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What Are Kidney Stones?

Renal urolithiasis — the formation of calculi (stones) within the urinary tract — is one of the most prevalent
urological conditions encountered in clinical practice. More than 1 in 10 individuals will develop a kidney
stone during their lifetime, with peak incidence in the third to sixth decades. Stones may arise anywhere
within the upper urinary tract, from the renal calyces and pelvis to the ureter and ureterovesical junction.

Stones form when urinary solutes — principally calcium, oxalate, uric acid, phosphate, and cystine —
exceed their solubility threshold and crystallise within the collecting system. The clinical consequence
depends primarily on stone size, composition, and anatomical location. Without treatment, obstructing
stones can cause irreversible renal damage, sepsis, and loss of renal function.

Lifetime prevalence

Peak incidence age

Recurrence rate

Most common stone compaosition

Spontaneous passage rate

Intervention required

Bilateral / horseshoe kidney

More than 1 in 10 people; rising globally

30-60 years; male-to-female ratio approximately 2:1

~50% within 5 years without metabolic intervention

Calcium oxalate (~75% of all stones)

~80% of stones <4 mm pass spontaneously; ~20% at 7-9 mm
~20% of presenting stones require urological intervention

Anomalous anatomy (horseshoe kidney) increases stone risk
x2—4

Stone Composition & Types

Stone composition determines both metabolic aetiology and treatment strategy. Stone analysis following
passage or surgical retrieval is strongly recommended for all patients with a first stone and is mandatory

for recurrent formers:

Stone Type Characteristics, Aetiology & Clinical Notes

Calcium Oxalate ~70%
(Monohydrate &
Dihydrate)

Calcium Phosphate ~10%
(Hydroxyapatite /
Brushite)

Uric Acid ~10%

Most common type. Radio-opaque on plain radiography. Associated with
hypercalciuria, hyperoxaluria, hypocitraturia, and low fluid intake. Calcium
oxalate monohydrate (whewellite) is harder and more resistant to ESWL
than dihydrate (weddellite). Often idiopathic.

Radio-opaque. Associated with renal tubular acidosis (RTA), primary
hyperparathyroidism, and urinary tract infections. Brushite stones are
particularly hard; poor fragmentation with ESWL.

Radiolucent on plain X-ray; visible on CT. Associated with low urinary pH
(<5.5), gout, hyperuricosuria, and metabolic syndrome. Amenable to
dissolution therapy with urinary alkalinisation (potassium citrate) — the only
stone type that can be dissolved pharmacologically.
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Stone Type Characteristics, Aetiology & Clinical Notes

Struvite (Magnesium ~5-10% Radio-opaque. Caused exclusively by urease-producing bacteria (Proteus,

Ammonium Phosphate) Klebsiella, Pseudomonas). Often form staghorn calculi filling the renal
collecting system. Require complete stone clearance (PCNL) and antibiotic
treatment to prevent recurrence.

Cystine ~1-2% Faintly radio-opague (‘ground glass'). Caused by the autosomal recessive
disorder cystinuria (defective tubular reabsorption of dibasic amino acids).
Frequently recurrent and bilateral. Require high fluid intake, urinary
alkalinisation, and D-penicillamine or tiopronin. Hard; poor ESWL

response.
Drug-Induced <1% Radiolucent (not visible on CT in some cases). History of drug exposure
(Indinavir, essential. Indinavir (HIV antiretroviral) stones visible on MRI but not CT.
Sulphonamides, Management: hydration, drug substitution, endoscopic clearance.

