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FOREWORD

Pioneered by Hong Kong College of Radiologists, the first edition of the Clinical Referral
Guidelines published in 1999 came into the hands of radiologists and clinicians in Hong Kong
at a time when knowledge and technology in Radiology started to grow rapidly. From the
outset, the guidelines was developed with a clear objective to provide a useful reference for
how to choose the most optimal radiological tools for the effective delivery of comprehensive
and quality patient care and for a better understanding of the roles and limitations of
Radiology in specific clinical scenarios.

The past two decades since the emergence of the guidelines has witnessed the continuous and
exponential development of Radiology. Today, Radiology is involved in almost every aspect
of patient care and has assumed global dimensions in modern medical practices. Not only
is Radiology indispensable in making decision, solving clinical dilemmas and monitoring
of disease progress, it has also developed as an integral facet on the therapeutic side of
disease management and preventive approach in healthcare delivery. To keep abreast of the
advancement of medical knowledge and rising standard of patient care, Hong Kong College of
Radiologists has revised the Clinical Referral Guidelines. This new version of the guidelines
with clinical topics and scenarios carefully selected aims at providing updated information
pertinent to Radiology in the face of ever-increasing complexity and specialization in various
fields of medical science. This daunting task has been accomplished by devoted efforts of
the Radiologists of Hong Kong through literature appraisal, peer review and referencing on
published guidelines and expert opinions. I am confident that their efforts have been translated
into a piece of work which will be proven highly useful for better care of our patients. With
this well-structured seminal reference, I believe Hong Kong College of Radiologists has
continued to provide the medical community the foundation for the understanding on the
current role of Radiology in the diagnosis and treatment of diseases.

K/L%

Dr. Lilian Leong
Founding President & Immediate Past President
Hong Kong College of Radiologists

December 2017



FOREWORD

Radiology is one of the fastest developing medical specialties. With rapid innovation in
technology and expansion in medical knowledge, radiology has taken an important role in
the clinical management of diseases and even more so in the screening of healthy subjects.
Appropriate utilization of radiological investigation brings along tremendous advantages to
the quality, safety and efficiency of clinical practice. On the other hand, over-investigation
especially with imaging modalities that incur ionizing radiation is not only wasteful of health
care resources but also hazardous to population health. In the midst of increasing complexity
and specialization in various fields of medicine, an evidence based guideline would be
invaluable for medical practitioners to employ appropriate imaging investigations in different
clinical contexts.

Our College first published Clinical Referral Guidelines in 1999 to promote cost-effective,
efficient and evidence based medicine, in keeping with our College objectives to develop
and maintain the good practice of radiology. Witnessing the swift development of medicine
and advancement of radiological investigations in the past two decades, update of the
Clinical Referral Guidelines would be obligatory to upkeep these objectives. The revision
of the Guidelines was accomplished through intensive effort and collaboration of a group
of dedicated Fellows from the three specialties of the College, namely Radiology, Clinical
Oncology and Nuclear Medicine, over the past few years. I hope the updated version of
Clinical Referral Guidelines would encourage vigilance and conscientiousness in the use of
radiological investigations, and eventually improve the quality of health care in Hong Kong.

Dr. CK Law
President
Hong Kong College of Radiologists

December 2017
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DISCLAIMER

Hong Kong College of Radiologists has developed this set of systematic evidence-based
guidelines with the intention to enhance clinical decision making in the appropriate
utilization of radiology diagnostic and interventional procedures, and to improve the outcome
and standard of patient care. Hong Kong College of Radiologists has made every attempt to
provide the most accurate and up-to-date recommendations in strict accordance with the state
of knowledge at the time of publication.

The application of radiology diagnostic and interventional procedures occurs in a wide
diversity of practice settings with differing accessible resources and variable clinical context
of the individual patient. It should be noted that these guidelines do not replace or obviate
the need to take into account the availability of radiology equipment and expertise, and the
circumstances presented by the individual patient.

Hong Kong College of Radiologists makes no representations or warranties of any kind,
express or implied, as to the accuracy or completeness of the information contained in these
guidelines and disclaims all liabilities in respect thereof. Hong Kong College of Radiologists
does not assume any responsibility for the acts of any clinicians or any other individuals who
receive information acquired in these guidelines. Hong Kong College of Radiologists will
assume no legal responsibility for any injury or damage to persons or property or any loss
or damages arising from the use of any of the guidelines presented herein. The guidelines
are being presented for informational purposes only and are not intended for third-party
reimbursement or fiscal consideration.



How to use this book

These evidence-based guidelines are developed to assist clinical decision making in the
appropriate utilization of radiology diagnostic and interventional procedures, and to enhance
the standard of patient care. Since the first edition there have been further advances in
various radiology diagnostic and interventional procedures and this has been reflected in the
guidelines.

This latest version of the guidelines has evolved from the first edition and includes a total of
64 chapters arranged in 11 organ systems. These chapters have been judiciously edited and
integrated into a unifying structure with most chapters composing of an algorithm followed
by remarks and a list of references. The algorithm and remarks are complementary to each
other and should not be used separately. With the exception of the paediatric guidelines, the
guidelines in all other chapters apply to adult cases only.

The recommendations in the guidelines are best utilized if used while taken into
consideration the specified clinical context of each individual patient and the availability
of accessible resources. These guidelines should not be deemed inclusive of all proper
methods of utilization of radiology diagnostic and interventional procedures or exclusive of
other methods of application of radiology procedures that are reasonably directed towards
similar standard of patient care. These guidelines are not intended to replace the consultation
with the radiologist or nuclear medicine physician. Majority of these guidelines provide
recommendations in the stage of diagnosis and readers should refer to other guidelines for
further treatment of patients.

These guidelines were prepared with the most current information available to the Hong
Kong College of Radiologists at the time of publication. It is the responsibility of the user
to evaluate and determine the suitability of the information described herein based on their
own assessment of the most current information available at the time of application of these
guidelines.



List for Abbreviations

In-111 Indium-111

C-11 Carbon-11

1-123 Todine-123

F-18 Fluorine 18

3D Three-dimensional

Ga-67 Gallium-67

AAA Abdominal aortic aneurysm

AAP American Academy of Pediatrics

AASLD American Association for the Study of Liver Disease
AAST American Association for the Surgery of Trauma
ABI Ankle brachial index

ACR American College of Radiology

ACS Acute coronary syndrome

Anti-TPO Anti-thyroid peroxidase

AP Anterior-posterior

APASL Asian Pacific Association for the Study of the Liver
AUS atypia of undetermined significance

AVM Arteriovenous malformation

AXR abdominal x-ray

BAE Bronchial artery embolization

BECTS Benign epilepsy with centrotemporal spikes
bhCG Beta-human chorionic gonadotropin

BIRADS Breast Imaging Reporting and Data System
C-spine cervical spine

CA Cancer

CABG Coronary artery bypass graft

CAD Coronary artery disease

CAE Childhood absence epilepsy

ceVUS Contrast-enhanced voiding urosonography
chemoRT Chemoirradiation

CMR Cardiac magnetic resonance imaging

COPD Chronic obstructive pulmonary disease

CT Computed tomography

CTA Computed tomography angiogram

CTCA Computed tomography coronary angiography
CTPA Computed tomography pulmonary angiogram
CTU computed tomography urogram

CTV Computed tomography venography

CXR chest X-ray

DMSA Dimercaptosuccinic acid

DRC Direct radionuclide cystography

DRE digital rectal examination

DSA Digital subtraction angiogram

DTPA Diethylene triamine penta-acetic acid

DVT Deep vein thrombosis

EASL European Association for the Study of Liver
ECD Ethyl cysteinate dimer

ECG Electrocardiogram

EEG Electroencephalography or electroencephalogram
ERCP endoscopic retrograde cholangiopancreatography
EVAR Endovascular aortic repair

FAST Focused assessment with sonography for trauma
FDG Fluorodeoxyglucose

FLAIR Fluid attenuated inversion recovery

FLUS Follicular lesion of undetermined significance
FNA Fine needle aspiration

GCS Glasgow coma scale

GER Gastroesophageal reflux

GERD Gastroesophageal reflux disease

GFR Glomerular filtration rate

GI Gastrointestinal

HCC hepatocellular carcinoma

hCG Human chorionic gonadotropin

HIV Human immunodeficiency virus

HMPAO Hexamethylpropyleneamine oxime

HRCT High resolution CT




Iminodiacetic acid

10 Intestinal Obstruction

IV Intravenous

IVC Inferior vena cava

IVU intravenous urogram

JAE Juvenile absence epilepsy

JME Juvenile myoclonic epilepsy

JSH Japanese Society of Hepatology

KUB kidney, ureter and bladder radiograph

LGIB Lower gastrointestinal bleeding

LN lymph node

LUTS lower urinary tract symptoms

MAG3 Mercaptoacetyltriglycine

MCU Micturating cystourethrography

MDCT Multidetector CT

MDP methylene diphosphonate

MIBG Metaiodobenzylguanidine

MIP maximum intensity projection

MMG mammography

mpMRI multiparametric MRI

MRA Magnetic resonance angiogram or angiography
MRCP magnetic resonance cholangiopancreatography
MRI Magnetic Resonance Imaging

MRS Magnetic resonance spectroscopy

MRU magnetic resonance urogram

MRV Magnetic resonance venography

MSCC metastatic spinal cord compression

NAI Non-accidental injury

NCCT non-contrast computed tomography

NEXUS National emergency X-radiography utilization study
NICE National Institute for Health and Care Excellence
NSTEMI Non-ST-segment-elevation myocardial infarction
PA Posterior-anterior

PCI Percutaneous coronary intervention

PE Pulmonary embolism

PERC Pulmonary Embolism Rule-Out Criteria

PET Positron emission tomography

PID Pelvic inflammatory disease

PIOPED Prospective Investigation of Pulmonary Embolism Diagnosis
PSA prostate specific antigen

PSMA prostate specific membrane antigen

PTC percutaneous transhepatic cholangiogram
RAI Radioactive iodine

RBC Red blood cell

RNC Radionuclide cystography

RNSI radionuclide scrotal imaging

SBRT Stereotactic body radiation therapy

SPECT Single photon emission computed tomography
STEMI ST-segment-elevation myocardial infarction
STIR short T1 inversion recovery

SXR skull x-ray

TB tuberculosis

TBI Toe brachial index

Tc-99m Technetium-99m

TOE Transoesophageal echocardiogram

TRUS transrectal US

TSH thyroid stimulating hormone

TSI Thyroid stimulating immunoglobulin

TTE Transthoracic echocardiogram

TVUS Transvaginal ultrasound

UGIB Upper gastrointestinal bleeding

UsS Ultrasound

UTI Urinary tract infection

V/Q scan Ventilation/Perfusion scintigraphy

VESS Video-fluoroscopic swallowing study

VUR Vesicoureteric reflux

WBC White blood cell

vi
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NR 1 Acute head injury

REMARKS

1 General

1.1

It is the clinical condition of the patient that determines whether imaging is required
or not.

Patients discharged from accident and emergency department after head injury should
be given advice in verbal and written formats, which is also to be shared with their
families and carers.

2 Plain radiograph

2.1

2.2

3.1
32
33

Normal skull x-ray (SXR) does not exclude intracranial pathology.
SXR is only useful for imaging for calvarial fractures, penetrating injuries and
suspected radiopaque foreign bodies.

Non-contrast CT scan is the imaging modality of choice in evaluating head trauma.

In most cases, CT alone is sufficient to end the diagnostic imaging work up.

Early and repeated CT scanning may be required for further evaluation when there
is deterioration (especially in the first 72 hours after head injury), to detect delayed
haematoma, hypoxic-ischaemic lesions or cerebral oedema.

4 MRI

4.1
4.2

MRI is inappropriate as first line study in acute head trauma.

MRI is valuable as a problem solving tool in selected cases, such as in the following
settings:

4.2.1 Hypoxic-ischaemic encephalopathy

4.2.2 Brain stem contusion (haemorrhagic / non-haemorrhagic)

4.2.3 Diffuse axonal injury

4.2.4  Small subdural haematoma
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NR 1 Acute head injury
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NR 2 Blunt cervical spine trauma
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NR 2 Blunt cervical spine trauma

REMARKS

1 General
1.1 The imaging pathways in the algorithm are not mutually exclusive with each other
and the use of the pathway should be guided by clinical suspicion.

2 Plain radiograph

2.1 Anteroposterior, lateral and open mouth views of the cervical spine are the basic
views. It is essential that all seven cervical vertebrae are visualized including the
cervicothoracic junction and the craniocervical junction.

2.2 Flexion-extension radiography is not useful in the acute injury period because of
muscle spasm.®

2.3 It has advantages of lower radiation dose than CT which is important in younger
patients.” It is cheaper than CT, but cost-effectiveness must take into account the
massive costs associated with even one missed fracture that results in spinal cord
injury.”®

2.4 These limitations and the potential morbidity associated with missed fractures have
led to a change in recommendations in preference to CT."*

3.1 CT with multiplanar reformats is highly sensitive and specific and superior to
radiography in the detection of cervical spine injury in both alert and obtunded
patients, or in patients who cannot be evaluated with plain radiography.”'

3.2 Useful in evaluation of bony displacement and in pre-operative planning."

4 MRI
4.1 Imaging modality of choice for evaluating ligamentous, spinal cord and soft tissue
injuries, or for patients with neurological deficits not explained by plain film or
CT findings, and for patients with injuries requiring posterior stabilization so as to
exclude concomitant disc herniations that might alter the surgical approach.'”
4.2 In trauma patients with ankylosing spondylitis, routine CT and MR imaging is
recommended, even after minor trauma."

5 National Emergency X-Radiography Utilization Study (NEXUS) Criteria
5.1 Any of the following
5.1.1 Posterior midline cervical tenderness
5.1.2 Focal neurological deficits
5.1.3 Evidence of intoxication
5.1.4 Painful distracting injuries
5.1.5 Reduced level of consciousness (GCS <14)

6 Canadian C-Spine Rule
6.1 High-risk factors that mandate radiography: age > 65 years, dangerous mechanism
(i.e. fall from >1 metre / 5 stairs; axial load to head e.g. diving; high speed (>100
km/h) motor vehicle collision; motorized recreational vehicles; bicycle collision), or
paraesthesia in extremities.
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NR 2 Blunt cervical spine trauma

7 Harborview Criteria
7.1 Any of the following:

7.1.1
7.1.2
7.1.3
7.1.4
7.1.5
7.1.6

Presence of significant head injury

Presence of focal neurological deficit

Presence of pelvic or multiple extremity fractures
Combined impact of accident >50km/h

Death at the scene of the motor vehicle accident
Accident involved a fall from a height of 3m or more



NR 2 Blunt cervical spine trauma
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NR 3 Thoracolumbar spine trauma

REMARKS
1 General
1.1 Radiological workup is indicated for cases with high energy mechanism of injury
including:

History of significant mechanism of injury such as high impact motor vehicle
accident or fall from a height >1 metre, concomitant cervical spine fracture, back pain
or tenderness on palpation, local signs of thoracolumbar injury, neurological deficits,
altered mental status, major distracting injuries, evidence of intoxication with ethanol
or drugs."**

1.2 Approximately 20% of patients with a spinal column fracture will have a non-
contiguous fracture. Non-contiguous fractures are associated with other severe
injuries and should be suspected and investigated in injuries involving high-velocity
mechanisms.”®

2 Plain radiograph
2.1 Plain films are considered adequate for the evaluation of thoracolumbar spine if the
patient does not require CT scan for any other reason.” > *°

3 CT
3.1 CT is excellent in imaging bony fractures. In patients who undergo torso CT (thorax,
abdomen and pelvis), the images will be adequate to evaluate the spine with sagittal
and coronal reformats.”™’

4 MRI
4.1 MRI should be performed if there is clinical concern for cord compression or
ligamentous instability, as well as when clinical suspicion is high for an unstable
injury despite normal radiographic evaluation.
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NR 4 Acute non-traumatic spinal cord compression
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NR 4 Acute non-traumatic spinal cord compression

REMARKS

1 General
1.1 Cord compression is to be suspected when there is presence of motor deficit or

sensory disturbance. Though pain is a common symptom, it is not an essential feature

. 5,6
of cord compression.

1.2 Do not perform plain radiographs of the spine either to make or to exclude the
diagnosis of spinal metastases or metastatic spinal cord compression (MSCC)."*

1.3 MRI of the spine should be performed in all patients with suspected MSCC, unless
contraindicated.”®

1.4 MRI of the whole spine in patients with suspected MSCC should include sagittal
T1, and / or short T1 inversion recovery (STIR) and sagittal T2 weighted sequences.
Perform supplementary axial imaging through any significant abnormality noted on
the sagittal scan.””

1.5 Consider targeted CT scan with 3-plane reformats to assess spinal stability and plan
vertebroplasty, kyphoplasty or spinal surgery in patients with MSCC.*’
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NR 5 Acute seizure in adult

REMARKS

Imaging is not indicated in idiopathic generalized epilepsy.

Plain radiograph
1.1 Skull x-ray (SXR) is generally not indicated in the investigation of seizure.

Nuclear medicine

2.1 Combined data from interictal and ictal single photon emission computed tomography
(SPECT) scans give a lot more information than interictal scans alone.

2.2 Fluorodeoxyglucose (FDG) PET has high sensitivity and specificity in localizing the
epileptogenic zone, especially in temporal lobe epilepsy.

2.3 Both SPECT and FDG PET-CT may be helpful in pre-operative planning.

CT

N}

In acute or emergency setting, non-contrast CT brain can be the imaging study of
choice.

CT is useful to detect intracranial haemorrhage or calcific lesion.

CT is an appropriate investigation if MRI is not readily available, in patients with
unstable conditions or when MRI is contraindicated.

Contrast-enhanced examination should be performed if intracranial infection, tumour,
inflammatory lesion or vascular pathology is suspected.

w W
W o

b
~

MRI

4.1 MRI is preferable to CT as the first imaging investigation in clinically stable and/
or symptomatic patients due to its high sensitivity to small change in tissue, e.g.
migrational anomalies, gyral malformations, etc.

4.2 In unstable patients, MRI is relatively contraindicated and needs close monitoring.

4.3 Coronal MRI is helpful to lateralize the temporal lobe seizure focus.

4.4 High resolution MRI sequences are preferred.

4.5 Contrast-enhanced examination should be performed if intracranial infection, tumour,
inflammatory lesion or vascular pathology is suspected.

4.6 Functional MRI maybe helpful in pre-operative planning.
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REMARKS

1 General

1.1 Thunderclap headache refers to acute onset of the worst headache in the individual’s
life.

1.2 Primary headache disorders include migraine, tension and cluster headache.
However, a change in the pattern of the headache should raise the concern of a
superimposed organic lesion.

