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Introduction: Infected urolithiasis is a serious condition that carries with it a high rate ofmorbidity andmortality.
Objective: This review highlights the pearls and pitfalls of infected urolithiasis, including presentation, diagnosis,
and management in the emergency department based on current evidence.
Discussion:Althoughurolithiasis is commonand the vastmajority canbe treated conservatively, the presence of a
concomitant urinary tract infection significantly increases the risk of morbidity, to include sepsis and mortality.
Identification of infectedurolithiasis can be challenging aspatientsmay have symptoms similar to uncomplicated
urolithiasis and/or pyelonephritis. However, clinicians should consider infected urolithiasis in toxic-appearing
patients with fever, chills, dysuria, and costovertebral angle tenderness, especially in those with a history of re-
current urinary tract infections. Positive urine leukocyte esterase, nitrites, and pyuria in conjunction with an el-
evatedwhite blood cell countmay be helpful to identify infected urolithiasis. Patients should be resuscitatedwith
fluids and broad-spectrum antibiotics. Additionally, computed tomography and early urology consultation are
recommended to facilitate definitive care.
Conclusions: An understanding of infected urolithiasis can assist emergency clinicians in diagnosing and manag-
ing this potentially deadly disease.
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1. Introduction

This article series addresses high risk and low prevalence diseases
that are encountered in the emergency department (ED). Much of the
primary literature evaluating these conditions is not emergency medi-
cine focused. By their very nature, many of these disease states and clin-
ical presentations have little useful evidence available to guide the
emergency physician in diagnosis and management. The format of
each article defines the disease or clinical presentation to be reviewed,
provides an overview of the extent of what we currently understand,
and finally discusses the pearls and pitfalls using a question-and-
answer format. This article will discuss acute infected urolithiasis. This
condition's low prevalence but high morbidity and mortality, as well
as its variable and atypical patient presentations and challenging diag-
nosis, makes it a high risk and low prevalence disease.

1.1. Definition

Infected urolithiasis refers to a concomitant or superimposed urinary
tract infection (UTI) in the setting of a ureteral stone and is considered a
Sam Houston, TX 78234, USA.
type of complicated UTI [1]. A positive urine culture (>100,000 colony
forming units) with a single uropathogen in a patient with a ureteral
stone is generally accepted as the definition of infected urolithiasis,
though no universally accepted criteria exist [2]. However, in the ED set-
ting, features such as positive nitrites and pyuria on urinalysis alongwith
clinical features to include fever and costovertebral angle (CVA) tender-
ness are more helpful in the diagnosis of infected urolithiasis, as urinary
culture data are not immediately available. Infected urolithiasis may also
cause near-complete or complete obstructionwhich can be identified ra-
diographically, and this may progress to obstructive pyelonephritis
(renal infection and systemic illness) and pyonephrosis (purulence
within the collecting system) [3]. Though most patients with uncompli-
cated urolithiasis can be treated conservatively, thosewith ureteral stone
infections, to include those with and without complete obstruction, ob-
structive pyelonephritis, and pyonephrosis, must be treated aggressively
given the significant risk of sepsis and mortality [2-4]. In this article, in-
fected ureterolithiasis, infected urolithiasis, ureteral stone infection, and
infected ureteral stone are used interchangeably.

1.2. Pathophysiology

The formation of a ureteral stone is multifactorial and may involve
increased urinary calcium, urate, and oxalate; decreased citrate
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excretion; disturbances in urinary pH and volume; anatomic abnormal-
ities; suboptimal nutrition; andwarmworking environment with asso-
ciated dehydration [4-6]. Ureteral stone formation and UTIs are likely
risk factors for each other, as patients with a higher urinary pH and bac-
terial colonization (particularlywith urease-producing organisms) both
precipitate and propagate new and existing stones [5,7]. Specifically,
these bacteria promote the breakdown of urea into ammonia, which
further reacts to create an alkaline environment suitable for kidney
stone formation and superimposed infection [7]. Additional theories
for the pathophysiology of secondary infections in the setting of urolith-
iasis include biofilm formation on pre-existing stones, especially when
the urothelial barrier is disrupted [7]. If left untreated, complications
in addition to non-infected stones (i.e., obstructive uropathy) include
ascending infection, progression to bacteremia, and sepsis/septic shock.