Triamterene)

Sources: NHS UK — www.nhs.uk/conditions/kidney-stones/ (reviewed November 2022) | EAU Guidelines on Urolithiasis, 2024 |
Cancer Research UK | Turk C, et al. Eur Urol. 2016;69(3):475-482
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Symptoms & Presentation

The clinical presentation of renal stone disease varies considerably according to stone location, degree of
urinary obstruction, and the presence of complicating infection. Many small renal calculi are entirely
asymptomatic and discovered incidentally on imaging. Obstructing ureteric calculi, however, typically
produce one of the most severe pain syndromes in clinical medicine.

e Renal colic — severe, colicky loin-to-groin pain e Fever, rigors, and sepsis (obstructed infected
kidney)

e Loin pain radiating to the ipsilateral testis or labia e Asymptomatic — incidental finding on imaging

e Haematuria (macroscopic or microscopic) e Recurrent urinary tract infections (struvite
stones)
e Nausea and vomiting e Renal impairment (bilateral obstruction or

solitary kidney)

e Urinary frequency and dysuria (lower ureteric e Abdominal distension (large staghorn calculus)
stone)

EMERGENCY — OBSTRUCTED INFECTED KIDNEY

An obstructed and infected kidney (pyonephrosis) is a urological emergency. Fever with loin pain in the context
of a known or suspected ureteric stone requires immediate hospital assessment, IV antibiotics, and urgent
decompression by ureteric stenting or nephrostomy. Delay risks life-threatening urosepsis.

Contact NHS 111 or attend A&E; immediately if you have loin pain combined with high temperature, rigors, or
feeling severely unwell.

Causes & Risk Factors

Stone formation results from a combination of urinary supersaturation, reduced inhibitor activity, and
anatomical or metabolic predisposition. The following factors are associated with elevated stone risk:

Risk Factor Clinical Notes

Inadequate fluid intake Very High The most important modifiable risk factor;
concentrated urine drives supersaturation; target
urine output >2 litres/day

Hot climate / dehydration High Tropical and arid environments; occupational
exposure to heat; seasonality of stone presentations
well-documented

High dietary sodium High Increases urinary calcium excretion; reduces citrate
excretion; restrict to <6 g NaCl/day

High animal protein intake Moderate-Hi  Increases urinary calcium, oxalate, and uric acid,;
gh reduces urinary pH and citrate; acid load promotes
uric acid crystallisation

Mr Shahid Khan | Consultant Urological Surgeon | Surrey & Sussex NHS Trust (SASH)




Renal Stone Disease www.epsomurology.co.uk

Risk Factor Clinical Notes

Obesity / metabolic syndrome Moderate-Hi  Insulin resistance reduces tubular citrate
gh reabsorption and lowers urinary pH; strong
association with uric acid stone disease

Primary hyperparathyroidism High Hypercalcaemia and hypercalciuria; must be
excluded in all recurrent calcium stone formers with
elevated serum calcium

Renal tubular acidosis (RTA Type 1) High Inability to acidify urine; hypocitraturia; calcium
phosphate stones; treat with potassium citrate
supplementation

Inflammatory bowel disease / short gut Moderate Enteric hyperoxaluria from fat malabsorption; oxalate
absorption increased; common after ileal resection or
bariatric surgery

Family history Moderate Genetic predisposition in idiopathic hypercalciuria,
cystinuria, and primary hyperoxaluria

Horseshoe kidney / PUJ obstruction Moderate-Hi ~ Anatomical urinary stasis promotes stone formation
gh and impairs spontaneous passage; stones in
horseshoe kidneys require specialist endourological
management
Urinary tract infection (Proteus) Moderate Urease-producing organisms generate ammonia,

alkalinise urine, and precipitate magnesium
ammonium phosphate (struvite) staghorn calculi

Sources: NHS UK — www.nhs.uk/conditions/kidney-stones/causes/ (reviewed November 2022) | EAU Guidelines on Urolithiasis, 2024
| NICE Clinical Knowledge Summary — Renal Colic, 2023
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Investigations & Imaging

Accurate characterisation of stone burden — number, size, composition, density (Hounsfield units),

location, and the presence of obstruction or infection — is fundamental to selecting the optimal treatment

strategy. The following investigations are used in clinical practice:

Non-Contrast CT KUB (CT Kidneys,
Ureters & Bladder)

Ultrasound (Renal & Bladder USS)

Plain Abdominal Radiograph (KUB
X-Ray)

Urinalysis & Urine Culture

Serum Biochemistry

24-Hour Urine Collection (Metabolic
Evaluation)

Stone Analysis (Infrared
Spectroscopy / X-Ray Diffraction)

MRI Urography

Gold standard first-line imaging for suspected renal colic. Sensitivity >95%,
specificity >98%. Identifies all stone types (except indinavir), measures
stone density in Hounsfield units (HU — predictive of ESWL response),
stone size and location, degree of hydronephrosis, and perinephric fat
stranding indicating obstruction. Low-dose CT protocols minimise radiation
exposure. Preferred in adults presenting with acute loin pain.

