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      Retroperitoneal Biopsy: Indications 
and Imaging Approach       

     Elliot     Levy     

         The contents of the retroperitoneum are defi ned by the 
boundaries of the potential space behind the posterior 
abdominal parietal peritoneum and the fascia investing the 
lumbar musculature. Primary retroperitoneal neoplasms 
are a rare group of tumors which do not arise from a spe-
cifi c organ but rather originate from tissues or rests of 
embryonic cells which exist in the retroperitoneum [ 1 ]. 
The most common variety is sarcoma, which accounts for 
up to 90 % of lesions after lymphoma is excluded. 
Liposarcomas and leiomyosarcomas are the next most 
common types, accounting for up to 15 % of tumors. The 
average age of presentation is during the fi fth to seventh 
decades, and the tumors are often large in size at diagnosis 
due to the paucity of symptoms associated with growth of 
retroperitoneal tumors in general. Excluding lymphomas, 
the most frequent primary retroperitoneal malignancies in 
decreasing order include liposarcoma, MFH, leiomyosar-
coma, rhabdomyosarcoma, and malignant nerve sheath 
tumors [ 2 ]. Both Hodgkin’s and non- Hodgkin’s lymphoma 
may also occur in the retroperitoneum. Epithelial tumors 
may rise from the kidney, adrenal gland, and pancreas, and 
metastatic disease from germ cell tumors, primary carci-
nomas, or melanomas can also occur. Benign tumors may 
have neurogenic origins as well (schwannomas, neurofi -
broma, paraganglioma) [ 3 ]. 

 Retroperitoneal tumors are diagnosed at physical exami-
nation if they are particularly large, or commonly by imag-
ing when the patient presents with insidious onset of 
non- localizing symptoms such as lower extremity or geni-
tal edema, weight loss, anorexia, urological symptoms, or 
back pain. 

    Imaging of Retroperitoneal Tumors 

 Precise localization and compartmentalization of large 
masses can be diffi cult as the size the mass obscures its focus 
of origin. Displacement of anatomic structures may help to 
localize the origin. Cross-sectional imaging including MRI 
and CT provides a complete overview of the peritoneal cav-
ity and retroperitoneal spaces. MRI imaging can exquisitely 
“characterize” retroperitoneal masses [ 4 ], although no spe-
cifi c tumor histology features unique or diagnostic imaging 
characteristics by virtue of shared tissue components. At the 
same time, these common tumor tissue components may 
provide important clues to the origin of large retroperitoneal 
tumors, including fat signal associated with lipoma, liposar-
coma, and teratoma, and myxoid stromal seeding in neuro-
genic tumors as well as myxoid liposarcomas and malignant 
fi brous histiocytoma. 

 A concise review of the imaging of retroperitoneal masses 
is provided by Rajiah et al. [ 5 ]. Additional radiographic signs 
which may aid in the identifi cation of mass origin include 
beak sign, embedded organ sign, and embedded organ sign 
[ 2 ]. Nishino et al. [ 2 ] also summarize patterns of tumor 
spread around and between normal structures which may 
provide clues to retroperitoneal tumor origins, e.g., tumor 
extension along and around normal structures as a character-
istic of tumors of sympathetic ganglia origin [ 6 ]. Viable 
tumor often shows some degree of enhancement after the 
administration of intravenous contrast material, while 
necrotic material shows reduced density, hyperintensity on 
T2W imaging, and absence of contrast enhancement. Fat- 
containing tumors show high signal intensity on T1-weighted 
MR imaging, as well as corresponding loss of signal on fat- 
suppressed image sequences. Myxoid stroma characteristi-
cally appears hyperintense on T2W MR imaging and may 
show delayed enhancement after gadolinium injection [ 6 ]. 
Teratomas may feature fl uid attenuation, fat-fl uid levels, and 
calcifi cations [ 7 ]. Neurogenic lesions such as schwannomas 
typically appear hypointense on T1W and T2W noncontrast 
imaging and exhibit heterogeneous patterns of contrast 
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enhancement [ 5 ]. Malignant fi brous histiocytoma displays 
heterogeneous signal characteristics on all MR pulse 
sequences [ 4 ]. 

