple 
anatomy; or a solitary stone in a patient with abnormal anatomy 

Guy’s stone 
score 3 
(GSS3): 

multiple stones in a patient with abnormal anatomy or in a calyceal 
diverticulum or partial staghorn calculus 

Guy’s stone 
score 4 
(GSS4): 

a complete staghorn calculus or any stone in a patient with spinal bifida or a spinal injury, 
calculus in patients with clinical neurological alternations (spinal cord injury, 
myelomeningocele) 
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Most surgeons place a thin ureteral catheter up and into the renal pelvis, sometimes 
with the possibility of inflating a balloon to avoid fragments from “falling down in 
the ureter” during the PCNL and securing postoperative drainage. It also presents 
the opportunity to introduce a contrast medium (usually with a blue dye/methylene 
blue) to the renal pelvis, making the puncture and introduction of the dilation 
instruments or balloon better and safer. The catheter is then tied to a normal urethral 
catheter which is cuffed in and which drains the bladder. 

Thereafter most surgeons turn the patient to a prone position (face down). An 
alternative to the prone position is the supine one. There are several advantages to 
the supine method as anaesthesia is easier, and surgeons save time not having to 
reposition the patient. Studies also show that the risk of damaging the colon might 
be lower [142]. It also presents the opportunity to work on the stone both from the 
retrograde and antegrade direction without repositioning the patient. The drawback 
for most urologists is that they need to learn puncture with ultrasound guidance. In 
Sweden not many are familiar with the method and it is not often used. Using the 
“prone” technique a contrast medium (with a blue dye) is injected, dilating the renal 
pelvis which allows it to be punctured through a calyx with x-ray guidance. The 
limitation of the puncture triangle is medially the spine, below the crista Iliaca and 
above the 12 rib (it is possible to puncture above the 12th rib safely [167]). The skin 
is a limitation to the later dilating process and the incision needs to be long and deep 
enough for this. 

The puncture is the critical part: once surgeons have perforated the renal pelvis, 
contrast will start leaking, so they really need to be accurate. The angle and the depth 
are also challenging, demanding different X-ray angles during the puncture 
procedure. When rightly made, the puncture follows the blood vessels with 
practically no bleeding as a result, but with the wrong angle this could start a serious 
bleed, too deep that it hits even larger vessels [90, 142]. There are other ways of 
obtaining good and safe access: one is using a flexible ureteroscope puncturing from 
the inside out. When I trained to become a PCNL surgeon, we used stepwise 
dilators, but this is only used on rare occasions nowadays. Balloon dilation is fast 
safe and works fine for most stones [168]. How large does the hole into the kidney 
pelvis need to be? This is the subject of lots of discussion on PCNL technique in the 
last few years. Normally the dilation process is up to a sheet size of 24-30 French 
(F=3 times the diameter in mm), whereas the mini-PCNL sheet is 14-20 F. One 
could conclude that with the right selection of patients the mini-PCNL is as effective 
and safe, and may have less risk of complications compared with the normal PCNL 
method [169]. Stone disintegration in PCNL is done by ultrasonic lithotripsy 
combined with ballistic lithotripter and suction [136]. Laser and graspers are used 
when required. To make sure that all the accessible stone is removed and that no 
fragments have slid down in the ureter, a flexible thinner instrument is used for 
inspection and additional stone removal. Before finishing, most surgeons place a 
nephrostomy into the renal pelvis. To shorten the postoperative time and discomfort 
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of the patient one can choose to leave out the nephrostomy which is known as a 
“tube less procedure”. This can be recommended if the bleeding is minimal, 
operation time short and if thinner instruments have been used. There are of course 
both pros and cons to “tubeless”. The bladder and the ureteral catheters are normally 
extracted the day after surgery and an antegrade X-ray is done the next day. Contrast 
medium injected through the nephrostomy tube the next day, ensuring normal 
passage through the ureter to the bladder. Thereafter the nephrostomy can be 
removed, and the patient can go home.  

Paper 3 evaluates the treatment results and complications of PCNL performed 2009-
2015 at the stone centre in Ängelholm. The aim was to identify risk factors 
associated with postoperative infectious complications and to investigate the 
correlation between pathogens found in stone material and postoperative sepsis.  

This third study completes the aim of describing a modern transection of stone 
surgery, examining all stone surgery performed in the north-western part of Skåne 
during the years 2009-2015 (Helsingborg/Ängelholm).  

Complications 

The most common complications of stone surgery are pain and infection, followed 
by organ injury (urethra, bladder, ureter or kidney) and bleeding [20]. Organ damage 
of the urethra or ureter usually heals with stenting but can result in strictures and 
may require reconstructive surgery. Sepsis is the most lethal risk of infection 
complications following stone surgery. Haemorrhage is rare with URS but occurs 
both with ESWL and PCNL. Stricture risk, especially with proximal and large 
stones, is not uncommon with URS. PCNL has dangerous, but rare complications; 
examples are organ perforation (mostly colon), urinary leakage, hydrothorax, pelvic 
perforation and urinary fistula [170]. Any symptoms after surgery, stenting or 
nephrostomy tube insertion/removal - such as flank pain, nausea, vomiting, or blood 
in the urine - should be promptly investigated with appropriate imaging to ensure 
that the kidney is not obstructed and clarify the cause of pain [20]. One important 
thing about complications is to be able to compare different workups, approaches, 
techniques instruments, drugs etc. “Common ground” regarding what to address as 
a complication and a grading system have been long needed. The Clavien-Dindo 
classification system gives us this opportunity. The study authors choose to report 
complications according to this system, as do many others nowadays [170, 171]. 
Smaller modification in regard to method (ESWL/URS/PCNL) must be made. 
Modified Clavien-Dindo classification from the ESWL article, Paper I, is presented 
below: 
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Table 4 The complications group according to Clavien-Dindo grade in the first ESWL study. 

Variable Number of patients(%) 

Complications (Clavien-Dindo grade) 116 (6.3%) 

Grade 1  

Fever 9 (0.5%) 

Renal colic/Pain/Other causes 33 (1.8%) 

Grade 2  

Pain (admitted not operated) 29 (1.6%) 

Renal hematoma 6 (0.3%) 

Grade 3a  

Obstruction (relieved by Percutaneous nephrostomy) 8 (0.4%) 

Grade 3b  

Obstruction (relieved by JJ stenting) 15 (0.8%) 

Steinstrasse (relieved by JJ stenting URS) 16 (0.9%) 

Grade 4   

Urosepsis 7 (0.4%) 
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Aims of the thesis 

The main focus of this thesis is urological stone treatment. The studies are clinical 
cohort studies focusing on treatment effects and complications of most surgical 
stone treatments. These studies, based on the three treatment alternatives, can be 
specified as follows: ESWL -Extracorporeal shockwave lithotripsy, URS - 
Ureteroscopy and PCNL - Percutaneous nephrolithotomy. 

Complications in Extracorporeal Shock Wave Lithotripsy (ESWL): A cohort study, 
objective: To evaluate clinically relevant complications of ESWL in the northwest 
of Skåne in a modern setting. 

Ureteroscopy: A study of clinical complications and possible risk factors for stone 
surgery - a population based study, objective: To describe the complications of URS 
and to investigate whether performing URS outside normal working hours leads to 
increased risk of clinically significant complications.  

Percutaneous nephrolithotomy and modern aspects of complications and antibiotic 
treatment, objective: Describes complications of PCNL focusing on infections, 
bacterial growth/resistance and antibiotic prophylaxis/treatment.  

Factors influencing stone free rate of Extracorporeal Shock Wave Lithotripsy 
(ESWL): A cohort study objective: To evaluate factors affecting SFR such as age, 
stone size, skin-to-stone distance and mean attenuation value/Hounsfield on ESWL 
treatment results. 
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Patients and methods  

Papers I-III included all patients receiving stone surgery at the Urology Clinic in 
north-western Skåne County (Helsingborg/Ängelholm Hospital) between the years 
2009 and 2015. Number of consecutive ESWL, URS and PCNL treatments between 
2009 and 2015 were: ESWL n=1838, URS n=568, and PCNL n=186.  

In paper IV we included all ESWL treatments in the same cohort/population 
between the years 2015 and 2019 (n=707).  

Statistical analysis. Statistical analysis for details, see the articles. For investigating 
correlations between a binary variable and a non-binary variable, univariate logistic 
regression analyses were first used. If the analyses were found to be statistically 
significant, multivariate logistic regression analyses were used comparing multiple 
covariates to the same dependent variable. When multivariate logistic regression 
analysis was used, gender and age were included as predefined confounding 
variables when required. Bonferroni-correction was considered but not used. When 
comparing quantitative parameters, that were normally distributed, means were 
compared with t-test. If data were statistically skewed or samples were small, Mann-
Whitney’s test or Kruskal-Wallis test was used.  P-values <0.05 were considered 
statistically significant. The statistical analyses of paper I-III were made using IBM 
SPSS for Mac OS v24.0.0.0. In paper IV all computations were performed in R: A 
Language and Environment for Statistical Computing version 4.0.2. All statistical 
work has been verified by a statistician. 
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Results  

Paper I: Complications in Extracorporeal Shock Wave Lithotripsy (ESWL): A 
cohort study  

From 2009 to 2015, 1169 patients received treatment in 1838 ESWL sessions. It is 
a large single center study of ESWL. Success rate with ESWL alone was high, 
71.8% (n=1324). Stone location of treated stones were renal pelvis 64% (n=1185), 
upper 2/3 of ureter n=415 (22.5)% and lower 1/3 of ureter 11.1% (n=205). Single 
treatment was used most frequently 76.7% (n=1414). The most common 
complementary treatment was URS 14.4% (n=265) followed by expectancy/X-ray 
follow up 14.2% (n=261). Most patients did not receive antibiotics 61%(n=1116). 
Diabetes was present in 9.3% (n=170) of cases. The percentage of patients with 
stents (double-J or nephrostomy) was 24% (n=443). A total of 6.3% (n=116) of the 
patients sought medical attention within 14 days after ESWL treatment. Of the 116 
patients who sought medical attention, microbiological agents were found in 
cultures in 33 cases. Escherichia coli was most common in 0.6% (n=11) of the cases. 
Of the 1838 ESWL treatments, admission for hospital care was needed in 4% (n=75) 
of the cases. The mean length of hospital stay was 2.4 (1-13) days. Overall, infection 
was found in 1.9% (n=36). Intravenous antibiotics were administered as treatment 
in 1.2% (n=22) of the treatment sessions. 2.4% (n=44) of patients sought medical 
attention due to symptoms of infection. The admission rate was 2% (n=36), and 7 
of the patients had sepsis. Of the sepsis patients, none had an infection with a 
microbial agent resistant to the antibiotic given as prophylaxis prior to ESWL 
treatment. Stones sized 21-30 mm (p=0.012/OR=3.32) and diabetes 
(p=0.02/OR=2.10) increased the risk of complications. Of the 47 patients admitted 
due to non-infectious reasons, the main cause was obstructive pain and uropathy, 
and 2.2% (n=41) patients underwent an operation. An additional 1.3% (n=24) of the 
patients were admitted for various reasons such as hematuria, chest pain, stroke and 
various other non-urologic, non-infectious reasons.  

The overall long-term mortality during the study period was recorded. All 1169 
patients had a follow up time in terms of mortality of at least 1 year. Cases were 
inspected and none of the deaths was considered to be linked to ESWL treatment. 
Distal stones have a better stone free rate than more proximal stones and a lower 
risk of complications . The risk of complications after ESWL increases with stone 
size and if there was need for antiemetic drugs during ESWL treatment. Patients 
with diabetes have an increased risk of complications. The results indicate that there 
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is a lower risk of complications using 1Hz (compared to 1.5 Hz) when performing 
ESWL. 

The study has significance in perioperative counselling of patients in need of ESWL 
treatment for their stones.  

Paper II: Ureteroscopy: A study of clinical complications and possible risk factors 
for stone surgery - a population based study 

Between January 2009 and December 2015, 486 individual patients were treated 
with URS in a total of 568 sessions. The overall SFR was 90.7% (n=515). In 60.4% 
(n=343) of cases the patients could be discharged from the hospital on the same day. 
If admitted the mean hospitalisation time was 2.0 days. 14.3% (n=81) required 
multiple sessions, where 4.9% (n=28) of the patients were treated two times, five 
patients were treated three times, and two patients were treated four times. 3.5% of 
patients (n=20) were re-treated for the same stone within 6 months. Age, sex, 
Charlson Comorbidity Index-score, diabetic comorbidity, long-term mortality, and 
the Clavien-Dindo classification score, stone location, stone size, and the use of 
ureteral stents were studied. All patients who were readmitted within 14 days were 
scored ≥1 according to the Clavien-Dindo system. SFR divided according to 
preoperative stone size showed a 100% success rate in stones ≤4 mm (n=112). SFR 
for stones was >4≤6 mm 96.2% (n=176), for stones >6≤10 mm 84.6% (n=193), and 
for >10 mm 68.2% (n=30). Of 20 patients re-treated for the same stone within 6 
months, 20% of patients (n=4) had a residual stone size of ≤4 mm. This was 10.5% 
of all patients with residual stones, initially considered stone free. 

When comparing SFR following operations by on-call OR (operating room) nursing 
staff/evening or night (SFR of 97.6%) with operations during normal working hours 
(SFR of 89%), also adjusting for age/gender, no significant difference was found. A 
positive urine culture was found in 15.9% of the patients (n=90). The most common 
pathogen was Eschericha coli 35.6% (n=32) and the second most common was 
Enterococcus faecalis 19% (n=17). A total of 14% (n=79) of the patients received 
preoperative antibiotic treatment, 60% (n=341) of patients received perioperative 
antibiotics, and 18% (n=103) received postoperative antibiotic treatment. Of the 
perioperative antibiotics, aminoglycoside was the most used type: 69% (n=235). 
Sixty patients, 10.6%, sought medical attention within 14 days, of these 67% were 
readmitted. The causes of readmission were infection 32% (n=19), pain 22% 
(n=13), bleeding 10% (n=6), and other causes 3% (n=2). Of the patients admitted, 
20% (n=12) had a SOFA (Sequential sepsis-related organ failure assessment) score 
≥2 and one patient was admitted to the ICU. Univariate logistic regression model 
was used with SFR, re-admission, SOFA score >2, or mortality as the dependent 
factor. The univariate logistic regression analyses showing statistical significance, 
p≤0.05, were further investigated in multivariate logistical regression, adding the 
predefined confounding variables of gender and age. SFR is significantly improved 
by stone location in the ureter (p<0.001, OR 0.515, CI 95% 0.389-0.682), 
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preoperative smaller stone size (p<0.001, OR 0.728, CI 95% 0.654-0.810), and no 
use of a postoperative ureteral stent (p=0.009, OR 0.418, CI 95% 0.217-0.804). 
Using readmission as the dependent variable, only Clavien-Dindo (p<0.001, OR 
8.014, CI 95% 5.220-12.304) was confirmed to be significant. Mortality was not 
increased if the patient was re-admitted within 14 days. No significant differences 
were found for risk of surgical complications in regard to the time of day (0800-
1700 vs other), ordinary vs on-call personnel, acute vs elective surgery and flexible 
vs semi rigid ureteroscope. Age, however, was significant in all groups and receiver 
operator curve (ROC) curve analysis was performed. Most accurate cut-off point of 
age, regarding age and the risk of complications, was 65 years (AUC 0.6). 

Charlson Comorbidity index, preoperative stone size, and stone location in the 
ureter showed no statistically significant association with postoperative risk for 
complications (p=0.227, p=0.274, p=0.720, respectively). Univariate logistic 
regression analysis was performed with diabetes and Clavien-Dindo (dependent 
variable) showing no statistical significance (p=0.717). 

