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PREAMBLE

THE membership of the Society of In-
terventional Radiology (SIR) Standards
of Practice Committee represents ex-
perts in a broad spectrum of interven-
tional procedures from both the private
and academic sectors of medicine. Gen-
erally Standards of Practice Committee
members dedicate the vast majority of
their professional time to performing in-
terventional procedures; as such they
represent a valid broad expert constitu-
ency of the subject matter under consid-
eration for standards production.
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METHODOLOGY

SIR produces its Standards of Prac-
tice documents using the following
process. Standards documents of rele-
vance and timeliness are conceptual-
ized by the Standards of Practice Com-
mittee members. A recognized expert
is identified to serve as the principal
author for the standard. Additional
authors may be assigned dependent
upon the magnitude of the project.

An in-depth literature search is per-
formed using electronic medical litera-
ture databases. Then a critical review
of peer-reviewed articles is performed
with regards to the study methodology,
results, and conclusions. The qualitative
weight of these articles is assembled into
an evidence table, which is used to write
the document such that it contains evi-
dence-based data with respect to con-
tent, rates, and thresholds.

When the evidence of literature is
weak, conflicting, or contradictory,
consensus for the parameter is reached
by a minimum of 12 Standards of
Practice Committee members using a
modified Delphi consensus method
(Appendix A). For purposes of these
documents consensus is defined as
80% Delphi participant agreement on

a value or parameter.
The draft document is critically re-
viewed by the Revisions Subcommittee
members of the Standards of Practice
Committee, either by telephone confer-
ence calling or face-to-face meeting. The
finalized draft from the Committee is
sent to the SIR membership for further
input/criticism during a 30-day com-
ment period. These comments are dis-
cussed by the Subcommittee, and ap-
propriate revisions made to create the
finished standards document. Prior to
its publication the document is en-
dorsed by the SIR Executive Council.

INTRODUCTION

This guideline was revised by the
American College of Radiology (ACR)
in collaboration with SIR. The guide-
lines in this document have been re-
vised from the previous quality im-
provement document (1) taking into
account more recent literature, and are
intended to update and replace the
previously published guidelines.

This guideline was adapted from
the ACR practice guideline for the per-
formance of image-guided percutane-
ous needle biopsy (PNB) in adults as a
collaborative document between SIR
and ACR. Image-guided PNB is an es-
tablished, safe, and effective proce-
dure for selected patients with sus-
pected pathologic processes. Extensive
experience documents the safety and
efficacy of this procedure. As with any
invasive procedure, the patient is most
likely to benefit when the procedure is
performed in an appropriate environ-
ment by qualified physicians (1–3).

This guideline outlines the principles
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for performing PNB, excluding breast
biopsy. The later intervention is ad-
dressed by an ACR practice guideline
for stereotactic and ultrasound-guided
breast interventional procedures.

Successful PNB has been applied in
most organ systems with excellent re-
sults and few complications (4–16).
The key to these procedures has been
the use of imaging guidance, which
allows for the safe passage of a needle
into an organ or mass, to obtain tissue
for cytologic or histologic examina-
tions. Image-guided percutaneous bi-
opsy is less invasive than open or ex-
cisional biopsy and is associated with
lower morbidity and mortality and
thus considered the initial approach
for diagnosis. Postprocedure monitor-
ing and patient management in addi-
tion to outcomes tracking is necessary
to continue to improve the safety and
efficacy of this procedure.

These guidelines are written to be
used in quality improvement pro-
grams to assess PNB procedures. The
most important processes of care are
(i) patient selection, (ii) performing the
procedure, and (iii) monitoring the pa-
tient. The outcome measures or indi-
cators for these processes are indica-
tions, success rates, and complication
rates. Outcome measures are assigned
threshold levels.

DEFINITIONS

PNB is defined as placement of a
needle(s) into a suspected abnormal
lesion or organ for the purpose of ob-
taining tissue or cells for diagnosis.
PNB includes two basic techniques for
sample acquisition, fine needle aspira-
tion biopsy and core biopsy. Fine nee-
dle aspiration biopsy is the use of a
thin, hollow needle (22 gauge and
smaller) inserted into a region of inter-
est to extract cells for cytologic evalu-
ation. Core biopsy is the use of a hol-
low needle (20 gauge and larger)
specially adapted with a cutting mech-
anism that is inserted into an organ or
region of interest to extract a piece of
tissue for histologic evaluation.

For purposes of this guideline, suc-
cessful image-guided PNB is defined as
the procurement of sufficient material
to establish a pathologic diagnosis or
guide appropriate patient management.

Complications can be stratified on
the basis of outcome. Major complica-

tions result in admission to a hospital
for therapy (for outpatient procedures),
an unplanned increase in the level of
care, prolonged hospitalization, perma-
nent adverse sequelae, or death. Minor
complications result in no sequelae; they
may require nominal therapy or a short
hospital stay for observation (generally
overnight; see Appendix B). The compli-
cation rates and thresholds below refer
to major complications unless otherwise
specified.

