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The 1970°’s and 1980°s were a period of rapid development and growth ol interven-
tional radiology in the pediatric population. During this time the types and num-
bers of procedures grew and the pediatrie interventionalist became an active mem-
ber of the physician team actively caring lor children. Many new procedures were
introduced and equipment developed and was modified for use in children of all
ages and sizes. As a result ol these advances in the 1970°s and 1980°s the case load
increased dramatically. Since 1990 this trend has intensified and the case load has
increased again by approximately threefold and we are now performing almost 3000
procedures per yvear. This increased demand has also been accompanied by an in-
creasing case complexily e.g. biliary drainage and dilatation. The resull is that the
pediatrie interventionalist is now involved in caring for extremely ill children with
complex medical and surgical problems. In addition to the growth in inpatient pro-
cedures there has been a simultancous and dramatic increase in the number of pro-
cedures performed in the outpatient setting,

It has become clear that the inereasing utilization ol the pediatric interventional
services and angiography/interventional suite has several advantages including:
shorter hospital stays, lower intensity post procedural nursing care, and less post
procedural discomlort and problems when compared to comparable open surgical
procedures. In addition to these advantages to the child there is a lower financial
cost lo the institution. Thus, it is likely that this trend towards interventional (mini-
mally invasive) therapy will continue and intensify in the future. The purpose of
this review is to present and overview ol some of the newer and important non-
vascular interventions and selected vascular interventions being performed in the
pediatric population.
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. . tional supplementation 1s necessary. In
Percutaneous feeding techniques . . . . L
children with normal digestive function it 1s

Adequate nutrition ig essential lor nor-
mal growth and development. In children
with chronic illnesses or those unwilling
or unable to take in adequate calories
and/or other essential food stulfs e.g. ma-
labsorption, short gut syndrome, growth
will stop or proceed at an abnormal rate.
In order for these children to thrive, nutri-

preferable to utilize the gastrointestinal
(GI) track for feeding to avoid hyperali-
mentation and its complications. To accom-
plish the goal of maintaining normal nu-
tritional status in the face of short term or
long term nutritional deprivation, several
strategies may be enlisted and tailored to
the individual’s need. In our practice chil-



dren who are expected to require short
term nutritional support (for approximate-
ly 6 weeks or less) are advised to get their
nutrition by either peripheral intravenous
alimentation, nasogastric (NG) tube, na-
sojejunal (NJ) tube feeding or combina-
tions of these techniques. However, when
longer periods of nutritional support are
anticipated percutaneous gastrostomy (PG)
or percutancous gastrojejunostomy (PGdJ)
1s recommended.

In 1837 Egeberg" first proposed the op-
erative gastrostomy. However, it was not
until 1876 that Verneuil performed the
first successful  surgical gastrostomy
(SG) in a human® . Since then a number of
surgical techniques have been described.
In 1897 the surgical technique was modified
by Stamm™. It is this technique that has
become today’s standard. The indications
for SG have progressive increased. As a
result the SG has become one ol the most
commonly performed operations in the pe-
diatric population and 1s central to the care
of eritically ill and nutritionally deprived
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children of all ages

An alternative to SG did not appear
until 1979, over 100 years alter the initial
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operation performed by Verneuil. In 1979
Sacks and Glotzer” introduced the idea
for percutaneous gastrostomy (PG) with
the publication of lwo cases of fluoro-
scopically guided placement of a gastric
feeding tube through a healed SG site.
Shortly therealter, Gauderer, Ponsky, and
[zant” described and popularized the per-
culaneous endoscopic gaslrostomy (PEG).
In the short time sinee the introduection
of the PEG 1t has become a popular and
successful alternative to the SG. In 1981
Preshaw” followed by Sacks and eolleagues
in 1983" meodilied the PEG technique
so that a PG could be inserted under lluo-
roscopic guidance (FPG). Over the next
few vears a plethora of reports appeared
that documented successful endoscopic' ™"
and fluoroscopically”™™™ guided placement

of gastrostomy tubes in adults. However,
little had been written about the saflety
and efficacy ol the percutancous technique
in children until 1986 when Keller and asso-
ciates™ reported PG insertion in a single
child. In 1988 Towhin and colleagues™
described the antegrade approach for PG
and PGJ insertion and reported the [lirst
large series of children receiving these de-