1.3 Red flag symptoms raise the suspicion of organic lesions, including:

1.3.1 New headache in an older population

1.3.2  New onset of headache with history of cancer or immunodeficiency

1.3.3  New onset of headache in a patient on anti-coagulation therapy

1.3.4 Headache with alterations in mental state

1.3.5 Headache with fever, neck stiffness and meningeal signs

1.3.6  Headache with focal neurological deficit if not previously documented as a
migraine with aura
Substance abuse with amphetamine or cocaine
Patient is pregnant® or post-partum
Headache causing awakening from sleep or worsened by Valsalva manoeuvre;
Progressively worsening headache.
*Radiation risk and benefit for examination in pregnant women should be
weighted based on individual case. During pregnancy, imaging modalities
not associated with ionizing radiation (e.g. MRI) should be considered when
appropriate.
1.4 Some specific conditions which are extracranial causes of headache render further

investigation with imaging:

1.4.1 Middle or inner ear symptoms, including vertigo. If imaging is needed
following specialist assessment, MRI is more sensitive, especially for acoustic
neuromas.

1.4.2  For sinus disease if there has been failure of maximum medical treatment, and
/ or suspected complications, e.g. orbital cellulitis or suspicion of malignancy.

1.4.3  Congenital anomalies, benign and malignant neoplasms, trauma, vascular
malformations, evaluation of palpable masses, planning and follow-up of
radiotherapy.

1.4.4  Orbital lesions, including eye trauma in which there may be an associated
facial fracture. US may be appropriate for intraocular lesions. CT scan may
also be indicated for strong suspicion of an intraocular foreign body that has
not been shown on X-ray.

1.4.5 Fractures of the temporal bone, skull, and face.

1.4.6  Evaluation of the skull base including primary and secondary bone lesions.
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2 Plain radiograph
2.1 Plain skull radiography rarely contributes to the management of acute non-traumatic
headache. Its main role is probably limited to headache of paranasal sinus origin, in
which CT is still the preferred modality of examination.
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3 CT
3.1 CT brain is sensitive to detect extravasated blood. Bony pathology is also best
depicted by CT.
4 MRI

4.1 MRI is superior to CT in the assessment of most intracranial pathologies with the
exception of acute haemorrhage and bony / calcific lesions.
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NR 7 Neck pain

REMARKS

1 Plain radiograph

1.1 Plain film abnormalities may not necessarily correlate with significant neurological
lesion.

1.2 If CT is not available, open-mouth view may be needed to assess the C1/C2 region.
Swimmer’s view may be needed if the lower cervical levels are not well demonstrated
on the lateral view.

1.3 Flexion and extension views are needed in patients with suspected ligamentous injury
with normal initial radiographs.

1.4 Oblique radiographs are no longer recommended as part of the initial radiographic
evaluation of the cervical spine in the setting of chronic neck pain.

2 Nuclear medicine
2.1 Combined gallium and bone scan studies have high sensitivity and specificity in
diagnosing vertebral osteomyelitis and should be considered the imaging modality of
choice when MRI is contraindicated.'
2.2 Use of single photon emission computed tomography (SPECT) imaging may be
helpful in identifying the pain source e.g. facet disease.’

3 CT
3.1 CT myelography may be particularly advantageous in evaluating osseous lesion
which contribute to canal or foraminal narrowing, and is a viable alternative to MRI
for patients with suspected cord involvement, when MRI cannot be performed.’
3.2 Both CT and MRI can accurately diagnose tumors and inflammation, and they should
be considered complementary studies.*

4 MRI
4.1 MRI gives excellent depiction of bone marrow signal, intervertebral discs, facet
arthropathy and spinal stenosis, and may be considered the first line advanced
imaging study in patients with chronic neck pain.’
4.2 Specific indications for MRI also include suspected malignancy or infection, whether
neurological symptoms are present or not.’
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NR 8 Low back pain

REMARKS

1 General
1.1 Uncomplicated acute low back pain and/or radiculopathy is a benign, self-limited
condition that does not warrant any imaging studies.”*
1.2 “Red flags” are indications of a more complicated status of back pain/radiculopathy
in the following settings:”*
1.2.1  Trauma, cumulative trauma
1.2.2  Insiduous onset of unexplained weight loss
1.2.3 Age > 50 years, especially women, and males with osteoporosis or
compression fracture
1.2.4 Unexplained fever, history of urinary or other infection
1.2.5 Immunosuppression, diabetes mellitus
1.2.6  History of cancer
1.2.7 Intravenous drug abuse
1.2.8 Prolonged use of corticosteroids or osteoporosis
1.2.9  Age >70 years
1.2.10 Focal neurologic deficits with progressive or disabling symptoms, cauda
equina syndrome
| Duration > 6 weeks
1.2.12 Prior surgery

2 Plain radiographs

2.1 They are recommended if any of the “red-flags” are present.

2.2 Lumbar spine radiographs may be sufficient for the initial evaluation of:
2.2.1 Recent significant trauma (any age)
2.2.2 Prolonged use of steroid
2.2.3  Osteoporosis
224 Age>70 years

2.3 Oblique views may be useful for specific conditions like spondylolysis and facet joint
disease."

2.4 Radiographs have a role in evaluation of alignment, instability, and scoliosis and in
postoperative evaluation of instrumentation and fusion.

9-10

3 Nuclear Medicine
3.1 Bone scan is moderately sensitive but nonspecific in diagnosing tumor, infection or
occult vertebral fracture.”'® Specificity of diagnosis of skeletal infection is improved
when correlating with gallium scintigraphy.
3.2 Bone scan is also useful in surveying the entire skeleton.
3.3 Single Photon Emission Computed Tomography (SPECT)/CT improves localization
of active sites in bone scan.

4.1 Low back pain complicated with the red flags may justify early use of CT or MRI
even if radiographs are negative.’

4.2 MRI is the imaging modality of choice in diagnosing disc herniation."*" If MRI is
not available or contraindicated, CT myelogram can be performed.

4.3 MRI with contrast is useful for suspected infection and neoplasia.

4.4 MRI with contrast allows distinction between disc and scar in post-operative patients.
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5 CT
5.1 Provides superior bone detail but not as useful in depicting extradural soft tissue
when compared with MRI.
5.2 Useful for depicting bone/structural lesions and alignment such as spondylolysis,
pseudoarthrosis, fracture, scoliosis and stenosis and for post-surgical evaluation of
bone graft integrity, surgical fusion and instrumentation. "

6 Myelography and CT myelography

6.1 Complementary to plain CT or MRI and occasionally more accurate in diagnosing
disc herniation, but requires lumbar puncture and intrathecal contrast injection.'””
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TI 1 Thyrotoxicosis

REMARKS

1 Biochemical evaluation

1.1

Serum thyroid stimulating hormone (TSH) measurement has the highest sensitivity
and specificity in the biochemical evaluation of suspected hyperthyroidism and
should be used as an initial screening test. Diagnostic accuracy improves when both
a serum TSH and free T4 / total T3 are assessed at the time of the initial evaluation.
Biochemically thyrotoxic:
1.2.1 Suppressed / undetectable serum TSH
1.2.2° Excess serum free T4 / total T3
Subclinical hyperthyroidism:
1.3.1 Low serum TSH
1.3.2 Normal serum free T4 / total T3
Autoantibody tests may be useful to differentiate the causes of hyperthyroidism:
1.4.1 Anti-thyroid peroxidase (anti-TPO) antibody:

1.4.1.1 Elevated in Graves’ disease

1.4.1.2  Low/absent in toxic multinodular goiter and toxic adenoma
1.4.2° Thyroid stimulating immunoglobulin (TSI):

1.4.2.1 Elevated in Graves’ disease

2 Nuclear medicine (thyroid scintigraphy)

2.1

24

Thyroid scintigraphy facilitates the detection of focal and/or global abnormalities
of thyroid gland, correlation of anatomy with function, and detection of aberrant or
metastatic functioning thyroid tissue or residual normal tissue after therapy.
Contraindications of thyroid scintigraphy include pregnancy, lactation / breast
feeding, recent iodine exposure.

Diagnostic accuracy of thyroid scan using Tc-99m pertechnetate is comparable to that
using [-123 in patients with hyperthyroidism and is much cheaper and more widely
available.

Thyroid cancer occurs in Graves’ disease with an incidence of about 2%. Thyroid
nodules larger than 1-1.5 cm should be evaluated before radioactive iodine (RAI)
therapy. If a RAI scan is performed, any non-functioning or hypofunctioning
nodules should be evaluated with fine needle aspiration (FNA) because they may be

malignant.
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TI 1 Thyrotoxicosis

3 US
3.1 US can assess the size, texture and vascularity of the thyroid gland and evaluate the
sonographic features of non-palpable nodules.

3.2 US guided FNA or biopsy can be performed for nodules with suspicious features.
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TI 2 Euthyroid nodule

REMARKS

1 Clinical history

1.1

Underlying high-risk factors for thyroid cancer should be sought from clinical history:
I1.1.1 Family history of thyroid cancer

1.1.2° Personal history of thyroid cancer with surgery done

1.1.3 Previous external beam irradiation to the neck

I.1.4 Exposure to ionizing radiation in childhood

1.1.5 Thyroid nodule is F-18 FDG PET positive

US can confirm the presence of a thyroid nodule and assess the size, location and
sonographic features of the lesion. It can also provide information on the number of
nodules, and characterize nodules based on their solid and / or cystic constituents.

US can detect non-palpable nodules, extra-thyroidal lesions and associated cervical
lymphadenopathy if present.

Fine needle aspiration (FNA) or biopsy of nodules with suspicious features can be
performed using US guidance with good accuracy.

Suspicious sonographic features of thyroid nodules include:

2.4.1 Presence of microcalcifications

2.4.2 Marked hypoechogenicity compared to the normal thyroid parenchyma

2.4.3 Increased intra-nodular vascularity

2.4.4 Trregular infiltrative margins

2.4.5 Taller than wide configuration on transverse scan

2.4.6 Disrupted rim calcifications with extruding soft tissue component

2.4.7 Associated cervical lymphadenopathy

3 Nuclear medicine

3.1

Thyroid scintigraphy provides functional information about the thyroid nodules.
Non-functioning or hypofunctioning nodules are associated with increased likelihood
of malignancy and should be considered for US correlation. FNA is suggested
for those with suspicious sonographic features. Tc-99m pertechnetate is the most
commonly used tracer.

In follicular lesions at FNA cytologic evaluation, thyroid scintigraphy is able to
identify a functioning nodule that may be benign; however, most such nodules are
cold on scintigraphy.
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TI 2 Euthyroid nodule

4 CT
4.1 CT can provide better as well as additional anatomical information about the thyroid
nodules prior to operation, including:
4.1.1 Retrosternal extension
4.1.2 Invasion of adjacent structures
4.1.3 Tracheal compression

4.1.4 Lymph node metastasis
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CH 1 Blunt chest trauma with suspected pulmonary injury
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CH 1 Blunt chest trauma with suspected pulmonary injury

REMARKS

1 General

1.1

Clinical and radiological signs of significant lung injury are often absent on the initial
evaluation. This is especially true for lung contusion for which the signs evolves over
a period of 2 to 3 days.

There is no consistent relationship between evidence of external chest wall injury
(either clinical or radiological signs) and the likelihood of serious underlying lung
injury. This principle is especially important to remember when dealing with
children, who because of their highly elastic chest walls can have serious lung injury
even when there is no external sign of injury.

Radiographic studies greatly underestimate the true extent of lung and chest wall

injury.

2 Plain radiograph

2.1 Chest X-ray (CXR) is the primary bedside imaging modality to evaluate the chest in
post-traumatic patients.

2.2 CXR should preferably be taken in the erect posterior-anterior (PA) view. In case of
major trauma, only supine anterior-posterior (AP) view may be possible.

2.3 Strict adherence to high standards of radiographic technique with respect to exposure
factors, patient positioning and ventilation cycle is needed in order to obtain useful
images.

3 CT

3.1 CT is the most sensitive and accurate imaging modality to evaluate the post-traumatic
abdomen and chest.

3.2 CT is superior to CXR in imaging the chest wall, pulmonary parenchyma and
mediastinum.

3.3 CT should be performed only if the patient’s clinical condition is stable.

4 MRI

4.1 It is useful in assessing diaphragmatic integrity if there is clinical suspicion of
diaphragmatic injury and CT shows equivocal findings.

4.2 MRI is most useful as a problem-solving tool and not as part of a standard trauma
protocol, except in rare instances of significant thoracic spinal injury.
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CH 2 Dyspnoea

REMARKS

Dyspnoea can be broadly classified into cardiac or pulmonary origins.

Chest X-ray (CXR) usually forms part of the initial workup for patients presenting with
dyspnoea.

In two-thirds of the cases, CXR can help to make a diagnosis.

For patients with asthma or chronic obstructive pulmonary disease (COPD) exacerbation,
a CXR is only needed under specific circumstances, e.g. when infection is suspected or if
the condition does not respond to treatment.

High resolution CT (HRCT) is useful for diffuse lung disease, for example, interstitial lung
disease, bronchiectasis, pneumoconiosis, sarcoidosis and emphysema. Expiratory HRCT

can detect air trapping and tracheobronchomalacia.

Contrast CT thorax is needed when there is persistent consolidation, suspicion of
pulmonary embolism, pulmonary or extrapulmonary mass.

MRI is usually reserved for evaluation of pleural disease or patients with chest wall mass.
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CH 3 Acute chest pain with suspected pneumothorax

REMARKS

Plain radiograph

1.1 Posterior-anterior (PA) erect chest X-ray (CXR) in inspiration is recommended for
the initial evaluation of suspected pneumothorax. In uncertain cases, such as in the
presence of bullous lung disease, CT is preferred.

1.2 Lateral chest radiograph may provide additional information when a suspected
pneumothorax is not confirmed on PA CXR but this is not routinely performed in
everyday clinical practice.

1.3 Expiratory CXR is not thought to confer additional benefit in the routine assessment
of pneumothorax.

1.4 Supine and lateral decubitus chest radiographs are mostly performed for trauma
patients who cannot be safely positioned for erect PA view but these have been
superseded by CT.

2.1 US only plays a subsidiary role in diagnosing pneumothorax and its efficacy highly
depends on operator experience. US thus should not be a routine investigation.

3.1 CT is the gold standard for detection of small pneumothoraces and for size estimation,
and is recommended for uncertain or complex cases. It is also useful in detecting
pneumothorax in the presence of bullous lung disease or surgical emphysema,
and can also identify aberrant chest drain placement and other concomitant lung
pathology.
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CH 4 Haemoptysis

REMARKS

1 General

1.1 Haemoptysis is defined as the expectoration of blood that originates from the
tracheobronchial tree or pulmonary parenchyma. The majority of cases are benign
and are self-limiting episodes. However, its underlying aetiology must be evaluated.
Common aetiologies include bronchitis, bronchiectasis, pneumonia, tuberculosis and
malignancy.

1.2 The definition of massive haemoptysis varies in literature from 100 — 1000ml over
24 hours but the more widely used figure is expectoration of 300 — 600ml of blood
over 24 hours. The source of bleeding is usually from erosion of systemic rather than
pulmonary arteries. Notable exceptions are arteriovenous malformations (AVM) and
pulmonary artery aneurysms. Bronchial artery embolization (BAE) has been shown
to be an effective treatment to control massive haemoptysis. Most authors reserve
surgery for cases refractory to repeated BAE.

1.3 The imaging modalities pertinent to the evaluation of non-massive haemoptysis
include chest X-ray (CXR) and CT thorax.

2 Plain radiograph
2.1 CXR is efficacious in the initial evaluation.

3 CT and CT angiography

3.1 Contrast-enhanced CT is useful for localizing the bleeding site and diagnosing the
underlying cause.

3.2 CT angiogram performed with MDCT allows non-invasive, rapid and detailed
assessment of lung and thoracic vasculature. It is possible to delineate abnormal
bronchial and non-bronchial arteries using a variety of reformatted images, which can
serve as a roadmap to guide therapeutic embolization procedures. Hence, it should be
performed prior to BAE if embolization is anticipated.

4 Angiography
4.1 Angiography is performed prior to treatment such as BAE, or for confirming the
diagnosis and for the treatment of AVM.
4.2 BAE has been proven to be an effective treatment for massive and recurrent
hemoptysis, either as first-line treatment or as an adjunct to elective surgery.
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CH 5 Solitary pulmonary nodule

48

REMARKS

1 General

1.1

2.1

23

24

Solitary pulmonary nodule is defined as a relatively spherical opacity of which the
diameter is 3cm or smaller. It is completely surrounded by lung with no associated
atelectasis or hilar adenopathy detected.

These guidelines apply to incidental solitary lung nodule in patients aged 35 or above.
They do not apply to patients with known primary cancer, immunosuppression or
lung cancer screening.

The minimum threshold size for recommending follow-up is based on an estimated
cancer risk in a nodule on the order of 1% or greater.

Estimation of an individual patient’s risk of developing lung cancer is multi-factorial,
including the size and morphology of lung nodule, history of smoking, exposure to
other carcinogens, location of lung nodule, presence of emphysema and fibrosis,
family history of lung cancer, ethnic background, age and gender etc. Different risk
prediction models are available. In general, high risk factors include older age, heavy
smoking, larger nodule size, irregular/spiculated margins, and upper lobe location.

Thin section scans are needed to enable accurate characterization and measurement
of small lung nodules.

Low-dose thin-slice unenhanced scans are recommended for follow-up of lung
nodules.

Measurement of a lung nodule should be based on the average of its long- and short-
axis diameters, both of which should be obtained on the same transverse, coronal or
sagittal reformatted images. The image which reveals the greatest diameter should be
used. The measurement should be rounded to the nearest millimetre.

In practice, it is difficult to reliably define discrete solid components of part-solid
nodules <6mm, therefore they are managed in a similar way that pure ground-glass
lesions of equivalent size are treated.

Persistent part-solid nodules with solid component 26mm should be considered
highly suspicious.

Contrary to growth in solid nodules which is based solely on size, in subsolid
nodules, growth may manifest as an increase in size, an increase in attenuation,
development of a solid component, or an increase in size of a solid component. In
subsolid nodules, these imaging features of growth indicate an increased risk for
malignancy.

Benign patterns of calcification in solitary lung nodules include dense central
calcification, laminated calcification and diffuse calcification.

A typical perifissural nodule is attached to pulmonary fissure, homogenous, solid with
smooth margin, and oval/lentiform/triangular in shape. Typical perifissural nodules
are likely intrapulmonary lymph nodes.



CH 5 Solitary pulmonary nodule
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CH 6 Mediastinal mass

REMARKS

1 Plain radiograph
1.1 Posterior-anterior (PA) and lateral chest radiographs are appropriate initial
investigations although the chest films are almost never specific.

2 Nuclear medicine

2.1 Choice of nuclear medicine imaging modality depends on clinical suspicion.

2.2 Fluorodeoxyglucose (FDG) PET/CT is useful in assessing the metabolic activity of
the mediastinal mass, and helpful in characterizing the lesion. It guides subsequent
invasive investigations and is helpful in staging malignancy. It is also useful in
monitoring treatment response in various malignancies.

