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Trac11eoarterial Fistula: An Unusual Con1plication
of Tracheostoluy

Oren P. Schaefer, MD, and Richard S. Irwin, MD

Schaefer 01', Irwin RS. Tracheo;.\Ilerial fistub: an unusual compli
C3tion of tracheostomy. J Intensive Care l\kd 1995;10:6-1-75.

The tracheoarterial fistula is an unusual but devastating com
plication of tr.lcheostomr It occurs with a frequency of
approximately 0.7%, and it is uniformly fatal ifnot recognized
and surgically corrected. Mucosal damage from the tracheal
cannula, pressure necrosis from high cuff prcssure, or muco
sal tr.luma from an improperly positioned cannula tip results
in erosion through the tracheal wall into the vascular struc
tures that lie in the pretr.lcheal space. llIeeding from this
complication almost always occurs [ate (> 48 hours pOSlpro
cedure). It is often preceded by sentinel hemoptysis. A pau
city of signs and symptoms that precede or arc associated
with this complication require a high index of clinical suspi
cion to make the diagnosis. In addition to bleeding, other
potential clues include a [ow-lying tracheostomy tube, pulsa
tion of the tracheostomy tube, and the presence of infection,
hypotension, malnutrition, and corticosteroid usc. Unfortu
nately, there are no consistently useful diagnostic tools for
tracheoarteria[ fistula. fiberoptic bronchoscopy and angiog
r.lphy ha\'e been performed with mixed results. Should no
other cause be found to explain the hemorrhage from or
around the tracheostomy, or from disease distal to the pri
mary carina, the patient must be taken to the operating
room for a more definitive examination and possible vascular
repair. ~lanagement is di\'ided into acute stabilization and
support, with protection of the airway and restoration of
circulating blood volume, followed by definitive repair
should the patient survive. Measures to prevent tracheal
damage by the tracheostomy tube, such as proper surgical
technique and proper inflation of the tracheostomy tube
cuff, may go a long way to amid this potentially letha[ compli
cation. Ear[y consideration of this entity may be what saves
the life of its victim.
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Overview

Tracheostomy, a procedure performed since antiq
uity I1,2l, has significant benefits, but it also has
potential complications. Among the more common
complications is hemorrhage. Minor hemorrhage
during or shortly after tracheostomy is a frequent
complication; it occurs with a frequency of up to
37% [3-12). It results from faulty hemostasis ofveins,
capillaries, and even minor arteries during surgery.
Major or massive hemorrhage (a term commonly
used, but not clearly defined) is most often fatal.
Fortunately, it is rare, and it occurs with an overall
frequency of 0.7% 113-18] (Table O. Following tra
cheostomy, massive hemorrhage from and around
the trachea is almost always due to erosion through
the tracheal wall into a large artery. It is delayed in
onset, and it almost always occurs more than 48
hours following surgery.

Korte [191, in 1878, was the first to report massive
hemorrhage from a tracheostomy. It occurred in a
young girl who had the procedure done for laryn
geal diphtheria. Schlaepfer [20], the first to collect
a series of such cases, reported the frequency of
massive tracheal hemorrhage in Europe at the turn
of the century; it ranged from 0.5 to 4.5%. The
bleeding, however, was not necessarily related to
the presence of a tracheal cannula. Hemorrhage
presumably resulted in many cases from the mpture
of an aneurysm that formed as a consequence of

Table 1. Massive Ilemorrhage from Tracheoartcrial
Fistula

f\o. Patients' f\o. TA Fistula (%) Reference

51 2 (4.0) [71
688 4 (0.6) 1121
794 5 (0.6) l131
428 2 (0.5) [14]

294 1 (0.3) (15)
256 5 (2.0) l161
212 0(0.0) [8]

124 0(0.0) (9)

389 4 (1.0) (17)
1,501 10 (0.7) l181

'Data g3then~d from series of tracheotomized patients.
TA = tr.lchcoanerial.
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the surgical procedure. It was not until 1956 that
Davis and Southwick [21] called attention to the
problem of the tracheoarterial fistula as we know
it today. They described mpture of the innominate
artery after pressure-induced erosion of the tra
cheostomy cannula through the tracheal wall. Al
though not discussed herein, tracheoarterial fistula
has also been described after tracheal reconstruc
tion [22-251.

