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Abstract

Nephrolithiasis and ureterolithiasis are increasing in
incidence and prevalence worldwide, which are significant
clinical challenges in management. Radiological assessments
are vital in early diagnosis and effective management to
decrease morbidity and healthcare costs. This narrative
review explores the role of various radiological investigations
in nephrolithiasis and ureterolithiasis, focusing on their
clinical implications and limitations. Plain X-ray of the
kidney, ureter, and bladder (X-ray KUB) is a widely available,
relatively inexpensive modality with limited sensitivity,
mainly for smaller stones. However, it is most beneficial
when assessing follow-up patients diagnosed with renal or
ureteric calculi, but it is less effective in acute ureteric colic.
Intravenous Urogram/Intravenous Pyelography (IVU/IVP) is
an obsolete investigation and has largely been replaced by
newer modalities due to numerous drawbacks.
Ultrasonography (USG) is a widely available, relatively low-
cost, non-invasive radiological modality without ionising
radiation, considered first-line for children and pregnant
patients. However, its sensitivity and specificity are
traditionally lower than computed tomography and largely
depend on the operator and patient factors. Computed
tomography kidney, ureter, and bladder (CT-KUB) is the gold
standard for diagnosing urolithiasis. It offers high sensitivity,
specificity, and the ability to calculate the exact size and stone
composition, but it comes with substantial radiation
exposure. However, low-dose and ultralow-dose CT (LDCT-
KUB) protocols reduce radiation to the patient significantly,
compromising image clarity. Magnetic Resonance
Urography (MRU) is a second-line investigation in
obstructive uropathy, particularly in pregnancy and children.
It provides vital anatomical and functional information
without ionising radiation. Urology and radiology
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professionals should collaborate to identify individualised
and optimal radiological investigations, considering the risks
and benefits associated with each modality.

Introduction

Urinary calculi are a significant global health concern with a
gradual incline in incidence and prevalence during the last
few decades [1]. Clinical diagnosis of urinary calculi is
achievable when symptomatic with classic clinical features.
Large intrarenal calculi may be symptomatic and patients may
seek medical advice due to haematuria or renal colic. Most
ureteral stones are also symptomatic, leading to quick medical
attention and diagnosis. However, the clinical suspicion is
confirmed by imaging. Still, about 10% of urinary calculi are
asymptomatic and found incidentally in imaging, probably
due to the frequent use of high-resolution imaging modalities
[1]. It must be noted that both symptomatic and asymptomatic
calculi have a substantial potential to cause chronic kidney
disease (CKD) and end-stage renal disease (ESRD). Hence, in
addition to the clinical and biochemical clues, early
radiological assessments are mandatory in managing
urolithiasis to minimise morbidity, mortality, and healthcare
budget.

In current clinical practice, many radiological investigations
are available to diagnose urolithiasis. The test of choice
depends on its cost, availability, relative advantages and
disadvantages, and disease burden. [2]. However, the
radiological investigation should describe adequate
information to narrow down differential diagnoses with
minimal hazard to the patient. Besides, the test should be able
to monitor the response to treatment. Radiological
investigations in urolithiasis include X-ray kidney-ureter-
bladder (X-ray KUB), intravenous urogram/intravenous
pyelogram (IVU/IVP), ultrasonography (USG), non-contrast
computed tomography of kidney-ureter-bladder (CT-KUB),
CT intravenous urogram (CT-IVU), and magmatic resonance
urogram (MRU). This review will discuss such radiological
modalities with their clinical implications.

Plain radiograph of the kidney, ureter, and bladder
Like all other X-rays, plain X-ray KUB uses a single energy
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source to produce electromagnetic radiation to capture
images of abdominal organs. The region imaged in the X-ray-
KUB includes the area between the upper poles of kidneys to
the inferior pubic rami.

