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Abstract
F‑18‑fluorodeoxyglucose positron emission tomography/computed tomography (PET/CT) is routinely 
performed in oncology patients for various indications including staging, restaging, recurrence 
detection, and treatment response evaluation. Many disease‑  and treatment‑related complications 
can be incidentally detected on PET/CT, which may be due to the complication of radiotherapy, 
chemotherapy, intervention, or primary tumor itself. Some of these complications could be life 
threatening and need urgent intervention. Therefore, these incidental findings should be recognized 
on PET/CT and immediately informed to the treating physicians if required urgent intervention.

Keywords: Chemotherapy related, complication, F‑18‑fluorodeoxyglucose, oncology, positron 
emission tomography/computed tomography, radiation induced

Disease‑ and Treatment‑related Complication on F‑18‑Fluorodeoxyglucose 
Positron Emission Tomography/Computed Tomography in Oncology 
Practice: A Pictorial Review

Pictorial Essay

Raghava Kashyap, 
Kanhaiyalal 
Agrawal1, 
Harmandeep Singh2,  
Bhagwant Rai 
Mittal2

Department of Nuclear 
Medicine and Positron 
Emission Tomography, 
Mahatma Gandhi Cancer 
Hospital, Visakhapatnam, 
Andhra Pradesh, 1Department 
of Nuclear Medicine, All 
India Institute of Medical 
Sciences, Bhubaneswar, Odisha, 
2Department of Nuclear 
Medicine and Positron Emission 
Tomography, Postgraduate 
Institute of Medical Education 
and Research, Chandigarh, 
India

Introduction
F‑18‑fluorodeoxyglucose (FDG) 
positron emission tomography/computed 
tomography  (PET/CT) is routinely 
performed in oncology patients now-a-
days for various indications including 
staging, restaging, recurrence detection, 
and therapeutic response evaluation. Many 
disease‑ and treatment‑related complications 
can be incidentally detected on PET/CT, 
which may be due to the complication of 
radiotherapy, chemotherapy, intervention, or 
primary tumor itself. These complications 
could be life threatening and sometimes 
need urgent intervention. Therefore, it 
should be recognized on PET/CT study 
and immediately informed to the treating 
physicians if required urgent intervention. 
In this review article, we describe some 
of the rarely seen complication in cancer 
patients during FDG PET/CT studies.

Nervous System
Mass effect

Any intra‑  or extra‑axial lesion in the 
brain causes mass effect on the brain 
parenchyma. This leads to midline 
shift  (MLS) in the brain, which is one of 
the indicators of increased intracranial 
pressure  [Figure  1]. Brain MLS is a 
potentially life‑threatening condition and 

requires urgent management. MLS is also a 
quantitative measure of mass effect or the 
degree of compression.[1] The midline of 
the brain is assumed to be coplanar with 
falx cerebri - MLS may be associated with 
other signs of raised intracranial pressure, 
for example, hydrocephalus and herniation 
and should be given due attention while 
reporting PET/CT studies.

Spinal cord compression/nerve 
compression

The spinal cord compression could be 
due to benign conditions  (intervertebral 
disc protrusion, trauma, tuberculosis, 
fractures, and benign tumors) or malignant 
etiologies  (vertebral metastasis and 
compression by primary tumors). This 
is a surgical emergency and requires 
prompt intervention to prevent permanent 
neurological deficit. Patients may present 
with pain, signs of neurological deficit, 
and urinary retention. CT scan is not much 
helpful in assessing cord compression. 
However, in advance disease, CT studies 
may show cord compression  [Figure  2] 
and a magnetic resonance  (MR) study is 
usually recommended which is the imaging 
modality of choice to assess spinal cord 
pathology. Evaluation of spinal canal for 
extension of soft‑tissue component of 
tumors within and evidence of nerve root 
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compression in the form of neural foraminal involvement 
needs to be reported. Multiplanar reconstruction and 
review of sagittal and coronal views may better aid in the 
evaluation of PET/CT images for cord/nerve compression.

Lungs
Radiation‑induced lung disease

Radiation‑induced lung disease  (RILD) is common after 
radiotherapy for chest wall and intrathoracic malignancies. 
CT scan usually shows ground glass opacities or air space 
consolidation in the acute phase and traction bronchiectasis, 
volume loss, or consolidation in the late phase following 
conventional radiotherapy to the chest  [Figure 3].[2] Recent 
advances in radiation therapy, i.e., intensity‑modulated 
radiotherapy, image‑guided radiotherapy, and stereotactic 
body radiotherapy  (SBRT) help in delivering higher 
radiation dose to tumors while reducing unnecessary doses 
to surrounding normal tissue.[3] These techniques produce 
atypical radiologic manifestations of RILD. It is essential 
to differentiate RILD from local residual/recurrence 
disease in the lung or infection. FDG PET/CT is useful 
in differentiating metabolically active tumor from 
inactive fibrosis after radiation therapy. However, FDG 
PET/CT frequently shows false‑positive tracer uptake due 
to radiation pneumonitis if performed immediately after the 
completion of radiation therapy  [Figure  3].[4] Therefore, to 
avoid false‑positive results, FDG PET/CT is not advisable 
until at least 3  months after the completion of radiation 
therapy. Review of baseline/pretreatment images yields 
important information to differentiate areas of disease 
involvement and post-treatment changes [Figure 3a].