First-line in pregnancy, children, and for follow-up surveillance. Detects
hydronephrosis and larger renal calculi; poor sensitivity for ureteric stones
and calculi <3 mm. Used for monitoring stone passage and post-treatment
residual fragment assessment. No ionising radiation.

Identifies radio-opaque calculi (calcium oxalate, calcium phosphate,
struvite). Uric acid and cystine stones are radiolucent or faintly visible.
Used post-ESWL to assess fragmentation and for serial monitoring of
known radio-opaque calculi. Superseded by CT for acute presentations.

Dipstick: haematuria supports stone diagnosis; nitrites and leucocytes
suggest concurrent UTI. MSU culture mandatory before any endoscopic
procedure. Treat infection before elective ureteroscopy or PCNL to
minimise sepsis risk.

Creatinine and eGFR: renal function, especially relevant in bilateral stones,
single kidney, or planned contrast imaging. Calcium: exclude primary
hyperparathyroidism. Uric acid: elevated in uric acid stone disease.
Bicarbonate: low in RTA. PTH: if serum calcium elevated.

Indicated for all recurrent stone formers (=2 episodes) and for first-time
stone formers with risk factors. Measures: urine volume, calcium, oxalate,
uric acid, citrate, phosphate, sodium, pH, and creatinine. Identifies specific
metabolic abnormalities amenable to targeted therapy and guides
stone-type-specific dietary and pharmacological prevention.

Every retrieved or spontaneously passed stone should be submitted for
compositional analysis. Determines the precise mineral composition,
guides metabolic workup, and directs pharmacological prevention strategy.
Particularly important for atypical presentations and drug-induced stones.

Reserved for patients in whom CT is contraindicated (pregnancy — after
USS is inconclusive) and for anatomical assessment of PUJ obstruction
and collecting system configuration in complex cases (horseshoe kidney).
Does not reliably identify calculi but delineates obstruction and anatomy.

Sources: NHS UK — www.nhs.uk/conditions/kidney-stones/diagnosis/ (reviewed November 2022) | EAU Guidelines on Urolithiasis,

2024 | Smith-Bindman R, et al. JAMA Intern Med. 2014;174(12):1962-1966
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Treatment selection is guided by stone size, location, composition (where known), degree of obstruction,
presence of infection, patient anatomy, renal function, and patient preference. EAU guidelines provide
evidence-based recommendations for each clinical scenario. All treatment plans are discussed at urology

MDT where indicated.

Principal Indications Key Clinical Details

Conservative Management &
Watchful Waiting

ESWL (Extracorporeal Shock
Wave Lithotripsy)

Flexible Ureteroscopy (FURS)
with Laser Lithotripsy

Rigid Ureteroscopy (Semi-Rigid
URS)

Mini-PCNL (Miniaturised
Percutaneous Nephrolithotomy)

Asymptomatic renal calculi <10 mm;
ureteric stones <6 mm with adequate
pain control and no obstruction or
infection

Renal and proximal ureteric calculi 5-20
mm; radiolucent stones not suitable;
hard stones (>1000 HU) respond poorly

Renal and ureteric stones of any size;
stones in lower pole calyces; stones
unsuitable for ESWL; pregnancy
(second trimester); solitary kidney;
anticoagulated patients

Ureteric stones at any level, particularly
mid and lower ureter; impacted ureteric
stones; stent-related symptoms
requiring urgent relief

Renal stones >20 mm; staghorn or
partial staghorn calculi; lower pole
stones >15 mm; failed ESWL or URS;
anatomically complex kidneys
(horseshoe, transplant)

Mr Shahid Khan | Consultant Urological Surgeon | Surrey & Sussex NHS Trust (SASH)

High fluid intake (>2.5 L/day);
analgesia (NSAID preferred over
opioids); alpha-blockers (tamsulosin)
as medical expulsive therapy to
facilitate spontaneous passage of
distal ureteric stones <10 mm; stone
passage filter; serial imaging to
confirm passage or stability

Non-invasive outpatient or day-case
procedure under sedation/analgesia.
Fluoroscopic or ultrasound stone
targeting. Focused shock waves
fragment stone into passable pieces.
Multiple sessions may be required.
Performed at SASH (East Surrey
Hospital).

