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ABBREVIATION
INR � International Normalized Ratio
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PREAMBLE
The membership of the Society of Interventional Radiology (SIR) Stan-
dards of Practice Committee represents experts in a broad spectrum of
interventional procedures from the private and academic sectors of med-
icine. Generally Standards of Practice Committee members dedicate the
vast majority of their professional time to performing interventional pro-
cedures; as such, they represent a valid broad expert constituency of the
subject matter under consideration for standards production.
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burgh of University of Pittsburgh Medical Center (J.C.), Pittsburgh; Depart-
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Department of Radiology (E.J.H.), Medical College of Wisconsin, Froedtert
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sion of Vascular Imaging and Intervention (T.G.W.), Massachusetts General
Hospital, Boston, Massachusetts. Received June 8, 2012; final revision re-
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ences in keeping with each journal’s style. Either citation can be used when
citing this article. Permission to reproduce this article can be granted by SIR.
To request permission to print this article in a journal, Web site, or other
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Technical documents specifying the exact consensus and literature
eview methodologies as well as the institutional affiliations and profes-
ional credentials of the authors of this document are available upon
equest from SIR, 3975 Fair Ridge Dr., Suite 400 N., Fairfax, VA 22033.

ETHODOLOGY

IR produces its Standards of Practice documents using the following
rocess. Standards documents of relevance and timeliness are conceptu-
lized by the Standards of Practice Committee members. A recognized
xpert is identified to serve as the principal author for the standard.
dditional authors may be assigned dependent upon the magnitude of the
roject.

An in-depth literature search is performed by using electronic med-
cal literature databases. Then, a critical review of peer-reviewed articles is
erformed with regard to the study methodology, results, and conclusions.
he qualitative weight of these articles is assembled into an evidence table,
hich is used to write the document such that it contains evidence-based
ata with respect to content, rates, and thresholds.

When the evidence of literature is weak, conflicting, or contradictory,
onsensus for the parameter is reached by a minimum of 12 Standards of
ractice Committee members using a modified Delphi consensus method
Appendix) (1). For purposes of these documents, consensus is defined as
0% Delphi participant agreement on a value or parameter.

The draft document is critically reviewed by the Standards of Prac-
ice Committee members, either by telephone conference calling or face-
o-face meeting. The finalized draft from the Committee is sent to the SIR
embership for further input/criticism during a 30-day comment period.
hese comments are discussed by the Standards of Practice Committee,
nd appropriate revisions made to create the finished standards document.
efore its publication, the document is endorsed by the SIR Executive
ouncil.

EDIATRIC ABSCESS AND FLUID DRAINAGE

eneral Considerations
mage-guided abscess and fluid drainage is a mainstay of a pediatric
nterventional radiology practice, and is the treatment of choice for many
onditions. As in an adult practice, primary and postoperative fluid col-
ections in nearly every organ system have been successfully treated by
mage-guided techniques, resulting in improved patient care (2–37). Al-
hough the majority of techniques in children are similar to those in adults,

here are several important differences. The etiologies of abscesses and
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fluid collections may be different (4–38). Radiation protection awareness
is paramount in the pediatric population and requires modification of
technique (39–42). Children have different sedation and anesthetic re-
uirements (43–45). Children’s small size has both advantages and dis-
dvantages, and may require/allow for alteration of procedural techniques.
omplications may be similar, but specific problems may be seen with
ifferent prevalence.

Definitions
As with the adult standards, “percutaneous drainage is defined as the
placement of a catheter using imaging guidance to provide continuous
drainage of a fluid collection. This includes localization of the collection
and placement and maintenance of the drainage catheter(s). This may be
performed during a single session or as a staged procedure during multiple
sessions. Percutaneous aspiration is defined as the evacuation of a fluid
collection by using a catheter or needle, with removal of the catheter or
needle immediately after the aspiration” (2,3,37).

Indications
Because of the variability in the presentation of abscesses and fluid
collections, the indications for drainage or aspiration must be stated in
general terms. These general indications include the presence of a fluid
collection, and one of the following (2,3):

1. Suspicion that the collection is infected;
2. Need for fluid characterization; or
3. Suspicion that the collection is producing symptoms sufficient to war-

rant drainage.

Most collections are found after an imaging study is performed,
when their existence is suspected from physical examination and/or lab-
oratory studies. Additional studies may be required to confirm the presence
or nature of the fluid collection and to evaluate the feasibility of drainage.

Diagnostic aspiration may be the only means of determining that a
collection is infected, as physical examination and laboratory studies may
be conflicting or nondiagnostic. If infection is suspected during aspiration,
a drainage catheter may be placed.