Fig.1

Percutancous gastrojejunostomy
tube: a 141" antegrade gastrostomy
with a triangular retention disc
(Ross) 1s within the stomach(arrow-
heads). A modilied 81 jejunostomy
(arrows) (Frederick Miller, Cook
Ine.) is inserted coaxially over a
guidewire (large arrow).
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vices (Fig.1). Since that time numerous
reports have been published confirming
the safety and utility of the antegrade and
retrograde PG and PGJ in children®™™
Regardless of the route of insertion select-
ed the percutaneous approach is highly
successful and well suited to large seg-
ments of the pediatric population,

The percutaneous lechniques have dem-
onstrated numerous advantages over the
operative approach for gastrostomy tube
insertion. In most instances a PG can be
inserted under local anesthesia and intra-
venous sedalion avoiding general anesthe-
sia, decreasing overall procedure time, re-
sulting in a shorter hospital stay. Also, a
PG is more flexible allowing for easier
conversion to a gastrojejunostomy, has a
lower complication rate, and is less expen-
sive. As a resull of these numerous advan-
tages the percutancous approach has be-
come the preferred method for tube place-
ment in many situations. Whether the ret-

rograde or antegrade route i1s chosen, the
high likelihood of success (84~100%) and
low rate of major (2~5%) and minor
(12~16%) complications compares favor-
ably with the operative approach™™

[n 1984, Gauderer, Picha, and Izant re-
ported the initial experience with the
. The GB is a

simple, skin level, non-refluxing gastro-

gastrostomy button (GB)*

stomy device and is a substitute for conven-
tional gastrostomy tubes. The intended
use was for replacement ol gastrostomy
tubes in patients with established tracks
which had been inserted surgically or
endoscopically. Shortly after its introdu-
ction, other reports appeared supporting
the use of the GB and stressing the posi-
tive features of the device and the high
7. Since that
time, the use of GBs for long term nutri-

level of patient satisfaction™

tional support has grown tremendously
and the GB is now an important device
for individuals who

require prolonged

Fig.2 Gastrostomy buttons, The two types of buttons are shown.
a: Balloon retention.

h: Mushroom tip with stylet. Balloon type easier to insert/remove.

Mushroom type more stable.
6



gastrostomy feeding but who do not require
jejunostomy feeding (Fig.2). This subgroup
of children are not candidates for GBs.

It 1s likely that the area ol percutaneous
feeding will continue to evolve with mini-
mally invasive techniques replacing open
surgery in most cases.

Percutaneous cecostomy

Fecal incontinence is estimalted to effect
at least 3 million people in the United
States.
have been unsatisfactory. Dietary modifi-

However, most forms of therapy

cation, the use of suppositories, small vol-
ume enemas, and biofeedback techniques
have all shown limited results. In chil-
dren fecal incontinence 1s a condition en-
countered in all age groups but is often

Other

etiologies including trauma, colorectal or

the result of spinal dysraphism.
spinal surgery may also lead to [ecal
soiling. To date, the most eflective and
predictable method for management of
these children is using a large volume en-
ema. This allows for complete emptying
of the colon minimalizing the possibilily
of unpredicted and humiliating bowel eva-
cuation”™ . Although effective, large volume
enemas do not always result in control
of fecal incontinence due to the lack of
patient compliance. In addition, children
with paresis or paralysis of limbs and/
or trunk are unable to perform the proce-
dure without aid. As a resull of these prob-
lems Malone and colleagues devised an
operation, the appendicocecostomy to ease
the performance and increase the effective-
ness of an antegrade enema’ . Since then
other operative approaches have been
developed. However, the complication rate
and the need for an opened procedure has
limited the acceptance of this approach.

In 1996 Shandling, Chait, and Richards
reported a pilot study using percutaneous
cecostomy for treatment of children with
fecal incontinence™ . This interventional
method 1s a creative modilication of other

percutancous methods developed in the
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1980’s for the insertion of a percutaneous
techniques. A subsequent report by Chait
and colleagues gives us the first look at
midterm results of this treatment meth-
od, its complications, safety and effective-
ness” . [t now appears thal a percutane-
ous cecoslomy is an eflective way 1o de-
liver an antegrade enema for the purpose
of achieving fecal continence and indepen-
dent living.