Indications and Contraindications

The indications for PNB include,
but are not limited to:

1. To establish the benign or malig-
nant nature of a lesion.

2. To obtain material for microbiologic
analysis in patients with known or
suspected infections.

3. To stage patients with known or sus-
pected malignancy when local spread
or distant metastasis is suspected.

4. To determine the nature and extent of
certain diffuse parenchymal diseases
(eg, hepatic cirrhosis, renal transplant
rejection, glomerulonephritis).

The threshold for these indications
is 95%. Departmental review with re-
gards to patient selection should occur
when the indications for PNB fall be-
low this threshold.

There are no absolute contraindica-
tions for PNB but relative contraindi-
cations which should be considered
and addressed, when feasible, before
the initiation of the procedure. Rela-
tive contraindications for PNB may in-
clude:

1. Significant coagulopathy that can-
not be adequately corrected.

2. Severely compromised cardiopul-
monary function or hemodynamic
instability.

3. Lack of a safe pathway to the lesion.
4. Inability of the patient to cooperate

with, or to be positioned for, the
procedure.

5. Pregnancy in cases when imaging
guidance involves ionizing radiation.
a. All imaging facilities should

have policies and procedures to
reasonably attempt to identify
pregnant patients before the per-
formance of any examination in-
volving ionizing radiation. If the
patient is known to be pregnant,
the potential risk to the fetus and

clinical benefits of the procedure
should be considered before pro-
ceeding with this study, per
ACR Resolution 1a (established
in 1995, revised in 2005).

QUALITY IMPROVEMENT

Although practicing physicians should
strive to achieve perfect outcomes (eg,
100% success, 0% complications), in
practice all physicians will fall short of
this ideal to a variable extent. Thus,
indicator thresholds may be used to
assess the efficacy of ongoing quality
improvement programs. For the pur-
poses of these guidelines, a threshold
is a specific level of an indicator that
should prompt a review. “Procedure
thresholds” or “overall thresholds”
reference a group of indicators for a
procedure (eg, major complications).
Individual complications may also be
associated with complication-specific
thresholds. When measures such as in-
dications or success rates fall below a
minimum threshold or when complica-
tion rates exceed a maximum threshold,
a review should be performed to deter-
mine causes and to implement changes,
if necessary. For example, if the inci-
dence of bleeding is one measure of
the quality of image-guided PNB, then
values in excess of the defined thresh-
old should trigger a review of policies
and procedures within the department
to determine the causes and to imple-
ment changes to lower the incidence
for the complication. Thresholds may
vary from those listed here; for example,
patient referral patterns and selection
factors may dictate a different threshold
value for a particular indicator at a par-
ticular institution. Thus, setting univer-
sal thresholds is very difficult, and each
department is urged to alter the thresh-
olds as needed to higher or lower values
to meet its own quality improvement
program needs.

Participation by the radiologist in
patient follow-up is an integral part of
PNB and will increase the success rate
of the procedure. Close follow-up,
with monitoring and management of
patients undergoing PNB, is appropri-
ate for the radiologist.

Success Rates and Thresholds

Many variables will affect the even-
tual success of a PNB procedure. These
include the number of samples ob-

tained, the size of the target abnormal-
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ity, the organ system in which biopsy is
performed, the benign or malignant na-
ture of the lesion, the availability of an
on-site cytopathologist, the experience
of the institution’s pathology staff, the
imaging equipment available, and the
skill of the operating physician. Table 1
(17–39) lists the success rates and sug-
gested thresholds for PNB. Thresholds
will vary depending on the mix of organ
systems, the size and location of lesions,
and the relative proportion of benign
versus malignant lesions that are sam-
pled, and should be adjusted accord-
ingly.

Complication Rates and Thresholds

The complications of percutaneous
biopsies are divided into two types:
generic and organ-specific. Generic re-
fers to complications that are common
to all biopsies. The major generic com-
plications include bleeding, infection,
perforation, and unintended organ in-
jury (40). Clinically significant bleed-
ing is infrequent, although relative
bleeding risks increase with increasing
needle size, use of cutting needles, and
vascularity of the organ/lesion in
which biopsy is performed (ie, renal
and liver biopsies, hypervascular le-
sions) (18,41). Infection as a result of
biopsy is also rare. Injury may occur to
the target organ or to a nearby organ
that is traversed by the needle. Injuries
of this type require further interven-
tions in fewer than 2% of patients.

Organ-specific complications are
those that are associated solely or most
commonly with biopsy of a specific
organ. For example, pneumothorax is
most commonly associated with lung
biopsy but can occur during vertebral,
rib, liver, spleen, adrenal, kidney, and
breast biopsies or aspirations. Other
complications may occur but rarely re-
quire therapy. These include hematu-
ria after renal or prostate biopsy and
hemoptysis after lung biopsy. Perfora-
tion may be considered organ-specific.

The reported rates of given compli-
cations and suggested thresholds that
should prompt a review when ex-
ceeded are mentioned in Table 2
(12,36,42–83). In addition, there are
certain complications that are almost
always associated with a single organ
(42). Very rare complications, such as
hypertensive crisis after adrenal bi-
opsy, air embolism after lung biopsy,

infection, peritonitis, and pancreatitis
(44,84), are not given thresholds. Each
major incident should be investigated
as appropriate.