Paper III: Percutaneous nephrolithotomy and modern aspects of complications 
and antibiotic treatment 

A cohort study including all 186 patients undergoing PCNL, 2009-2015, at 
Ängelholm Hospital. Mini PCNL was not used. Stone free rate was 65.6% (n=122). 
Of the patients 1.6% (n=3) had a urethral catheter, 14.5% (n=27) had a double JJ-
catheter and 11.8% (n=22) had a nephrostomy catheter preoperatively. Of all 
patients, 30.1% (n=56) had a positive urine culture preoperatively. The most 
common bacteria were Enterococcus faecalis (E. faecalis) and Escherichia coli (E. 
coli) with 19.6% (n=11) in both cases, followed by Streptococcus agalactiae 12.5% 
(n=7). Mixed flora was common 23.2% (n=13). One culture was positive for E. coli 
with carbapenemase production (carbapenem-hydrolyzing oxacillinase-48 (OXA-
48)). Stone cultures were positive (>103 colony forming units/ml) in 33.3% (n=62). 
The most common bacteria reported were E. faecalis 25.8% (n=16) followed by 
coagulase-negative staphylococci 24.2% (n=15) and E. coli 16.1% (n=10). Both 
positive urine and stone cultures were found in 18.8% (n=35). The concordance rate 
between urine and stone cultures was 57.1% (n=20). 60% of these (n=12) also 
displayed the same resistance pattern. A positive urine culture increased the risk of 
complications. Of the 186 stones only 176 were available for analysis. For complex 
stones the combination of calcium, oxalate and phosphate were the most common, 
occurring in 58.5% (n=103). Calcium was detected in 92.0% (n=162), oxalate in 
79.5% (n=140) and phosphate in 69.9% (n=123) of the stones. Other components 
analysed were ammonium, urate, magnesium, uric acid, struvite, carbonated 
apatite/trioxide and cysteine. Divided into groups, these were: calcium 
oxalate/phosphate 68%, infectious stones 19%, uric acid stones 9% and cystine 
stones 4%. All patients received antibiotic prophylaxis. The most common 
intravenous antibiotic was Cefotaxime 78% (n=145), followed by aminoglycosides 
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24.2% (n=45). Most patients received intravenous antibiotics preoperatively alone 
(83.3%, (n=155)). Patients with a positive culture received oral antibiotics followed 
by intravenous antibiotics in 13.4% (n=25). Additional postoperative antibiotics, 
after removal of the nephrostomy tube, were given to 48.9% (n=91) of the patients. 
Of these, Ciprofloxacin (500 mg x2 for 7 days) 47.3% (n=43) and Pivmecillinam 
(200 mg x 3 for 7 days) 25.3% (n=23) were the most commonly used antimicrobial 
agents. Of the patients with a positive urine culture, 44.6% (n=25) received oral 
antibiotics tailored to culture results and resistance pattern prior to admission, and 
the rest of the positive cultures were considered to have bacterial contamination. 
The patients receiving antibiotics prior to admission had a higher risk of developing 
any complications (p=0.008), but not sepsis (p=0.315), compared with those who 
did not receive per oral antibiotics. A total complication rate of 16.1% (n=30) was 
found in this study: 23 during hospital stay and 7 occurring within 30 days. Positive 
urinary culture or stone culture was associated with the development of any 
complication, p=0.017 and p=0.002 respectively.  

No other possible risk-factors show any significant correlation with complications 
(age, sex, body mass index, stone composition, stone free rate (SFR), comorbidity, 
catheter use and mortality rate). Treatment of residual stones included: watchful 
waiting n=40, ESWL n=15, ureteroscopy n=8, and endoluminal antegrade approach 
n=1. 

No significant association was found between serious postoperative infectious 
complications defined as sepsis and positive urinary or stone cultures. Of the sepsis 
patients 37.5% (3/8) had negative cultures from both urine and kidney stones. Only 
one patient had a positive blood culture (1/8), E. coli with ESBL-CARBA, in both 
urine and stone. Nearly all of the patients (5/6) who developed fever postoperatively 
received an extra dose of intravenous aminoglycoside (n=4) or carbapenem (n=1) 
followed by per oral antibiotics, normally for 7-10 days. Looking at all 
complications, 12.4% (n=23) suffered from one or more complications before being 
discharged from the hospital. Bleeding, defined as the patients receiving a 
transfusion, occurred in 5.4% (n=10), sepsis was diagnosed in 4.3% (n=8), fever 
episode in 3.2% (n=6), and reoperation in 1.6% (n=3).  

Of all patients, 3.8% (n=7) sought medical care or required additional intervention 
within 30 days of being discharged. Of these, 5/7 had infectious complications, 
including 1 patient with abscess, 2 with pyelonephritis and 2 with urosepsis. One 
patient had haematuria and flank pain and one patient needed additional surgery 
(URS) due to a residual stone. 

Long-term overall mortality, median follow-up (range 2 to 9 years) postoperatively, 
was 11.3% (n=21) none of these cases was related to PCNL surgery. Of these, 61.9% 
(n=13) were older than 70 years at the time of surgery and the majority, 90.5% 
(n=19), were diagnosed with at least one comorbidity. 52.4% (n=11) had a BMI of 
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25 or higher. No deaths were registered within three months of surgery. Median of 
hospital stay postoperatively was 3 days (ranging from 2 to 23 days). 

The article is interesting, showing that Enterococcus faecalis is as common as E.coli 
in PCNL patients. This may have implications for antibiotic treatment and 
prophylaxis of this group. Even modern urological antibiotic guidelines for PCNL 
focus on treating E.coli not E. Faecalis. Another point with this third article 
(combined with paper I and II) is that together they are a presentation of all (but 
open surgery) surgical treatment options for urological stone treatment (in the same 
cohort and for the same time period).  
Table 5 with results from article I-III 

Treatment 
(patients/treatments) 

ESWL (1136/1838) URS (486/568) PCNL (186) 

Total complication rate 
(readmission rate) both in (%) 

6.4% (4%) 10.6% (7%) 16% (3.8%) 

Most common complication Pain 4.4% Infection 3.5% Infection 11.3% 

SFR 71.8% 90.1% 65.6% 

Location Kidney 64.4% 10.2% 100% 

Location Upper ureter 22.5% 17% - 

Location Lower ureter 11.1% 58.4% 
 

Urinary Tract Infection 3.3% 16% 30% 

Double J-catheter 24.1%  
(Both JJ and Neph. 
included) 

Before 15.9% , after 
treatment 34.9% 

11.8% 

Nephrostomy 24.1%  
(Both JJ and Neph. 
included) 

- 14.5% 

Urinary catheter - 16.9% 1.6% 

 

Paper IV: Factors influencing stone free rate of Extracorporeal Shock Wave 
Lithotripsy (ESWL): A cohort study 

In this fourth article (not published yet) the aim is to try to optimize ESWL treatment 
results by improving selection of patients likely to benefit from ESWL. This study 
involved evaluating 707 of the 724 ESWL treatments between 2016 and 2019 in 
Ängelholm Hospital for stones <2cm. This study focuses on specific factors that 
might predict SFR/outcome of ESWL treatment. Objective factors known before 
treatment are, for example, age, stone size, skin-to-stone distance (SSD), hounsfield 
units (HU), stone location, and number of treatments. We evaluate factors affecting 
SFR.  

We concluded that stone maximum size, stone volume and age, has an impact on 
stone free rate after ESWL. We are puzzled by age being such a strong predictor 
and this needs to be further investigated.  
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Table 6 with results from article IV:  
Multivariate analysis of factors that could affect SFR after ESWL (HU and volume are odds ratios/100 units). Note that 
the effect of SSD disappears, possibly due to an association with size or age. Results are the same when taking into 
account max size instead of stone volume. (n=707) 

Table 4 OR CI-lower CI-upper p-value 

Sex Male 1.253 0.78 2.014 0.352 

Right side 1.322 0.815 2.142 0.258 

Location Ureter 0.651 0.305 1.391 0.268 

Pigtail stent 1.024 0.510 2.059 0.946 

Nephrostomy 2.522 0.828 7.684 0.104 

Age 0.944 0.928 0.961 <0.001 

HU (100) 1.058 0.966 1.159 0.226 

Volume (100) 0.940 0.908 0.973 < 0.001 

SSD 0.974 0.874 1.085 0.634 
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Discussion and future perspectives 

The general aim of the first 3 studies was to include all the stone surgery performed 
over five years in northwest Skåne. The first study evaluates clinically relevant 
complications to ESWL. Diabetes is mostly mentioned as a “late complication” in 
association with ESWL. In this study, we found a strong association between 
clinically significant complications and diabetes (p=0.02). Sugar leakage in the 
urine may contribute to a higher risk of infectious complications. The use of stents 
seems to have the same problem. To recommend general intravenous antibiotics to 
these groups (patients with stents and diabetes) might be taking it too far, but the 
following should be considered: optimizing diabetic treatment, ensuring a urine 
culture and considering antibiotic treatment for these groups. The bacteria we found 
in the cultures reflect our clinical experience of infections in urology, with 33% 
caused by E. coli. The increasing resistance in E. coli is an alarming fact and 
infectious complications in the future will be very challenging [172]. To use 1Hz 
when treating with ESWL is most probably better, reducing the risk of 
complications as shown in this article. Using 2Hz seems to reduce the effect of the 
ESWL treatment, so slower is probably the best way to proceed [20]. Antiemetic 
drug-treatment during ESWL correlated with increased risk of complications in this 
study. We have not anticipated this, but it seems logical that pain from tissue damage 
could cause a vagal response. The nausea might be a symptom of this vagal reaction 
but it is yet to be proven in further studies. 

In the second study we tried to describe the complications of URS and investigate 
whether performing URS outside normal working hours increases the risk of 
clinically significant complications. The treatment results in this study with an SFR 
of 90% is comparable with other similar studies. Whether age is a factor that 
increases the risk of complications in URS is debated [173]. In our study we found 
that complications seem to increase with age and the ROC curve analysis indicates 
65 years as a possible cut off age. This might be considered when planning URS in 
the future. Since the numbers in our study are small, larger studies are needed to 
confirm the results. 

The third article concentrates on PCNL, describing complications with a focus on 
infections, bacterial growth/resistance and antibiotic prophylaxis/treatment. The 
stone free rate with PCNL was 66%, corresponding well with other studies and also 
reflecting the complexity of treating large and staghorn stones. It demonstrates the 
fact that complementary treatment is needed for some of these patients. The broad 
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spectrum antibiotics, such as the third-generation cephalosporins and carbapenems, 
should be used when there is a treatment indication only [20]. The standard 
perioperative drug recommended at our clinic at the time of our PCNL study was 
Cefotaxime, a third-generation cephalosporin. Aminoglycosides were the second 
most commonly used drug as additional intravenous therapy in our study. A general 
reflection is that none of these drugs is effective for Enterococcus faecalis. The large 
proportion of E. faecalis that we found in our study (20%) may change future 
antibiotic recommendations, given that these results are reproducible. Studies on 
urinary bacteria and their resistance will be needed at intervals in the future, to 
evaluate antibiotic prophylaxis in stone surgery (PCNL, URS and ESWL). 

In the fourth article the aim was to try to optimize ESWL treatment results by 
improving selection of patients that are helped by ESWL. This study was impossible 
to conduct within the same time span as the previous three. There is a need for 
NCCT to assess objective parameters known before treatment, such as volume/max 
size, SSD, HU, location, number of treatments etc; NCCT was not performed 
routinely on all stone cases before 2015. The preliminary results show that age 
(p<0.001) and maximum size in mm/volume (p<0.001) have a significant impact on 
SFR. It is puzzling that age in this study is such a strong predictor of a successful 
treatment, measured as SFR. We have re-examined the figures and the result remain 
the same. It has been previously shown that age affects SFR [174]. It has been 
suggested that sclerotic changes in renal parenchyma occur with aging reducing the 
effect of ESWL on kidney stones. The effect seems to be the same with urethral 
stones so this might not be the only cause [174]. Long time SFR seems to level the 
difference of age, one explanation being that SFR takes longer with increasing age 
[174]. Our study is evaluated after 3 months and could be biased by this fact. But it 
be that other factors are affected by age and reflected in the age parameter in our 
study. Ageing normally reduces urine production, fluid intake, physical and sexual 
activity, elasticity of tissues and wound healing. A model containing age and volume 
seems to be the best way to predict SFR in this material. We present a simple model 
including age and stone size for an estimation of SFR after ESWL. 

Methodological considerations 

All studies in this thesis are observational in nature and are population-based cohort 
studies. In my doctoral plan the intention was that two RCTs should be included: 
one using a multi-centre method and both addressing aspects of drug treatment in 
research. I am still a part of these studies, but they are not included in this thesis. 
Evaluation-based on the input from the midterm external reviewers- led to the 
decision to include a fourth study focusing on stone treatment instead. It is my belief 
that the thesis as a whole has gained from this guidance. 
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This choice of direction, however, weakens the research methodology part of the 
thesis. It is well known that observational studies increase the risk of errors/bias. 
The selection bias in all three studies is obvious as all patients included were in need 
of surgical treatment for their stone disease. Other sources of selection bias affecting 
results could be waiting time affecting patient or doctor preference. Confounding 
bias can occur and age, as discussed above, could be such a factor. Information bias 
resulting from incorrect measurements is something that needs special consideration 
specially in paper IV. Being aware of sources of error, and discussing and working 
with these, are of great importance and we have tried to do so in this research. I also 
believe that our close cooperation with a statistician increases the reliability of the 
results.  

Making this a stone thesis may be its greatest strength. The thesis includes 3299 
surgical treatment sessions for urolithiasis. It is the largest number of stone 
treatments presented in a Swedish thesis as far as I know. It includes all surgical 
treatments during a 5-year period in the population of northwest Skåne. A urological 
thesis on stone treatment is exclusive in Sweden, as in the last 20 years only one has 
been presented (by Klas Lindqvist 2004). It is important that aspects of stone 
treatment are represented within the Swedish research community; hopefully this 
thesis will make a contribution in the stone field. Many patients are affected by stone 
disease both in our country and in the world, and further research of this group of 
patients is important. The material consists of a large number of patients and could 
be used for more studies on stone disease. There are many possibilities of future 
studies. Different aspects of costs related to stone disease could be one, the time 
from diagnosis until treatment or total treatment time for the different treatment 
modalities another. Relapse in stone disease and the risk of intervention and 
complications in the patients with residual fragments in a modern setting would be 
interesting to investigate.  

General discussion 

The aim in this general discussion is to address more structural issues that may be 
important for the improvement of urological stone treatment in the future. Patients 
receiving cancer diagnoses have shorter investigation workup and time to receive 
conclusive treatments. These improvements are driven by the “Standardized Care 
Procedures” (SVF in Swedish) [175]. Unfortunately, this has been at the cost of non-
malignant diseases. Stone treatment is one of those conditions left with the opposite 
situation, namely fewer resources and longer time to surgery and cure. Stone 
surgeons believe that this prompts the movement of stone treatment in the same 
direction, by making an “SVF” for stone disease. The creation of Swedish national 
recommendations on stone treatment is in progress.  
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Urological stone disease is increasing, >50% in the last 10 years and this needs to 
be addressed. In Sweden we have chosen a conservative treatment policy for stone 
disease. In the Lindqvist et al study almost 20 years ago, they evaluated whether 
immediate investigation or deferred investigation of acute flank pain was better, 
using CT-KUB in the years 2001-2002 [176]. That study failed to show any real 
benefits of early investigation. The study has limitations, as it represented the 
Goteborg county, there were 172 persons that could be randomized and of those 150 
could be evaluated. The study was conducted in the early stages of CT development, 
with time consuming and high dosage CT-KUB protocols. A study from Norway 
recently tried to address the same issue, but being small, retrospective and with a 
low response rate (48%), still leaves this issue unanswered [177]. Urological 
radiology has gone through drastic technical improvements in the last years. 
Radiation dosage for a CT-KUB has been sharply reduced, and control CT-KUB 
even more (≈1.5 mGy, absorbed dose≈ 0.7-08 mSv, this is a low dose) with 
maintained and sometimes even better results [178]. The question to answer is 
whether it is really true that stones pass spontaneously. The latest reviews on the 
subject conclude that 64% of patients passed their stones spontaneously (49% of 
upper ureteral stones, 58% of mid-ureteral stones, and 68% of distal ureteral stones). 
If the stone is small <5mm, almost 75% of stones passed spontaneously, suggesting 
that we need to know the size and location of the stone. The average time to stone 
expulsion is around 2.5 weeks and nearly 5% of patients required rehospitalization 
[89]. Early treatment is required as soon as possible, or at least within 48 h, and even 
seems superior using ESWL for some patients [179]. Knowing all this, is it still 
acceptable to hope that the stone will pass spontaneously? In Europe, the debate of 
“treating acute flank pain” has focused more on how to investigate this condition 
than on when and if to investigate. The high percentage of private urology clinics in 
Europe must be taken into consideration when reflecting on these recommendations 
(their feasible option being ultrasound). Ultrasound demands skilled personnel on 
site performing the investigation, which consumes time and resources. Ultrasound 
provides good data on kidney parenchyma and hydronephrosis, but limited 
knowledge of stone size and location [180]. Should ultrasound or CT-KUB be used 
as the investigative method? For most Swedish doctors and definitely for stone 
surgeons this question is easily answered. Most would never expose a patient to the 
risks of anesthesia and a surgical procedure if there “might be” a stone: this is the 
risk of performing surgery based on conclusions from an ultrasound. If you really 
need to know whether there is a stone or not, its size and location, you need to 
perform a CT-KUB. However, ultrasound should be used for pregnant women and 
younger children to avoid even low doses of radiation. Ultrasound could, if needed, 
be complemented with a CT-KUB in these two groups. The approach to take for the 
vast majority of patients with stone disease is CT-KUB using the new low dosage 
protocols.  