Hepatohiliary techniques

Ultrasound, computed
MRI, and nuclear

sensitive modalities for the detection of

tomography,
medicine studies are

biliary dilatation and can demonstrate
hepatobiliary pathology. To date, the stan-
dard for imaging ductal anatomy has been
percutaneous transhepatic cholangiogra-
phy(PTC) although in the near future
MRCP(magnetic resonance cholangiopan-
crealography) diagnostic
Endo-

scopic retrograde cholangiopancreatogra-

may 1'0[)[?1(_'[‘

PTC in the pediatric population.

phy (ERCP) is used when imaging of both
the biliary and pancreatic ducts is needed.
However, KRCP has only a 70~90% suc-
cess rate in demonstrating the intrahepatic
" as compared to PTC. Also,
PTC is successful in determining the site
of obstruction in 95~100% of cases and
the etiology of the obstruction”in 90~96%
of patients with dilated intrahepatic bile
ducts"™™" ERCP is more

technically difficult to perform in children,

bile ducts™™

. In contrast,

is not available in all hospitals, and is up
to four times as expensive as PTC. Thus,
fine-needle PTC is the safest and most
accurate test to differentiate intrahepatic
from extrahepatic cholestasis. In combi-
nation with percutaneous biliary dilata-
tion and external stenting these techni-
ques have enabled minimally invasive
therapies to be applied to children with
complex biliary pathology, especially in
post operative patients with hepatic trans-
plants. These techniques are well described

in both adults and children. Therefore,
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attention will be given in the following
paragraphs to newer hepatobiliary inter-
ventions.,

Transhepatic central line placement

Since its introduction in 1989 the safety
and efficacy of percutancous central line
placement in adult and pedialric patients
by interventional radiologists using im-
age-guided techniques has been well doc-
umented®™ . The advanlages of the per-
cutaneous technique include a high suec-
cess rate because of the ability to use
imaging guidance for needle and guide-
wire placement, prompt recognition of cath-
eter malposition with the ability to easily
reposition the catheter properly, relatively
instantaneous identification of complica-
tions, lower costs relative lo surgically-
placed central lines, and the ability to
provide viable alternatives for placement
of central lines in patients in whom stan-
dard routes are no longer available. In
1991, Kaufman, et al, reported insertion
of a central catheter via the transhepatic
approach™ . We have adapted this technig-

ue for insertion ol central venous cath-
eters and placement of large-bore dialysis

catheters™ .

Vascular access into the inferior vena
cava is accomplished using either general
anesthesia, intubation with subsequent
paralysis and sedation, or intravenous se-
dation and local anesthesia. The latter 1s
preferred whenever possible. Hepatie vein
access 1s accomplished using real-time
ultrasound guidance. A biopsy guide is
fitted to the ultrasound transducer and a
Chiba needle or sheathed needle is guided
into the most vertical (usually right) hepa-
tic vein. With the needle in place a guide-
wire (usually a glidewire) is maneuvered
into the right atrium and the track is dila-
ted so that a peel-away sheath can be
inserted. After the catheter length is mea-
sured using a guidewire a double lumen 5
~TF tunneled catheler or port is inserted
(Fig.3). If phoresis or dialysis is neces-
sary a large bore(T~11.5F) catheter 1s sub-
stituted for the central line using the same
technique.

We have found this approach to be life
saving in many situations. The technique
is safe even in children who are coagulo-
pathic, In all cases when the central cathe-
ter or large bore catheter is removed the

Fig.3

Child with biliary atresia with
occluded central veins. Venous
access acheived by transhepatic
puncture of hepatic vein under
US guidance. C-line tip at base
of right atrium (arrowhead).



track is embolized with gelfoam pledgets
or coils in order to achieve hemostasis.

Transjugular liver biopsy

The importance of diagnostic liver biop-
sy in the management of pediatric pa-
lients with severe liver disease or liver
transplants is well-recognized™ . Unfortu-
nately, subgroups of children are at risk
for serious bleeding and are not candidat-
es for the conventional transhepatic biop-
sies. The first transjugular liver biopsy
was performed in a human patient in 1967
by Weiner et al. Several large series
have since been reported which confirm
the safety and uselulness of the tran-
sjugular approach in the adult popula-
tion”™ . The theory behind this technique
is that any bleeding associated with the
biopsy will be directly into the vascular
space and cause no hemodynamic prob-
lems. In 1992, Furuya et al. demonstrated
that the transjugular was sale and eflec-
tive in children™ . This was confirmed by
Bergey and colleagues in 1998.