 Benign retroperitoneal masses include lymphangioma, 
lipoma, myelolipoma, angiomyolipoma, lipoblastoma, 
hibernoma, nerve sheath tumors, and paraganglioma. 
Lymphangiomas have a unilocular or multilocular cystic 
appearance and are diagnosed in infancy, while lipoblasto-
mas typically present in childhood or teenage years. 
Hibernoma is a rare tumor composed of fetal or brown fat 
which is most frequently diagnosed in the fourth decade of 
life. Lipomas rarely occur in the retroperitoneum. These 
tumors typically grow rather slowly and present as large ret-
roperitoneal masses whose radiographic appearance is char-
acterized by their fat content. These tumors must be 
distinguished from pelvic lipomatosis as well as liposar-
coma; even pathological diagnosis of lipoma should be sus-
pected as under sampled liposarcoma [ 8 ]. 

 Myelolipoma is also characterized by an abundance of adi-
pocytes but more commonly arises from the adrenal glands. 
Extra-adrenal examples are exceedingly uncommon and may 
be misinterpreted at biopsy [ 9 ]. Extrarenal angiomyolipoma is 
an extremely rare tumor which typically presents as incidental 
fi ndings during investigations for other purposes, or with 
abdominal pain and hemorrhagic shock [ 10 ]. 

 Paragangliomas, the extra-adrenal equivalent of pheo-
chromocytomas which arise from residual adrenal medullary 
chromaffi n cells, are most commonly found in proximity to 
the aorta and sympathetic ganglia. Malignant paraganglio-
mas may be diffi cult to distinguish from benign lesions, with 
malignancy established by the recognition of local invasion 
or metastases. 

 Peripheral nerve sheath tumors comprise another group of 
benign retroperitoneal neoplasms. The most common periph-
eral nerve tumor is the schwannoma, which is typically dis-
covered as a large, well-circumscribed mass featuring cystic 
degeneration. 

 Lymphoma is the most common form of retroperitoneal 
malignancy. Non-Hodgkin’s lymphoma tends to involve a 
larger variety of lymph node groups than Hodgkin’s lym-
phoma. Malignant lymph nodes may show moderate 
 homogeneous to patchy inhomogeneous enhancement 
postgadolinium administration. In contrast to metastatic 
lymphadenopathy, primary lymphoma usually does not 
demonstrate nodal necrosis. [Retroperitoneal fi brosis after 
lymphoma therapy may be diffi cult to distinguish from but 
fi brosis most likely has low T2W signal]. Retroperitoneal 
lymphadenopathy is typically seen in other nonneoplastic 
conditions such as mycobacterium avium-intracellulare 
infection (MAI) or Castleman’s disease (giant lymph node 
hyperplasia). 

 Liposarcoma is the most common malignant primary ret-
roperitoneal neoplasm. Although diffi cult to distinguish 

from benign lipoma, the presence of proportionally larger 
nonadipose components and greater enhancement of septa-
tions may be more suggestive of malignancy. 

 The retroperitoneum is the second most common site for 
malignant fi brous histiocytoma, the most common type of 
adult soft tissue sarcoma [ 11 ]. This tumor is frequently asso-
ciated with invasion of adjacent organs, together which large 
size conveys a poorer prognosis. Calcifi cation has been 
 identifi ed in 7–20 % of lesions [ 5 ]. Solid lesions often dem-
onstrate a peripheral nodular enhancement pattern or 
 “pseudocapsule” on precontrast MRI imaging [ 4 ]. 

 Germ cell tumors uncommonly originate in the retroperi-
toneum and are more commonly observed in men [ 5 ]. Rajiah 
et al. [ 5 ] further observe that extragonadal germ cell tumors 
are often observed in the midline between the T6 and S2 ver-
tebrae and that a mass in this location is more suggestive of 
a primary extragonadal germ cell tumor than metastasis.  