2.3 Technetium-99m (Tc-99m) pertechnetate thyroid scintigraphy is useful for confirming
presence of thyroid tissue if retrosternal goiter is suspected.

2.4 FDG PET/CT, Gallium-67 scintigraphy and white blood cell scintigraphy are useful
in characterizing an infective mass or abscess in mediastinum.

3.1 CT is the most versatile and valuable imaging modality for confirming or excluding,
localizing and characterizing a mediastinal mass.

3.2 CTis usually adequate for diagnosis and further studies are not necessary.

3.3 CT also examines the lungs, which is critically important in patients who may have a
thoracic neoplasm.

3.4 CT is the gold-standard imaging modality for the pre-operative evaluation of
patients with retrosternal goiter. CT is essential to define the extent and position of a
retrosternal goiter. lodinated contrast medium should be avoided because it would
interfere with subsequent radionuclide imaging.

3.5 Often the mass has non-specific characteristics and requires biopsy for definitive
diagnosis.

4 MRI
4.1 If CT defines a mass but subtle relationships of the mass to the spine and neural
foramina need to be evaluated, or if chest wall invasion needs to be evaluated in more
detail, MRI would be useful.
4.2 MRI is also an appropriate alternative for patients who cannot tolerate the iodinated
contrast medium needed for CT, and for children and pregnant women who should
avoid exposure to ionizing radiation.
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CH 7 Lung cancer

REMARKS

1 Plain radiograph

1.1
1.2

Many primary lung cancers are initially detected on chest radiograph.

In certain instances, the chest radiograph alone is sufficient for staging, e.g. when
an obvious metastatic bone lesion is detected or when large bulky contralateral
mediastinal lymph nodes are present.

Chest X-ray (CXR) can be used to monitor treatment response if CT is not available.

CT is the main imaging modality of choice for evaluating patients with bronchogenic
carcinoma.

CT has limitations in staging since there are no morphologic criteria to distinguish
between benign and malignant lymph nodes, with low sensitivity and specificity in
detecting nodal metastasis.

CT should include the adrenal glands.

CT has limited value in detecting chest wall and mediastinal invasion.

3 Fluorodeoxyglucose (FDG) PET-CT

3.1

W
\]

33

34
3.5

Whole body FDG PET-CT is the preferred imaging modality for staging of non-small
cell lung cancer in patients who are planned to be treated with curative intent.

FDG PET-CT has better sensitivity and specificity than CT alone in identification of
nodal metastases with an overall sensitivity of 80-90% and specificity of 85-95%.
FDG PET-CT detects ~24% occult extrathoracic metastases in patients who are
initially planned to undergo curative resection.

It decreases the number of futile thoracotomy by an additional 21%.

FDG PET-CT is an excellent tool for monitoring of treatment response.

4 Bone scan

4.1
4.2

4.3

Bone scintigraphy has high sensitivity (93.3%) for detecting osseous metastases.
Routine bone scintigraphy is not warranted, and is only reserved for symptomatic
patients or those with biochemical abnormalities.

If whole body FDG PET has already been performed, additional bone scintigraphy is

not necessary in most circumstances.
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CH 7 Lung cancer

5 MRI

5.1 MRI is particularly useful in determining certain parameters of unresectability for
superior sulcus cancer such as invasion into vertebral body, spinal canal, neural
foramina, subclavian artery or brachial plexus.

9]
\S]

MRI is useful in assessing chest wall and mediastinal invasion.

W
w

Using Cine MRI during free breathing, presence of sliding between the tumor and
mediastinum or chest wall has been shown to be diagnostic of lack of invasion; the
converse however may not necessarily indicate invasion since adhesion from local

inflammatory changes may also restrict tumour motion.
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CV 1 Blunt chest trauma with suspected thoracic cardiovascular injury

REMARKS

1 Plain radiograph
1.1 Remains the primary screening modality despite the advent of newer imaging
modalities.
1.2 7—-11% of patients with aortic rupture have an initial normal chest X-ray (CXR).
1.3 Most common finding on CXR is widening of mediastinum (90% sensitivity but only
10% specificity for aortic injury).
1.4 Radiographic signs of blunt thoracic aortic injury:
1.4.1  Widened mediastinum (defined as transverse dimension > 8cm from the left
side of the aortic arch to the right margin of the mediastinum or mediastinum
to chest-width ratio > 25%)
1.4.2 Loss of the aortopulmonary window or loss of definition of the descending
thoracic aorta
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1.4.3  Widened right paratracheal stripe or paraspinal stripe
.44 Tracheal shift to the right of the T4 spinous process
1.4.5  Left main stem bronchus depression

1.4.6  Nasogastric tube displaced to the right

1.4.7  Left apical pleural cap sign

2 CT and CT angiography
2.1 CT has become the reference-standard imaging study for the diagnosis of blunt
traumatic aortic injury and has almost completely replaced catheter aortography and
transoesophageal echocardiogram (TOE).
2.2 CT angiogram (CTA) has high sensitivity and specificity in detection of blunt thoracic
aortic injury.

[\
w

When initial trauma survey and mechanism of injury suggest a low probability of
significant thoracic trauma (normal mental status, normal clinical examination and
normal CXR), further assessment with chest CT thorax or CTA may not be necessary.
2.4 Routine use of CT thorax should be strongly considered in patients with high energy
mechanism of injuries, abnormal CXR, altered mental status, distracting injuries, or
clinically suspected thoracic aortic injuries.

3 Echocardiogram

3.1 Transthoracic echocardiogram (TTE) is helpful in suspected cardiac injury and
excluding cardiac rupture and acute valvular injury.

3.2 TOE is more sensitive than TTE but more invasive and usually requires sedation,
therefore it is rarely used as an initial evaluation.

3.3 Limitations include lack availability of cardiologists skilled in performing TEE in the
emergency setting; blind spots in distal ascending aorta/arch vessels.

4 MRI
4.1 MRI does not have a role in initial evaluation of critically ill, haemodynamically
unstable patients.
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CV 1 Blunt chest trauma with suspected thoracic cardiovascular injury

5 Catheter angiography
5.1 Gold standard in evaluating injury to the aorta and its main branches.
5.2 Now largely replaced by CTA for initial assessment and reserved mainly for
endovascular intervention in confirmed cases.
5.3 Angiographically confirmed aortic injury is found in only 10 — 20% of patients with
mediastinal widening.
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CV 2 Acute aortic dissection

REMARKS

1 Plain radiograph

1.1 Chest x-ray (CXR) is performed primarily to exclude other causes of acute chest pain
in patients with suspected aortic dissection, e.g. pneumothorax.

1.2 CXR may identify signs suggestive of aortic dissection, such as widening of
mediastinum, altered aortic contour, displaced intimal calcification (but these are not
always present).

1.3 Normal CXR cannot exclude aortic dissection.

patient discomfort.
2.3 CT can provide evaluation of the type and extent of aortic dissection, thereby aiding
the clinical management decision.
2.4 CT can also detect other causes of chest pain other than dissection, e.g. thoracic
pathology.
.5 Non-contrast CT is important to detect acute intramural haematoma.
.6 In case of suspected aortic root involvement, electrocardiogram (ECG) gated CT
improves diagnostic accuracy.
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2 CT g
2.1 CT is the recommended definitive investigation for suspected aortic dissection. ?T

2.2 CT is minimally invasive, fast, readily available in most hospitals, and instigates less =

2

5
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3.1 MRIis considered as an accurate technique for diagnosis of aortic dissection.
3.2 MRI is not advocated as the initial diagnostic test for acute aortic dissection under the
following conditions:
3.2.1  Limited scanner and skilled technologist availability on emergency basis
3.2.2  Long examination time which is not favourable for critically ill patients
3.2.3  Patient factors such as inability to hold breath or cardiac arrhythmia which
may produce significant artefacts and a non-diagnostic scan
3.2.4  Presence of MRI-incompatible implants and devices including pacemaker
3.2.5 Difficulties in monitoring ill patients in the MRI suite
MRI may be considered in stable patients for the purpose of follow-up of chronic
dissection or as an alternative in patients contraindicated for iodinated intravenous (IV)
contrast.

w
w

4. Echocardiography

4.1 Transoesophageal echocardiography (TOE) has the advantage of bedside use in
haemodynamically unstable patients.

4.2 Ttis useful in detecting dissection involving the descending thoracic aorta.

4.3 Limitations of TOE include the dependence on operator skill; limited availability of
clinicians who are skilled and experienced in performing TOE in emergency setting;
the blind area of distal ascending aorta and arch vessels assessment; and the inability
to assess distal extent of dissection in the abdomen.
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CV 2 Acute aortic dissection

5. Catheter angiography
5.1 It was historically the gold standard for diagnosing aortic dissection.
5.2 Itis now rarely used for the diagnosis of aortic dissection.
5.3 Itis invasive, requiring direct puncture of the arterial system.
5.4 It is used for part of therapeutic endovascular procedures, or for pre-operative
angiographic assessment of coronary arteries.
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CV 3 Abdominal aortic aneurysm

REMARKS

Initial examination of choice for asymptomatic, clinically stable patients.
Should be a dedicated study (including complete longitudinal extent of abdominal
aortic aneurysm (AAA), any involvement of common iliac arteries, relationship with

R —

renal arteries).

1.3 Difficult to delineate upper margin of AAA from juxtarenal level or above, and
involvement of visceral vessels.

1.4 Limitations from patient’s body, habitus and acoustic window.

2.1 Non-contrast computed tomography (NCCT) may be considered when US is not
suitable (e.g. obese patients).
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2.2 NCCT may be considered in patients with or without clinical suspicion of impending
or contained rupture.

2.3 Computed tomography angiogram (CTA) is best for definitive diagnosis and as a pre-
interventional reference.

2.4 Useful information obtained from CTA includes morphology and full extent of the
AAA, extent of mural thrombus, involvement of branch vessels, three-dimensional
(3D) analysis (such as volume rendering, maximum intensity projection (MIP),
multiplanar reformats).

2.5 First line imaging modality in the emergency setting for the assessment of suspected
AAA rupture / impending or contained rupture.

3. MRI

(O8]
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Magnetic resonance angiogram (MRA) may be an alternative to CTA.
Non-contrast and contrast-enhanced sequences can be used.

W

Non-contrast sequences for patients with severe impaired renal function [glomerular
filtration rate (GFR) <30]. Disadvantages of non-contrast MRA include suboptimal
assessment of small vessel lesions / small side branches, susceptibility to flowing
blood and blooming artefacts.

3.4 Other concerns include scanner accessibility, skilled operator / expertise availability,
longer scanning time, decreased spatial resolution and general contraindications to
MRI (such as pacemaker).

3.5 Significant artefacts can be encountered with certain types of stents other than nickel.

4 Catheter angiography
4.1 Usually not for establishing the diagnosis.
4.2 Essentially replaced by non-invasive imaging techniques in diagnosis (US, CTA).
4.3 May be used for pre-interventional planning.
4.4  Essential component of endovascular aortic repair (EVAR) procedure.
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CV 3 Abdominal aortic aneurysm

68

Management of AAA includes conservative approach, open surgery and EVAR; depending

on clinical presentation, patient’s profile and size / morphology of aneurysm:

5.1 EVAR has emerged as an important treatment option in the management of AAA.

5.2 With the advent of EVAR, pre-interventional imaging has become indispensable for
surgical planning (suitability for stent graft deployment, delivery sheath size allowance).

5.3 CTA is accepted as the gold standard for pre-EVAR planning, post-EVAR and post-
open repair imaging surveillance.
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CV 4 Intermittent claudication




CV 4 Intermittent claudication

REMARKS

1. Non-invasive haemodynamic tests

1.1 Include ankle-brachial index (ABI), toe-brachial index (TBI), segmental pressures or
pulse volume recordings.
These are important tools for evaluating peripheral vascular disease.

W o

With the presence of normal ABI both at rest and exercise with compressible vessels,
atherosclerotic occlusive disease is effectively excluded as a cause of claudication /
rest pain and obviates need of further arterial imaging.

2.1 Duplex US imaging can diagnose the location, degree and extent of stenosis down to
the level of the knee.
It can also estimate the velocity of blood flow.
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Needs skilled and experienced operators, and is a time consuming procedure.

D
N

Has limitations which include vessel visualization obscured by bowel gas (abdominal
aorta and iliac arteries), dense calcifications and in the setting of multiple sequential
lesions.

3. Computed Tomography Angiogram (CTA)

3.1 With improvements in multidetector CT (MDCT) technology, CTA has several
advantages over digital subtraction angiogram (DSA), including shorter examination
time, non-invasive nature, lower complication rates, direct visualization of mural
plaque and calcium, visualization of collaterals and three-dimensional (3D)
volumetric display and analysis.

3.2 CTA has limitations which include difficulties in grading severity of vessel stenosis
in presence of dense calcium; suboptimal assessment of calf vessels due to timing
issues. Streak artefacts from metallic implants also limit the role of CTA in stent
surveillance.

3.3 Use of iodinated intravenous (IV) contrast and ionizing radiation are concerns.

4. Magnetic Resonance Angiogram (MRA)
4.1 Non-invasive with no ionizing radiation.
4.2 Majority of MRI employs contrast-enhanced MRA sequences.
4.3 Non-contrast MRI sequences can be considered for patients with renal insufficiency.
4.4  Limitations of MRI which affect image quality include longer scanning time (may
be more prone to motion artefacts); unreliable visualization of lesions with high flow
and turbulence; suboptimal assessment of stent lumen or lumen close to prosthesis.
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5. Catheter angiography
5.1 DSA is considered the gold standard for imaging of peripheral vascular disease.
.2 Can allow for intervention such as balloon angioplasty or stenting.
3 It is invasive, needs iodinated IV contrast, requires multiple projections and involves
ionizing radiation.
5.4 Itis now mainly indicated if intervention is planned.

N

6. Choices of non-invasive investigations (duplex US, CTA, MRA) depend on local expertise
and experience.
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CV 5 Acute pulmonary embolism

REMARKS

1 General

1.1 Diagnosis of pulmonary embolism (PE) based on clinical symptoms and signs can be
difficult, as chest pain, shortness of breath and tachycardia are non-specific.

1.2 To diagnose or to exclude PE, it would be helpful to use an agreed protocol
combining clinical features, pretest probability and results of D-dimer assay in order
to utilize imaging appropriately, such as Wells' criteria for PE.

1.3 Wells’ Prediction Rule for Diagnosing PE: Clinical Evaluation Table for Predicting
Pretest Probability of PE

- Symptoms of deep vein thrombosis (DVT): 3 points
- No alternative diagnosis: 3 points

- Heart rate >100 bpm: 1.5 points

- Recent immobilization or surgery: 1.5 points

- Previous DVT or PE: 1.5 points

- Haemoptysis: 1 point

- Malignancy: 1 point

1.4 The followings may be considered by referring clinicians as determinants of work-up
for PE:

1.4.1  Clinical probability of PE: low 0-1 point; intermediate 2-6 points; high >/="7
points.
1.4.1.1 If the patient is at LOW RISK, clinicians should use the eight
Pulmonary Embolism Rule-Out Criteria (PERC); if a patient meets
all eight criteria, the risks of testing are greater than the risk for
embolism, and no testing is needed.
1.4.1.2 For patients at INTERMEDIATE RISK, or for those at low risk who
do not meet all of the rule-out criteria, use a high-sensitivity plasma
D-dimer test as the initial test.
1.4.1.3 Patients at HIGH RISK should skip the D-dimer test and proceed to
CT pulmonary angiography, because a negative D-dimer test does
not eliminate the need for imaging in these patients.
1.4.2 Alternatively, a two-tier model can be used, if score </=4, D-dimer evaluation
is needed first.
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2 Plain radiograph
2.1 Chest x-ray (CXR) is non-specific for PE.
2.2 Normal or abnormal CXR cannot exclude presence of PE.
2.3 There are no specific findings on CXR which are sufficient to confirm PE.
2.4 CXR is useful to exclude other causes of acute chest pain.
2.5 A recent CXR is required to allow accurate interpretation of abnormal radionuclide
ventilation / perfusion scintigraphy (V/Q scan).

3 Computed tomography pulmonary angiogram (CTPA)
3.1 CTPA is the current standard of care and primary imaging modality for detecting PE.
3.2 CTPA is highly sensitive and specific.
3.3 There are fewer non-diagnostic studies of CTPA than that of V/Q scan.
3.4 CTPA can identify features of right ventricular dysfunction which indicates poor
prognosis of PE.
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US

4.1 Doppler US of lower extremity veins is useful as there is high association of DVT
with PE.

4.2 Presence of DVT does not indicate the presence (or absence) of PE, but may increase
(or decrease) its likelihood.

4.3 In pregnant women with suspected PE and clinical features suggestive of DVT,
compression Doppler US of the symptomatic leg veins should be the initial
investigation.

4.4  Transthoracic echocardiogram (TTE) or transoesophageal echocardiogram (TOE) are
generally not indicated for the diagnosis of acute PE, but are useful in the assessment
of right ventricular morphology and function.

Ventilation / Perfusion scintigraphy (V/Q scan)

5.1 Overall decreasing role in evaluation of suspected PE as compared to CTPA.

5.2 Scan findings classified by the modified Prospective Investigation of Pulmonary
Embolism Diagnosis (PIOPED) II criteria are reported as “PE present” (high
probability), “PE absent” (very low probability or normal), or “not diagnostic” (all
other findings).

5.3 A normal perfusion scan can obviate the need of ventilation scan, further reducing the
dose.

5.4 V/Q scan can be an alternative to CTPA in patients without pre-existing pulmonary
disease and with normal CXR.

5.5 V/Q scan delivers lower radiation dose to the breasts and lower overall maternal
radiation dose when compared with CTPA.

5.6 V/Q scan can be considered as the first choice of assessment for suspected PE in
young patients, particularly during pregnancy (provided normal CXR) and in patients
with renal impairment.

5.7 Use of single photon emission computed tomography (SPECT) may decrease the rate
of non-diagnostic test and improves the diagnostic performance.

5.8 V/Q scan is the most sensitive test for chronic pulmonary embolism.

5.9 The use of CTPA or V/Q scan in pregnant patients remains a matter of debate.

5.10 Not every hospital provides nuclear medicine clinical services. CT is available in
most hospitals.

MRI
6.1  MRI and magnetic resonance angiogram (MRA) are not generally advocated.

Catheter-directed angiography of pulmonary arteries

7.1 Conventional catheter angiography of pulmonary arteries is generally not necessary
for the diagnosis of PE.

7.2 Useful if intervention such as thrombectomy or thrombolysis is needed.
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CV 6 Deep vein thrombosis

REMARKS

1 [Initial screening for possible deep vein thrombosis (DVT) includes a combination of
clinical risk stratification score (e.g. Wells’ score) and plasma D-dimer assay.

2 Both clinical risk stratification scoring and D-dimer assay have limitations. Imaging is
typically required for confirmation of DVT.