In patients with severe coagulopathy
and/or massive ascites and possibly chil-
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dren with segmental liver transplants the
standard transcutaneous approach is
contraindicated. Depending on operator
preference two approaches may be consid-
ered: the transjugular and the transhep-
atic with post-procedural track emboliza-
tion. In our practice the transhepatic
route with subsequent track embolization
is chosen when the child has a near nor-
mal or partially correctable coagulapathy
with the PT, PTT, and platelet values
near normal. In children with significant
uncorrectable coagulopathies or platelet
level below 30,000 the transjugular route
1s preferred (Fig.4). Despite the disad-
vantages of increased procedure time,
smaller and/or [ragmented core biopsy
samples, higher cost, and the need for
more highly trained personnel when com-
pared to percutaneous liver biopsy, trans-
venous (transjugular or transfemoral)
liver biopsy offers an effective and safe
technique to obtain liver tissue lor diag-
nostic purposes in this high-risk patient
population. The transjugular approach
may also be useful in this same group of
patients when there is a need to measure

Fig.4

10-year-old female status post liv-
er transplantation with an uncor-
rectable coagulopathy and abnor-
mal liver function tests. Tran-
sjugular liver hiopsy using a
Quick-Core transjugular biopsy
needle (Cook, Ine., Bloomington,
IN). Guide sheath in proximal
middle hepatic vein (arrows) with
biopsy needle deployed. (arrow-

head)
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hepatic vein wedge pressures and/or per-
form an hepatic venogram for diagnostic
purposes. Other less common reasons to
use the transjugular approach include fai-
led conventional percutaneous liver biopsy,
massive obesity, small, cirrhotic liver and
situations in  which excessive bleeding
may occur as a result of percutancous
biopsy, such as suspected vascular tumor.

One of the main contraindications to
transjugular biopsy 1s a medically unsta-
ble child. Another significant contraindi-
:ation 1s occlusion of any of the veins
which need to be traversed in order to
perform the biopsy, such as the internal
jugular veins, SVC or hepatic veins in the
case of the transjugular approach, or the
femoral veins, IVC or hepatic veins in the
case ol the transfemoral approach. Careful
ultrasound examinalion of these patients
is obviously mandatory.

Prior to the procedure PT, PTT, Hgb,
Het and platelets values are routinely ob-
tained. If necessary, blood products are
administered either prior to or during the
procedure. One or two units of PRBC’s
are ordered in the event of a serious bleed-
ing complication. Since infectious compli-
cations are very rare, prophylactic antibi-
otics are not routinely given.

In mrost cases general anesthesia is se-
lected because of the need for the patient
to remain motionless and maintain a rel-
atively uncomfortable position for 1~2
hours. Ultrasound examination ol the liv-
er is performed to evaluate the IVC, hep-
atic veins, and overall hepatic size and
thickness. The right internal jugular vein
is the preferred entry site. If the right in-
ternal jugular vein is occluded or other-
wise not suitable for access, the left inter-
nal jugular vein or a femoral vein may be
used. These alternative sites make the
procedure more complicated technically.
US guidance, an 18
gauge needle is inserted into the jugular

Using real-time

vein using Seldinger technique. The nee-
dle 1s exchanged for a 51" JB—1 calheter
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over a guidewire. Under lluoroscopic guid-
ance the wire and catheter are manipulat-
ed into the right hepatic vein, The JB-1
ratheter is then exchanged for a long 7F
or 9F vascular sheath. The sheath is ad-
vanced 3 or 4 cm into the right hepatic vein
which keeps it in a relatively posterior po-
sition, hopelully with enough intervening
hepatic parenchyma to be a safe distance
from the anterior liver capsule. An hep-
atic venogram is then performed. Fol-
lowing the venogram the wire 1s removed
and a 7F Colapinto metal sheath is placed
into the hepatic vein via the vascular
sheath already in position. The Colapinto
sheath is advanced so that the tip is pro-
truding from the distal end of the vascu-
lar sheath by approximately 1 cn. An 18
gauge Cook Quick-core biopsy ncedle is
advanced until the tip of the needle is at
the end of the sheath. The sheath is then
rotated anteriorly and the biopsy needle
advanced so that the tip protrudes [rom
the end of the sheath by approximately
0.5 cn. A biopsy is then taken. A maximum
of three passes are made to minimize the
potential of post operative complications.
Once the biopsy has been obtained the
Colapinto sheath is removed. Prior to
removing the shealh a post-biopsy contrast
injection 1s done to check for capsular
perforation, which occurs in approximately
3.5% ol cases™ , although clinically sig-
nificant bleeding has been reported in
only 0.35 % ol cases. I extravasation is
identified the needle track may be em-
bolized with Gelfoam (Upjohn Co., Kala-
mazoo, MI) or metal coils. Transjugular
biopsy successfully obtains adequate liver