Since Schlaepfer's report in 1924, more than 140
cases of tracheoarterial fistula have been reported
in the English literature. More recent literature sug
gests that the incidence of delayed major vessel
bleeding is in fact similar to that reported in
Schlaepfer's series. Of the 115 patients in that classic
article, the majority had hemorrhaged from erosion
into the innominate artery (72%). Other sites in
cluded common carotid artery (4.3%), the inferior
thyroid artery (2.6%), the superior thyroid artery
(0.9%), aortic aneurysm (1.8%), and the right in
nominate vein <3.5%). A source was not reported
for 17 (I5%). Seventy-eight percent of the 68 cases
reviewed by I3rantigan [26] were due to innominate
artery erosion. An unknown vessel was responsible
for 10%, and the carotid artery or the common tmnk
were responsible for another 9% of hemorrhage.
Tracheocarotid fistula has been reported by others
[27-291. A single case of hemorrhage from a tra
cheo-right subclavian artery fistula has been re
ported, and a branch of the innominate tmnk, the
thyroid ima artery, present in 5 to 10% of normal
individuals, may also be a cause of tracheoarterial
hemorrhage [301.

Untreated, tracheoarterial fistulas are uniformly
fatal. The literature does not report a single case ofa
patient who survived without surgical intervention.
Death has been rapid in patients in whom the diag
nosis was not entertained or in whom surgical con
trol was not obtained in an expeditious fashion.
Although it is possible that an unrecognized, misdi
agnosed patient has survived, the dramatic presen
tation ofan arterial erosion makes it highly'unlikely.

The first report of successful treatment of a tra
cheoarterial erosion was by Silen and Spieker in
1965 [31]. This patient died from pneumonia, as did
a second who died following rehemorrhage shortly
after the original procedure. ~ich and I{osenkrantz
[32], in 1968, were the first to report a long-term
survivor after massive hemorrhage and subsequent
surgical repair of the tracheoinnominate .artery fis
tula. FolloWing this report, I3iller and Ebert [33] and
l\lathog and colleagues [34] reported long-term sur
vivors in 1970 and 1971, respectively. A review of
the world's literature in 1976 [18] found a survival
rate of 25%, having excluded patients who were
"improperly resuscitated."

Yang and associates [35] reviewed 37 cases of
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tracheoarterial fistula, and they found an overall
survival of 27%. Twelve of these patients died im
mediately. Of the 25 that survived to surgery, 10
were considered long-term survivors. Eight of the
25 that survived the surgical repair died from un
related causes. The review by Nelems [36] of the
English literature in 1981 reported 19 long-term sur
vivors after a tracheoinnominate artery fistula oc
curred after tracheostomy. Takano and co-workers
[37] also described 14 patients reported in the]apa
nese literature; 4 (29%) survived after interventional
surgery. Since that time, there have been 17 addi
tional reports of hemorrhage from a tracheoinnomi
nate artery fistula; 9 patients are considered to be
long-term survivors (53%) [27,35,37-401. This
higher survival may reflect earlier consideration of
the diagnosis or definitive surgical therapy.

Because more patients arc being managed with
long-term ventilatory support, one is certain to con
sider the possibility of a tmcheoarterial fistula in
the differential diagnosis of hemorrhage from the
tracheostomy. Because morbidity and mortality of
such a complication are substantial, physicians car
ing for these patients should have a strategy by
which to approach diagnosis and management of
this complication.

Pathogenesis

The site of erosion of the trachea is multiple, and
it includes the tracheostoma, the tracheostomy tube
cuff, and the tracheostomy tube tip (Fig lA-D).
These sites are consistent despite the vascular stmc
ture involved. The usual anatomy [41,421 explains
the predominance of erosions into the innominate
artery, although common variants will often bring
other vascular structures into close proximity of the
trachea [42-46].

When the fistula forms at the tracheostoma, it
can be due to the stoma being placed too low,
pressure from the tracheostomy tube, or both
[31,34,47-53]. When the neck is hyperextcnded to
offer better exposure of the trachea during the oper
ation, several tracheal rings are moved upward. As
a result, the tracheal incision will be made lower
than realized [31,47]. When the tracheostomy is too
low, the anterior surface of the tube is placed in
closer proximity to the innominate artery. Pressure
applied to the wall of the artery leads to its erosion.
This process may be facilitated by. the continuous
pulsation of the artery against the cannula, as well
as by the rocking motion of the tube associated
with mechanical ventilation [32,54,551, and with
movement of the patient [33,56,57]. Therefore, sur
geons must ensure placement of the tracheostomy
tube above the 4th tracheal ring. Visualization of
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Fig 1. Anatomy of the tracheoarterial fistula. (A) Proper creation of the tracheostomy above the 4th tracheal ring; normal
relationship of tracheostomy cannula and innominate vessels is shown for comparison purposes. (B) Tracheoarterial
fistula at the stomal site. Erosion into the innominate artery by the inferior surface of the tracheal cannula from a low
placed tracheostomy stoma. (C) TracheoarteriaI fistula at the balloon site. Erosion into the innominate artery after
pressure/trauma-induced necrosis of the tracheal wall. (D) Tracheoarterial fistula at the cannula tip. Erosion into the
innominate artery by the tracheostomy tube tip after its erosion through the anterior tracheal wall.

