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INTRODUCTION 

 

Since its development as a sub-speciality within radiology, Interventional Radiology (IR) 

has played an increasingly important role in caring for the patient with cancer. This role 

begins with initial diagnosis of cancer and involvement now extends into minimally 

invasive treatment of malignancy alone or in combination with other treatment modalities. 

IR has established a very important role in the management of complications incurred 

during many oncological treatments. This chapter provides an updated overview of the 

scope of IR in the management of the oncology patient. 

  

INTERVENTIONAL RADIOLOGY IN THE DIAGNOSIS OF CANCER 

 

Biopsy 

In the modern era, the Interventional Radiologist utilises an expanding range of imaging 

modalities, either alone or in combination, to assess the appropriateness of percutaneous 

biopsy in individual cases, to obtain a histological diagnosis and or definitively stage 

malignant disease. The modern interventionalist, therefore, requires skills in interpretation 

of modern cross-sectional imaging techniques to ensure that percutaneous biopsy is 

indicated, that the correct lesion is biopsied when there are multiple lesions, and to offer an 

opinion regarding future management when histological diagnosis based on percutaneous 

biopsy would not appear representative of imaging appearances.   
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Percutaneous biopsy was first described by Leiden in 1883 when the procedure was utilised 

to sample the causative micro organisms of pneumonia1.  Percutaneous biopsy has been 

applied in most organ systems with excellent results and few complications2.  

 

The key to successful and safe biopsy is the use of image guidance which facilitates safe 

passage of needle into an organ or mass to facilitate histological or cytological analysis2.  

In oncology patients with febrile neutropenia, percutaneous biopsy is also increasingly 

being performed for microbiologic analysis of lesions within organs such as lung or liver 

suspicious for opportunistic infections such as fungal infection.   

 

With regard to choice of image-modality to guide percutaneous biopsy, ultrasound (US) 

has the advantage of real-time imaging, allowing accurate monitoring of the needle 

trajectory as it traverses tissues en route to the target lesion3 .  When a lesion is visible by 

ultrasound, with appropriate ultrasound equipment and operator experience, this modality 

offers much better real-time imaging than CT3   In addition, the use of US avoids radiation 

exposure to patients and staff during the course of a biopsy.  The use of CT has the benefit 

of precise needle localization and better localisation of regional anatomy when compared 

with US3 (Figure 1). This is particularly important in the case of pelvic or retroperitoneal 

biopsies which can frequently be difficult to perform using US guidance. The use of CT, 

has the disadvantage of increased procedure duration and associated radiation dose to 

patient and staff.   The utilisation of CT fluoroscopy allows near real-time imaging of 

needle trajectory.  CT fluoroscopy, when appropriately utilized can reduce the radiation 

dose associated with CT guided biopsy by reducing the duration of the procedure and also 
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CT fluoroscopic images can be acquired using lower milliamperage (mA) .  One of the 

potential disadvantages of the utilisation of CT fluoroscopy is increased radiation exposure 

to physician and staff assisting during the procedure.   

 

Contraindications to percutaneous needle biopsy include coagulation defects which can 

increase the risk of bleeding following the procedure or lack of a safe access to the lesion2.  

For biopsy of intrabdominal or pelvic lesions, traversing bowel should be avoided.  There 

are relative contra-indications which are specific to individual organ biopsies such as 

severe emphysema, pulmonary hypertension or previous pneumonectomy in the case of 

percutaneous lung biopsy.  In these situations, the benefits of the procedure need to be 

weighed against the risks and discussion and consensus at multidisciplinary meetings is 

extremely helpful.   Once it has been decided that the risk:benefit ratio is acceptable, a 

number of physiological parameters need to be measured and corrected in order to 

adequately prepare a patient for the procedure. 

 

The pathological samples obtained using IR take one of two main forms; histological and 

cytological. In general, the yield from cytology is less than that of histology. Although 

larger specimens are preferred where possible, the size of the sample that can be obtained 

depends on the size and location of the mass. In general, at our institution, visceral biopsies 

with the exception of lung biopsies are performed using a 17gauge/18 gauge co-axial 

needle system. For percutaneous lung biopsy we use a 19 gauge/20 gauge co-axial needle 

system. 
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In selected cases, with appropriate lesion selection, percutaneous biopsy can not only 

establish histological diagnosis but in addition, can facilitate staging of disease.  For 

example if a patient has a malignant-appearing lung lesion in the presence of a liver or 

adrenal lesion, biopsy of the liver or adrenal lesion can establish histological diagnosis and 

stage the patient at the same time(Figure 2).  

 

Complications of Biopsy 

Many of the complications described following percutaneous needle biopsy are common to 

biopsy of any organ and include bleeding and infection.  Other complications are specific 

to the organ being biopsied such as pneumothorax and hemoptysis following lung biopsy, 

bowel perforation following pelvic mass biopsy and hematuria, urinary retention and 

prostatitis following transrectal prostate biopsy. Appropriate informed consent should 

include a description of common complications specific to the biopsy being performed.  

The accepted incidences of complications following a range of IR procedures, including 

percutaneous biopsy has been reported by the Society of Interventional Radiology (SIR)2 

Incidences of complications, however, can vary between institutions, depending on severity 

of disease in patient population being treated and the incidence of co-morbidity. 

Institutional audit should be performed and complication rates should be compared with 

threshold incidence values which have been calculated for each procedure.  
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INTERVENTIONAL RADIOLOGY IN THE TREATMENT OF CANCER 

 

Interventional Radiology may be used in a multidisciplinary setting to assist in the 

management and treatment of cancer. Perhaps the most common means by which IR can 

facilitate patient treatment is by the provision of image guided central venous access. In 

addition, IR procedures are currently expanding the range of oncological therapies. These 

procedures are generally less invasive than surgery and are therefore considered minimally 

invasive. Chemotherapy agents can be selectively administered as part of 

chemoembolization procedures and focused treatments using thermal ablation and gene 

therapy may be administered in the appropriate setting using image guidance. 