3 US
3.1 Preferred primary imaging modality for diagnosing proximal DVT (from inguinal
ligament to popliteal fossa).
3.2 Non-invasive, no exposure to ionizing radiation or iodinated contrast media, widely
available and easily performed at patient’s bedside.
Compression US is most important, often combined with real time Doppler imaging.
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Duplex US for augmentation of venous flow rarely provides additional information.
High sensitivity (range: 93.2% - 95.0%, pooled sensitivity 94.2%) and high specificity
(range: 93.1% - 94.4%, pooled sensitivity 93.8%) for diagnosing proximal DVT.

3.6 Much lower sensitivity for diagnosing distal DVT (below knee).

3.7 Difficult to assess pelvic DVT using US.

3.8 DVT limited to infrapopliteal calf veins (distal DVT) often resolves spontaneously

W W
(O NN

and is rarely associated with pulmonary embolism. Treatment of distal DVT remains
controversial. US calf veins is not recommended as a routine.

3.9 When there is persistent high clinical suspicion of DVT in patients who had an initial
negative US and in whom anti-coagulation was not started, follow-up US in 1 week
may be considered to exclude a calf thrombus that is propagating proximally.

4 Magnetic resonance venography (MRYV) / Computed tomography venography (CTV)

4.1 Viable imaging options in patients in whom US is technically not feasible (e.g. in
cast, obesity); and in patients with high suspicion of pelvic DVT or non-diagnostic
US examinations.

4.2 Distinct advantage over US in demonstrating pelvic vein / inferior vena cava (IVC)
involvement and extravascular pathology that may account for DVT.

4.3 MRV: no ionizing radiation, can be done with or without contrast; limitation include
scanner availability, longer scanning time, patient factors and implants / devices
which are MRI incompatible.

4.4 CTV: involves ionizing radiation and use of intravenous contrast; CTV may be
incorporated into CT investigation of pulmonary embolism and proximal DVT.
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5 Contrast X-ray venography
5.1 Historic gold standard for diagnosing DVT.
5.2 Rarely used nowadays.
5.3 Has a role in assessing recurrent acute DVT in patients with a previous history of
DVT and in whom venous anatomy is complex.
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CV 7 Chest pain

REMARKS

1. There are many aetiologies of chest pain.

1.1 Cardiac origin such as acute coronary syndrome (ACS) [including ST-segment-
elevation myocardial infarction (STEMI), non-ST-segment-elevation myocardial
infarction (NSTEMI), unstable angina], myocarditis, pericarditis.

1.2 Non-cardiac origin such as pneumothorax, pulmonary embolism, acute aortic
dissection, pneumonia, pulmonary carcinoma.

Gastroesophageal reflux disease (GERD) is the commonest cause of non-cardiac
cause of chronic chest pain.

2 Initial clinical assessment [history, physical examination, electrocardiogram (ECG),
blood test - troponin, chest X-ray (CXR)] is mandatory to distinguish clinically stable and
clinically unstable patients presenting with chest pain.
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3 For clinically stable chest pain; approaches are as discussed below:
3.1 National Institute for Health and Care Excellence (NICE) guideline (CG 95): Chest
pain of recent onset: assessment and diagnosis

3.1.1  Clinical assessment (based on clinical history and physical examination) is
important.
3.1.2 64-slice (or above) CT coronary angiography (CTCA) if clinical assessment

indicates typical or atypical angina; or clinical assessment indicates non-
anginal chest pain but 12-lead resting ECG indicates ST-T changes or Q waves.
Non-invasive functional testing for patients with confirmed / known
coronary artery disease (CAD) (such as previous myocardial infarction,
revascularization, previous angiography) when uncertain whether chest pain
is caused by myocardial ischaemia.
3.2 American College of Radiology (ACR) Appropriateness Criteria: Chronic chest pain
3.2.1.  Low to Intermediate probabilities of CAD (2012)
3.2.2.  Stress studies (myocardial perfusion scintigraphy, stress cardiac MRI, stress
echo); CTCA
3.3 American College of Radiology (ACR) Appropriateness Criteria: Chronic chest pain
3.3.1. High probability of CAD (2016)
3.3.2.  Myocardial perfusion scintigraphy, stress echocardiography, stress cardiac MRI

3.1.

w

4 For clinically unstable chest pain, if initial clinical assessment indicates clear ACS (STEMI,

NSTEMI, unstable angina), patients should be urgently taken care of by cardiologists.

4.1 Roles of radiologists are limited in this scenario.

4.2 Radiologists may have a role in subsequent management plan such as,

4.2.1  Assessment of tissue viability for revascularization potential (cardiac MRI).

4.2.2 Assessment of coronary artery anatomy (CTCA), in cases of complex vessel
anatomy (chronic total occlusion, anomalies) found in invasive cardiac
catheterization, and planning of percutaneous coronary intervention (PCI) /
coronary artery bypass graft (CABG).

4.3 For a certain subset of patients who present with clinically stable ACS (unstable
angina/NSTEMI) and not selected for urgent catheter catheterization, a number
of imaging modalities can be considered for evaluation, e.g. myocardial perfusion
scintigraphy, CTCA, cardiac MRI, stress echocardiography.
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For clinically unstable chest pain, if initial clinical assessment suggests conditions other
than ACS, subsequent imaging investigations shall be guided by the individual clinical
presentation.

5.1 CXR is routinely/universally performed and may give clues to the causes of chest
pain (such as pneumothorax, widened mediastinum indicating possibility of aortic
dissection).

5.2 Normal CXR cannot rule out significant pathology.

5.3 Computed tomography pulmonary angiogram (CTPA) for suspected pulmonary
embolism.

5.4 CT aortogram for suspected intramural haematoma, aortic dissection.

5.5 Cardiac MRI for suspected myocarditis.

5.6 Echocardiography for pericardial effusion, infective endocarditis.

5.7 US abdomen for acute cholecystitis or acute pancreatitis which may be the cause of
chest pain; CT abdomen for suspected perforated hollow viscus which may cause
excruciating chest pain.
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GI1 Blunt abdominal trauma in adult

REMARKS

General

1.1 Penetrating trauma and paediatric trauma are excluded in this guideline.

1.2 The extent and choice of imaging is influenced by the haemodynamic stability of the patient
together with the severity of trauma, site of trauma, and other associated injuries.

Plain radiograph

2.1 Plain radiographs including chest X-ray (CXR) and kidney, ureter and bladder radiograph (KUB)
can evaluate fracture, pneumothorax, pneumomediastinum, and abnormal intra-abdominal gas
collection, but they are frequently negative.

2.2 CXR, KUB and focused assessment with sonography for trauma (FAST) are complementary
examinations if patient condition permits.

3.1 US is not an appropriate modality to evaluate organ injury in a patient with blunt abdominal
trauma. A negative US does not rule out visceral injury.

3.2 FAST is to check for intra-abdominal free fluid that can guide decisions on further management.

3.3 A negative FAST does not completely rule out haemoperitoneum. There is a false negative rate
of >15%.

CT

4.1 In stable patients with blunt abdominal trauma, CT abdomen and pelvis is the primary imaging
modality for deciding whether the patient needs urgent surgery, angiography +/- therapeutic
embolization, or close observation.

4.2 CT is excellent for identifying active haemorrhage, or hepatobiliary, splenic, pancreatic,
genitourinary, intestinal, or diaphragmatic injury.

4.3 CT evaluation of abdomen and pelvis for blunt trauma does not require the use of oral contrast.
Scanning should include the lower thorax through to the floor of the pelvis with administration
of intravenous (IV) contrast.

Angiography

5.1 Not appropriate as an initial imaging modality. It is appropriate if additional clinical information
or imaging suggests possibility of active haemorrhage or pseudoaneurysm in haemodynamically
stable patients.
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GI 2 Blunt pelvic trauma

REMARKS

1

General

1.1 The clinical management of pelvic trauma is dependent on the haemodynamic status
and the amount of blood loss.

1.2 Concomitant major trauma to other sites has to be excluded in significant pelvic
trauma.

1.3 Unstable fracture includes rotationally unstable or vertically unstable fractures, please
refer to Young and Burgess Classification."

2 Plain radiograph

2.1 Anterior-posterior (AP) radiograph of the pelvis is recommended in patients with
high clinical suspicion of pelvic fracture.

2.2 Additional images, such as pelvic inlet or outlet views, need not be obtained in acute
phase of injury.

2.3 Plain radiograph can underestimate the extent of bony injury and fracture pattern on
plain radiograph does not predict haemorrhage or the need for angiography.
3 CT
3.1 CT pelvis is required for haemodynamically stable patients with high-energy pelvic
injuries or disruption of pelvic ring.

3.2 CT is useful in pre-operative planning of pelvic, sacral and acetabular fractures. 2-
and 3-dimensional reformats are useful in selected cases.

3.3 CT abdomen and pelvis should be done if intra-abdominal and pelvic injuries are
suspected.

4 Angiography
4.1 Angiography with pelvic embolization is useful in patients with pelvic fractures who

are haemodynamically unstable.
4.2 Patients with evidence of contrast extravasation in pelvis on CT may require pelvic
angiography and embolization regardless of haemodynamic status.
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GI3 Suspected pneumoperitoneum
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GI3 Suspected pneumoperitoneum

REMARKS

1 Plain radiograph
1.1 Erect chest X-ray (CXR) is used to detect subphrenic gas.
1.2 Left lateral decubitus abdominal X-ray (AXR) also helps to demonstrate free air,
especially in ill patients who cannot sit or stand.

2 CT
2.1 CT is useful for clarification of equivocal finding on plain radiograph.
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GI 4 Dysphagia

REMARKS

1 General

1.1 Dysphagia can be classified by level (oropharyngeal or retrosternal) and aetiology
(structural or functional).

1.2 Careful history taking often helps to differentiate the level of dysphagia and provides
clues about the underlying aetiology, especially for oropharyngeal dysphagia.

1.3 Abnormalities of mid & lower oesophagus to gastric cardia may cause referred
dysphagia to upper chest or pharynx. Therefore, the oesophagus and gastric cardia
should also be assessed in patients with oropharyngeal dysphagia without attributable
causes.

2 Barium swallow

2.1 Barium swallow and endoscopy are complementary to each other in assessing
oesophageal strictures and tumours.

2.2 The length and the severity of stenosis are well demonstrated on barium swallow.

2.3 Barium swallow can detect motility disorders and it may be more sensitive to detect
certain structural abnormalities such as oesophageal webs and rings.

2.4 Endoscopy allows biopsies to be taken and is more sensitive to detect mild reflux
oesophagitis or other subtle oesophagitis.

3 Video-fluoroscopic swallowing study (VFSS)
3.1 VESS focuses on evaluating the oral cavity, pharynx and cervical oesophagus to
access for oral and pharyngeal swallowing phase abnormalities.
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4 CT
4.1 CT can be used to assess extrinsic lesions and for tumour staging prior to surgery.
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GI 5 Acute gastrointestinal bleeding

REMARKS

1

Plain radiograph
1.1 Abdominal X-ray (AXR) is of no value in diagnosing acute gastrointestinal (GI) bleeding.

Small bowel study

2.1 Small bowel barium studies may detect Meckel’s diverticulum or small bowel tumours. If
both small bowel study and angiography are required for investigation of acute GI bleeding,
angiography should be performed first.

Nuclear medicine
3.1 Technetium-99m (Tc-99m) labelled red blood cell (RBC) scan
3.1.1 It is indicated primarily for overt mid or lower GI bleeding.
3.1.2 Itis also helpful in identifying the source of obscure GI bleeding.
3.1.3 It can detect a bleeding rate as low as 0.05-0.1ml/min and can help to localize the
bleeding site, but errors in localization occur in cases of gastric or duodenal source.
3.1.4 It can localize intermittent bleeding.
3.2 Meckel’s scan
3.2.1 In a young patient with lower GI bleeding, Meckel’s diverticulum has to be considered.

CT abdomen (CT angiography & CT enterography)

4.1 In upper gastrointestinal bleeding (UGIB), it is useful for localizing obscure UGIB, and for work-
up in patients with UGIB with prior history of aortic reconstruction or pancreaticobiliary procedure.

4.2 In lower gastrointestinal bleeding (LGIB), it can be used to localize LGIB, identify the pathological
causes and direct treatment, as well as provide arterial anatomy for treatment planning.

4.3 CT enterography or CT enteroclysis is the choice in obscure LGIB when capsule endoscopy is
contraindicated, e.g. suspected obstruction or suspected stricture.

Angiography

5.1  For bleeding to be detected on angiography, it must be active arterial or capillary bleeding, with
rate greater than 0.5 ml/min. It is usually not useful in venous bleeding.

5.2 The bleeding site can be localized on angiography, and in selected cases, vasopressin infusion
or embolization can be used to arrest the bleeding.

5.3 Roles in UGIB

5.3.1 In active UGIB when upper endoscopy is unable to control or localize the bleeding

source, or when re-bleeding occurs, or when the patient is haemodynamically unstable.

Roles in LGIB

5.4.1 In massive LGIB with haemodynamic instability or heavy transfusion need;

5.4.2  Also allows treatment by means of embolization.

b
~

REFERENCES

Singh-Bhinder N, Kim DH, Holly BP, et al. ACR Appropriateness Criteria® Nonvariceal Upper Gastrointestinal Bleeding. Available
at https://acsearch.acr.org/docs/69413/Narrative/. American College of Radiology. Accessed 2017 May 2.

Darcy MD, Cash BD, Feig BW, et al. ACR Appropriateness Criteria® Radiologic Management of Lower Gastrointestinal Tract
Bleeding. Available at https://acsearch.acr.org/docs/69457/Narrative/. American College of Radiology. Accessed 2017 May 2.
National Institute for Health and Care Excellence (2013) Acute upper gastrointestinal bleeding in adults. NICE quality standard
(QS38).

National Institute for Health and Care Excellence (2016) Acute upper gastrointestinal bleeding in over 16s: management. NICE
guideline (CG141).

Zuccaro G, Jr. Management of the Adult Patient with Acute Lower Gastrointestinal Bleeding. Am J Gastroenterol. 1998; 93: 1202-
1208.

Dam HQ, Brandon DC, Grantham V'V, Hilson AJ, Howarth DM, Maurer AH et al. The SNMMI procedure standard/EANM practice
guideline for gastrointestinal bleeding scintigraphy 2.0. J Nucl Med Technol. 2014; 42: 308-317.

Strate LL, Gralnek IM. ACG clinical guideline: management of patients with acute lower gastrointestinal bleeding. Am J
Gastroenterol. 2016; 111: 459-474.

97

(-]
2
[
-
=
=
=
-
[1-]
w
=
=
=
=
2
=
=
=]
=
-




GI 6 Chronic recurrent gastrointestinal bleeding
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GI 6 Chronic recurrent gastrointestinal bleeding

REMARKS

1 Barium enema
1.1 Vascular lesions such as angiodysplasia may not be detected on barium enema.

2 Small bowel study
2.1 Small bowel enema is preferred to follow through study. The diagnostic yield of
follow through study is low.
2.2 Meckel’s diverticulum and small bowel tumours might be detected on small bowel
study.

3 Nuclear medicine
3.1 Meckel’s scan
3.1.1  In a young patient with chronic recurrent gastrointestinal bleeding, Meckel’s
diverticulum has to be considered.

4 CT enterography or CT enteroclysis

4.1 There is no consensus on the diagnostic algorithm for the investigation of small bowel
bleeding after exclusion by upper endoscopy and colonoscopy. Capsule endoscopy is
generally regarded as the first line investigation.

4.2 CT enterography or CT enteroclysis are alternatives, especially in patients with
contraindications to capsule endoscopy such as:
4.2.1  Suspected obstruction
4.2.2 Suspected stricture
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5 CT angiography of abdomen
5.1 CT angiography of abdomen is useful in patients with active bleeding, chronic
bleeding not localized by other means, for diagnosing underlying pathological causes
and vascular causes, and for planning angiography and endovascular intervention.

6 Angiography
6.1 Catheter angiography is helpful in conditions of massive gastrointestinal bleeding and
chronic bleeding not localized by other means; it can provide treatment by means of
embolization.
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GI7 Small bowel obstruction

REMARKS

1 Plain radiograph
1.1 Often the first line investigation to detect the presence of obstruction."
1.2 Useful to establish if bowel obstruction is high or low grade.”
1.3 For patients in whom a strong clinical suspicion of small bowel obstruction is present,
consideration should be given to immediate cross-sectional imaging, particularly CT.”

2.1 Standard CT, performed with an intravenous (IV) contrast if possible, but generally
without oral contrast, is the primary imaging modality for evaluating small bowel
obstruction and should be strongly considered in the initial evaluation of patients with
suspected high-grade small bowel obstruction.’

2.2 When abdominal X-ray (AXR) is equivocal and low-grade, and subacute small
bowel obstruction is suspected clinically, CT enteroclysis has a higher site-specific
sensitivity and specificity than standard CT.”

3 Small bowel study

3.1 In suspected small bowel obstruction due to adhesions, presence of water-soluble
contrast in the colon on a plain radiograph obtained 24 hours after oral administration
of 100 ml water-soluble contrast medium is a good predictor of resolution without
operation.”

3.2 Fluoroscopic small bowel examinations play a much less substantial role and should
not be used as a primary imaging modality in diagnosing an acute small bowel
obstruction.’

3.3 If intermittent, recurrent, or low-grade small bowel obstruction is a primary concern,
an enteroclysis is likely the next best test.’
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4 MRI
4.1 Children and in particular pregnant patients with known or suspected small bowel
obstruction, as well as younger patients with repeated episodes of obstruction, are the
ideal population to undergo MRI. In pregnant patients, only non-contrast sequences
are obtained. In non-pregnant individuals, sequences with or without IV gadolinium
contrast can be performed.’
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GI 8 Large bowel obstruction

REMARKS

1 Plain radiograph
1.1 When acute large bowel obstruction is suspected, abdominal X-ray (AXR) may be
used as an initial examination to help establish the diagnosis and to indicate the likely
level.'
1.2 Erect AXR is not indicated routinely. It may be taken when supine AXR is normal
but there is strong clinical suspicion of bowel obstruction.

2.1 CT is the investigation of choice after AXR. It will confirm the diagnosis, delineate
the level of acute large bowel obstruction and can also identify the cause.”

2.2 CT is also used for evaluation of extrinsic lesions and for staging of confirmed
carcinoma.

3 Contrast enema
3.1 Helps to exclude pseudo-obstruction.
3.2 May consider it for problem solving if CT is not available or equivocal.'
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GI 9 Palpable abdominal mass

REMARKS
1 General
1.1 The choice of examination depends on the symptoms and the organs suspected to be
abnormal.

1.2 US and CT should precede barium studies to avoid barium related artefacts.

2 Plain radiograph
2.1 Plain radiograph is of limited value.

3 Fluoroscopy
3.1 Request should clearly indicate areas of interest so that the most appropriate studies can
be employed, e.g. small bowel enema for small bowel lesions.

