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Abstract

Streszczenie

Infectious urolithiasis is a form of urolithiasis associated with the presence of bacteria in the urinary tract (Proteus spp.,
Klebsiella spp., Providencia spp., Pseudomonas, Morganella morganii and Staphylococcus aureus). These bacteria produce
urease, i.e. an enzyme which decomposes urea. Deposits made of magnesium ammonium phosphate (struvite), sometimes
combined with carbonate apatite, can quickly expand, fill the entire renal pelvis and lead to renal failure. In children, struvite
urolithiasis has a variable frequency - in 1-29% of all patients with urinary tract deposits. The predisposing factors for the
development of this urolithiasis in children are urinary tract defects and neurogenic bladder. Its symptoms are a combination
of the symptoms of urolithiasis and urinary tract infection (fever, dysuria, lumbar pain, urinary urgency). In imaging studies,
a large branched deposit is often visible, sometimes filling the entire renal pelvis and calyces. Treatment consists of surgical
removal of deposits (most often by percutaneous nephrolithotomy) in combination with targeted antibiotic therapy.
In Poland, combined treatment (percutaneous nephrolithotomy + ureterorenoscopy) proved to be a very effective and safe
method, allowing the removal of large urinary deposits from the urinary tract in children. Antimicrobial treatment without
surgical treatment is rarely effective. Other options for non-surgical management include reducing dietary phosphates,
acidifying urine, administration of urease inhibitors (in adults) or citrates, and rinsing the renal pelvis with a solution of citrates
or hemiacidrin. The prognosis in this group of patients depends mainly on the completeness of the surgical procedure and
the lack of relapses.
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Kamica infekcyjna to posta¢ kamicy nerkowej zwiazana z obecnoécig w drogach moczowych bakterii (Proteus spp., Klebsiella
spp., Providencia spp., Pseudomonas, Morganella morganii oraz Staphylococcus aureus), ktére wytwarzaja enzym ureaze —
rozktadajacy mocznik. Ztogi, zbudowane z fosforanu magnezowo-amonowego (struwit), czasami w polaczeniu
z weglanoapatytem, moga szybko sie powigksza¢, wypelnia¢ cala miedniczke nerkows i prowadzi¢ do niewydolnosci nerek.
U dzieci kamice struwitowg stwierdza sie ze zmienng czgstoscig — u 1-29% wszystkich pacjentéw ze ztogami w drogach
moczowych. Czynnikami predysponujacymi do rozwoju tej kamicy u dzieci sag wady ukladu moczowego i pecherz
neurogenny. Jej objawy stanowig kompozycje objawéw kamicy i zakazenia ukltadu moczowego (goraczka, dyzuria, bole
w okolicy ledzwiowej, uczucie parcia na mocz). W badaniach obrazowych czesto uwidacznia si¢ duzy rozgaleziony zi6g,
niekiedy wypelniajacy cala miedniczke nerkows i kielichy. Leczenie polega na zabiegowym usunieciu zlogéw (najczesciej
metoda przezskornej nefrolitotomii) w polaczeniu z celowang antybiotykoterapia. W do$wiadczeniach polskich kombinowane
leczenie zabiegowe (przezskorna nefrolitotomia + ureterorenoskopia) okazalo si¢ bardzo skuteczng i bezpieczng metoda,
pozwalajaca na usuniecie duzych ztogéw infekcyjnych z drég moczowych u dzieci. Leczenie przeciwdrobnoustrojowe
bez zabiegowego rzadko jest skuteczne. Inne mozliwosci postepowania niezabiegowego obejmujg ograniczenie fosforanéw
w diecie, zakwaszanie moczu, podawanie inhibitoréw ureazy (u dorostych) lub cytrynianéw oraz ptukanie miedniczki
nerkowej roztworem cytrynianéw lub hemiacydryny. Rokowanie w tej grupie chorych jest uzaleznione przede wszystkim
od doszczetnosci wykonanego zabiegu i braku nawrotéw.

Stowa kluczowe: kamica infekcyjna, kamica struwitowa, zakazenie uktadu moczowego, dzieci
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INTRODUCTION

nfectious urolithiasis (often identified with struvite

urolithiasis) is a form of urolithiasis associated with the

presence of urea-splitting bacteria in the urinary tract.
Infectious deposits may grow very quickly (within a few
weeks or months) and fill the entire renal pelvis, if prop-
er treatment is not implemented. If not treated, infectious
urolithiasis lead to kidney damage. In this disease, the treat-
ment consists of surgical removal of deposits and a target-
ed antibiotic therapy.