 

Central Venous Catheters 

Central venous catheters (CVC) provide a means of administering medications or 

parenteral nutrition to patients. There are 4 main types of CVC device. Temporary 

peripheral and central non-tunnelled catheters, tunnelled central catheters and implanted 

devices. Over 200,000 central access devices are inserted per year in the UK4. Although 

these devices have been inserted by anaesthetists and surgeons in the past, these devices are 

now commonly inserted using IR5. This is because real time imaging guidance of the 

needle or catheter either by radiological screening or ultrasound reduces the incidence of 

complications related to insertion6. For these reasons central venous access using 

ultrasound guidance is recommended by the national institute for clinical excellence in the 

UK since 2002. The right internal jugular vein is the most commonly used central access 

portal7.  Complications related to central venous access procedures are dependent on choice 
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of access route and are impacted by patient selection8. Complications that occur at the time 

of insertion are typically related to injury to surrounding structures or mal-position of 

catheter and occur less commonly when performed with image-guidance than when 

performed blindly or using external landmarks8. 

 

Thrombosis 

In addition, IR has the ability to diagnose complications related to insertion such as 

thrombosis and IR can also map alternative access sites in difficult cases. The common 

long term complications associated with central venous catheter (CVC) placement are 

thrombosis and infection. The overall long-term incidence of central venous thrombosis is 

between 30% and 70%9, 10. Trauma to the endothelium from the catheter tip is believed to 

cause the accumulation of thrombus11. Although the incidence of symptomatic CVC 

thromboembolism is less than 5%, asymptomatic thrombosis frequently occurs. Larger 

catheters with more lumens and catheters inserted into left sided veins are associated with 

an increased risk of thrombosis as is catheter insertion in patients with inherited 

prothrombotic tendencies10. Thrombosis is a potentially serious complication. It is the 

second leading cause of death in patients with cancer and 1 in 7 cancer patients who die in 

hospital do so as a result of venous thromboembolism12. Unfortunately thrombotic 

prophylaxis using low dose warfarin and heparin have not been shown to reduce the 

incidence of CVC thrombosis13. Satisfactory data pertaining to the treatment of catheter 

related thrombosis are lacking. No uniformly accepted method of anticoagulation or 

duration of such treatments exists. 
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Infection 

Nosocomial infection introduced at the time of catheter insertion is an important source of 

patient morbidity. Efforts to reduce the incidence of infection have concentrated on asepsis 

at the time of insertion and careful skin preparation14. Up to 20% of patients with catheter-

related blood borne infections die. One third of these deaths are directly attributable to 

catheter-related infection14. Catheter-related infections should be diagnosed by paired 

quantitative blood cultures. In the absence of shock, local infection or septic 

thrombophlebitis, a tunneled CVC with an external access device may be left in situ and 

the infection treated with parenteral antibiotics15. The deposition of infected clots within 

port devices means that once infected removal of the device will required15. 

 

Embolisation 

Minimally invasive image guided cancer treatments as an alternative or adjunct to surgery 

are currently under development. These cancer treatments consist of image guided 

procedures which sometimes require more than one IR session to compete therapy. 

Chemoembolization, radionuclide ablation and thermal ablation are being performed at 

present. Following contrast enhanced CT or MRI, transcatheter embolization may be 

performed in order to devascularise neoplastic tissue by occluding tumour arterial supply16. 

Mechanical occlusion is achieved using Gelfoam (Pharmacia & Upjohn, Kalamazoo, MI), 

polyvinyl alcohol or blood clots. These materials are introduced into the tumour bed 

following fluouroscopic guided selective arterial catheterisation by IR. Angiographic 

experience particularly with embolization techniques and in-depth knowledge of normal 

and variant anatomy relevant to the procedure are vital before embarking on these 
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techniques.  These techniques can be used as the primary modality of treatment of hepatic 

metastases or in conjunction with ablative treatments or conventional surgery.  Arterial 

embolization can also be employed prior to surgical resection in an effort to reduce 

operative blood losses particularly when tumours appear hypervascular on preoperative 

imaging. Palliative embolization of inoperable tumours may also reduce tumour burden and 

help treat symptoms. This is most commonly performed to assist in the treatment of hepatic 

disease.  

 

For palliative treatment of hepatic disease, embolization materials may be administered in 

combination with chemotherapy agents and ethiodized oil (Ethiodol: Savage, Melville, 

NY). The term “chemoembolization” is used to describe this procedure17. Hepatic tumours 

rely on the hepatic artery for most of their blood supply. This has been demonstrated using 

radio-labelled albumen which quantified tumour uptake of radioisotope infused through the 

hepatic artery compared to the portal vein. The uptake of radioisotope was ten-fold greater 

following hepatic arterial infusion than following portal vein infusion18. Embolization of 

the hepatic artery allows chemotherapy agents to dwell within a target tumour for a longer 

period of time than infusion of a chemotherapy agent alone. This technique has been used 

successfully in the treatment of hepatocellular carcinoma (HCC), hypervascular metastases 

(ocular melanoma) and hepatic endocrine metastases.  

 

Hepatic transplantation for patients with HCC, when there is a single tumour measuring 

less than 5 cm in size or 2 tumours each less than 3cm in diameter, results in a 70% 5-year 

survival19. For inoperable disease, the 2-year survival of patients with HCC is improved 
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from 10 % without treatment to 30-40% following transcatheter oil chemoembolization20.  

Significantly increased 2-year survival from 27% to 63% has been demonstrated when 

chemoembolization has been performed by administering doxorubicin with gelatin21. 

Hormonal symptoms caused by endocrine hepatic metastases can be effectively treated 

with chemoembolization when somatostatin agents or other medical manipulations become 

less effective22. It is currently unclear whether chemoembolization is superior to 

embolization in the treatment of hepatic lesions16. The effects of chemotherapy alone 

versus chemotherapy combined with chemoembolization are currently being investigated in 

the setting of hepatic metastases secondary to colorectal carcinoma23.  