    Biopsy Indications and Image-Guided 
Approach 

 Diagnosis of retroperitoneal tumors often requires tissue 
sampling; Strauss et al. [ 3 ] propose that for patients with (1) 
retroperitoneal tumors for which diagnosis is uncertain from 
the radiological appearance, (2) histologies for which neoad-
juvant therapy may be appropriate as induction therapy, and 
preoperative biopsy is “mandatory.” Surgical tissue sampling 
is invasive and associated with fi xed morbidity [ 12 ]. In the 
past, fi ne needle aspirations were recommended primarily to 
reduce the risk of hemorrhage or injury to adjacent organs, 
but the safety and effi cacy of cutting needles has been fi rmly 
established [ 13 ]. Image-guided percutaneous biopsy has 
been shown to provide satisfactory yield with reduced mor-
bidity and mortality [ 14 ]. Tissue sampling is also important 
to characterize retroperitoneal lesions for therapy planning. 

 Biopsy needle selection has been based primarily upon 
effi cacy of tissue sampling for lymphoma. Knelson et al. 
[ 15 ] reviewed CT-guided needle biopsy for retroperitoneal 
lesions, and both the diagnosis and the histological subtyp-
ing of lymphoma could be determined in 10 of 11 cases 
using the 14-gauge Tru-Cut needle, but it was not possible 
to make the specifi c diagnosis in any of the lymphoma 
patients using the 20-gauge Chiba needle. Agid et al. [ 16 ] 
reported that CT-guided core needle biopsies were suffi -
cient to establish a diagnosis in 83 % of the patients with 
lymphoproliferative disorders and they suggested that it 
should be used as the fi rst step in the diagnosis of lympho-
mas. Stattaus et al. [ 17 ] reported that the correct lymphoma 
subtype could be revealed for retroperitoneal masses in 
87 % of the patients by using a 16- or 18-gauge core biopsy 
system with the coaxial  technique under CT guidance. In 
the study of Tomozawa et al. [ 18 ], 43 (96 %) of 45 patients 
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had a defi ned diagnosis with the correct histological sub-
type determined with an 18-gauge core needle, and subse-
quent treatment was performed on the basis of the biopsy 
results. Although needle size will be best determined by 
suspected histology as well as local expertise, most core 
needle biopsies performed with 18-guage needles will pro-
vide diagnostic material. 

 Imaging guidance is often provided by static CT imag-
ing, CT fl uoroscopy, cone beam CT, or ultrasound, although 
the specifi c guidance modality is often dictated by operator 
preference. The simplest and preferred biopsy path trajec-
tory is often a straight line to the tumor target from the skin 
entry site in a single axial plane. Off-plane approaches are 
possible and often aided by combinations of imaging sys-
tems and biopsy planning software packages. UItrasound, 
CT fl uoroscopy, and cone beam CT packages which link CT 
coordinates to the active fl uoroscopic image can provide 
real-time visualization of the biopsy needle in the trajectory 
to the target lesion. These advantages may shorten proce-
dure time, reduce nontarget punctures, and reduce radiation 
exposure [ 19 ]. 

 Ultrasound guidance enjoys the advantage of avoiding 
patient exposure to ionizing radiation. Ultrasound images 
of the retroperitoneum are generated based upon the dif-
ferential ability of tissue to refl ect or transmit sound of fre-
quency between 3.5 and 7 MHz in the clinical realm. 
Ultrasound permits the operator to monitor needle place-
ment in real- time fashion without ionizing radiation as 
metallic needles are sonorefl ective. In addition, sonography 
with color Doppler technology can identify signifi cant 
intra-tumoral vascularity to be avoided by needle puncture. 
Deep abdominal and pelvic targets are best imaged with a 
curved array 3.5–5 MHz probe, while more superfi cial tar-
gets can be imaged with improved resolution with 5 MHz 
and greater linear array probes. Needle guidance can be 
accomplished “freehand” or with the use of specifi cally 
designed needle guides which attach to the transducer. 
Ultrasound delineation of retroperitoneal masses may be 
obscured by overlying bowel gas, necessitating placing the 
patient in a lateral decubitus or prone position for visualiza-
tion. Yarram et al. observed an ultrasound-guided pelvic 
mass biopsy success rate of 95.4 % compared with 84.6 % 
for CT guidance [ 20 ]. 