A correct diagnosis with all the information received by a CT-KUB is the start of 
treating stone patients correctly. The exclusion of other acute and dangerous 
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abdominal pain conditions is of course also important; this occurs in around 10% of 
these cases [181]. In the group with acute flank pain 90% have a urological 
explanation for their pain, but only around 80% have a urethral stone as the cause 
of this pain. Of those, around 20% will require an emergency intervention [182]. 
You simply need to know what the problem is, or neither you nor the patient will be 
content. The correct diagnosis of stones gives us the early opportunity to 
suggest/discuss treatment options and present a time plan to the patient. Patients 
with larger proximal stones or increased risk of complications can be better 
prioritized, with optimized planning for further investigations and surgery. Patients 
with small stones might not even need any more X-ray investigations; it could be 
enough to provide a clinical follow-up. This follow-up can be performed by the 
General Practitioner (GP) or even better by a specialized “stone nurse”, cutting 
radiation exposure, waiting time and costs. A training program needs to be 
developed and put into practice to involve nurses more and increase interest in stone 
care and treatment.  

What is then the issue – why not just perform the CT-KUB? Costs and radiation 
exposure are what make most urologists hesitate. But will costs really increase? We 
actually do not know this for sure; many perform CT-KUB on these patients even 
today. Radiation exposure than? Maybe some patients will be unnecessary exposed, 
but if some of the stone patients will not need a follow up CT-KUB, it might even 
reduce total radiation exposure of the group. Small stones (<4mm) have an 
estimated stone clearance rate of 95% within 40 days [183] if the patient are without 
symptoms one might suggest that no more X-ray is needed. And again, the doses 
with CT-KUB are really low nowadays. The study by Lindqvist et al. did not show 
any real benefits regarding sick leave, medication or suffering with CT-KUB in the 
acute session [176]. But it was almost 20 years ago and the study has weaknesses as 
mentioned before. There is a need for a well performed randomized controlled trial 
(RCT), addressing whether to perform a radiological (CT-KUB) evaluation as 
promptly as possible, or whether we should continue with delayed evaluation of the 
stone disease. I hope that we as urologists find a way to make this RCT happen, 
preferably as soon as possible.  

Future treatment perspectives 

The workup of stone patients will be better in the future, with more information both 
on the stone and the patient. With objective measurements and facts, using 
computerized/AI programs, it will be possible to individualize procedures and 
deliver optimal stone treatment to every single patient [184]. 

ESWL will remain as the most important modality and be the “base” of stone 
surgery in the near future, as it is an outpatient and very cost-efficient technique. 
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The SFR we show of 72% is comparable to other studies and acceptable, but it can 
be improved. 

The development of more efficient machines is slowly ongoing. Twin-head or 
tandem-pulse shock-wave generators will be available with automated 
location/tracking systems activated during treatment to make every shockwave hit 
the stone [185]. With these new tools ESWL has the potential to improve its results 
even more. Lowering the frequency to 1 Hz, adding abdominal compression, power-
ramping and maybe standardized MET might further improve SFR results to some 
extent. Initiating ESWL at an earlier point might also improve results and reduce 
suffering for these patients [179]. It is feasible to perform multiple sessions of 
ESWL waiting only one day. This works safely for ureteral stones, shortening 
treatment time for these patients [186]. The latest and promising technical 
development is burst wave lithotripsy. It uses sinusoidal short bursts of focused 
ultrasonic pulses (200 Hz and 4 Mp) to fragment stones [3].  

There is a need for better collection and storage of data on stone disease and 
outcomes. A national registry for stone patients would be most desirable. Built-in 
software enabling us to use the objective data measurements on the patient and 
stone, calculating risk of complications and predicting SFR outcome should be 
available in the “new” ESWL machines [185]. The foundations for creating a 
national stone register are now ongoing with the work of a Swedish national 
guideline on stone treatment. There is a genuine interest in starting up a national 
stone register; both Goteborg and Örebro University have presented plans for this 
and hopefully it will happen in the near future. 

The technical development of URS (ureteroscopy) will continue, and better 
instruments, better flexibility/vision/irrigation and better lasers will take us a bit 
further. Laser development will continue; the latest more effective laser is the one 
with the Thulium laser fiber [138].  

Problems constantly facing us when performing URS are the cost of the flexible 
instruments and their limited sustainability. Other problems are the contamination 
of these reusable instruments and increasing bacterial resistance. We are already 
using throwaway instruments today and whatever the environmental aspects of this 
might be, they are here to stay. Surprisingly, and to my fascination, these 
instruments work really well. A prediction would be that the use of throwaway 
instruments will increase. Their usage will initially be directed towards procedures 
with risk of damaging or contaminating the instruments. The reusable instruments 
will still remain in practice primarily for daily work, mostly cystoscopies. Reusable 
instruments will also remain in cancer treatment, where there is need for polarized 
light (NBI - narrow band imaging/Hexvix), because these features are too 
expensive to incorporate in a throwaway instrument. Antegrade URS will be used 
more in the future. There are different techniques for antegrade URS: many use one-
step dilators through a nephrostomy channel (applied around a week before the 
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surgery), then use the flexible ureteroscope when treating the stone. It is clear that 
the antegrade approach is safe, effective and that it offers a different and sometimes 
better approach to removing the stone. It may be possible that URS could reduce the 
stricture risk when treating proximal/complex or impacted stones [187]. 

PCNL is technically the most complex surgical procedure. It will be performed at 
fewer places in the future, probably “stone centres”. Preferably these “stone centres” 
will have all modalities of stone treatment accessible. PCNL also demands a ward, 
able to handle postoperative care with knowledge of the procedure and its 
complications. The trend in PCNL has been to reduce the incision/access channel, 
making this an outpatient procedure or at least surgery with a very limited admission 
time. The mini PCNL works well especially for smaller lower calyceal stones. But 
PCNL is a treatment for a highly selected, small group of stone patients. The mini 
PCNL will have limited effects both on patient suffering and on treatment costs. 

In the future it is likely that more stones can and will be managed by URS. This is 
driven by the fact that many urological clinics in Europe are privately owned. An 
ESWL machine and the need to admit patients for an over-night stay (PCNL) are 
probably regarded by private practitioners as an unnecessary burden, leaving them 
with URS as the only surgical “in house” option. This is acceptable if it is driven by 
the interests of the patient or for the improvement of urological procedures and not 
for profit. The length of and the need for hospital stay after stone surgery will 
decrease even more in the future. This is due to technical improvements in stone 
disintegration resulting in shorter operation time and less trauma to the patients.  

The development of urological robotic surgery is now well established and has 
spread from robotically-assisted prostatectomies, to bladder and kidney operations, 
and further in the urological surgical field. The risk of stricture and the technical 
complexity of proximal and impacted stones emphasize the need for another 
approach. Robotic stone surgery could be that solution and it just might be able to 
improve the treatment results for these stones [188]. Robotic surgery could also 
work as an alternative to PCNL. Larger or multiple stones in the renal pelvis, 
especially if there are associated conditions like a PUJ-stenosis, could mean robotics 
are the best option.  

For staghorn stones PCNL will remain the “gold standard”, and most surgeons who 
have tried open stone surgery on staghorn stones would agree. The development of 
new materials of stents opens the possibility for long-term or even permanent use 
(like cardiac stents) in the future [189]. 
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Conclusions  

Paper I: Complications in Extracorporeal Shock Wave Lithotripsy (ESWL): A 
cohort study, conclusion: We conclude that there are few complications to modern 
ESWL treatment. 1 Hz should be used to reduce complications (p=0.025). As there 
is no indication that 1Hz is less effective than 1.5 Hz, this strongly implies that 1 Hz 
should normally be the frequency used.  

Success rate with ESWL alone was high 71.8% (n=1324). Our data indicate that 
diabetes and larger stone size increase the risk of complications. The need for 
antiemetics during ESWL is a factor that deserves special consideration and further 
study. Distal stones seem to have a lower risk of complications (p=0.017).  

Paper II: A study of clinical complications and possible risk factors for stone 
surgery - a population based study, conclusions: URS in a modern setting provides 
excellent results with high SFR and low morbidity. Preoperative stone size <4mm 
showed 100 % SFR success rate (n=112). SFR for stones >4≤6 mm was 96.2 % 
(n=176), for stones >6≤10 mm 84.6 % (n=193), and for stones >10 mm was 68.2 % 
(n=30). Time of day, or the presence of a urological specialized operating nurse does 
not affect the risk of complications and we found no other significant risk factors 
for complications. Regarding bacteria, E. coli is the most common in preoperative 
cultures. In this study the risk of complications increases with age. We conclude that 
for patients >65 years this should be considered in preoperative counselling.  

Paper III: Percutaneous nephrolithotomy and modern aspects of complications and 
antibiotic treatment conclusions: Stone free rate was 65.6% (n=122) which is 
acceptable and comparable with other studies. This study has a total complication 
rate of 16%, with approximately 10% being severe. The most common complication 
of PCNL was infection at 60% (bleeding 5.4%, reoperation 1.6% and pain 0.5%). 
Our results regarding levels of E. faecalis in cultures, should be validated in a larger 
cohort, possibly with a higher rate of antibiotic resistance, before a change of 
guidelines regarding prophylactic antibiotics could be proposed. We conclude that 
the high prevalence of E. faecalis needs to be considered.  

Paper IV: Factors influencing stone free rate of Extracorporeal Shock Wave 
Lithotripsy (ESWL): A cohort study conclusions: We conclude that stone maximum 
size/stone volume and age have an impact on stone free rate after ESWL. We are 
puzzled by age being such a strong predictor for SFR, and this needs to be further 
investigated.  
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Populärvetenskaplig sammanfattning 

Sten i urinvägarna har drabbat människor i flera tusen år och finns beskrivet redan 
i gamla Egypten. Vi tror att stenbildning i äldre tider var vanligast i urinblåsan 
sekundärt till obehandlade infektioner och ofullständig blåstömning. I modern tid 
och i utvecklade länder är stenar i de övre urinvägarna det största problemet. 
Tillgången till mat och då inte minst kött, har förbättrat livsbetingelserna och har i 
kombination med andra vällevnadseffekter bidragit till en ökande sten-problematik. 
Vi vet också att ärftliga faktorer kan fördubbla risken för sten. Orsaken till att 
mineraler ansamlas i urinen och kristalliseras till stenar är multifaktoriell. Man kan 
beskriva detta detaljerat och komplicerat, men enkelt förklarat beror det på 
utsöndringen av mineraler (framför allt kalk, oxalat och fosfat), volymen vätska och 
pH i urinen. Dessa faktorer är styrande för när kristallisering/stenbildning uppstår, 
men de är alla påverkbara. Själva storleken på stenen har betydelse, små stenar (< 5 
mm) trillar själv ut i ca 70% av fallen medan stenar större än 7 mm oftast kräver 
kirurgisk åtgärd. Sten i urinvägarna är ett växande problem. En ökning av antalet 
besök relaterade till njursten med mer än 50% har setts de sista 11 åren i Sverige.  

När man börjar som ung kirurg är man främst fokuserad på kirurgisk teknik. Att 
kirurgi också är förenat med komplikationer och att sådana risker har en mycket stor 
betydelse för hur man skall råda och konsultera patienterna måste man också snabbt 
lära sig. 

Denna avhandling fokuserar på komplikationer och behandlingsresultat vid 
behandling av urologisk stensjukdom. De klassiska komplikationerna till kirurgi är 
infektioner, blödningar och blodproppar. Inom stenkirurgi är stopp i urinvägarna, 
infektion och blödning de vanligaste riskerna eller komplikationerna. Mina studier 
har sin grund i mitt mångåriga arbete som urolog och den vilja jag hyser att förbättra 
vården för patienter med stensjukdom. Njurstenssjukdom är knappast något hot 
topic eller ett ”prestigeområde” inom den urologiska specialiteten men sjukdomen 
är och kommer att förbli mycket vanlig förekommande, så förekommande att den 
skulle kunna kallas en folksjukdom. Det vanligaste och bästa sättet att bli av med 
njursten om man drabbats av detta (jag har själv drabbats och upplevelsen är 
smärtsam) är att kroppen själv på egen hand stöter ut stenen tillsammans med urinen. 
Detta fungerar upp till ca 5 mm storlek på stenen med individuella variationer. Är 
stenen större fastnar den tyvärr gärna och gör då ofta ont. Stenen kan även orsaka 
att urinflödet stoppas och att njuren svullnar upp, så kallad vattennjure. Kortsiktigt 
har detta begränsad betydelse förutom att det också gör ordentligt ont, men på längre 
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sikt skadas njurens funktion och det finns ökad risk för infektioner som då kan bli 
livshotande.  

Det gamla sättet att ta bort större eller fastsittande njur-/uretärstenar var öppen 
kirurgi. Lite ironisk beskrevs det ofta som det ”stora snittet för den lilla stenen”. 

Det utvecklades på 1970- och 1980-talet bättre metoder att behandla njursten. En 
metod där man med ultraljud kan krossa stenen inne i kroppen benämnd ESWL 
(Extracorporal/utanför kroppen ShockWave/stötvåg Lithotripsi/slå sönder stenen) 
blev tillgänglig. Fortsatta tekniska framsteg gjorde det möjligt att utveckla så tunna 
kikare (kallade uretäroskop) att man kunde föra in dem via urinröret till urinblåsan 
och upp i urinledaren, ibland hela vägen upp till njurbäckenet. När man påträffade 
stenen kunde man skjuta sönder den med laser och vid behov dra ut större flisor 
(kallat URS=URetäroSkopi i min avhandling). De riktigt stora stenarna kan bara 
växa där det finns plats uppe i njurbäckenet, en annan teknik utvecklades där man 
finurligt och utan att egentligen skada njuren kunde punktera njurbäckenet. Genom 
att gradvis vidga hålet blir det möjligt att föra in en kikare, sönderdela och ta ut 
stenen (PCNL=PerCutan/genom huden Nefro/njuren Lithotomy/ta bort stenen).  

Studierna i avhandlingen utgår från patienter här i Nordvästskåne. Det är både en 
styrka och svaghet att sten-studierna är gjorda lokalt. Det kan noteras att mina 
studier inkluderar alla opererade njurstenar med samtliga operationsmodaliteterna 
ESWL, URS och PCNL i nordvästra Skåne under drygt 5 år (studie I-III). Att 
representationen är lokalt begränsad och inte innefattar andra delar av Sverige och 
Europa kan förstås utgöra en svaghet. Studierna speglar den moderna kirurgin och 
beskriver alla metodernas förtjänster men också deras risker/komplikationer. Utöver 
detta har jag försökt hitta objektiva faktorer som påverkar resultatet, exempelvis 
sådant som man kan se på röntgen och ta hänsyn till när man planerar 
behandlingarna.  

Slutsatserna i studie I är att ESWL fungerar bra (72% blir av med sin sten) med 
ganska liten risk för komplikationer (ca 6%). Ett ännu bättre resultat kan uppnås om 
man vid ESWL skjuter lite långsammare (1 Hz), vilket minskar risken för 
komplikationer samtidigt som resultatet förblir bra. Diabetes och större stenar ökar 
komplikationsrisken. Vi märkte att om patienten mådde illa (behövde medicin för 
detta) visade sig risken för komplikation också öka. Vår studie visade även, vilket 
var förväntat, att patienter med stenar långt nere i urinledaren hade mindre risk för 
komplikationer.  

Slutsatserna i studie II: Risken för komplikationer vid URS var totalt högre än vid 
ESWL, drygt 10% men URS botar stenar bra (91% blir av med stenen). URS är 
ganska tekniskt krävande och ”pilligt”, vi trodde att med van personal och om 
operationen gjordes på dagen skulle resultatet påverkas till det bättre. Det kunde vi 
dock inte se i studien, vilket i och för sig är bra ur många perspektiv. Vi såg att 
risken för komplikationer ökade med åldern (URS är en operation med sövning etc 
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som kan vara riskfyllt för äldre). Kanske skall man vara lite försiktigare med URS 
för patienter över 65 års ålder. 

Slutsatserna i studie III, PCNL-studien: Här är störst risk för komplikationer, totalt 
ca 16%. PCNL är den största och mest tidskrävande av alla ingreppen men den 
behövs hos ganska få patienter. 10% av komplikationerna var allvarliga och den 
vanligaste orsaken var infektion. PCNL behandlar svåra och stora stenar och man 
botar 66% med denna operation. Vi tittade på hur det såg ut med bakterier i stenen 
och urinen. Det är vanlig förekommande, ca 1/3 har bakterier. Det som var 
förvånande här var att E.faecalis var lika vanlig som den normalt vanligaste 
bakterien E.coli. Detta kan spela en viss roll. Det är nämligen så att våra vanligaste 
förebyggande antibiotikabehandlingar (profylax) biter dåligt på E. faecalis. Vår 
studie är för liten och möjligen för regionalt begränsad för att dra bestämda 
slutsatser av dessa resultat. Om resultaten kan reproduceras i övriga Sverige eller 
Europa finns kanske anledning att överväga ett byte till en annan antibiotikaprofylax 
som är effektiv mot båda dessa bakterier. 