Plain X-ray KUB is a readily available, relatively less
expensive (~10% of the cost of CT-KUB) and simple
radiological investigation. It utilises a significantly low
radiation dose to the patient (about 0.5 mSv) compared to the
radiation used in CT-KUB, in which the radiation dose is
about 10-20 times higher than X-ray KUB [2]. X-ray KUB
helps to detect radiopaque calculi in the urinary system.
Approximately 80% of renal calculi are radiopaque, while
20% remain invisible in plain radiographs due to the inherent
radiolucency of certain stones like uric acid and matrix stones
[2]. Therefore, the location and growth of radiopaque calculi
are monitored using a plain X-ray during follow-up. Further,
X-ray KUB has a specificity of 99.1% in diagnosing
urolithiasis [3].

However, X-ray KUB has several downsides. The overall
sensitivity of X-ray KUB is about 49.1% in detecting renal
calculi, and it has minimal value for diagnosing calculi <5mm
[3]. About 63% of ureteric calculi <5 mm and 21% of calculi
> 5 mm are not visible in plain radiography [3]. This is due to
various factors, such as overlying bowel gas, colonic faecal
shadows, soft tissues, and osseous structures, which obscure
renal or ureteral calculi visualisation. In addition, pelvic
venous wall calcification (phleboliths) and calcified lymph
nodes are mistakenly detected as ureteric stones, particularly
in approximation with the vesicoureteric junction [3]. The
plain radiological appearance of phleboliths is traditionally
described as rounded opacities with central lucency [3]. As
per recent guidelines, the sensitivity and specificity of X-ray
KUB are increased when plain radiography is combined
with ultrasonography (USG), especially when the stone
diameteris>5mm [3].

Intravenous Urography/Intravenous Pyelography

IVPis aminimally invasive investigation to image the urinary
tract using serial plain X-rays after intravenous
administration of non-ionic contrast media. It offers
additional information compared to plain radiographs,
including anatomy and pathology visualisation of the
pelvicalyceal system, ureter, and bladder. Additionally, it
demonstrates the relationship of calculi to each part of the
urinary system and provides evidence of the functional status
of the kidneys [4]. When performing percutaneous
nephrolithotomy (PCNL) to remove complex renal and upper
ureteric stones from the upper pole of the kidney, the success
rates and possible complications are assessed using Guy's

Stone Score (GSS). Hence, GSS, based on IVP interpretation,
is a reliable and simple tool for predicting the outcome,
assisting in pre-operative planning, and counselling the
patient [5].

However, many disadvantages of IVP have limited its use.
One of the traditional concerns is that the use of an
intravenous iodinated contrast medium has the potential to
cause hypersensitivity (HST) reactions (incidence of mild
HST <3%, moderate to severe <0.04%) against the contrast
medium [6]. Another limitation of its use is the occurrence of
contrast-induced nephropathy (CIN), particularly in pre-
existing renal impairment and diabetes [6]. Small intrarenal
non-obstructing calculi may not be visualised in IVP films,
especially in inadequate bowel preparation and when the gas-
filled bowel shadow obstructs the renal area. The IVU
inadequately differentiates renal changes due to acute
obstruction from residual changes in chronic ureteric
obstruction [6]. Moreover, [VU has a moderate radiation dose
(effective radiation dose is about -3mSv). Therefore, owing to
many limitations, IVP has largely been replaced by newer
radiological modalities such as real-time USG, CT, and MRU.

Ultrasonography

USG is a commonly used non-invasive radiological modality
that does not use ionising radiation. Ultrasound transducers
generate and send high-frequency sound waves into the body
tissue and then receive the echoes back to generate an image.

USG is a versatile investigation for diagnosing urolithiasis.
Its wide availability, relatively low cost, safe bedside nature,
and repeatability, especially in the follow-up of ureteric
calculi, make it a valuable test for most urolithiasis cases.
Besides, sonography has a significant advantage in detecting
extrarenal pathologies that mimic acute urolithiasis. Major
such pathologies as acute appendicitis, ectopic pregnancy,
ovarian torsion, acute pyelonephritis, haemorrhage into an
ovarian cyst, endometriomas, and aortic dissection