  

Since embolization causes tissue necrosis, complications such as sepsis, abscess formation 

and ischemia may occur. Approximately 10% of patients experience complications as a 

result of chemoembolization17. Post-embolization syndrome consists of fever, pain and 

elevated white cell count. This is experienced by large numbers of patients following 

embolization17.  Prior to treating hepatic lesions, bowel preparation, drainage of obstructed 

biliary systems and octreotide administration for carcinoid tumours help to reduce the 

incidence of complications. Chemoembolization requires that the portal vein be patent or at 

least there must be good collateral blood supply to the liver. Otherwise hepatic necrosis is 

likely to occur following treatment. Interestingly periprocedural antibiotics are not a 

uniformly accepted method of reducing gram negative sepsis24. Ischemia of non-target 

organs such as the spine is another potential major complication. The incidence of spinal 

ischemia is reduced by careful planning angiography. 
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Re-imaging should be performed 4-6 weeks following treatment. The absence of arterial 

phase enhancement of a lesion which was hypervascular on pre-procedural imaging is 

suggestive of successful treatment.  Nodular enhancement of the portal vein and the 

appearance of an enhancing lesion usually signify residual disease. Treatment may involve 

a number of sessions until the entire tumour bed is devascularised. The ability to repeat 

treatments is an advantage of chemoembolization over surgical options.  

 

Radioembolization of tumours is another modality of treatment that may be administered 

through a carefully placed catheter using IR. This method had not gained widespread 

recognition but offers the potential for focused treatment particularly of primary and 

secondary hepatic malignancies. Microspheres composed of glass, albumen or resin may be 

combined with radionuclides such as yttrium 90, rhenium or holmium and introduced 

directly into a tumour mass25. The type of radioisotope that is best suited to treating a 

tumour will depend on the nature of the tumour. These radioisotopes are beta radiation 

emitters. This form of radiation has a very low penetrating power and its necrosing effects 

are localised. The emission of some gamma radiation is desirable as gamma radiation can 

penetrate the body facilitating detection by a gamma camera.  Gamma radiation allows the 

distribution of the radiolabelled particles to be assessed. The efficacy of radioembolization 

has yet to be determined by randomised control trials, however, accurate IR transcatheter 

delivery has shown to be safe and preliminary results confirm its efficacy26. 
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Thermal Ablation 

In addition to chemoembolization and radioembolization, tumour necrosis may also be 

achieved using a variety of thermal ablation techniques. These methods include 

radiofrequency (RF), laser, microwave, ultrasound and cryoablation. IR mediated thermal 

ablation induces tumour necrosis by the application of energy. Radiofrequency ablation 

(RFA) is performed by applying electromagnetic energy with a frequency of less than 30 

MHz to a tumour. Most devices apply energy between 375 and 500 kHz27. RFA may be 

administered using monopolar or bipolar energy sources.  

 

The most commonly used devices consist of multitined electrodes which have an umbrella 

appearance, clustered electrodes which consist of multiple internally cooled electrodes that 

are held together as a group and finally perfusion electrodes which allow fluids such as 

hypertonic saline to be instilled into the tissues being treated28. Tissues are heated to 

temperatures in excess of 60 degrees Celsius ensuring cell death. This method has been 

shown to be safe with a mortality rate of 0.3% and the rate of major complications is 

2.2%29. RFA has gained acceptance as a method of treating hepatic and lung disease and is 

being used in the treatment of adrenal, renal and skeletal lesions30, 31, 32. RFA has been 

reported to be effective in treating tumours up to 7cm in size and a 1cm margin of treated 

normal tissue surrounding the tumour is desirable. Other methods of ablation are less 

commonly used than RF33. Laser ablation, focused ultrasound ablation and microwave 

ablation, which uses electromagnetic radiation with a frequency in excess of 30 MHz,  are 

all currently under investigation.  Many of these techniques are still in development and the 
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roles and relative success rates of these modalities in local treatment of malignant lesions at 

different sites have not yet been clearly defined.  

 

The involutional changes that occur following necrosis should be monitored by serial 

imaging following ablation. Specific post-ablation CT and MRI imaging protocols are 

being developed at many institutions in an effort to confirm completeness of ablation and 

to detect residual or recurrent disease34.  

 

Gene Therapy 

Gene therapy for cancer may be performed by stimulating tumoral immune response 

(tumor vaccines, cytokines), reducing the expression of oncogenes, restoring tumour 

suppressor gene function (p53), enhancing chemotherapeutic sensitivity 

(chemoembolization) and by modifying angiogenesis (retroviruses )35. Selective arterial 

embolization following the delivery of genetic agents by IR reduces unwanted side effects 

and increases dwell time, achieving a better genetic transfer rate36. This therapy may be 

performed directly using cytokine and p53 genes, however, DNA crosses cell membranes 

poorly minimizing transfection rates. In order to adequately express a therapeutic molecule 

within a cell, vector agents that carry genetic agents across the cell membrane more 

effectively are required37. Plasmids and phospholipid agents are often used for this purpose 

but because only a small proportion of a plasmid enters the nucleus, it is not incorporated 

into the genome. In addition plasmid mediated delivery is often short-lived. Retroviral, 

adenoviral and Epstein Barr viruses which cannot replicate are not without their limitations 
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but can achieve greater and longer lasting genetic expression38. Newer therapies are likely 

to focus on these agents as methods of delivery39.   

 

 

INTERVENTIONAL RADIOLOGY IN THE TREATMENT OF THE 

COMPLICATIONS OF ONCOLOGY  

 

Many complications can occur as a result of organ dysfunction induced by malignancy. 

Although these complications can be very debilitating, many are reversible. These patients 

are often in ill health, malnourished and poor operative candidates. Minimally invasive 

methods of treating these complications are provided by IR. For example, obstruction of 

the renal, biliary and gastrointestinal systems may be relieved. Tumours that outgrow their 

blood supply may induce ischemia and necrosis not only inducing pain, but also resulting 

in perforation and occasionally abscess formation. Localised tumor abscess can be treated 

by percutaneous catheter drainage, but patient and referring physicians need to be made 

aware that although such treatments frequently reduce sepsis and alleviate pain and 

discomfort, high volumes of fluid typically drain persistently from these infected tumors 

and frequently the catheter must remain in situ for the remainder of the patient’s life40.  