 A pre-procedure CT or MRI scan can provide a basis for 
biopsy path and target planning. In general, the planned nee-
dle biopsy path should exclude the viscera, the pleura, and 
the visible blood vessels. Other structures to be avoided 
which are inconstantly imaged or not visualized include the 
ureters and sciatic and genitofemoral nerves. In some 
instances, target selection must be refi ned toward viable 
regions of tumors as opposed to more necrotic regions. 
Tumor viability is indirectly evidenced by increased soft tis-
sue density comparable to the muscle as well as observed 

enhancement following the administration of vascular con-
trast material (CT or MRI). CT showing low-density tissue 
in the central portion of the tumor may be related to liquifac-
tive or hemorrhagic necrosis and should be avoided during 
tissue sampling. Leiomyosarcomas in particular may dem-
onstrate signifi cant zones of necrosis [ 21 ]. Hypervascularity 
may be recognized according to the presence of adjacent 
discrete blood vessels, increased density following vascular 
contrast administration (CT), or by noting increased blood 
fl ow within portions of the lesion according to color Doppler 
sonography. Characteristic tissue components not only aid in 
radiographic diagnosis but also may inform biopsy planning; 
liposarcomas will have varying amounts of fat, with high- 
grade liposarcomas having the least amount. Tissue sam-
pling of suspected liposarcoma from areas of increased tissue 
density may increase diagnostic yield. Myxoid tissue has 
well-recognized specifi c MR imaging characteristics [ 6 ]. 
Neurogenic tumors more typically contain myxoid tissue, 
although liposarcomas and myxoid malignant fi brous histio-
cytoma may also exhibit myxoid tissue [ 5 ]. 

 MRI has been employed both as a diagnostic imaging and 
an imaging guidance modality. Previous reports have pre-
dominantly documented the value of MRI guidance with 
biopsies of hepatic dome masses, masses visible only at 
MRI, or in instances where ultrasound is not feasible [ 22 ]. 
Kariniemi et al. (2005) [ 23 ] demonstrated high sensitivity 
and specifi city ranging from 71 to 100 % of both aspiration 
and core biopsies guided by low-fi eld MRI in 31 consecutive 
patients with liver, lymph node, retroperitoneal, adrenal, and 
splenic masses for whom ultrasound-guided procedures 
were not feasible. However, optical tracking was used in this 
study to determine the skin entrance site as well as the punc-
ture route. MRI-guided procedures require the use of MRI- 
compatible (nonferromagnetic) needles in order to avoid 
magnetic susceptibility artifacts. 

 Percutaneous image-guided biopsy for diagnosis and sub-
typing may be occasionally be limited by the presence of 
fi brosis, necrosis, and limited ability to specifi cally target 
viable tumor cells, but PET imaging have the capability to 
further refi ne biopsy target selection based upon tissue via-
bility and exclusion of necrotic tumor. Kitajima et al. (2013) 
[ 24 ] summarize the  18 F-FDG-PET/CT fi ndings of patients 
with retroperitoneal tumors. Absence of FDG uptake may be 
seen with necrosis, and corresponding areas should be 
avoided for tissue sampling. With large and/or previously 
treated lesions, PET scans can identify portions of tumor 
which are viable and suitable for sampling. Specifi cally reg-
istered PET images can be used to target lesions inconspicu-
ous at nonenhanced CT or malignant portions of lesions 
which also contain benign tissue such as fat [ 25 ]. Care must 
be exercised, as activity in a suspected lesion shows SUV 
close to the cutoff value, or alternatively when a lesion shows 
FDG uptake due to posttreatment infl ammation [ 26 ].  
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    Additional Imaging Considerations 

