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General Instructions

Read the following instructions very carefully and strictly follow them:

1. The test is of 3 hours duration.

2. The question paper consists of 10 questions. The maximum marks are 100.

3. Each Question is of 10 marks.

Q1. (a) Enumerate the various focal benign hepatic lesions that may be seen in
adults.

Solution:
Focal benign hepatic lesions are commonly found in adults and can vary in their appearance
and clinical significance. The most common focal benign hepatic lesions include:

1. Hemangioma: A vascular lesion, often asymptomatic, seen as a well-defined lesion on imag-
ing.
2. Focal Nodular Hyperplasia (FNH): A benign tumor characterized by a central scar, often
with a hypervascular appearance on imaging.
3. Hepatic Adenoma: A benign tumor of hepatocytes, often associated with oral contraceptive
use or anabolic steroid use.
4. Simple Cyst: A common and benign lesion, typically fluid-filled and without solid compo-
nents.
5. Regenerative Nodule: Often found in cirrhotic livers, these nodules are typically surrounded
by fibrous tissue and can appear as focal masses.
6. Lipoma: A benign tumor composed of adipose tissue, typically asymptomatic.

These lesions are typically identified using imaging techniques like ultrasound, CT, and MRI,
and they often do not require surgical intervention unless symptomatic or concerning for ma-
lignancy.

Quick Tip

Hemangiomas are the most common benign hepatic lesions and are often discovered
incidentally during imaging studies.
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Q1. (b) Discuss the role of MR contrast agents in evaluation of focal hepatic
masses.

Solution:
Step 1: Introduction to MR Contrast Agents.
Magnetic Resonance Imaging (MRI) is a crucial imaging modality for evaluating focal hepatic
masses. MRI provides excellent soft tissue contrast and is particularly useful in characterizing
hepatic lesions. The use of MR contrast agents enhances the sensitivity and specificity of MRI
by providing additional information about tissue perfusion, blood supply, and lesion character-
istics.

Step 2: Types of MR Contrast Agents.
There are different types of MR contrast agents used in liver imaging:
- Gadolinium-based contrast agents (GBCA): The most commonly used contrast agents in liver
MRI, these agents provide detailed images by altering the magnetic properties of tissues.
- Liver-specific agents: These include agents like gadoxetic acid (Eovist®/Primovist®), which
is specifically taken up by hepatocytes, making it useful in distinguishing between benign and
malignant lesions. Liver-specific agents provide hepatobiliary phase imaging that helps in vi-
sualizing the uptake and washout of contrast within the liver parenchyma.

Step 3: Role of MR Contrast Agents in Characterizing Focal Hepatic Lesions.
- Characterizing Benign vs. Malignant Lesions: Contrast-enhanced MRI is essential in differ-
entiating between benign and malignant focal hepatic lesions. For example:
- Hemangiomas: Typically show peripheral nodular enhancement with centripetal filling.
- Focal Nodular Hyperplasia (FNH): Shows a characteristic central scar with homogeneous en-
hancement in the arterial phase and washout in the venous phase.
- Hepatic Adenoma: May show intense arterial enhancement with washout in the portal venous
phase.
- Malignant lesions: Such as hepatocellular carcinoma (HCC) often exhibit early arterial en-
hancement and delayed washout.

- Dynamic Contrast Enhancement: Dynamic contrast-enhanced MRI involves capturing mul-
tiple phases after the contrast injection (arterial, portal venous, and delayed phases), allowing
for the assessment of lesion vascularity and distinguishing between various lesion types. Ma-
lignant tumors typically show rapid enhancement in the arterial phase followed by washout in
the portal venous or delayed phases.

- Liver-specific Agents (e.g., Gadoxetic acid): These agents provide additional functionality in
evaluating hepatocellular lesions:
- Hepatocellular carcinoma (HCC): Gadoxetic acid helps identify areas of reduced or absent
uptake in liver tumors, making it easier to differentiate HCC from benign lesions like FNH.
- Focal Nodular Hyperplasia (FNH): Unlike malignant lesions, FNH typically shows homoge-
neous enhancement with normal or increased uptake of contrast in the hepatobiliary phase.

Step 4: Evaluation of Lesion Perfusion.
Perfusion imaging with MR contrast agents allows the evaluation of blood flow within the
hepatic lesions, which is particularly useful in assessing hypervascular tumors like HCC. The
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degree and timing of contrast uptake can provide information on lesion type and aggressiveness.

Step 5: Conclusion.
The use of MR contrast agents in evaluating focal hepatic masses plays a critical role in en-
hancing diagnostic accuracy. These agents help differentiate between benign and malignant
lesions, assess vascularity, and provide additional functional information that aids in treatment
planning and monitoring.

Quick Tip

Liver-specific MR contrast agents like gadoxetic acid are particularly useful in distinguish-
ing benign from malignant hepatic lesions by evaluating contrast uptake and washout
patterns.

Q2. (a) Discuss the radiological findings in Crohn’s disease.

Solution:
Step 1: Overview of Crohn’s Disease.
Crohn’s disease is a chronic inflammatory bowel disease (IBD) that can affect any part of the
gastrointestinal (GI) tract, from the mouth to the anus. It typically causes transmural inflam-
mation, which can lead to complications such as strictures, fistulas, and abscesses.

Step 2: Radiological Findings in Crohn’s Disease.
Several imaging modalities are used to assess Crohn’s disease, including X-ray, computed to-
mography (CT), magnetic resonance imaging (MRI), and ultrasound. The key radiological
findings are:

1. Small Bowel Radiography (Enteroclysis or Small Bowel Series):
- String sign: This is a classic finding where the contrast material is seen filling a narrowed
segment of the intestine, indicating a stricture. This happens due to the thickened and scarred
intestinal walls.
- Cobblestone appearance: This refers to irregularities on the mucosal surface caused by sub-
mucosal edema and ulcerations.
- Fistulas: Communication between bowel loops or with other organs may be visible on imaging.