Pulmonary thrombosis

Pulmonary thromboembolism  (PTE) is the third most 
common acute cardiovascular disease.[5] Oncology patients 
are prone to the development of venous thromboembolism 
because of underlying hypercoagulable state. Cancer 
patients with PTE usually present with atypical clinical 
presentations and may be asymptomatic. Incidental PTE 

on contrast‑enhanced computed tomography  (CECT) 
studies in the oncologic population is noted in 0.58%–
4.0% of patients.[6] CT findings show an intraluminal 
filling defect in the involved pulmonary artery and its 
branches. F‑18 FDG PET/CT is now a standard imaging 
modality in various malignancies. Many centers perform 
contrast CT protocol during routine F‑18 FDG PET/CT 
procedure. Hypermetabolism in the lumen of pulmonary 
artery  [Figure  4], four‑chamber cardiac uptake, and the 
presence of a rim of hypermetabolism surrounding a 
pulmonary infarction are various PET findings associated 
with PTE.[6] Differential diagnosis of intraluminal 
pulmonary artery hypermetabolism is pulmonary artery 
sarcoma and pulmonary artery metastasis.[7,8] However, 
there is a low‑grade tracer uptake in PTE, whereas much 
higher metabolism is reported for pulmonary artery 
malignancies and tumor emboli. Although primary 
mechanism for tracer uptake in the PTE is uncertain, it can 
be due to inflammatory cells that constitute the pulmonary 
embolus.[5]

Aspiration

Swallowing dysfunction and dysphagia are frequent 
morbidities in cancers of the head and neck and esophagus. 
Luminal narrowing from the tumor as well as post-
surgicaland radiation side effects are the contributory 
factors. Swallowing dysfunction leads to aspiration of 
food into the lungs and secondary pneumonitis. Aspiration 
pneumonia is associated with increased risk of mortality 
in these patients. Aspiration presents as consolidation, 
patchy ground glass changes, or tree‑in‑bud appearances. 
On F‑18 FDG PET/CT, relative low metabolic activity 

Figure  2: F‑18‑fluorodeoxyglucose positron emission tomography/
computed tomography study in a 68‑year‑old male patient with unknown 
primary and suspicious metastatic lesions in the spine showed primary 
in the prostate (not shown here). Images show intensely hypermetabolic 
lesion in the sacrum (a) which on computed tomography images shows 
compromise of neural foramina (arrow in b). The day following positron 
emission tomography scan, the patient developed paraparesis with 
ventilator dependence for respiration.  (c) Hypermetabolic lesion in C5 
vertebral body extending into and indenting the spinal canal with cord 
compression (d arrow) which was worsened by ambulation of the patient

dc

ba

Figure 1: Large intensely hypermetabolic (a) glioblastoma multiforme (b, 
white arrow) on F-18-fluorodeoxyglucose positron emission tomography/
computed tomography study showing significant perilesional edema, mass 
effect, and midline shift toward the right side (b, black arrow). Status post-
craniotomy to relieve the intracranial pressure noted

ba
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along with diffuse pattern of involvement suggests possible 
inflammatory nature in these cases in addition to the 
changes noticed on CT [Figure 5].

Bronchopleural fistula

In oncology patients, cavitary lesions in the lungs are 
seen due to several etiologies, for example, primary 
bronchogenic carcinoma, pulmonary metastasis, infections, 
etc. Squamous cell carcinoma is the most common cause 
composing 69% of total cavitating lung metastases.[9] In 
addition, metastatic adenocarcinoma and sarcoma can also 
cavitate.[9] The exact mechanism of cavitation within a 
lung metastasis is not known, but it has been hypothesized 
that cavitation could be either due to tumor necrosis or a 
check‑valve mechanism that develops by means of tumor 
infiltration into the bronchial structure.[10,11] In general, 
cavitating metastases have a thick and irregular wall, but 
thin‑walled cavities can be seen usually with metastases 
from sarcomas and adenocarcinomas.[9]

Spontaneous pneumothorax is a rare manifestation of 
metastasis in the lung.[12] Rarely, necrosis of subpleurally 
located metastases may lead to formation of bronchopleural 
fistula resulting in pneumothorax  [Figure  6]. In some 
situation, these subpleural metastases are small and 
not recognizable in X‑rays. Thus, pneumothorax is the 
presenting manifestation. Pneumothorax presentation may 
range from completely asymptomatic to life‑threatening 
respiratory distress. Therefore, pulmonary metastasis should 
be considered while evaluating the etiology of spontaneous 
pneumothorax in cancer patients.

Mediastinum
Esophageal perforation with tracheoesophageal fistula

Esophageal perforation  (EP) is a potential life‑threatening 
medical emergency. This leads to high morbidity and 