Flexible digital ureteroscope passed
per urethra to the renal collecting
system. Holmium:YAG or thulium
fibre laser fragmentation with active
retrieval of fragments using nitinol
baskets. Day-case procedure under
GA. Post-procedure ureteric stent
routinely inserted (removed at 1-2
weeks).

Rigid or semi-rigid ureteroscope
passed transurethrally. Holmium
laser fragmentation or basket
extraction. Highly effective for
ureteric stones with stone-free rates
>90%. Day-case procedure. Stent
inserted for 1-2 weeks
post-procedure.

Percutaneous access via flank under
fluoroscopic/ultrasound guidance
under GA. Mini-PCNL uses smaller
nephroscope tract (14—20 Fr vs
standard 24—30 Fr), reducing blood
loss, hospital stay (1-2 days), and
post-operative pain compared to
standard PCNL. Holmium or
pneumatic lithotripsy for
fragmentation.
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Principal Indications Key Clinical Details

Antegrade Ureteroscopy Ureteric stones inaccessible Ureteroscope passed antegradely
retrogradely; stones in horseshoe through percutaneous nephrostomy
kidney; complex renal pelvic or proximal  tract into the ureter under GA. Allows
ureteric stones; failed retrograde access to stones that cannot be

access; post-urinary diversion anatomy reached via retrograde approach due
to anatomy or prior surgery.

PUJ Obstruction — Pelviureteric junction (PUJ) obstruction Endopyelotomy: endoscopic incision
Endopyelotomy / Robotic causing symptomatic hydronephrosis, of the PUJ under ureteroscopic or
Pyeloplasty recurrent loin pain, stone formation percutaneous vision.
secondary to urinary stasis, or Robotic-assisted pyeloplasty
deteriorating renal function on MAG3 (Anderson-Hynes dismembered):
renogram definitive repair with >90% success

rate; gold standard for primary PUJ
obstruction. Referred to specialist
robotic centres as appropriate.

Open / Laparoscopic Surgery Large staghorn calculi not amenable to Rarely required in the modern
PCNL; anatomically inaccessible endourological era. Pyelolithotomy or
stones; concurrent pyeloplasty; failed nephrolithotomy reserved for
endoscopic procedures selected complex cases following

MDT discussion. Laparoscopic
approaches preferred where feasible.

Sources: NHS UK — www.nhs.uk/conditions/kidney-stones/treatment/ (reviewed November 2022) | EAU Guidelines on Urolithiasis,
2024 | NICE Clinical Knowledge Summary — Renal Colic, 2023 | Aboumarzouk OM, et al. J Endourol. 2012;26(10):1278-1283
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Special Clinical Scenarios

Certain anatomical configurations and associated pathologies present specific technical and clinical
challenges in stone management. Mr Khan has particular experience in the endourological management of
these complex cases:

Clinical Scenario Endourological Considerations & Management

Horseshoe Kidney Horseshoe kidney affects approximately 1 in 400 individuals and is the most
common renal fusion anomaly. The isthmus connecting the lower poles crosses
the midline anterior to the aorta, creating an abnormal renal axis. Ureteropelvic
junction obstruction is common (~30% of horseshoe kidneys) due to high ureteric
insertion, leading to urinary stasis and an elevated stone incidence (reported in up
to 60% of affected kidneys at some point).

Retrograde ureteroscopy may be limited by the anomalous collecting system
orientation and high UPJ insertion. Antegrade ureteroscopy via percutaneous
access is often the preferred approach for renal pelvic and calyceal stones in
horseshoe kidneys, providing direct access to the stone regardless of ureteric
anatomy. Mini-PCNL may also be employed for large stone burdens, with careful
fluoroscopic planning of the percutaneous tract to avoid the isthmus and aberrant
vasculature.