1.3. Epidemiology

Ureteral stones are a relatively common disease process, with a 12-
month incidence of 2.1%, of which 54.1% are males [8]. Furthermore,
the lifetime risk of ureteral stones approaches 15% [9]. Infections in
the setting of ureteral stones occur in 4% to 34% of patients based on
positive urine cultures, and patients who have a history of ureteral
stones are also at a higher lifetime risk of developing a UTI compared
to the general population (18.7% versus 14.1%) [2,10-12]. In patients
with a ureteral stone infection and sepsis or septic shock, the mortality
rate ranges from8.8% to 27.3%, which depends on the degree of obstruc-
tion and timing of surgical intervention [13,14]. In a study of 209
patients with septic shock secondary to a urinary source, approximately
11% had an anatomic obstruction, with this cohort demonstrating a
27.3% hospital mortality, compared to 11.2% of patients without an
obstruction [15]. Thus, infected urolithiasis imposes a significantly
higher mortality rate compared with the overall mortality rate of 0.2%
in all patients with ureteral stones [16].

2. Discussion

2.1. Presentation

Patients with infected ureteral stones present with a variety of signs
and symptoms, many of which overlap with non-infected stones and
pyelonephritis. The classic presentation is fever, chills, dysuria, urinary
frequency, malodorous urine, and flank pain [2]. This is often associated
with nausea and vomiting in a patient with a prior history of kidney
stones and recurrent UTIs [2]. Pain is often episodic in nature and may
progress from the flank to the lower abdomen as the stone progresses
distally [6]. Physical examination may demonstrate fever, dehydration,
and costovertebral angle (CVA) tenderness [2]. If left untreated, or if ar-
riving in a delayed fashion, patients may appear ill and present with
sepsis and shock.

2.2. ED evaluation

As previously mentioned, there are no universally accepted criteria
for the diagnosis of infected urolithiasis. However, a combination of lab-
oratory findings may assist in their identification. Patients should at the
minimum undergo a urinalysis with culture, with pyuria, positive
nitrites, positive leukocyte esterase, and large blood suggesting an in-
fected stone [2,5,15,17]. A complete blood cell count and C-reactive pro-
tein (CRP)may demonstrate inflammatory changes (i.e., elevatedwhite
blood cell count [WBC]), and renal function assessment may reveal
acute kidney injury (AKI) (i.e., elevated creatinine from baseline),
which, if present, is likelymultifactorial to include nausea and vomiting,
obstructive uropathy, and end-organ dysfunction in the setting of sepsis
and shock [2,15]. Specifically, in the evaluation for infected urolithiasis,
the positive likelihood ratio (LR+) and negative likelihood ratio (LR-)
for leukocytosis are 2 and 0.6 respectively; the LR+ for elevated CRP
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and positive nitrites are 2 and 36, respectively; and the LR+ for a urinal-
ysis with>5WBCs/high power field (hpf) is 4 [2,15]. AKI has a LR+ and
LR- of 2 and 0.8, respectively [15]. In addition to laboratory studies,
computed tomography (CT) should be obtained to help confirm the
presence and location of the stone and to facilitate surgical planning
[17-18]. Guidelines for specific CT protocols are controversial but may
include CT abdomen and pelvis with intravenous (IV) contrast, without
contrast, and urography (with and without contrast) [17-18]. However,
CT protocols should be tailored to the patient, and IV contrast should be
used when there is concern for a perinephric abscess or alternative
intra-abdominal process such as appendicitis or cholecystitis [18]. Addi-
tionally, ‘low-dose’ or ‘stone-protocol’ CTs are less helpful in the identi-
fication of a stone and its complications in larger patients (body mass
index >30) [18].