mortality rate  (at least 20%).[13] EP is usually iatrogenic, 
mainly due to endoscopic procedures. However, it could 
be spontaneous or due to trauma. Perforation in the 
esophageal cancer could be iatrogenic resulting from 
dilatation of the narrowed esophagus, radiotherapy related 
or due to advanced stage of progressive esophageal 
carcinoma.[14] Symptoms and signs of EP are variable and 
non-specific in many patients. A  missed diagnosis and 
first diagnosis at autopsy are described in 17% of cases.[15] 
In general, patients present with acute‑  and sudden‑onset 
chest pain radiating to the back or to the left shoulder. 
Typical signs and symptoms of EP are vomiting, chest 
pain, and subcutaneous emphysema  (Mackler triad).[16] 
Further symptoms are related to the site of esophagus 
perforated, for example, neck pain in patients with 
perforation of cervical esophagus and acute abdominal 
or epigastric pain in those with gastroesophageal junction 
perforation.[13] CT study in EP usually shows thickened 
esophageal wall, contrast material extravasation, focal 
esophageal wall defect, periesophageal air and fluid 
collections, mediastinal inflammation, mediastinal 
fluid collection, and pleural effusion.[17] Rarely, 
tracheoesophageal fistula  (TEF) develops in patients 
with esophageal cancer  [Figure  7]. Malignant TEF may 
be seen in association with other malignancies, such as 
lung cancer, tracheal cancer, and Hodgkin’s disease.[18] 
The incidence of TEF in patients with esophageal cancer 
ranges from 5% to 10%.[19] The management of malignant 
TEF is always challenging and carries poor prognosis. The 
esophageal contents spill into the lungs and death is often 
due to respiratory infection rather than the malignancy 
itself.[19] F‑18 FDG PET/CT may show hypermetabolism 
in the lungs due to infection and should not be confused 
with metastatic disease.

Figure 3: (a) Computed tomography study of a patient with the left lung 
mass before radiation while (b) shows a significant resolution in the lesion 
post radiotherapy. (c) Intense metabolic activity on F‑18‑fluorodeoxyglucose 
positron emission tomography corresponding to consolidation‑like 
changes on computed tomography images (d) in the upper lobe of the left 
lung post radiation, likely due to radiation induced lung disease

dc
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Figure  4: Young female patient with large sigmoid growth underwent 
F‑18‑fluorodeoxyglucose positron emission tomography/computed 
tomography scan  (a) for staging showed a filling defect in the right 
pulmonary artery on computed tomography images  (arrow b) which 
was metabolically active (arrow c). The presence of metabolic activity in 
pulmonary thrombus should raise the suspicion of tumor thrombus

c

b
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Superior vena cava syndrome

Superior vena cava syndrome  (SVCS) occurs due to 
major vessel compression in the superior mediastinum 
and is a potentially life‑threatening condition. There is 
impairment in the venous drainage of the head, neck, 
and upper extremities. Clinical signs and symptoms 
include swelling of the face, neck, and arms, distended 
neck veins, headache, dyspnea, coughing, and in severe 
cases, stridor and altered mental status. Symptoms are 
often exacerbated by lying down or bending forward. In 
SVCS, on bilateral arm elevation, there is development 
of facial plethora, inspiratory stridor, and non-pulsatile 
jugular venous pressure elevation, known as Pemberton’s 
sign. Malignant tumors such as lung cancer, lymphoma, 
malignant thymoma, germ cell tumors, and metastases are 
responsible for the majority of SVCS cases. Lung cancer 
accounts for 85% of all cases of SVCS with malignant 
etiology.[20] Other causes of SVCS include aortic aneurysm, 
thyromegaly, fibrosing mediastinitis from prior irradiation, 
or histoplasmosis and thrombosis due to central venous 
access.[20] In the superior vena cava (SVC) obstruction, CT 
study typically shows a lack of opacification of the SVC, 
an intraluminal filling defect or severe narrowing of the 
SVC, and visualization of collateral vessels  [Figure  8].[21] 
In general, network of smaller venous plexuses connecting 
the venous drainage of upper extremities is not opacified 
on contrast CT. Furthermore, azygos and hemiazygos 

systems are also dilated. In SVC obstruction, venous 
flow diverts into a network of thoracic and abdominal 
collateral channels. The presence of collateral vessels on 
CT study has a sensitivity of 96% and a specificity of 
92% in SVCS.[21] Although gold standard for evaluation 
of SVC is venogram, multidetector computed tomography 
provides helpful information such as the level and degree 
of SVC obstruction, the length of the affected segment, 
and detects any intraluminal clot. Treatment of SVCS 
depends on the etiology. In most of the cases where 
SVCS is due to cancer, treatment related to cancer is 
choice. Sometimes, patients may need endovascular 
stents. Therefore, timely recognition of SVC obstruction 
on PET/CT is essential.

Abdomen and Pelvis
Intussusception

Intussusception is defined as invagination of one segment 
of bowel loop with its mesenteric fold  (intussusceptum) 
into the lumen of a contiguous portion of 
bowel  (intussuscipiens) as a result of peristalsis.[22] It 
is more common in children. Intussusception is rare in 
adults constituting only 5% of all intussusceptions.[22] 