 

Biliary Obstruction 

In the oncology patient, biliary obstruction can occur as a result of intrinsic obstruction or 

extrinsic compression of the bile ducts.  The majority of patients presenting with malignant 

biliary obstruction have obstructive jaundice due to distal common bile obstruction 
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secondary to pancreatic neoplasm41.  Other causes of malignant obstruction include 

cholangiocarcinoma or metastatic disease.  Obstructive jaundice secondary to metastatic 

disease is usually due to metastatic nodal disease at the liver hilum or in peripancreatic 

nodes.  Unlike distal biliary obstruction which can be treated endoscopically, proximal 

obstruction usually requires percutaneous intervention. Percutaneous transhepatic 

cholangiography (PTC) involves the injection of contrast into an intrahepatic bile duct in 

order to image the biliary tree. Percutaneous transhepatic biliary drainage (PBD) may be 

either external or internal/external if the level of obstruction can be bridged by catheter.  

Percutaneous treatment of biliary lesions is frequently staged requiring several sessions to 

achieve therapeutic goals42.  Currently, metal stents are almost exclusively used for 

malignant disease with a 6 month patency rate of 50%43. In the majority of patients, indices 

of liver function improve following treatment40. 

 

There is a higher incidence of complications associated with PBD performed in patients 

with cancer than in general population44. This possibly relates to the presence of co-

existing immunosuppression.  Patients with cancer can have an incidence of cholangitis 

following PBD of up to 50%45. One third of these infections occur in patients drained 

externally and two-thirds occur in patients drained externally and internally. In addition, 

there is a positive association between the duration of PBD and the development of 

cholangitis46. Unfortunately patients requiring PBD are often in the later stages of their 

disease processes and the median survival following PBD in one series was 57 days among 

patients with pancreatic carcinoma43.  
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Less frequent complications of PBD include catheter dislodgement, occlusion, leakage and 

electrolyte imbalance. Prophylactic antibiotics, effective in combating Escherichia coli, 

Klebsiella, Enterococcus, Streptococcus, Enterobacter and Pseudomonas aeruginosa, 

should be administered prior to percutaneous biliary procedures. In addition, careful 

manipulation of an infected system and avoiding over-distension with contrast also 

decrease the risk of bacteremia47.   PBD can be successfully completed in 95% of patients 

with dilated ducts but this rate falls to 70% for non-dilated ducts40.  Major complications of 

PBD include sepsis, hemorrhage and localized infection/inflammatory process (abscess, 

peritonitis, cholecystitis and pancreatitis) 43. 

 

Renal Obstruction 

The most common renal intervention performed by IR is percutaneous nephrostomy (PCN) 

(Figure 3). The indications for PCN are urinary tract obstruction caused by intrinsic or 

extrinsic ureteral obstruction usually secondary to calculus disease, malignancy or 

iatrogenic causes48.  Emergency PCN may be required for urinary tract sepsis, 

pyonephrosis, deteriorating renal function or metabolic disturbances such as hyperkalemia 

and metabolic acidosis. This procedure reduces the incidence of gram negative septicaemia 

due to renal obstruction and may improve impaired renal function and reduce inpatient 

admission times.  

 

Ureteric obstruction is not infrequent among oncology patients. In one series of 218 

patients requiring PCN, 76 had underlying malignancy49. The most common malignancies 

causing obstruction in this series were cervical and prostate carcinoma. In cases of 
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malignant ureteric obstruction, when retrograde stenting is unsuccessful or is not feasible, 

the ureter can be accessed antegradely through the PCN tract, and once the ureteric stricture 

is crossed, a ureteric stent can be placed.  This may be either a 1 or a 2-step procedure. 

Obstructed renal collecting systems without pyonephrosis are usually suitable for primary 

antegrade stenting as a one-step procedure with success rates of over 80%50. During a 2-

step procedure either a PCN or an internal-external nephroureteral tube is inserted initially 

and a ureteric stent is placed on a subsequent visit to IR department. Retrograde stenting of 

an obstructed renal collecting system has the advantage of avoiding renal puncture. In the 

oncology patient antegrade stenting may be more appropriate because retrograde 

techniques have a failure rate of 27% among oncology patients compared with 6 % among 

patients with benign disease. Failure is most commonly due to distortion of the ureteric 

orifices precluding stent insertion51. Plastic stents are favoured over metal ones because 

they induce less urothelial hyperplasia and they can be easily replaced. This is usually 

necessary every 3 to 6 months52. PCN can be successfully completed in 98-99% of patients. 

The rate of successful completion of PCN in oncology is mainly determined by degree of 

dilatation of collecting system and by patient’s body habitus49.  Common major 

complications of PCN include septic shock and hemorrhage49. 

 

Upper Gastrointestinal Obstruction 

Tumours of the head and neck often preclude oral feeding. Percutaneous gastrostomy or 

gastojejunostomy tubes may be inserted under fluoroscopy guidance as palliative measures 

(Figure 4). These are most commonly performed by IR having fewer complications than 

endoscopically and surgically inserted feeding tubes53. Mild pain during feeding soon after 
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gastrostomy insertion as well as infection are the most common early complications 

described with incidences of 33% and 23%, respectively54,55. The most common long-term 

complication of gastrostomy tube insertion is tube dislodgement. If the gastrostomy tube 

falls out having been in situ for greater than two weeks, a tract has usually formed and it is 

frequently possible to access the tract and reinsert the tube without the need for re-puncture 

of the stomach. There is no significant difference between the complication rates associated 

with gastrostomy and gastrojejunostomy insertion.   

 

There have been reports of decompression IR gastrostomy and gastrojejunostomy insertion 

in patients with malignant small-bowel obstruction.  These cases frequently have peritoneal 

carcinomatosis from malignant disease, with ovarian carcinoma being the most common 

primary tumor.  Ryan et al (1998) reported 45 consecutive patients with metastatic ovarian 

cancer who underwent a radiologic gastrostomy or gastrojejunostomy with gastropexy56. A 

technical success rate of 98% was achieved and it was concluded that radiologic 

gastrostomy and gastrojejunostomy can be performed safely in patients with ascites and 

peritoneal carcinomatosis, if the patients undergo paracentesis first and if the re-

accumulation of ascites is prevented after tube placement. In addition to paracentesis, 

fixation of the stomach to the anterior abdominal wall using gastropexy sutures also plays 

an important role in preventing pericatheter leakage.  