The non-ionisation property of USG makes it the first-line
investigation in urolithiasis in children and pregnancy [6].
Doppler USG has a relative advantage in differentiating the
obstructive ureteric system from the non-obstructive system
due to ureteric calculi, especially with a short duration (6-24
hours) of symptoms [7]. Acute unilateral ureteric obstruction
is suspected when the intrarenal resistive index (RI) is > 0.7,
and the difference in mean RI (Delta RI) between obstructed
kidney and non-obstructed contralateral kidney is > 0.06. (RI
>7 and <7). Delta RI is more sensitive and specific than Rl in
acute ureteric obstruction [7]. However, these results can
change based on the patient's age, body habitus, current
NSAID usage, and comorbidities like diabetes, hypertension,
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and heart disease [7]. The absence of ureterovesical jet
dynamics in colour Doppler examination in an obstructed
ureter is adjunct to greyscale sonography as a secondary
finding to improve diagnostic accuracy [6]. (Figure 1)
However, a ureteric jet does not entirely rule out the ureteric
obstruction because a partial obstruction still shows a colour
change with low frequency and velocity [6].

In USG, the posterior acoustic shadow is frequently seen
behind the echogenic calculus, and it is an essential secondary
sign in doubtful cases of urolithiasis (Figure 2A). When this
sign is not visible due to the small size of the calculus and
surrounding renal sinus fat, a colour Doppler twinkling
artefact (A rapidly changing mixture of red and blue colours
behind a strongly reflecting structure in colour Doppler) has
shown an excellent secondary sign to locate the calculus
(Figure 2B). It has been noted that the overall sensitivity and
specificity of twinkling artefacts are 99.6% and 100%,
respectively, in colour Doppler [8]. Furthermore, Point-of-
care ultrasound (PoCUS) has received significant attention in
managing acute urolithiasis in past decades. An emergency
care physician performs the PoCUS to assess the degree of
hydronephrosis as an indirect sign of suspected renal colic
(Figure 3A). This moderately sensitive test significantly
reduces the length of stay in an emergency room and medical
costs [9]. Further, in PoCUS, ureterovesical calculi are easily
detected when the urinary bladder is adequately filled (Figure
3B).

Despite its utility, USG has certain inherited limitations,
particularly in detecting urolithiasis. The sensitivity and
specificity of USG depend on factors such as ultrasound
machine settings, techniques used, patients' body habits, and
operator expertise. According to Toru Kanno et al., the
sensitivity and specificity in identifying calyceal calculi are

Figure 1. A patient with a suspected right-side ureteric
calculus presents mild hydronephrosis and proximal
hydroureter on ultrasound without a visible
obstructing calculus. Duplex ultrasonography reveals
the resistive index (RI) to be just above 0.7, indicating
suspicion of a ureteric calculus.

78.9% and 83.7%, respectively, whereas for ureteric calculi,
the sensitivity is 57.3%, and the specificity is 97.5% [10].
Moreover, mid-ureter calculi may not be readily visible,
especially in obese patients, due to overlying bowel shadows
and fat pads. The limited visibility of ureteric calculi <5 mm
further hinders accurate diagnoses, mainly due to the partial
volume effect and lack of posterior acoustic shadowing [10].
Another drawback of USG is its tendency to overestimate the
length of stones, particularly those < 5 mm, which can affect
management decisions [10]. Additionally, USG may
mistakenly detect vascular or parenchymal calcifications and
renal fat as intrarenal calculi, leading to unnecessary
interventions [10]. Furthermore, its sensitivity for detecting
ureteric calculi in pregnant women is considerably low,
ranging from 34% to 69% [11]. However, secondary signs
like proximal hydronephrosis, hydroureter, ureteric jet sign,
and RI values can improve diagnostic sensitivity. Still,

Figure 2A: A patient with right side upper ureteric
calculus (long arrow) with posterior acoustic
shadowing) (short arrow). Note: Mild to moderate
hydronephrosis and proximal hydroureter (asterisk)
Figure 2B: A patient with right side mid ureteric
calculus (long arrow) with twinkling artefact posterior
to the calculus (short arrow) in Doppler mode of
ultrasound.

Figure 3A: A patient with acute left-side loin pain.
Emergency ultrasound shows moderate
hydronephrosis (short arrow) and proximal
hydroureter (long arrow).