Studie IV: Faktorer som påverkar hur bra vi lyckas med ESWL (ännu inte 
publicerad) visar att stenens största mått och patientens ålder har betydelse för hur 
effektivt vi kan slå sönder stenen med ESWL. Dessa två objektiva parametrar skall 
därför beaktas innan man behandlar patienter med ESWL. Ju yngre man är och ju 
mindre stenen är ju större sannolikhet att behandlingsresultatet blir bra. Att åldern 
spelar en så stor roll förvånar oss och detta behöver man studera vidare. Vi hoppas 
också att våra data tillsammans med andra forskares resultat skall kunna ge oss en 
algoritm för att beräkna risken för komplikationer och sannolikheten för bot med 
ESWL. 
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ABSTRACT
Objective: The aim of this study was to evaluate clinically relevant complications within 14 days after
extracorporeal shockwave lithotripsy (ESWL) in a modern setting.
Materials and methods: Consecutive ESWL treatments between 2009 and 2015 in €Angelholm
Hospital, Sweden, were analyzed retrospectively. The primary outcome was complications in patients
seeking medical attention within 14 days after ESWL. Multivariable analysis was used to adjust for con-
founders such as diabetes, stone size and location, and presence of a urinary stent.
Results: In total, 1838 stones were treated: 1185 (64.4%) localized in the renal pelvis, and 415 (22.5%)
in the upper two-thirds and 205 (11.1%) in the lower third of the ureter. Overall, 116 out of 1838 cases
(6.4%) needed medical attention within 14 days after ESWL and 75 (4%) crequired hospital care.
Infection was found in 44 cases (2.4%), with a positive urine culture in 33 cases. Invasive/operative
interventions were performed in 41 cases (2.2%). Distal stones had a lower risk of complications
(p¼ 0.02) with ESWL. Diabetes (p¼ 0.02), larger stones (11–20mm, p¼ 0.03; 21–30mm, p¼ 0.009) and
a need for antiemetics during treatment (p¼ 0.02) were significantly associated with an increased risk
of complications.
Conclusions: Few complications are associated with modern ESWL treatment. A frequency of 1Hz
should be used to reduce complications (p¼ 0.025). Diabetes and larger stone size increase the risk of
complications. The need for antiemetics during ESWL requires special consideration and further study.
Distal stones seem to carry a lower risk of complications (p¼ 0.017).
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Introduction

The excruciating pain from a kidney stone attack is not an
experience you would wish on your worst enemy, and
patients will do almost anything to avoid new attacks.
Hippocrates specifically mentioned stones in his Hippocratic
oath: ‘I will not use the knife, not even on sufferers from
stone but will withdraw in favor of such men as are engaged
in this work’. Despite its long history, we need to learn more
about stone disease and its treatment. Stones in the urinary
tract are a common clinical problem presenting as pain or
infection [1]. Treatment of stones in the urinary tract includes
ureteroscopic endoluminal extraction of stones (URS), extra-
corporeal shockwave lithotripsy (ESWL) and percutaneous
nephrolithotripsy (PCNL). The European Association of
Urology (EAU) recommends the use of URS and ESWL for
removal of ureteric stones. A known complication of ESWL is
stone fragments getting stuck in the distal ureter (stein-
strasse), which occurs more frequently in patients with larger
stones (3–7%) [2,3]. Renal hematoma is the major complica-
tion related to renal tissue damage, and is symptomatic in
1–4% of patients [4] and asymptomatic in up to 19–25% [5].
Arrhythmias are not uncommon (1–9%) but are not associ-
ated with myocardial damage and severe cardiac events are
rare [6]. Case reports of rare complications such as bowel

perforation [7] and hepatic hematoma have been published
[8]. Infectious complications due to ESWL have been shown
to be low (0.7–5.8%) [9] and urosepsis is very low (0.2–1%)
[10]. Previously, antibiotic prophylaxis was recommended for
all ESWL treatments [11]. However, both the EAU and the
American Urological Association (AUA) have changed their
guidelines [12] and prophylaxis is now only recommended
for diabetic patients and those with ureteral stents/nephros-
tomy [13]. Bacterial resistance to antibiotics is an increasing
problem in Sweden and worldwide [14].

The aim of this study was to evaluate the results from and
complications of ESWL treatment, and to identify factors pre-
dicting complications of ESWL treatment.

Materials and methods

All 1169 patients treated with ESWL at the Urolithiasis Center
at €Angelholm Hospital, in the north-western part of Skåne
County, Sweden, during the period 2009–2015 were
included. The population of Skåne County is approximately
1.3 million inhabitants (mean age 41 years in 2015). The
north-western part of Skåne and the Helsingborg/€Angelholm
hospitals serve approximately 450,000 people regarding
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stone treatment. This study was approved by the local ethics
committee at Lund University (Dnr 2016/254).

Stones larger than 6mm causing obstruction or symptoms
were considered a treatment indication. ESWL as treatment
modality was decided on by the stone-treating doctor in con-
sensus with the patient. Pre-ESWL stenting was not carried
out routinely. Patients received stents owing to obstruction
and pain, rarely to stone size alone. All patients were pre-
sented with the option of ESWL but patients with stones
larger than 6mm, visualized on plain X-ray [scout picture
computed tomography (CT)/plain X-ray] located in the upper
two-thirds of the ureter and in the kidney pelvis were recom-
mended ESWL. At the start of the study, plain X-ray was the
recommended diagnostic tool; nowadays it has been
replaced by CT scan. Data were entered when treating the
patients and stored in a computerized medical chart system
(Melior).

Data were gathered prospectively, including: age; gender;
comorbidities; stones (number; location; size; and side); num-
ber of treatments; number of shockwaves; shockwave fre-
quency; Stortz medical lithotripsy index (SMLI);
fragmentation; X-ray time; need for contrast; urine dipstick
and culture, if needed; pulse, blood pressure and oxygen sat-
uration before and during treatment; stenting; treatment suc-
cess after 1 month; and the need for acute or other
treatment options. Information on clinically significant com-
plications was gathered retrospectively through a systematic
review of journals and prescriptions of the patients seeking
medical attention within 14 days after ESWL treatment.

Descriptive parameters collected from the medical records
are presented in Table 1. As some patients received two
treatments at one time and other multiple treatments, the
focus was on the number of treatment sessions. EAU guide-
lines on contraindications for ESWL treatment were used [15].
Stortz Medicals recommendations regarding the number of
shockwaves and energy levels were followed. Power ramping
was not routinely performed during the study period of
ESWL. The ESWL machine used was a Stortz Modulith SLX-
F2VR . Treatment was given in an outpatient setting. Diabetic
patients, patients with a positive urine culture/dipstick and
patients with nephrostomy/ureteral stent or catheter were
given antibiotic prophylaxis orally approximately 30min
before ESWL [15]. The antibiotic given routinely was cipro-
floxacin 500mg orally as a single-dose regimen, with a few
exceptions based on cultures. Intravenously (i.v.) adminis-
tered alfentanil was used as an analgesic during treatment.
Midazolam i.v. was given as a sedative, but was rarely
needed, and ondansetron i.v. per weight as an antiemetic.
The patient’s vital signs (pulse, blood pressure and oxygen
saturation) were continuously monitored during the
procedure.

Treatment was evaluated after 1 month with a CT scan.
Fragmentation was assessed as: 1¼ no fragmentation;
2¼partial fragmentation (> 4mm); 3¼ complete fragmenta-
tion (< 4mm); and 4¼ total fragmentation (no fragments to
be seen). Residual stones were defined by identification on
the CT scan. The long-term mortality rate was registered and
compared with the Swedish mortality register on
5 December 2016. The first patient was treated in September

Table 1. Descriptive parameters of the patients treated with
extracorporeal shockwave lithotripsy (ESWL).

All treatments (n¼ 1838)

(a) Before ESWL treatment
Age (years)

Range 8–93
Median 57
Mean± SD 57.2 ± 15.6

Gender (male/female) 1193/646
Stent 443 (24.1)
Diabetes 170 (9.2)
(b) During ESWL treatment
Side

Right 826 (44.9)
Left 1013 (55.0)

Stone size (mm)
1–10 1272 (69.1)
11–20 530 (28.8)
21–30 36 (2.0)

No. of stones
1 1704 (92.6)
2 123 (6.7)
3 12 (0.7)

No. of ESWL treatments
1 1414 (77.0)
2 347 (19.0)
3 76 (4.0)
4 2 (0.1)

No. of shockwaves
<3000 285 (15.5)
3000 1504 (82.0)
>3000 33 (1.8)

Antibiotic prophylaxis
No 1116 (60.7)
Yes 722 (39.2)

Antiemetic
No 1736 (94.3)
Yes 103 (5.6)

Energy level
<6 223 (12.1)
6 1083 (58.8)
>6 535 (29.1)

Focus
Small 1812 (98.4)
Large 27 (1.6)

Fragmentation
None 32 (1.8)
>4mm 725 (39.4)
<4mm 757 (41.4)
Complete 141 (7.7)

Hounsfield units
0–500 101 (5.5)
500–1000 415 (22.5)
1000–1500 205 (11.1)
>1500 6 (0.3)

Frequency (Hz)
1 243 (13.2)
1.5 1471 (79.9)
2 105 (1.2)

Contrast given
No 1812 (98.4)
Yes 27 (1.5)

Stone location
Renal pelvis 1185 (64.4)
Upper two-thirds of ureter 415 (22.5)
Lower third of ureter 205 (11.1)

Dipstick
Positive 61(3.3)
Negative 1778 (96.6)

No. of stones
1 1272 (69.1)
2 530 (28.8)
3 36 (2.0)

(c) After ESWL treatment
Successful ESWL treatment

No 512 (27.8)
Yes 1324 (71.9)

Alive 1781
Mortality 90 days 4 (0.2)
Mortality after 90 days 53 (2.9)
Total mortality 57 (3.1)

Data are shown as n (%) unless otherwise indicated.
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2009 and the last patient in November 2015. Thus, the fol-
low-up time varied between 1 and 7 years.

The reason for admission was defined by the admitting
physician, using clinical parameters. To define sepsis, the
SEPSIS-3 definitions were used [16]. Values were registered
within 72 h of arrival at the hospital [17].

Logistic regression was used to investigate whether sig-
nificant correlations existed between treatment-associated
factors and patients seeking medical attention within 14 days
after ESWL treatment. The analyses were compensated for
gender and age using SPSS Statistics 24 (IBM Corp., Armonk,
NY, USA).

Results

From 2009 to 2015, 1169 patients received treatment in 1838
ESWL sessions. The success rate with ESWL alone was high
(n¼ 1324, 71.8%). The locations of treated stones were the
renal pelvis (n¼ 1185, 64.4%), upper two-thirds of the ureter
(n¼ 415, 22.5%) and lower third of the ureter (n¼ 205,
11.1%). Single treatment was used most frequently (n¼ 1414,
76.7%). The most common complementary treatment was
URS (n¼ 265), followed by expectancy/X-ray follow-up
(n¼ 261). Most patients did not receive antibiotics (n¼ 1116,
60.7%). Diabetes was present in 170 cases (9.3%) and 443
patients (24%) had stents (double-J or nephrostomy). To visu-
alize the stones, contrast was administered through the
nephrostomy tube in 27 patients (1.5%). Data are presented
in Table 1. Comparisons between the group with complica-
tions (n¼ 116) and all ESWL treatments, with p values, are
presented in Table 2.

In 116 out of 1838 cases (sessions) (6.3%), medical atten-
tion was sought within 14 days of ESWL treatment. A flow-
chart of included patients and the various subgroups is
shown in Figure 1. Of the 116 patients who sought medical
attention, microbiological agents were found in cultures in
33 cases. Escherichia coli was the most common agent, found
in 11 out of 1838 cases (0.6%). The microbiological agents
found in cultures and their resistance patterns are presented
in supplementary Table S1.

Of the 1838 ESWL treatments, admission for hospital care
was needed in 75 cases (4%). The mean length of hospital
stay was 2.4 days (range 1–13 days). Overall, infection was
found in 36 cases (1.9%). Intravenous antibiotics were admin-
istered as treatment in 22 (1.2%) of the treatment sessions.
Forty-four patients (2.4% of cases) sought medical attention
because of infection. The admission rate was 2% (36/1838)
and seven of the patients had sepsis; none of the patients
with sepsis had an infection with a microbial agent resistant
to the antibiotic given as prophylaxis before ESWL treatment.

Stones 21–30mm in size (p¼ 0.012, odds ratio¼ 3.317)
and diabetes (p¼ 0.009, odds ratio¼ 2.106) increased the risk
of complications (Table 3). Of the 47 patients admitted for
non-infectious reasons, the main cause was obstructive pain
and uropathy, and 41 patients (2.2% of cases) underwent an
operation. An additional 24 patients (1.3%) were admitted for
various reasons such as hematuria, chest pain, stroke and
various other non-urological, non-infectious reasons. These

findings are further described in Table 3. The complications
are grouped according to Clavien–Dindo grade in Table 4.

The overall long-term mortality during the study period
was recorded in 57 patients. All 1169 patients had a follow-
up time in terms of mortality of at least 1 year. At the 3, 5
and 7 year follow-up, 916, 598 and 96 patients, respectively,
were available for evaluation. There were no in-hospital
deaths and no patients were admitted to the intensive care
unit. Four out of the 57 patients (7%) died within 90 days of
ESWL treatment. The cases were inspected and none of the
deaths was considered to be linked to ESWL treatment.
There was no difference in mortality between patients with
and those without complications from ESWL.

Discussion

The modern method of treating urinary stones with ESWL
has reduced complications in general, compared to previous
treatment procedures and machines. The outpatient proced-
ure, including light sedation (not full anesthesia) and the
modern ESWL machines (generations 3 and 4) provide easier
ways to follow and focus on the stone. They are versatile,
user friendly and highly efficient, with sustained safety. This
large single-center study had a stone-free rate (SFR) of
71.8%, which is comparable to other studies [18,19]. Patients
with significant complications after ESWL were identified. The
main findings are that stone size, diabetes, higher energy
level and the use of antiemetics increase the risk of clinically
significant complications, and that treatment of distal stones
seems to have a lower risk of complications. Pain and infec-
tion are the major reasons for seeking medical aid. The com-
plication rate (seeking medical aid within 14 days after
treatment) in this study was 6.3% (116/1838). This is in line
with Jagtap et al., who found a total complication rate of
5.9% (298/5017) [20]. The morbidity rate and hospital admis-
sion rates in similar studies vary between 2.9% and 38.7%
[21,22].

When discussing infection, the EAU guidelines note the
risk of bacteriuria as being 7–23%. The EAU guidelines state:
‘No standard antibiotic prophylaxis before SWL/ESWL is rec-
ommended’; prophylaxis is recommended in cases of internal
stenting and those with increased bacterial burden (e.g.
indwelling catheter, nephrostomy tube, infectious stones or
bacteriuria) [12,23]. In the present study, there was a signifi-
cant correlation between bacteriuria/positive dipstick and the
risk of complications (p¼ 0.005). All patients in this study
with EAU risk factors were given a single dose of ciprofloxa-
cin. The rate of infectious complications was 2.4% (44/1838).
Mira Moreno et al. found a rate of 1.2% symptomatic urinary
infections in 366 patients [9]. They gave no antibiotics to the
64 stented patients (17.5%) or 38 diabetics, but all patients
were negative on culture preoperatively. In the present study,
infectious complications were relatively common. Stones are
often colonized with bacteria [24], and it may be assumed
that the proportion of bacteria is correlated to stone size and
maybe also to the risk of infectious complications. The sepsis
rate in this study was 0.4% (7/1838); other studies show a
rate of 0–0.6% [20,22] and EAU guidelines note the risk of
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sepsis to be 1–2.7%. The most frequent complication in this
study was pain, in 66 out of 1838 cases (3.6%). Surgery was
needed in 41 cases (2.2%) owing to obstruction, infections
and pain, which is in line with the rate of 1.7% found by
Jagtap et al. [20]. Hospital admission was required in 75 out
of 1838 cases in the present study (4%), which is slightly
higher the admission rate of 2.9% reported by Tan et al. [22].
Stenting is recommended for larger stones than 20mm [25]
and it could increase the SFR [26]. a-Blockers have been sug-
gested to be beneficial and to reduce stent-related

symptoms, including pain [27]. The indications for stenting in
the present study were obstruction and pain, and more rarely
stone size, since stenting also has disadvantages [28]. The
present data indicate that stenting could be considered
when stones are larger than 10mm. Diabetes has been
shown to be a risk factor for infection after ESWL treatment
[13]. Diabetes is mostly mentioned as a late ‘complication’ in
association with ESWL. A strong association was found
between clinically significant complications and diabetes
(p¼ 0.002), and diabetic patients consume more healthcare

Table 2. Comparison between ESWL parameters and the risk of having a complication.