Nontransthoracic Biopsy
Complications

Transthoracic (pulmonary and medi-
astinal) biopsy is a special consideration
with regard to classifying pneumotho-
rax and thoracostomy tube placement as
major or minor complications (Table 3)
(8,18,19,85–98). The presence of a pneu-
mothorax requiring thoracostomy tube
placement itself is considered a minor
complication (15,19,85,86,99,100) if it
only requires a brief overnight hospital
stay as part of routine management pro-
cess. In this setting it is considered a
major complication if hospitalization
lasts more than 48 hours for manage-
ment of a persistent air leak. If chest
tubes for lung biopsy are routinely man-
aged on an outpatient basis, it is consid-

Table 1
Success Rates of PNB (17–39)

PNB Site
Reported
of Succe

Thoracic/pulmonary (17–25) 77–
Musculoskeletal (26–33) 76–
Other Sites (34–39) 70–
Overall 70–

Note.—QI � quality improvement.
* Thresholds will vary depending on the
of lesions, and the relative proportion of
sampled, and should be adjusted accordi

Table 2
Complication Rates and Suggested Thre

Major Complication

Bleeding requiring transfusion or interven
Solid organ*

Kidney (12,45–59)
Large caliber (�18 gauge)
Small caliber (�18 gauge)

Liver (42,49,60–68)
Spleen (69–73)

Other (36,74)
Tract seeding (43,44,74–83)†
Pneumothorax requiring chest tube for

nonpulmonary/mediastinal biop

Note.—QI � quality improvement.
* Data based on studies involving at least
† Most of the literature is related to need
of hepatocellular carcinoma. Data based o
ered a minor complication if the catheter
is removed within approximately 3 days
of insertion. In this setting it is consid-
ered a major complication if it results in
an unexpected admission. Thoracos-
tomy tube placement is also considered
as a major complication when it results
in delay of chest tube removal beyond 3
days or requires catheter change or up-
sizing during the course of manage-
ment, or requires pleurodesis.

Published rates for individual types
of complications are highly dependent
on patient selection and are based on
series comprising several hundred pa-
tients, which is a larger volume than
most individual practitioners are likely
to treat. Generally, the complication-
specific thresholds should be set higher
than the complication-specific reported
rates listed here. It is also recognized
that a single complication can cause a
rate to cross above a complication-spe-
cific threshold when the complication
occurs within a small patient series (eg,

ange
(%)

Pooled Mean
Success (%)

Suggested QI
Threshold (%)*

89 75
82 70
89 75
85 75

of organ systems, the size and location
ign versus malignant lesions that are

y.

lds for Nonthoracic PNB (12,36,42–83)

Complication
Rate (%)

Suggested QI
Threshold (%)

n

2.7–6.6 10
0.5–2.8 5
0.3–3.3 5

0–8.3 10
0.1–3 6

0–3.4 5
0.5 1

0 patients.
ract seeding after percutaneous biopsy
tudies involving at least 100 patients.
R
ss

96
93
90
90

mix
ben
sho

tio

sy

20
le t
early in a quality improvement pro-
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gram). In this situation, an overall pro-
cedural threshold is more appropriate
for use in a quality improvement pro-
gram (Table 4). In this table, the thresh-
old value is supported by the weight of
literature evidence and panel consensus.
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APPENDIX A: SIR
STANDARDS OF PRACTICE
COMMITTEE
CLASSIFICATION OF
COMPLICATIONS BY
OUTCOME

Minor Complications

A. No therapy, no consequence
B. Nominal therapy, no consequence;

includes overnight admission for

Table 3
Complication Rates and Suggested Thre

Com

Major
Hemoptysis requiring hospitalization o
Thoracostomy tube placement requirin

or pleurodesis (90,91)
Air embolism (86,92)

Minor
Pneumothorax (18,19,85,87–89,93–98)
Thoracostomy tube placement (18,19,85

Note.—QI � quality improvement.
* Thresholds may vary from those listed
threshold value for a particular indicator
review of policies and procedures within
incidence for the complication.
observation only.
Major Complications

C. Require therapy, minor hospital-
ization (�48 hours)

D. Require major therapy, unplanned
increase in level of care, prolonged
hospitalization (�48 hours).

E. Permanent adverse sequelae
F. Death.

APPENDIX B: CONSENSUS
METHODOLOGY

Reported complication-specific rates in
some cases reflect the aggregate of ma-
jor and minor complications. Thresh-
olds are derived from critical evalua-
tion of the literature, evaluation of
empirical data from Standards of Prac-
tice Committee members’ practices,
and, when available, the SIR HI-IQ
System national database.

Consensus on statements in this
document was obtained utilizing a
modified Delphi technique (1,2).

References
1. Fink A, Kosecoff J, Chassin M, Brook

lds for Transthoracic PNB (8,18,19,85–98)

ation

ecific therapy transthoracic biopsy (8,86)
rolonged admission, catheter exchange,

,88,90,93–98)

e; for example, patient referral patterns an
a particular institution. The suggested QI t

department to determine the causes and

Table 4
Overall Complication Threshold

Overall Procedure

All major complications resulting from im

* The threshold for overall major complic
practice performs a broad spectrum of bi
dominates the experience. This threshold
uncomplicated thoracostomy tube placem
considered a minor complication.
RH. Consensus methods: characteris-
tics and guidelines for use. Am J Public
Health 1984; 74:979–983.