2. CT Scan:
- Bowel wall thickening: A key feature of active inflammation in Crohn’s disease is thickening
of the bowel wall, typically greater than 4 mm. This thickening is often concentric and can be
seen in affected segments.
- Mesenteric fat stranding: Inflammation can extend into the mesentery, causing stranding
(fatty infiltration) visible on CT.
- Abscess formation: CT scans are particularly useful in identifying abscesses, a common com-
plication in Crohn’s disease.
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3. MRI:
- Bowel wall thickening and hyperenhancement: MRI can provide detailed views of bowel wall
thickening, particularly when contrast is used. MRI is also useful for identifying complications
such as abscesses and fistulas.
- Perianal disease: MRI is the imaging modality of choice for assessing perianal complications
like fistulas, abscesses, and abscess collections.

4. Ultrasound:
- Bowel wall thickening and fluid collections: Ultrasound is often used in pediatric cases or to
monitor disease activity in adults, particularly in detecting inflammation and abscesses.
- ”Target sign”: This is a finding on ultrasound where concentric rings of bowel wall thickening
are seen, indicative of active disease.

Step 3: Complications on Imaging.
Crohn’s disease can lead to various complications that are visible on imaging, such as:
- Strictures: Narrowing of the bowel lumen due to fibrosis.
- Fistulas: Abnormal connections between the bowel and other organs.
- Abscesses: Pockets of pus that can form due to infection or inflammation.
- Perianal disease: Fistulas, abscesses, and skin tags around the anus.

Step 4: Role of Radiology in Diagnosis and Management.
Radiological imaging is essential in:
- Diagnosing Crohn’s disease: Imaging findings help confirm the diagnosis when clinical pre-
sentation and laboratory tests suggest IBD.
- Assessing disease extent and complications: Radiological studies assess the extent of the
disease, monitor for complications like strictures or fistulas, and help guide therapeutic inter-
ventions.
- Monitoring treatment response: Radiology is useful in assessing how the disease responds to
medical or surgical treatments.

Quick Tip

MRI is the most effective imaging modality for assessing perianal disease and complica-
tions like fistulas in Crohn’s disease.

Q2. (b) How can Crohn’s disease be differentiated from gastrointestinal tubercu-
losis on imaging?

Solution:
Step 1: Overview of Differentiation.
Crohn’s disease and gastrointestinal tuberculosis (GI TB) can present with similar symptoms
and imaging findings, making differentiation challenging. However, certain radiological features
can help distinguish between the two conditions.
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Step 2: Radiological Features of Crohn’s Disease vs GI Tuberculosis.
1. Location of Disease:
- Crohn’s disease: Can affect any part of the GI tract, but most commonly affects the terminal
ileum and right colon. It is often segmental and involves the entire bowel wall (transmural).
- GI Tuberculosis: Often affects the ileocecal region, but can also involve the colon, particularly
the ileocecal junction. The lesions tend to be more continuous and less segmental compared to
Crohn’s disease.

2. Bowel Wall Thickening:
- Crohn’s disease: Wall thickening is typically concentric and circumferential, with associated
fat stranding. It often leads to strictures and cobblestone appearance.
- GI Tuberculosis: Bowel wall thickening is often asymmetric and can show less pronounced fat
stranding. It may show a more smooth, irregular pattern without strictures in early stages.

3. Mesenteric Lymphadenopathy:
- Crohn’s disease: Lymphadenopathy is usually absent or mild.
- GI Tuberculosis: Significant mesenteric lymphadenopathy is commonly seen on imaging, par-
ticularly in the ileocecal region. Enlarged lymph nodes may appear on CT or MRI.

4. Fistulas and Abscesses:
- Crohn’s disease: Fistulas, abscesses, and granulomas are common features, especially in the
later stages of the disease.
- GI Tuberculosis: Fistulas are less common, and abscesses typically develop later in the disease
course.

5. Other Specific Findings:
- Crohn’s disease: “String sign” due to strictures and visible inflammation of the bowel wall.
- GI Tuberculosis: Can show a “comma sign” or “apple core” sign, which represents a narrow-
ing of the bowel lumen due to fibrosis and inflammation.

Step 3: Final Diagnosis.
- Endoscopy and Biopsy: While radiology helps in differentiating between Crohn’s disease and
GI tuberculosis, endoscopy with biopsy is often required to confirm the diagnosis.
- Bacterial Cultures: For tuberculosis, culture of Mycobacterium tuberculosis from stool or
tissue biopsy confirms the diagnosis.

Quick Tip

Mesenteric lymphadenopathy and asymmetrical bowel wall thickening are more indicative
of gastrointestinal tuberculosis, whereas Crohn’s disease tends to have a more segmental,
transmural, and irregular pattern.

Q3. (a) Discuss the radiological work-up of a prospective renal donor.

Solution:
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The radiological work-up of a prospective renal donor is crucial to ensure the safety of both the
donor and the recipient. It helps evaluate the donor’s renal anatomy, function, and vascular
structures, as well as detect any contraindications to donation.

Step 1: Imaging Studies to Evaluate Kidney Anatomy.
1. Ultrasound: A renal ultrasound is often the first imaging study performed to assess the
kidney size, shape, and parenchymal quality. It can detect any anatomical abnormalities like
hydronephrosis, cysts, or masses.
2. CT Angiography (CTA): CTA is performed to evaluate the renal vasculature. It provides
detailed images of the renal arteries and veins, helping assess for any vascular anomalies (e.g.,
accessory renal arteries, renal artery stenosis, or aneurysms).
3. MRI/MRA: Magnetic resonance imaging (MRI) or magnetic resonance angiography (MRA)
can be used to further assess renal vasculature, particularly in patients with contraindications
to contrast agents or for more detailed vascular mapping.
4. CT Scan: A contrast-enhanced CT scan is performed to assess the kidney’s blood supply
and drainage system. It provides a clear image of the renal arteries and veins, aiding in the
selection of the kidney for donation.