 

Pain 

Pain is a significant cancer related morbidity which is more common in the later stages of 

disease57. Opiates remain the mainstay of pain treatment. In order to reduce unwanted side 
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effects the three-step ladder and medicine rotation methods are used58. With recent 

developments of new procedures, IR is assuming an expanding role in managing cancer 

associated pain.  

 

Vertebroplasty represents a new and effective treatment for vertebral body compression 

fractures refractory to medical therapy. To date, vertebroplasty has mainly been used in the 

treatment of osteoporotic fractures by introducing cement into the fracture thereby 

stabilising it. Osteolytic tumours often fracture resulting in instability and pain. 

Vertebroplasty has been shown to reduce requirements for analgesia and is now being 

utilized in the treatment of vertebral fractures which result form malignant osseous 

infiltration59.  The incidence of major complications is 5% among oncology patients 

compared with an incidence of 1% in the general population60. The most significant 

complications are leakage of cement into the spinal canal, pulmonary embolus and 

pulmonary oedema. Vertebroplasty should relieve pain and improve mobility in 50-60% of 

oncology patients treated. Better results are achieved by treating sub-acute rather than 

chronic fractures61.  

 

Upper abdominal visceral tumours, and specifically pancreatic, gastric, esophageal, 

colorectal, gallbladder and cholangiocarcinoma are frequently associated with abdominal 

pain which is poorly responsive to analgesic therapy62. Celiac ganglion neurolysis and 

nerve block can be performed for palliation of pain, when resistant to analgesics.   The 

success rate of the procedure has been reported to lie between 70-97%61.  Alcohol or 

phenol destroy nerve roots and triamcinalone reversibly blocks nocireceptors. There is 
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controversy regarding timing of celiac plexus block, with some authors recommending that 

these interventions should only be performed in the later stages of disease and others 

arguing that better results have been demonstrated by treating disease in its earlier stage63. 

Successful celiac axis block can be performed using various methods of image guidance. 

CT guided blockade can be performed using an anterior approach or a posterior approach 

and the choice between these approaches is usually dependent on operator experience and 

anatomic considerations in individual patients61,64.  The most common reported minor 

complications are transient diarrhoea and orthostatic hypotension experienced by 73% and 

12% of patients, respectively64.   

 

Although IR may be used to treat oncological pain it is worth noting that IR itself can 

induce pain among patients. The most common procedures which can result in intra-

procedural and post procedural pain include biliary and nephrostomy drainages and 

percutaneous gastrostomy procedures65. It is important that interventional radiologists 

ensure optimal control of pain during interventional procedures and also work within a 

multidisciplinary team to ensure good pain relief following these procedures. 

 

Pleural Space Intervention 

Dyspnoea in the oncology patient is often caused by malignant pleural effusions (MPE) due 

to pleural and lymphatic involvement. These effusions may be treated by therapeutic 

thoracocentesis which can usually be performed as an outpatient procedure or by placement 

of a chest tube which usually requires admission to hospital.  To definitively treat pleural 

effusions which re-accumulate following thoracocentesis or following chest tube removal, 
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pleurodesis may be performed.  A recent systematic review concluded that available 

evidence supports the need for chemical sclerosants for successful pleurodesis, with talc 

being the sclerosant of choice, and thoracoscopic pleurodesis as the preferred technique for 

pleurodesis based on efficacy66. Pleurodesis through chest tubes placed by IR can be 

performed at the bedside avoiding the need for general anaesthetic.  However, the above 

systematic review suggested that risk of recurrence of pleural effusion was less with 

thoracosopic versus bedside instillation through different sized chest tubes of various 

sclerosants including tetracycline, bleomycin, talc or mustine66.    

 

Venous Thromboembolism 

Inferior vena cava (IVC) filter placement is an accepted method of managing venous 

thromboembolism (VTE) in the oncology patient. These filters are often inserted following 

lower limb deep venous thrombosis (DVT) in patients for whom anticoagulation is 

contraindicated, in whom a complication of anticoagulation has occurred or in whom 

recurrent PE’s occur in spite of adequate anticoagulation67. In the absence of 

anticoagulation, recurrent DVT occurs more commonly in oncologic patients but the 

incidence has been reported to be reduced to 4% with an inferior vena caval filter in situ68. 

Randomized control trails in this field are currently lacking. Although many devices are 

available, empirical use in oncology patients is not supported in the literature at present.   

The technical success of IVC filter placement is greater than 97% in experienced hands67.  

 

Abscess Drainage 
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The percutaneous aspiration and drainage of primary and postoperative abscesses and 

collections in the absence of indications for immediate surgery has helped reduce patient 

morbidity and morality and reduce hospital stay69. The method of imaging used to perform 

these procedures depends on the location of the collection. CT, CT fluoroscopy and 

ultrasound may all be used.  Image-guided needle aspiration of fluid collections in 

oncology is frequently performed to investigate for infection or malignancy.  Infected 

collections or collections causing pain or obstruction of the gastrointestinal, urinary or 

biliary tracts should be treated by image-guided catheter placement40. The incidence of 

complications associated with percutaneous drainage depends on patient health, location 

and nature of collection. It is generally reported to be 10%70. 

 

CONCLUSION 

 

Minimally invasive techniques in the hands of Interventional Radiologists are increasingly 

utilised in the management of oncology patients from initial diagnosis to treatment of 

primary tumor and metastatic disease and to management of cancer-related morbidity and 

complications related to treatment.  The use of IR techniques should be evidence-based to 

ensure optimal outcome following utilization of these techniques in the oncology patient. 

 

 
 
 
 
 
 
 
 



 

 

22 

 
REFERENCES 
                                                 
1 Leyden OO, Under infectious pneumonie . Dtsch Med Wochenschr 1883; 9: 52. 
 
2 Cardella JF, Bakal CW, Bertino RE, Burke DR, Drooz A, Haskal AZ at al, for the Society 
of Interventional Radiology Standards of Practice Committee. Quality improvement 
guidelines for image-guided percutaneous biopsy in adults. J Vasc Interv Radiol 2003; 14: 
S227-S230. 
 
3 Arellano RS, Maher MM, Gervais DA, Hahn PF, Mueller PR. The difficult biopsy: let’s 
make it easier. Curr Probl Diagn Radiol 2003; 32:218-226. 
 