Figure  8:   A patient with Hodgkin’s disease underwent F-18-
fluorodeoxyglucose positron emission tomography/computed tomography 
study for staging. The images show lack of opacification in part of superior 
vena cava (arrow in b) due to encasement by the large hypermetabolic 
mediastinal lymph nodal mass (a), suggestive of superior vena cava 
syndrome. Incidental note is also made of tracheal stenosis caused by 
the mass (b)

ba

Figure  7:   F-18-fluorodeoxyglucose positron emission tomography/
computed tomography study of a patient with carcinoma esophagus 
showing intense tracer uptake in the primary tumor (a), which is encasing 
the trachea with formation of trachea-esophageal fistula (arrow in b). A 
self-expanding metallic stent is noted in the esophagus

ba

Figure  5:   F-18-fluorodeoxyglucose positron emission tomography/
computed tomography study of a patient with carcinoma esophagus post 
neoadjuvant chemotherapy shows residual primary (b, arrow) while the 
medial basal segment of the lung shows mass with central air pockets 
and surrounding ground glass changes (a) suggestive of aspiration. This 
was not noticed in the baseline positron emission tomography scan before 
chemotherapy. This was later confirmed due to trachea-esophageal fistula 
on endoscopy and stenting was done 

ba Figure   6 :  Post  cr ico id  carc inoma,  post  rad iotherapy,  on 
F‑18‑fluorodeoxyglucose positron emission tomography/computed 
tomography scan showing persistent activity in the neck at the site of 
primary (arrow a) corresponding to stricture on endoscopy suggestive of 
recurrent disease. Multiple lung lesions with increased metabolism and 
cavitary changes confirmed later as metastases (* b). (c) Demonstrating 
fistula between the bronchus and pleura resulting in large right 
pneumothorax pushing the mediastinum to left and collapse of the 
lung (tension pneumothorax)

cba
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Intussusception could be with a lead point or without 
a lead point. In children, no lead point is identified in 
about 90% of cases and etiology is thought to enlarge 
lymphoid tissue following an infection. However, a 
lead point is seen in infants and adults in approximately 
90% of cases.[23] In adults, lead points are mostly due 
to gastrointestinal malignancies such as colorectal 
carcinoma, lymphoma, and metastases.[23] Intussusception 
without a lead point may present as vague abdominal 
pain without bowel obstruction and mostly discovered 
incidentally on CT studies. On CT abdomen, it appears 
as target‑like or sausage‑shaped mass depending on the 
axial slice projection  [Figure  9]. Intussusception with 
a lead point presents with atypical findings and often 
there are symptoms of partial bowel obstruction such 
as intermittent abdominal pain, nausea, and vomiting. 
On CT study, it appears as an abnormal target‑like mass 
with cross‑sectional diameter greater than that of the 
normal bowel. There may be associated with proximal 
bowel obstruction.[22] However, impaired circulation of 
the mesenteric vessels leading to bowel wall edema and 
thickened bowel loops makes it difficult to differentiate 
a lead mass from inflammation in the bowel loops. FDG 
PET/CT performed in oncology patients may sometime 
reveal intussusception incidentally. FDG uptake in 
intussusception depends on the etiology. Intense uptake 
has been described at the site of intussusception due to 
lymphoma or other malignancies.[24‑27] However, intensity 
of FDG uptake varies in intussusception due to benign 
causes and possibly depends on the degree of edema and 
inflammation. In children, intussusceptions can be treated 
by enema reduction or laparoscopic approach in most of 
the cases. However, laparotomy is usually required in 
adults as in most cases, a lead point requiring treatment 
is present. Delay in diagnosis may lead to devastating 
results, including bowel infarction, perforation, 
peritonitis, or even death. Therefore, it is essential to 
recognize this potentially life‑threatening condition on 
PET/CT.

Bowel obstruction

Obstruction of the intestines is a common complication in 
patients with malignancies and needs to be recognized. It 
has a significant impact on the prognosis and outcomes of 
the patients. Mechanical as well as functional factors play 
a role in culmination of bowel obstruction. Causes can 
also be related directly to the tumor or as a consequence 
of the treatment administered. Functional causes include 
neuropathy from tumor involvement, paraneoplastic 
neuropathy, diabetic neuropathy, use of opioids, 
dehydration, and electrolyte disturbances.

Mechanical causes related to the tumor directly could be 
due to extrinsic compression and intramural occlusion. 
Treatment related causes include post-surgical adhesions 
or post-radiation fibrosis. International consensus definition 
criteria for malignant bowel obstruction include (1) clinical 
evidence of bowel obstruction,  (b) obstruction distal to 
the Treitz ligament,  (c) the presence of primary intra‑  or 
extra‑abdominal cancer with peritoneal involvement, 
and  (d) the absence of reasonable possibilities for a cure. 
Obstruction can be partial or complete. Few cases show 
spontaneous resolution.

The radiological signs of distension of the intestinal loops, 
fluid retention, air‑fluid levels in the zone proximal to the 
occlusion as well as collapsed distal bowel segments help 
in recognition of the phenomenon  [Figure  10]. Additional 
role of F‑18 FDG PET/CT would be to determine unifocal 
versus multifocal peritoneal disease and thereby aiding 
treatment‑related decisions.

Hydronephrosis

Hydronephrosis  (HDN) is defined as distention of the 
renal calyces and pelvis with urine as a result of outflow 
obstruction distal to the renal pelvis. HDN can be seen 
in patients with urogenital, retroperitoneal, and pelvic 
tumors and periureteral metastasis compressing the ureter. 
Pathology in urinary bladder, prostate, or urethra usually 