Pelviureteric Junction (PUJ) PUJ obstruction is the most common cause of significant hydronephrosis in adults.

Obstruction It may be intrinsic (aperistaltic segment, mucosal fold), extrinsic (crossing lower
pole vessel — present in 30-50% of cases), or secondary to stones, previous
surgery, or inflammation.

Unresolved PUJ obstruction causes progressive calyceal dilatation, urinary stasis,
recurrent stone formation, infection, and eventual loss of renal function. Functional
significance is established by MAG3 diuresis renography (differential function
<40% or obstructed drainage pattern).

Management options include: endoscopic endopyelotomy (cutting/balloon dilation
of the PUJ under ureteroscopic or percutaneous vision); or definitive
robotic-assisted or laparoscopic Anderson-Hynes dismembered pyeloplasty,
which achieves durable relief of obstruction in >90% of cases and is the gold
standard treatment, particularly where a crossing vessel is identified or where
endoscopic treatment has failed.

Stones in a Transplant Kidney  Stone disease in a single functioning kidney or renal transplant is a urological

or Single Functioning Kidney emergency when associated with obstruction, as anuria and acute renal failure
may supervene rapidly. Urgent decompression by ureteric stenting or
percutaneous nephrostomy is the immediate priority. Definitive stone treatment by
flexible ureteroscopy or mini-PCNL is planned electively following stabilisation of
renal function. Transplant anatomy requires modified access — retrograde stenting
is feasible if the donor ureter is accessible; antegrade access may be required.

Staghorn Calculi (Partial & Staghorn calculi — stones occupying the renal pelvis and at least two calyces —

Complete) are predominantly struvite (infection stones) but may be calcium oxalate or cystine.
Complete staghorn calculi filling the entire collecting system represent the most
complex stone burden in endourology. Mini-PCNL is the primary treatment
modality, often requiring staged procedures or multiple tracts. Complete stone
clearance is the therapeutic goal; residual fragments harbour bacteria and
perpetuate infectious recurrence. Pre-operative urine cultures and targeted
antibiotic cover are mandatory.
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Sources: EAU Guidelines on Urolithiasis, 2024 | Gambaro G, et al. Nephrol Dial Transplant. 2004;19(8):1912-1922 | Skolarikos A, et
al. Eur Urol. 2015;68(1):138-152
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Mr Shahid Khan — Clinical Role & Services

Mr Shahid Khan is a Consultant Urological Surgeon at Surrey & Sussex NHS Trust (SASH — East Surrey
Hospital, Redhill) and in private practice at Spire Gatwick Park Hospital and Spire St Anthony's Hospital. He
leads the renal stone service at SASH and performs the full range of endourological stone procedures, including
flexible and rigid ureteroscopy, mini-PCNL, antegrade ureteroscopy, and ESWL, with particular expertise in
anatomically complex cases including horseshoe kidney and PUJ obstruction.

Procedures Performed by Mr Khan at SASH & Private Hospitals

e Flexible Ureteroscopy (FURS) with Holmium / Thulium Laser Lithotripsy — for renal and ureteric
stones of any size; day-case procedure; post-procedure stent

e Rigid / Semi-Rigid Ureteroscopy — highly effective for ureteric stones; laser fragmentation and
basket extraction; >90% stone-free rate

e Mini-PCNL (Miniaturised Percutaneous Nephrolithotomy) — for large renal stones (>20 mm) and
staghorn calculi; reduced morbidity vs standard PCNL

e Antegrade Ureteroscopy — percutaneous anterograde access to the ureter; used for horseshoe
kidney, complex anatomy, or failed retrograde approach

e ESWL (Extracorporeal Shock Wave Lithotripsy) — performed at SASH (East Surrey Hospital);
outpatient/day-case; for renal and proximal ureteric stones 5-20 mm

e Ureteric Stent Insertion and Removal — emergency stenting for obstructed infected kidney; elective
stenting prior to ureteroscopy; cystoscopic stent removal

e PUJ Obstruction Assessment and Management — MAG3 renogram coordination; endopyelotomy;
referral for robotic pyeloplasty where indicated

e Metabolic Stone Prevention Assessment — 24-hour urine collection coordination; stone
composition analysis; dietary and pharmacological prevention planning

e Renal Stone MDT Coordination — complex stone case discussion; treatment planning; ESWL case
selection