PATHOGENESIS

The stones associated with the infection consist of mag-
nesium ammonium phosphate (MgNH,PO, - struvite),
sometimes with the addition of carbonate apatite
[3Ca;(PO,),*CaCO,, another formula: Ca,,(PO,),CO;]V.
In healthy people, urine contains small amounts of these
ingredients. Struvite stones are formed only in the case
of increased production of ammonia (ammonium ion)
and an increase in urinary pH, which reduces the solubility
of phosphates. This is the case only in people with infection
of the upper urinary tract with urease-producing bacteria,
such as Proteus spp. (including Proteus mirabilis), Klebsiella
spp., Providencia spp., Pseudomonas, Morganella morganii
and Staphylococcus aureus'.

The pathomechanism of the formation of infectious de-
posits is shown in Fig. 1. Urease decomposes urine pres-
ent in urea to ammonia and carbon dioxide. It results in the
increased availability of ammonia in the alkaline urine (of-
ten the pH of the urine exceeds the physiological values and
reaches 8.5-9.0). This situation is different than in the case

Infection with bacteria:
Proteus spp., Klebsiella spp., Providencia spp., Pseudomonas spp.,
Morganella morganii, Staphylococcus aureus
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Fig. 1. Pathomechanism of the formation of infectious urolit-
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of clinical conditions in which ammonia is overproduced,
but with simultaneous systemic acidosis and urine acidifi-
cation (e.g. congenital metabolism defects — congenital hy-
perammonaemia). Ammonia produced in this reaction re-
acts with the water molecule to form an ammonium ion
that is combined with magnesium and a phosphoric ion to
form a struvite. At the same time, carbon dioxide forms car-
bonic acid. The dissociated bicarbonate anion is combined
with calcium and phosphates and, as a result, carbonate ap-
atite is formed. An important mechanism for the creation
of struvite deposits is the destruction of glycosaminogly-
cans of the urinary tract lining by the produced ammonia.
This makes it easier for bacteria to attach to the epithelium
and create a biofilm"¥.

The struvite deposit is actually a mixture of magnesium
ammonium phosphate, protein matrix, leukocytes and
bacteria. Formation of the deposit is a self-perpetuating
process, as bacteria multiply in the stone. In addition, the
presence of deposits in the urinary tract leads to urine re-
tention, which causes further multiplication of bacteria, al-
kalisation of urine and deposition of subsequent portions
of struvite. Struvite deposits can grow very large — they of-
ten fill the entire pelvis and calyces, which results in block-
ing the outflow of urine from the kidney"*.

A lot of patients suffer from mixed struvite and calcium
oxalate urolithiasis. It is believed that in such situations,
the calcium oxalate urolithiasis develops first, followed by
bacterial superinfection and struvite deposits formation.
In addition to infection, in such patients there is another
congenital metabolic predisposition (hypercalciuria or hy-
peroxaluria)®. In the study of deposits containing struvite
in Polish children, calcium oxalate, calcium phosphate and
even uric acid admixtures were found®.

Deposits (other than struvite and carbonate apatite) may
also occur in the case of infection of the urinary tract with
bacteria that do not have the ability to produce urease (e.g.
Escherichia coli). In this situation, the infection may be sec-
ondary to the formation of deposits. It is also believed that
these bacteria may predispose to the development of uro-
lithiasis by inducing inflammation and by producing bio-
films, which acts as a matrix for the growth of the deposit.

EPIDEMIOLOGY

The incidence of struvite urolithiasis in adults depends
on their sex. It affects women three times as often because
they have a greater risk of developing upper urinary tract
infection. In the analysis of German data from the years
1977-2006, infectious urolithiasis was found in 3.8%
of men and 11.0% of women with deposits in the urinary
tract®. In children, this disease is diagnosed with a vari-
able frequency: 1-29%"13) of all patients with urinary
tract deposits. As in the case of adults, some studies indi-
cate a higher incidence of struvite urolithiasis in girls®?.
It is more often found in younger children, which seems
to be related to the prevalence of urinary tract infections
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and malformations in this group of patients!?. Struvite uro-
lithiasis may also occur in patients with other predispos-
ing factors, such as neurogenic bladder or urinary system
defects"®. Urinary tract anomalies are found in one third
of children with struvite urolithiasis®. Struvite and apa-
tite urolithiasis of the urinary bladder are the most com-
mon forms of deposits in children with neurogenic blad-
der in whom clear intermittent catheterisation (CIC)
is performed - including children after surgical augmenta-
tion of the neurogenic bladder®'”) — as well as in patients
with a urine reservoir prepared from the intestine!'®. In all
of these cases, a chronic urinary bacterial infection is con-
sidered to be a causative agent.