Although image-guided aspiration and drainage can almost univer-
sally be performed, the potential complications, as well as the medical and
surgical alternatives, should be weighed with respect to the potential
benefit. Potential complicating factors such as coagulopathy or complex
drainage routes (eg, deep abscess with bowel or other organs interposed
between the site of access and the abscess) must be recognized, evaluated,
and corrected if necessary and if possible. Multiple abscesses may be
better approached by surgery, although practice may be evolving toward
treatment with multiple percutaneous drains (6).

Etiologies
Fluid collections and abscesses can occur anywhere in the body. In
children, the most common cause of intraabdominal abscesses is appen-
dicitis (4–14,46–49). Children with appendicitis are more likely to present
with perforation and abscesses than adults (4,5). Primary drainage is
frequently performed as an alternative to initial surgery, which allows the
patient to recover from their acute infection (4–6,10,12). Some surgeons
subsequently perform laparoscopic surgery to remove the appendix (10).
Postoperative abscesses also occur after appendectomy and other abdom-
inal surgeries; image-guided procedures in these situations are a valuable
option, as surgical alternatives carry significant morbidity in the postop-
erative abdomen (4–9,11–14,46–49). Other etiologies for pediatric ab-
dominal fluid collections include Crohn disease, cerebrospinal fluid
pseudocysts, abscesses from necrotizing enterocolitis, posttraumatic col-
lections, acalculous cholecystitis, and various causes that are encountered
in the adult population (4,5,15–17).

Image-guided percutaneous drainage of pleural effusions and empy-
emas is commonly performed in children, often with the instillation of
thrombolytic agents (18–28). Pulmonary abscesses and infected congen-
ital cystic adenomatoid malformations can also be drained via percutane-

ous catheters (29–32). r
Soft tissue and musculoskeletal drainage indications include septic
oints/joint effusions, abscesses from cellulitis and other soft-tissue infec-
ions, aspiration of suspected osteomyelitis, and infected congenital cystic
esions such as lymphatic malformations, thyroglossal duct cysts, and
ranchial cleft cysts (33–36,38). The drainage of congenital cystic lesions
ay also be the initial step in performing therapeutic sclerotherapy as a

efinitive treatment (34).

reprocedural Evaluation
ost collections are identified by an imaging study. It is important that

hese imaging studies be tailored to the patients’ symptoms, possible
iagnoses, and potential treatment options including the best access ap-
roach. Ultrasound (US) should be used whenever possible. This will
pare the patient potential radiation exposure, which is a critical concern in
hildren. If a computed tomography (CT) scan is the study of choice, it
hould be performed with the lowest radiation dose possible, and be
rotocoled to answer all the necessary questions listed earlier in a single
tudy.

Before a potential drainage procedure is performed, it is necessary to
arefully review the indications and communicate with the referring ser-
ice to ensure that the patient is receiving the most appropriate treatment.
n general, given the procedural, sedation, and radiation risks to children,
ore time is spent in communication with referring teams, consulting

ervices, and the family before procedures than for comparable adult
rocedures. A detailed informed consent must be obtained from the
arents or guardians (50).

Preprocedural laboratory tests such as an International Normalized
atio (INR) and platelet count may be helpful in the patient with a

uspected bleeding tendency, and are required in a patient with a known
leeding disorder. Additionally, if an organ will be traversed such as
ranshepatic access for a cholecystostomy tube, these laboratory tests
hould be obtained. If the patient is coagulopathic, oral vitamin K, fresh
rozen plasma, cryoprecipitate, or platelet transfusion may be indicated. In
he case of transfusions, it is important that they be provided immediately
efore or during the case to optimize protective effects of the transfusion.
eneral guidelines are that elective procedures can be performed safely
ith a platelet count of more than 50,000 platelets/�L and an INR lower

han 1.2, with an INR lower than 1.5 preferred for urgent cases (51).
The administration of intravenous antibiotics may be indicated, as

anipulation of an infected collection may precipitate septicemia. The use
nd type of antibiotics should be determined based on the expected
athogens and clinical need (52).

adiation Protection
hildren are more radiation-sensitive than adults and have a longer lifes-
an during which to manifest radiation-induced cancers (39,42,53). Al-
hough abscess drainage procedures are not usually one of the procedures
n pediatric interventional radiology associated with high radiation dose,
engthy or repeated procedures may nevertheless result in significant
adiation exposure (41,54). In addition, many abscesses are located near
adiation-sensitive organs such as the gonads (in the case of pelvic ab-
cess), thyroid, breast, or orbits in children. It is prudent and important to
se appropriate radiation safety techniques when performing pediatric
nterventional procedures (39–42). As an additional benefit, reducing the
adiation exposure to the patient also reduces exposure to operator and
ncillary personnel, for whom the largest source of radiation is scatter
rom the patient (55).