Variable n (missing) p (variable) Comparison OR (95% CI) p (OR)

Gender 1838 (1) 0.4722
1: Male 2 vs 1 1.17 (0.77–1.78) 0.4722
2: Female

Age 1838 (1) 0.3986 Continuous 0.99 (0.98–1.01) 0.3986
No. of shockwaves 1820 (19) 0.6218 Continuous 1.00 (1.00–1.00) 0.6218
Shockwaves 1820 (19) 0.1663

1: < 3000 2 vs 1 0.82 (0.49–1.39) 0.4630
2: 3000 3 vs 1 2.00 (0.69–5.84) 0.2024
3: > 3000

Antibiotics 1838 (1) 0.5351
0: No 1 vs 0 1.14 (0.75–1.74) 0.5351
1: Yes

Antiemetics 1838 (1) 0.0167
0: No 1 vs 0 2.25 (1.16–4.38) 0.0167
1: Yes

Diabetes 1838 (1) 0.0204
0: No 1 vs 0 2.04 (1.12–3.74) 0.0204
1: Yes

Energy level 1817 (22) 0.0072 Continuous 0.80 (0.68–0.94) 0.0072
Focus 1838 (1) 0.6684

0: Small 1 vs 0 0.72 (0.16–3.27) 0.6684
1: Large

Fragmentation: grouped 1653 (186) 0.0514
1: None 2 vs 1 0.37 (0.13–1.09) 0.0707
2: � 4mm 3 vs 1 0.54 (0.19–1.59) 0.2643
3: < 4mm 4 vs 1 0.84 (0.26–2.77) 0.7778
4: Complete

Hounsfield units 727 (1112) 0.4177
1: 0–500 2 vs 1 2.26 (0.65–7.88) 0.1998
2: 500–1000 3 vs 1 1.87 (0.50–7.05) 0.3537
3: 1000–1500 4 vs 1 6.24 (0.55–70.36) 0.1384
4: > 1500

Frequency 1818 (21) 0.0470
1: 1 Hz 2 vs 1 2.14 (1.10–4.16) 0.0249
2: 1.5 Hz 3 vs 1 1.15 (0.36–3.70) 0.8107
3: 2 Hz

Stone location 1804 (35) 0.0340
0: Renal pelvis 1 vs 0 0.68 (0.39–1.18) 0.1755
1: Upper ureter 2 vs 0 0.30 (0.11–0.81) 0.0169
2: Lower ureter

Dipstick 1838 (1) 0.0052
0: Negative 1 vs 0 2.86 (1.37–5.99) 0.0052
1: Positive

SMLI 1746 (93) 0.5605 Continuous 1.00 (1.00–1.00) 0.5605
Stone location 1838 (1) 0.9877

Right side 2 vs 1 1.00 (0.66–1.53) 0.9877
Left side

No. of stones 1838 (1) 0.0478
1 2 vs 1 2.40 (1.13–5.10) 0.0223
2 3 vs 1 1.81 (0.85–3.86) 0.1232
3

Stone size 1837 (2) 0.0069
1: 1–10mm 2 vs 1 1.54 (1.05–2.26) 0.0283
2: 11–20mm 3 vs 1 3.59 (1.38–9.33) 0.0089
3: 21–30mm

Stent 1838 (1) 0.6535
0: No 1 vs 0 0.89 (0.53–1.50) 0.6535
1: Yes

All values are adjusted for gender and age.
OR: odds ratio; SMLI: Stortz medical lithotripsy index (total energy administered).
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resources than the general population. Sugar leakage in the
urine may contribute to a higher risk of infectious complica-
tions. Recommending general intravenous antibiotics for
these groups (i.e. patients with stents and/or diabetes) may
be taking it too far, but optimizing diabetic treatment, per-
forming urine culture and considering antibiotic treatment
must be contemplated. The microbiological agents found in
cultures reflect the authors’ clinical experience of urological
infections, with 33% being caused by E. coli. The increasing

resistance of E. coli is alarming [14] and infectious complica-
tions in the future will be very challenging.

A correlation was found between the energy level and the
risk of complications (p¼ 0.007). Complications increased
when patients received antiemetics (p¼ 0.017), possibly
owing to the greater use of analgesics. Whether this is
because of an underlying complication such as tissue dam-
age, hematoma or obstruction, or because these patients are
more sensitive to pain, is not known and needs further study.
A frequency of 1.5 Hz compared to 1Hz also proved to be a
risk factor for complications (p¼ 0.025). Previous studies have
shown that the optimal frequency for increased SFR is
1–1.5Hz [29,30]. It may be worth taking the extra time to
reduce the frequency to 1Hz if it reduces the complication
rates. Stones in the distal ureter had significantly fewer com-
plications (p¼ 0.017) than kidney stones. The authors usually
recommend URS and laser treatment for these stones, and
the risk reduction seen may be due to selection bias in
choosing patients for ESWL compared to surgery. In this
study, the stented group was not more prone to infectious
complications (p¼ 0.63) and there was no correlation
between age and infection, in contrast to the findings of
Mira Moreno et al. [9]. Stone treatment could be improved
by giving patients access to a special ‘stone nurse’.

Figure 1. Flowchart of all the treatments and the subgrouping used in the study.

Table 3. Complications with regard to diabetes and stone size.

Diabetes Stone size (mm)

Complication Total (n¼ 116) Yes (n¼ 18) No (n¼ 98) 1–10 (n¼ 69) 11–20 (n¼ 41) 21–30 (n¼ 6)

Infection 36 (31.0) 6 (33.3) 30 (30.6) 17 (24.6) 16 (39.0) 3 (50.0)
Kidney hematoma 6 (5.2) 1 (5.6) 5 (5.1) 5 (7.2) 1 (2.4) 0 (0.0)
Surgery 41 (35.3) 7 (38.9) 30 (30.6) 22 (31.9) 13 (31.7) 2 (33.3)
Pain 66 (56.9) 10 (55.6) 56 (57.1) 43 (62.3) 21 (51.2) 2 (33.3)
Admitted 75 (64.6) 12 (66.7) 62 (63.3) 46 (66.7) 25 (61.0) 3 (50.0)
Other causes 18 (15.5) 1 (5.6) 17 (17.4) 12 (17.4) 5 (12.2) 1 (16.7)

Data are shown as number of treatments with this complication (%) in this group. Treatment can lead to more than one complication.

Table 4. Complications group according to Clavien–Dindo grade.

Variable
No. of patients per
treatment (%)

Complications (Clavien–Dindo grade) 116 (6.3)
Grade I
Fever 9 (0.59)
Renal colic/pain/other causes 33 (1.8)

Grade II
Pain (admitted, not operated) 29 (1.6)
Renal hematoma 6 (0.3)

Grade IIIa
Obstruction (relieved by percutaneous nephrostomy) 8 (0.4)

Grade IIIb
Obstruction (relieved by double-J stenting) 15 (0.8)
Steinstrasse (relieved by double-J stenting URS) 16 (0.9)

Grade IV
Urosepsis 7 (0.4)

URS: ureteroscopic endoluminal extraction of stones.
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Standardizing which variables to consider is a necessity for
better evaluation of results and complications. Selection of
the most suitable patients for ESWL can be achieved using
simple parameters such as stone volume, Hounsfield units
and the distance from the energy source to the stone, meas-
ured as skin-to-stone distance. Addressing complications is a
complex task, involving many parameters. Grading can be
kept simple by using the established Clavien–Dindo system
used by Jagtap et al. [20].

Patients with known risk factors were given antibiotic
prophylaxis in accordance with recommendations [13] in this
study, which probably kept the infectious complication rate
down. Despite this, 0.4% of cases developed sepsis. The def-
inition of sepsis differs between studies and is not always
clear. None of the other studies used the sequential organ
failure assessment (SOFA) score, which is supposed to meas-
ure a dysregulatory host response to infection. An elevated
creatinine level could be due to obstructive uropathy in this
study and is a substantial confounder.

When presenting large patient numbers, the risk of
human error increases. Other comorbidities, such as hyper-
tension and anticoagulants, could have an effect on the com-
plications and results, and the American Society of
Anesthesiologists score and Charlson comorbidity index were
not registered. Not all patients were treated with a-blockers,
and non-steroidal anti-inflammatory drugs were recom-
mended as painkillers only when needed. There was a lack
data on Hounsfield units in up to 60% of the cases. Data
regarding other parameters were acceptable. When measur-
ing stone size, there is always the risk of incorrect measure-
ments, although this risk has been reduced by the more
frequent use of CT. This study included all patients treated
with ESWL for urological stones at the Urolithiasis Center at
€Angelholm Hospital between 2009 and 2015. Selection and
exclusion of some patients would be preferred as this would
increase the SFR results, but the authors chose to present
the whole group. It is likely that frail, elderly patients with
more comorbidities were chosen for ESWL treatment to a
greater extent. Comparative studies of ESWL, URS and PCNL,
preferably randomized, are needed to investigate this. The
authors aim to conduct comparable studies of URS and PCNL
(during the same timeframe, 2009–2015) in their center.

This is a large Swedish study addressing clinically signifi-
cant complications of ESWL treatment. It provides an update
in the field of stone management in a modern setting. As in
many other studies, it can be concluded that ESWL is a good
treatment option with a high SFR and low complication rate.
The data indicate that 1.5 Hz (instead of 1 Hz), diabetes and
stones larger than 10mm increase the risk of complications,
and such patients need special consideration before treat-
ment. Patients in need of antiemetics during treatment
deserve special consideration during follow-up. Distal stones
have a lower risk of complications after ESWL but the compli-
cation rate after URS is not known. Decreasing the frequency
of shockwave administration to 1Hz may reduce complica-
tions; this is a little more time consuming but still results in a
good SFR. Patients need to be advised before treatment with
ESWL if they have an increased risk of complications, and
easy ways to detect complications need to be established.
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ABSTRACT
Objective: The incidence of urinary stones is increasing across the globe. Surgical treatment includes
extracorporal shock-wave lithotripsy (ESWL), ureterolithotripsy (URS), percutaneous nephrolitotomy
(PCNL) and rarely open surgery. This single center study describes complications to PCNL focusing on
infections, bacterial growth/resistance and antibiotic prophylaxis/treatment.
Materials and methods: All patients treated for kidney stones with PCNL at €Angelholm Hospital in
north-western Scania, Sweden from January 2009 to December 2015 were included. A dipstick test
and a bacterial culture was made on all patients. Kidney stones were analysed for composition and
cultured for bacteria.
Results: In total, 186 patients underwent PCNL, all receiving perioperative antibiotics. Thirty percent
(56/186) had a positive urinary culture taken before surgery and 33.3% (62/186) had positive stone cul-
ture. The concordance between urinary and stone culture was 57.1%. Both positive stone and urinary
culture increased the risk of complications after surgery (p¼ 0.002 and p¼ 0.017, respectively).
Complications occurred in 16% (30/186). Eight patients (4.3%) developed sepsis. The most common
bacteria in urine were Enterococcus faecalis and Escherichia coli, both 20%. The most common stone-
bacteria reported was Enterococcus faecalis (26%).
Conclusion: This study has a total complication rate of 16%, approximately 10% of those are severe.
The most common complication to PCNL was infection (60%), followed by bleeding (5.4%), reopera-
tion (1.6%) and pain (0.5%). The high prevalence of E. faecalis might need to be considered, however
the results should be validated in a larger cohort, possibly with a higher rate of antibiotic resistance,
before a change of guidelines regarding prophylactic antibiotics could be proposed.
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Introduction

Kidney stones are common globally. The prevalence and inci-
dence rates are 1.7–14.8% and 114–720/100,000 individuals,
respectively. Epidemiologic data from seven Western coun-
tries show that incidence and prevalence are increasing [1].
In Sweden, the prevalence of nephrolithiasis was 10% for
males and 3% for females in the 1970s [2], now gender dif-
ferences are starting to equalize [3].

Kidney stones are composed of minerals, often containing
organic components. Supersaturation of a mineral in the
urine leads to stone formation. Calcium oxalate/calcium
phosphate stones are the most common (80%), other com-
ponents are struvite, uric acid and cysteine [4]. Struvite
stones or ‘infection stones’ form in the presence of urease
producing bacteria, sometimes growing quickly to large
stones, ‘staghorn calculi’ [5].

Nephrolithiasis is multifactorial and can be caused by sev-
eral different underlying diseases and numerous genetic
(hypercalciuria, gout and cystinuria) [6] and environmental
factors [7]. Weight, body mass index [8] and diabetes mellitus

[9] also increase the incidence of kidney stones, sometimes
as parts in the metabolic syndrome. Dietary risk factors are
sodium and animal protein intake. The single most important
factor to reduce stone formation is hydration.

Stones are formed in the kidneys and can move to the
ureter, leading to obstruction and causing renal colic.
Ureteric stones up to 7mm most often pass spontaneously.
The majority of stones greater than 7mm require urological
intervention [10]. Open renal stone surgery is now rarely per-
formed, since the development of extracorporeal shock wave
lithotripsy (ESWL), flexible ureteroscopy and percutaneous
nephrolithotomy (PCNL) [11].

PCNL, first described by Fernstr€om and Johansson in 1976
[12], is today the modality of choice for patients with kidney
stones greater than 1.5–2 cm, lower pole stones greater than
1–1.5 cm, staghorn stones and shock-wave resistant
stones [10].

Known complications to PCNL are fever (2.8–32.1%),
bleeding requiring transfusion (0–45%), organ injury (0–1.7%)
and sepsis (0.3–5%) [13]. The EAU Guidelines recommend
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urinary culture and treatment of all urinary infections pre-
operatively [10]. Positive stone culture and pelvic urine cul-
ture seem to be better predictors of urosepsis than
midstream bladder urine [14].

This study evaluates the treatment and complication out-
comes of PCNL performed during 2009–2015 at a single
centre in Sweden. The aim was to identify risk factors caus-
ing complications focusing on postoperative infectious
complications.

Materials and methods

This is a single-centre observational study. We included all
patients operated on with PCNL at the Urology Clinic in
north-western Scania County (€Angelholm Hospital) between
the years 2009–2015 (n¼ 186). The main part of the data
were prospectively gathered according to protocol, Clavian
and the more complex situation of all antibiotic treatment
was retrospectively gathered from medical charts. All opera-
tions were on Mondays or Tuesdays and the culture was
taken for 1 week (this differs, however, sometimes due to
the patients). The aim was that the patient should receive
adequate antibiotic and start at least 3 days before surgery.

The primary outcome of the study was the incidence of
sepsis and febrile urinary tract infections. Secondary out-
comes were other complications (e.g. bleeding, complications
requiring re-surgery/intervention, bacterial growth, stone
composition, antibiotic prophylaxis/treatment and residual
stones). Data collected was: Age at intervention, sex, body
mass index, preoperative urine culture including resistance
pattern, stone culture, pre-, per- and postoperative antibiot-
ics, stone composition, stone cultures, stone free rate (SFR),
sepsis and bleeding complication, days of hospitalization fol-
lowing surgery, comorbidity, catheter use and mortality rate
(Figure 1). Exposure variables: positive urinary and/or stone
culture, antibiotic prophylaxis. We considered patients with
residual stones < 4mm as stone free and used this as a cut-
off when calculating SFR. The diagnosis of sepsis was deter-
mined by the treating physician and re-evaluated with
qSOFA according to the SEPSIS-3 consensus definitions [15].
Complications were registered and categorized according to
CROES modified Clavien-Dindo [16,17] (Appendix 1).
Complications requiring medical care were divided into sub-
groups; acute (< 30 days) and late onset (> 30 days).
Treatment indications were kidney stones > 1.5 cm, infec-
tious stones, continual discomfort such as pain or bleeding/
infection due to the stone, ESWL-resistant stones and ana-
tomic anomalies preventing stone passage through the urin-
ary tract. All patients had a dipstick and a urinary culture
taken preoperatively. A new culture was taken if the patients
developed infections symptoms. Targeted antibiotic therapy
according to culture results and resistance pattern was
administered prior to surgery. In cases of negative dipstick or
culture, patients received standard antibiotic perioperative
(Cefotaxime 1 g � 2 intravenously). Intravenous antibiotic
therapy was started on the morning of the day of surgery
and continued until the removal of the nephrostomy tube,
normally on day 2 after surgery. Regarding additional

antibiotic treatment this was decided by the treating sur-
geon and related to infectious symptoms considering the
cultures taken. All patients underwent a CT scan preopera-
tively to assess the anatomy and location of the stone. The
surgical procedure was initiated by cystoscopy and place-
ment of a ureteral catheter (open-end, 7 Ch.) on the treating
side (normally guided by a TerumoVR stiff guide wire with
floppy end, 0.035”). A regular catheter (14 Ch.) was placed
and the patient turned to prone position. With guidance of
contrast and fluoroscopy, a dorsal normally caudal renal caly-
ceal papilla was punctured, 9–30 Ch. dilatations were done
before placing an AmplatzTM sheath. The stones were frag-
mented by ultrasound (EMS Swiss LithoclastVR ) and a neph-
rostomy 18 Ch. with open end was left in place, to be
removed usually 2 days after surgery.