Figure 3B: A patient with suspected right-side
ureteric calculus. Bedside ultrasound shows a calculus
at the right ureterovesical junction (long arrow). Note:
twinkling artefact posterior to the calculus (short
arrow).
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differentiating pathological hydroureter from physiological
hydroureter may be challenging in the second trimester of
pregnancy [11]. It is important to note that the physiological
hydroureter may not extend beyond the internal iliac vessels,
and the renal pelvic diameter typically does not dilate > 1 7mm
[11]. However, when the initial ultrasound findings are
inconclusive in pregnancy, a transvaginal ultrasound scan
enhances the stone detection in the distal ureter with a
sensitivity of 94% compared to 29 % in transabdominal USG
[12].

Non-contrast computed tomography of the kidney, ureter
and bladder.

Computed tomography (CT) uses a rotating narrow beam X-
ray generator to create cross-sectional images of the site of
interest from different angles, and results are reformatted into
multiple planes using computerised algorithms.

CT of the kidney ureter and bladder (CT-KUB) is performed
without introducing intravenous contrast material. It has
become the gold standard for assessing renal and ureteric
calculi, surpassing other imaging techniques with high
sensitivity and specificity of up to 98% and 96-100%,
respectively [13]. The introduction of multidetector CT
(MDCT) further enhances its capabilities, allowing the rapid
detection of stones without requiring an intravenous contrast
medium. In addition, The 3-dimensional reconstruction
feature assists in precise localisation and size measurement of
uroliths. Moreover, CT attenuation values of the stone
provide the composition of the stone, which immensely helps
the clinician to plan future management These values,
measured in Hounsfield units (HU), fall within specific
ranges for different urinary calculi: Calcium oxalate
monohydrate/dihydrate and brushite (1700-2800 HU),
hydroxyapatite (calcium phosphate) (1200-1600 HU),
cystine (600-1100 HU), struvite (600-900 HU), and uric acid
(200-450 HU) [14]. (Figure 4A and Figure 4B). However, due
to their radiolucent nature, CT-KUB may still face challenges
in identifying certain rare calculi, such as protease inhibitor
(indinavir)-induced stones and matrix stones [15].
Conventional single-energy CT-KUB has drawbacks in
evaluating the density of stones since a substantial proportion
of renal calculi contain mixed chemical materials [16].
Therefore, a single energy CT-KUB may not represent the
actual density of the calculus. Additionally, density
measurements of small stones can be inaccurate due to partial
volume effects. DECT-KUB uses two different voltages
(140kV and 80-100kV) and two separate detectors to quantify
the chemical composition precisely, distinguishing uric acid
and non-uric acid proportions in mixed stones [16]. DECT-
KUB helps assess the stone site, size, and internal
composition to manage urolithiasis. Kambadakone AR et al.

3 ; .
Figure 4A: Coronal view of non-contrast CT
KUB shows a Staghorn calculus at the left renal
pelvis. The density of the calculus is about 1296
HU.

Figure 4B: Coronal view of a non-contrast CT
KUB shows bilateral ureteric calculi with
proximal obstruction. The density of the right
ureteric calculus is about 1163 HU, and that of
the left ureteric calculus is about 1184 HU.

demonstrated that oral dissolution therapy can treat uric acid
stones (< 400HU) while cystine stones (600-1100HU) are
best managed with ureteroscopy or PCNL due to their
hardness and resistance to shock wave lithotripsy (SWL)
[14]. They further explained that non-uric acid, non-cystine
stones <1 c¢cm in diameter (500 HU-1000HU) can be treated
with SWL or ureteroscopy, whereas large cystine stones
(>1cm) with high density (>1000HU) in the lower poles of
kidneys are treated with ureteroscopy or PCNL [14].
Therefore, knowing the chemical composition of the stone
helps to plan the management option, avoiding unnecessary
surgical interventions and treatment failures. Furthermore,
CT-KUB is important in planning SWL to measure stone-to-
skin distance (SSD). A distance > 10 cm from the centre of the
stone to the skin surface indicates a high chance of failure
[17]. Prior to PCNL for staghorn calculi removal, evaluating
CT-KUB and multidetector computed tomographic
urography (CTU) with intravenous contrast material is
important to achieve success with minimal procedural
complications.