the cricoid cartilage during exposure facilitates ac
curate counting of the rings. Erosion at the neck of
the cannula has also been described despite correct
placement of the tracheostomy [50,58]. In some pa
tients, particularly young womeI"j and children (up
to 25%), the innominate artety crosses the trachea
at a higher level, and it tends to be in more contact
with the trachea because both structures lie in the
narrowest part of the thoracic inlet [22,44]. With
downward pressure exerted by the ventilator tub
ing, the tracheal cannula may erode through several
tracheal rings, with resultant erosion of the artety
despite correct placement of the tracheostoma and
position of the vascular structures [59,60].

The tracheoarterial fistula can form at the level
of the balloon of the tracheostomy tube [18,
29,32,50,61]. Pressure necrosis by the cuff has been
implicated as the inciting event. Evidence of dam
age has been seen as early as 48 hours after place
ment of the tube [12,62), and a pathological study
in dogs that used low-pressure cuffed endotracheal
tubes found light and scanning electron micro
scopic evidence of mucosal and submucosal dam
age to the trachea as early as 4 hours after intubation
[631. The earliest change is superficial tracheitis;
acute inflammation, hemorrhage, and fibrin deposi
tion is seen microscopically. Small, shallow ulcer
ations overlying the anterior aspect of the
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cartilaginous rings at the level of the cuff soon fol
low. The size of the ulcers increase with time, lead
ing to exposure of the cartilaginous rings, with
subsequent softening, fragmentation, and loss of
the cartilage [62,611. Other factors that would be
expected to impair wound healing have also been
implicated in the tracheal damage, including infec
tion (both local and systemic), anemia, hypoten
sion, hypoproteinemia, and corticosteroid therapy
[12,18,59,651. In general, the amount of tracheal
damage increases in direct relation to the length of
time on mechanical ventilation [621. Although the
length of time that the tracheostomy tube is in place
is the most important factor for the development
of tracheal damage in general, it is not clear that
length of time is directly related to vascular in
jury [l21.

Although the duration of time that a cuffed tra
cheostomy tube is in place may be important, it is
likely that balloon pressure is more important in
leading to tr.lcheal damage. Early tracheostomy
tube balloons were of small volume, resulting in
high cuff pressures. As mean tracheal capillary per
fusion pressure, estimated at 20 to 30 mm Hg
[66,67], is exceeded, evidence of local ischemia and
pressure necrosis develops. In a study of tracheal
damage due to tracheostomy tubes, the Rusch,
cuffedJackson, and Portex tubes had cuff pressures
of 120, 174, and 136 mm I1g, respectively [681. An
other study [69] found intracuff pressures for the
older cuffs to average 270 mm Hg. Development
of the high-volume, low-pressure cuff has been an
important advance. However, despite significantly
lower intracuff pressures, even the low pressure
cuffs can exceed tracheal mucosal capillary perfu
sion pressure, particularly when high airway pres
sure is present [701. These tubes have also been
shown to cause tracheal damage. The degree of
damage with the new tubes was proportional to
the intracuff pressure [681. It has been suggested
that the tracheal damage, particularly with the high
volume, low-pressure cuffed tubes, is due to me
chanical trauma, in addition to a possible ischemic
insult [63,65,711. It is unclear from the literature
whether the incidence of tracheoarterial fistula has
decreased with the use of low-pressure tracheos-
tomy tube cuffs. ,;;

L'lstly, the fistula can also form at the tip of the
tracheostomy tube due to erosion of the anterior
tracheal wall [18,21,34,48,49,551. In a review by
Jones and associates [18], up to 66% of all docu
mented erosions were at the distal end of the can
nula. Earlier tubes were fashioned with a 90-degree
curvature, which easily allowed the tip to turn
into the anterior wall. Movement of a poorly se
cured tube during mechanical ventilation has been
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thought to contribute to fistula formation by in
creasing tracheal trauma directly. Newer tubes have
a smaller degree of angulation (60 degrees), which
probably has reduced the incidence of tracheal ero
sion [38,47,51]. Although erosion of the tip is often
into the innominate artery, one case documented
erosion of the tip through the 9th tracheal ring into
the arch of the aorta [721.