4 Elliott TS, Faroqui MS, Armstrong RF and Hanson GC, Guidelines for good practice in 
central venous catheterization. Hospital Infection Society and the Research Unit of the 
Royal College of Physicians. J Hosp Infect 1994; 28: 163–176. 
 
5 Tan PL, Gibson M. Central venous catheters: the role of radiology. Clin 
 Radiol 2006; 61(1): 13-22. 
 
6 Hind D, Calvert C, McWilliams R et al., Ultrasonic locating devices for central venous 
cannulation: meta-analysis, BMJ 2003; 327: 361-367. 
 
7 Trerotola SO, Kuhn-Fulton J, Johnson MS et al. Tunneled infusion catheters: increased 
incidence of symptomatic venous thrombosis after subclavian versus internal jugular 
venous access, Radiology 2000; 217:  89–93. 
 
8  Lewis CA, Allen TE, Burke DR, Cardella JF, Citron SJ, Cole PE et al, for the Society of 
Interventional Radiology Standards of Practice Committee. Quality improvement 
guidelines for central venous access. J Vasc Interv Radiol 2003; 14: S231-S235. 
 
9 Hoch JR. Management of the complications of long-term venous access. Semin Vasc 
Surg 1997; 10: 135–143. 
 
10 Timsit JF, Farkas JC and Boyer JM et al. Central vein catheter-related thrombosis in 
intensive care patients: incidence, risks factors, and relationship with catheter-related sepsis, 
Chest 1998; 114: 207–213. 
 
11 Tan P, Gibson M. Central venous catheters: the role of Radiology. Clinical Radiology 
2006; 61(1): 13-22. 
 
12 Pruemer J. Prevalence, causes, and impact of cancer-associated thrombosis. 
Am J Health Syst Pharm 2005; 62 (22 Suppl 5): S4-6. 
 
13Linenberger ML. Catheter-related thrombosis: risks, diagnosis, and management. 
J Natl Compr Canc Netw 2006; 4(9): 889-901.  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16356812&query_hl=28&itool=pubmed_DocSum
http://0-www.sciencedirect.com.innopac.ucc.ie/science?_ob=PublicationURL&_cdi=6744&_pubType=J&_auth=y&_acct=C000006258&_version=1&_urlVersion=0&_userid=77869&md5=ac9551ae274e4db083c0fd536cbfbf93
http://0-www.sciencedirect.com.innopac.ucc.ie/science?_ob=PublicationURL&_cdi=6744&_pubType=J&_auth=y&_acct=C000006258&_version=1&_urlVersion=0&_userid=77869&md5=ac9551ae274e4db083c0fd536cbfbf93
http://0-www.sciencedirect.com.innopac.ucc.ie/science?_ob=PublicationURL&_tockey=%23TOC%236744%232006%23999389998%23613380%23FLA%23&_cdi=6744&_pubType=J&view=c&_auth=y&_acct=C000006258&_version=1&_urlVersion=0&_userid=77869&md5=1581461143fca3a72ef14db7dc943717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16286366&query_hl=11&itool=pubmed_DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=17020667&query_hl=11&itool=pubmed_DocSum


 

 

23 

                                                                                                                                                    
 
14 Stiges-Serra A. Strategies for prevention of catheter-related bloodstream infections. 
Support Care Cancer 1999; 7: 391–395. 
 
15 Standards, options et recommandations pour la prévention, le diagnostic et le traitement 
des infections liées aux voies veineuses en cancérologie. In: FNCLCC, editor. SOR 8: 
Infection et Cancer, John Libbey, France; 129–179. 
 
16 Dyon D, Mouzon A, Jourde AN, Regensberg C, Frileux C. Hepatic, arterial embolization 
in patients with malignant liver tumours. Ann Radiol 1974;17:593-603. 
 
17 Brown DB, Cardella JF, Dacks D, Goldberg SN, Gervais DA, Rajan D. et al. for the 
Society of Interventional Radiology Standards of Practice Committee. Quality 
improvement guidelines for transhepatic arterial chemoembolisation, embolisation, and 
chemotherapeutic infusion for hepatic malignancy. J Vasc Interv Radiol 2006; 17: 225-232. 
 
18 Sigurdson ER, Ridge JA, Kemeny N, Daly JM. Tumor and liver drug uptake following 
hepatic artery and portal vein infusion. J Clin Oncol 1987; 5(11): 1836-40. 
 
19 J Bruix and JM Llovet, Prognostic prediction and treatment strategy in hepatocellular 
carcinoma, Hepatology 2002; 35: 519–524.  
 
 
20 Bronowicki JP, Vetter D, Dumas F, Boudjema K, Bader R, Weiss AM, et al. 
Transcatheter oily chemoembolization of hepatocellular carcinoma. A 4-year study of 127 
French patients. Cancer 1994; 197: 101-8. 
 
21 Llovet JM, Real MI, Montaña X, Planas R, Coll S, Aponte J et al..Arterial embolisation 
or chemoembolisation versus symptomatic treatment in patients with unresectable 
hepatocellular carcinoma: a randomised controlled trial. The Lancet 2002; 359(9319): 
1734-1739 
 
22 Gupta S, Yao JC, Ahrar K, et al. Hepatic artery embolisation and chemoembolisation for 
treatment of patients with metastatic carcinoid tumours: the M.D. Anderson experience. 
Cancer J 2003; 9: 261-267. 
 
23 Soulen MC. A randomized phase 3 study of systemic chemotherapy with or without 
hepatic chemoembolisation for liver-dominant metastatic adenocarcinoma of the colon and 
rectum. ACRIN protocol: 6655(www.acrin.org). 
 
24 Reed RA, Teitelbaum GP, Daniels JR, et al. Prevalence of infection following  hepatic 
chemoembolisation with cross linked collagen with administration of prophylactic 
antibiotics. J Vasc Interv Radiol 1994; 5: 367-371. 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=3681370&query_hl=10&itool=pubmed_docsum
http://www.acrin.org/


 

 

24 

                                                                                                                                                    
25 Nijsen JF, van het Schip AD, Hennick WE, Rook DW, Rijk PP, de Klerk JM. Advances 
in nuclear oncology: microspheres for internal radionuclidetherapy of liver tumours. 
Current Medicinal Chemistry 2002; 9: 73-82. 
 