2.3. ED management

Patients with infected urolithiasis are at high risk for progression to
sepsis and have a significantly increased risk of mortality [3,13-14,19].
These patients should receive broad-spectrum antibiotics covering
gram negative and urease-producing organisms, especially if there is
obstruction [7,10]. Additional coverage for methicillin-resistant Staphy-
lococcus aureus (MRSA) should be considered in patients with risk fac-
tors (i.e., recent hospitalization, known carrier, recent instrumentation
of the urinary tract, immunocompromised status, etc.) or those who
are critically ill. Early urologic consultation is recommended for evalua-
tion for surgical intervention including decompression [7,17]. While CT
imagingwill assist with operative planning, it should not delay urologic
consultation. Additional supportive and symptomatic measures to
include fluid resuscitation, analgesia, and anti-emetic therapies are
recommended.

3. Pearls and pitfalls

3.1. What are significant risk factors for infected urolithiasis?

The presence or history of ureteral stones is an independent risk fac-
tor for the development of a UTI, with a large retrospective study dem-
onstrating a hazard ratio (HR) of 5.67 (95% confidence interval [CI]
4.52–7.18) [10]. Furthermore, a single-center prospective observational
study of 360 patients with acute nephrolithiasis found the prevalence of
concomitant UTI to be 7.8% [2]. The highest reported association of UTIs
and urolithiasis was 34.1% in a 10-year Taiwanese study [20]. However,
patients with a history of UTIs, especially if recurrent, also have an in-
creased risk of kidney stone formation [11]. The true causality
(i.e., stone causing infection or infection causing stone) is controversial
[11,21]. Though all stone types are at risk for concomitant UTI, literature
suggests concomitant infections are more common in females (31.6%
versus 15.6% in males), large (>5 mm) stones, multiple stones (41.4%
versus 16.1% for a single stone), and staghorn stones (48.4% versus
19.8% in non-staghorn stones) [15,22]. In particular, staghorn stones
are associated with urease-producing bacteria that further promote
the crystallization and branching of the stone [22]. With respect to
stone composition, patients who form urate and calcium oxalate stones
have a much higher risk of developing an infection, with a HR of 6.87
(95% CI 2.82–16.72) and 6.36 (95% CI 4.82–8.40), respectively [10]. In
addition to stone quantity, size, and composition, patients aged <40
or>60 years old aremore likely to develop an infection, though the rea-
son for this bimodal pattern is unclear [22]. Other typical risks factors for
UTI remain even in the presence of a ureteral stone, including diabetes,
urinary catheterization, hypertension, and solitary kidney [3,11,22].

3.2.What are the signs and symptoms associatedwith infected urolithiasis?

The signs and symptoms of infected urolithiasis often overlap with
those of pyelonephritis and uncomplicated urolithiasis. However,
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reported fever (relative risk [RR] 6.6, 95% CI 3.1–13, LR+ 5), dysuria (RR
4.4, 95% CI 1.8–11, LR+2), chills (RR 3.0, 95% CI 1.3–6.7, LR+3), urinary
frequency (RR 2.5, 95% CI 1.1–5.5, LR+ 2), and malodorous urine (RR
2.7, 95% CI 0.5–8.4, LR+ 3) are symptoms most strongly associated
with infected urolithiasis [2]. Though common on presentation, other
symptoms such as urinary urgency, hesitancy, hematuria, nausea, and
vomiting are not associated with a significantly higher risk of infected
urolithiasis [2]. Elevated temperature (>37.9 °C) is the strongest sign
associated with infected urolithiasis, with a LR+ of 15 and odds ratio
(OR) of 3.1 (95% CI 1.8–13.6) [2,23]. CVA tenderness possesses a RR of
2.7 (95% CI 1.0–8.1) though the LR+ is only 1 [2]. Other examination
findings including suprapubic tenderness are less helpful in predicting
infected urolithiasis [2].

3.3. What laboratory testing can assist in the diagnosis, and what are the
keys to the urinalysis?

A urinalysis with urine culture is essential in the diagnosis of an
infected kidney stone. Given their importance, patients should be
given instruction for providing a clean-catch or catheterized urine
sample if unable to provide a clean-catch sample to prevent con-
tamination, which can occur in up to 54.9% of samples [24]. Particu-
lar attention should be given to female, pregnant, and obese
patients who are at the highest risk for providing a contaminated
urine sample [24].