These investigations accurately assess the orientation of the
pelvicalyceal system (PCS), the exact location of the stone in
the PCS, the position of the kidney, anatomical variations, and
the relationship of the kidney to other surrounding organs like
the spleen, liver, and colon specially retro-renal colon [18].In
addition, three-dimensional (3-D) coronal reformatted
reconstruction and multiplanar assessments are beneficial to
guide instruments in interventional procedures [18]. CT-KUB
significantly evaluates residual stone fragments after PCNL
and SWL[19].
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Occasionally, ureteric calculi may not be visible in CT-KUB
due to various reasons, such as small size, low density,
volume averaging, paucity of retroperitoneal fat, confusion
with phleboliths, respiratory movements during image
acquisition, or recent passage of the stone [20]. Nevertheless,
CT-KUB demonstrates helpful secondary signs to locate a
stone, including hydroureter, perinephric fat stranding, tissue
rim sign, and renal parenchymal density differences
compared to the normal contralateral kidney [20, 21].
Hydroureter is more reliable than hydronephrosis because the
latter may be misinterpreted with most of the normal renal
pelvis or in an extrarenal baggy pelvis [20,21]. Perinephric fat
stranding is thread-like soft tissue densities in surrounding
perinephric fatty tissues. This results from inflammation or
increased lymphatic pressure secondary to back pressure
effects of the ureteric stones [21]. The tissue rim sign
represents ureteral wall inflammation and oedema at the level
of calculus obstruction. This sign distinguishes calculus from
a phlebolith in the pelvis [21]. The renal parenchymal density
difference is a critical parameter for ureteric obstruction as it
is a measurement-based indicator. Parenchymal density is
measured in the upper, middle, and lower segments of each
obstructed kidney. A 5 HU or more density difference is an
important secondary sign to predict the obstructed urinary
system [22].

CT-KUB has been identified as a gold-stranded test to
differentiate renal calculi from various differential diagnoses.
Up to one-third of patients with acute flank pain, initially
suspected of having ureteric calculi, may have alternative
diagnoses that significantly impact patient management [22,
23]. These alternative diagnoses include gynaecological
conditions (ectopic pregnancy, haemorrhagic ovarian cysts),
gastrointestinal and hepatobiliary conditions (acute
appendicitis, diverticulitis, cholecystitis, pancreatitis), and
vascular conditions (ruptured aneurysms) [23]. Furthermore,
CT-KUB can diagnose unrelated incidental findings in the
urinary system, such as neoplastic conditions and congenital
abnormalities/anatomical variants.

Disadvantages of CT

Despite its immense merits, CT-KUB has a few drawbacks.
Radiation exposure is a significant limitation. One significant
limitation is the high radiation exposure, ranging from 5 to 10
mSyv, which is over three times the radiation dose of IVP [14].
Young patients with urinary stones who undergo repeat CT
scans are at risk of accumulating high cumulative radiation
doses, which may lead to radiation-induced neoplasms [24].
When the lifetime cumulative radiation dose is more than 100
mSy, it is associated with a 1 in 200 risk of radiation-induced
neoplasms [25].

Therefore, to overcome these drawbacks, researchers have
proposed various low-dose CT (LDCT) protocols to address
these issues, reducing radiation dose by 75% to 90% without
compromising diagnostic accuracy [26]. These protocols use
techniques like reduced tube voltage (kV) and tube
current(mA), while advancements in CT hardware and
software enable high diagnostic performance with lower
effective radiation doses (1-4 mSv) [27]. (Figure 5A and
Figure 5B) LDCT and even ultra-LDCT demonstrate a
sensitivity and specificity of 94.1% and 100.0%, respectively,
in detecting urinary calculi [27]. It can also detect alternative
diagnoses with sensitivity and specificity of around 92% and
96%, respectively [27]. Furthermore, CT-KUB does not
provide much information about the functional state of the
kidneys. The cost and availability of the test have limited its
free usage in certain hospitals.

To minimise unnecessary radiation doses to patients,
paramedical teams, physicists, and radiologists should
discuss introducing low-dose and ultra-low-dose CT
protocols during CT imaging. Additionally, medical teams
should consider alternative diagnostic methods and
justification before requesting a CT to minimise unnecessary
radiation exposure.