52,58}

tissue in greater then 95% ol patients™
[Failed atlempts at (ransjugular biopsy
are uncommon, but when they do oceur
they are usually related to difficult anato-
my preventing puncture of the internal
jugular vein, preventing cannulation of the
hepatic veins, or retrieval of an adequate
volume liver tissue™™ . In patients with
small, hard, cirrhotic livers not only is



there a lower success rate in obtaining
adequate liver tissue, but the risk of per-
[orating the liver capsule with its atten-
dant bleeding complications is higher. A
routine post-biopsy chest Xray is taken in
all children to access for complications.

New procedures

Osteoid osteoma was initially described
by Jaffe in 1935% . This benign bone tu-
mor is the third most common primary
benign bone tumor in children behind os-
teochondroma and non-ossifying {ibroma
in frequency. It is found in 11% of cases
and occurs 2~3 times more [requently in
males. The lesion 1s most often diagnosed
in patients ranging [rom 5~24 years of
age. Interestingly, it is uncommon in the
preschool age group accounting for only
3% of all
Although the long bones are the mosl

L60)

osteold osteoma cases
common site of involvement, any bone can
be effected. The most commonly involved
bones include the femur, tibia, humerus,
and lumbar spine. In most patients pain
1s the initial symptom which is often
more intense at night. In 30~75% of cases
the discomfort is relieved by salicylates,
however, both tylenol and 1buprophin
may be effective. Local tenderness is also
usually present upon palpation.

Plain skeletal radiographs usually re-
veal a small, sharply defined, eccentric,
round to oval lvtic lesion with reactive
bone. Its characteristic feature is a hy-
perdensed nidus made up of spongy hy-
pervascular focus up to 1.5 am in diameter.
In 80~90% of cases the lesion is located
within the cortex. Generally there 1s thick
laminar periosteal new bhone formation
adjacent to the lesion. Interestingly, pe-
riosteal reaction is often minimal or ab-
sent when lesions are located in the meta-
physis especially in the femoral neck. In
young children (<5 years) and those with
atypical symptoms other diagnoses may be
considered clinically including; osteomye-
litis, neuromuscular disease, and Legg-
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Calve-Perthes disease to name a few.
Although 1in a small number of cases
the symptoms may gradually disappear
over long period of time, the only curative
approach 1s complete operative removal.
Traditionally, a wide surgical excision 1s
necessary to remove the lesion and reduce
This ap-
proach has been required because of the

the potential for recurrence.

inability to directly visualize the tumor
More re-
cently CT guided insertion of a Kirschner

nidus al the time of surgery.

wire into the lesion has also shown to be
effective for accurate intraoperative lo-
calization. Unflortunately, these methods
are imperfect and incomplete resection
still oceurs.

IFor years CT scans have been utilized
to diagnose a wide variely of benign and
malignant bone tumors and to plan and
guide percutaneous bone biopsy and sur-
gical procedures. Thus, it is logical to use
CT to identify the nidug of an osteoid oste-
oma, identify a sale route for its treat-
ment, and to guide REMOVAL using a pre-
cision technique. Additionally, CT has the
advantage over surgical removal of being
able to accurately guide the tumor re-
moval in real-time with interval imaging
and immediately know if the lesion has
been completely removed.