The American Urological Association (AUA) does not provide spe-
cific guidance on the interpretation of a urinalysis in patients with uro-
lithiasis but does have a strong recommendation based on a Grade B
level of evidence to obtain a urine culture if there are concerns for
superimposed infection based on clinical or laboratory findings [17].
Due to its importance, clinicians should ensure that urine cultures are
obtained in patients with suspected infected urolithiasis rather than re-
lying on institutional automated reflex protocols. Pyuria and positive
leukocyte esterase suggest the presence of a concomitant infection,
though individually, these markers have only moderate sensitivities
and specificities. For the identification of a single organism with
100,000 colony forming units on urine culture, literature suggests posi-
tive leukocyte esterase has both a sensitivity and specificity of 86% and a
LR+ and LR- of 6 and 0.2, respectively [2]. Specificity and LR+ increase
to 98% and 24, respectively, with the presence of large leukocyte ester-
ase [2]. Pyuria, defined as >5WBCs/hpf, demonstrates a sensitivity and
specificity of 86% and 79%, respectively [2]. This correlates with a LR+
and LR- of 4 and 0.2, respectively [2]. Increasing pyuria, with cutoffs of
>10 WBCs/hpf, >15 WBCs/hpf, and > 20 WBCs/hpf are associated
with increasing specificities of 87%, 91%, and 93%, respectively [2]. At
these cutoffs, the LR+ is 6, 8, and 9, respectively, although the LR- are
minimally affected (0.2, 0.3, and 0.3, respectively) [2]. Positive nitrites
demonstrate a sensitivity and specificity of 43% and 99%, respectively,
correlating with a LR+ of 36 and LR- of 0.6; subsequently, a urine spec-
imen with positive nitrites has an exceedingly strong probability of re-
sulting in a positive urine culture in the setting of urolithiasis [2,15].

Serum inflammatory markers including WBC count above
10–11.3 × 109/L and CRP above 3.5 mg/L are also non-specific indica-
tors that may predict infected urolithiasis [2,15]. Specifically, one
study demonstrated that leukocytosis above 10.9 × 109/L has a LR+
and LR- of 2 and 0.6, respectively, and another study found that 70%
of patients with obstructive and infected urolithiasis had CRP eleva-
tions above 3.5 mg/L [2,16]. These studies, however, should be used
in conjunction with urinalysis findings and clinical presentation
such as fever [2,15]. Other laboratory studies including creatinine el-
evation are less helpful [16]. Ultimately, a urine culture is essential for
diagnosing infected urolithiasis and should be obtained and followed
closely regardless of patient disposition and the initial urinalysis re-
sults. Subsequently, ED physicians are encouraged to ensure that
the primary care physician, admitting physician, and/or urologist
are aware of pending culture results.
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3.4. What is the utility of ultrasound versus CT?

The use of ultrasound in the evaluation for urolithiasis has been ad-
vocated to avoid radiation exposure. Specifically, in younger adults with
renal colic, ultrasound alonemay be adequate in its diagnosis, especially
if the stone is >5 mm [25-26]. In these patients, hydronephrosis, espe-
cially ifmoderate to severe, is suggestive of urolithiasis; however, unless
directly visualized, ultrasound cannot confirm the actual presence of
urolithiasis [25].Most studies demonstratemodest accuracy in the diag-
nosis of urolithiasis, with ameta-analysis of nine studies demonstrating
a sensitivity and specificity of 70.2% and 75.4%, respectively, correlating
with a LR+ and LR- of 3 and 0.4, respectively [26]. However, the sensi-
tivity of ultrasound for the diagnosis of renal infections is limited at only
56.6%,with a normal appearing kidney being a common finding [27-28].
Ultrasound literature regarding the identification of urolithiasis compli-
cations including superimposed infections is extremely sparse. Ultra-
sound, however, may be more useful in determining disease
progression of an infected stone to pyonephrosis, or development of
pus in the setting of a urinary obstruction [29-30]. In these cases, ultra-
sound has a LR+ and LR- of 30 and 0.1, respectively [31]. However, the
challenges for identifying a stone as the etiology of pyonephrosis or
pyelonephritis remain [31].

