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Summary: The risk of fatal injury of the internal carotid
artery (ICA) and surrounding anatomy during transsphe-
noidal surgery for pituitary adenoma is the most severe
potential complication associated with this particular ap-
proach. We present a case in which iatrogenic injury to a
patient’s ICA and resultant carotid cavernous fistula and
massive hemorrhage was successfully managed with the
emergency placement of an endovascular stent-graft. Both
findings in the relevant literature and practical consider-
ations concerning both stent-grafts and other more com-
monly used options for the treatment of iatrogenic ICA
injury are discussed.

Although experience and thorough knowledge of
the relevant anatomy can prevent many potential
complications associated with transsphenoidal sur-
gery (TSS), the risk of arterial injury cannot be com-
pletely eliminated, especially given the large number
of such procedures performed and the complexity of
certain cases. The most serious complication of TSS is
injury and/or laceration of the internal carotid artery
(ICA). The presentation of this potentially fatal com-
plication includes severe peri- or postoperative bleed-
ing and a false aneurysm of the ICA and carotid
cavernous fistula (CCF) (1). Immediate diagnosis and
treatment of these symptoms is essential to prevent a
fatal complication.

Traditionally, emergency surgical ligation has been
used to treat ICA injury. This treatment itself, how-
ever, is associated with an unacceptable incidence of
major complications, such as death and stroke (1–3),
and it is often an ineffective or even harmful treat-
ment for ICA injury. Recent advances in endovascu-
lar techniques have, however, created alternatives to
this traditionally high-risk technique (2). We present
findings from our successful experience with one such
endovascular alternative: the placement of a stent-
graft to resolve massive ICA hemorrhage and CCF
resulting from iatrogenic injury of the ICA.

Case Report

A 58-year-old woman was admitted to an outside institution
for the treatment of long-standing galactorrhea. MR imaging
revealed a microadenoma in the pituitary gland. Transsphenoi-
dal resection with unilateral submucosal septal dissection was
proposed and performed with lateral fluoroscopic control at an
outside institution. The sphenoid sinus mucosa was exenter-
ated, and a rectangular window was made in the sellar floor.
The surgeon then made an incision into what was presumed to
be the adenoma; however, this resulted in profuse bleeding,
and injury to the cavernous segment of the right ICA was
suspected. The surgeon attempted to control the bleeding with
local packing, but this measure was not completely successful.
A continuous nasal hemorrhage developed, and the operation
was stopped. At this point, the patient was transferred to our
institution for diagnosis and potential endovascular treatment
for arterial injury.

Standard cerebral angiography was performed with general
anaesthesia by using a unilateral femoral approach. This exam-
ination revealed contrast material extravasation into the sphe-
noid sinus resulting from a laceration in the cavernous segment
of the right ICA and a high-flow CCF with some retrograde
cortical venous drainage (Fig 1A and B). Detachable balloon
embolization was initially proposed; however, selective left
ICA injection with external compression of the right common
carotid artery resulted in a prominent delay (6-s delay) in the
arterial, parenchymal, and venous phases in the right hemi-
sphere (Fig 1C and D). Since the collateral circulation was not
sufficient for balloon occlusion, we decided to attempt coro-
nary stent-graft placement to treat the injury. A microcatheter
(Rapid Transit-21; Cordis, Miami, FL) was passed through the
injured segment of the ICA by using an angled guidewire
(Terumo-16; Terumo, Tokyo, Japan). The microcatheter was
then replaced with a 0.014-in exchange guidewire (Luge; Bos-
ton Scientific, Maple Grove, MN), and a Jostent coronary
stent-graft (4 � 12 mm; Jomed International, Helsingborg,
Sweden) was hand mounted onto a coronary angioplasty bal-
loon (4-mm balloon diameter, 20-mm balloon length; Freeway,
Jomed International). The Jostent covered stent-graft con-
sisted of an ultrathin (75-�m) polytetrafluoroethylene graft
material layered between two stents with reduced wall thick-
ness. (The “CE” mark on this device certifies the manufactur-
er’s confirmation that the device satisfies both German and
European safety and/or quality requirements.) The stent-graft
and balloon were advanced to the injured segment of the ICA
over the exchange guidewire that had been advanced into the
right supraclinoid ICA (Fig 2A). The loaded balloon catheter
was positioned at the level of the ICA injury. After a control
angiogram was obtained, the stent-graft was inflated to 8 atm.
The balloon was then deflated while negative pressure was
applied, and the balloon was removed (Fig 2B). A repeat
diagnostic arteriogram showed total closure of the lacerated
portions of the ICA and CCF. Two spasmodic areas—one
distal to the stent-graft and one at the cervical portion of the
ICA—were noted (Fig 2C). These were assumed to be associ-
ated with irritation resulting from the advancement of the
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stent. Because spasm could have compromised the flow, 100
mg of a mixture of papaverine and isotonic sodium chloride
solution was administered by means of manual injection. Upon
completion of the procedure, the nasal hemorrhage ceased,

and the patient was transferred to the intensive care unit.
Follow-up arteriograms, obtained 3 mo after the patient was
discharged, showed absent filling of the CCF, with normal
patency of the ICA. The follow-up angiographic study showed

FIG 1. Angiograms obtained with exter-
nal compression of the right CCA in a 58-
year-old woman with iatrogenic right ICA
injury associated with TSS.