26 Salem R, Thurston KG. Radioembolization with yttrium-90 microspheres: a state-of-the-
art brachytherapy treatment for primary and secondary liver malignancies: part 3: 
comprehensive literature review and future direction. J Vasc Interv Radiol 2006; 17(10): 
1571-93. 
 
27 Goldberg SN, Dupuy DE. Image-guided radiofrequency tumour ablation: challenes and 
opportunities-part 1. J Vasc Interv Radiol 2001; 12: 1021-1032. 
 
28 Kettenbach J, Kostler W, Rucklinger E at al. Percutaneous saline-enhanced 
radiofrequency ablation of unresectedable liver tumours:initial experience in 26 patients. 
AJR 2003; 180: 1537-1545. 
 
29 Livraghi T, Solbiati L, Meloni MF, Gazelle GS, Halpern EF, Goldberg SN. Treatment of 
focal liver tumours with percutaneous radiofrequency ablation: complications encountered 
in a multidisciplinary study. Radiology 2003; 226: 441-51. 
 
30 de Meijer VE, Verhoef C, Kuiper JW, Alwayn IP, Kazemier G, Ijzermans JN. 
Radiofrequency ablation in patients with primary and secondary hepatic malignancies. J 
Gastrointest Surg 2006; 10(7): 960-73. 
 
31 Rose SC, Thistlethwaite PA, Sewell PE, Vance RB. Lung cancer and radiofrequency 
ablation. J Vasc Interv Radiol 2006; 17(6): 927-51. 
 
32 Brown DB. Concepts, considerations, and concerns on the cutting edge of 
radiofrequency ablation. J Vasc Interv Radiol 2005; 16(5): 597-613. 
 
33 Goldberg SN, Grassi CJ, Cardella JF, Charboneau JW, Dodd GD 3rd, Dupuy DE, 
Gervais D, Gillams AR, Kane RA, Lee FT Jr, Livraghi T, McGahan J, Phillips DA, Rhim 
H, Silverman SG; Society of Interventional Radiology Technology Assessment Committee; 
International Working Group on Image-Guided Tumor Ablation. Image-guided tumor 
ablation: standardization of terminology and reporting criteria. Radiology 2005; 235(3): 
728-39. 
 
34  Dupuy DE, Goldberg SN. Image-guided radiofrequency tumor ablation: challenges and 
opportunities-part2. J Vasc Interv Radiol 2001; 12: 1135-1148. 
 
35Shiba H, Okamoto T, Futagawa Y, Ohashi T, Eto Y. Efficient and cancer-selective gene 
transfer to hepatocellular carcinoma in a rat using adenovirus vector with iodized oil esters. 
Cancer Gene Ther 2001; 8: 713-718.   
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=17056999&query_hl=5&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16843866&query_hl=1&itool=pubmed_DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16778226&query_hl=1&itool=pubmed_DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=15872314&query_hl=1&itool=pubmed_DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=15845798&query_hl=5&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=15845798&query_hl=5&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=15845798&query_hl=5&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=15845798&query_hl=5&itool=pubmed_docsum


 

 

25 

                                                                                                                                                    
36 Gerolami R, Cardoso J, Bralet MP, Cuenod CA, Clement O, Tran PL, Brechot C. 
Enhanced in vivo adenovirus-mediated gene transfer to rat hepatocarcinomas by selective 
administration into the hepatic artery. Gene Ther 1998; 5: 896-904. 
 
37 Albelda SM, Wiewrodt R, Sterman DH. Gene therapy for lung neoplasms. Clin Chest 
Med 2002; 23:265-277. 
 
38 Cohen ZR, Duvdevani R, Nass D, Hadani M, Ram Z. Intraarterial delivery of genetic 
vectors for the treatment of malignant brain tumors. Isr Med Assoc J 2001; 3:117-120. 
 
39 Biceroglu S, Memis A. Gene therapy: applications in Interventional Radiology. 
Diagn Interv Radiol 2005; 11(2): 113-8. 
 
40 Maher MM, Gervais DA, Kalra MK, Lucey B, Sahani DV, Arellano R, Hahn PF, 
Mueller PR. The inaccessible or undrainable abscess: how to drain it. Radiographics 2004; 
24(3): 717-35. 
 
41 Venbrux AC, Osterman FA. Malignant obstruction of the hepatobiliary system. In: 
Stanley Baum and Michael J Pentecost, editors.Abram’s Angiography: Interventional 
Radiology. Boston, MA, USA. Little, Brown and Co. 1997: 472-482. 
 
42 Burke DR, Lewis CA, Cardella JF, Citron SJ, Drooz AT, Haskal ZV et al, for the Society 
of Interventional Radiology Standards of Practice Committee. Quality improvement 
guidelines for percutaneous transhepatic cholangiography and biliary drainage. J Vasc 
Interv Radiol 2003; 14: S246-S246.   
 
43 Rossi P, Bezzi M, Rossi M et al. Metal stents in malignant biliary obstruction: results of 
a multicenter European study of 240 patients. J Vasc Interv Radiol 1994; 5: 279-285. 
 
44 Becker CD, Giatti A, Malbach R, Bauer HU. Percutaneous obstructive jaundice with the 
Wallstent endoprosthesis: follow-up and re-intervention in patients with hilar and non-hilar 
obstruction. J Vasc Interv Radiol 1993; 4: 597-604. 
 
45 Carrasco CH, Zornoza J, Bechtel WJ. Malignant biliary obstruction: complications of 
percutaneous biliary drainage. Radiology 1984; 152(2): 343-6. 
 
46 Nomura T, Shirai Y, Hatakeyama K. Bacteribilia and cholangitis after percutaneous 
transhepatic biliary drainage for malignant biliary obstruction. Dig Dis Sci 1999; 44(3): 
542-6. 
 
47 McNicholas MM, Lee MJ, Dawson SL, et al. Complications of percutaneous biliary 
drainage and stricture dilatation. Semin Interv Radiol 1994; 11: 242-253. 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=15957100&query_hl=3&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=15143224&query_hl=119&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=15143224&query_hl=119&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=6739796&query_hl=6&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=10080147&query_hl=6&itool=pubmed_docsum


 

 

26 

                                                                                                                                                    
48 Ramchandani P, Cardella JF, Grassi CJ, Roberts AC, Sacks DSchwartzberg MS et al, for 
the Society of Interventional Radiology standards of practice committee. J Vasc Interv 
Radiol 2003; 14: S277-S281. 
 