Magnetic resonance urography

Magnetic resonance imaging (MRI) is a non-ionic imaging
modality to acquire comprehensive soft tissue images using a
powerful magnetic field, radio waves and a complex
computer system. Magnetic resonance urography (MRU) is a
modified MRI technique that provides a detailed assessment
of the urinary system, including the collecting system, renal
parenchyma, and surrounding structures, with or without IV
contrast. Two different methods of MRU studies are
available. Heavily T2-weighted turbo spin-echo sequences
visualise static water in the urinary system for image contrast
without intravenous contrast material. (Figure 6A) On the
other hand, gadolinium contrast material is injected

Figure SA: Standard dose axial view of CT-KUB
(120 kVp and effective dose of 12mSv)

Figure 5B: Low dose axial CT-KUB (100 kVp
and effective dose of 2 mSv). Despite high image
noise, small calculus (<3mm) is still visible.
(arrow)
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intravenously, and renal excretion of Gadolinium-containing
urine is imaged using fast Tl-weighted gradient-echo
sequences, mimicking IVU [28]. (Figure 6B)

MRU is considered a second-line investigation in obstructive
uropathy, particularly in pregnancy and children [28]. It has
many advantages over other imaging modalities, such as
demonstrating the 3D anatomy of renal parenchyma,
pelvicalyceal system, ureters, and bladder without ionising
radiation. Semins et al. described that the MRU has a
sensitivity of 84 % and a specificity of 100 % to detect
calculus using a half-Fourier acquisition single-shot turbo
spin-echo (HASTE) MRU with a 3-T MR scanner [29].
Additionally, MRU can differentiate physiological urinary
tract dilatation in pregnancy from hydronephrosis caused by
urolithiasis [30]. The HESTE technique is used in pregnancy
during the second and third trimesters without intravenous
Gadolinium as a complementary test to sonography.
Additionally, MRI can provide functional information on the
kidney in obstructive uropathy for non-pregnant subjects,
mainly when chemical exchange saturation transfer (CEST)
MRIisutilised with an intravenous contrast medium [30].

A few drawbacks of MRU are poor sensitivity in detecting
non-obstructing and small obstructing calculi, relatively high
cost, not being freely available in most centres, and time-
consuming. Furthermore, it is not recommended during the
first trimester of pregnancy.

Figure 6A:Magmatic resonance urogram(MRU)
to demonstrate the renal pelvi-calyceal system.
Static water in the urinary system used as image
contrast without intravenous contrast material.

Figure 6B: A male patient with incidental left
hydronephrosis. Excretory phase of contrast MRU
demonstrates dilated left renal pelvis with
markedly narrowed pelviureteric junction.Case
courtesy of Roberto Schubert, Radiopaedia.org,

Conclusion

Early diagnosis of urinary calculi and understanding the
nature of urinary tract obstruction are crucial in managing
urolithiasis. Different radiological modalities play a vital and
sometimes complementary role in this regard, with their
selection depending on clinical features, availability, and
patient factors. X-ray KUB is commonly utilised in follow-up
patient care in many centres despite its low sensitivity.
However, the value of IVP is currently limited, and many
contemporary modalities have replaced it. Ultrasonography is
the first-line imaging tool in paediatrics, non-obese patients,
and pregnancy. However, non-contrast CT-KUB is
considered the gold standard technique for diagnosing
urolithiasis despite radiation being a significant drawback. To
address this concern, many centres have modified
conventional CT protocols, especially for follow-up
examinations, using LDCT and ultra-LDCT protocols, which
have shown promising results. Being a recent non-ionic
investigation, MRU plays a vital role in pregnancy and
children. Urology and radiology professionals should
collaborate to identify individualised and optimal
radiological investigations for each patient, carefully
considering the risks and benefits associated with each
modality.