A and B, Right (A) and left (B) CCA an-
giograms, anteroposterior projections, re-
veal contrast material extravasation within
the sphenoid sinus (arrow) and show a
high-flow CCF draining toward the supe-
rior ophthalmic vein, pterygoid plexus, and
petrosal sinuses.

C and D, Left CCA angiograms reveal
prominent circulation delays in the capil-
lary (C) and venous (D) phases on the right
side in comparison with the left side.

FIG 2. Coronary stent-graft placement to
treat an iatrogenic ICA injury.

A, Contrast material injection from the
guiding catheter reveals the lacerated
segment of the right ICA (arrow) on this
angiogram. Note that the stent-graft and
microguidewire are in the ICA lumen dur-
ing the injection.

B, Fluoroscopic image obtained after
removal of the microballoon and microgu-
idewire shows the expanded stent-graft in
the lacerated ICA.

C, Postprocedural right CCA angiogram
obtained after deployment of stent-graft
reveals cessation of contrast material ex-
travasation and closure of the CCF. Note
the focal transient spasm distal to the
stent-graft and at the subpetrous portion
of cervical ICA (arrows).

D, Right CCA angiogram obtained 3 mo
after the procedure demonstrates patency
of the ICA, with no contour irregularity.
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no evidence of intimal hyperplasia or concomitant vessel ste-
nosis (Fig 2D).

Discussion

Hemorrhage resulting from the injury of the ICA is
one of the most severe complications associated with
TSS for pituitary lesions (1). Although it is commonly
believed that this complication occurs infrequently,
reports in the recent literature suggests otherwise.
Responses to a survey conducted by Ciric et al (4)
suggest that the incidence of this complication is
higher than previously thought: Of 958 neurosur-
geons who responded, 12% reported that they had
caused injury to the ICA during TSS. Incidences of
CCF, false aneurysm, and carotid occlusion were also
documented in this survey. Raymond et al (1) re-
ported that arterial injuries during or after TSS oc-
curred in about 1% of cases and that they were asso-
ciated with notable morbidity (24%) and mortality
(14%).

Certain factors associated with the size, shape, and
location of the pituitary adenoma predisposes the
patient to surgical arterial injury. When the adenoma
is large or invasive or when it is in close lateral
proximity (even when it is small) to the cavernous
sinus and cavernous segment of the carotid artery,
arterial injury is more likely to occur (3). Hemor-
rhagic complications also are more likely to occur in
patients whose medical history includes either previ-
ous TSS or radiation therapy (3).

Anatomic variations in the carotid arteries and sur-
rounding anatomy may also predispose the patient to
arterial injury during TSS. Right and left carotid ar-
teries that are located within the sella and relatively
close to each other pose a risk for injury during TSS;
in some patients, the distance between the left and
right carotid arteries may be as short as 4 mm (5).
Variations in the structure of the sphenoid sinus, such
as a honeycomb configuration or an opacified sphe-
noid sinus, may also complicate TSS (3). If any such
variations in the carotid arteries or surrounding anat-
omy are suspected in a patient who is scheduled to
undergo TSS, the patient’s individual anatomy must
be thoroughly assessed before surgery. MR angiogra-
phy or digital subtraction angiography may be used
for this task, especially in patients in whom an aneu-
rysm in the cavernous sinus or sella is suspected.

Angiographic findings of iatrogenic ICA injury af-
ter TSS may include the following: contrast material
extravasation within the sphenoid sinus, carotid artery
occlusion and/or stenosis, false aneurysm in the ca-
rotid artery, and CCF (1). CCF is a rare complication
associated with TSS, and it is reported infrequently in
the literature (6, 7). In their study of 1800 patients
undergoing TSS for pituitary adenomas, Raymond et
al (1) reported 23 arterial injuries; however, none
resulted in CCF. Carotid artery injury occurs most
frequently a few millimeters below the origin of the
ophthalmic artery (1), and in patients with ipsilateral
carotid artery stenosis, anterior or middle cerebral

artery occlusion resulting from emboli may also be
revealed at angiography.