2. Leape LL, Hilborne LH, Park RE, et al.
The appropriateness of use of coronary
artery bypass graft surgery in New York
State. JAMA 1993; 269:753–760.

References
1. Cardella JF, Bakal CW, Bertino

RE, et al. Quality improvement
guidelines for image-guided percutane-
ous biopsy in adults: Society of Cardio-
vascular & Interventional Radiology
Standards of Practice Committee. J Vasc
Interv Radiol 1996; 7:943–946.

2. Friedman LS. Controversies in liver
biopsy: who, where, when, how,
why? Curr Gastroenterol Rep 2004;
6:30–36.

3. Nikolaidis P, vanSonnenberg E, Haddad
ZK, et al. Practice patterns of nonvas-
cular interventional radiology proce-
dures at academic centers in the
United States? Acad Radiol 2005; 12:
1475–1482.

4. Agarwal PP, Seely JM, Matzinger FR,
et al. Pleural mesothelioma: sensi-
tivity and incidence of needle track
seeding after image-guided biopsy
versus surgical biopsy. Radiology

Complication
Rate (%)

Suggested QI
Threshold (%)*

0.5 2
1–2 3

0.06–0.07 �0.1

12–45 45
2–15 20

election factors may dictate a different
shold should be used to trigger a
mplement changes to lower the

Suggested QI
Threshold (%)*

e-guided PNB* 2

ns should be used when the individual
ies and no particular biopsy site or type
based on the premise that
t for management of pneumothorax is
sho

plic

r sp
g p

,87

her d s
at hre
the to i
ag

atio
ops
is
en
2006; 241:589–594.



Gupta et al • 973Volume 21 Number 7
5. Agid R, Sklair-Levy M, Bloom AI, et
al. CT-guided biopsy with cutting-
edge needle for the diagnosis of ma-
lignant lymphoma: experience of 267
biopsies. Clin Radiol 2003; 58:143–147.

6. Aviram G, Greif J, Man A, et al.
Diagnosis of intrathoracic lesions: are
sequential fine-needle aspiration (FNA)
and core needle biopsy (CNB) com-
bined better than either investigation
alone? Clin Radiol 2007; 62:221–226.

7. Gong Y, Sneige N, Guo M, Hicks ME,
Moran CA. Transthoracic fine-needle
aspiration vs concurrent core needle bi-
opsy in diagnosis of intrathoracic le-
sions: a retrospective comparison of di-
agnostic accuracy. Am J Clin Pathol
2006; 125:438–444.

8. Heck SL, Blom P, Berstad A. Accuracy
and complications in computed to-
mography fluoroscopy-guided needle
biopsies of lung masses. Eur Radiol
2006; 16:1387–1392.

9. Hunter S, Samir A, Eisner B, et al.
Diagnosis of renal lymphoma by per-
cutaneous image guided biopsy: ex-
perience with 11 cases. J Urol 2006;
176:1952–1956.

10. Jaff A, Molinie V, Mellot F, Guth A,
Lebret T, Scherrer A. Evaluation of
imaging-guided fine-needle percuta-
neous biopsy of renal masses. Eur Ra-
diol 2005; 15:1721–1726.

11. Lachar WA, Shahab I, Saad AJ.
Accuracy and cost-effectiveness of
core needle biopsy in the evaluation
of suspected lymphoma: a study of
101 cases. Arch Pathol Lab Med 2007;
131:1033–1039.

12. Maturen KE, Nghiem HV, Caoili EM,
Higgins EG, Wolf JS Jr, Wood DP Jr.
Renal mass core biopsy: accuracy and
impact on clinical management. AJR
Am J Roentgenol 2007; 188:563–570.

13. Paulsen SD, Nghiem HV, Korobkin
M, Caoili EM, Higgins EJ. Changing
role of imaging-guided percutaneous
biopsy of adrenal masses: evaluation
of 50 adrenal biopsies. AJR Am J
Roentgenol 2004; 182:1033–1037.

14. Rybicki FJ, Shu KM, Cibas ES, Field-
ing JR, vanSonnenberg E, Silverman
SG. Percutaneous biopsy of renal
masses: sensitivity and negative pre-
dictive value stratified by clinical set-
ting and size of masses. AJR Am J
Roentgenol 2003; 180:1281–1287.

15. vanSonnenberg E, Goodacre BW,
Wittich GR, Logrono R, Kennedy PT,
Zwischenberger JB. Image-guided 25-
gauge needle biopsy for thoracic le-
sions: diagnostic feasibility and safety.
Radiology 2003; 227:414–418.

16. Vieillard MH, Boutry N, Chastanet P,
Duquesnoy B, Cotten A, Cortet B.
Contribution of percutaneous biopsy

to the definite diagnosis in patients
with suspected bone tumor. Joint
Bone Spine 2005; 72:53–60.

17. Anderson JM, Murchison J, Patel D.
CT-guided lung biopsy: factors influ-
encing diagnostic yield and complica-
tion rate. Clin Radiol 2003; 58:791–797.