Long-term mortality was evaluated through the Swedish
population registry, on 7 May 2018. The follow-up time var-
ied between 2 and 9 years. No mortality was registered
within 3 months following PCNL. Chi-square and Fisher’s
exact test were used for statistical calculations where appro-
priate. Regarding cultures the laboratory diagnosis is based
on colony counts following culture, which reflect the concen-
tration of bacteria in urine and, hence, the likelihood that
the bacteria grown arise from a UTI rather than contamin-
ation. UTI is normally caused by a single bacteria present in
a high concentration, usually � 10�8 CFU/L.

All urine samples were transported in refrigerated boxes
to a central microbiology laboratory, Lund University
Hospital, Lund, Sweden, and cultured on selective media
(10 mL on CNA agar, 10mL on Uricult chromogenic agar)
(Figure 2).

Growth was identified to species level and susceptibility
tested according to the standard methods used at the
laboratory at the time of culture. Bacterial growth was semi-
quantified as scarce (< 10�7 CFU/L), intermediate
(10�7� 10�8 CFU/L) or rich (> 10�8 CFU/L). Workup was per-
formed if there was growth of 1–2 primary or secondary
pathogens. Growth of three or more species was just
reported as ‘mixed flora’.

Urinary stones were placed in standard urine collection
tubes and transported in refrigerated boxes to the same
laboratory. Upon arrival at the laboratory they were trans-
ferred to Trypticase Soy Broth, crushed and/or sonicated for
2min, vortexed and 3 droplets each were cultured on blood-
, hematin- and Uricult chromogenic agars. All growth was
identified to species level and susceptibility tested without
quantification.

Stone analysis were performed at Sahlgrenska University
Hospital using ATR FT-IR.

This study was approved by the regional ethics review
committee in Lund (Dnr 2017/15).

Results

All 186 patients undergoing PCNL during 2009–2015 at
€Angelholm Hospital are presented in Tables 1 and 2. Of the
patients, 1.6% (3/186) had a urethral catheter, 14.5% (27/186)
had a double JJ-catheter and 11.8% (22/186) had a
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nephrostomy catheter preoperatively. Of all, 30.1% (56/186)
had a positive urine culture preoperatively (Tables 3 and 4).
The most common bacteria were Enterococcus faecalis (E. fae-
calis) and Escherichia coli (E. coli), with 19.6% (11/56) in both
cases, followed by Streptococcus agalactiae, 12.5% (7/56).
Mixed flora was common, 23.2% (13/56) (Figure 3(a)). One
culture was positive for E. coli with carbapenemase produc-
tion (carbapenem-hydrolyzing oxacillinase-48 (OXA-48)).

Stone culture were positive (> 103 colony forming units/
ml) in 33.3% (62/186) (Table 3). The most common bacteria
reported were E. faecalis, 25.8% (16/62) followed by coagu-
lase-negative staphylococci, 24.2% (15/62) and E. coli, 16.1%
(10/62) (Figure 3(a)). Both positive urine and stone culture
were found in 18.8% (35/186). The concordance rate
between urine and stone cultures was 57.1% (20/35), and
60% of these (12/20) also displayed the same resistance pat-
tern. A positive urine culture increased the risk of complica-
tions. Microbial pathogens growing in cultures from stone or
urine are shown in Table 5.

Of the 186 stones, only 176 were available for analysis. In
complex stones the combination of calcium, oxalate and phos-
phate was the most common, occurring in 58.5% (103/176).
Calcium were detected in 92.0% (162/176), oxalate in 79.5%
(140/176) and phosphate in 69.9% (123/176) of the stones. Other
components analyzed were ammonium, urate, magnesium, uric
acid, struvite, carbon dioxide and trioxide and cysteine (Figure 4).

All patients received antibiotic prophylaxis (Table 3). The
most common intravenous antibiotic was Cefotaxime, 78%
(145/186), followed by aminoglycosides, 24.2% (45/186).
Most patients received intravenous antibiotics preoperatively

alone (83.3% (155/186)). Patients with a positive culture
received oral antibiotics followed by intravenous antibiotics
(13.4% (25/186)). Additional postoperative antibiotics, after
removal of the nephrostomy tube, were given to 48.9% (91/
186) of the patients. Of these, Ciprofloxacin (500mg � 2 for
7 days), 47.3% (43/91) and Pivmecillinam (200mg � 3 for
7 days) ,25.3% (23/91) were the most commonly used anti-
microbial agents (Table 3).

Out of the patients with a positive urine culture, 44.6%
(25/56) received oral antibiotics tailored to culture results
and resistance pattern prior to admission and the rest of the
positive cultures were considered bacterial contamination.
The patients receiving antibiotics prior to admission had a
higher risk of developing any complications (p¼ 0.008), but
not sepsis (p¼ 0.315) compared to those who did not receive
per oral antibiotics.

A total complication rate of 16.1% (30/186), 23 during
hospital stay and seven occurring within 30 days, was found
in this study. Positive urinary culture or stone culture was
associated to the development of any complication,
p¼ 0.017 and p¼ 0.002, respectively (Table 5).

Stone free rate was 65.6% (122/186). Treatment of residual
stones were: watchful waiting, n¼ 40, ESWL, n¼ 15, uretero-
scopy, n¼ 8, and endoluminal antegrade approach, n¼ 1.

No other possible risk-factors show any significant correl-
ation with complications (age, sex, body mass index, stone
composition, stone free rate (SFR), comorbidity, catheter use
and mortality rate).

No significant association was found between serious
postoperative infectious complications defined as sepsis and

PCNL n=186

Complica�on n=30 
(16.1%)

Acute complica�on 
n=23 (12.4% of total) 

Bleeding n=10 (5.4% of 
total)

Sepsis n=8 (4.3% of 
total)

Posi�ve urine and 
stone culture n=3 

Posi�ve blood culture 
n=1

Nega�ve urine culture, 
posi�ve stone culture 

n=1
Nega�ve urine and 
stone culture n=3

Fever episode n=6 
(3.2% of total)

Acute surgery n=3 
(1.6% of total)

Late onset 
complica�on n=7 (3.8% 

of total)

Addi�onal surgery n=1 
(0.5% of total)

Flank pain n=1 (0.5% of 
total)

Infec�on 
(pyelonephri�s, sepsis) 

n=5 (2.7% of total)

No complica�on n=156 
(83.9%)

Figure 1. Flow chart of patients and complications. Acute complication¼ complication prior to discharge. Late onset complication¼ complications after discharge,
but within 30 days. Additional surgery does not include surgery with the sole purpose of removing residual stones.
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positive urinary or stone culture. Of the sepsis patients,
37.5% (3/8) had negative cultures from both urine and kid-
ney stone. Only one patient had a positive blood culture (1/
8), E. coli with ESBL Carba in both urine and stone.

Nearly all of the patients (5/6) who developing fever post-
operatively received an extra dose of intravenous aminogly-
coside (n¼ 4) or carbapenem (n¼ 1) and per oral antibiotics
following discharge. Looking at all complications, 12.4% (23/

56 62

122 112

8 12
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Urinary enotSerutluc  culture

Posi�ve Nega�ve Missing

62
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35

20

0 10 20 30 40 50 60 70

Posi�ve stone culture

Posi�ve urine culture

Posi�ve stone AND urinary culture

Growth of same bacteria in both specimens

(a)

(b)

Figure 2. (a) Overview of urinary and stone culture (n¼ 186). (b) Overview of culture and concordance in the 186 patients.

Table 1. Patient demographics and complications.

All patients (n¼ 186) No complication (n¼ 156) Complications (n¼ 30)

Age, mean (95% CI) 59.6 (57.3–61.9) 59.2 (56.7–61.6) 61.8 (55.5–68.1)
Sex male, % (n) 55.9% (104) 57.1% (89) 50.0% (15)
Body Mass Index, Median (95% CI) 27.1 (26.8–28.3) 27.4 (26.5–28.2) 27.5 (26.3–30.7)
Comorbidity, % (n) 76.9% (143) 76.3% (119) 80.0% (24)
Clavien-Dindo Classification Score, % (n) 0 83.9% (156) 100% (156) –

1 7.5% (14) – 46.7% (14)
2 7.5% (14) – 46.7% (14)
3 1.1% (2) – 6.7% (2)
4 – – –
5 – – –

Any Catheter 26.7% (50) 43 (27.6%) 7 (23.3%)
Ureteral Catheter 1.6% (3) 2 (1.3%) 1 (3.3%)
JJ-Stent 14.4% (27) 22 (14.1%) 5 (16.7%)
Nephrostomy tube 11.8% (22) 20 (12.8%) 2 (6.7%)
Mortality rate, % (n) 11.3% (21) 10.9% (17) 13.3% (4)
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186) suffered from one or more complications before being
discharged from the hospital. Bleeding, defined as patients
given a transfusion, occurred in 5.4% (10/186), sepsis was
diagnosed in 4.3% (8/186), fever episode in 3.2% (6/186) and
reoperation in 1.6% (3/186).

Of all 3.8% (7/186) of patients who sought medical care
or required additional intervention within 30 days from being
discharged, five of these had infectious complications, includ-
ing one patient with abscess, two with pyelonephritis and
two with urosepsis. One patient had hematuria and flank
pain and one patient needed additional surgery (ureteroli-
thotomy) due to residual stone.

Long-time mortality, median follow-up (range 2–9 years)
postoperatively, was 11.3% (21/186) (Tables 1 and 2). Of
these, 61.9% (13/21) were older than 70 years at the time of
surgery and the majority, 90.5% (19/21), was diagnosed with
at least one comorbidity; 52.4% (11/21) had a BMI of 25 or
higher. No deaths were registered within 3 months of sur-
gery. Median of hospital stay postoperatively was 3 days
(ranging from 2 to 23 days).

Discussion

In this cohort 4.3% had sepsis and 3.2% had febrile UTI,
which is in line with previous showing an incidence between
0.3 and 5% [13]. Ramaraju et al. [18] reported a SIRS inci-
dence of 24.1% in patients given a third generation

cephalosporin and aminoglycoside. Erdil et al. [19] reported a
SIRS incidence of 16.7% when given antibiotics according to
urinary culture preoperatively or single dose third generation
cephalosporin preoperatively in the case of sterile urine.
These high numbers is possibly explained by the increase of
the intrarenal increased pressure during surgery, recognized
by many as a source of postoperative fever. Urosepsis was
seen in 1.5% patients given culture specific antibiotics or
second generation cephalosporin according to Sharma et al.
[13,19]. The criteria for the sepsis diagnosis has been re-eval-
uated recently and discrepancies in diagnosing has compli-
cated the comparison of studies on the subject [15]. In this
study, the treating doctor’s encoding of sepsis in the patient
chart was the deciding factor and additional data of the
patient’s condition was extracted to evaluate the judgment.

Our proportion of the patients having a positive urinary
culture (30.1%) and stone culture (33.3%) are similar to other
studies (3.2–51% and 9.4–48%, respectively) [14,20–23]. A not
insignificant part of the patients had both positive urinary
and stone culture. The concordance rate was 57.1%, com-
pared to 22.6–83.3% in several studies [20–23].

Mariappan et al. [14] demonstrated a greater risk of devel-
oping urosepsis by bacteria from infected stones or pelvic
urine compared with bladder urine. No such increase in risk
was seen in our study, which could be explained by the fact
that the current prophylactic regime works or be a conse-
quence of the study being under powered. Having a positive
urinary or stone culture, however, was an independent gen-
eral risk factor for developing complications in this study.
Out of the eight sepsis patients, one had a positive blood
culture with the same type of bacterium in urine, stone and
blood. Three patients with sepsis had negative urinary and
stone cultures, this being an aseptic inflammatory response
could be true but we still lack the explanation of this fever
reaction and false negative cultures could still be a part of
the problem. Regarding catheters one would assume that
this would increase the risk of complications. This study fails
to show any significant connection. Bacterial stone growth
was associated with a hose connecting the external environ-
ment with the internal parts of the body namely nephros-
tomy or ureteral catheters. Double JJ-catheter seems to not
have this effect.

In the patients with infectious complications, positive
stone culture was more prevalent than a positive urine cul-
ture. This might indicate a successful eradication of bacteria
in the bladder by preoperative antibiotics (not effective on
the stones). Exposure to antibiotics prior to surgery could
also promote development of resistant bacteria and increase
the risk of sepsis [24]. Receiving antibiotics according to urin-
ary culture increased the risk of complication, but not sepsis
specifically, in this study. This is probably a result of con-
founding by indication, meaning that the positive urinary
culture accounted for the risk and not the antibiotics per se.
Among the patients with positive urinary culture, no advan-
tage of giving per oral antibiotics could be seen in this
study. However, these results should be interpreted with cau-
tion due to the small size of the study. Further studies
should investigate the benefit of per oral antibiotics prior to

Table 2. List of comorbidities and coding.

All patients (n¼ 186) ICD-10 codes

Malignancy 22.0% (41) C00–97
Diabetes mellitus 13.4% (25) E10–14
Psychiatric disease 2.7% (5) F04–99
Dementia 2.2% (4) F00–03
Hypertension 27.4% (51) I10, I15
Arrhythmia 6.5% (12) I44–45, I47–49
Airway disease and COPD 10.2% (19) J40–47
Bowel disease 26.3% (49) K00–73, K75–87
Liver cirrhosis 0% (0) K74
Urogenital disease (stone excluded) 72.6% (135) N30–39, N40–42
Renal disease 7.5% (14) N00–19

Table 3. Antibiotic treatment.

All patients
(n¼ 186)

Antibiotic prophylaxis
(Standard Operation Procedure was
Cefotaxime 1g � 2 intravenously
or according to culture resistance
>1 h before surgery)

100% (n¼ 186)

Preoperative per oral antibiotics according to urinary culture 13.4% (n¼ 25)
Perioperative iv antibiotics

(used until nephrostomy
tube was removed
normally <3 days after surgery)

Cefotaxime 78.0% (145/186)
Aminoglycoside 24.2% (45/186)
Other 2.2% (4/186)

Postoperative per oral antibiotics
(used after nephrostomy tube was removed)

48.9% (n¼ 91)

Ciprofloxacin 47.3% (43/91)
Pivmecillinam 25.3% (23/91)
Other 31.9% (29/91)
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surgery in order to avoid unnecessary administration of
antibiotics.

The most common bacteria found in stone culture were
Enterococcus faecalis and coagulase-negative staphylococci.
Nevo et al. [25] showed bacterial resistance of 67% for
second generation cephalosporins and 9% against
Meropenem in E. faecalis. The high prevalence of E. faecalis
must be taken into consideration. A potential strategy to
minimize antibiotic use and to optimize prophylaxis would
be to use a broader spectrum antibiotic, such as Piperacillin-
Tazobactame as a standard, regardless of the pre-operative
urinary culture. A reasonable duration would be until poten-
tial ‘extra risks’ catheters, namely urethral catheter and the
nephrostomy, were removed, approximately 7–8 doses in all.

Richards et al. [26] reported Enterococcus as a frequent
opportunistic pathogen in nosocomial infections and are
clinically challenging to treat due to widespread resistance
to antibiotics [27]. Coagulase-negative staphylococci infec-
tions are considered opportunistic and are associated with
implant surgeries and immunocompromised patients [28]. Is
the incidence of stone culture coagulase-negative staphylo-
cocci in this study due to sampling contamination or the
presence of a nephrostomy/ureteral catheter and lacks clin-
ical relevance? This is of course debatable, but some of the
medical knowledge may indicate this. However, incidence of
coagulase-negative staphylococci in renal calculi are reported
by two other studies [14,29]. Of patients having bacteria in
their urine preoperatively, only half received antibiotics
according to culture. This can partly be explained by the pro-
portion of mixed flora lacking bacterial resistance patterns

and thereby considered to be contamination. The EAU
Guidelines recommends urinary culture and treatment of all
urinary infections preoperatively [10] and prophylaxis with
aminoglycosides and second-generation cephalosporins. The
broader spectrum antibiotics such as third-generation cepha-
losporins and carbapenems should be used for treatment
indication only [30]. The standard perioperative drug of
choice in our study was Cefotaxime, a third-generation ceph-
alosporin. Aminoglycosides were the drug mostly used as
additional iv therapy. Again, a general reflection is that none
of these drugs are effective on E. faecalis.