49 Lang EK, Price ET. Redefinitions of indications for percutaneous nephrostomy. 
Radiology 1983; 147: 419.  
 
50 Watson GM, Patel U. Primary antegrade ureteral stenting: prospective experience and 
cost effectiveness analysis in 50 ureters. Clin Radiol 2001; 56:568-574. 
 
51 Yossepowitch O, Lifshitz DA, Dekel Y, et al. Predicting the success of retrograde 
stenting for managing ureteral obstruction. J Urol 2001; 166:1746-1749. 
 
52 Tolley D. Ureteric stents, far from ideal. Lancet 2000; 356:872-873. 

53 Wollman BS, Horacio BD, Walus-Wigle JR, Easter DW, Beale A. Radiologic, 
endoscopic, and surgical gastrostomy: an institutional evaluation and meta-analysis of the 
literature. Radiology 1995; 197: 699-704. 

54 Goncalves F, Mozes M, Saraiva I, Ramos C. Gastrostomies in palliative care. Support 
Care Cancer 2006; 14(11): 1147-51. 
 
55 Silas AM, Pearce LF, Lestina LS, Grove MR, Tosteson A, Manganiello WD, Bettmann 
MA, Gordon SR. Percutaneous radiologic gastrostomy versus percutaneous endoscopic 
gastrostomy: a comparison of indications, complications and outcomes in 370 patients. 
Eur J Radiol 2005; 56(1): 84-90. 
 
56 Ryan JM, Hahn PF, Mueller PR. Performing radiologic gastrostomy or 
gastrojejunostomy in patients with malignant ascites. AJR Am J Roentgenol 1998; 171(4): 
1003-6. 
 
57 Howard PH, Bonica JJ, Bergner M. The prevalence of pain in four cancers. Cancer 1987; 
60: 2563 –2569 
 
58 Ahmedzai S. New approaches to pain control in patients with cancer. Eur J Cancer 1997; 
33 Suppl 6: S8-14. 
 
59 McGraw JK, Cardella J, Barr JD, Mathis JM, Sanchez O, Schwartzberg MS, Swan TL, 
Sacks D et al, for the Society of Interventional Radiology Standards of Practice Committee. 
Society of Interventional Radiology quality improvement guidelines for percutaneous 
vertebroplasty. J Vasc Interv Radiol 2003; 14(9 Pt 2): S311-S315. 
 
60 McGraw JK, Lippert JA, Minkus KD, Rami PM, Davis TM, Budzik RF. Prospective 
evaluation of pain relief in 100 patients undergoing percutaneous vertebroplasty: results 
and follow-up. J Vasc Interv Radiol 2002; 13(9 Pt 1): 883-6. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16625334&query_hl=49&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16168268&query_hl=49&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16168268&query_hl=49&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=9762985&query_hl=19&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=9404234&query_hl=90&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=14514838&query_hl=74&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=14514838&query_hl=74&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=12354821&query_hl=74&itool=pubmed_docsum


 

 

27 

                                                                                                                                                    
 
61 Crandall D, Slaughter D, Hankins PJ, Moore C, Jerman J. Acute versus chronic vertebral 
compression fractures treated with kyphoplasty: early results. Spine J 2004; 4(4): 418-24. 
 
62 Titton RL, Lucey BC, Gervais DA, Boland GW, Mueller PR. Celiac plexus block: a 
palliative tool underused by Radiologists. Am J Roentgenol. 2002; 179(3): 633-6. 
 
63 Akinci D, Akhan O. Celiac ganglia block. Eur J Radiol 2005; 55(3): 355-61. 
 
64 Akhan O, Ozmen MN, Basgun N, Akinci D, Oguz O, Koroglu M, Karcaaltincaba M. 
Long-term results of celiac Ganglia block: correlation of grade of tumoral invasion and 
pain relief. AJR Am J Roentgenol 2004; 182(4): 891-6. 
 
65 England A, Tam CL, Thacker DE, Walker AL, Parkinson AS, Demello W, Bradley AJ, 
Tuck JS, Laasch HU, Butterfield JS, Ashleigh RJ, England RE, Martin DF. Patterns, 
incidence and predictive factors for pain after Interventional Radiology. Clin Radiol 2005; 
60(11): 1188-94. 
 
66 Shaw P, Agarwal R. Pleurodesis for malignant pleural effusions. Cochrane Database Syst 
Rev 2004; (1): CD002916. 
 
67 Grassi CJ, Swan TL, Cardella JF, Meranze SG, Oglevie SB, Omary RA et al, for the 
Society of Interventional Radiologists Standards of Practice Committee. Quality 
improvement guidelines for percutaneous permanent inferior vena cava filter placement for 
the preventin of pulmonary embolism. J Vasc Interv Radiol 2003; 14: S271-S275. 
 
68 Streiff MB. Vena caval filters: a review for intensive care specialists. J Intensive Care 
Med 2003; 18(2): 59-79.  
 
69 Gervais DA, Brown SD, Connolly SA, Brec SL, Harisinghani MG, Mueller PR. 
Percutaneous imaging-guided abdominal and pelvic abscess drainage in children. 
Radiographics 2004; 24(3): 737-54. 
 
70 Bakal CW, Sacks D, Burke DR, Cardella JF, Chopra PS, Dawson SL et al; Society of 
Interventional Radiology Standards of Practice Committee. Quality improvement 
guidelines for adult percutaneous abscess and fluid drainage. J Vasc Interv Radiol 2003; 
14(9 Pt 2): S223-5. 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=15246303&query_hl=72&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=12185033&query_hl=21&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16129244&query_hl=94&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=15039160&query_hl=94&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16223615&query_hl=49&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16223615&query_hl=49&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=15189653&query_hl=111&itool=pubmed_DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=15143225&query_hl=119&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=14514822&query_hl=123&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=14514822&query_hl=123&itool=pubmed_docsum