Diagnosis

Unfortunately, there are no well-validated diagnos
tic tests or procedures in our current armamentar
ium to confirm or to exclude the presence of a
tracheoarterial fistula. As a result, diagnosis of a
tracheoarterial fistula must rest on a high index of
clinical suspicion (Table 2).

History/Examination. Typically, bleeding from
or around the tmcheostomy tube occurs 48 hours
or more following the procedure. Its peak incidence
is between the first and second week. l3Ieeding
develops during the first 21 days in 72% of patients
[18,26]. Significant hemorrhage, however, can occur
quite late in a patient's course. In the series by
nrantigan [26], almost 9% of hemorrhages occurred
after the 6th postoperative week, and hemorrhage
has occurred much later, up to 18 months postpro
cedure [32,73,741.

Patients may complain initially only of nonspe
cific symptoms, such as chest pain, cough, or retro
sternal discomfort 128], but they usually have no
complaints before bleeding occurs. A potentially
helpful but infrequent sign is pulsation of the tra
cheostomy tube, indicating its proximity to an ar
tery. First noted retrospectively by Davis and
Southwick [21], and by others as well [30,31,33,56],
it may be present in only 5% of patients [l81. Suspi
cion is heightened when the tracheostomy is low
lying and when factors that impair wound healing
are present.

Compared to the oozing of capillary and venous
bleeding in the immediate postoperative period,

Table 2. Clinical Clues Suggestive of Tracheoarterial
Fistula

Bleeding
48 hours or more following tracheostomy
Usually brisk
May spontaneously subside

Low-lying tracheostomy tube
Pulsation of tracheostomy tube
Presence of predisposing condition: infection,

hypotension, malnutrition, corticosteroid use
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bleeding from an arterial source can be dramatic.
It is usually brisk, possibly projectilc, and it is oftcn
followcd rapidly by death by exsanguination or,
more likely, aspiration and asphyxiation. Howcver,
it is not uncommon that catastrophic hemorrhagc
is prcceded by bleeding that spontaneously stops
[30-32,49,56]. This sentinel bleed may be only a
few milliliters or up to several hundred milliliters
of blood. It has occurred as soon as 30 hours post
operatively [30]. It is very important to appreciate
this prodromal sign because it has been rcported
in 34 to 500!o of all patients [18,33,341, and lifc
threatening, massive hemorrhage will follow within
hours to days of this first episode [18,331. As a result,
some authors believe that a patient with hemoptysis
of more than 10 mL bright red blood from the tra
cheostoma or cannula occurring 48 or more hours
.after placement must be assumed to have a tra
cheoarterial fistula [18,'17,731.

Diagnostic Procedures. Some procedurcs are
most helpful in ruling in causes of bleeding other
than the tracheoarterial fistula. Most bleeding from
or around the tracheostomy tube is due to tracheitis,
gr..lOulation tissue, or suction trauma, particularly
in a patient with an underlying coagulopathy.
Therefore, these diagnoses, as well as bleeding
from pneumonia, pulmonary embolism, or other
lower respiratory tract diseases, need to be system
atically ruled out before subjecting a patient to a
major surgical procedure to confirm the diagnosis
of and to definitively treat a tracheoarterial fistula.
Evaluation of hemoptysis in gcneral is discussed
elsewhere [75J.

After determining that the patient is not bleeding
from a superficial vessel at the external stomal site,
fiberoptic bronchoscopy (FOB) can be used to eval
uate the airway for evidence of friable granulation
tissue, tracheitis, or diseases distal to thc primary
carina [12,57,76,771. FOB should not be performed
to exclude a tracheoarterial fistula. Its sensitivity as
a diagnostic test appears to be low. It has failed to
uncover the site even after bleeding has stopped
[18,781. If caution is not used, this procedure may
destabilize the situation. Removal of clots from the
tracheal wall can cause recurrent bleeding, as can
deflation of the cuff or removal of~he tube to in
spect the tracheal wall. Finally, during active hem
orrhagc, the trachea is filled with blood, thus
m:Iking :Iny fiberoptic procedure difficult.