Many pediatric patients are smaller than adults, which reduces the
otal amount of scatter dose. However, other factors increase operator
ose, such as magnification use during certain procedures, which generally
ncreases patient and operator dose; the small size of the patient may
equire the operator to stand closer to the x-ray source and may make it
ifficult to keep their hands out of the primary beam during certain
ortions of the procedure.

Some techniques for decreasing patient radiation dose include sub-
tituting US for CT or fluoroscopy when feasible, using reduced-dose
ediatric CT protocols, using the last image hold feature to view anatomy

ather than live fluoroscopy, using pulsed fluoroscopy, tightly collimating
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to the area of interest, minimizing the use of magnification, and optimally
positioning the patient away from the x-ray source (39,41).

Sedation and Anesthesia
Most children will not be able to cooperate with an interventional proce-
dure without some form of sedation or anesthesia to ensure a successful
and safe outcome (14,43–45). Choice and route of sedation must be
decided in those patients requiring this support. Although select situations
and patients may require only local anesthetic administration, most will
likely require a higher level of sedation than in adults, and possibly general
anesthesia. Topical anesthetic creams are useful adjuncts for patients
undergoing conscious sedation, to lessen the painful sensation caused by
local anesthetic infiltration. The interventionalist must help plan for this,
and decide what level of support the patient needs, given patient age and
pain tolerance, difficulty and duration of the procedure, and expected level
of procedural pain. General anesthesia may be preferred when airway
management is an issue, or in patients in whom previous attempts at
sedation have failed. Moderate sedation can be performed under the
supervision of medical personnel trained in pediatric sedation, whereas
deep sedation may be aided by the use of a dedicated sedation service or
the anesthesia department.

Patient Care Issues
Maintaining the appropriate homeostatic and monitoring environment
during the procedure is of paramount importance. As young children,
especially those younger than 2 years of age, are very susceptible to
ambient temperature changes, temperature monitoring is recommended.
Some procedures in critically ill neonates may best be performed in the
neonatal or pediatric intensive care unit to maximize patient support.
Patient size-specific leads and probes for routine electrocardiography,
blood pressure, and respiratory monitoring are required, with proper pad-
ding of pressure points to minimize nerve palsies (56,57). Appropriate
patient immobilization for safety is also important.

Contraindications
It is mandatory that a discussion with the patient and/or family and
referring physicians takes place before the procedure. As discussed pre-
viously, coagulopathies should be evaluated and corrected if possible. If
access is not possible without traversing organs such as bowel, a trial of
antibiotic therapy, simple needle aspiration, or surgical treatment are
options. As with all procedures, the benefits of drainage should be weighed
with regard to the patient’s overall clinical status.

Image Guidance and Approach
The choice of imaging used for guidance is based on which modality
provides the safest procedure with the highest likelihood of success. US
guidance is by far the most common in children (4–6,8,13–19,25,33–
36,38,58–60). The smaller body habitus of most children allows for better
visualization during imaging guidance. The multiplanar capability of free-
hand imaging allows for many choices of access site and trajectory. As
discussed previously, the use of US eliminates radiation exposure. How-
ever, US may not be the optimal imaging modality in certain circum-
stances. The presence of intervening air or bone limits the effectiveness of
US. If either air or bone is between the transducer and the collection, CT
guidance may be required. In obese patients, US may not provide adequate
visualization. In addition, certain techniques and situations may be better
suited to alternative guidance. Transgluteal drainage can be performed best
with CT guidance (9,11,58). Drainage of loculated or complex pneumo-
thoraces or pneumatoceles may be better achieved with CT or fluoroscopic
guidance.

Pediatric patients range in weight from less than 600 g to greater than
200 kg. This diversity requires that many different transducers be avail-
able, and the US machine must be of sufficient quality to image all these
patients.