CT of the abdomen and pelvis is the imaging study of choice to
identify the location and size of urolithiasis, evaluate for infectious com-
plications, and perform operative planning. However, CT is not a func-
tional test of urinary drainage but is rather an anatomical evaluation
of the urinary tract and other abdominal organs. The AUA has a strong
recommendation to obtain a non-contrast CT in patients who may
need percutaneous nephrolithotomy and a conditional recommenda-
tion to obtain a non-contrast CT in patients who may benefit from
shockwave lithotripsy or ureteroscopy [17]. Generally, large stones
(>10-15 mm), stones that have failed conservative management (fail-
ure to pass spontaneously within 4–6 weeks), patients with intractable
pain, proximal stones, and infected stones should be evaluated for
urologic intervention [32]. Furthermore, theAmerican College of Radiol-
ogy Appropriateness Criteria suggests that CT imaging (with and/or
without IV contrast) in patients with suspected renal infection and a
history of stone or obstruction is usually appropriate and demonstrates
a sensitivity of 97% [18]. Though the diagnosis of infected urolithiasis
can be made based on history, examination, and laboratory evaluation,
clinicians should maintain a low threshold to obtain a CT in the ED to
identify stone characteristics and facilitate urologic interventions [18].
Clinicians should also consider the use of contrast when suspecting
infectious complications (i.e., pyelonephritis, pyonephrosis, abscess),
to exclude alternative etiologies of flank pain (i.e., appendicitis), and
facilitate urologic interventions [18].

3.5. What antibiotics are necessary, and what are the major treatment
considerations?

Generally, broad-spectrum antibiotics should be administered to
patients with suspected infected stones given their risk for progression
to sepsis, though neither the AUA nor IDSAmake specific recommenda-
tions [11-12,17]. Antibiotics should target gram-negative rods and
urease-producing organisms (Table 1). Meta-analysis data demonstrate
that the most common organisms associated with infected urolithiasis
are E. coli, Klebsiella, Enterococcus species (spp), Proteus, and Pseudomo-
nas [7,11]. In infected struvite stones, Proteus spp. are common, but ad-
ditional consideration must be given to urease-forming species such as
Staphylococcus, Providencia, and Serratia [11]. Initial empiric therapies
include ceftriaxone in patients without concern for Pseudomonas and
cefepime or piperacillin-tazobactam for patients with Pseudomonas
risk factors [1,33-34]. These include the use of an indwelling catheter
or nephrostomy tube, immunosuppression, recurrent UTIs, and demen-
tia [35]. Vancomycin, daptomycin, or linezolid should be added in criti-
cally ill patients or if the etiology is suspected to be secondary to MRSA



Table 1
Example antibiotic regimens for infected urolithiasis. Antibiotic regimens should be tai-
lored based on local antibiograms and urine culture sensitivities [5,36-39].

Population Potential organisms Example regimens

Critically ill Pseudomonas, E. coli,
Klebsiella, Proteus,
Providencia, Serratia

-Meropenem 1-2 g IV q8h or
-Piperacillin-tazobactam
3.375–4.5 g IV q6-8h⁎ or
-Cefepime 2 g IV q12h⁎

MRSA, Enterococcus spp. -Vancomycin 15–20 mg/kg IV
q8-12h or
-Daptomycin 8–10 mg/kg IV
q24h⁎⁎ or
-Linezolid 600 mg IV q12h⁎⁎

Non-critically ill,
requiring
hospitalization

E. coli, Klebsiella, Proteus,
Providencia, Serratia

-Ceftriaxone 1 g IV q24h or
-Ciprofloxacin 400 mg IV
q12h or
-Levofloxacin 750 mg IV q24h
or
-Piperacillin-tazobactam
3.375–4.5 g IV q6-8h

Enterococcus spp. -Ampicillin 2 g IV q6h or
-Vancomycin 15–20 mg/kg IV
q8-12h or
-Daptomycin 8–10 mg/kg IV
q24h⁎⁎ or
-Linezolid 600 mg IV q12h⁎⁎

Outpatient E. coli, Klebsiella, Proteus -Cefpodoxime 200 mg PO BID
for 10–14 days or
-Amoxicillin-clavulanate
875–125 mg PO BID for
10–14 days or
-Ciprofloxacin 500 mg PO BID
for 7 days or
-Levofloxacin 750 mg PO for
5 days