Should bronchoscopy be performed to investi
gate airway bleeding when the possibility of a tra
cheoarterial fistula has been raised, it must be
performed in the operating room, prcferably \vith
a rigid bronchoscope, with the patient prepared
for a possible thor:Icic surgical procedure [181. If

inspection of the tracheostomy wound and bron
choscopy have failed to visualize a cause for thc
airway bleeding, cuff deflation as a diagnostic ma
neuver should be done in the operating room and
never at the bedside, even if the tracheostomy tube
is left in place. Although temporarily deflating the
balloon that is tamponading the tr.lcheoJ.rterial fis
tula may confirm the diagnosis in this setting, bleed
ing may be uncontrollable. Conversely, bleeding
may not recur at that moment. In either case, the
patient must go to the operating room for a more
complete examination/definitivc operation.

Angiography has been used to demonstrate a
vascular abnormality. Conrad and associates [791
studied 2 patients with suspected tracheoarterial
fistula with an arch aortagram. In both patients, the
right posterior oblique or lateral position revealed
a small extra lumenal collection of contrast material
representing a false aneurysm, not a true fistulous
tract. Erosion into the innominate artery was con
firmed by surgery in both patients. Revilla [231
showed extmvas:Ition of contrast by an arch
aortagram in a patient with a tracheoinnominate
artery fistula. Others [801 showed complete eX!r.lva
sation ofcontrast material into the trachea follOWing
a selective injection of thc innominate artery. In
contrast, when bleeding has ceased, the angiogram
has been normal [1.8,39,49,76].

Like bronchoscopy, angiography is of very lim
ited diagnostic use. Centers must be skilled in the
procedurc and its interpretation, time may not allow
for it, and it has never been validated as a diagnostic
tool for this problem. Its main value may be to
visualize the origin of the left common carotid ar
tery. Anatomical variants in which the left common
carotid artery arises from the innominate artery
occur in 15 to 37% of normal subjects. Anomalies
that comprise another 1.4 to 2.4% also bring the
left common carotid artery in front of the trachea
[42-46,811. Not only is this a possiblc source of
hemorrhage, but it is also vital information to a
surgeon contemplating repair. Should bleeding
cease, and thc patient remain hemodynamically sta
ble, the decision to perform angiography should
therefore be made by vascular or thoracic surgical
consultants.

Management

Management of tracheoarterial fistula can be di
vided into 2 categories: (1) stabilization and
supportive care, and (2) definitive treatment. Re
gardless of the location of the tracheal defect or thc
vcssel involved, emergent management and sup
portive care do not changc.
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Supportive Care. First and foremost, the airway
needs to be secured and protected. Hypovolemia,
if present, must also be corrected with rapid intrave
nous infusion of crystaHoid or coHoid. I3Iood, when
available, should be transfused to maximize oxygen
delivelY.

An attempt to tamponade the bleeding site
should be made by immediate overinflation of the
tracheostomy tube baHoon, with simultaneous re
traction of the tube anteriorly (Fig 2). Such a proce
dure can be both therapeutic and diagnostic but it
is only a temporizing measure that aHmvs time for
more definitive therapy. Although the site of bleed
ing may not be at the site of the cuff, and thus the
maneuver not expected to stop the hemorrhage, it
should be tried because it has been reported to
successfuHy control bleeding in more than 80% of
patients in one review [181.

If the bleeding has stopped, blood must be aspi
rated from the airway below, and an endotracheal
tube should be placed, with the baHoon more distal
than the tracheostomy tube. Further diagnostic
evaluation can then take place. Should bleeding
persist despite attempts at cuff overinflation, an en
dotracheal tube must be placed to protect the air
way, distal to the tracheostomy tube, just as the
tracheostomy tube is removed. If oral intubation is
difficult due to massive hemorrhage, passage of a
pediatric endotracheal tube through the patient's
tracheostomy cannula will provide adequate OX1'

genation and ventilation as preparations are made
for urgent surgical intervention.

Fig 2. Emergency management. Attempt to tamponade
bleeding by overinfbtion of tracheostomy tube balloon.
Tracheal tube is simultaneously pulled forward. Orotra
cheal tube is pOSitioned above tracheostomy tube. Should
bleeding continue, endotracheal tube is pushed distally,
and the tracheostomy tube is removed in a quick, coordi
nated fashion.
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A "bedside" procedure, first proposed by Utley
and coHeagues [51], might be attempted if cuff infla
tion fails to stop the bleeding. They suggested that
after securing the airway, blunt dissection, with a
finger, via the tracheostoma, should be performed
to remove the innominate artelY from the anterior
waH of the trachea. To avoid tearing the artery,
the finger should press against the trachea during
dissection, which aHows for direct tamponade of
the artery against the sternum (Fig 3). Direct pres
sure is maintained until the patient can be trans
ported to the operating room for a more definitive
procedure. This procedure was also used to tam
ponade hemorrhage from a tracheo-right common
carotid artery fistula [82]. Alternatively, the skin and
the superficial fascia can be entered through a short
right infraclavicular incision. The mediastinum can
be dissected, and the innominate artelY can be oc
cluded by finger compression. Thoracic surgeons
adept at mediastinoscopy are perhaps most com
fortable with these techniques. They should not be
attempted by most physicians who care for trache
otomized patients. However, once the airway is
secured, it might be easier to effect a similar result
by inserting a finger into the distal trachea via the
tracheostoma and applying ventral pressure as long
as the finger docs not totaHy occlude the airway.