Step 2: Renal Function Tests.
1. Glomerular Filtration Rate (GFR): Preoperative assessment of kidney function is done
through measuring the GFR to ensure that both kidneys are functioning well and to assess the
risk of donating a kidney. A GFR of at least 80-90 mL/min is generally considered acceptable
for donation.
2. Urine Tests: Urinalysis, urine protein levels, and other tests help rule out any signs of kidney
disease, including proteinuria or hematuria, which could indicate underlying kidney damage.

Step 3: Assessing for Contraindications.
Any findings that suggest underlying kidney disease (e.g., renal cysts, tumors, or significant
vascular abnormalities) or risk factors that may contraindicate donation (e.g., hypertension,
diabetes, or a history of kidney disease) should be carefully evaluated.

Quick Tip

Radiological imaging should be thorough to ensure the safety of the donor. The most
important assessments include ultrasound, CTA, and GFR evaluation.

Q3. (b) What is the role of color Doppler in evaluation of a transplanted kidney
in the recipient?

Solution:
Color Doppler ultrasonography plays a crucial role in the evaluation of a transplanted kidney,
both in the immediate postoperative period and during long-term follow-up. It is a non-invasive,
quick, and effective imaging modality that helps assess blood flow and detect complications.
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Step 1: Evaluation of Blood Flow.
1. Renal Artery and Vein Flow: Color Doppler is used to assess the blood flow in the renal
artery and vein. Proper flow in both vessels is essential for graft function. Abnormal flow can
indicate stenosis, thrombosis, or other vascular issues.
2. Pulsatility Index (PI): The pulsatility index (PI) is measured to assess the vascular resis-
tance in the transplanted kidney. A high PI may indicate graft dysfunction or possible rejection.

Step 2: Detection of Vascular Complications.
1. Renal Artery Stenosis: Doppler ultrasound is helpful in detecting renal artery stenosis
(RAS), a common complication in kidney transplant recipients. It shows as increased velocity
in the renal artery with a characteristic ”bump” in the waveform.
2. Renal Vein Thrombosis: Color Doppler can also detect renal vein thrombosis (RVT), which
may lead to graft loss. RVT is usually characterized by absent or reversed flow in the renal vein.

Step 3: Assessment of Graft Function.
1. Diastolic Flow: Normal graft function is associated with good diastolic flow in the renal
artery. Reduced diastolic flow may suggest rejection or renal dysfunction.
2. Post-transplant Complications: Doppler imaging is critical in detecting complications such
as hydronephrosis, pyelonephritis, or vascular thrombosis in the transplanted kidney.

Step 4: Monitoring Over Time.
Color Doppler is used for ongoing surveillance of the transplanted kidney. Regular follow-up
Doppler studies help in detecting early signs of rejection, graft failure, or vascular complications,
enabling timely interventions.

Quick Tip

Color Doppler is essential in evaluating renal blood flow, detecting vascular complications,
and monitoring graft function post-transplant.

Q4. Enumerate the various cystic lesions that can occur in the pancreas and discuss
their imaging features.

Solution:
Step 1: Introduction to Pancreatic Cystic Lesions.
Cystic lesions of the pancreas are a diverse group of abnormalities that can be benign, pre-
malignant, or malignant. These lesions often present as incidental findings during imaging stud-
ies, but accurate diagnosis and characterization are crucial for appropriate management. The
major types of cystic lesions include simple cysts, pseudocysts, serous cystadenomas, mucinous
cystadenomas, intraductal papillary mucinous neoplasms (IPMNs), and solid pseudopapillary
neoplasms (SPNs).

Step 2: Types of Cystic Lesions and Their Imaging Features.
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1. Pancreatic Cyst (Simple Cyst):
- Imaging Features: Simple cysts are typically anechoic on ultrasound and show well-defined
borders. On CT and MRI, they appear as round or oval lesions with a fluid density and no
internal enhancement. They do not have a solid component or septations.

2. Pancreatic Pseudocyst:
- Imaging Features: Pseudocysts are collections of pancreatic fluid due to inflammation, often
following pancreatitis. They appear as unilocular or multilocular cysts with a thick, irregular
wall. On CT and MRI, they may show areas of fluid-fluid levels or internal debris. MRI with
contrast can help distinguish pseudocysts from true cystic lesions.

3. Serous Cystadenoma:
- Imaging Features: These lesions are typically benign, and they appear as well-defined cysts
with a honeycomb or spongiform appearance due to the presence of multiple small cysts. On
CT or MRI, serous cystadenomas exhibit a characteristic central scar in about 50% of cases.
They are often small and have minimal enhancement after contrast administration.

4. Mucinous Cystadenoma:
- Imaging Features: Mucinous cystadenomas are generally larger than serous cystadenomas
and are composed of fewer but larger cysts. On imaging, they may show a multilocular ap-
pearance with thickened walls and occasional calcifications. Contrast-enhanced CT or MRI
shows peripheral enhancement of the cyst walls. They have a higher potential for malignant
transformation compared to serous cystadenomas.

5. Intraductal Papillary Mucinous Neoplasm (IPMN):
- Imaging Features: IPMNs are characterized by cystic dilatation of the pancreatic duct and
the presence of papillary projections within the cyst. On CT and MRI, they show a dilated
pancreatic duct with mural nodules or papillary projections. MRI with MRCP (Magnetic Res-
onance Cholangiopancreatography) is particularly useful in visualizing the ductal system and
identifying IPMNs. These lesions can be benign or malignant, and the presence of solid com-
ponents or mural nodules may suggest malignancy.

6. Solid Pseudopapillary Neoplasm (SPN):
- Imaging Features: SPNs are rare, typically affecting young women, and have a mixed solid
and cystic appearance. On CT, they may appear as a large, well-defined mass with both solid
and cystic components. MRI may show areas of hemorrhage or necrosis within the lesion. SPNs
often show peripheral enhancement with a central scar.