Enterococcus -Amoxicillin 500 mg PO TID
for 5 days or
-Fosfomycin 3 g PO once

IV – intravenous, mg – milligrams, kg – kilograms, BID – twice a day, TID – three times a
day, PO – oral.
⁎ Prior urine cultures should be reviewed for a history of extended-spectrum β-

lactamase (ESBL)-producing organisms, as their presence may preclude the use of cepha-
losporins and/or penicillins; meropenem (if resistance only to ertapenem), carbapenems
combined with a β-lactamase inhibitor (i.e., meropenem-vaborbactam), cefiderocol, and
ceftazidime-avibactam should be considered in conjunction with urology and infectious
disease consultation [37].
⁎⁎ Prior urine cultures should be reviewed for a history of vancomycin-resistant Entero-
cocci which will dictate the necessity for daptomycin or linezolid [38].
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[1,33-34]. Alternative broad-spectrum antibiotics that may be
considered include carbapenems with anti-pseudomonal activity
(i.e., meropenem) and aminoglycosides [1]. Antibiotic selection, how-
ever, should ideally be performed in conjunction with urology and
based on the local antibiogram.

There are no robust data regarding antibiotics as an outpatient, given
that outpatient management of infected urolithiasis is only recom-
mended with caution in select stable patients without complete
obstruction, immunosuppression, ormajor comorbidities; when admis-
sion is not feasible; and close urologic follow-up can be ensured. In
these cases, itmay be reasonable to choose an antibiotic regimen similar
to that used for complicated UTIs, such as fluoroquinolones
(i.e., ciprofloxacin, levofloxacin), later-generation cephalosporins
(i.e., cefpodoxime), or broader spectrum penicillins (i.e., amoxicillin) if
Enterococcus is suspected (Table 1) [36]. Outpatient antibiotics should
be tailored based on previous culture data, if available, as well as local
sensitivities.

3.6. What are the major complications of infected urolithiasis?

Progression to sepsis and septic shock is a significant concern for pa-
tients with infected stones with rates reported as high as 20–50% [3,19].
Similarly, the risks for bacteremia (3.4 times risk), hospital length of
stay (4.5 days longer), and in-hospital mortality (27.3%) are
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significantly increased in patientswith aUTIwith anobstructive process
[17]. In patients with concomitant infection and obstruction, mortality
is 2.6 times higher if surgical decompression is not performed [13].
AKI may occur in up to 31% of patients with infected urolithiasis,
which is likely multifactorial to include obstructive uropathy and pro-
pensity for progression to systemic illness (i.e., sepsis) [13,15]. Unfortu-
nately, even after endourologic intervention, patients with infected
urolithiasis remain at elevated risk for postoperative fever and sepsis
[40-41]. To the authors' knowledge, there is minimal to no literature re-
garding any increased risk of bleeding, urinary extravasation, ureteral
stricture, abscess formation, or other significant complications in in-
fected versus non-infected urolithiasis at the time of this manuscript
and are areas for further research.

3.7. Which patients benefit from consultation and further intervention be-
yond antibiotics?

In general, all patients with an infected stone should undergo uro-
logic consultation in the ED for surgical management [7]. In patients
with infected stones causing obstruction, the AUA has a strong recom-
mendation for urgent collecting system drainage with stent or
nephrostomy tube placement [17]. Additionally, in patients with stone
disease with residual fragments and infection, the AUA has a moderate
recommendation for endoscopic intervention [17]. Timely decompres-
sion, typically defined as <2 days from admission, has demonstrated
mortality benefits in a large multivariate study [42]. This study demon-
strated the odds of death increased by 29%, with an OR of 1.29 (95% CI
1.03–1.63), in patients who had delays in surgical decompression [42].
In a recent Japanese study evaluating 1363 patients with obstructive
pyelonephritis both with and without sepsis, the total mortality rates
increased when comparing decompression at 1–2 days (1.5%),
3–4 days (2.0%), and ≥ 5 days (2.5%) [43]. Furthermore, a retrospective
study including patients with severe infection and urolithiasis found a
19% mortality rate in patients not treated with surgical decompression,
compared to 8.8% in patients undergoing surgical decompression, high-
lighting the importance of early urologic consultation [13]. Only select
patients who are too unstable or have stones in anatomically challeng-
ing locations, such as the inferior renal pole, should be considered for
non-surgical management [17].