References

1.Edvardsson VO, Indridason OS, Haraldsson G, Kjartansson
O, Palsson R. Temporal trends in the incidence of kidney
stone disease. [published correction appears in Kidney Int.
2013 May;83(5):972]. Kidney Int. 2013;83(1):146-152.
doi:10.1038/ki.2012.320

2.Linet MS, Slovis TL, Miller DL, et al. Cancer risks
associated with external radiation from diagnostic imaging
procedures [published correction appears in CA Cancer J
Clin. 2012;62(4):277]. CA Cancer J Clin. 2012;62(2):75-100.
doi:10.3322/caac.21132

3.Kanno T, Kubota M, Funada S, Okada T, Higashi Y, Yamada
H. The Utility of the Kidneys-ureters-bladder Radiograph as
the Sole Imaging Modality and Its Combination with
Ultrasonography for the Detection of Renal Stones. Urology.
2017;104:40—4. doi:10.1016/j.urology.2017.03.019

4.Aklan HM, Mikhlafy A. Analysis of Intravenous Urography
Findings in a Tertiary Reference Center. Eurasian J Med.
2018;50(2):71-74.doi:10.5152/eurasianjmed.2018.170304

5.Lojanapiwat B, Rod-Ong P, Kitirattrakarn P, Chongruksut
W. Guy's Stone Score (GSS) Based on Intravenous
Pyelogram (IVP) Findings Predicting Upper Pole Access
Percutaneous Nephrolithotomy (PCNL) Outcomes. Adv
Urol.2016;2016:5157930. doi:10.1155/2016/5157930

6.Brisbane W, Bailey MR, Sorensen MD. An overview of
kidney stone imaging techniques. Nat Rev Urol.

The Sri Lanka Journal of Surgery 2023; 41(3): 51-57

56



2016;13(11):654-662.doi:10.1038/nrurol.2016.154

7.Viyannan M, Kappumughath Mohamed S, Nagappan E,
Balalakshmoji D. Doppler sonographic evaluation of
resistive index of intra-renal arteries in acute ureteric
obstruction. J Ultrasound. 2020 Nov 18;

8.Abdel-Gawad M, Kadasne R, Anjikar C, Elsobky E. Value
of color doppler ultrasound, kub and urinalysis in diagnosis of
renal colic due to ureteral stones.Int braz j urol.2014
;40(4):513-9.

9.Kim SG, Jo IJ, Kim T, et al. Usefulness of Protocolized
Point-of-Care Ultrasonography for Patients with Acute Renal
Colic Who Visited Emergency Department: A Randomized
Controlled Study. Medicina (Kaunas). 2019;55(11):717.
doi:10.3390/medicina55110717

10.Kanno T, Kubota M, Sakamoto H, et al. Determining the
efficacy of ultrasonography for the detection of ureteral stone.
Urology. 2014;84(3):533-537.
doi:10.1016/j.urology.2014.04.047

11.Thakur APS, Sharma V, Ramasamy V, Choudhary A, Patel
P, Singh S, et al. Management of ureteric stone in pregnancy: a
review. AfrJ Urol. 2020;11;26(1).

12.Bold MS, Boyum JH, Potretzke AM, Rose CH, Atwell TD,
Sviggum EB, Goss BC, Brown DL. Detection of distal
ureteral stones in pregnancy using transvaginal ultrasound. J
Ultrasound. 2020 Jul 14. doi: 10.1007/s40477-020-00504-4.
Epub ahead of print. PMID: 32666258.

13.Andrabi Y, Patino M, Das CJ, Eisner B, Sahani DV,
Kambadakone A. Advances in CT imaging for urolithiasis.
Indian J Urol. 2015;31(3):185-193. doi:10.4103/0970-
1591.156924

14.Kambadakone AR, Eisner BH, Catalano OA, Sahani DV.
New and evolving concepts in the imaging and management

of urolithiasis: urologists' perspective. Radiographics.
2010;30(3):603-623. doi:10.1148/rg.303095146

15.Arumainayagam N, Gresty H, Shamsuddin A, Garvey L,
DasGupta R. Human immunodeficiency virus (HIV)-related
stone disease - a potential new paradigm?. BJU Int.
2015;116(5):684-686.doi:10.1111/bju.12971