Figure  10: A  40‑year‑old female with endometrial carcinoma, post 
hysterectomy and radiotherapy, underwent F‑18‑fluorodeoxyglucose 
positron emission tomography/computed tomography study to rule out 
local recurrence. The image shows dilated small bowel loops (a arrow). 
Parietal wall deposit noticed (b) (bold arrow) is the culprit lesion resulting 
in adhesion and obstruction of proximal small bowel loops with collapse 
of distal loops (arrow head)

baFigure  9: Computed tomography images showing classical target 
appearance of intussusception  (jejunojejunal), noticed incidentally in a 
patient with recurrent post cricoid carcinoma  (a block arrow). Further, 
mesenteric fold inside the jejunal loop is noted (a vertical arrow). (b) Both 
the intussusceptum and intussuscipiens in coronal plane, possibly induced 
by feeding jejunostomy tube noticed at the level of intussusception in the 
image. No abnormal metabolic activity was seen on fluorodeoxyglucose 
positron emission tomography at this site to suggest malignant involvement

ba
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causes bilateral HDN. CT component of PET/CT generally 
shows thinned out cortex with dilated pelvicalyceal 
system  [Figure  11]. CT grading system of HDN is as 
follows: grade  1, pelvic dilatation only; Grade  2, pelvic 
dilatation plus mild calyx dilation; Grade  3, severe calyx 
dilation; and Grade  4, calyx dilation with parenchymal 
thinning or atrophy.[28] CT scan also helps in ruling out 
other causes of HDN, e.g. calculus. F‑18 FDG is mostly 
excreted through kidneys. The patterns of F‑18‑FDG 
excretion through HDN kidneys depend on hydration, 
severity of HDN, and time after which PET acquisition is 
done. Recognition and reporting of HDN due to malignant 
obstruction is essential as bilateral obstruction is a medical 
emergency and may lead to acute renal failure. Second, 
malignant obstruction of ureter is a sign of poor prognosis 
due to high rates of stent failure, and the reported median 
survival period is 4–15 months.[29‑31]

Hemorrhagic cystitis

Hemorrhagic cystitis  (HC) is defined as diffuse bladder 
mucosal bleeding.[32] HC is a rare but serious disease that 
may affect patients after pelvic radiation therapy or systemic 
chemotherapy like cyclophosphamide.[32] Other causes of 
HC are bacterial, viral, fungal, and parasitic infections, some 
medications, and idiopathic etiology. Radiation‑induced 
cystitis can occur as early as 6  months to as late as two 
decades after radiation treatment. At least 5% of patients 
treated with radiation therapy are expected to develop 
radiation cystitis.[33] Occurrence of radiation‑induced 
HC depends on the volume of tissue treated, total 
radiation dose to bladder, radiotherapy fractionation, 
mode of delivery  (external beam or brachytherapy), 
concurrent treatments, and radiosensitivity of the affected 
bladder tissue.[34] Radiotherapy alone or combined with 
chemotherapy causes HC directly due to bladder toxicity 
or indirectly causing immune suppression.[35] There is 
considerable variability in presentation and severity of 
disease. While some patients only have mild irritative 
symptoms with microscopic hematuria, others present with 
severe lower urinary tract symptoms, obstruction, urinary 

retention, or life‑threatening hemorrhage. Clinical features 
of HC are usually non-specific and may overlap with 
symptoms of urinary bladder infection or malignancy. In 
HC, FDG PET study may show false‑positive intense tracer 
uptake in the urinary bladder [Figure 12].[36] CT component 
of PET/CT study may be helpful in raising suspicion and 
usually shows thickening of the bladder wall, intraluminal 
soft‑tissue mass  (clot), and marked inflammation in the 
adjacent fat.

Urethral stricture

Urethral stricture is a late and rare complication of 
radiation treatment in pelvic malignancy.[37] The narrowing 
can occur at any location along the urethra; however, 
bulbomembranous stenosis accounts for approximately 
90% of reported strictures after radiotherapy.[38] The 
overall incidence of radiation‑induced urethral stricture is 
dependent on the dose and type of radiation.[38] Patients 
with radiation‑induced urethral stricture present with 
bladder outlet obstruction. The obstructive symptoms 
develop gradually and progressively over months.[39] 
The basic diagnostic work‑up includes a detailed clinical 
history, physical examination, urine analysis, and culture. 
Retrograde urethrogram and voiding cystourethrography 
are essential to evaluate the location and extent of 
the stricture.[39] However, urethral stricture may be 
detected incidentally on CT, MR, or PET/CT studies when 
performed to detect tumor recurrence. Usually, imaging 
findings of bladder outlet obstruction with hydroureters 
raise the suspicion of urethral stricture in a patient after 
radiation therapy [Figure 13].

Varicocele

Varicocele is the dilatation of pampiniform plexus of 
veins, which is a network of small veins in the spermatic 
cord. A  patient with varicocele may remain asymptomatic 
or presents with scrotal mass or swelling, scrotal pain, 
testicular atrophy, or infertility. A  varicocele could be due 

Figure  12:  A 65-year-old female with a history of radiation therapy for 
cervical carcinoma 16 years back presented with recent onset of urinary 
incontinence. Local examination showed obliterated vagina and bleeding 
on touch. Cystoscopy showed hemorrhage which was evacuated. Clinical 
diagnosis of hemorrhagic cystitis was made. F-18-fluorodeoxyglucose 
positron emission tomography/computed tomography showed thickened 
wall of the urinary bladder (b) with diffuse increased uptake (a) and 
extensive peri-vesical stranding (b). Air shadows in the lumen are due 
to partially evacuated thrombi (b). No hypermetabolism to suggest local 
recurrence is noticed in the cervix