4 US
4.1 US is useful in hepatobiliary system, kidneys and female pelvis but may be limited by
bowel gas in both iliac fossae.

5 CT
5.1 CT is a useful alternative to US to exclude a lesion especially in obese patients and to
provide excellent survey of the abdominal organs and retroperitoneum.

6 MRI
6.1  MRI may be used to evaluate complex lesions not definitely characterized by US or CT.”

(-]
2
[
-
=
=
=
-
[1-]
w
=
=
=
=
2
=
=
=]
=
-

REFERENCES

1. The Royal College of Radiologists. iRefer: Making the best use of clinical radiology. 7th ed. London: The Royal
College of Radiologists; 2012. Section G21.

2. Yaghmai V, Yee J, Cash BD, et al. ACR Appropriateness Criteria® Palpable Abdominal Mass. Available at https://
acsearch.acr.org/docs/69473/Narrative/. American College of Radiology. Accessed 2017 May 20.

105



GI 10 Suspected liver mass in cirrhotic patients

Nodule detected by US

v

Dynamic CT/MRI

Optional testing

Hepatocyte-specific contrast enhanced
MR, diffusion weighted MRI
PET-CT

Contrast-enhanced US

CT angiography

Liver tumour biopsy

\

—

availability.

# 3" JSH HCC Evidence-based guidelines recommend 3 months interval. Actual time interval for
investigation and choice of tests will vary between hospitals depending on resources and machine
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GI 10 Suspected liver mass in cirrhotic patients

REMARKS

1 General

1.1

Radiological investigations are essential in detecting hepatomegaly (and its cause)
and liver masses. It is useful in differentiating benign and malignant hepatic lesions
and in assessing the resectability of liver tumours.

The American Association for the Study of Liver Disease (AASLD) and European
Association for the Study of Liver (EASL) guidelines propose a diagnostic algorithm
starting from the tumor size, whereas the Asian Pacific Association for the Study of
the Liver (APASL) and Japanese Society of Hepatology (JSH) guidelines recommend
an algorithm starting from arterial tumour vascularity (hyper- or hypovascular in the
arterial phase).

US is the best initial imaging modality as it is non-invasive and sensitive in detecting
liver lesions. It is a screening test and not a diagnostic test for confirmation.
Contrast-enhanced US is considered as sensitive as dynamic CT or MRI in the
diagnosis of hepatocellular carcinoma (HCC).

3 CT and MRI

3.1

3.2

Dynamic CT or MRI is recommended as a first-line diagnostic tool for HCC when a
screening test result is abnormal.

Hallmark of HCC during CT or MRI is the presence of arterial enhancement,
followed by washout of the tumour in the portal-venous and/or delayed phases. The
AASLD and EASL guidelines accept only four-phase CT and dynamic contrast MRI
for HCC diagnosis, whereas the APASL and JSH guidelines also accept contrast-
enhanced US.

Various studies have verified the usefulness of liver specific contrast enhanced MRI.
It is included in the Japanese Society of Hepatology Liver Cancer Study Group 2014
Surveillance and Diagnostic Algorithm of HCC.

4 Nuclear Medicine

4.1

4.2

4.4

Fluorodeoxyglucose (FDG) PET has limited sensitivity for well differentiated HCC.
Its low sensitivity is due to low uptake in well-differentiated HCC. However, focal
FDG hypermetabolism in liver suggests high likelihood of malignancy (primary or
secondary). False positive includes liver abscess.

For identification of intrahepatic HCC lesions, limited evidence found PET with
C-11 acetate and other alternative tracers such as F-18 fluorocholine and F-18
fluorothymidine have substantially higher sensitivity than F-18 FDG PET. Currently
PET is not a routine diagnostic tool according to most of the international guidelines.
F-18 FDG PET-CT was useful in ruling in extrahepatic metastases of HCC and
valuable for ruling out recurrent HCC.

Tc-99m sulfur colloid scintigraphy (+/- Tc-99m mebrofenin scintigraphy) is helpful
in differentiation of focal nodular hyperplasia from other hepatic lesions that do not
contain Kupffer cells (e.g. hepatic adenoma and HCC).
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GI 10 Suspected liver mass in cirrhotic patients

5 Angiography
5.1 Angiography does not assume a major diagnostic role in modern liver imaging and is
superseded by CT and MRI.
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GI 10 Suspected liver mass in cirrhotic patients
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GI 11 Jaundice in adult

REMARKS

1

UsS

1.1 US is a non-invasive, accurate and reliable technique for assessing the gallbladder,
common bile duct and intrahepatic ducts, and should be employed as the primary
investigation for evaluating the biliary system. It is also valuable in the detection of
liver diseases.

1.2 US detection of pancreatic lesion is less reliable in certain patients, mainly due to
overlying bowel gas.

Nuclear medicine

2.1 In very early biliary obstruction, nuclear medicine may be useful as US may not
detect abnormality in the liver. Alternatively, a repeat US may show progressively
dilated bile ducts. US is preferred as the initial screening test to provide anatomic
details of the bile ducts.

2.2 Hepatobiliary scintigraphy provides a non-invasive method for evaluation of biliary
system patency.

3.1 CT is indicated when tumour is suspected and when US is inadequate.
3.2 Tt is very sensitive in detecting gallstones, air in the biliary tree and extrahepatic
lesions obscured by bowel gas on US.

MRI

4.1 MRI can demonstrate both the site and cause of biliary obstruction. For detection of
ductal calculi, magnetic resonance cholangiopancreatography (MRCP) is the most
sensitive non-invasive technique.’

Cholangiography

5.1 Cholangiography by endoscopic retrograde cholangiopancreatography (ERCP) or
percutaneous transhepatic cholangiogram (PTC) is the definitive imaging modality
in the assessment of the biliary tree but both are invasive. ERCP is better for low
obstruction while PTC is more reliable for high obstruction.

5.2 Due to significant advances in cross-sectional imaging, in particular the advent
of MRCP, ERCP currently has an almost exclusively therapeutic role. The main
indication for ERCP remains management of common bile duct stones. It also
remains the standard for stent placement in cases of obstructive jaundice.®

Endoscopic US

6.1 Endoscopic US is the most accurate method for the detection of small ductal stones
and small papillary or periam7pu11ary tumours. It allows biopsy of the pancreas
without risk of tumour seeding.
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GI 12 Suspected biliary disease in adult

REMARKS

1 Plain radiograph
1.1 Abdominal X-ray (AXR) is not indicated as the majority of gallstones are not radio-
opaque.

2.1 US is the initial imaging modality of choice in the work-up of suspected biliary
disease as it is sensitive to diagnose gallstones and gallbladder diseases.

2.2 Although cholescintigraphy is recognized to have a higher sensitivity and specificity,
US remains the initial test of choice for imaging patients with suspected acute
cholecystitis for a variety of reasons, including greater availability, shorter study
time, lack of ionizing radiation, morphologic evaluation, confirmation of the presence
or absence of gallstones, evaluation of intrahepatic and extrahepatic bile ducts, and
identification or exclusion of alternative diagnoses."'

3.1 CT plays an important role in the detection of complications of acute cholecystitis in
patients who fail to improve on conventional treatment."’
3.2 CT also plays a role in the staging of malignant biliary disease. It has the advantage
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of detecting extrahepatic metastases.

4 MRI
4.1 MRI including magnetic resonance cholangiopancreatography (MRCP) is a non-
invasive method to assess the biliary tree.

5 Cholangiography
5.1 Endoscopic retrograde cholangiopancreatography (ERCP) and percutaneous
transhepatic cholangiogram (PTC) provide direct imaging of the biliary tree but are
not very reliable in diagnosing gallbladder calculi. Stone extraction can be performed
at the same time during ERCP.
5.2 PTC is good for hilar ductal obstruction and its management.
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GI 12 Suspected biliary disease in adult
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6 Cholescintigraphy

6.1

6.2

Cholescintigraphy has the highest sensitivity and specificity in patients suspected
with acute cholecystitis."”” In clinically equivocal cases, cholescintigraphy should be
considered.

Cholescintigraphy is indicated in a number of hepatobiliary diseases,” including:
acute cholecystitis, chronic cholecystitis (with gallbladder ejection fraction
calculation), functional biliary pain syndromes, sphincter of Oddi dysfunction,
assessment of biliary system patency and bile leakage, liver transplant assessment etc.



GI 12 Suspected biliary disease in adult

REFERENCES
1. Lim JH, Ko YT, Kim SY. Ultrasound changes of the gallbladder wall in cholecystitis: a sonographic-pathological

10.

11.

12.

13.

correlation. Clin Radiol. 1987; 38: 389-393.

Mittelstaedt CA. Ultrasound of bile ducts. Semin Roentgenol 1997; 32: 161-171.

Feng B, Song Q. Does the common bile duct dilate after cholecystectomy? - sonographic evaluation in 234
patients. AJR Am J Roentgenol. 1995; 165: 859-861.

Robledo R, Muro A, Prieto ML. Extrahepatic bile duct carcinoma: US characteristics and accuracy in
demonstration of tumors. Radiology. 1996; 198: 867-873.

Chang VH, Cunningham JJ, Fromkes JJ. Sonographic measurement of the extrahepatic bile duct before and after
retrograde cholangiography. AJR Am J Roentgenol. 1985; 144: 753-755.

Sirinek KR, Levine BA. Percutaneous transhepatic cholangiography and biliary decompression - invasive,
diagnostic, and therapeutic procedures with too high a price?. Arch Surg. 1989; 124: 885-888.

Elias E, Hamlyn AN, Jain S, Long RG, Summerfield JA, Dick R, et al. A randomized trial of percutaneous
transhepatic cholangiography with the Chiba needle versus endoscopic retrograde cholangiography for bile duct
visualization in jaundice. Gastroenterology. 1976; 71: 439-443.

Fleischmann D, Ringl H, Schofl R, Potzi R, Kontrus M, Henk C, et al. Three-dimensional spiral CT
cholangiography in patients with suspected obstructive biliary disease: comparison with endoscopic retrograde
cholangiography. Radiology. 1996; 198: 861-868.

Gulliver DJ, Baker ME, Cheng CA, Meyers WC, Pappas TN. Malignant biliary obstruction: efficacy of thin-
section dynamic CT in determining resectablility. ATR Am J Roentgenol. 1992; 159: 503-507.

The Royal College of Radiologists. iRefer: Making the best use of clinical radiology. 7" ed. London: The Royal
College of Radiologists; 2012. Section G28.

Yarmish GM, Smith MP, Rosen MP, et al. ACR Appropriateness Criteria® Right Upper Quadrant Pain. Available at
https://acsearch.acr.org/docs/69474/Narrative/. American College of Radiology. Accessed 2017 June 6.

Tulchinsky M, Ciak BW, Delbeke D, Hilson A, Holes-Lewis KA, Stabin MG, et al. SNM Practice Guideline for
Hepatobiliary Scintigraphy 4.0. J Nucl Med Technol. 2010; 38: 210-218.

Kiewiet JJ, Leeuwenburgh MM, Bipat S, Bossuyt PM, Stoker J, Boermeester MA. A systematic review and meta-
analysis of diagnostic performance of imaging in acute cholecystitis. Radiology. 2012; 264: 708-720.

115

(-]
2
[
-
=
=
=
-
[1-]
w
=
=
=
=
2
=
=
=]
=
-






Uroradiology




gl
Wy 1

f




UR 1 Renal trauma

Contrast CT with delayed phase

Grade 1 -2

Observe, bed
rest, serial
haemoglobin,
antibiotics

Suspected adult penetrating renal trauma

Determine haemodynamic stability

Stable Unstable

Grade 3 Grade 4 - 5
\
in'lﬁi?ff;afigin Renal exploration
J d J "~ (Reconstruction or nephrectomy)
laparotomy

Renal injuries are classified into grades 1 to 5 based on the severity of the injury using the American
Association for the Surgery of Trauma (AAST) organ injury severity scale:

- Grade 1:
- Grade 2:
- Grade 3:

- Grade 4:

- Grade 5:

Contusion or nonexpanding subcapsular haematoma without parenchymal laceration.
Non-expanding perirenal haematoma laceration <1 cm deep without extravasation.
Laceration >1 cm without urinary extravasation.

Laceration extending through renal cortex into collecting system, or segmental renal artery
or vein injury with contained hemorrhage, or partial vessel laceration, or vessel thrombosis.

Laceration with shattered kidney, or renal pedicle injury, or avulsion of renal hilum.
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UR 1 Renal trauma

120

REMARKS

1 General

1.1

Surgical operation should be given first priority if the patient is haemodynamically
unstable.

2 Intravenous urogram (IVU)

2.1

3.1

3.2

4 CT
4.1
4.2

43

The use of IVU is recommended when it is the only modality available. IVU can be
used to establish the presence or absence of one or both kidneys, clearly define the
parenchyma, and outline the collecting system. The most significant findings are non-
function and extravasation.

US should not be used as a primary imaging modality because it gives no information
about the renal function and may show an apparently normal kidney when the renal
artery is occluded.

While the role of Focused Assessment with Sonography for Trauma (FAST) in
the haemodynamically unstable trauma patient is well recognized, its utility in the
haemodynamically stable patient is more controversial, as CT is usually required for
precise delineation of underlying injuries.

US is useful for the routine follow-up of parenchymal lesions or haematomas in the
intensive care unit and for serially evaluating stable injuries for the resolution of
urinomas and retroperitoneal haematomas.

CT is currently the gold standard to assess renal trauma.

Contusions, lacerations (and their extent), extra-renal haematomas and urinary
extravasation can all be identified on CT.

Intravenous contrast administration is necessary.

5 Angiography

5.1

Arteriography has a high degree of specificity in detecting the bleeder, it is usually
performed as part of a therapeutic embolization and directed towards a suspected
abnormality detected on contrast-enhanced CT. The additional contrast load
administered during embolotherapy does not seem to have long-term impact on renal
function. Embolotherapy has been shown to be safe and effective in the management
of renovascular injuries and may be associated with shorter hospital stay compared to
surgical intervention.
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UR 2 Lower urinary tract injury

REMARKS

1 Plain radiograph
1.1 Approximately 10% of patients with pelvic fracture have an associated bladder injury.
1.2 About 70% of bladder injuries have an associated pelvic fracture. The severity of the
pelvic injury roughly correlates with the likelihood of bladder and urethral injury.
1.3 About 10% of male patients with pelvic fracture have posterior urethral injury.
1.4 Can look for any foreign body e.g. bullet.

2 Cystogram and urethrogram
2.1 Catheterization into urinary bladder should only be performed after an associated
urethral injury has already been excluded by a retrograde urethrogram. Cystogram
should be performed with a suprapubic catheter in a patient with urethral injury.
2.2 A normal cystogram cannot exclude bladder contusion (type 1 injury), which is a
diagnosis by exclusion.

3 CT Pelvis with bladder contrast (CT cystography)

3.1 CT cystography is a variation of the traditional fluoroscopic cystogram. Instead of
anterograde opacification of the urinary collecting system (as with CT urography),
contrast is instilled retrograde into the patient's bladder, and then the pelvis is imaged
with CT.

3.2 Fluoroscopic and CT cystography are considered equivalent for suspected bladder
rupture.

3.3 CT pelvis with CT cystography is considered to be the investigation of choice for
patients with blunt trauma as about 80% of patients with bladder injuries due to blunt
trauma have associated pelvic fractures which can be detected by CT pelvis.
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UR 3 Acute renal failure

REMARKS

1 Intravenous urogram (IVU)
1.1 IVU has no role in acute renal failure.

2 US
2.1 US should be the initial imaging study. It helps to differentiate potentially reversible
acute renal failure from chronic end-stage renal disease. In cases of chronic renal
failure, US can define the renal sizes and their echogenicity, presence of pelvicalyceal
dilatation and cystic disease.
2.2 Color Doppler US can be used to assess the renal arterial supply and venous drainage.

3 Nuclear medicine
3.1 Renal scan provides assessment of global and differential renal function which may
reflect the potential reversibility of the renal failure. It is generally not useful in
clinical decision making.

4.1 CT is of value for ruling out stone disease, surveying the retroperitoneum for masses
in patients with suspected post-renal cause of dysfunction.

5 MRI
5.1 In hypertensive patients or in those with extensive peripheral atherosclerotic vascular
disease, magnetic resonance angiogram (MRA) with/without contrast is useful for
detecting renal artery stenosis when duplex Doppler US is negative or non-diagnostic.

6 Pathological diagnosis
6.1 Percutaneous US-guided renal biopsy yields tissue for pathological examination
in patients with intrinsic renal dysfunction, such as glomerular, vascular or
tubulointerstitial diseases.
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UR 4 Acute flank pain

REMARKS

1 General
1.1 Renal calculi tend to be recurrent, and flank pain is a non-specific symptom that may
be associated with other entities; therefore, evaluation with imaging is recommended
at the initial presentation.

2 Plain radiograph

2.1 Kidney, ureter and bladder radiograph (KUB) may be sufficient to diagnose
ureterolithiasis in patients with known stone disease and previous KUBs. The
sensitivity of the KUB for ureterolithiasis in other patients is poor.

2.2 While the KUB may be a valuable part of the intravenous urogram (IVU) or US
evaluation of flank pain, it has a very limited role when used alone, and it should not
be used to triage which patients should receive non-contrast computed tomography
(NCCT).

3 IVU
3.1 The IVU is the previous standard study for ureterolithiasis and is still the best
investigation if NCCT is not available. It provides information regarding site and
degree of obstruction, size of stone, and effect of obstruction on renal excretion.

4.1 US is particularly useful in patient with high risk of contrast media reaction or
pregnancy.

4.2 The size of stones cannot be measured accurately and ureteric stones may not be
shown on US.

4.3 When US is combined with KUB, it can increase the capability to detect small stones
and more accurately measure stone size.
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5.1 NCCT as the initial study in evaluating flank pain, numerous investigations have
confirmed it to be the study with the highest sensitivity (95%-96%) and specificity
(98%) for ureterolithiasis. Stone size can be measured accurately in cross-section,
aiding in predicting outcome. Stone location, accurately depicted by NCCT, has also
been associated with spontaneous stone passage rates, with the more proximal stones
having a higher need for intervention.

5.2 NCCT is also reliable for diagnosing flank pain due to causes other than

ureterolithiasis such as appendicitis and diverticulitis.

When CT is available, it is the best first study in the non-pregnant adult presenting

with flank pain likely to be due to stone disease, and it has been shown to be more

cost-effective than IVU.

W
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UR 5 Haematuria

REMARKS

1

General

1.1

Haematuria can originate from any site in the urinary tract and be due to a wide range
of causes, which can be roughly divided into renal, urothelial, or prostatic causes.
Thorough evaluation of gross haematuria is recommended, and this is usually done
with a combination of clinical examination, cystoscopic evaluation, and urinary tract
imaging.

Patients on anticoagulants who present with gross or microscopic haematuria have a
sufficiently high prevalence of important disease including tumours such that workup
cannot be forgone.