7. Cystic Pancreatic Neuroendocrine Tumors (PNETs):
- Imaging Features: These tumors can present as cystic lesions with solid components. On imag-
ing, they may show a well-defined mass with cystic areas, and contrast-enhanced CT or MRI
typically shows heterogeneous enhancement. MRI may show areas of hemorrhage or necrosis.

Step 3: Diagnostic Work-up.
- Ultrasound: Initial screening tool for detecting cystic lesions, especially useful for distinguish-
ing simple cysts and pseudocysts.
- CT Scan: Provides detailed cross-sectional imaging and is useful for assessing the size, loca-
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tion, and characteristics of cystic lesions, as well as identifying calcifications or complications.
- MRI/MRCP: MRI, particularly with MRCP, is the preferred modality for evaluating IPMNs
and other ductal lesions. It offers superior soft tissue contrast and is particularly useful for
assessing the pancreas in patients with pancreaticobiliary abnormalities.
- Endoscopic Ultrasound (EUS): Useful for obtaining fine-needle aspiration (FNA) for cystic
fluid analysis, which can help differentiate between benign and malignant cystic lesions.
Step 4: Management.
Management depends on the type and characteristics of the cystic lesion:
- Observation: Benign lesions such as simple cysts or serous cystadenomas often require no
intervention and are monitored over time.
- Surgical Resection: Mucinous cystadenomas, IPMNs with high-risk features, and SPNs are
often resected due to their potential for malignancy.
- Drainage: Pseudocysts may require drainage if symptomatic or causing complications such
as obstruction or infection.

Quick Tip

Mucinous cystadenomas and IPMNs have a potential for malignant transformation, so
regular monitoring and, in some cases, surgical intervention, are recommended.

Q5. (a) Paget’s disease.

Solution:
Step 1: Overview of Paget’s Disease.
Paget’s disease of bone is a chronic disorder characterized by abnormal bone remodeling, lead-
ing to enlarged and deformed bones. It is most commonly seen in the pelvis, spine, and long
bones. The disease can cause pain, fractures, and deformities due to the abnormal bone for-
mation and resorption.

Step 2: Imaging Features of Paget’s Disease.
1. X-ray Findings:
- Thickened cortical bone: The most characteristic feature is cortical thickening, especially in
long bones. The cortex may appear enlarged or expanded, giving the bones a “candle wax”
appearance.
- Coarsened trabecular pattern: The trabeculae of the bones appear enlarged and thickened,
producing a more prominent pattern in the affected area.
- Bowing deformities: In long bones, bowing may be observed, especially in the femur and tibia.
- Fractures: Pathologic fractures due to weakened bone structure are common.
- Osteolytic lesions: In the early stages of Paget’s disease, there may be areas of bone resorption
with lytic lesions that appear as radiolucent areas on X-ray.

2. Bone Scintigraphy:
- Paget’s disease shows increased uptake of the radiopharmaceutical in the affected bones due
to the high metabolic activity of the involved bone areas.
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3. CT Scan:
- Cortical thickening and trabecular changes are clearly visible, especially in the pelvis and
spine. - CT is useful in assessing complications like fractures or deformities.

4. MRI:
- Bone marrow changes: MRI can show abnormal bone marrow signal changes, often associated
with Paget’s disease.
- MRI is helpful for evaluating complications like osteomyelitis or nerve impingement due to
vertebral involvement.

Step 3: Complications in Paget’s Disease.
- Osteoarthritis: Degenerative changes may occur in joints adjacent to Paget-affected bones,
particularly in the hips and knees.
- Fractures: Weakened bones are prone to fractures, particularly in the weight-bearing areas
like the pelvis and femur.

Quick Tip

In Paget’s disease, look for characteristic X-ray findings such as cortical thickening, coars-
ened trabecular patterns, and bowing deformities, particularly in the pelvis and long
bones.

Q5. (b) Renal osteodystrophy.

Solution:
Step 1: Overview of Renal Osteodystrophy.
Renal osteodystrophy refers to a group of bone disorders associated with chronic kidney disease
(CKD), particularly in patients with end-stage renal disease (ESRD). The disease is caused by
disturbances in mineral and bone metabolism, leading to abnormalities in bone structure and
metabolism.

Step 2: Imaging Features of Renal Osteodystrophy.
1. X-ray Findings:
- Subperiosteal resorption: Particularly affecting the phalanges, this feature shows bone resorp-
tion at the tips of fingers and toes.
- Osteopenia: Reduced bone density is commonly seen, especially in the spine, pelvis, and
proximal long bones.
- Metastatic calcifications: In patients with poorly controlled secondary hyperparathyroidism,
calcification can occur in the soft tissues, including blood vessels, skin, and lungs.
- Bone deformities: In advanced stages, deformities like “rugger jersey spine” (appearance of
vertebral bodies due to sclerosis) and “salt and pepper” skull (due to calcium deposition) may
be visible.
- Cystic lesions: Bone cysts can be seen in advanced cases, particularly in the distal long bones.
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2. Bone Scintigraphy:
- Increased uptake of the radiopharmaceutical in areas of active bone remodeling, such as
the wrists, ankles, and vertebrae, due to secondary hyperparathyroidism and altered bone
metabolism.

3. CT and MRI:
- Bone Marrow Changes: MRI can help identify bone marrow abnormalities in advanced renal
osteodystrophy.
- Skeletal Deformities: CT is particularly useful in evaluating severe bone deformities and joint
involvement in the extremities.

Step 3: Diagnosis and Management.
- Blood Tests: Serum calcium, phosphate, and parathyroid hormone (PTH) levels are measured
to assess bone mineralization abnormalities.
- Management: The goal of treatment is to normalize mineral metabolism using phosphate
binders, vitamin D analogs, and calcimimetics to control secondary hyperparathyroidism and
prevent further bone damage.

Quick Tip

Renal osteodystrophy can present with characteristic X-ray findings such as subperiosteal
bone resorption, osteopenia, and “salt and pepper” skull, especially in patients with long-
standing CKD.