Stone Prevention — Evidence-Based Advice

Prevention Strategy Evidence-Based Recommendations

Fluid Intake (Most Important) Target urine output of at least 2-2.5 litres per day. Drink water, dilute fruit juice, or
tea throughout the day and before bed. Add fresh lemon juice to water — citrate
content raises urinary citrate and inhibits calcium stone formation. Monitor urine
colour: pale straw colour indicates adequate hydration. Increase intake in hot
weather and during exercise.

Dietary Sodium Restrict dietary salt to <6 g/day (2.4 g sodium). High sodium intake increases
urinary calcium excretion by reducing tubular reabsorption. Avoid processed
foods, cured meats, and added salt. Each 2.3 g reduction in dietary sodium
reduces urinary calcium by ~40 mg/day.

Dietary Calcium Maintain a normal dietary calcium intake (~800—1000 mg/day). Paradoxically,
reducing dietary calcium increases oxalate absorption and urinary oxalate —
increasing stone risk. Calcium supplements taken between meals (not with food)
should be avoided in stone formers.
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Prevention Strategy Evidence-Based Recommendations

Dietary Oxalate Reduce high-oxalate foods: spinach, rhubarb, chocolate, nuts, tea, and wheat
bran. Always consume calcium-containing foods alongside oxalate-rich foods to
bind oxalate in the gut and reduce absorption.

Animal Protein Limit red meat, fish, and poultry to <150 g/day. Animal protein increases urinary
calcium and uric acid, and reduces urinary citrate and pH. A Mediterranean-style
diet with emphasis on plant protein is recommended.

Pharmacological Prevention Thiazide diuretics (hypercalciuria); potassium citrate (hypocitraturia, uric acid
(Stone-Type Specific) stones, RTA, cystinuria); allopurinol (hyperuricosuria); D-penicillamine or
tiopronin (cystinuria). Prescribe only following 24-hour urine metabolic evaluation.

STONE RECURRENCE — PREVENTION IS KEY

Up to 50% of stone formers will experience a recurrence within 5 years without preventive measures. Metabolic
evaluation and targeted stone prevention can reduce recurrence rates by up to 80% in selected patients.

Mr Khan offers dedicated stone prevention clinics at SASH and private hospitals, including 24-hour urine
analysis, stone composition review, dietary counselling, and pharmacological prevention prescribing.

REFERRAL & APPOINTMENT INFORMATION

Referrals are welcomed from GPs, emergency departments, medical colleagues, and via self-referral for private
consultations. Mr Khan offers rapid-access stone clinics, emergency stenting for obstructed kidneys, elective
ureteroscopy and PCNL lists, ESWL at SASH, and full metabolic stone prevention assessment.

www.epsomurology.co.uk
Surrey & Sussex NHS Trust | East Surrey Hospital, Canada Avenue, Redhill RH1 5RH

ESWL ESWL service provided at East Surrey Hospital (SASH) — outpatient / day case

Spire Gatwick Park Hospital, Povey Cross Road, Horley, Surrey RH6 OBL
Spire St Anthony's Hospital, London Road, North Cheam, Sutton SM3 9DW

Disclaimer: This document is produced for patient information and professional referral purposes only. All clinical content has been

independently compiled and expressed in original language, drawing upon information published by NHS UK
(www.nhs.uk/conditions/kidney-stones/, reviewed November 2022), the European Association of Urology (EAU Guidelines on
Urolithiasis, 2024 edition), NICE Clinical Knowledge Summary — Renal Colic (2023), and peer-reviewed endourological literature as
cited. No NHS or third-party text has been reproduced verbatim. Clinical decisions must be made in the context of individual patient
assessment by a qualified specialist.
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