    Image Registration for Biopsy Guidance 

 When conventional CT is used for biopsy guidance, images 
are most frequently obtained without administration of intra-
venous contrast. In some instances, viable or otherwise suit-
able tumor tissue for biopsy may not be apparent on the 
nonenhanced CT images. In these instances, nonenhanced 
images can be manually or automatically registered with 
imaging obtained with an alternative modality, permitting 
image-guided biopsy based upon the intra-procedural nonen-
hanced CT images. Contrast-enhanced CT, MRI, as well as 
PET-CT can be registered in this fashion and the combined 
images displayed in such a manner which guides biopsy nee-
dle placement .  

 Lesions which are out of the convenient transaxial plane 
with reference to the skin entrance site may also be 
approached for biopsy using image registration with mag-
netically tracked instruments [ 27 ]. This approach relies on 
the successful and accurate registration of the imaging (often 
CT) Cartesian coordinate system with a simultaneous mag-
netic reference fi eld. With this approach, the magnetically 
tracked biopsy needle position can be displayed using the 
registered CT dataset. Real-time needle position information 
is available to the operator without CT or fl uoroscopic imag-
ing until fi nal needle position is verifi ed. 

 Alternatively, an ultrasound probe can be electromagneti-
cally tracked after registration of the magnetic fi eld posi-
tional coordinates with a coincidentally or previously 
obtained CT dataset. In this fashion, although the needle may 
be visualized with ultrasound, the needle position can be dis-
played in multiplanar format determined by the tracked 
ultrasound probe. Under optimal conditions, the severity of 
the registration error between imaging and magnetic coordi-
nates should be less than 3 mm. 

 Developments in fl at panel detector technology have per-
mitted implementation of cone beam CT mounted on imag-
ing suite fl uoroscopic C-arm to deliver fi rst computed 
rotational 3D digital subtraction angiography and subse-
quently cone beam computed tomographic imaging (CBCT). 
Orth et al. (2008) [ 28 ] review the technical innovations fea-
tured in current clinical CBCT systems. CBCT systems 
allow automatic registration of three-dimensional CT data 
with live fl uoroscopic imaging, while a software package 
displays a biopsy trajectory planned with the 3D dataset to 
be superimposed upon the live fl uoroscopic images. 
Furthermore, pre-procedure contrast-enhanced conventional 
CT or MRI as well as PET-CT images can be registered with 
intra-procedural cone beam CT to further refi ne a biopsy tar-
get according to enhancement pattern, FDG-PET avidity, or 
MRI appearance observed prior to the planned procedure. 

Cone beam CT systems potentially reduce the amount of 
contrast material as well as radiation required to complete 
image-guided biopsies.  

    Cytogenetics 

 Molecular and genetic profi ling of tumors is likely to play a 
signifi cantly increased role in the optimization of treatment 
of tumors in individual patients. Identifi cation of specifi c 
mutations and improvements in tissue arrays will contribute 
to improve more specifi c diagnoses as well as development 
of specifi cally targeted therapeutic agents. Conyers et al. 
summarized the cytogenetics of liposarcomas [ 29 ]. In the 
past, the pathological differentiation of a benign lipoma from 
a well-differentiated liposarcoma has been diffi cult. The 
oncogene MDM2 is seen in 100 % of well-differentiated and 
dedifferentiated liposarcomas, for example, and amplifi ca-
tion of CDK4 has been described in 90 % of liposarcomas as 
well. In addition to differentiating lesions based upon biopsy 
histopathology, these markers may have prognostic value 
and may predict the risk of transformation. 