In a study of 153 Polish children, struvite was a component
of 33 (24%) of all deposits, and in 18 cases (13%), it was
their main component. Out of 33 children with struvite,
13 had a urinary tract infection at the moment of diagnosis
and another 17 had a history of infection; 10 patients had
a neurogenic bladder®.

In studies from China and India, low incidences of struvite
(1.68% and 1.42%) and apatite (0.23% and 1.80%) stones
were found. This may be due to the very frequent use of an-
tibiotics in that part of the world1?).

Epidemiological studies indicate a decreasing frequen-
cy of infectious urolithiasis in children in the developed
countries. This is due to the improvement of care, more
effective treatment and prevention of urinary tract infec-
tions as well as more effective treatment of obstructive
uropathy®. Also in adults in France, the incidence of infec-
tious urolithiasis decreased — from 11.1% in the 1980s of the
last century to 6.1% in the first decade of the 21 century®".

SYMPTOMS

Symptoms of infectious urolithiasis are a composition
of urolithiasis and a urinary tract infection (fever, dysuria,
lumbar pain, urinary urgency). Common symptoms of re-
nal colic are rare®.

In the urinalysis, there is an alkaline pH and presence
of nitrites and a positive reaction to leukocyte esterase, and
in the sediment — apart from the features of infection (leu-
kocyturia, sometimes leukocyte casts) - magnesium am-
monium phosphate crystals. These crystals most often take
the shape of the lid of the coffin, less often - a fern leaf"*?2),
In the urine culture, there is a significant colony count
of bacteria that produce urease.

In imaging studies, a large branched deposit is often visible.
If the appropriate treatment is not implemented, it fills the
entire renal pelvis and calyces. The most accurate method for
detecting struvite deposits is a computed tomography scan
without contrast, which can depict deposits of even 1 mm
in size. However, it has not been shown that it could accu-
rately assess the composition of the detected deposit (includ-
ing the presence of magnesium ammonium phosphate)®.
The presence of magnesium ammonium phosphate
in the deposit (obtained e.g. after surgical treatment) can
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be determined by means of infrared spectroscopy (a refer-
ence method)®?. Other methods of the deposit composi-
tion analysis may falsely not show the presence of struvite.
Therefore, with a typical clinical picture and risk factors, ap-
propriate measures should be implemented even if no am-
monium magnesium phosphate is detected.

TREATMENT

Due to the size of the deposit and the risks associated with
it (sepsis, renal failure), patients — including paediatric pa-
tients — most often require surgical treatment combined
with targeted antimicrobial therapy. Therapeutic options in-
clude: only pharmacological treatment, open surgery, lap-
aroscopic surgery, percutaneous nephrolithotomy (PCNL),
extracorporeal shock wave lithotripsy (ESWL), a combi-
nation of PCNL and ESWL treatments and a combination
of PCNL and ureteroscopy?.

Pharmacological treatment without surgical one is rarely
effective. Microorganisms survive in the deposit, where an-
tibiotic penetration is difficult, and create an alkaline envi-
ronment that promotes the growth of the deposit. However,
if positive urine culture is found, chronic targeted antibac-
terial treatment may be indicated to prevent further devel-
opment of deposits®. It is recommended to take the culture
not only from the urine, but also from the deposits obtained
during the treatment®?.

Other possibilities for non-surgical management include
reducing phosphate in the diet, acidifying urine, and ad-
ministering urease inhibitors. Acidification of the urine
(lowering the pH below 6.5) can be achieved by adminis-
tering, for example, ascorbic acid, ammonium chloride or
L-methionine®. At present, however, this procedure is ex-
tremely rare.