Q6. (a) MR spectroscopy in CNS infections.

Solution:
Step 1: Overview of MR Spectroscopy.
Magnetic Resonance Spectroscopy (MRS) is a non-invasive imaging technique that provides
biochemical information about tissue metabolism. It measures the concentration of metabo-
lites within tissues, including the brain, and helps in the diagnosis and differentiation of various
pathologies, including infections.

Step 2: Role of MRS in CNS Infections.
MRS can be highly useful in diagnosing central nervous system (CNS) infections, including
bacterial, viral, and fungal infections. In infections, MRS provides detailed information about
metabolic changes occurring in the brain tissue.

1. Bacterial Infections:
- In bacterial infections, there is typically an increased level of lactate and a reduced level of
N-acetyl aspartate (NAA), which is a marker for neuronal health. Elevated lactate is indicative
of anaerobic metabolism, which is common in abscesses and purulent infections.

2. Viral Infections:
- In viral infections like encephalitis, MRS often shows a decreased NAA signal and an increased
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choline signal, reflecting membrane turnover due to cellular disruption. There can also be an
increase in lactate or myoinositol levels in cases of severe infection.

3. Fungal Infections:
- Fungal infections, such as those caused by Candida, can show similar findings to bacterial
infections, with elevated lactate and a reduced NAA level. MRS can help in distinguishing
fungal infections from other conditions like tumors based on these metabolic changes.

Step 3: Advantages of MRS in CNS Infections.
- Non-invasive: MRS does not require biopsy, offering a safe and non-invasive method for
diagnosis.
- Early Detection: It can detect metabolic changes even before structural changes are visible
on conventional MRI, allowing for earlier diagnosis of infections.
- Differentiation: MRS helps differentiate infections from other pathologies like tumors, making
it a useful tool for targeted treatment.

Quick Tip

MRS is particularly useful in differentiating between bacterial abscesses and tumors, as
both can present similarly on conventional imaging.

Q6. (b) MR perfusion in brain tumours.

Solution:
Step 1: Overview of MR Perfusion Imaging.
Magnetic Resonance Perfusion Imaging (MRP) is a technique used to assess the blood flow
in the brain, specifically the perfusion of brain tissue. It is commonly used to evaluate the
vascularity of brain tumors and assess the tumor’s response to treatment.

Step 2: Role of MR Perfusion in Brain Tumors.
MR perfusion is particularly valuable in evaluating brain tumors, as it provides quantitative
and qualitative information about the tumor’s vascularity, which is often increased in malignant
tumors.

1. Tumor Vasculature:
- Brain tumors, especially malignant ones like glioblastoma multiforme (GBM), typically show
increased blood flow due to abnormal angiogenesis (formation of new blood vessels). MRP
can highlight these areas of increased perfusion, distinguishing malignant tumors from benign
lesions.

2. Tumor Grading:
- MR perfusion can be used to assess tumor grade. High-grade tumors tend to have higher
perfusion rates due to their vascularity. Low-grade tumors generally show lower perfusion and
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may be less aggressive in nature.

3. Treatment Monitoring:
- MRP is useful in monitoring the response of brain tumors to therapy, especially after surgery
or radiation. A reduction in perfusion can indicate tumor shrinkage or a good response to
treatment. On the other hand, persistent or increased perfusion may suggest tumor recurrence
or resistance to treatment.

4. Perfusion Parameters:
- MRP quantifies several key parameters:
- Cerebral Blood Volume (CBV): Measures the volume of blood within a given tissue and is
often elevated in high-grade tumors.
- Cerebral Blood Flow (CBF): Reflects the rate of blood flow to brain tissue. It can be used to
evaluate tumor vasculature and areas at risk for ischemia.
- Mean Transit Time (MTT): The average time it takes for blood to pass through the brain
tissue. Increased MTT can indicate impaired perfusion, often seen in areas of tumor necrosis.

Step 3: Advantages of MR Perfusion in Brain Tumors.
- Non-invasive: Provides a non-invasive method to evaluate tumor blood flow, avoiding the
need for biopsy or other invasive procedures.
- Quantitative Data: Provides quantitative information on tumor perfusion, which is useful in
assessing tumor aggressiveness and planning treatment.
- Early Detection of Recurrence: Can detect early signs of tumor recurrence or progression
before structural changes are visible on conventional MRI.

Step 4: Limitations of MR Perfusion.
- Susceptibility to Artifacts: MRP can be affected by motion artifacts, and precise interpretation
requires good-quality images.
- Need for Expertise: Interpretation of MR perfusion data requires specialized knowledge to
differentiate between tumor-related changes and normal brain variations.

Quick Tip

MR perfusion imaging is especially helpful in assessing the vascularity of brain tumors
and monitoring treatment response, particularly in high-grade tumors like glioblastomas.

Q7. (a) PACS in Radiology.

Solution:
Step 1: Overview of PACS.
Picture Archiving and Communication System (PACS) is a medical imaging technology used
to store, retrieve, manage, and distribute digital images and reports in radiology departments.
PACS replaces traditional film-based image storage and allows for more efficient handling of
medical imaging data. It is a crucial system for the modern healthcare environment, improving
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workflow and patient care.

Step 2: Components of PACS.
PACS consists of four main components:
1. Imaging Modalities: These are devices like X-ray, MRI, CT scans, ultrasound, and nuclear
medicine, which generate the digital images.
2. Storage: A central server or cloud storage where the digital images and reports are stored
securely and are easily accessible.
3. Workstations: These are computers used by radiologists and other healthcare professionals
to view and interpret the images. These workstations often have specialized software for image
manipulation, annotation, and report generation.
4. Networking: The communication infrastructure that allows data transfer between imaging
modalities, storage devices, and workstations. This is often supported by hospital information
systems (HIS) or radiology information systems (RIS).