In comparison to gross haematuria, the situation is somewhat different in patients with
microscopic haematuria. The recommended definition of microscopic haematuria
is three or more red blood cells per high-power field on microscopic evaluation of
urinary sediment from two of three properly collected urinalysis specimens.

Young women with a clinical picture of simple cystitis, and other patients whose
haematuria completely and permanently resolves after successful therapy, are unlikely
to benefit from any imaging.

Intravenous urogram (IVU)

2.1

IVU has low sensitivity for detecting renal masses <2-3 cm in size, and even if a
mass is visualized, further cross sectional studies such as US, CT, or MRI are then
necessary to characterize the mass.

Retrograde pyelography

3.1

US
4.1

CT
5.1

Retrograde pyelography does not rely on renal excretion of intravascular contrast. In
patients with impaired renal function, or contraindications to computed tomography
urogram (CTU) or magnetic resonance urogram (MRU), or suboptimal CTU or MRU,
a retrograde pyelography may be a reasonable adjunct to cystoscopy in patients with
suspected upper tract lesions.

US still has a role in the initial workup of haematuria to search for bleeding urinary
tract lesions. It is especially useful in radiation-sensitive populations, such as
children and pregnant or child-bearing age women, to detect renal calculi and renal
masses.

In patients in whom glomerular disease is the cause of haematuria, US can examine
the renal parenchyma and follow disease progression. US can evaluate renal length,
echogenicity, cortical thickness, and parenchymal thickness.

Numerous studies have established that CTU is superior to IVU for detecting upper
tract urothelial lesions in patients with haematuria. In a meta-analysis, CTU was
proved to be a very sensitive and specific method for the detection of urothelial
malignancy with pooled sensitivity of 96% and pooled specificity of 99%, and was
superior in direct comparison to IVU in terms of sensitivity and specificity.
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UR 5 Haematuria
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6 Cystoscopy

6.1 Cystoscopy is still considered to be the optimal technique to detect the plaque-like
lesions of early bladder cancers, although newer studies suggest that a properly
performed CTU in an adequately distended bladder is quite sensitive in detecting
bladder cancer. Patients with no bladder abnormality on CTU can proceed to office
cystoscopy, while those with a suspected bladder neoplasm can undergo cystoscopy
in the operating room with intent to biopsy.

Angiography

7.1 Rarely, vascular disorders such as aneurysms, arteriovenous malformations or
obstruction of a calyx from overlying artery (Fraley’s syndrome) may result in
haematuria. In these suspected situations, catheter angiography may be useful for
diagnosis and for therapeutic interventions.

MRI

8.1 MRI is an excellent technique to evaluate the renal parenchyma for masses and
other abnormalities; it is inferior to CTU and IVU in detection of small stones and
urothelial lesions.

Pathological diagnosis
9.1 Renal biopsy should be performed for cases suspected to have glomerulonephritis.
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UR 6 Renal mass

Renal mass
US Doppler
Typical benign Cystic lesion Solid lesion
cyst
Stop or aspirate CT +/- contrast
if symptomatic CT /- contrast /MRI
Bosniak
classification
Type 1 or 2 Type 2F Type 3 or 4 Sus;_)ected Benign S A
carcinoma or renal artery
l aneurysm
Biopsy
v \/ \/ l \/
US/CT follow Partial/totalnephrectomy US/CT Angiography and
No workup . .
up ~6 months or ablation follow up Intervention

Bosniak Classification 2005 version

Bosniak 1

* simple cyst: imperceptible wall, rounded

Bosniak 2

¢ minimally complex: a few thin <1 mm septa or thin calcifications (thickness notmeasurable); non-enhancing
high-attenuation (due to proteinaceous or haemorrhagic fluid) renal lesions of less than or up to 3 cm are also
included in this category; these lesions are generally well marginated

Bosniak 2F

¢ minimally complex: increased number of septa, minimally thickened wall or septa with nodular
or thick calcifications but no measurable contrast enhancement, hyperdense (>20 Hounsfield unit) cyst >3 cm
diameter, mostly intrarenal (less than 25% of wall visible)

Bosniak 3

¢ indeterminate: thick, nodular multiple septa or wall, with measurable enhancement, hyperdense on CT (see 2F)

Bosniak 4

¢ clearly malignant: solid mass with a large cystic or a necrotic component
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UR 6 Renal mass

REMARKS

1

Plain radiograph
1.1 Kidney, ureter and bladder radiograph (KUB) has a very low sensitivity and
specificity in detecting renal mass.

2 Intravenous urogram (IVU)

2.1 IVU with nephrotomography has only 67% sensitivity in detecting renal masses <3
cm in diameter, and without tomography the sensitivity is even less. It is rarely used
in current management of the indeterminate renal mass.

3 US

3.1 When all the criteria of a simple benign cyst (anechoic, good through transmission,
thin, sharply marginated, smooth walls) are found on US, no further imaging study is
needed.

3.2 A hyperechoic mass is highly suggestive of angiomyolipoma. CT or angiogram may
be required in doubtful cases.

4 CT

4.1 CT is used to clarify all hypoechoic masses or complex cysts not fulfilling all the
criteria of a simple cyst e.g. cyst with septa, thick or calcified walls, infection or
haemorrhage.

4.2 CT is more accurate than US in detecting small renal lesions less than 1.5cm. Small
lesion <1.5cm suspected to be renal cell carcinoma can be followed up by CT at
6-month, 1 year and then yearly interval.

4.3 Demonstration of a small amount of fat in a lesion on CT can accurately suggest an
angiomyolipoma.

5 MRI

5.1 MRI is indicated when CT cannot be performed due to the risk of contrast media
reaction or renal insufficiency.

5.2 MRI is as accurate as CT. However, MRI is more sensitive in detecting thrombus in
renal veins and inferior vena cava.

6 Angiography

6.1 Although two-thirds of renal tumours have enough vascularity to allow identification
of tumour neovascularity, one-third will be of such a hypovascular or “avascular”
state that angiography will not help identify the lesion as benign or malignant.

6.2 Angiogram is useful to exclude arteriovenous malformation (AVM) and renal artery
aneurysm.

7 Pathological diagnosis

7.1 Tissue diagnosis is rarely necessary in establishing diagnosis of renal mass and a
negative result does not exclude malignancy. However, it is useful to confirm infected
cyst, lymphoma and metastasis.
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UR 7 Prostatism

REMARKS

1

Pelvic US / Transrectal US

1.1 Both transabdominal US and transrectal US (TRUS) are equally accurate for
measuring prostate volume. Identifying the size of the prostate is important since it
helps determine the type of therapy indicated.

1.2 The US pattern is still too nonspecific to differentiate benign from malignant prostate
lesions. TRUS-guided biopsy greatly improves accuracy.

1.3 Generally TRUS is more accurate than CT in detecting capsular transgression but the
accuracy does not appear high enough to support decision regarding the operability of
individual lesion.

1.4 TRUS allows volume correlation with PSA level.

Nuclear medicine
2.1 Bone scan is important in staging of prostate cancer and sensitive for bone metastasis
detection.

CT
3.1 CT is used in staging pelvic extent of prostate cancer.
3.2 CT has not proven to be of much value in evaluating the benign, enlarged prostate.

MRI

4.1 The primary indication for MRI of the prostate is in the evaluation of prostate cancer
after an ultrasound guided prostate biopsy has confirmed cancer in order to determine
if there is extracapsular extension.

4.2 MRI is also useful in evaluating prostate size, although other less costly procedures,
such as US, are preferred.

4.3 Increasingly MRI is also being used to detect prostate cancer particularly when the
PSA is persistently elevated, but routine TRUS biopsy is negative; and to localize and
stage a newly diagnosed prostate cancer for optimal treatment.
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UR 8 Acute scrotal pain

REMARKS

General

1.1 For surgery to be successful, the diagnosis of acute torsion must be established within
4-8 hours from the onset of pain.

1.2 Patients in whom there is strong clinical suspicion for testicular torsion can be
promptly referred for scrotal exploration.

2.1 The studies should include both the scrotum and inguinal areas.

2.2 US can localize a scrotal swelling to see whether it is arising from the testis or from
the epididymis and to distinguish a varicocele from a hydrocele.

2.3 Color Doppler US can reliably assess blood flow within the testis. Blood flow is
markedly reduced or absent in torsion of testis but is increased in epididymo-orchitis.
In adults, with careful study and appropriate equipment, the specificity is close to
100%. Overall sensitivity is about 90%. False negatives may be found in incomplete
torsion (less than 180 degrees) and in spontaneous de-torsion. Color Doppler US
should be used in cases of suspected torsion or epididymo-orchitis.

2.4 Imaging in clinically equivocal cases may lead to an early diagnosis of testicular
torsion and thus decrease the number of unnecessary surgeries.

Nuclear medicine

3.1 Testicular scan has 90% sensitivity and 98% specificity in assessing testicular torsion.

3.2 Testicular scan is uncommonly requested nowadays given the high accuracy of US.
It may be used when diagnosis is less likely and if torsion of the testis still cannot
be excluded from history and physical examination. This should be done without
inordinate delays for emergency intervention.

3.3 Problems in examination performance may arise in infants and very small children
whose genitalia are small and therefore difficult to image. Its poor anatomical
detailing, and the time required for radionuclide scrotal imaging examinations are
also limiting factors.

MRI

4.1 Techniques are not typically used for the acute scrotum due to the limited availability
of equipment and the long examination time involved. However, the use of MRI
in scrotal diseases is increasing. A retrospective study reports that MRI has 93%
sensitivity and 100% specificity for diagnosing testicular torsion.

4.2 The most sensitive finding in torsion is decreased or lack of perfusion on dynamic
contrast-enhanced MRI.
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UR 9 Imaging in prostate cancer

REMARKS
1 US and MRI are the most well established techniques for local imaging of prostate.
2 CT and Bone scans are traditionally used for high-risk patient or metastatic disease.

3 Choosing the correct imaging modality should be individualized based on consideration
of the clinical parameters that are predictive of the likelihood of extra-prostatic extension,
seminal vesicle invasion and metastatic disease. Clinical parameters to take into account
include the pretreatment prostatic specific antigen (PSA) level and the rate of rise or
doubling time, the Gleason score and sometimes the number of positive biopsies, including
percentage of the core involved.

4 Imaging in low-risk patients is likely to have a low yield in detection of tumor. There may
be a role for MRI in the context of active surveillance for low-risk patients.

5 For intermediate-risk and high-risk individuals, imaging has a role in staging and in
selecting or tailoring therapy. MRI appears to be the most accurate imaging test available
for local staging of the prostate, providing both loco-regional and nodal evaluation.
Consensus is building around multi-parametric MRI (mpMRI) as the most accurate and
useful approach. T2 weighted imaging with diffusion weighted imaging, dynamic contrast
enhanced imaging and magnetic resonance spectroscopy imaging appear to be useful
adjuncts depending on radiologist preference and experience.

6 Bone scan and CT is helpful for staging of localized disease with high-risk:
6.1 clinical T3/T4, or
6.2 T1 and PSA >20, or
6.3 T2 and PSA >10, or
6.4 Gleason score >8, or
6.5 any stage with symptoms suggestive of bone metastases
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7 Bone scan is also useful for evaluation after radical treatment:
7.1 After prostatectomy: if PSA fails to drop to undetectable level, or detectable PSA that
increased on 2 subsequent times.
7.2 After radiotherapy: if increasing PSA or positive digital rectal examination (to
determine if patient needs additional local therapy or systemic treatment)

8 Bone scan is particularly important in metastatic prostate cancer for disease monitoring,
9 When there is strong clinical suspicion for the presence of prostate cancer in an individual
due to rising or persistently high PSA despite (generally multiple) negative biopsy

sessions, MRI may be useful in identifying suspicious regions in the prostate that can be
targeted for diagnosis.
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10 Gallium-68 prostate specific membrane antigen PET (68Ga-PSMA-PET) imaging is

11

currently under rapid development and has been shown to be useful in localized, advanced,

as well as recurrent disease. 68Ga-PSMA-PET holds great future promise with emerging

indications including:

10.1 localized disease: for primary staging in high risk group

10.2 advanced disease: for disease monitoring, as well as staging before and during
PSMA-directed radiotherapy for metastatic castration-resistant prostate cancer

10.3 recurrent disease: for localization of tumor

10.4 for targeted biopsy after previous negative biopsy in patient with high suspicion of
prostate cancer

C11-Choline PET imaging is a reasonable alternative for imaging local recurrence, nodal
and distant metastasis in prostate cancer. However, its uptake overlaps between benign and
malignant prostatic pathology and does not correlate with tumour grading, PSA, Gleason
score.
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MS 1 Acute osteomyelitis

REMARKS

1 Plain radiograph

1.1 Regional radiographs should be the initial examination to determine whether there is
any underlying pathological condition.

1.2 Typical findings of bone destruction and periosteal reaction may not appear until 10-
21 days after the onset of infection because 30-50% of bone density loss must occur
before radiographs become abnormal.

1.3 Plain radiographs are unreliable to establish the diagnosis of osteomyelitis in patients
with violated bone.

1.4 Plain radiographs of spine are not sensitive to detect vertebral osteomyelitis but
findings of endplate destruction and progressive narrowing of adjacent disc space are
highly suggestive of infection.

2 Nuclear medicine

2.1 Scans should be interpreted with contemporary radiographs.

2.2 Three-phase Technetium-99m methylene diphosphonate (Tc-99m-MDP) bone scan
2.2.1  Bone scan is more sensitive than plain radiography (up to 90% sensitivity).
2.2.2  Bone scan can be positive as early as 3 days after onset of disease (10-14

days earlier than plain radiograph).

2.3 Gallium scan
2.3.1  Gallium scan is helpful as conjunction with a bone scan. Combined gallium

and bone scan studies has sensitivity of 81-90% and specificity of 69-100%

2.4 White blood cells (WBC) scan
2.4.1  This is sensitive and specific for bone infection and particularly useful in

violated bone.

2.5 Flurodeoxyglucose (FDG) PET
2.5.1 It has high accuracy (up to 96%) for confirming or excluding chronic
osteomyelitis.
2.5.2 It may be an alternative to MRI if suspecting chronic osteomyelitis. ?
=
3 CT g
3.1 CT is useful to accurately define sequestra, soft tissue abscesses and bone destruction, E
and to guide biopsy. g
3.2 Sequestra, cortical destruction, periosteal reaction and intraosseous gas undetected on E
MRI can be well seen on CT. =
=]
-
4 MRI

4.1 MRI is highly effective for detection of bone marrow edema in spine and long bones.

4.2 MRI can reveal the relationship between an infective process in spine, the adjacent
spinal canal and soft tissue.

4.3 Contrast MRI is sensitive but should be correlated with other imaging studies.
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MS 2 Non-traumatic shoulder pain

REMARKS

1 General
1.1 Pain referred to shoulder should always be borne in mind in evaluating shoulder pain.
Imaging examinations should be tailored to this regard.

2 Plain radiograph
2.1 Plain radiographs are useful for excluding skeletal abnormalities and calcific
tendinitis.
2.2 Depending on site and type of lesion, additional special projections may be required.

3.1 Tt is operator-dependent and expertise is required for diagnosing tendinosis, partial
or complete tear in cases of rotator cuff injury due to irritation or overuse of those
tendons.

It is also useful for US guided aspiration and injection.

Bone changes or labral lesions cannot be detected.

W W
W o

4 MRI
4.1 Conventional MRI
4.1.1  MRIis accurate in evaluating rotator cuff pathology.
4.1.2 It also aids in detecting other soft tissue or osseous abnormality.
4.2 MR arthrography
4.2.1  Direct arthrography technique has the benefits of intraarticular distention
by contrast with excellent anatomical details of glenoid labrum and biceps
anchoring site.

5 CT arthrography
5.1 It may be considered if the patient is contraindicated for MRI arthrography.
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MS 3 Avascular necrosis of hip

REMARKS

1 Plain radiograph
1.1 Plain radiographs should be the initial imaging examination.
1.2 Tt is useful for staging the disorder from patchy sclerosis and subchondral lucency to
collapse of the articular surface, dense bone sclerosis and fragmentation, degenerative
changes.

2 Nuclear medicine
2.1 It is highly sensitive in detecting avascular necrosis with further improvement of its
accuracy by the addition of single photon emission computed tomography (SPECT).

3.1 CT detects avascular necrosis of hip earlier than plain radiographs but it is less
sensitive than both MRI and bone scan.

3.2 Its major role is to determine the severity of secondary degenerative changes and the
extent of femoral head collapse.

4.1 MRI is the preferred method for detection of early occult avascular necrosis. It is also
useful for disease staging.

4.2 Tt detects avascular necrosis in the contralateral hip.

4.3 Tt also shows other possible causes of hip pain.
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MS 4 Primary bone tumour

REMARKS

1 Plain radiograph
1.1 Regional radiographs are necessary for suspected bone tumour and remain the initial
technique for the detection and characterization of tumours and tumour-like lesions.
1.2 For typical benign lesions, no further imaging is required unless there is a suspected
complication or surgery is being considered.

2 Nuclear medicine
2.1 Bone scan is helpful when bony metastasis is suspected.
2.2 Baseline bone scan can exclude multicentricity.

3 CT
3.1 CT is the preferred method for assessment of cortical involvement, cortically-based
tumours, flat bones with little marrow, and demonstration of tumour mineralization or
calcification. It is complementary to MRI in this regard.
3.2 CT is indicated for confirmation and pre-surgical localization of osteoid osteoma
following positive radiograph or bone scan.

4 MRI
4.1 MRI is the imaging modality of choice for assessment of bone marrow, soft tissue,
juxta-articular and neurovascular involvement (i.e. local staging).

5 PET/CT
5.1 PET/CT has higher sensitivity and specificity than CT, MRI and bone scan for detecting
distant metastases (except being less sensitive to pulmonary nodules).
5.2 Tt also has high sensitivity (90%), specificity (96%) and accuracy (95%) for
differentiating primary bone tumour from osseous metastases.

6 Pathological diagnosis
6.1 Staging of the primary tumour should be completed first before any biopsy.
6.2 Biopsy should be carried out in close consultation with the orthopaedic surgeon
planning the definitive treatment.
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MS 5 Soft tissue tumour

REMARKS

1 Plain radiograph

1.1 Regional radiograph should be the initial imaging examination in evaluating soft tissue
tumour, especially deep and nonpalpable one.

1.2 Radiograph helps to identify any underlying skeletal deformity (e.g. callus), exostosis
(which simulates a soft tissue mass), coexisting osseous involvement (remodeling,
periosteal reaction or overt destruction) and soft tissue calcification (e.g. phlebolith in
haemangioma).

1.3 Low kV technique is preferred to enhance radiographic density of differences between
soft tissue such as fat and muscle.

2.1 US is useful for superficial mass.

2.2 It can differentiate a localized mass from diffuse edema and solid from cystic lesion.

2.3 The role of US is to confirm the presence of a suspected lesion, identify its size,
determine its internal characteristics, and guide percutaneous biopsy.