In 1989, Doyle and King described 2
patients in whom osteoid osteomas were
removed percutaneously” . In 1990, Voto
and colleagues using a frechand technique
successfully excised 7 of 9 lesions using
CT guidance™ . In 1995, Towbin and asso-
ciates reported a coaxial approach for CT
guided removal™ . These authors stressed
that this method enhanced precision and
[lexibility in route planning. Since that
time Rosenthal and colleagues have re-
ported ablation of the nidus using a radio
. There
have now been several reports validating
this approach towards removal of these
benign bone tumors and il appears that
CT guided removal may be the preferred

frequency coagulation technique

V)
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approach in many instances,

No special patient preparation is re-
quired. The procedure is performed as an
outpatient whenever possible. The child is
kept NPO as per hospital policy prior to
the procedure. All children are begun on
antibiotics and maintained on the drug
the drugs for at least 3 days alter the os-
teoid osteoma is removed. [t is our prefer-
ence to perform all CT guided removals
under general anesthesia. Children with
osteoid osteomas less than 2 ems in length
and in an readily accessible location are
scheduled for approximalely 2 hours. Pa-
tients with large tumors, multiple lesions,
and/or those in unusual or difficult loca-
tions require more time to remove. We
have found that
will shorten the procedural time as much

the use of power tools

a 50% and is especially useful for removal
of larger lesions and those with marked
periosteal thickening.

If a prior CT is not available or has not
been performed it 1s 1important to obtain a
high quality examination to conlirmation
the diagnosis, measure the size ol the le-
sion, and plan the safest and easiesl route
to approach the lesion. On the day of per-
cutaneous removal a himited CT 1s per-
formed through the region of interest and
the skin entry site is marked with indeli-
ble ink. Care 1s taken to avoid the vicinity
Skin

preparation is accomplished using a com-

of a nerve or vascular structure.

bination of betadine solution and alcohol.
A small (approximalely Smn) incision is
made using a #11 scalpel blade and the
incision is bluntly dissected to the bony
surface. A pin or K-wire is inserted via
the skin incision and directed towards the
center of the lesion. Once the pin/wire is
centered over the lesion and confirmed by
it is hammered into the bone with a metal
mallet until the pin/K-wire leading edge
1s adjacent or through the lesion. A core
of bone including the lesion is then re-
moved using a trephine ol appropriate
size. In order to remove the osteoid osteo-
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ma completely the track should pass
through the back wall for a distance ap-
proximately 1.5 times the diameter of the
When the

length both

lesion. track is of desired

the pin/wire and trephine
may be removed within bloe. The speci-
men 18 then removed from the needle and
sent to pathology for review (Fig.h).

After the lesion 1s removed another
limited CT is performed to confirm the
total removal. Regardless of whether or
not some sclerotic margins ol the wall re-
main the track and tumor cavily is ag-
gressively serapped using angled curettes.
After recovery from anesthesia the child
is discharged to home with the instruc-
tions for non weight bearing for about 6
weeks, The patient is asked to return for
examination in aboul two weeks and is
actively followed for 6 to 8 weeks. It is
gratilying to know that in most instances
the child is pain free immediately after
completion of the procedure and has lim-
ited post procedural discomfort.

In most cases minor analgesia with
tylenol, ibuprophen or aspirin 1s all that
i1s necessary. Occasionally, a narcolic anal-
gesic 1s needed for a few days but this is
the exception to the rule. The antibiotic
coverage 1s maintained for a total of 5
days and discontinued unless an infec-
tious complication arises.

Tracheal stenting

Stenting of the tracheobronchial tree 1s
now feasible for the treatment ol strie-
tures involving the pediatric airway. In
1974, Montgomery reported the use of sili-
cone stents™ . Since that time several
types of plastic stents have been used for
the treatment of tracheobronchial steno-
ses”’ . Metallie stents were developed for
treatment of vascular stenoses. lHowever,
it quickly has become evident that these
devices could be used to treal strictures
involving other sites. In 1986, Wallace and
colleagues reported the uselulness ol ex-
pandable metal stents for treatment of



following tracheobronchial re-

stenoses
construction’’ ., Since then, several groups
have described the successful placement
of metallic stents for treatment of a vari-
ety of conditions. When an airway steno-
sis is identified there are a variety of

therapeutic options available for their

treatment. DBronchoscopy with dilation,

laser therapy, endobronchial resection,

fluoroscopically guided balloon dilation,
and stenting all may be helplul depending
on the clinical setting. The relative indi-
therapeutic approach

cations for each
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Fig.5

A 6-year-old boy presenting with pain

which worsens at night typical of osteoid

osteoma.

a: Extremity CT reveals a proximal
tibial nidus (arrowheads) with thick
peristeal reaction.

b: After localization a stineman pin po-
sitioned adjacent to nidus (arrows).
c¢: Lesion removed using a trephine over
the pin. Five-year follow-up without

recurrence.