The total complication rate in this cohort was 16.1%.
Other complications apart from infection were bleeding,
5.4%, the need for additional surgery, 2.1%, and pain, 0.5%.
Regarding the modified Dino-Clavien classification of surgical
complications is not fully representative for complications in
urological surgery. Therefore, there is a risk of underestima-
tion of complications.

The population undergoing PCNL was to a large extent
affected by comorbidities. This can be a result of the popula-
tion’s higher age compared to the normal population or a
reflection of underlying diseases causing kidney stones. BMI
being > 25 for the included patients may indicate that an
excess of food intake could be one of the factors causing
urinary stones. Taylor et al. [8] reported an association
between higher BMI and increased risk of kidney
stone formation.

Stone analysis shows that 92% (162/176) of stones con-
tained calcium and the most common combination of cal-
cium, oxalate and phosphate was found in 58.5% (103/176)

Table 4. Antibiotic treatment specified.

All patients (n¼ 186) Complications (n¼ 30) Positive urinary culture (n¼ 56)

Antibiotic prophylaxis 100% (n¼ 186) 100% (n¼ 30) 100% (n¼ 56)
Preoperative antibiotics according to urinary culture 13.4% (n¼ 25) 26.7% (n¼ 8) 44.6% (n¼ 25)
Preoperative antibiotics 17.7% (n¼ 33) 26.7% (n¼ 8) 44.6% (n¼ 25)
Amoxicillin 27.3% (9/33) 0 5
Ciprofloxacin 18.2% (6/33) 1 3
Pivmecillinam 18.2% (6/33) 0 2
Trimetoprim 15.2% (5/33) 1 3
Nitrofurantoin 12.1% (4/33) 0 2
Trim-Sulpha 12.1% (4/33) 0 2
Flucloxacillin 6.0% (2/33) 0 1
Cefadroxil 3.0% (1/33) 0 0
Clindamycin 3.0% (1/33) 0 0

Perioperative antibiotics 100% (n¼ 186) 100% (n¼ 30) 100% (n¼ 56)
Cefotaxime 82.8% (154/186) 23 32
Aminoglycoside 23.6% (44/186) 6 22
Cefuroxime 1.6% (3/186) 1 1
Ceftazidime 0.5% (1/186) 0 1
Meropenem 0.5% (1/186) 0 0
Piperacillin/Tazobact 0.5% (1/186) 0 0

Postoperative antibiotics 48.9% (n¼ 91) 76.7% (n¼ 23) 85.7% (n¼ 48)
Ciprofloxacin 47.3% (43/91) 2 1
Pivmecillinam 25.3% (23/91) 2 2
Nitrofurantoin 9.9% (9/91) 0 1
Amoxicillin 6.6% (6/91) 1 3
Aminoglycoside 6.6% (6/91) 7 20
Trimetoprim 5.5% (5/91) 0 5
Cefadroxil 4.4% (4/91) 0 4
Carbapenem 4.4% (4/91) 0 4
Trim-Sulfa 3.3% (3/91) 0 3
Piperacillin/Tazobact 3.3% (3/91) 0 3
Flucloxacillin 1.1% (1/91) 0 1
Other 1.1% (1/91) 0 1
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Figure 3. (a) Microbial agents in cultures of urine and stone. (b) Specification of ‘other’ stone microbial agents.

Table 5. Chi-square and Fisher’s Exact test showing statistical significance (p-value < 0.05).

p-value OR 95% CI

Positive preoperative urinary culture
To sepsis 0.678 1.716 0.371–7.942
To any complication 0.017 2.659 1.167–6.056

Positive stone culture
To sepsis 0.135 3.187 0.735–13.817
To any complication 0.002 3.469 1.504–8.001

Preoperative antibiotic culture targeted treatment to sepsis 0.315 2.116 0.402–11.124
Preoperative antibiotics according to urinary culture to any complication

All patients 0.008 3.713 1.447–9.527
Positive stone culture

JJ Catheter 0.563 0.330 �0.098–0.194
To Ureteral Catheter 0.019 6.252 0.096–0.271
To Nephrostomy <0.005 21.720 0.209–0.486

Comorbidity to any complication 0.658 1.244 0.473–3.273
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of the stones. This is substantially lower than the 80% previ-
ously reported [4]. Explanations could be a higher intake of
meat and food in general, leading to a shift in stone config-
uration, concentrating, for example, more ammonium and
uric acid in the urine.

The mortality rate in this study was 11.3%, compared to
0.9% for the total Swedish population in 2016 [31,32]. The
reasonable explanations for our mortality rate are the older
population and its high rate of comorbidities in the study
population. No deaths were in proximity to surgery (first
death 5months after surgery).

This study has a high proportion of cultures and stone
analysis taken, presenting an overview of complications and
rates and provides modern information on patients under-
going PCNL. The limitation of this study is the number of
patients (n¼ 186), which fails to reach statistical correlations
between cultures and risk for sepsis complication.

In conclusion, positive urinary and stone cultures do not
conform in all cases. Still they are seen frequently among
patients undergoing PCNL and are associated with an
increased risk of complications. This study has a total compli-
cation rate of 16%, of those �10% are severe. Infectious
complications stand for more than 60%. This study should
be validated in a larger cohort, possibly with a higher rate of
antibiotic resistance before a change of guidelines regarding
prophylactic antibiotics should be proposed but if so the
high prevalence of E. faecalis might need to be considered.
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Appendix 1

The CROES modified Clavien-Dindo Classification [17,18], for classifying surgical complications.

Grade I Deviation from the normal postoperative course without the need for intervention
Grade II Minor complications requiring pharmacological intervention, including blood transfusion and total parenteral nutrition
Grade IIIa and b IIIa: Complications requiring surgical, endoscopic or radiological intervention, but self-limited, without general anesthesia

IIIb: Complications requiring surgical, endoscopic radiological intervention, but self-limited, with general anesthesia
Grade IVa and b IVa: Life threatening complications requiring intensive care unit management; single organ dysfunction, including dialysis

IVb: Life threatening complications requiring intensive care unit management; multiorgan dysfunction
Grade V Death of a patient
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Abstract 

Objective: To evaluate the success rate of Extracorporeal Shock Wave Lithotripsy (ESWL) 

therapy and identify relevant treatment-specific factors affecting stone-free rate (SFR) after 

ESWL. 

Material and methods: All ESWL treatments in the years 2016-2019, in Ängelholm Hospital, 

Skåne, Sweden were analysed retrospectively. Primary outcome was successful ESWL 

treatment, defined as stone-free rate (SFR) at 3 months. Univariate logistic regression was used 

followed by multivariable regression. Lasso analysis was made to adjust for treatment-specific 

factors such as age, stone size, skin-to-stone distance (SSD), mean attenuation value (MAV), 

number of treatments, stone location, and presence of a urinary stent.  

Results: Factors affecting successful ESWL treatment were age (p<0.001), stone size and 

volume (both p=0.001). SSD, MAV, sex, laterality and drainage did not have an effect on SFR 

in this study. After one ESWL treatment session, 46.7% of the patients were stone-free. 

Conclusion: The results of this study indicate that stone size and age are the most predictive 

factors for ESWL outcome. We present a simple model for prediction of SFR after ESWL, 

using stone size and age. This could be used when counselling patients before ESWL treatment. 

  



Introduction 

Renal colic, caused by urolithiasis, accounts for 1% of emergency department (ED) visits in 

Europe [1, 2]. Treatment of urolithiasis includes ureteroscopy (URS), extracorporeal shock 

wave lithotripsy (ESWL), and percutaneous nephrolithotomy (PCNL). The European 

Association of Urology (EAU) recommends the use of URS and ESWL for removal of ureteric 

stones [3]. International guidelines usually divide stones into three groups, depending on size 

(<10 mm, 10–20 mm, and >20 mm). ESWL is currently an important part of urolithiasis 

treatment [4]. ESWL can be recommended for all stones smaller than 20 mm.  

ESWL is more cost efficient and clinically effective compared to URS, when treating renal 

stones <10 mm [3, 5]. ESWL does not require general anaesthesia and is an out-patient 

procedure which makes it cost efficient and also preferable with regard to infectious diseases. 

The COVID-19 pandemic has decreased operative availability in many places worldwide 

making ESWL sometimes the only alternative for urolithiasis treatment [6].  

A factor affecting the success of ESWL-treatment includes the technical equipment used, but 

patient- and stone-related factors also play a central role for the outcome or stone free rate 

(SFR). SFR is measured as the proportion of patients with residual stone fragments smaller than 

4mm after a full course of ESWL treatment (up to 3 ESWL procedures). Factors previously 

shown to have an impact on SFR are stone size, skin to stone distance (SSD), radiodensity and 

possibly the presence of a ureteric stent before ESWL[3, 5, 7-9]. The type of ESWL machine 

also affects the SFR, and most the important factors seem to be the focal zone and type of 

shockwave generator [10]. Other factors that play a role are the frequency of shock waves (Hz) 

and power ramping [11].  One of the problematic issues with stone studies is that the follow-up 

method varies. Some use ultrasound or a plain X-ray of the kidney, ureter and bladder (KUB), 

which is not as accurate as non-contrast-enhanced computed tomography (NCCT). Many 



studies are also relatively small and the treatment strategy after an unsuccessful ESWL is often 

unclear.  

The aim of this study is to identify easily accessible and objective factors known before ESWL 

that influence the SFR of ESWL treatment. 

 

Materials and Methods 

This retrospective study included all patients treated with ESWL in the years 2016-2019, at the 

Urolithiasis Centre of Ängelholm hospital in Skåne County, Sweden. The centre serves 

approximately 450 000 inhabitants in the north-western part of Skåne regarding stone treatment. 

The ESWL machine used was Stortz lithotripter MODULITH® SLX-F2, 3rd generation with 

electromagnetic shockwave generator and dual focus option. Treatment was performed under 

X-ray monitoring. EAU Guidelines and contraindications for ESWL treatment were followed 

[3, 12]. We followed Stortz Medical’s recommendations regarding the number of shockwaves 

and energy level. Power ramping was routinely performed during the study period and 1.5 Hz 

was routinely used. Patients with diabetes, a positive urine culture or dipstick test, an indwelling 

stent, or a catheter were given antibiotic prophylaxis (Ciprofloxacin 500 mg) orally 

approximately 30 minutes before ESWL [3, 12, 13].  

Stones 6 mm or larger causing obstruction or symptoms were considered a treatment indication. 

All patients were presented the option of ESWL. The stone-treating doctor, in consensus with 

the patient, decided on ESWL as the treatment modality. Pre-ESWL stenting was not done 

routinely. Pre-treatment stenting was due to obstruction or pain, and rarely due to stone size 

alone. Patients with stones 6 mm or larger, visualized on CT scout image and located in the 

upper 2/3 of the ureter or the kidney pelvis, were recommended ESWL. 



All patients were evaluated before and after ESWL with NCCT. Follow up with NCCT was 

done 3-4 weeks after treatment. Fragmentation was assessed as either 1) complete 

fragmentation/successful treatment (stone size < 4 mm), 2) partial fragmentation (stone size 4-

5 mm), and 3) incomplete fragmentation (stone size ≥ 6 mm). This study defines SFR patients 

with residual stone fragments ≤4mm Complete fragmentation was not followed up further. 

Partial fragmentation was followed up with an annual NCCT. Incomplete fragmentation was 

generally re-treated with ESWL up to three times in total, whereafter another modality was 

chosen. The modern CT protocol is now standardized by the urological radiographic society in 

Sweden using 120 kV and 3/1.5 mm [14], but the standardized protocol was not in use at this 

time. NCCT was optimized individually regarding kV. Normally 3/2 mm in three planes was 

used, making reconstruction possible with 1 mm thickness and 0.8 mm intervals, thus detecting 

all but very small and insignificant stones. When measuring Hounsfield density (HU) and using 

the “region of interest” (ROI) measurement we included 2/3 of the stone to avoid partial volume 

effects. Two consultants in urology measured all stones. The measurements were performed in 

the same way and inter-operator differences is presented in a Bland-Altman diagram (fig. 1). 

This study was approved by the local ethics committee at Lund University (Dnr. 2016/254).  

Data gathered prospectively included the number of ESWL treatments, presence of an 

indwelling stent, stone location (kidney, upper ureter, lower ureter), number of shockwaves, 

shockwave frequency, energy level and use of prophylactic antibiotics. Data were entered when 

treating the patients and stored in a computerized medical chart system (Melior). 

Data gathered retrospectively included complementary treatment modalities (URS, PCNL or 

percutaneous nephrostomy), stone size (measured three dimensionally with the largest size 

documented), radiodensity in HU (measured on CT, two different points were measured and a 

mean value of these two points was calculated) and SSD (measured as the length from stone to 

skin at the outer border of psoas/paraspinal muscles or, when in prone position, the shortest 



measure from the abdominal side of the skin). We excluded patients with any stone  larger than 

2cm. 

 

Statistics 

Patient and stone specific factors were analysed with both univariate analyses (Chi-squared or 

t-test comparing patients with successful treatment to those with unsuccessful treatment) and 

multivariate analyses (logistic and lasso regression) to evaluate if they were significant 

independent factors. Subgroup analyses was also made looking at first and second treatment 

analysing differences in factors affecting SFR. The data was randomly split into two datasets 

of equal size, which we refer to as “training data” and “test data” for the  analysis. Lasso analysis 

stands for “least absolute shrinkage and selection operator”. It is a regression analysis method 

that performs both variable selection and regularization in order to enhance the prediction 

accuracy and interpretability of the resulting statistical model. Using the training data, we 

applied lasso regression to select the best predictors. The lambda-value for the lasso regression 

was chosen using cross validation. The results are presented as odds ratios with 95% confidence 

intervals and p-values. Then the selected model was evaluated using the test data and using 

receiver operating characteristic (ROC) curves to calculate the area under the curve (AUC). 

Statistical analysis was performed using computations in R: A Language and Environment for 

Statistical Computing version 4.0.2.  

  



 

Results 

During the study period, 727 ESWL treatments were performed. Three treatments (0.4%) were 

excluded from the study (patient’s death or mandatory follow up was not performed). We 

excluded 17 treatments on stones > 2 cm, leaving 707 treatments (patients treated one to three 

times) for evaluation. When analysing all data the cohort was randomly split into two equally 

large groups to minimise the risk of assumption bias.  

 

Patient characteristics 

Patient characteristics are presented in table 1. The majority (714 (98.9%)) received small focus 

shock waves. The median machine energy level/power was 6 in 562 (77.5%) of the treatments. 

The median shock wave frequency was 1.5 Hz, used in 712 (98.3%) of treatments. During the 

ESWL 19% had a drainage (14.5% pigtail and 4.5% nephrostomy). The mean age in the study 

population was 61 years and the mean stone density measured in HU was 936. 83% had their 

stone located in the renal pelvis, leaving only 17% of the stones located in the ureter. The cohort 

in this study had a low percentage of ureteric stones, but we found no significant correlation 

between location and SFR after ESWL treatment (p=0.78).  

 

Stone free rate (SFR) 

Successful ESWL treatment (residual stone ≤ 4 mm and no re-intervention needed) was 

achieved in 333 (46 %) treatments. On the follow up using NCCT, 143 patients (19.8%) had 

4-5 mm stones and 247 (34.1%) had residual stones ≥ 6 mm. Patients with residual stones ≥ 6 

mm were either followed by NCCT or they received an additional ESWL treatment or 



treatment by another modality. The ability of the various baseline variables to predict a 

successful treatment outcome (stones ≤4 mm) was examined using both univariate (Chi-

squared or t-test) and multivariable logistic regression. In order to determine which baseline 

variables are associated with treatment success, we first performed a univariate analysis with 

each variable of interest (table 3). We found that age (p<0.001), maximum size (p<0.001), 

(p<0.001), volume and SSD (p=0.047) was significantly correlated to treatment success. 

Next, the multivariate analysis was performed (table 4). In this analysis we chose to include 

volume (excluding max size showing the same result) showing significance on only age and 

volume (both p<0.001). Using a lasso regression model (tables 4-5) verifying that age and 

both max size and volume are strongly associated to SFR (p<0.001). The subgroups of 

patients receiving their first and second treatment were analysed separately (tables 7 and 8 

respectively). We found that, at the first treatment session, both age and max size were 

significantly affecting SFR (p<0.001). In this material we investigated correlations between 

the possible predictors of SFR presented in table 9. No strong correlation was seen.  