3.1 CT is complementary to MRI in detecting soft tissue calcification or ossification and
subtle bony abnormality.
Zonal pattern of mineralization of early myositis ossificans can be seen on CT
allowing early diagnosis.

W
\]

4 MRI
4.1 MRI is the examination of choice in imaging soft tissue lesion.
4.2 Ttis also useful in post-treatment follow-up.
4.3 It can be difficult to differentiate benignancy from malignancy with imaging alone.

5 PET

5.1 PET is useful for staging and monitoring treatment response of the tumour.
5.2 Itidentifies nodal and osseous metastatic disease.

5.3 It may direct biopsy of those metabolically active areas in the tumour.
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MS 6 Screening for bone metastasis with known primary malignancy

REMARKS

1 Plain radiograph

1.1 Plain radiograph should be taken selectively corresponding to scintigraphically positive
osseous region.

1.2 Skeletal survey should only be performed in Langerhans cell histiocytosis, plasmacytoma
and multiple myeloma.

Nuclear medicine

2.1 Bone scan is a sensitive, cheap and widely available imaging modality for detection
of skeletal metastasis.

2.2 False negative bone scan results may occur in cases of Langerhans cell histiocytosis,
plasmacytoma, multiple myeloma and renal cell carcinoma.

2.3 PET/CT is valuable in evaluating multiple myeloma and Langerhans cell histiocytosis.

CT
3.1 CT is useful in defining the degree of bone destruction and therefore should only be
used in specific situations.

MRI
4.1 MRI is useful in specific situations such as marrow based lesions.
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BR 1 Palpable breast lump
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REMARKS

1. General

1.1
1.2

Less than 7% of breast cancers occur in women under 40 years of age.’
Risk factors for breast cancer are *™>*:
1.2.1  Major risk factors : BRCA1 or BRCA2 mutation
first degree relative with a BRCA1 or BRCA2 mutation
history of radiation to the chest between the age of 10
and 30
certain clinical syndromes e.g. Li-Fraumeni syndrome
1.2.2 Minor risk factors : history of lobular carcinoma in-situ or atypical lobular
hyperplasia
history of atypical ductal hyperplasia
history of breast cancer including ductal carcinoma in-situ
very dense breasts
hormonal replacement therapy
more menstrual cycles
nulliparity or late age at first live birth
obesity
never breastfed
alcohol consumption

2. Mammography (MMG)

2.1

NI
(USIN (o]

)
~

3.1
3.2

4. MRI

4.1

Diagnostic MMG is the initial exam for evaluating a palpable mass for women aged
40 or older. Because of increased radiation risk, lower sensitivity of MMG, and lower
incidence of breast cancer in younger women, US is therefore the initial imaging
modality in younger women.’

A negative MMG does not exclude breast cancer.’

Low-dose radiation increases breast cancer risk among high-risk women especially at
a younger age.”

The risk of developing breast cancer from radiation exposure secondary to MMG in
women under the age of 35 is estimated to be 7 excess cancers per million women per
year per rad.’

US is useful in avoiding unnecessary biopsy of cysts.’

US is helpful in differentiating benign from malignant solid masses but tumours like
medullary and colloid carcinoma may look benign sonographically.’

For evaluation of a palpable mass, US is the modality of choice for women under age of
30 and can also be used as the first line investigation for women aged 30 to 39 years.’

MRI may be useful for evaluating the extent of biopsy proven breast malignancy in
glandular tissue. Otherwise it is less cost-effective than MMG and US as the initial
imaging examinations for evaluating palpable mass.’



BR 1 Palpable breast lump

5. Pathological diagnosis

5.1 If a palpable mass is not visible by either MMG or US, the lesion should be assumed
to be solid, and biopsy should be considered if the clinical findings are suspicious of
malignancy.’
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BR 2 Mammography for self-referral asymptomatic woman

REMARKS

Woman categories Mammography Comment

Aged 40 years and over | Indicated Randomized controlled trials, population
studies and meta-analyses have shown that
screening by mammography (MMG) can
reduce mortality in breast cancer in women
aged 40 years or above." The American
Cancer Society recommends starting
annual MMG screening at the age of 40 and
continuing it though the women are in good
health.” The American College of Radiology
and the Society of Breast Imaging also
recommend women with average risk for
breast cancer to start annual screening

from age 40." In Sweden, the breast cancer
screening programme covers women
between 40 and 74 years of age with MMG
every two years.

Whilst there is evidence of a mortality
reduction from MMG screening in women
between the ages of 40-50 years, it should be
acknowledged that there is no good quality
evidence of a mortality reduction from
screening women over the age of 70 and the
risk of over diagnosis is substantially greater.

Advice from clinicians and shared decision
making with the women are important.
Benefits and risks of screening should be
discussed between the women and the
clinician. The decision whether “to screen
or not” should be taken together according
to the woman's values and the clinician’s
advice, after the consideration of the
presence or absence of known risk factors.'"
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Aged under 40 years Not indicated, There is no evidence of a mortality benefit
except in groups | from MMG screening of women under the
with high-risk age of 35 years. There is also a greater

or intermediate- | risk of radiation-induced breast cancer

risk from the use of diagnostic X-ray MMG in
young women. For these reasons, routine
screening of women in this age group in
the absence of significant breast cancer risk
factors is not recommended unless as part
of a formal trial."
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Groups with high-risk
or intermediate-risk

Indicated

Women who are at higher-than-average
risk of breast cancer should seek medical
advice about whether they should receive
screening, age to start and the frequency
of screening because the risk of developing
breast cancer may be sufficiently high to
justify MMG screening."”

Groups with high-risk or intermediate-risk

include:

a. women with a BRCA gene mutation and
their untested first- degree relatives';

b. women with a history of chest irradiation
between the ages of 10-30";

¢. women with personal history of breast
cancer, lobular neoplasia, atypical ductal
hyperplasia'*;

d. women with 15% or greater lifetime risk
of breast cancer."

Augmentation
mammoplasty

Indication as per
age group and
as per risk of
woman.

There is no evidence that breast
augmentation is associated with an increased
incidence of carcinoma. The risk of
prosthesis rupture as a result of compression
during MMG is extremely small and in
practical terms can be discounted."”

However, sensitivity for cancer detection
is lower than in the non-augmented breast.
Digital MMG may help."”
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OG 1 Pelvic pain

REMARKS
1 General
1.1 Caution should be taken to avoid taking abdominal and pelvic radiographs during
pregnancy.

1.2 With careful history taking, physical examination and simple laboratory tests, some of
the causes of pelvic pain such as cystitis can be diagnosed without further radiological
examinations.

1.3 Urgent life threatening conditions (e.g. ectopic pregnancy, appendicitis, ruptured ovarian
cyst) and fertility-threatening conditions (e.g. pelvic inflammatory disease, ovarian
torsion) must be considered.

Plain radiograph
2.1 Pelvic radiograph is useful to diagnose musculoskeletal causes of pelvic pain such as
sacroiliac joint disease.

UsS

3.1 US should be initial imaging test due to its ability to narrow the differential diagnosis
and lack of radiation exposure.

3.2 Transvaginal ultrasound (TVUS) has better resolution and is particularly useful for
detailed pelvic assessment. However, owing to its limited penetrating power, large
pelvic lesion may necessitate transabdominal ultrasound for complete visualisation.

3.3 For pelvic inflammatory disease (PID), a negative US examination does not rule out
infection.

3.4 Colour Doppler is useful in detection of vascular lesion and determination of
perfusion status in ovarian torsion.

CT
4.1 CT is more useful when gastrointestinal or urinary tract pathology is suspected.

MRI

5.1 With its high soft tissue contrast sensitivity, MRI is useful for further evaluation as a
problem solving tool and assessment of the disease extent.

5.2 With its lack of ionizing radiation, MRI is preferred over CT for assessing pregnant
patients; however, it is hampered by lack of widespread availability, especially in the
acute setting.
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OG 2 Pelvic mass

REMARKS

1.1 A pelvic US is the single most effective way of evaluating an ovarian mass with
transvaginal US preferred due to its increased sensitivity over transabdominal US.

1.2 A combination of the transvaginal and transabdominal routes may be appropriate for
the assessment of larger masses and extra-ovarian disease.

1.3 There is not yet a clearly established role for colour-flow Doppler in assessing ovarian
cysts.

1.4 Ovarian cysts that persist or increase in size after several cycles are unlikely to be
functional.

1.5 In large pelvic mass or suspected pelvic malignancy, renal areas should be examined
to exclude hydronephrosis.

1.6 The routine use of CT and MRI for assessment of ovarian masses does not improve
the sensitivity or specificity obtained by transvaginal US in the detection of ovarian
malignancy.

2.1 CT is useful to delineate high pelvic or iliac fossa lesion, the tumour extent, and to
assess metastasis.

MRI

3.1 With its high soft tissue contrast sensitivity, MRI is useful for further characterization
of indeterminate ovarian or uterine mass and for local staging of uterine/cervical
malignancy.

3.2 For workup of CA ovary, MRI is recommended for patients with a contraindication
to the use of iodinated contrast agents (e.g. allergy, mild-to-moderate renal
insufficiency), patients who are pregnant, patients of childbearing age with borderline
tumours (to minimize ionizing radiation exposure).
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OG 3 Suspected ectopic pregnancy

No significant pain
Adnexal mass <35mm
No foetal heart beat
Serum hCG<1500 TU/L
No intrauterine pregnancy
Patient can return for

Significant pain

Adnexal mass >35mm
Foetal heart beat visible
Serum hCG 25000 IU/L
No intrauterine pregnancy
Patient cannot return for

follow-up follow-up

=

%

Positive

Negative
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OG 3 Suspected ectopic pregnancy

REMARKS
1 Heterotopic pregnancy occurs in only 1:7000 to 1:30000 of spontaneously conceived
pregnancies. The chance is up to 1% in pregnancies after assisted reproduction techniques.
2 Apart from ectopic pregnancy, absence of intrauterine pregnancy can be due to wrong
dates or complete miscarriage.
3 Failure to detect an intrauterine gestational sac by transvaginal ultrasound when serum
hCG level is >1500 IU/L indicates an increased risk for ectopic pregnancy.
REFERENCES
1. National Institute for Health and Clinical Excellence (2012). Ectopic pregnancy and miscarriage: diagnosis and
initial management. NICE guideline (CG154).
2. National Institute for Health and Care Excellence 2015. Management of pregnancy of unknown location. NICE
Pathways.
3. Morin L, Van den Hof MC. Ultrasound Evaluation of First Trimester Pregnancy Complications. SOGC Clinical

Practice Guideline 161. J Obstet Gynaecol Can. 2005; 27: 581-585.
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PD 1 Suspected non-accidental injury

REMARKS

1 General

1.1

Child abuse is not an imaging diagnosis. The role of imaging is to support the
clinical diagnosis of child abuse in the proper clinical and social context and also to
assist the evaluation of the severity and extent of injury.

2 Musculoskeletal trauma

2.1

2.5
2.6

Skeletal survey includes skull (frontal and lateral), spine (lateral cervical, thoracic
and lumbar), chest (frontal including clavicles, and oblique views of bilateral ribs),
abdomen (frontal, including pelvis and both hips), upper extremities (frontal humeri,
forearms, and hands), and lower extremities (frontal femora, lower legs, and feet).
Conventional radiography is the primary imaging examination for musculoskeletal
trauma.

Avoid 'babygram' as it is diagnostically inadequate.

Complete skeletal survey is normally indicated in children less than 2 years of age
who have clinical evidence of child abuse, or in infants less than 1 year of age who
show evidence of significant neglect and deprivation. In children between 2 years and
5 years of age, the skeletal survey may be tailored according to history and physical
examination findings.

For children more than 5 years old, skeletal survey is rarely indicated.

Bone scans may be considered for children in whom skeletal survey is negative but
clinical suspicion of non-accidental injury (NAI) is high. Bone scan is sensitive for
the extent of bone injury, acute non-displaced and subtle healing fractures. Its pitfalls
include normal uptake around the growth plates leading to difficult identification of
metaphyseal-epiphyseal injuries, missed symmetrical fractures, inability to determine
the age and type of fracture and relative insensitivity in detecting skull and vertebral
body fractures. It should be used as a problem-solving study rather than first line.
Role of MRI and US for evaluating skeletal injury in NAI has not been established
with reference to prevailing international guidelines and recommendations.

3 Skull trauma

3.1
32

Skull radiographs form part of the full skeletal survey for non-accidental injury.

In children with head trauma who are at increased risk of intracranial injury, CT is
the preferred initial imaging modality and also improves definition of depressed and
other complex fractures.

Bone scan is unreliable in identifying skull fractures.

4 Intracranial trauma

4.1

4.2

4.3

CT is both sensitive and specific in defining acute intra- and extra-cerebral injuries,
especially subarachnoid haemorrhage.

MRI is useful in the subacute and chronic settings and is superior in detecting subdural
haematomas, cortical contusions and shearing injuries. It can determine the age of
extra-cerebral fluid collections and timing of intracranial haemorrhage.

MRI should be performed in patients whose clinical symptoms are disproportionate to
the CT findings.
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PD 1 Suspected non-accidental injury

5 Visceral trauma
5.1 Imaging examinations should be tailored to specific clinical concern.
5.2 Abdominal US is useful to detect peritoneal fluid but is less sensitive than CT to detect
solid organ injury.
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PD 1 Suspected non-accidental injury
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PD 2 Paediatric seizures

REMARKS

1 Indications

1.1 Structural neuroimaging is recommended for all children with recently diagnosed
localization-related or generalized epilepsy who do not have the clinical and
electroencepalogram (EEG) features characteristic of classical idiopathic focal
or generalized epilepsy (benign epilepsy with centrotemporal spikes (BECTS),
childhood absence epilepsy (CAE), juvenile absence epilepsy (JAE), or juvenile
myoclonic epilepsy (JME)) and for any child younger than 2 years of age.

1.2 Imaging early in the course of epilepsy is directed at identifying an etiology for
seizure that requires other medical or surgical attention':

1.2.1 If there is any evidence to suggest the epilepsy is localization-related (e.g.
focal), with the exception of typical benign idiopathic partial epilepsy.

1.2.2 Abnormal neurologic examination, including focal deficits, stigmata of
neurocutaneous syndrome, cerebral malformation syndrome, or a history of
significant developmental delay, arrest, or regression.

1.2.3  Children younger than 2 years, excluding those with simple febrile seizures.

1.2.4  Children with characteristics of a symptomatic generalized epilepsy
syndrome, including infantile spasms or early Lennox-Gastaut syndrome.

1.2.5 Failure to control seizures, worsening seizures, changes in seizure
manifestations, or developmental regression also merit neuroimaging if not
previously performed.

1.2.6 New-onset seizure/epilepsy presenting with evidence for a medical
emergency such as increased intracranial pressure or status epilepticus always
merit emergency imaging.

1.3 Imaging studies in CAE, JAE, JME, and BECTS do not identify significant structural
abnormalities'.

2 Plain radiograph
2.1 Skull radiographs are not routinely indicated in evaluation of seizures in children as it
lacks both sensitivity and specificity.”

3. US

3.1 US is effective in evaluation of seizures in neonatal period and may adequately define
treatable pathology to allow management in some cases.
An open fontanelle is necessary for US.
US Doppler evaluation of intracranial arteries is effective in assessing regional
cerebral blood flow but its clinical value remains unclear.

W W
W N

4. Nuclear medicine
4.1 Single photon emission computed tomography (SPECT).

4.1.1  Ictal SPECT has been useful in differentiating temporal lobe epilepsy from
extra-temporal lobe foci and provides non-invasive imaging information used
in planning treatment strategies.’

4.1.2  Ictal SPECT optimization requires radiopharmaceutical injection (Tc-99m
hexamethylpropyleneamine oxime [HMPAO] or Tc-99m ethyl cysteinate
dimer [ECD]) within seconds of a seizure.
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PD 2 Paediatric seizures

182

4.2 PET
4.2.1 PET offers a direct quantitative correlation with metabolic activities and
therefore it is potentially more specific than SPECT.
4.2.2  Both SPECT and Fluorodeoxyglucose (FDG) PET have been used as a part
of pre-surgical evaluation and planning.

5.1 Non-contrast CT is effective in identifying some treatable causes of seizures or
emergencies causing seizures.

5.2 CT confers some advantages with regard to identifying blood and calcification (as
found in congenital infection).'

5.3 Contrast enhancement in general does not improve the sensitivity in detecting focal
intracranial lesions with the exception of brain metastases, which are rare causes of
seizures in the paediatric population.

5.4 CT is more widely available than MRI, less expensive, and less likely to require
sedation for younger children.

5.5 CT can detect all treatable lesions in the setting of acute mild trauma.’

MRI

6.1 MRI has the highest sensitivity in detecting focal intracranial lesions. It is considered
the imaging modality of choice because of superior anatomic resolution and
characterization of pathologic processes.'

6.2 Routine administration of gadolinium contrast provides little advantage in children
with epilepsy. Administration of gadolinium is of limited value in increasing the
sensitivity of MRI examination of brain, although the specificity can be improved.*
It is reserved for circumstances where tumor, vascular malformations, inflammation,
and infectious concerns arise or are suspected based on review of non-contrast
studies.

6.3 There is no agreement on specific imaging protocols or MRI sequences, but there is
general agreement that the following should be performed':

6.3.1  Anatomic, thin-slice volumetric T1-weighted gradient-recalled-echo
sequence,

6.3.2  Axial and coronal T2-weighted sequence,

6.3.3  Fluid attenuated inversion recovery (FLAIR) sequence (axial, and coronal if

possible),

6.3.4  High resolution oblique coronal T2-weighted imaging of the hippocampus
(fast or turbo spin echo weighted sequence),

6.3.5 There is debate, and there are limited data, about the utility of newer
sequences such as magnetization transfer imaging and diffusion tensor
imaging,

6.3.6 When metabolic disorders are suspected, magnetic resonance spectroscopy
(MRS) may be helpful,

6.3.7  Functional MRI has been used as a part of pre-surgical evaluation and
planning.



PD 2 Paediatric seizures

6.4 Children younger than 2 years require special sequences, as immature myelination
affects the ability to identify common causes of epilepsy:

6.4.1  In addition to a 3D dataset, imaging in children younger than 2 years should
include sagittal, axial, and coronal T1-weighted sequences.

6.4.2  Volumetric T1-weighted sequences are less useful before one year of age due
to incomplete myelination on T1 sequences.

6.4.3 MR imaging (especially high-resolution T2 images) performed early in the
first year of life in infants with epilepsy is important to identify areas of
cortical or subcortical dysplasia, which can become difficult to identify after
myelination.

6.4.4  If MR imaging before the age of 2 years is normal, and seizures persist, then
MRI may be repeated at 6-month intervals, and after age 24-30 months when
more mature myelination can reveal otherwise unsuspected cortical dysplasia.