Iatrogenic ICA injury may create a communicating
channel between the sphenoid and/or cavernous sinus
and the sidewall of ICA. Such an event may present as
an acute hemorrhage, false aneurysm, or CCF. If the
fissure communicates with only the cavernous sinus,
the result is a CCF. Ongoing hemorrhage and false
aneurysm occur when the fissure communicates with
only the sphenoid sinus. As was the case with our
patient, injury to the ICA resulted in communication
with both the sphenoid and cavernous sinuses, which
led to hemorrhage, false aneurysm, and CCF. Recog-
nizing and distinguishing between these three entities
are essential for successful endovascular treatment of
ICA injury. CCF is the only type of arterial injury for
which treatment with detachable balloons or coils is
appropriate. In this situation, the parent artery will
most likely be preserved, and this injury is somewhat
less urgent than other arterial injuries. Preserving the
parent artery through the use of detachable balloons
or coils is not possible in the case of a false aneurysm
in the sphenoid sinus, and treatment of this particular
injury is urgent.

Despite the well-documented risk of cerebral isch-
emia and the resultant neurologic morbidity and mor-
tality associated with traditional methods of emer-
gency surgical occlusion without diagnostic testing,
for a long time these methods have been the only
therapeutic option for ICA injury during or after TSS.
Over the past several years, however, therapeutic en-
dovascular techniques for ICA occlusion have been
developed for the treatment of ICA injury. Such tech-
niques are simple, and they can be performed imme-
diately after the diagnostic angiographic study; the
detachable balloon technique is well established, and
it has been used for many years. The results of con-
trolled endovascular occlusion are more predictable
than those of intraoperative occlusion, and controlled
occlusion allows for balloon test occlusion of the
carotid artery, which minimizes the risk of ischemic
complications.

Urgent diagnosis and treatment of an iatrogenic
injury of the ICA is essential, as any delay may result
in the patient’s death. Despite its advantages, emer-
gent endovascular occlusion is by no means risk-free.
Although expedient treatment is of paramount im-
portance, all treatment options should be thoroughly
considered and discussed before a treatment decision
is made. If severe hemorrhage occurs during TSS,
intraoperative packing is the first and often only im-
mediate step that can be taken. If the bleeding is
totally controlled, postoperative angiography should
be performed. If the findings are negative, angiogra-
phy should be repeated after the packing is removed.
When packing completely fails to control the hemor-
rhage, the situation is acutely life threatening, and
surgical occlusion of the ICA must be performed
immediately. If intraoperative packing partially con-
trols the hemorrhage and if a subsequent angiography
reveals a lacerated ICA, occlusion of the ICA must
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then be performed with either surgical or endovascu-
lar means.

Surgical closure of the ICA is not frequently chosen
as an option because of the well-documented risk of
cerebral ischemia and associated major neurologic
morbidity and mortality (2). An additional drawback
of the surgical method is the lack of angiographic data
that show the exact site and type of arterial injury.
Because of these disadvantages, the endovascular ap-
proach with balloon occlusion has become the pre-
ferred treatment for carotid artery injury associated
with TSS.

Before endovascular occlusion, a test balloon oc-
clusion should be performed. If the patient tolerates
the test, endovascular permanent balloon occlusion
can be performed. About 75% of patients safely tol-
erate occlusion of ICA without neurologic deficit (8).
However, a small subset of patients has ischemic
complications despite negative findings with the test
occlusion (2).

The treatment of patients in whom the initial bal-
loon test occlusion fails (as determined with either
clinical or cerebral blood-flow imaging) is challeng-
ing, and such patients are candidates for some form of
surgical bypass. Skull-base bypass surgery may be at-
tempted with a saphenous vein bypass or an external
carotid artery and/or middle cerebral artery bypass (1,
9, 10). However, bypass surgery is not without risk,
especially in patients with severe hemorrhage. Also,
patients with ICA injury may be hemodynamically
unstable, a factor that further complicates perioper-
ative treatment with surgical bypass (1, 9, 10). In
addition, the value of bypass surgery in preventing
ischemic complications remains controversial, and
these operations are much longer than any endovas-
cular procedure (1, 9, 10). All of these factors cast
doubt on whether the potential benefit of surgical
bypass outweigh the risks. Nonetheless, surgical by-
pass is considered in some patients because other
surgical or endovascular methods are eliminated as
potential treatment options. To successfully treat
such patients, a different method must be explored.