Step 3: Benefits of PACS.
1. Efficiency: PACS speeds up the image retrieval process, reduces the need for physical stor-
age, and improves access to images across different departments and locations.
2. Remote Access: Healthcare professionals can access images from remote locations, improv-
ing patient care in emergency situations or in telemedicine.
3. Collaboration: PACS enables easy sharing of images and reports between specialists for
collaboration on patient diagnoses.
4. Image Quality: Digital images allow for advanced processing techniques like zooming, rotat-
ing, and adjusting contrast, improving diagnostic accuracy.

Step 4: Challenges with PACS.
1. Data Security: As medical images contain sensitive patient information, ensuring their
security and privacy is a significant concern.
2. Integration: Integrating PACS with other hospital systems like HIS, RIS, or Electronic
Health Records (EHR) can be complex and require significant infrastructure.
3. Cost: Setting up and maintaining a PACS system can be costly for healthcare institutions,
particularly smaller ones.

Quick Tip

PACS has revolutionized radiology by allowing quick access to medical images, but it
requires proper integration, security measures, and user training.

Q7. (b) AI in Radiology.

Solution:
Step 1: Overview of AI in Radiology.
Artificial Intelligence (AI) in radiology refers to the use of machine learning (ML) algorithms,
particularly deep learning, to assist in interpreting medical images, identifying abnormalities,
and improving diagnostic accuracy. AI applications in radiology are rapidly evolving and aim
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to support radiologists by automating routine tasks, providing second opinions, and enhancing
diagnostic workflow.

Step 2: Key Applications of AI in Radiology.
1. Image Interpretation: AI algorithms can detect and analyze patterns in medical images,
such as identifying tumors, fractures, or lesions in X-rays, CT scans, MRIs, and ultrasounds.
AI models are trained on large datasets to improve their accuracy over time.
- Example: AI can automatically detect lung nodules in chest CT scans or identify early signs
of diabetic retinopathy in retinal images.

2. Automated Reporting: AI can assist in generating preliminary reports by identifying key
features in imaging data. This can help reduce radiologists’ workloads and improve the speed
of report generation.
- Example: AI tools can suggest possible diagnoses based on image analysis, which the radiol-
ogist can then verify or modify.

3. Workflow Optimization: AI can be used to prioritize cases based on urgency, helping radi-
ologists focus on the most critical images first. AI-driven systems can also streamline adminis-
trative tasks like image storage and retrieval, improving overall workflow efficiency.

4. Predictive Analytics: AI can analyze trends in patient imaging data over time to predict
disease progression, treatment outcomes, or the likelihood of recurrence. This can assist in
decision-making, especially in chronic conditions.

Step 3: Advantages of AI in Radiology.
1. Improved Diagnostic Accuracy: AI can assist in detecting subtle patterns that may be
missed by human radiologists, thus reducing the risk of diagnostic errors.
2. Efficiency and Speed: AI can process large volumes of images quickly, allowing for faster
diagnoses, particularly in busy radiology departments.
3. Consistency: AI provides consistent results without fatigue or variability, enhancing relia-
bility in diagnoses.

Step 4: Challenges and Limitations of AI in Radiology.
1. Data Privacy: AI in radiology involves processing large datasets of patient images, raising
concerns about data security and privacy.
2. Regulatory Approval: AI algorithms require regulatory approval for clinical use, and ensur-
ing that they meet safety and performance standards is a time-consuming process.
3. Integration into Clinical Practice: While AI has shown promise, fully integrating it into rou-
tine clinical workflows requires significant investment in technology, training, and trust from
healthcare providers.

Step 5: Future Prospects.
AI is expected to play an increasingly important role in radiology, with ongoing developments
in areas such as personalized medicine, integration with electronic health records (EHR), and
real-time diagnostic assistance. As AI systems continue to improve, they will likely become an
indispensable tool for radiologists and healthcare providers.
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Quick Tip

AI can enhance the capabilities of radiologists by improving diagnostic accuracy, stream-
lining workflows, and providing predictive insights, but it is not intended to replace
human expertise.

Q8. (a) What is the most common lesion that you would suspect in this case?

Solution:
The most common lesion that would be suspected in a 16-year-old boy with recurrent episodes
of nasal bleeding is a juvenile nasopharyngeal angiofibroma (JNA). This benign, highly vascular
tumor typically occurs in adolescent males and is the most common cause of recurrent epistaxis
in this age group.

Q8. (b) Discuss its imaging features.

Solution:
Step 1: Overview of Imaging in JNA.
Imaging plays a crucial role in diagnosing and staging juvenile nasopharyngeal angiofibroma
(JNA). The imaging features help define the extent of the tumor, its vascularity, and its rela-
tionship with adjacent structures, which is essential for preoperative planning.

Step 2: Imaging Modalities for JNA.
1. CT Scan:
- Mass in the nasopharynx: The tumor typically appears as a well-defined, highly vascular mass
located in the nasopharynx, extending into the nasal cavity, paranasal sinuses, and possibly the
pterygopalatine fossa.
- Bony involvement: The tumor often erodes the surrounding bone, particularly in the posterior
nasal cavity and roof of the pterygopalatine fossa. Bony destruction or expansion of the sinus
walls is a key feature.
- Contrast enhancement: The lesion enhances markedly with contrast due to its vascular na-
ture. This feature helps distinguish JNA from other masses like lymphoma or sarcoma.

2. MRI:
- T1 and T2 Weighted Imaging: On MRI, JNA typically appears hypointense on T1-weighted
images and hyperintense on T2-weighted images. The lesion often shows significant enhance-
ment post-contrast.
- Vascularity: MRI can demonstrate the highly vascular nature of the tumor, often revealing
areas of enhancement within the mass.
- Invasion of adjacent structures: MRI is superior in assessing soft tissue involvement, such as
extension into the skull base, infratemporal fossa, and orbit. It can also assess involvement of
the cavernous sinus and carotid artery, which is crucial for surgical planning.
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3. Angiography:
- Vascular nature: Angiography is useful for visualizing the blood supply to the tumor, which
is typically from the internal maxillary artery and its branches.
- Preoperative embolization: Angiography can also help in preoperative embolization of the
tumor to reduce intraoperative bleeding.