16.Kordbacheh, Hamed et al. “Dual-Source Dual-Energy CT
in Detection and Characterization of Urinary Stones in
Patients With Large Body Habitus: Observations in a Large
Cohort.” AJR. American journal of roentgenology vol. 212,4
(2019): 796-801.d0i:10.2214/AJR.18.20293

17.Badran YA, Abdelaziz AS, Shehab MA, et al. Is scoring
system of computed tomography based metric parameters can
accurately predicts shock wave lithotripsy stone-free rates
and aid in the development of treatment strategies?. Urol Ann.
2016;8(2):197-202.d0i:10.4103/0974-7796.164842

18.Fang YQ, Wu JY, Li TC, et al. Computer tomography
urography assisted real-time ultrasound-guided percutaneous
nephrolithotomy on renal calculus. Medicine (Baltimore).

2017;96(24):¢7215.doi:10.1097/MD.0000000000007215

19.Ermis O, Somani B, Reeves T, et al. Definition, treatment
and outcome of residual fragments in staghorn stones. Asian J
Urol. 2020;7(2):116-121.d0i:10.1016/j.ajur.2019.12.013

20.Chou YH, Chou WP, Liu ME, et al. Comparison of
secondary signs as shown by unenhanced helical computed
tomography in patients with uric acid or calcium ureteral
stones. Kaohsiung J Med Sci. 2012;28(6):322-326.
doi:10.1016/j.kjms.2011.11.013

21.Chou Y-H. Secondary signs during non-enhanced helical
computed tomography in the diagnosis of ureteral stones.
Urological Science [Internet]. 2012 Dec;23(4):99-102.

22.Yenigeri O, Giiney B, Elibol FD, Cullu N. Comparison of
kidney densities of cases with urinary dilatation in
unenhanced CT scan. Pol J Radiol. 2019;84:¢269-¢273.
Published 2019 Jun 5. doi:10.5114/pjr.2019.86822

23.Sarofim M, Teo A, Wilson R. Management of alternative
pathology detected using CT KUB in suspected ureteric colic.
IntJ Surg. 2016;32:179-182.d0i:10.1016/j.1jsu.2016.06.047

24 Katz SI, Saluja S, Brink JA, Forman HP. Radiation dose
associated with unenhanced CT for suspected renal colic:
impact of repetitive studies. AJR Am J Roentgenol.
2006;186(4):1120-1124. doi:10.2214/AJR.04.1838

25.Sodickson A, Baeyens PF, Andriole KP, et al. Recurrent
CT, cumulative radiation exposure, and associated radiation-
induced cancer risks from CT of adults. Radiology.
2009;251(1):175-184. doi:10.1148/radiol.2511081296

26.Gervaise A, Gervaise-Henry C, Pernin M, Naulet P, Junca-
Laplace C, Lapierre-Combes M. How to perform low-dose
computed tomography for renal colic in clinical practice.
Diagn Interv Imaging. 2016;97(4):393-400.
doi:10.1016/.diii.2015.05.013

27.Weinrich JM, Bannas P, Regier M, et al. Low-Dose CT for
Evaluation of Suspected Urolithiasis: Diagnostic Yield for
Assessment of Alternative Diagnoses. AJR Am J Roentgenol.
2018;210(3):557-563.d0i:10.2214/AJR.17.18552

28.Xie D, Nehrenz GM, Bianco F, Klopukh B, Gheiler E.
Magnetic resonance urography as an imaging modality for
urinary stone diseases. J Clin Nephrol Ren Care 2017;3(1).

29.Semins MJ, Feng Z, Trock B, Bohlman M, Hosek W,
Matlaga BR. Evaluation of acute renal colic: a comparison of
non-contrast CT versus 3-T non-contrast HASTE MR
urography. Urolithiasis. 2013;41(1):43-46.
doi:10.1007/s00240-012-0525-8

30.Bo S, Sedaghat F, Pavuluri K, Rowe SP, Cohen A, Kates
M, McMahon MT. Dynamic Contrast Enhanced-MR CEST
Urography: An Emerging Tool in the Diagnosis and
Management of Upper Urinary Tract Obstruction.
Tomography.2021;7(1):80-94.

The Sri Lanka Journal of Surgery 2023; 41(3): 51-57

57