ba

Figure 11: Staging F‑18‑fluorodeoxyglucose positron emission tomography/
computed tomography study of a 55‑year‑old female patient with cervical 
carcinoma demonstrating the large primary with extension into the 
parametrium  (a arrow head) resulting in compression of the ureters on 
both sides and gross hydronephrosis proximally with thinned out renal 
cortex (b arrows)

ba
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to primary or secondary etiology. Majority of varicocele are 
primary and are due to congenitally absent or incompetent 
valves in the testicular vein. The left‑side varicocele is 
more common than the right. Secondary varicoceles are less 
common in comparison to primary type. This results from 
compression of the testicular vein by an extrinsic mass, renal 
vein thrombus, or splenorenal shunting. Retroperitoneal 
malignancy invading the renal vein is a common cause of 
secondary varicocele. Large adrenal mass may compress the 
adjacent renal vein leading to varicocele.[40] Adrenocortical 
carcinoma  (ACC) resulting in thrombosis of the renal 
vein is a rare cause of varicocele.[41] Varicocele could be 
an early presentation of non-functioning ACC. Ultrasound 
is the diagnostic modality of choice, which usually shows 
dilatation of pampiniform plexus veins and typically has 
a serpentine appearance. CECT study may show a dilated 
cluster of enhancing serpentine pampiniform plexus 
veins  [Figure  14]. It is essential to establish the cause of 
varicocele to guide appropriate management.

Pelvic fistulas

Vesicovaginal fistula

Vesicovaginal fistula  (VVF) is abnormal communication 
between urinary bladder and vagina. The most common 
cause of VVF is prolonged, obstructed labor.[42] However, 
in the developed countries, approximately 90% of VVF 
are due to accidental injury to the urinary bladder during 
surgery.[42] Other less common causes of VVF are pelvic 
malignancy  [Figure  15], obstetric infections, and vaginal 
trauma.[42] In majority of patients, VVF presents with 
leakage of urine per vagina approximately 5–10 days after 
surgery. However, VVF after pelvic radiotherapy or due to 

local malignancy may present very late. Cystoscopy and 
vaginoscopy are often useful in diagnosis. Delayed CeCT 
usually shows excretion of intravenous contrast material 
into the vagina in approximately 60% of patients.[43] 
Furthermore, there may be air or fluid in the vagina. Along 
with these CT features, FDG PET may show accumulation 
of tracer in the vagina due to urine leakage.

Vesicouterine fistula

Vesicouterine fistula  (VUF) is rare and comprises only 4% 
of all urogenital fistulas.[44] The most common cause of 
VUF is trauma during child birth, mostly after cesarean 
delivery.[45] Rarely, VUF may be seen as a complication of 
radiation therapy and local carcinoma.[45] Symptoms depend 
on the level of the fistula. When VUF is present above the 
isthmus, the menstrual blood directly passes into the urinary 
bladder, leading to “Youssef’s syndrome,” i.e., amenorrhea 
with a patent cervical canal, periodic hematuria (menouria), 
and the absence of urinary leakage through the vagina.[46] 
When the VUF is present below the isthmus, urine leaks 
through the fistula from the bladder into the cervix and the 
vagina. Therefore, the symptoms are similar to those of the 
VVF.[44] When a low VUF is present, CeCT with high urinary 
bladder pressure is a useful imaging modality as it shows 
leakage of contrast material from the posterior bladder wall 
into the uterus [Figure 16].[43] However, when a high VUF is 
suspected, it is best shown on hysterography.[44] In addition, 
CT study after hysterography gives more information about 
the precise location of the fistulous tract.

Musculoskeletal
Pathologic fractures

Pathologic fracture refers to the bone fracture that occurs 
with trivial trauma due to underlying pathology in the 
bone. Majority of pathologic fractures in the elderly 
are secondary to metastatic carcinomas and multiple 
myeloma.[47] The most common primary malignancies that 
metastasize to bone are breast, lung, kidney, prostate, and 
thyroid carcinomas. It is well known that increased FDG 
uptake may be seen in both acute and subacute phases of 
benign fractures.[48] Further, the FDG activity may subside 

Figure  14: F‑18‑fluorodeoxyglucose positron emission tomography/
computed tomography images of a patient with adrenal tumors showing 
intensely hypermetabolic bilateral large adrenal mass lesions with central 
necrosis (*a). Extension of the tumor along the left adrenal vein (b arrow) 
and left renal vein (b arrow head) is also noticed resulting in secondary 
varicocele in the left scrotum (c)

cba

Figure  13: A  patient with vault carcinoma post radiotherapy. 
Fluorodeoxyglucose positron emission tomography  (a) shows gross 
right hydroureteronephrosis (arrow). (b) Large diverticulum in the urinary 
bladder (arrow). Bladder outlet obstruction with bilateral hydroureter raised 
suspicion of urethral stenosis which was later confirmed clinically. Intense 
metabolic activity in the right hip muscles (c) which appear bulky and show 
edema on computed tomography images (d arrow head) is suggestive of 
myositis. Both myositis and urethral stenosis in this patient were side 
effects of radiation