Meyers and llilch (83) describe a patient in whom
they extended the tracheotomy incision proximaHy.
The upper two tracheal rings, the thyroid isthmus,
the cricoid cartilage, and the cricothyroid mem
brane were divided in the midline, and the proximal
trachea was opened. The trachea was packed with

Fig 3. Emergency management. Direct digital tamponade
of innominate artery. Occlusion of the innominate artery
by digital compression against the sternum follOWing
blunt dissection of the artery from the anterior tracheal
wall, as first described by Utley and colleagues [51\'
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subsequent tamponade of the hemorrhage. Clearly,
this procedure must be performed by skilled hands.
Should the patient survive repair of the trachcoar
terial fistula, tracheal reconstmction would be re
quired because division of the cricoid cartilage
often will result in laryngeal instability.

Takano and co-workers [371 used a 5 French Fo
garty catheter inserted through the right brachial
artery and passed to the innominate artery under
fluoroscopic guidance to balloon-occlude the sus
pected site of hemorrhage after bleeding was tem
porarily stopped with tracheostomy tube cuff
overinflation. Complete hemostasis was obtained
with this procedure, and the patient was taken im
mediately to the operating room. A similar ap
proach was suggested by Nunn and associates [841.

DCIrnitive Treatment. The approach most pre
ferred for definitive management of a tracheoarte
rial fistula is the median sternotomy, which gives
the best exposure of the entire supra-aortic trunk.
More limited procedures, such as a partial median
sternotomy with or without horizontal extension
into the right third or fourth intercostal space, have
also been used [36,50,851. Ramash and Gazzaniga
[721 used 2 small incisions in the anterior thorax
and neck, and a single case report describes control
of hemorrhage by application of Weck vascular
clips placed via a suprasternal incision [861. These
latter procedures may avoid the risk of com
plications that arc associated with operating in a
contaminated field. In a review of sternotomy
complications Serry and colleagues [871 found an
overall frequency of sternal wound complications
of 1.8%. A predisposing factor was the presence of
a tracheostomy, perhaps reflecting the underlying
debility of these patients. Mortality ranged from
7.6% when serous drainage only was present, to
71% with infection with sternal dehiscence. Yang
and associates [351 report a frequency of complete
sternal wound dehiscence of 8% in patients ~vho

survived an operation for tracheoinnominate artery
fistula.

After induction of general anesthesia, both the
chest and the anterior neck arc prepared, with hoth
sides of the neck included in the surgical field.
Prophylactic intravenous antibi(Jtics should be
given. The chest is opened, and the mediastinum
is exposed. The vascular anatomy, partici.llarly its
variants, must be confirmed. Statistically, erosion
into the innominate artery is by far the most likely
source of hemorrhage. For that reason, attention is
devoted to its repair.

The innominate artery is isolated with control of
the proximal and the distal ends should rebleeding

occur. The right subclavian and the common carotid
arteries are then exposed. The distal innominate
artery is mobilized from the trachea, which often
results in rebleeding and assures the diagnosis, and
the area of erosion is then confirmed.

Once adequate exposure is obtained, the sur
geon has a choice of several operative procedures,
including ligation, resection of a segment of the
innominate artery and oversewing the ends, inter
position grafting with saphenous or innominate
vein [47,841. and direct vascular repair by suture or
by vein patch [35,781. Most surgeons have chosen
to resect the artery and to oversew the ends
[18,31,32,34,39,76,801. The stumps are allowed to
retract away from the infected field [SOl. Interposi
tion of healthy, well-vascularized tissue between
the trachea and the resected artery with a pedicled
strap or sternocleidomastoid muscle flap, or pleural
or pericardial flaps is recommended [24,32,33,
76,771. Attempts to repair or suture the artery, which
must be considered septic, have been followed by
bleeding at the suture line, rehemorrhage, and
death [22,31,49,73,76,78,851. For this reason, such a
conservativc procedure should not be undertaken.