18. Geraghty PR, Kee ST, McFarlane G,
Razavi MK, Sze DY, Dake MD.
CT-guided transthoracic needle aspi-
ration biopsy of pulmonary nodules:
needle size and pneumothorax rate.
Radiology 2003; 229:475–481.

19. Gupta S, Krishnamurthy S, Broemeling
LD, et al. Small (��2-cm) subpleural
pulmonary lesions: short- versus long-
needle-path ct-guided biopsy—compari-
son of diagnostic yields and complica-
tions. Radiology 2005; 234:631–637.

20. Laurent F, Latrabe V, Vergier B, Mon-
taudon M, Vernejoux JM, Dubrez J.
CT-guided transthoracic needle bi-
opsy of pulmonary nodules smaller
than 20 mm: results with an auto-
mated 20-gauge coaxial cutting nee-
dle. Clin Radiol 2000; 55:281–287.

21. Ohno Y, Hatabu H, Takenaka D, et al.
CT-guided transthoracic needle aspi-
ration biopsy of small (� or � 20 mm)
solitary pulmonary nodules. AJR
Am J Roentgenol 2003; 180:1665–1669.

22. Priola AM, Priola SM, Cataldi A, et al.
Accuracy of CT-guided transthoracic
needle biopsy of lung lesions: factors
affecting diagnostic yield. Radiol Med
(Torino) 2007; 112:1142–1159.

23. Tsukada H, Satou T, Iwashima A,
Souma T. Diagnostic accuracy of
CT-guided automated needle biopsy
of lung nodules. AJR Am J Roentge-
nol 2000; 175:239–243.

24. Wallace MJ, Krishnamurthy S, Bro-
emeling LD, et al. CT-guided percu-
taneous fine-needle aspiration biopsy
of small (� or �1-cm) pulmonary le-
sions. Radiology 2002; 225:823–828.

25. Yeow KM, Tsay PK, Cheung YC, Lui
KW, Pan KT, Chou AS. Factors af-
fecting diagnostic accuracy of CT-
guided coaxial cutting needle lung bi-
opsy: retrospective analysis of 631
procedures. J Vasc Interv Radiol 2003;
14:581–588.

26. Altuntas AO, Slavin J, Smith PJ, et al.
Accuracy of computed tomography
guided core needle biopsy of muscu-
loskeletal tumours. Aust N Z J Surg
2005; 75:187–191.

27. Dupuy DE, Rosenberg AE, Punyara-
tabandhu T, Tan MH, Mankin HJ.
Accuracy of CT-guided needle biopsy
of musculoskeletal neoplasms. AJR
Am J Roentgenol 1998; 171:759–762.

28. Hau A, Kim I, Kattapuram S, et al.
Accuracy of CT-guided biopsies in 359
patients with musculoskeletal lesions.
Skeletal Radiol 2002; 31:349–353.

29. Jelinek JS, Murphey MD, Welker JA,

et al. Diagnosis of primary bone tu-
mors with image-guided percutane-
ous biopsy: experience with 110
tumors. Radiology 2002; 223:731–737.

30. Logan PM, Connell DG, O’Connell JX,
Munk PL, Janzen DL. Image-guided
percutaneous biopsy of musculoskel-
etal tumors: an algorithm for selection
of specific biopsy techniques. AJR
Am J Roentgenol 1996; 166:137–141.

31. Mitsuyoshi G, Naito N, Kawai A, et
al. Accurate diagnosis of musculo-
skeletal lesions by core needle biopsy.
J Surg Oncol 2006; 94:21–27.

32. Shin HJ, Amaral JG, Armstrong D, et
al. Image-guided percutaneous bi-
opsy of musculoskeletal lesions in
children. Pediatr Radiol 2007; 37:362–
369.

33. Yang YJ, Damron TA. Comparison
of needle core biopsy and fine-needle
aspiration for diagnostic accuracy in
musculoskeletal lesions. Arch Pathol
Lab Med 2004; 128:759–764.

34. Adler OB, Rosenberger A, Peleg H.
Fine-needle aspiration biopsy of me-
diastinal masses: evaluation of 136 ex-
periences. AJR Am J Roentgenol 1983;
140:893–896.

35. Assaad MW, Pantanowitz L, Otis CN.
Diagnostic accuracy of image-guided
percutaneous fine needle aspiration
biopsy of the mediastinum. Diagn Cy-
topathol 2007; 35:705–709.

36. Welch TJ, Sheedy PF II, Stephens DH,
Johnson CM, Swensen SJ. Percuta-
neous adrenal biopsy: review of a 10-year
experience. Radiology 1994; 193:341–344.

37. Zwischenberger JB, Savage C, Alpard
SK, Anderson CM, Marroquin S, Good-
acre BW. Mediastinal transthoracic
needle and core lymph node biopsy:
should it replace mediastinoscopy?
Chest 2002; 121:1165–1170.

38. Sack MJ, Weber RS, Weinstein GS,
Chalian AA, Nisenbaum HL, Yousem
DM. Image-guided fine-needle aspi-
ration of the head and neck: five
years’ experience. Arch Otolaryngol
Head Neck Surg 1998; 124:1155–1161.