dc
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as the fractures heal. FDG accumulation is likely due to 
migration of activated inflammatory cells in the fracture 
site. Similarly, increased FDG uptake is seen malignant 
pathologic fractures.[49] Some studies suggest that 
maximum standardized uptake value and medullary uptake 
can reliably differentiate between malignant and benign 
fractures, whereas other contradicts this finding.[49,50] 
However, in general, malignant pathologic fractures show 
relatively higher tracer uptake in comparison to benign 
fractures  [Figure  17]. Further, CT findings such as 
soft‑tissue, osteoblastic, or osteolytic lesions may help in 
differentiating malignant from benign fractures. It is also 
important to predict risk of impending fractures. Mirels 
proposed a scoring system based on site, nature, size of 
lesion, and pain. All the features are assigned scores 
ranging from 1 to 3. Lesion in the upper limb, lower limb, 
and trochanteric region is assigned score 1–3, respectively. 
Lesion involving <1/3rd, 1/3rd–2/3rd, and >2/3rd of the cortex 
is assigned score from 1 to 3, respectively. Blastic, mixed, 
or lytic lesion is assigned score from 1 to 3, respectively, 
for nature of lesion. Mild, moderate, and functional pain 
is assigned a score from 1 to 3, respectively. Based on an 
overall score, Mirels recommended prophylactic fixation 
for a lesion with overall score of 9 or greater, clinical 
judgment for overall score of 8, and radiotherapy with 
observation for lesions with overall score of 7 or less.[51]

Insufficiency fractures

Insufficiency fractures are a form of stress fracture in which 
the physiologic load of weight‑bearing causes fractures in 
bone that is weakened by demineralization and decreased 
elastic resistance.[52] Insufficiency fractures in the pelvic 
bones have been described following radiation therapy for 
gynecological, colorectal, anal, and prostate cancer.[53] It 
has been reported that 45%–89% of patients who receive 
radiation to the pelvis subsequently develop insufficiency 
fractures.[52] They commonly occur within 3–12 months 
after radiotherapy. The sacral ala adjacent to the sacroiliac 
joint is the most common involved site in the pelvis in 
addition to pubic rami adjacent to the symphysis pubis and 
the acetabulum.[52] Patients with insufficiency fractures may 
be asymptomatic or present with pain. In oncology imaging, 
differentiating insufficiency fractures from metastasis could 
be challenging and postradiation insufficiency fractures 
may be misinterpreted as metastases by the radiologists. 
Such wrong interpretation of insufficiency fractures could 
result in an unnecessary biopsy, which is generally not 
recommended as it can lead to further fracture. CT study 
in sacral insufficiency fractures shows linear sclerotic 
lesions with or without cortical discontinuity in the sacral 
body parallel to the sacroiliac joints. Bone scan typically 
demonstrates characteristic “H” or “Honda” sign in 
the sacrum.[54] FDG uptake in insufficiency fractures is 
variable and ranges from mild and diffuse to intense and 
heterogeneous  [Figure  18]. Due to increased uptake of 
tracer, differentiating insufficiency fractures from new 

metastatic lesions can be challenging on FDG PET/CT. 
However, insufficiency fractures occur within the radiation 
field and sacral insufficiency fractures are usually bilateral. 
Furthermore, there may be typical “H” sign in the sacrum 
on FDG PET/CT similar to bone scintigraphy.[54] In 
addition, CT scan findings are helpful in such cases. In 
doubtful cases, serial imaging may be suggested as in 
insufficiency fracture, reduction in FDG uptake is noted 
over time.[53]

Radiation‑induced vertebral fracture

In adults, the spine is usually irradiated for metastatic 
disease. In these patients, postradiotherapy complication 
is seen in the irradiated spine. In acute phase, there may 

Figure  15: A  32‑year‑old female patient with a history of hysterectomy 
presented with vault carcinoma. Staging fluorodeoxyglucose positron 
emission tomography/computed tomography revealed intensely 
hypermetabolic mass (a) in the vault which was infiltrating into the base of 
the urinary bladder (double‑headed arrow) (b) demonstrating vesicovaginal 
fistula as a direct tumor infiltration. Administration of diuretic in this case 
resulted in diluting the radioactive urine, thereby effectively demonstrating 
the metabolic activity in the lesion
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Figure 16:  Fluorodeoxyglucose positron emission tomography/ computed 
tomography showing communication between uterus and urinary bladder 
(a, b) in a patient with recurrent cervical carcinoma post-radiation, 
suggestive of a uterovesical fistula

ba

Figure 17:  Fluorodeoxyglucose positron emission tomography/ computed 
tomography in a patient with non-small cell lung cancer showing multiple 
bone metastases (a). Pathological fracture of the neck of the right femur 
(b) at the site of metastases showing intense tracer uptake (c)

ba c
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be edema and necrosis of the bone marrow. The marrow 
is converted to fatty marrow as early as 2  weeks after 
therapy and completed by 6–8 weeks in 90% of patients.
[55] Later on, osteopenia and demineralization starts, 
which is progressive in nature. Compression fractures 
of the irradiated vertebra may be seen in some patients. 
The incidence of vertebral compression fracture as 
a complication of conventional radiotherapy is  <5%, 
whereas it ranges from 11% to 39% with SBRT.[56] The 
collagen in the bone gives bone ductility, increasing 
the tissue toughness.[56] Furthermore, collagen in bone 
is a crack growth inhibitor.[57] Collagen is damaged by 
high‑dose radiation, leading to decrease bone strength. 
This leads to fractures in previously irradiated vertebrae. 
Further, metastases in the vertebra results in abnormal 
bone turnover and lower bone quality.[58] Therefore, 
time‑dependent complication risk of radiotherapy for 
vertebral event increases with vertebral metastasis.[59] 
Predictive factors for vertebral fracture after radiotherapy 
are percentages of vertebral body tumor replacement, 
involvement of the posterior elements, reduced 
bone mineral density, and tumor location within the 
spine.[56] Low‑grade diffuse tracer uptake is seen in the 
normal vertebrae on FDG PET/CT study. However, no 
FDG uptake is seen in the irradiated vertebra. Partially or 
completely collapsed vertebra on FDG PET/CT study may 
be noted in some patients treated with radiotherapy and 
should be assessed on PET only sagittal images, which 
show photopenic region corresponding to the irradiated 
collapsed vertebrae [Figure 19].