At the
current time surgical resection of an air-

changes with technical advances.

way stricture 15 recommended whenever
possible. However, surgery 1s not always
feasible because of; the location of the
stenosis, post operative recurrence(s), and
a child who is not a surgical candidate
due to the severity ol underlying disease,
or an uncorrectable coagulopathy. Thus,
in these settings balloon dilatation with or
without stenting may be a life saving pro-
cedure. The risks and technical limita-
tions of surgical resection and tracheo-

13
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bronchial reconstruction make the use of
stents and other techniques appealing for
management of these difficult patients.
The use of stents represents an advance in
the management of otherwise inoperable
patients,

Silicone stents were initially designed
for use as T-tubes and were modified for
use in other areas. Today the Dumon
stent is most widely used silicone endo-
prosthesis™ ., Silicone stents were lirst to
be used in the airway and offer several
advantages. Silicone stents are easily in-
serted and can be modified into a variety
of shapes and lengths and are generally
well tolerated. They are efficacious for
treatment of inflammatory and malig-
nant strictures., The plastic prevents in-
growth of granulation tissue and tumor
into the tracheal or bronchial lumen al-
though there is tissue growth between the
stent and airway wall. Perhaps the big-
gest advantage of this material is its ease
of removal. Unfortunately, disadvantages
also exist and tend to oulweigh the advan-
tages. Silicone stents are a non-lapered,
high-Iriction material. Its construction
makes it difficult to position in individu-
als with tight strictures. In addition,
plastic stents are prone to displacement
and expulsion from the airway and must
be carefully sutured in place. In addition,
the stents have relatively thick wall and
narrow lumens and are apl lo obstruct
with mucus and other secretions. This 1s
especially problematic in children with
smaller airwayvs. Since these stents are
solid they interfere with normal mucocili-
ary action and clearance of secretions and
Also,
because of it construction the silicone

require constant pulmonary toilet.

slenl cannot he used i a lesion crosses a
bronchial oriface since it would result in
obstruction of a lung segment. Thus, when
used silicone stents tend to be a short term
solution.

Metallic stents have several advantages
over silicone stents especially their low
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profile, expandability, flexibility, and the
ability to be covered via epithelialization.
Regardless of type metal stents have thin-
ner walls with significantly larger inner
diameters than equivalent sized silicone
stents. Melallic stents are low profile and
easily inserted across a stricture without
significant trauma. Because of their open
mesh design metal stents can be placed
across a brachial origin without obstruet-
ing it. Finally, metallic stenls are more
stable and are less likely to dislodge.
These physical characteristics reduce the
amount of specialized care required after
stent placement.

In spite of the positive features of metal
stents disadvantages do exist. In general,
metal stents can be deployed accurately.
However, on occasion they may be inad-
vertently malpositioned. If this occurs,
repositioning may be difficult or impossi-
ble. Also, the open mesh design does not
protect against tissue ingrowth into the
Perhaps
covered stents will help in some situa-

lumen and stenl compression.

tions, however, no experience is available
to answer this question. In the long term
if the stent 1s no longer needed or it is
‘ausing problems, it may be difficult or
impossible to remove. Although stent re-
moval i1s not recommended, Filler and
colleagues have removed 11 of 30 stents in
a pediatric population™ . They report that
removal using a twisting and withdrawal
can be accomplished in less that 30 sec-
onds so that significant airway obstrue-
tion does not occur. A small amount of
mucosal bleeding is noted in all cases
which stopped spontaneously in a few
minutes. These authors did note that one
child died at attempted stent removal be-
cause 1t was welded into the tracheal wall
by fibrous reaction. Nashel and associat-
es describe removal of Gianturco stents
as a processg similar to rolling spaghetti
on a fork, but much more difficult and
time consuming™ . Others have removed
Palmaz and wallstents by cutting them



with lasers to alfecl removal. Thus, al-
though some stents have been removed 1t
1s clear that the current generation of
stents are intended to bhe permanent.
Therefore, 1t may be the best strategy to
avoid removal whenever possible.