39. Sherman PM, Yousem DM, Loevner
LA. CT-guided aspirations in the
head and neck: assessment of the first
216 cases. AJNR Am J Neuroradiol
2004; 25:1603–1607.

40. Kim KW, Kim MJ, Kim HC, et al.
Value of “patent track” sign on Dopp-
ler sonography after percutaneous
liver biopsy in detection of postbiopsy
bleeding: a prospective study in 352
patients. AJR Am J Roentgenol 2007;
189:109–116.

41. Schubert P, Wright CA, Louw M, et al.
Ultrasound-assisted transthoracic biopsy:
cells or sections? Diagn Cytopathol 2005;
33:233–237.

42. Little AF, Ferris JV, Dodd GD III,
Baron RL. Image-guided percutane-

ous hepatic biopsy: effect of ascites on



974 • Quality Improvement Guidelines for Percutaneous Needle Biopsy July 2010 JVIR
the complication rate. Radiology 1996;
199:79–83.

43. Takamori R, Wong LL, Dang C, Wong
L. Needle-tract implantation from
hepatocellular cancer: is needle bi-
opsy of the liver always necessary?
Liver Transpl 2000; 6:67–72.

44. Maturen KE, Nghiem HV, Marrero
JA, et al. Lack of tumor seeding of
hepatocellular carcinoma after percu-
taneous needle biopsy using coaxial
cutting needle technique. AJR Am J
Roentgenol 2006; 187:1184–1187.

45. Bach D, Wirth C, Schott G, Hollen-
beck M, Grabensee B. Percutaneous
renal biopsy: three years of experience
with the Biopty gun in 761 cases–a
survey of results and complications.
Int Urol Nephrol 1999; 31:15–22.

46. Burstein DM, Schwartz MM, Korbet
SM. Percutaneous renal biopsy with
the use of real-time ultrasound. Am J
Nephrol 1991; 11:195–200.

47. Castoldi MC, Del Moro RM, D’Urbano
ML, et al. Sonography after renal bi-
opsy: assessment of its role in 230 con-
secutive cases. Abdom Imaging 1994;
19:72–77.

48. Christensen J, Lindequist S, Knudsen
DU, Pedersen RS. Ultrasound-guided
renal biopsy with biopsy gun tech-
nique--efficacy and complications. Acta
Radiol 1995; 36:276–279.

49. Hatfield MK, Beres RA, Sane SS,
Zaleski GX. Percutaneous imaging-
guided solid organ core needle biopsy:
coaxial versus noncoaxial method. AJR
Am J Roentgenol 2008; 190:413–417.

50. Hergesell O, Felten H, Andrassy K,
Kuhn K, Ritz E. Safety of ultrasound-
guided percutaneous renal biopsy-ret-
rospective analysis of 1090 consecutive
cases. Nephrol Dial Transplant 1998; 13:
975–977.

51. Kolb LG, Velosa JA, Bergstralh EJ, Of-
ford KP. Percutaneous renal allograft
biopsy: a comparison of two needle
types and analysis of risk factors. Trans-
plantation 1994; 57:1742–1746.

52. Manno C, Strippoli GF, Arnesano L,
et al. Predictors of bleeding compli-
cations in percutaneous ultrasound-
guided renal biopsy. Kidney Int 2004;
66:1570–1577.

53. Marwah DS, Korbet SM. Timing of
complications in percutaneous renal
biopsy: what is the optimal period of
observation? Am J Kidney Dis 1996;
28:47–52.

54. Preda A, Van Dijk LC, Van Oostaijen
JA, Pattynama PM. Complication rate
and diagnostic yield of 515 consecutive
ultrasound-guided biopsies of renal al-
lografts and native kidneys using a 14-
gauge Biopty gun. Eur Radiol 2003; 13:
527–530.

55. Song JH, Cronan JJ. Percutaneous

biopsy in diffuse renal disease: com-
parison of 18- and 14-gauge auto-
mated biopsy devices. J Vasc Interv
Radiol 1998; 9:651–655.

56. Stratta P, Canavese C, Marengo M, et al.
Risk management of renal biopsy: 1387
cases over 30 years in a single centre. Eur
J Clin Invest 2007; 37:954–963.

57. Tung KT, Downes MO, O’Donnell PJ.
Renal biopsy in diffuse renal dis-
ease—experience with a 14-gauge au-
tomated biopsy gun. Clin Radiol 1992;
46:111–113.

58. Whittier WL, Korbet SM. Timing of
complications in percutaneous renal
biopsy. J Am Soc Nephrol 2004; 15:
142–147.

59. Wilczek HE. Percutaneous needle
biopsy of the renal allograft: a clinical
safety evaluation of 1129 biopsies.
Transplantation 1990; 50:790–797.

60. Cadranel JF, Rufat P, Degos F.
Practices of liver biopsy in France: re-
sults of a prospective nationwide sur-
vey. For the Group of Epidemiology
of the French Association for the
Study of the Liver (AFEF). Hepatol-
ogy 2000; 32:477–481.

61. Firpi RJ, Soldevila-Pico C, Abdelmalek
MF, Morelli G, Judah J, Nelson DR.
Short recovery time after percutaneous
liver biopsy: should we change our cur-
rent practices? Clin Gastroenterol Hepa-
tol 2005; 3:926–929.