 The role of percutaneous biopsy for the procurement of 
samples for molecular or genetic profi ling in addition to 
diagnostic histopathology has not been defi ned. The ability 
to perform molecular or genetic profi ling on small caliber 
biopsy samples is evolving as advances in tissue array tech-
nology and next-generation sequencing are introduced into 
clinical practice. The effi cacy of percutaneous needle biopsy 
for the molecular profi ling of non-small cell lung cancer, for 
example, has been demonstrated [ 30 ] .  It seems likely that 
specimens adequate for molecular profi ling could be effi -
ciently and safely obtained percutaneously from retroperito-
neal tumors with imaging guidance.   

    Tips and Tricks 

  Patient Preparation     Normal status of the retroperitoneal 
biopsy patient candidate’s coagulation parameters should be 
confi rmed prior to biopsy attempt. The Society of Vascular 
and Interventional Radiology Standards of Practice 
Committee has designated retroperitoneal biopsies (exclud-
ing renal biopsies) as Category 2 procedures with moderate 
risk of bleeding [ 31 ]. Correction of INR to <1.5 and platelet 
count >50,000/μL is recommended according to these prac-
tice standards.  

 Although percutaneous core needle biopsy of the retro-
peritoneum is not often associated with signifi cant pain, indi-
vidual patients may require conscious sedation for relief of 
anxiety related to anticipation of pain. Patients receiving 
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conscious sedation should observe an overnight fast prior the 
procedure. Coagulopathy and severe thrombocytopenia are 
relative contraindications for percutaneous biopsy, and coag-
ulation parameters should be confi rmed and corrected prior 
to planned biopsy. 

 Coaxial approach: Use of a coaxial technique allows for 
diagnostic aspirations to confi rm cellularity and cell viability 
prior to obtaining core biopsies. A coaxial approach for sus-
pected lymphoma also facilitates sampling for fl ow cytome-
try studies and core specimens using a single puncture. De 
Bazelaire et al. [ 32 ] described that a coaxial introducer pro-
vided with an additional blunt tip stylet allows safe access to 
diffi cult-to-reach lymph nodes in the chest, abdomen, and 
pelvis under CT control. 

 Biopsy path planning: Biopsies of lesions adjacent to the 
aorta and vena cava are most often approached posteriorly 
with the patient prone or in lateral decubitus position in order 
to avoid bowel loops, large vessels, and viscera such as the 
pancreas. Large masses can often be approached using an 
anterolateral trajectory in the supine position. A safe trajec-
tory can often be facilitated by a change in the patient’s posi-
tion; a bowel loop can be displaced medially or laterally out 
of a planned needle trajectory by rotating the patient into a 
lateral decubitus position, for example. 

 Additional measures to successfully biopsy lesions with 
limited access include hydrodissection, blunt needle tech-
nique, and alternative transgluteal and transosseous 
approaches in addition to the anterior extraperitoneal 
approach through the iliopsoas muscle. These approaches 
are systematically reviewed by Gupta et al. [ 33 ]. 
Hydrodissection with sterile physiological saline may dis-
place an interposed bowel loop, where displacement is by as 
little as 1 cm which might otherwise facilitate a planned 
approach. Alternatively, small mesenteric blood vessels can 
be displaced and biopsy accomplished using a coaxial 
approach with a blunt tip needle such as the Hawkins ™ 
blunt needle access system. Alternatively, infrarenal or peri-
vascular lesions which may appear obscured for biopsy pur-
poses in some instances can be accessed using a transvenous 
approach as described by Maleux et al. [ 34 ]. 

 Lesions or lymph nodes in the internal or external iliac 
chain may be obscured by overlying bowel loops and adja-
cent vessels. In these cases, a transmuscular biopsy trajec-
tory through the iliopsoas muscle may avoid bowel injury 
or injury to the external iliac vessels. The transgluteal 
approach is particularly advantageous for presacral or para-
rectal masses, although care must be taken to avoid injury 
to the sciatic nerve by planning the needle trajectory adja-
cent to the sacrum rather than the posteromedial margin of 
the iliac bone. In rare instances, access to a biopsy target 
lesion can be obtained using a transosseous approach 
through the iliac bone [ 33 ].     
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