Step 3: Differential Diagnosis.
While JNA is the most common cause of recurrent epistaxis in adolescents, imaging features
can also help differentiate it from other conditions like:
- Nasopharyngeal carcinoma: This malignant tumor usually does not show the same degree of
vascularity and has a more irregular appearance on imaging.
- Lymphoma: Lymphoma can present with similar symptoms but lacks the characteristic bony
involvement and vascularity seen in JNA.

Quick Tip

JNA often shows significant vascularity on imaging, and CT and MRI are key for evalu-
ating tumor extent and planning treatment.

Q8. (c) What is the role of interventional radiology in management of this lesion?

Solution:
Step 1: Role of Interventional Radiology in JNA.
Interventional radiology (IR) plays a vital role in the management of juvenile nasopharyngeal
angiofibroma (JNA), particularly in reducing surgical risks by controlling bleeding and aiding
in tumor resection.

Step 2: Preoperative Embolization.
- Embolization of blood vessels: The primary role of interventional radiology in JNA manage-
ment is preoperative embolization. This technique involves the selective occlusion of the feeding
blood vessels (typically the internal maxillary artery and its branches) that supply the tumor.
The goal is to reduce the blood flow to the tumor, thereby minimizing intraoperative bleeding
during surgical resection.
- Improved surgical outcomes: Embolization significantly reduces the need for blood transfu-
sions and shortens the duration of surgery by decreasing vascularity.

Step 3: Postoperative Management.
- Hemostasis: If bleeding occurs postoperatively, interventional radiology can be used for se-
lective embolization to control any remaining bleeding from the tumor bed or surrounding
vasculature.

Step 4: Benefits of Interventional Radiology.
- Minimally invasive: Embolization is minimally invasive and provides significant benefits with-
out the need for extensive surgery or additional incisions.
- Reduction in complications: By reducing tumor vascularity, embolization lowers the risk of
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hemorrhage and other complications during surgery.

Step 5: Considerations and Limitations.
- Selective embolization: Embolization must be performed selectively to avoid damaging critical
structures like the optic nerve, carotid artery, or brain.
- Timing of embolization: Embolization is usually performed 24 to 48 hours before surgery to
allow for optimal reduction in blood flow.

Quick Tip

Preoperative embolization by interventional radiology is crucial in managing JNA, as it
significantly reduces bleeding during surgery and improves patient outcomes.

Q9. (a) Enumerate the various interventional radiology (IR) procedures that can
be performed in a patient with portal hypertension.

Solution:
The following interventional radiology procedures are commonly performed in patients with
portal hypertension to manage complications like variceal bleeding, ascites, and portal vein
thrombosis:

1. Transjugular Intrahepatic Portosystemic Shunt (TIPS): A procedure that creates a channel
between the portal and hepatic veins, allowing blood to bypass the liver, reducing portal pres-
sure.

2. Endovenous Laser Therapy (EVLT) or Sclerotherapy for Variceal Bleeding:
Minimally invasive techniques to manage varices, which are common complications of portal
hypertension. EVLT uses laser energy, while sclerotherapy involves injecting a sclerosing agent.

3. Balloon-occluded Retrograde Transvenous Obliteration (BRTO):
Used for bleeding gastric varices, where a balloon is inserted to occlude the varices, and scle-
rosing agents are applied.

4. Transjugular Biopsy:
A biopsy technique used for liver biopsy in patients with portal hypertension, especially when
traditional percutaneous biopsy is contraindicated.

5. Portal Vein Thrombosis (PVT) Management:
IR procedures like thrombolysis or thrombectomy are used to manage PVT in portal hyper-
tension.
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Quick Tip

TIPS is one of the most important IR procedures in portal hypertension, especially in
controlling refractory variceal bleeding and reducing portal pressure.

Q9. (b) Discuss any two such procedures in detail, including its indications, con-
traindications, procedural details, and complications.

Solution:
Step 1: Transjugular Intrahepatic Portosystemic Shunt (TIPS).
1. Indications:
- Refractory variceal bleeding: TIPS is indicated when bleeding from varices cannot be con-
trolled by endoscopic treatment.
- Refractory ascites: TIPS can help in reducing the portal pressure and improving ascitic fluid
reabsorption.
- Hepatorenal syndrome: A potential indication to improve renal function by reducing portal
pressure.

2. Contraindications:
- Severe liver dysfunction (Child-Pugh Class C).
- Severe heart failure.
- Hepatic encephalopathy.
- Portal vein thrombosis with a poor collateral circulation.

3. Procedural Details:
- TIPS is performed through a transjugular approach, where a needle is inserted into the jugular
vein, and a catheter is advanced into the hepatic vein.
- A tract is created between the portal and hepatic veins using a balloon, and a stent is placed
to maintain the shunt.
- The procedure is guided by fluoroscopy and ultrasound.

4. Complications:
- Hepatic encephalopathy: A potential complication due to the diversion of blood from the
liver, causing toxins to bypass the detoxifying effect of the liver.
- Stent thrombosis: This can occur, necessitating stent revision or revascularization.
- Bleeding: Due to the invasive nature of the procedure, bleeding is a risk, though rare.
- Infection: As with any invasive procedure, there is a risk of infection.

Step 2: Balloon-occluded Retrograde Transvenous Obliteration (BRTO).
1. Indications:
- Bleeding gastric varices: BRTO is primarily used to manage bleeding gastric varices, a com-
plication of portal hypertension.
- Large or isolated varices that cannot be controlled by other treatments like TIPS or endo-
scopic interventions.
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2. Contraindications:
- Severe liver dysfunction: In cases of liver cirrhosis or decompensated liver disease, BRTO may
not be suitable.
- Non-bleeding varices: BRTO is not indicated for non-bleeding gastric varices or as a prophy-
lactic treatment.