62. Gilmore IT, Burroughs A, Murray-
Lyon IM, Williams R, Jenkins D, Hop-
kins A. Indications, methods, and
outcomes of percutaneous liver bi-
opsy in England and Wales: an audit
by the British Society of Gastroenter-
ology and the Royal College of Physi-
cians of London. Gut 1995; 36:437–
441.

63. Janes CH, Lindor KD. Outcome of
patients hospitalized for complica-
tions after outpatient liver biopsy.
Ann Intern Med 1993; 118:96–98.

64. Lindor KD, Bru C, Jorgensen RA, et al.
The role of ultrasonography and au-
tomatic-needle biopsy in outpatient
percutaneous liver biopsy. Hepatol-
ogy 1996; 23:1079–1083.

65. McGill DB, Rakela J, Zinsmeister AR,
Ott BJ. A 21-year experience with
major hemorrhage after percutaneous
liver biopsy. Gastroenterology 1990;
99:1396–1400.

66. Myers RP, Fong A, Shaheen AA.
Utilization rates, complications and
costs of percutaneous liver biopsy: a
population-based study including
4275 biopsies. Liver Int 2008; 28:705–
712.

67. Riemann B, Menzel J, Schiemann U,
Domschke W, Konturek JW. Ultra-
sound-guided biopsies of abdominal
organs with an automatic biopsy sys-
tem: a retrospective analysis of the

quality of biopsies and of hemorrhagic
complications. Scand J Gastroenterol
2000; 35:102–107.

68. Younossi ZM, Teran JC, Ganiats TG,
Carey WD. Ultrasound-guided liver
biopsy for parenchymal liver disease:
an economic analysis. Dig Dis Sci
1998; 43:46–50.

69. Lucey BC, Boland GW, Maher MM,
Hahn PF, Gervais DA, Mueller PR.
Percutaneous nonvascular splenic in-
tervention: a 10-year review. AJR
Am J Roentgenol 2002; 179:1591–1596.

70. Tam A, Krishnamurthy S, Pillsbury EP, et
al. Percutaneous image-guided splenic
biopsy in the oncology patient: an audit
of 156 consecutive cases. J Vasc Interv
Radiol 2008; 19:80–87.

71. Venkataramu NK, Gupta S, Sood BP,
et al. Ultrasound guided fine needle
aspiration biopsy of splenic lesions.
Br J Radiol 1999; 72:953–956.

72. Kang M, Kalra N, Gulati M, Lal A,
Kochhar R, Rajwanshi A. Image
guided percutaneous splenic interven-
tions. Eur J Radiol 2007; 64:140–146.

73. Cavanna L, Lazzaro A, Vallisa D,
Civardi G, Artioli F. Role of image-
guided fine-needle aspiration biopsy
in the management of patients with
splenic metastasis. World J Surg On-
col 2007; 5:13.

74. Smith EH. Complications of percu-
taneous abdominal fine-needle bi-
opsy. Review. Radiology 1991; 178:
253–258.

75. Ayar D, Golla B, Lee JY, Nath H.
Needle-track metastasis after trans-
thoracic needle biopsy. J Thorac Im-
aging 1998; 13:2–6.

76. Chang S, Kim SH, Lim HK, Lee WJ,
Choi D, Lim JH. Needle tract implan-
tation after sonographically guided per-
cutaneous biopsy of hepatocellular car-
cinoma: evaluation of doubling time,
frequency, and features on CT. AJR
Am J Roentgenol 2005; 185:400–405.

77. Chapoutot C, Perney P, Fabre D, et al.
Needle-tract seeding after ultrasound-
guided puncture of hepatocellular car-
cinoma: a study of 150 patients. Gastro-
enterol Clin Biol 1999; 23:552–556.

78. Durand F, Regimbeau JM, Belghiti J, et
al. Assessment of the benefits and
risks of percutaneous biopsy before
surgical resection of hepatocellular car-
cinoma. J Hepatol 2001; 35:254–258.

79. Huang GT, Sheu JC, Yang PM, Lee HS,
Wang TH, Chen DS. Ultrasound-
guided cutting biopsy for the diagnosis of
hepatocellular carcinoma—a study based
on 420 patients. J Hepatol 1996; 25:334–
338.

80. Kim SH, Lim HK, Lee WJ, Cho JM, Jang
HJ. Needle-tract implantation in hep-
atocellular carcinoma: frequency and
CT findings after biopsy with a 19.5-
gauge automated biopsy gun. Abdom

Imaging 2000; 25:246–250.



Gupta et al • 975Volume 21 Number 7
81. Kosugi C, Furuse J, Ishii H, et al.
Needle tract implantation of hepatocel-
lular carcinoma and pancreatic carci-
noma after ultrasound-guided percuta-
neous puncture: clinical and pathologic
characteristics and the treatment of nee-
dle tract implantation. World J Surg
2004; 28:29–32.

82. Shuto T, Yamamoto T, Tanaka S, et al.
Resection of needle-tract implantation
after percutaneous puncture for hep-
atocellular carcinoma. J Gastroenterol
2004; 39:907–908.