Although fluoroscopy is typically used during guide wire placement,
tract dilation, and catheter deployment, US may be substituted to eliminate

radiation exposure. a
Alternative percutaneous approaches are possible when imaging
emonstrates a potential anatomic challenge such as interposed organs,
owel, or blood vessels, or when another approach is easier to perform.
or deep pelvic abscesses, transgluteal and transrectal approaches are both
ossible in children, with the choice of approach dependent on the inter-
entionalist (7–9,11,13,14,58–60). Transrectal drainage in children is
sually similar to that in adults (8,13,14,59,60). However, if the child is
mall, the endocavitary probe may not fit into the rectum. For these
atients, the imaging is typically transabdominal (8,59,60). The advance-
ent of the needle or catheter through the rectum into the abscess can be

isualized through the bladder as an acoustic window. Techniques have
een described to protect the rectal mucosa from the needle or catheter
uring advancement (8,59,61).

rocedure
ercutaneous drain insertion follows the technique of surgical drainage,
hereby the route of drainage should avoid normal adjacent structures

uch as nerve bundles, blood vessels, bowel, pleura, and lung. Small
ollections (� 3 cm in diameter) may be aspirated, whereas larger ab-
cesses will usually require indwelling drain placement. Catheter insertion
an be performed by using a trocar or Seldinger technique (59,61). In the
rocar technique, the catheter is loaded onto a needle, which, with imaging
uidance, is used to puncture the abscess cavity (59,61). The catheter is
hen advanced over the needle into the cavity. The main advantage of the
rocar technique is that it is quick and essentially involves one step. This
echnique can therefore be used in patients who are not deeply sedated, as
bedside technique in critically ill patients, and for a large fluid collection
ith a straightforward access trajectory. The main disadvantage is that the

rocar technique can result in a less-than-optimal catheter position and
ncreased complication risk if the correct trajectory is not chosen. Risks are
inimized in the hands of experienced operators, and when the trocar

echnique is used in conjunction with fluoroscopy (61). In the pediatric
opulation, it is an effective technique when used for transrectal abscess
rain insertion (59).

In the Seldinger technique, the fluid collection is punctured with a
eedle by using image guidance. Typically, an appropriately sized single-
all needle or sheathed needle is used that allows for passage of an
.035-inch guide wire into the fluid collection. If a 21-gauge needle/0.018-
nch guide wire combination is used for initial access, exchange to an
.035-inch guide wire will be required. After serial dilation of the tract, the
atheter is placed over the wire and formed within the collection using US
r fluoroscopic guidance. Use of a small-caliber needle for initial puncture
s of value when the window to avoid nearby structures is small, resulting
n a difficult access. The Seldinger technique is more controlled and can
esult in less risk to nearby structures, but becomes difficult when there is
ncreased tissue mobility (eg, nephrostomy insertion, suprapubic catheter
nsertion, and drainage of lymphatic malformations). It can also result in
ore leakage of body fluids around the indwelling wire during dilator/

atheter exchange, potentially causing contamination of the field and
eduction in size of the abscess cavity, making catheter insertion more
ifficult (7). It can be more painful as a result of the number of steps
nvolved, and consequently adequate sedation is essential. The Seldinger
echnique combined with image guidance will ensure proper catheter
lacement and positioning. In the thorax, CT or fluoroscopy may be
equired, as the presence of air may limit the effectiveness of US.

Typically, depending on the size of the patient and the characteristics
f the collection, 6–14-F catheters can be successfully placed by using a
ercutaneous route. Locking-loop drainage catheters are often used to
revent catheter dislodgment. In very young children and for drainage of
mall collections, smaller French size catheters and a smaller diameter of
he locking loop are important, as a standard-diameter locking loop may
ot form properly. After placement, the catheter is then secured with an
nchoring suture and/or an adhesive device. Catheter surveillance and
aintenance should include output monitoring, and many operators will
ush the catheter with 3–10 mL of sterile 0.9% saline solution every 8–12
ours to maintain patency and insure drainage. Depending on the size of the
ollection, the administration of intracavitary tissue plasminogen activator in

dose ranging from 2 mg to 10 mg mixed with 20–50 mL of normal saline
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solution can be effective in facilitating drainage of a complex collection.
Therapy can be performed on an as-needed basis or on a set regimen (eg, twice
daily for a few days) with good result (62,63). Alternatively, the drain can be
exchanged for a larger size over a guide wire.

Success Rates and Thresholds
Successful diagnostic fluid aspiration is defined as the aspiration of ma-
terial sufficient for diagnosis. The suggested threshold for aspiration of
adequate fluid for diagnostic characterization is 95% (3,37). Success rates
and thresholds are summarized in Table 1.

Curative drainage is defined as complete resolution of infection
requiring no further operative intervention. Curative drainage has been
achieved in more than 80% of patients. Partial success is defined as
adequate drainage of the abscess with surgery subsequently performed to
repair an underlying problem or as temporizing drainage performed to
stabilize the patient’s condition before surgery. Partial success occurs
in 5%–10% of patients (3). Failure occurs in 5%–10% and recurrence
in 5%–10% (3). These results are similar for abdominal and chest
drainage procedures. These success rates will depend on the proportion
of collections drained in patients with relative contraindications, on the
complexity of the collection, and on the severity of the underlying
medical problems. The suggested threshold for curative and partial
success is 85% (Table 1) (3).