7. Angiography
7.1 Angiography should only be performed with prior imaging suggesting a vascular
lesion.
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PD 3 Vomiting in infants

REMARKS

1 Malrotation / midgut volvulus

1.1 Midgut volvulus is an emergency situation. It should be considered in patients with
bilious vomiting.

1.2 Contrast upper GI series is the preferred examination. Barium is usually used, except
in suspected perforation or high risk of aspiration. Low-osmolarity contrast media are
used in extremely ill or premature neonates.

1.3 US is limited by operator experience and incomplete examination due to overlying gas.

Gastroesophageal reflux (GER)

2.1 Extended pH probe is currently the gold standard for diagnosis. Preference for the
other methods in the diagnostic work-up of GER varies among different centres
depending on expertise and availability.

2.2 GER is the commonest cause of recurrent non-bilious vomiting. Abdominal X-ray

(AXR) does not have a role in diagnosis of GER, and is indicated for additional

clinical conditions, e.g. obstruction.

Contrast upper GI series or nuclear medicine examination are advocated only when

failure of conservative treatment, development of complications or life threatening

symptoms occur.

2.4 Upper GI series and nuclear medicine examination (Tc-99m-labelled sulphur colloid
scan) show similar sensitivity, and upper GI series allows anatomical evaluation e.g.
obstruction and structural abnormalities.

2.5 US can provide functional and morphologic information. However, its diagnostic
performance on GER is variable.

[\
w

Hypertrophic pyloric stenosis

3.1 AXR should not be routinely obtained when the diagnosis is strongly suspected.

3.2 US is the preferred method for diagnosis but it requires considerable experience.
Repeat US in 48 hours is recommended in case of doubt. Contrast upper GI series is
limited by its ionizing radiation, and should be used when other causes are suspected.

Intussusception

4.1 Intussusception is a frequent cause of crampy abdominal pain, which can be
accompanied by vomiting in children.

4.2 The main reason for obtaining plain radiographs is to look for the presence of free intra-
peritoneal air and degree of small bowel obstruction. US is a sensitive diagnostic method.

4.3 Pneumatic reduction under fluoroscopic guidance is used to reduce intussusception,
only where specialist equipment and expertise is available.
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PD 4 Non-traumatic abdominal pain

REMARKS

1 In all children presented with abdominal pain, history and physical examination should be
carefully assessed for evidence of significant trauma (both accidental and non-accidental).

2 In significant abdominal trauma, further investigations with radiograph, US and sometimes
CT are necessary to exclude pneumothorax, perforation of hollow viscus or contusion /
laceration of solid organs.

3 In pre-school children, abdominal pain is rarely of psychogenic origin and an organic
source should be carefully sought.”

4 A period of observation is important in those with non-specific symptoms and absent
physical signs. Subsequent change in symptoms or development of specific signs may
point to the diagnosis.

5 Gynaecological causes

5.1 Recurrent pain related to menstruation can be due to endometriosis, while chronic pain
and vaginal discharge are suggestive of chronic pelvic inflammatory disease. For acute
onset of abdominal pain in sexually active females, the possibility of ectopic pregnancy
or other pregnancy-related complications as well as acute pelvic inflammation should
be considered. All these conditions warrant further investigation by US.>®

5.2 Gastroenteritis and constipation are clinical diagnoses. Radiographs are usually
unnecessary.’

5.3 For suspected non-accidental injury, please refer to the guideline PD1.

6 Extra-abdominal causes
6.1 Diabetic ketoacidosis, porphyria, lead poisoning, in which biochemical tests are
needed for diagnosis.
6.2 Pneumonia, bronchiolitis, asthma, in which chest X-ray (CXR) will be useful for
diagnosis.’

7 Acute appendicitis’

7.1 Meta-analysis showed US is nearly as good as CT in experienced hands, with a
pooled sensitivity of 88% and specificity of 94%, as compared with CT, with a pooled
sensitivity of 94% and specificity of 95%. Given the lack of ionizing radiation, US is
the preferred examination in children, particularly if equivocal results are followed up
by CT.

7.2 CT-after-US approach has excellent accuracy, with reported sensitivity and specificity
of 94%.

7.3 If CT is performed, use of intravenous (IV) contrast is recommended; however,
the use of enteric contrast, such as oral or rectal contrast, has not been shown to
significantly increase sensitivity in children and should be left to the discretion of
individual department and hospital policy.

7.4 Non-visualization of the appendix on normal CT has been shown to have a high
negative predictive value of 98.7%.’

T
g
g
F
z
E
=]

H

187



PD 4 Non-traumatic abdominal pain

8 Hirschsprung Disease’
8.1 Barium or water-soluble contrasts are the routine contrast media used for evaluating
childhood Hirschsprung disease.
8.2 In the neonate or infant, water-soluble media diluted to near-isotonic or iso-osmolar
concentration is preferred, as there may be potential for bowel perforation.
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PD 4 Non-traumatic abdominal pain
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PD 5 Abdominal mass
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PD 5 Abdominal mass

REMARKS

1 Plain radiograph
1.1 Plain abdominal X-ray (AXR) is useful to exclude intestinal obstruction in children
with constipation or abdominal distension, to locate mass, to detect any calcification,
and to look for any skeletal involvement.

2 US
2.1 US helps to determine the organ of origin, to define the mass, to look for any
metastases and to assess the vascularity of the mass with colour Doppler. A likely
diagnosis can usually be made.

3 Nuclear medicine

3.1 Technetium 99m - Mercaptoacetyltriglycine (Tc-99m-MAG?3) is the preferred
radiotracer for renal scan.'

3.2 Tc-99m-MAG3 renography is able to provide information on renal position,
perfusion, differential function and transit times. If hydronephrosis is seen, diuretics
can be administered to evaluate functional significance of hydronephrosis.'

3.3 Indirect radionuclide cystography can be performed in the same setting as
renography, although its sensitivity is lower than direct radionuclide cystography
(DRC),” therefore follow up DRC or micturating cystourethrography (MCU) is
required for patients with hydronephrosis, whether or not vesicoureteric reflux (VUR)
was detected on indirect radionuclide cystography.

Nuclear medicine cystography carries a lower radiation dose than MCU.?

Metaiodobenzylguanidine (MIBG) scan is used in diagnosis, staging and follow up of

neuroblastoma.

3.6 MIBG has higher sensitivity than bone scan for skeletal metastases. However, bone
scan is needed for patient whose tumour is MIBG negative.*

3.7 Dynamic Tc-99m - iminodiacetic acid (IDA) scan may be used to diagnose
choledochal cyst.

W W
n

4.1 CT is used for anatomical and morphological characterization of mass and in
assessing the involvement of adjacent structures and distant metastases.
4.2 Sedation is often required to reduce movement artefacts.

5 MRI

W

MRI provides excellent contrast resolution of soft tissues and is the best study to
exclude intradural extension of mass. Status of vasculature can also be evaluated.
MRI is nonionizing but expensive. Sedation of the children is required.

Magnetic resonance cholangiopancreatography (MRCP) is a non-invasive biliary study.

W
w
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PD 6 Urinary tract infection

Child with urinary tract infection (UTI)

Respond well to treatment

. b c
within 48 hours Atypical’ / Recurrent
1* episod usS
1* episode ) epls}:) © 1* episode McCU*
<) i DRI (© >6 years DMSA (4-6 months after
6 years acute infection)
1. US
2. +/- MCU" (if US No routine
US abnormal imaging
or male)

a. Radionuclide cystography or contrast-enhanced voiding urosonography may be alternative
to MCU in initial assessment of girls or follow up studies (see Remarks)

b. Definition of atypical UTL: poor response to antibiotics within 48 hours, poor urine stream,
sepsis, raised creatinine, non E-coli UTI

c. Definition of recurrent UTI: two or more acute pyelonephritis / upper urinary tract infection,
OR one acute pyelonephritis / upper urinary tract infection plus one or more cystitis / lower
urinary tract infection, OR three or more cystitis / lower urinary tract infection

d. In atypical / recurrent UTI, NICE guideline 2016 reserves MCU in child < 6months or child
between 6 months to 3 years with the following:
» Dilatation on US
* Poor urine flow
¢ Non E-coli infection
¢ Family history of VUR
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REMARKS

Imaging protocol of febrile urinary tract infection (UTI) in children

UTI is a frequent indication for imaging evaluation of paediatric urinary tract. The goal of all
imaging has been to improve outcome and prevent end-stage renal failure due to scarring from
late diagnosis and inadequate treatment."

Imaging approach of UTI in children younger than 2 months may need to be more aggressive,
as there is limited research on this age group and neonates with UTI have a high incidence of
renal anomalies and are more likely to be complicated with sepsis.”

US of kidneys and bladder is usually appropriate’ and it is recommended in National
Institute for Health and Care Excellence (NICE) guideline.’ Micturating cystourethrography
(MCU) may be appropriate and can be considered in boys and in presence of sonographic
abnormality. Radionuclide cystography may be appropriate and can be considered in girls.”
Contrast-enhanced Voiding Urosonography (ceVUS) is a valid and radiation-free alternative
examination for MCU and radionuclide cystography."*

American Academy of Pediatrics (AAP) 2011 guidelines recommends US for all children
between ages of 2 months and 2 years after first episode of UTL>> AAP 2011 recommends
that MCU is indicated if US reveals hydronephrosis, scarring or other findings that would
suggest high grade vesicoureteric reflux (VUR) or obstructive uropathy or in other atypical
and complex clinical circumstances. It should also be performed for recurrent UTL.’ NICE
2007 recommends that MCU should be considered if several clinical and imaging features
are present. Guideline from Italian group recommends MCU for patients with abnormal US
findings, risk factors or recurrent UTL®

Risk factors are derived from NICE 2016, American College of Radiology (ACR)
Appropriateness Guideline and Ttalian Guideline™*:

. First degree relative with VUR

. Septicemia

. Urinary retention

e  Poor urine stream

. Raised creatinine

*  No or poor response to antibiotics treatment within 48 hours

. Bacteria other than E. Coli

NICE 2016 defined Recurrent UTI as follows:’
* 2 or more episodes of UTI with acute pyelonephritis / upper urinary tract infection, or
. 1 episode of UTI with acute pyelonephritis / upper urinary tract infection plus one or
more episode of UTI with cystitis / lower urinary tract infection, or
. 3 or more episodes of UTI with cystitis / lower urinary tract infection

Renal cortical scintigraphy (with dimercaptosuccinic acid [DMSA]) in six months is
recommended in patient with high risk factors, recurrent UTI, abnormal US or VUR shown to
evaluate for renal parenchymal defects and relative renal function.*®

193

T
g
g
F
z
E
=]

H




PD 6 Urinary tract infection

194

1 MCU

The main role of MCU is to detect VUR. Patient with high grade VUR (grade 3-5) are
more likely to have recurrent UTI and scarring.” It can also detect obstructive anomalies,
such as posterior urethral valves or ectopic ureterocoele.

UsS
US can detect urinary tract anomalies such as hydronephrosis, duplex renal system,
hydroureter and ureterocele. Sensitivity of US for detecting VUR and renal scarring is low.”

Nuclear medicine

3.1 Renal cortical scintigraphy
Renal cortical scintigraphy with DMSA has greater sensitivity for detection of acute
pyelonephritis and renal scarring than does either US or MCU. The findings on
nuclear scans rarely affect acute clinical management. Hence, it is not recommended
as part of routine evaluation of infants with their first febrile UTL’ It is recommended
6 months after the febrile UTI to obtain a morphological and functional evaluation of
the renal parenchyma.’

3.2 Radionuclide cystography (RNC)
Direct RNC is comparable in sensitivity to MCU in detecting VUR. RNC has a lower
absorbed radiation dose than MCU but it does not have the spatial resolution needed
to identify anatomical abnormalities of urethra, bladder and ureters. Initial evaluation
of VUR in girls and follow-up studies may be done by RNC.”

Contrast-enhanced voiding urosonography (ceVUS)

ceVUS is an ultrasound-based reflux examination, involving intravesical instillation of

ultrasound contrast and continuous alternative sonographic examination of the kidneys,

bladder and urethra. It has been applied in Europe for two decades. The procedure

is similar to MCU except the replacement with ultrasound contrast and sonographic

examination.* ceVUS has been considered as a safe, reliable, radiation-free and valid

alternative to MCU or RNC, and has a higher reflux detection rate than MCU due to

stability of ultrasound contrast microbubbles, advances in ultrasound technology, and

longer examination time."” The currently used stabilized ultrasound contrast agent has been

approved in paediatric use by the U.S. Food and Drug Administration in 2016, though the

intravesical application in ceVUS is still off-label.*

ceVUS can be considered as an alternative to MCU in the following conditions:

4.1 First examination for vesicoureteric reflux in girls

4.2 Follow up examination for vesicoureteric reflux in boys and girls after conservative or
surgical treatment

4.3 Screening high-risk patients for vesicoureteric reflux

Application of ceVUS in male urethral assessment is feasible and accurate,® and expanded

use of ceVUS in first examination in boys will be further validated.
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MC 1 Pyrexia of unknown origin

REMARKS

1 General
1.1 Definition of pyrexia of unknown origin'

1.1.1  Pyrexia of unknown origin was first defined as an illness of greater than 3
weeks’ duration with a temperature higher than 101°F (38.3°C) on several
occasions and an uncertain diagnosis after 1 week of study in the hospital.

1.1.2 The requirement of 1 week in-patient evaluation has been recently modified
and only evaluation of 3 out-patient visits or 3 days of in-hospital evaluation
are stated in some articles.”™

1.2 Classifications based on patient’s subtypes include: classic, nosocomial, immune
deficient and human immunodeficiency virus (HIV) associated, which may require
different investigations pathway.™’

1.2.1  The classic pyrexia of unknown origin excludes patients with known
immunodeficiency or HIV infection.”

1.3 Causes of pyrexia of unknown origin®”

1.3.1 Infectious, oncologic, inflammatory and miscellaneous/unknown are the four
main categories.

1.3.2 There is an increasing trend of pyrexia of unknown origin in which the cause
remains unknown.**’

1.3.3  Infection is the most common cause. However, many factors may affect
the implementation of study results to clinical practice due to different
geographic locations, different subgroups of patients and different types of
institutions.’

2 Radiography
2.1 Some articles have listed out the minimum diagnostic evaluation to qualify as pyrexia
of unknown origin. Chest X-ray (CXR) is among one of the first investigations.**

3 The decision to obtain any further diagnostic studies should be based on abnormalities
found in the initial laboratory work-up.’ Further diagnostic studies should be performed
after discussion with radiologists/nuclear medicine physicians.

4 CT
4.1 For further diagnostic workup, CT of the abdomen should be one of the first
investigations since it has a high diagnostic yield, with reported yield rate being
19%.%
4.2 No definite evidence to support CT thorax for evaluation of pyrexia of unknown
origin. Consideration of the investigation should be based on patient’s clinical
history, physical examination, laboratory test and initial chest radiographic findings.

5 Nuclear Medicine
5.1 Gallium scan and white blood cell (WBC) scan
5.1.1  Conventional scintigraphic methods are Ga-67 citrate scintigraphy, In-111
labeled or Tc-99m labeled WBC scintigraphy. These techniques have their
disadvantages and limitations, such as handling of potentially infected blood
products (labeled WBC scintigraphy), and the relatively long time span
between injection and diagnosis."
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5.2

US
6.1

F-18 FDG PET-CT

5.2.1 Compared with conventional scintigraphy, advantages of FDG PET-CT
include higher resolution, higher sensitivity in chronic low-grade infections,
higher accuracy in the central skeleton, as well as shorter time period
between injection of the radiopharmaceutical and the imaging procedure.
Furthermore, FDG shows an increased vascular uptake in patients with
vasculitis."*

5.2.2  Beside, FDG is accumulated in various types of malignancy, which can be a
cause of pyrexia of unknown origin.

Venous thrombosis is a cause of prolonged fever. Studies revealed that it is a cause
of pyrexia of unknown origin in 2-6%.%" Although deep vein thrombosis (DVT)
accounts for a small percentage of pyrexia of unknown origin, Doppler US is a safe
method to identify the treatable cause.’
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MC 2 Metastases from unknown primary

REMARKS

1 General
1.1 ‘Cancer of unknown primary’ refers to a condition in which a patient has metastatic
malignancy without an identified primary source, which is a very heterogeneous disease.'
1.1.1  Different terms have been used to differentiate patients at different stages of
investigative pathway'
1.4.1.1 ‘Malignancy of undefined primary origin’—metastatic malignancy
identified on the basis of a limited number of tests, without an
obvious primary site, before comprehensive investigation
1.1.1.2  ‘Provisional carcinoma of unknown primary’—metastatic epithelial
or neuroendocrine malignancy identified on the basis of histology/
cytology, with no primary site detected despite a selected initial
screen of investigations, before specialist review and possible further
specialized investigations
1.1.1.3 ‘Confirmed carcinoma of unknown primary’—metastatic epithelial or
neuroendocrine malignancy identified on the basis of final histology,
with no primary site detected despite a selected initial screen of
investigations, specialist review and further specialized investigations
as appropriate
1.2 Incidence is about 3-5% of all cancers registered in the United Kingdom."”
1.3 Chest X-ray (CXR) and CT scan of the chest, abdomen and pelvis are among the
initial radiological investigations offered to patients with malignancy of undefined
primary origin, depending on patient’s symptoms."”

2 Radiography
2.1 Lung Cancer is the most common cause of metastasis from unknown primary.>*
CXR is a cheap and very rapidly performed test to detect lung cancer.”

3 CT

3.1 CT of the thorax, abdomen and pelvis with the use of intravenous contrast material is
a useful initial investigation. "**>°

3.2 The recommendation of CT thorax is also based on its better detection of lung cancer
than CXR.>’

3.3 Contrast-enhanced CT of the head and neck is also useful for identification of
primary tumour in patients with cervical lymph node metastases from unknown head
and neck primary cancers. **'’

4 Breast Imaging
4.1 Do not routinely offer mammography to women with metastasis from unknown
primary unless clinical or pathological features are compatible with breast cancer.'
4.2 Breast MRI should be considered in women presenting with isolated axillary
adenopathy which is adenocarcinoma on histology and suspicious of breast primary,
after negative initial mammography and ultrasonography.'*’
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5

6

7

MRI
5.1 MRI has superior soft tissue contrast for head and neck imaging.*"

PET scan

6.1 Whole-body Fluorodeoxyglucose (FDG) PET-CT may contribute to the management
of patients with cervical adenopathies from occult primary and those with a single
metastasis from occult primary. For other cases of metastases from occult primary,
the role of FDG PET-CT is limited."

6.2 FDG PET-CT is not recommended in routine systematic work-up for all cases of
metastasis from occult primary.""

6.3 FDG PET-CT may be warranted in cases considered for local or regional therapy."*

Image-guided biopsy
7.1 It is recommended that needle core biopsy or surgical biopsy should be obtained for
histological assessment for evaluation of metastasis from unknown primary."’
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