Alrway obstruction unresponsive to
medical or surgical therapy is the in-
dication for stent placement in childhood

(Fig.6). The most common conditions re-

quiring stent insertion are malacia, stric-
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ture, and airway compression. The list of
indications for which placement of a stent
may be ellicacious in the pediatric popu-
lation seems to be growing. In general, in
spite of the allure of this therapeutic
option, the long term effect of stenting an
airway in a growing child is still unknown.
Thus at this time, it is my feeling that stent
placement should be reserved for treat-
ment of conditions that are not responding

to conventional forms ol management.

Fig.6

Z-year-old male with congenital heart
disease and severe tracheomalacia
secondary to extrinsic compression
[rom high aortic arch.

[Failed aortopexy. Ventilator depen-
dent until stent inserted. A second
Palmaz stent being positioned (a).
Both stents in position (b).
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Although in time it may be shown that
stenting of a child’s airway is safe, effec-
tive, and the approach of choice it is prob-
ably wise al this time Lo take a conserva-
tive view until more information becomes
available. Having said this, it has already
become obvious that tracheobronchial
stenting may be life saving in certain sit-
uations and may be offered to patients
whose conditions are not amenable to
surgery.

tracheo-

The preliminary results of

L )

bronchial stenting™" suggests the long
term results of airway stenting depends
upon the underlying etiology of the strie-
ture. In patients with narrowing secon-
dary to fibrosis, those with tracheobron-
chomalacia or exirinsic compression stent-
option.

However, children with {ibroinfllammatory

ing is an excellent therapeutic
disease with active inflammation and pro-
liferation of granulation tissue usually
have poor results. These patients have a
high incidence of restenosis which may
necessitate stent removal. In these indivi-
duals it 1s may be best to delay insertion
of a metallic stent until the inflammation
subsides il possible. If stenting is neces-
sary during this acute phase a silicone
stent could be initially placed until the
inflammation subsides since this type of
stent does not allow ingrowth of granula-
tion tissue. Later a metallic stent can be
mmserted if needed. It appears that place-
ment of a metal stent [or treatment of an
airway stricture can be accomplished
salely and effectively in the vast majority
of cases.

Contraindications to the placement of a
stent in the airway of a child are difficult
to elucidate at this time due to the lack of
experience with this technique. However,
patients with a breach in the integrity of
an airway wall may be more prone to
stent erosion and secondary complica-
tions. Children with the combination of a
mucosal proliferative process and a tra-
cheobronchial strieture have a high risk
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in these
metallic stent
may be a relative conlraindication. In
this subgroup medical therapy, a silicone
or covered metal stent may be preferable.

of recurrent strictures. Thus,

children placement of a

Serious complications from stents have
been reported including massive fatal
hemoptysis resulting from penetration of
a Gianturco 7% stent into a pulmonary
artery and development ol a brachio-
cephalic-tracheal istula™ . In my opinion,
Gianturco 7 stents with hooks should be
used with extreme caution in the tracheo-
bronchial tree of children.

Today one of the most difficult ques-
tions to answer is whether to use a stent
in a growing airway. There are no long
term studies in children available to as-
sess the effect of a stent on the circumfer-
ential and longitudinal growth of the air-
Thus, it seems prudent to avoid
especially those devices
that might be more likely to tether or in-

way.
stent insertion
jure a growing tracheobronchial tree. It
is currently our practice to select only
those children who have severe symptoms
and who have failed conventional therapy
before considering insertion of a metallic
stent. In these severely affected children
with tracheobronchial strictures balloon
dilation is the initial therapy of choice.
Balloon dilation will be repeated if reste-
nosis occurs as long as PTA relieves the
child's symptoms. Stenting is utilized 1if
PTA is unsuccessful in alleviating symp-
toms or symptomatic restenosis occurs
rapidly.
malacia who is ventilator dependant pri-

In the rare child with tracheo-

mary stenting is the procedure of choice.

Interventional procedures appears to
have application in virtually all areas of
The pediatric interventionalist
now plays an important role in the diag-
nosis and therapy of children of all ages
and sizes. The use of these minimally in-

the body.

vasive approaches is bolh safe and cost
effective and should be considered when-
ever possible,
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