83. Stigliano R, Marelli L, Yu D, Davies N,
Patch D, Burroughs AK. Seeding fol-
lowing percutaneous diagnostic and
therapeutic approaches for hepatocellu-
lar carcinoma. What is the risk and the
outcome? Seeding risk for percutane-
ous approach of HCC. Cancer Treat
Rev 2007; 33:437–447.

84. Matsuguma H, Nakahara R, Kondo T,
Kamiyama Y, Mori K, Yokoi K. Risk
of pleural recurrence after needle bi-
opsy in patients with resected early
stage lung cancer. Ann Thorac Surg
2005; 80:2026–2031.

85. Covey AM, Gandhi R, Brody LA, Ge-
trajdman G, Thaler HT, Brown KT.
Factors associated with pneumotho-
rax and pneumothorax requiring
treatment after percutaneous lung bi-
opsy in 443 consecutive patients. J
Vasc Interv Radiol 2004; 15:479–483.

86. Tomiyama N, Yasuhara Y, Nakajima
Y, et al. CT-guided needle biopsy of
plication based on 9783 biopsies in
Japan. Eur J Radiol 2006; 59:60–64.

87. Yeow KM, See LC, Lui KW, et al.
Risk factors for pneumothorax and
bleeding after CT-guided percutane-
ous coaxial cutting needle biopsy of
lung lesions. J Vasc Interv Radiol
2001; 12:1305–1312.

88. Yildirim E, Kirbas I, Harman A, et
al. CT-guided cutting needle lung bi-
opsy using modified coaxial technique:
factors effecting risk of complications.
Eur J Radiol 2009; 70:57–60.

89. Yeow KM, Su IH, Pan KT, et al. Risk
factors of pneumothorax and bleed-
ing: multivariate analysis of 660 CT-
guided coaxial cutting needle lung bi-
opsies. Chest 2004; 126:748–754.

90. Brown KT, Brody LA, Getrajdman GI,
Napp TE. Outpatient treatment of
iatrogenic pneumothorax after needle
biopsy. Radiology 1997; 205:249–252.

91. Gupta S, Hicks ME, Wallace MJ,
Ahrar K, Madoff DC, Murthy R.
Outpatient management of postbi-
opsy pneumothorax with small-cali-
ber chest tubes: factors affecting the
need for prolonged drainage and ad-
ditional interventions. Cardiovasc In-
tervent Radiol 2008; 31:342–348.

92. Sinner WN. Complications of percu-
taneous transthoracic needle aspiration
biopsy. Acta Radiol Diagn (Stockh)
1976; 17:813–828.

93. Kazerooni EA, Lim FT, Mikhail A,
Martinez FJ. Risk of pneumothorax
piration biopsy of the lung. Radiology
1996; 198:371–375.

94. Khan MF, Straub R, Moghaddam SR, et
al. Variables affecting the risk of pneu-
mothorax and intrapulmonal hemor-
rhage in CT-guided transthoracic biopsy.
Eur Radiol 2008; 18:1356–1363.

95. Laurent F, Latrabe V, Vergier B,
Michel P. Percutaneous CT-guided
biopsy of the lung: comparison be-
tween aspiration and automated cut-
ting needles using a coaxial tech-
nique. Cardiovasc Intervent Radiol
2000; 23:266–272.

96. Poe RH, Kallay MC, Wicks CM, Odor-
off CL. Predicting risk of pneumo-
thorax in needle biopsy of the lung.
Chest 1984; 85:232–235.

97. Saji H, Nakamura H, Tsuchida T, et al.
The incidence and the risk of pneu-
mothorax and chest tube placement
after percutaneous CT-guided lung
biopsy: the angle of the needle trajec-
tory is a novel predictor. Chest 2002;
121:1521–1526.

98. Topal U, Ediz B. Transthoracic nee-
dle biopsy: factors effecting risk of
pneumothorax. Eur J Radiol 2003; 48:
263–267.

99. Topal U, Berkman YM. Effect of needle
tract bleeding on occurrence of pneumo-
thorax after transthoracic needle biopsy.
Eur J Radiol 2005; 53:495–499.

100. Yamagami T, Kato T, Hirota T, Yoshi-
matsu R, Matsumoto T, Nishimura T.
Duration of pneumothorax as a com-
plication of CT-guided lung biopsy.
lung lesions: a survey of severe com- in CT-guided transthoracic needle as- Australas Radiol 2006; 50:435–441.

SIR DISCLAIMER

The clinical practice guidelines of the Society of Interventional Radiology attempt to define practice principles that
generally should assist in producing high quality medical care. These guidelines are voluntary and are not rules. A
physician may deviate from these guidelines, as necessitated by the individual patient and available resources. These
practice guidelines should not be deemed inclusive of all proper methods of care or exclusive of other methods of care
that are reasonably directed towards the same result. Other sources of information may be used in conjunction with
these principles to produce a process leading to high quality medical care. The ultimate judgment regarding the
conduct of any specific procedure or course of management must be made by the physician, who should consider all
circumstances relevant to the individual clinical situation. Adherence to the SIR Quality Improvement Program will not
assure a successful outcome in every situation. It is prudent to document the rationale for any deviation from the
suggested practice guidelines in the department policies and procedure manual or in the patient’s medical record.
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