To investigate the interindividual measure difference between the two consultants  a one 

sample T-test was performed. Approximately 10% of patients were randomly chosen to 

measure differences in measurement. There were no significant differences in maximum size 

or SSD measurements. There was a significant difference in HU measurements. A Bland-

Altman diagram of differences in max size is presented in figure 1. 

A ROC curve is presented in Fig. 2. The full model including SSD, HU, maximum size had an 

AUC of 0.72, while a model that included age and either maximum size or volume had an AUC 

of 0.74. Both maximum size and volume correlate strongly to each other and therefor only one 

of these were included in the model for further analysis. We focused on maximum size, 

believing that this figure is easier to work with (as it does not require an extra step of calculating 

the volume) for both the radiologist and the treating urologist. 



Finally, we then used the most predictive factors identified in the above models to create an 

equation for calculation of odds and probability of being stone-free after up to three ESWL 

sessions. We suggest the following equation to calculate odds for success:  

84.04 ∗ 0.954Age ∗ 0.851Size 

Calculation of probability (p) can be made through: 

𝑃 =
𝑜𝑑𝑑𝑠

1 + 𝑜𝑑𝑑𝑠
 

In figure 3 we present a visual diagram predicting SFR/treatment success with age and max 

stone size as objective factors. 

  



Discussion 

This study found that younger age and smaller stones were predictors of success when 

performing ESWL. It is only valid for stone sizes below 2 cm as patients with stones above 

2cm were excluded from the cohort. 

The aim of the study was to identify factors affecting the SFR following ESWL treatment. 

Factors that might influence the treatment decision should be easily available and 

understandable both to the patient and the treating physician. In this retrospective study we 

examined several factors that might affect the SFR of ESWL which are readily available prior 

to treatment. We conclude that measurements of size and SSD seems rather consistent between 

different investigators. HU measurement seems more difficult and interindividual differences 

were found when measuring this parameter. 

It is well known and accepted that smaller stone size has an effect on spontaneous stone passage 

[15, 16]. It is conceivable that more data about the stone and the patient could better predict 

SFR. Our data suggests that the largest size together with age are the best and strongest 

predictors of SFR and thus might be sufficient for prediction of treatment success. The 

parameters are easily accessible and can be used when calculating odds or probability of a 

successful treatment. Size, measured as the maximal diameter in millimetres, and volume are 

equally associated with SFR.  

We found that younger age was a significant predictor of successful ESWL, a finding shown 

previously in other studies [17-22]. A weakness regarding age in this study is that the follow-

up for measuring SFR is 3 months. It has been shown that the age effect is reduced if the follow-

up is longer (>24 months) [23]. Age being such a strong predictor of SFR after ESWL treatment 

could influence clinical practice. The mean age in our study population is 61 years. We know 

from other studies that the peak age for stone disease in our part of the world is between 40 and 



50 years [24], indicating that in this cohort there was a tendency to choose ESWL for the more 

fragile elderly patients, which could affect our results. We found a very strong association 

between younger age and a higher chance of becoming stone-free after ESWL treatment. 

Although the underlying mechanisms remain unknown it is suggested that sclerotic changes in 

the renal parenchyma occur with aging, leading to increased acoustic impedance and poor 

fragmentation, and consequently low SFR after ESWL therapy for kidney calculi [18, 19]. It 

may also be due to a physiologic effect that humans easier pass stones when they are young, or 

due to the reduced urine volume of older patients. Human activity reduces with ageing. Elderly 

people spend less time standing up and they don’t move around as much, reducing the 

gravitational effect that normally pushes the stone downward through the urinary tract. Sexual 

activity varies and is reduced with age, and a previously study shows that sexual activity has a 

positive effect on SFR after ESWL [25]. Finally, it is possible that there was a selection bias in 

our cohort, with simpler stone cases being present in the younger patients and complex cases in 

older groups being preferentially chosen for ESWL treatment. We unfortunately cannot check 

this possibility in this cohort since data on PCNL and URS during this period is lacking. 

Stone size was the other factor that was strongly associated with higher SFR after ESWL in the 

current study. Multiple studies have shown that bigger stones have a lower SFR, as SFR is 

defined as fragments less than 4mm [11, 15, 26, 27]. Stone size as a predictor of SFR, or 

successful treatment, seems to unite most studies on outcome after ESWL. Other factors such 

as skin to stone distance (SSD), body-mass index (BMI), Hounsfield units (HU), and even 

location seem to vary between studies investigating SFR after ESWL. 

We expected that radiodensity (HU) could be a factor affecting SFR results. We did not find 

any significant association between HU and SFR. Previous studies have found that a density 

value below 600 – 1000 HU relates positively to SFR [7, 28-39]. These studies vary in their 

mean HU value, but most had a lower mean HU value than our cohort. One other study, the 



Mullhaupt study, did not find a correlation between HU [40]. The mean HU in the Mullhaupt 

study (957 HU) is more comparable to ours . We find that HU is difficult measuring in a 

consistent way. HU in our study was measured by only two people, which should make it easier 

to do the measurements in a systematic way. Even so, in this study we find that the 

interindividual difference in HU measurement turn out significant (when testing the measure 

differences against the null-hypothesis with a T-test). It is not always clear in studies exactly 

how many people are involved in the X-ray measurements, and interindividual measure 

differences are rarely accounted for, which we think could be a major source of error in HU 

values. The cohort in this study had a relatively high mean HU value of 936, which could have 

an effect on SFR of the group as a whole. It is however also a possibility that the association of 

HU with SFR in other studies could be caused simply by age or size. In this study HU correlates 

to both age and maximum stone size but stronger to size. 

SSD was also a predictor of SFR in several studies [8, 35, 40, 41], apart from one study that 

showed no clear correlation [28]. The cut off value for a successful treatment in these studies 

ranges from 9-11 cm. Theoretically, the shorter the SSD the better the SFR because the ESWL 

machine is closer to the stone and less energy is absorbed by the tissues. We used a more 

pragmatic way of measuring the SSD compared to other studies. SSD was measured from the 

skin, directed towards the stone passing on the edge of the psoas/paraspinal muscles. Studies 

normally use measurements from 0°,45°, and 90°, calculating a mean of these three values or 

the value at 45°, presented as SSD. In the univariate analysis we found a significant association 

of SSD with SFR, however in the more complex multivariate logistic regression and lasso 

regression analyses this effect disappeared. This indicates that the SSD, using our method of 

measurement, is linked to the other strongly significant factors affecting SFR that we identified 

in this study, namely age and size. We believe it is most likely that SSD is linked to size even 



if the correlation we find is not a strong one (table 9). This study therefore did not confirm that 

SSD is an important factor for SFR after ESWL. 

Indwelling stents cause bothersome symptoms for many patients. The positive effect of 

reducing stone-related symptoms after ESWL are of limited and debated value, both in terms 

of complications and SFR. The need for acute treatment for “Steinstrasse”, a complication after 

ESWL, is reduced by stenting but the need for complementary treatments is not reduced [42, 

43]. One confounding factor for the effects of stenting is that patients who receive indwelling 

stents have larger stones and/or symptoms from them [42-44]. This study found no correlation 

between preoperative stenting and maximum stone size and showed no effect of ureteral 

stenting on SFR after ESWL. Hirsh et al. found that indwelling ureteral stents decrease SFR, 

contemplating that stents can absorb shock waves like Goel et al. suggested previously [8, 45]. 

In this material SFR was not significantly affected by any stenting. 

Stone location also could affect SFR. Distal stones tend to have higher SFR after ESWL 

compared to other locations [11]. Hirsch et al. showed that stone size tends to be larger in the 

renal pelvis and thereby a possible confounding factor as stone location could simply reflect 

stone size [8].  

There is a clear lack of consensus on how to evaluate a successful ESWL treatment. We choose 

to define successful treatment as having residual stones ≤ 4 mm and we used this definition 

when calculating SFR. Most studies use a stone size ≤ 4 mm, but one could choose a smaller 

measurement like < 3mm as discussed in some studies [7, 28, 36, 37, 45]. Proposals for a new 

definition of SFR have been suggested [46]. Standard practice at the hospital during this study 

was to wait for natural stone passage if the stone fragments after ESWL were < 6 mm, and 

therefore normally no further treatment was applied to these residual stones. Stones in the ureter 

were followed closely with NCCT until passage. Stones < 6 mm in the renal pelvis were 

recommended follow up with yearly NCCT to evaluate potential growth. The SFR in this study 



after one ESWL treatment was 46%, corresponding well to another study where retreatment 

was needed in up to 50% of patients [20] in order to reach a typical SFR of 70-80% [3, 11]. 

Finding outcome predictors for ESWL has been the aim of many research groups, ours included. 

Technical development and the increased use of NCCT now delivers more data that can be used 

in preoperative decision-making regarding treatment modality and approach. It may also give 

us the tools to better predict SFR after treatment. It is even possible that the number of 

treatments needed for the patient to become stone free could be predicted. Jendeberg et al. 

presented a predictive model for the natural passage of stones based on size and stone location 

[15]. 

Hirsch et al. recently published an article focusing on SFR prediction [8] and a number of 

studies focus on identifying all prognostic factors that affect ESWL results [7, 8, 47-50]. Hirsch 

et al. presented a predictive model that includes variables that many prior studies found to be 

significant when predicting treatment success and suggested cut-off values for each (≤987 HU, 

stone size ≤11 mm and SSD (45 degrees ) ≤ 88 mm). The AUC of their model using these three 

predictors had an AUC of 0.74, which is exactly the same as the AUC of our model (0.74) using 

age and maximum size. We therefore have presented a predictive model that we believe to be 

a valuable tool in clinical everyday practice. It is a simple model using age and stone size to 

calculate SFR after ESWL. An example calculation is shown in fig 2. 

A possible weakness of this study is the retrospective design. Additionally, the inclusion criteria 

in this cohort (only including patients receiving ESWL) allowed us to look at ESWL treatment 

alone but made it impossible to compare to other stone treatments. SSD was not measured as a 

contemporary series and HU was measured by two consultants. A strength of the study was the 

inclusion of a sufficient sample size for multivariate analysis. Additionally, all ESWL 

treatments included in our study were evaluated with NCCT before and after treatment. Using 

NCCT makes the judgement of SFR more reliable than ultrasound or plain X-ray [3].  



Conclusion 

The results of this study indicate that stone size and age are the most important factors for 

predicting SFR after ESWL. Stone attenuation (HU) and skin to stone distance (SSD) did not 

significantly affect the SFR following ESWL treatment in this study. With this work we present 

a simple equation for the calculation of SFR after ESWL that may contribute to the counselling 

of stone patients in the future. 
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Table 1. Patient characteristics (stones >2 cm not excluded) (n=707 treatments). 

Variable Mean ± standard deviation Median (range) 

Radiodensity (HU) 939 ± 271 940 (100-1900) 

SSD (cm) 10.5 ± 2.5 10.4 (5-19) 

Largest stone size (mm) 10.2 ± 3.4 9 (6-19) 

Age (years) 60.7± 15.1 62 (20-99) 

 Number (% of treatments) 

Stone location  

- Calyces 181 (25.6%) 

- Renal pelvis 402 (56.8%) 

- Upper ureter 70 (9.9%) 

- Middle ureter 31 (4.4%) 

- Lower ureter 23 (3.3%) 

Left side 388 (54.9%) 

Right site 319 (45.1%) 

Male 343 (48.5%) 

Drainage 127 (18.0%) 

- Pigtail stent 93 (13.2%) 

- Nephrostomy 34 (4.8%) 

Number of ESWL   

- One 503 (71.1%) 

- Two 162 (22.9%) 

- Three  40 (5.7%) 

Antibiotics 219 (31.0%) 

Small focus 697 (98.6%) 

 



Table 2. Descriptive statistics for ESWL treatment when stones >2 cm are excluded. (n=707) 

Variable Number (%) 

Outcome = Stone free < 4 mm (%) 330 (46.7) 

Sex = Female (%) 364 (51.5) 

Side = Left (%) 388 (54.9) 

Location = Kidney (%) 579 (81.9) 

Drainage type (%) 
 

None 580 (82.0) 

Pigtail stent 93 (13.2) 

Nephrostomy 34 (4.8) 

Age (mean (SD)) 61 (15) 

HU (mean (SD)) 939 (271) 

Volume (median (IQR)) 462 (252, 935) 

SSD (mean (SD)) 10.5 (2.5) 

 

  



Table 3. Univariable analysis of factors that could affect SFR after ESWL (HU and volume 

are odds ratios/100 units, CI=confidence interval). (n=707) 

Variable Odds Ratio Lower 95% CI Upper 95% CI p-value 

Sex Male 1.093 0.719 1.661 0.677 

Side Right 1.241 0.815 1.889 0.315 

Location Ureter 0.921 0.513 1.652 0.782 

Pigtail stent 0.946 0.512 1.748 0.860 

Nephrostomy 1.243 0.490 3.150 0.647 

Age 0.947 0.932 0.963 <0.001 

HU (100) 1.028 0.951 1.111 0.488 

Volume (100) 0.940 0.910 0.972 <0.001 

SSD 0.917 0.841 0.999 0.047 

Max size 0.848 0.791 0.908 <0.001 

 

  



Table 4. Multivariable analysis of factors that could affect SFR after ESWL, using Volume not 

max stone size (HU and volume are odds ratios/100 units). (n=707) 

Variable Odds Ratio Lower 95% CI  Upper 95% CI p-value 

Sex Male 1.253 0.78 2.014 0.352 

Right side 1.322 0.815 2.142 0.258 

Location Ureter 0.651 0.305 1.391 0.268 

Pigtail stent 1.024 0.510 2.059 0.946 

Nephrostomy 2.522 0.828 7.684 0.104 

Age 0.944 0.928 0.961 <0.001 

HU (100) 1.058 0.966 1.159 0.226 

Volume (100) 0.940 0.908 0.973 < 0.001 

SSD 0.974 0.874 1.085 0.634 

 

  



Table 5. Lasso regression model for the most predictive factors for SFR after ESWL, using 

volume as the measurement of stone size (n=707) 

Variable Odds 

Ratio 

Lower 95% CI Upper 95% CI p-value 

Age 0.947 0.932 0.963 < 0.001 

Volume (100) 0.942 0.911 0.974 < 0.001 

 

Table 6. Lasso regression model for the most predictive factors for SFR after ESWL, using 

max size (n=707) 

Variable Odds Ratio Lower 95% CI Upper 95% CI p-value 

Age 0.954 0.939 0.969 < 0.001 

Max size 0.851 0.791 0.916 < 0.001 

 

  



Table 7. Multivariable analysis, subgroup of “First treatment” (n=503), of factors that could 

affect SFR after ESWL (HU and volume are odds ratios/100 units).  

Variable Odds Ratio Lower 95% CI Upper 95% CI p-value 

Sex Male 1.191 0.675 2.102 0.546 

Right side 0.943 0.532 1.672 0.841 

Location ureter 0.697 0.276 1.761 0.446 

Pigtail stent 0.853 0.319 2.280 0.751 

Nephrostomy 1.222 0.264 5.651 0.798 

Age 0.942 0.922 0.961 < 0.001 

HU (100) 1.005 0.900 1.122 0.928 

SSD 1.038 0.914 1.179 0.564 

Max size 0.828 0.752 0.912 < 0.001 

 

  



Table 8. Multivariable analysis, subgroup “Second treatment” (n=162), of factors that could 

affect SFR after ESWL (HU and volume are odds ratios/100 units). The small number of 

individuals in this subgroup led to very large confidence intervals. 

Variable Odds Ratio Lower 95% CI Upper 95% CI p-value 

Sex Male 1.991 0.698 5.682 0.198 

Side, Right 1.517 0.549 4.191 0.421 

Location Ureter 0.405 0.111 1.482 0.172 

Pigtail stent 0.765 0.196 2.986 0.700 

Nephrostomy 1.009 0.04 25.284 0.995 

Age 0.954 0.916 0.993 0.022 

HU (100) 0.965 0.800 1.164 0.711 

SSD 1.047 0.826 1.328 0.703 

Max size 0.963 0.822 1.129 0.643 

 

  



Table 9. Pearson correlation analysis of variables that could be confounders (n=707). 

  

 Table 9 Age HU Max size SSD 

Age   -0.07 0.16 0.28 

HU     0.23 -0.05 

Max size       0.11 

SSD         

 

 

Fig 1. Bland-Altman diagram presented interindividual measuring difference (randomly 

selected cases n=64) 

 



 

Fig 2. ROC analysis of the full model (blue) and a model including only age and maximum size 

(black). (n=707) 

 

 

 

Fig 3. A visual diagram predicting SFR graphically age on y-axis and max stone size on x-axis. 
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