Not surprisingly, the type ofoperation performed
is one of the most important determinants of out
come, second only to immediate control of the
airway and hemorrhage. The postoperJtive re
bleeding r..ttc is significantly lower after interruption
of the innominate artery (7%) than after procedures
that maintain its continuity (60%) [351. Because
postoperative bleeding is almost always fatal, it fol
lows that the survival rate at 2 months is signifi
cantly higher with innominate artery intermption
(61-77%) than without (6-10010) [18,351.

If no restorative procedure is planned, the sub
clavian and the right common carotid should be
divided and ligated separately to avoid a subcla
vian steal phenomenon [18,33,39,74,781, although
clinically, this complication may not be a problem
[50,88]. If division is not performed, the innomi
nate artery is ligated 1 cm before its bifurcation.
When the left common carotid originates from
the innominate artery, its ligation must take place
immediately after the bifurcation. If this approach
is not possible, a restorative procedure for the
left common carotid artery must be performed
[391. Finally, prior to closure, the area of dissection
is irrigated with antibiotic solution and drained
by mediastinal catheters.

Because of the concern that arterial insufficiency
can result in neurological compromise to the right
upper extremity, as well as to areas supplied by
the right common carotid artery [89,901, attempts
are made to assess collaterJI flow once flow from
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the innominate artery ceases. Although animal stud
ies have shown as much as an 18% decrease in
cerebral blood flow after innominate occlusion [911,
published experience dictates that this decrease is
not a problem [18,22,31-36,50,53,74,92], a finding
confirmed in laboratory animals [91,931. In one re
view, evidence of neurological deficit was found
in only 1 of 22 (4.5%) patients surviving fistula re
pair [181. Although Biller and Ebert (331 suggest an
expected neurological complication rate of 20 to
30%, no supportive evidence is given.

Collateral flow is provided by the right intercostal
and the internal mammary arteries, as well as the
intracranial anastomoses from the left carotid and
vertebral arteries. Collateral cerebral blood flow is
often adequate in young individuals, although it
may not be so in periods of extreme hypotension.
Obviously, restoration of circulating blood volume
as rapidly as possible is important in this regard.
Evidence for adequate collateral circulation in
cludes good back flow after clamping of the artery;
palpable pulses in the right carotid, superficial tem
poral, axillary, and radial arteries; and pupillary
response under light anesthesia. Use of electroen
cephalographic monitoring at the time of innomi
nate occlusion to monitor cerebral function has
been recommended [40,77,9-1). Carotid stump pres
sure should be measured after clamping the innom
inate artery (47,721. If stump pressure is found to
be below 50 mm Hg, a bypass procedure should
be considered.

Bypass locally can be performed by using an
artificial prosthesis (31] or autologous material
[23,72,79,84,941. Because the anastomosis is in a
potentially infected area, the latter is preferred, be
cause infection can destroy an initially successful
procedure. Takano and colleagues (371 performed
aorto-right common carotid bypass with a pros
thetic graft, passing the graft under the right clavicle
in an attempt to avoid contact with the tracheal
fistula. Bypass procedures, if required, arc best car
ried out away from the infected field. Distal axillo
axillary, femoral-right axillary, and carotid-carotid
bypass have all been performed [31,39,49,50,
95-971.

Repair of the tracheal defect can be carried out
primarily [18,39,76,9-1], or the ..erosion can be al
lowed to heal secondarily (18,ji,34,501. There is no
clear benefit to one or the other procedure. fibrin
adhesive has been used to successfully close the
tracheal defect of an acquired tracheoesophageal
fistula [981. This may be an alternative, though ex
tremely limited, method of repair of the tracheal
defect. Continued mechanical ventilation can be
carried out with an endotracheal tube with the bal-
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loon at a different site, or with a new tracheostomy
tube with the stoma at a higher site.

Prevention

The best therapy for a tracheoarterial fistula is its
prevention, which depends on avoidance ofunnec
essary tracheostomies, proper surgical technique,
and meticulous tracheostomy care. Tracheostomy
should never be a disorganized procedure; ade
quate lighting, suction, assistance, and surgical ex
pertise are required. Indications and timing of
tr.lcheostomy are discussed elsewhere [4,5,991. As
discussed previously, tracheoanerial fistulas occur
at 3 sites: the tracheostoma, the cannula cuff, and
the cannula tip. Preventive measures must therefore
be directed toward these areas.