Osteoradionecrosis

Osteoradionecrosis  (ORN) is an area of non-viable bone 
at the site of radiotherapy. This is a serious and often 
debilitating complication of radiotherapy. The mandible 
is a common site of ORN due to tenuous blood supply.
[59] The factors responsible for the development of ORN 
are trauma  (such as dental extraction), oral hygiene, and 
preexisting conditions such as diabetes with amount of 
radiation delivered to the affected bone being the primary 
factor.[59,60] The incidence of mandibular ORN ranges 
from 2% to 22%.[61] In addition, superimposed infection 
may be seen in a few mandibular ORN. The earliest 
imaging of ORN is cortical defect. Later on, there can 
be trabecular disorganization, air within the bone marrow 
space, pathologic fracture, and fragmentation.[59] Imaging 
findings in patients with superimposed infection are 
subperiosteal abscess formation, soft‑tissue abscesses and 
soft‑tissue phlegmon. It is challenging but essential to 
differentiatesterile from infected ORN and between ORN 
and tumor recurrence. On F‑18 FDG PET/CT, increased 
tracer uptake is seen in all three conditions  [Figure  20]. 
Further, the intensity of uptake cannot always differentiate 
ORN from tumor recurrence.[60] Other differential diagnosis 
of increased tracer uptake in the mandible is residual 
disease due to previous bone involvement and benign local 

dental infection. Therefore, CT findings should be given 
utmost care to avoid false positive on F‑18 FDG PET/
CT imaging. ORN may be associated with inflammatory 
changes in the surrounding soft tissues, whereas tumor 

Figure 20:  Fluorodeoxyglucose positron emission tomography/computed 
tomography study of a patient with tongue carcinoma, previously treated 
with radiotherapy 3 years back, presented with local recurrence (arrowhead 
a). Furthermore, noticed is mild metabolic activity in a lytic lesion (a, arrow) 
in the mandible in midline (b) suggestive of osteonecrosis post radiotherapy

ba

Figure  19:   A patient with cervical carcinoma post radiotherapy. 
Fluorodeoxyglucose positron emission tomography/computed tomography 
study shows wedge collapse of the L1–L4 vertebrae (a) with no abnormal 
metabolic activity (b). Sharp demarcation of the physiologic metabolic 
activity in the spine is noticed with vertebrae above D12 showing normal 
tracer uptake while those below D11 which were included in radiation field 
show absent metabolism (b)

ba

Figure 18: A patient with cervical carcinoma presented with severe back 
pain 6  months after radiation. Fluorodeoxyglucose positron emission 
tomography/computed tomography demonstrates fracture lines in the 
sacrum (b) and the pubic ramus on the right side (d) both of which show 
only mild metabolic activity (a arrows, c and e)

d
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recurrence is associated with asymmetric discrete solid 
or cystic mass. Furthermore, bony sclerosis is more 
commonly seen in ORN in comparison to tumor recurrence.
[60] Sestamibi scintigraphy could possibly differentiate 
osteonecrosis and tumor recurrence as no tracer uptake is 
seen in osteonecrosis in a few studies.[62]

Radiation myositis

Radiation myositis of striated muscle is a rare complication 
of radiation therapy. Dose fractionation schedule is an 
important determinant of the radiation‑induced muscle 
injury.[63] Furthermore, chemotherapy has potential to 
exacerbate tissue injury caused by radiation therapy, 
phenomenon known as radiation recall.[64] In such cases, 
previously irradiated tissue becomes more vulnerable to 
toxic effect of subsequent systemic therapy. Radiation recall 
most commonly occurs as dermatitis but could also leads to 
myositis, pneumonitis, or enterocolitis.[64‑67] Time interval 
between radiation treatment and radiographic appearance of 
radiation‑induced muscle changes have been studied with 
both photon and neutron therapy. MR imaging showed that 
muscle edema following radiation therapy with neutrons 
peaks at about 6 months compared to 12–18 months after 
treatment with photons.[63] There is also longer persistence 
of edema for the neutron‑treated patients. Complete 
resolution of myositis induced by photons occurs in about 
half of the patients within 2–3  years, whereas time for 
resolution is longer in neutron‑induced myositis.[63] Patients 
usually present with pain and restricted range of motion 
if joint is involved. T2‑weighted MR images usually 
show edema in the muscles. Increased FDG uptake on 
PET/CT studies has been described in myositis.[68,69] Hence, 
it is important to identify this false‑positive FDG uptake in 
myositis in oncology patients [Figure 13].

Conclusion
Complications related to cancer or cancer treatment may 
be frequently seen in FDG PET/CT studies. Some of these 
conditions may be life threatening and early recognition 
may save patient’s life. Therefore, a nuclear medicine 
physician should have adequate knowledge of these 
complications.
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