3. Procedural Details:
- A catheter is inserted into the femoral vein, and contrast injection is used to visualize the
varices.
- A balloon is then inserted to occlude the varices, and a sclerosing agent is injected to obliterate
the varices.
- The balloon is inflated to stop the blood flow and prevent further bleeding.
- The procedure is minimally invasive, performed under local anesthesia with fluoroscopic guid-
ance.

4. Complications:
- Portal vein thrombosis: As the procedure involves occlusion of the veins, there is a risk of
thrombosis in the portal circulation.
- Gastric mucosal injury: If the balloon is not correctly positioned, it can lead to damage to
the gastric wall.
- Infection: Infection from the catheter insertion or from the use of sclerosing agents is a
potential complication.

Quick Tip

BRTO is an excellent procedure for controlling bleeding gastric varices, particularly when
other methods are unsuccessful. However, it requires careful monitoring for complications
like portal vein thrombosis.

Q10. (a) Discuss the classification and imaging features of vascular anomalies.

Solution:
Step 1: Classification of Vascular Anomalies.
Vascular anomalies are classified into two broad categories: vascular malformations and vascu-
lar tumors. These categories are further subdivided based on their characteristics and behavior.

1. Vascular Malformations (VM):
- Characteristics: These are abnormal development of blood vessels that grow proportionally
with the body. They are present from birth and are often congenital.
- Subtypes:
- Capillary malformations: Small, superficial vessels often seen as port-wine stains.
- Venous malformations: Composed of abnormally formed veins.
- Arteriovenous malformations (AVM): Abnormal connections between arteries and veins, lead-
ing to high blood flow and high pressure.
- Lymphatic malformations: Abnormal growth of lymphatic vessels, often presenting as cystic
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masses.
- Mixed malformations: Combinations of capillary, venous, and lymphatic vessels.

2. Vascular Tumors (VT):
- Characteristics: These are growths or tumors that arise from endothelial cells and often ex-
hibit rapid growth.
- Subtypes:
- Hemangiomas: Most common vascular tumors, particularly in infants. They are characterized
by clusters of blood vessels.
- Kaposi’s Sarcoma: A malignant vascular tumor often associated with immunosuppressed pa-
tients (e.g., HIV/AIDS).

Step 2: Imaging Features of Vascular Anomalies.
1. Ultrasound:
- Capillary malformations appear as hypoechoic areas on ultrasound.
- Venous malformations show a well-defined, anechoic structure with slow blood flow.
- Arteriovenous malformations show high-flow vessels with color Doppler imaging.

2. CT and MRI:
- Capillary malformations appear as well-defined hyperdense lesions on CT and enhance poorly
on contrast studies.
- Venous malformations appear as multilocular lesions with a soft tissue density, showing en-
hancement on post-contrast imaging.
- Arteriovenous malformations (AVMs) show a tangle of vessels with rapid flow and may present
with calcifications.
- Hemangiomas on MRI show well-defined, hyperintense areas on T2-weighted imaging with
peripheral enhancement on post-contrast imaging.

Quick Tip

In vascular malformations, imaging modalities such as ultrasound, CT, and MRI are used
to assess the size, flow characteristics, and tissue involvement of the lesions.

Q10. (b) What is the role of interventional radiology in management of vascular
anomalies?

Solution:
Step 1: Overview of Interventional Radiology (IR) in Vascular Anomalies.
Interventional radiology plays a critical role in the management of vascular anomalies, particu-
larly in minimally invasive procedures for diagnosis, treatment, and symptom control. IR offers
advantages like reduced recovery times, lower risk of complications, and precise targeting of the
affected areas.

Step 2: IR Procedures for Vascular Anomalies.
1. Embolization:
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- Indications: Used for both vascular malformations and vascular tumors. In cases of AVMs,
large venous malformations, or symptomatic hemangiomas, embolization helps control bleeding
and reduce the size of the anomaly.
- Procedure: A catheter is inserted into the affected vessel via a femoral or jugular access, and
embolic agents (like coils or glue) are injected to block abnormal blood vessels.
- Complications: Risk of ischemic damage to adjacent tissues, embolism in non-target areas,
and infection.

2. Percutaneous Drainage and Sclerotherapy:
- Indications: Primarily used for lymphatic malformations and large venous malformations,
particularly when they cause symptoms like pain or swelling.
- Procedure: A needle is inserted under imaging guidance to aspirate fluid or inject sclerosing
agents that promote fibrosis and shrinkage of the lesion.
- Complications: Infection, tissue necrosis, and recurrence of the lesion.

3. Stent Placement:
- Indications: In patients with arteriovenous malformations (AVMs) or large vascular anoma-
lies involving the central veins, stenting may be performed to maintain blood flow through the
affected area while preventing rupture or bleeding.
- Procedure: A catheter is inserted to deliver the stent to the lesion site, restoring normal blood
flow.
- Complications: Risk of stent migration, thrombosis, and damage to adjacent vessels.

Step 3: Advantages of IR in Management of Vascular Anomalies.
- Minimally invasive: IR techniques are less invasive than traditional surgery, with smaller in-
cisions and quicker recovery times.
- Precise targeting: Embolization and sclerotherapy are highly targeted, reducing the risk of
damage to surrounding healthy tissue.
- Symptom management: These procedures can help alleviate symptoms like bleeding, pain,
and swelling in patients with large or symptomatic vascular anomalies.

Step 4: Limitations and Considerations.
- Inaccessibility: Not all vascular anomalies can be reached using percutaneous techniques.
- Tumor recurrence: Some vascular tumors may recur despite treatment, necessitating repeated
procedures.
- Risks of embolization: Embolization may lead to tissue necrosis or embolism in non-target
areas.

Quick Tip

Interventional radiology provides highly effective, minimally invasive options for treating
vascular anomalies, including embolization, sclerotherapy, and stent placement.
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