Currently, the only urease inhibitor used is acetohydroxam-
ic acid (AHA; Lithostat). Urease inhibitors halve the risk
of deposits growth®). Nevertheless, 20-60% of patients re-
ceiving AHA experience side effects such as palpitations,
oedema, nausea, vomiting, diarrhoea, headache, dysgeusia,
hallucinations, skin rashes, pains in abdomen and anaemia.
These symptoms are reversible after discontinuation of the
drug®. According to the American Urology Association
(AUA), AHA can be used in adults in the absence of the
possibility for surgical treatment or recurrent infectious
urolithiasis®. Because of serious and frequent side effects,
it is not recommended to give this medicine to children.

A non-standard method is irrigation (rinsing) of the re-
nal pelvis with a 3.2% citrate solution (Renacidin) or 10%
hemiacidrin solution (Suby’s G solution)®.

In preventing the formation of deposits or in inhibiting the
growth of small residual deposits, the supply of potassi-
um citrate may be effective. Chronic citrate therapy is rec-
ommended for patients who have residual deposits after
8 weeks after surgery®. There are no clear recommenda-
tions regarding the duration of chronic antimicrobial pro-
phylaxis and preparations used.
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Data on adults indicate mortality of up to 67% of patients
who did not undergo surgery®”. Therefore, conservative
treatment alone is not recommended - with the exception
of patients in severe condition.

Open surgical procedures are currently a rare method
of treatment of struvite urolithiasis. They are performed
in the case of the need to remove a non-functioning kidney,
in the case of very large stones or in very obese patients>?.
According to AUA, PCNL is the best method to remove
struvite deposits®. Its unquestionable advantages in-
clude: high efficiency in removing deposits, the possibili-
ty of direct assessment of the pelvis and calyces, the possi-
bility to leave the drain and reassess the pelvis and calyces,
speed of the procedure, and the ability to quickly assess
its effectiveness">. In the case of PCNL procedures, the
nephrostomy tube is routinely left, and the fragments of the
deposit are removed through it.

AUA does not recommend performing only ESWL treat-
ment in the treatment of struvite deposits — except for
the patients with small stones and normal urinary tract
anatomy. Its effectiveness is significantly lower compared
to PCNL®. Sometimes combination of PCNL and ESWL
techniques may be beneficial, especially in the case of large
deposits or those whose fragments may not be available as
part of the PCNL surgery. In such situations, the PCNL pro-
cedure is performed first, then ESWL, followed by anoth-
er PCNL - to remove deposits crushed by the shockwave®®.
In order to ensure patency of the urinary tract in patients
undergoing ESWL treatment, stenting (e.g. double-J cath-
eter) is performed. Sometimes PCNL can be combined
with ureterorenoscopy'?. In the research by Jurkiewicz
et al., such combined treatment (PCNL + ureterorenosco-
py) proved to be a very effective method in children, which
enabled the removal of large urinary tract deposits with
simultaneous small side effects, and very good preserva-
tion of renal function®. The ureterorenoscopy procedure
alone is not an effective treatment for struvite urolithiasis
in adults and children®®.

The total incidence of surgical treatment complications
is estimated at 13-19%, the least frequent being PCNL,
more often at ESWL and open surgery®.

Struvite urolithiasis is often found in children with congen-
ital urinary tract malformations. It is then necessary to con-
duct a full diagnosis and, in justified cases, to implement the
surgical treatment of a defect in order to prevent the recur-
rence of urolithiasis.

PROGNOSIS

Chronic infectious urolithiasis leads to recurrent pyelone-
phritis — with scarring of kidneys” parenchyma and progres-
sion to chronic kidney disease, and even to the end-stage
renal failure. Data collected among adult patients from the
Paris centre indicate that struvite urolithiasis, most fre-
quently of all types of urolithiasis, leads to the end-stage re-
nal failure®. In addition, bacterial inflammation may result
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in the onset of sepsis®. Spontaneous excretion of struvite
deposits is extremely rare.

Prognosis in this group of patients is strictly dependent
on complete removal of the deposit and lack of relapse.
The percentage of patients free of relapse and infection
reaches 90% if the stones are completely removed during
the first treatment. In the case of leaving a fragment of the
deposit, the risk of recurrence of clinically evident uroli-
thiasis ranges from 40% to 85%>*. Patients with struvite
stones require regular imaging (usually ultrasound imag-
ing), because relapses are possible — also in the second kid-
ney - especially in patients with risk factors for urinary
tract infections. The necessity to perform a re-procedure
(usually PCNL) varies from 10% to 40-50%.
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