Drainage of Infected Collections. Because of the variability of the
types of infected collections, the success rate of drainage will be highly
variable, and it is not believed that a specific threshold for success in
drainage of infected collections can be set.

Complications
Published rates for individual types of complications in children are
limited and based on relatively few patients. In addition, any incidence of
complications is highly dependent on patient selection. Although this
document has detailed multiple differences between the pediatric and adult
population, we believe extrapolation of the quality assurance guidelines
from the adult experience is appropriate (Table 2) (2,3). It should be
recognized that a single complication can cause a rate to cross above a
complication-specific threshold when the complication occurs in a small
series of patients. In this situation, the overall procedure threshold is more
appropriate for use in a quality-improvement program. In adults, the
overall incidence of complications is estimated at approximately 10%
(2,3). Definitions of procedural complications are listed in Table 3.

Complications can be directly procedure-related or systemic. Bleed-
ing can occur with any needle placement. The access window can be small
in children, and injury to any interposed artery or vein can occur, eg, puncture
of the inferior epigastric artery is a risk with right lower quadrant drainages
such as appendiceal abscess drainage. US can help identify the position of this
or any other interposed artery, and help avoid inadvertent puncture.

Proper preprocedural imaging and planning and real-time image
guidance with US reduces, but does not entirely eliminate, the risk of
inadvertent bowel or other organ injury. Sepsis is a risk, particularly with

Table 1. Success Rates and Thresholds

Outcome

Suggested Threshold

Value (%)

Successful diagnostic fluid

aspiration

Aspiration of adequate fluid for

diagnostic characterization

95

Successful drainage

Curative and partial success 85
suboptimal antibiotic coverage. Rupture of the abscess wall can occur a
uring a drainage procedure because of an immature abscess wall or
xcessive guide wire manipulation. Free spillage of pus into the surround-
ng cavity/space can cause sepsis in the patient.

Because pediatric patients typically need a higher level of sedation
or a safe and successful procedure, complications from sedation and
nesthesia may occasionally occur. Although the risks of general anesthe-
ia are low, they can be major, especially in patients with compromised
ardiopulmonary function (43,44). The majority of complications seen
ith general anesthesia in these patients are minor, with postoperative
ausea and vomiting the most common issue. Careful communication with
nesthesiologists before draining intraparenchymal lung abscesses is very
mportant because of the risk of dissemination of the abscess contents into
he ipsilateral, and even the contralateral, lung.

UMMARY

mage-guided drainage of abscesses and fluid collections is a valuable tool
n the treatment of pediatric patients. It may obviate surgery or optimize
he child’s clinical condition for subsequent surgery. Compared with

Table 2. Published Complication Rates and Suggested
Thresholds

Specific Major Complication Rate (%)

Suggested

Threshold (%)

Septic shock 1–2 4

Bacteremia requiring significant

new intervention

2–5 10

Hemorrhage requiring transfusion 1 2

Superinfection (includes infection

of sterile fluid collection)

1 2

Bowel transgression requiring

intervention

1 2

Pleural transgression requiring

intervention (abdominal

procedures)

1 2

Pleural transgression requiring

additional intervention (chest

procedures)

2–10 20

Table 3. SIR Classification of Complications

Class Result

Minor complications

A No therapy, no consequence

B Nominal therapy, no consequence;

includes overnight admission for

observation only

Major complications

C Require major therapy, minor

hospitalization (� 48 h)

D Require major therapy, unplanned

increase in level of care,

prolonged hospitalization (� 48 h)

E Permanent adverse sequelae

F Death
dults, several differences exist in terms of etiology, risks (especially
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radiation exposure), preprocedural imaging and planning, technical con-
siderations, support issues such as sedation, and complications. Knowl-
edge of these differences is important in the planning and treatment of
these patients. In addition, a quality improvement plan can be used to
assess practice performance.
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PPENDIX: CONSENSUS

ETHODOLOGY
Reported complication-specific rates in some cases reflect

he aggregate of major and minor complications. Thresholds
re derived from critical evaluation of the literature, evaluation
f empirical data from Standards of Practice Committee mem-
ers’ practices, and, when available, the SIR Hi-IQ System
Radiology. J Vasc Interv Radiol 2010; 21:607–615. national database.

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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