Common urologic interventions in the management of urolithiasis
include shockwave lithotripsy, ureteroscopy, percutaneous
nephrolithotomy (PCNL), and placement of stents to include ureteral
stents and nephrostomy tubes [17]. In patients without significant
stone burden (i.e., <20 mm), shockwave lithotripsy (external high-
energy waves directed at the stone) or ureteroscopy (endoscopic
stone manipulation) are generally first-line procedures [17]. In larger
stones, patients often require PCNL, inwhich the renal pelvis is accessed
through the kidney for stone access [17]. Ureteral stents are placed in
cases of ureteral injury, strictures, and concern for unsuccessful
fragment clearance but are not always required [17]. Similarly,
nephrostomy tube placement is an alternative to ureteral stents when
urgent drainage is required and may be used in conjunction with
PCNL, particularly if repeat PCNL is planned [17]. Laparoscopic or open
surgeries may be required in rare cases in patients who have failed
less invasive interventions and/or with large complex stones requiring
reconstructive surgery [17].

3.8. Which patients can potentially be discharged?

No consensus admission criteria exist for either uncomplicated or in-
fected urolithiasis. However, patients with significant stone burden
(i.e., >10–15mmormultiple stones), solitary kidney, intractable symp-
toms (nausea, vomiting, and pain), urinary extravasation, severe renal
function impairment, and clinical instability (i.e., sepsis or septic
shock) should be admitted to the hospital with urologic consultation
[5]. In the setting of a concomitant infection, patients with significant



Table 2
Infected urolithiasis pearls.

- Patients with ureteral stones are at increased risk for concomitant UTI, and
patients with infected urolithiasis may decompensate rapidly and progress to
sepsis and shock.

- Patients with staghorn stones, urate and calcium oxalate stones, and multiple
stones are also at higher risk for superimposed infection.
- A thorough history (fever, chills, dysuria, and history of UTIs), physical
examination (CVA tenderness), urinalysis, and urine culture are essential for
diagnosis. Inflammatory markers (elevated WBC and CRP) can be helpful adjuncts.
- CT is recommended to identify complications and assist with preoperative
planning in those with suspected infected urolithiasis.
- Specific CT protocols (abdomen/pelvis with/without contrast, urogram) should
be patient-tailored, with strong consideration for contrast in patients with concern
for abscess formation or other intra-abdominal processes (i.e., appendicitis).
- ED management includes broad-spectrum antibiotics covering gram-negative
and urease-producing organisms, as well as MRSA in patients with risk factors.
- Urology consultation early in the patient's evaluation and management is
recommended. Delays in surgical decompression for patients with infected,
obstructed stones worsen outcomes.
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comorbidities (i.e., older age and immunosuppression), complete ob-
struction, hydronephrosis, ill-appearance, inability for close follow-up,
and/or inability to take oral antibiotics should also be admitted to the
hospital [5,44-45]. Outpatient management of infected urolithiasis
should be approached cautiously, especially given the risk of progres-
sion to sepsis. Though the literature is sparse, patients with smaller
and non-obstructing stones who are well-appearing, afebrile, without
significant comorbid conditions, and able to take oral antibiotics may
be considered for outpatient management after consultation with urol-
ogy in the ED and ensuring follow-up [5,44-45]. In these patients, close
urologic and urine culture follow-up is imperative.

Table 2 provides pearls for infected urolithiasis.

4. Conclusions

Patients with urolithiasis and concomitant UTI represent a group
with high morbidity and mortality. Diagnosis may be challenging as
symptoms often overlap with pyelonephritis and non-infected renal
colic, but elevated inflammatory markers, positive nitrites, and leuko-
cyte esterase in febrile patients with CVA tenderness and a history of
urolithiasis and UTIs should raise suspicion for an infected stone. Pa-
tients should receive broad-spectrum antibiotics, undergo CT imaging
for operative planning, and be rapidly evaluated by urology. Contrast
should be used if considering abscess formation or other intra-
abdominal etiologies of flank pain. Early surgical decompression in pa-
tients with obstruction and infection can improve patient outcomes.
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