Within the last decade, transluminal placement of
endovascular stent-grafts has evolved as a promising
alternative to most surgical repair techniques. Trans-
luminal endovascular placement of stent-grafts within
the aorta, peripheral, visceral, and coronary arteries
have been reported as safe and effective alternatives
to surgery (10–12). Thus far, the literature includes
reports of the successful use of this type of stent to
treat percutaneously inaccessible anomalies such as
fistulas, aneurysms, and coronary ruptures (12, 13). A
few reports document the use of stent-grafts in the
supraaortic arteries (14–16). Macdonald et al (10)
recently reported their successful use of a cover stent
in the treatment of acute carotid blowout syndrome.
These reports suggest that the use of stent-grafts
could be the easiest and most efficient way to pre-
serve a parent artery; they allow immediate exclusion
of the possibility of a pseudoaneurysm, preservation
of the carotid artery, cessation of hemorrhage, and

rapid (within 15 min in our case) stabilization of the
patient’s condition.

On the basis of these reports, we attempted a new
technique for treating iatrogenic ICA injury associ-
ated with TSS. Packing could not control our patient’s
sphenoid sinus hemorrhage, and although balloon
occlusion of the ICA at the site of injury was techni-
cally possible, the patient’s ability to tolerate the pro-
cedure was in doubt. We did not consider coil occlusion
because the arterial injury extended into the sphenoid
sinus. Because of the continuous hemorrhage, emer-
gency stent-graft placement was proposed. An addi-
tional benefit associated with the use of this treat-
ment in our case was the low risk of stroke with, as
compared with that of balloon occlusion; the patient’s
angiographic examination had revealed a 6-s venous
delay, which indicated that she had a particularly high
risk for stroke. The placement of the stent-graft was
successful in treating our patient’s massive hemor-
rhage and high-flow CCF.

The main technical limitation associated with the
placement of stent-grafts within the ICA is the limited
longitudinal flexibility of the stent-graft. Adapting a
semirigid stent-graft designed for coronary use to the
curves of the ICA is somewhat difficult. In our pa-
tient, we believe that incompatibility of the stent with
the shape of the carotid artery was the cause of the
arterial spasm that we detected when the stent was
advanced into the proximal portion of the ICA. How-
ever, arterial spasms can be successfully managed with
the injection of papaverine into the ICA, and interven-
tionalists should be aware of this. We hypothesize that
the use of a stent that is too large or too rigid to
conform to the shape of the ICA can also cause
arterial dissection and rupture; however, future tech-
nical developments are likely to improve stent-graft
designs and offer more sophisticated delivery systems
that address the current limitations of stent-grafts
that are used intracranially.

Although many treatment options for acute hem-
orrhage associated with TSS have intermediate or
long-term risks of neurologic deficit or stroke, these
concerns must become secondary in a potentially fatal
situation in which time is of paramount importance.
A recent global survey revealed that patients have a
4.4% risk stroke within 30 d after carotid stent place-
ment (17); however, we are not aware of any data that
specifically documenting the long-term results and
the risk of stroke associated with stent-graft place-
ment within the ICA or supraaortic arteries. We hy-
pothesize that the risk of neurologic damage with the
use of a covered stent to preserve the parent vessel
and prevent arterial injury is smaller than that of
parent vessel occlusion in patients who could not
tolerate the balloon occlusion test.

Polytetrafluoroethylene has been used for many
years as a graft material during vascular surgery. Poly-
tetrafluoroethylene-covered stents effective in a variety
of clinical settings, with an acceptably low incidence
of complications, including acute stent thrombosis
(18). Use of these stents is the therapy of choice for
acute coronary rupture, because a procedure such as
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this can replace other high-risk emergency operations
that were previously the only treatment options (18).
Some have suggested that the microporous nature of
the polytetrafluoroethylene layer could reduce the
rate of stent-related coronary stenosis by inhibiting
plaque protrusion and migration of inflammatory
cells and by attenuating the diffusion of cytokines.
Also, neointimal proliferation has been reported to
occur predominantly at the edges that are not covered
by the membrane (19, 20). However, available data
about restenosis rates are limited because of the small
number of patients treated with coronary stents who
are followed-up after their procedures.

Conclusion
We present the possibility of using endovascular

stent-grafts for the treatment of iatrogenic ICA lac-
eration—a use not previously mentioned in the liter-
ature. In our case, the use of stent-grafts proved
expedient, safe, and effective in the emergency treat-
ment of a massive hemorrhage resulting from ICA
injury that occurred during TSS. If the patient’s abil-
ity to tolerate balloon occlusion after ICA injury is in
doubt, the stent-graft option represents a viable low-
risk alternative that, unlike other treatment options,
substantially reduces the risk of stroke. The long-term
patency of stent-graft placement for the treatment of
iatrogenic ICA injury is still unknown; however, we
expect an overall positive outcome from our initial
experience. In addition, future technical develop-
ments will most likely improve stent-grafts designs
and offer more sophisticated delivery systems that
address some of the current limitations.
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