Whenever a tracheostomy is performed, care
must be taken to ensure correct placement of the
tracheostoma and the tube. The incision level is
important because this location directs the angle of
dissection into the trachea (941. A wide incision
is necessary so that one can inspect and palpate
adjacent tissues for abnormally placed vessels. Ex
cessive extension of the head and neck must be
avoided. The tracheostoma should be created
above the 4th tracheal ring and ideally placed at
the second or'third tracheal ring. The tube must
be secured properly, and tension on the ventilator
tubing should be minimized. If excessive move
ment by the patient results in excessive traction on
the tubing, sedation should be prescribed. Pulsation
of the tracheostomy tube should be taken as a sign
of its proximity to a major vessel, and thought
should be given to placement of the tracheostoma
at a different site, or, if not possible, exchange of
the tube with one of a shorter length. Dellen and
colleagues (100] used muscle flaps to create a per
manent tracheostomy and to protect the innominate
artery when evaluation of a pulsating tube revealed
the artery just inferior to the widened tmcheostoma.

Currently, only high-volume, low-pressure
cuffed tubes should be used. Intracuff pressure is
easy to measure with a manometer connected to
the cuff-inflating tube via a 3-way stopcock
[101-1031, and cuff pressure should ideally be kept
below 20 to 30 mOl Hg. One study found signifi
cantly lower pressures if balloon inflation and pres
sure measurements were not done simultaneously
[lOll. The pressure exerted against the tracheal wall
by the large-volume, thin-walled c~ffs had been
thought to be equal to the inlracuff pressure. Ilow
ever, this equality probably is not always the case;
on occasion, intracuff pressure may overestimate
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lateral tracheal wall pressure [104,1051. In situations
in which static compliance is low, such as in pa
tients with adult respiratory distress syndrome, high
airway pressure is transmitted to the cuff, ideal cuff
pressure is exceeded [80], and it is presumably
transmitted to the tracheal wall.

A reliable seal of the tmchea is needed for both
effective ventilation and prevention ofmacroaspira
tion. Although intracuff and perhaps lateral wall
pressures may remain high with the minimal leak
technique [1061, this technique in most instances
allows one to balance the need to seal and to protect
the airway with the need to minimize tmcheal wall
damage. Physicians caring for tracheostomized pa
tients must choose a method of assessing tm
cheostomy tube cuff pressure, ideally by usc of a
manometer for direct pressure measurement, or by
use of the minimal leak (occluding pressure) tech
nique. lhlloons should not be indiscriminately in
flated without regard for intracuff pressure and
possible tracheal wall damage. Intermittent cuff de
flation does not prevent tracheal damage [107,1081;
therefore, the balloon should be left inflated, not
blown up and down, as the cuff is frequently over
inflated by inexperienced personnel 11091.

Because tr.lcheal wall damage can be due to the
cannula tip, it is most important that the tracheos
tomy tube be secured. This problem remains de
spite use of the newer, less angulated tracheostomy
tubes. One author suggests that fiheroptic tracheos
copy be performed when a tracheostomy tube is
changed for the first time, so that evidence of pres
sure necrosis or mucosal erosion at any of the 3
potential sites can be identified and corrective mea
sures instituted [571. This approach has never been
evaluated in a prospective fashion.

Recently, use of percutaneous, bedside tracheos
tomy has been advocated. Its advantages [110-1121
and disadvantages [113-115] have been reported
elsewhere. This is a relatively new technique, and,
combined with the low incidence of tracheoarterial
fistula, there have heen no reports ofarterial hemor
rhage as a complication of this procedure. How
ever, with emergent placement of these tube~, by
perhaps less skilled physicians, it is likely that
arterial hemorrhage will soon be cited as a
complication.

Finally, because of the role of mfection in forma
tion of tracheal damage, care must be paid to a
patient's immunological status, and tracheal infec
tion should be treated aggressively. The effects of
adequate nutrition on immunocompetence, wound
healing, and response to infection are well known.
Therefore, nutrition for this and other reasons
should be optimized.

Summary

Tracheoarterial fistula is a life-threatening, but fortu
nately rare complication of tracheostomy. It occurs
with a frequency of approximately 0.7%>. Its conse
quences arc devastating, with an extremely high
case fatality ratio. Because signs and symptoms, as
well as diagnostic tests and procedures, arc usually
not helpful, diagnosis depends on maintaining a
high index of clinical suspicion. Higher survival
rates from this dreaded complication have been
shown if rapid identification and correct emergency
measures are instituted. Surgeons, intensivists, and
others who routinely deal with tracheostomies must
be aware that a tmcheoarterial fistula is a complica
tion of the procedure, and they must be thoroughly
familiar with prevention, diagnosis, and manage
ment of this catastrophic event.
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