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Arterial Injuries in Transsphenoidal Surgery for Pituitary Adenoma:
The Role of Angiography and Endovascular Treatment

J. Raymond, J. Hardy, R. Czepko, and D. Roy

PURPOSE: To define the role of angiography and embolization in the treatment of patients who
have arterial injuries during transsphenoidal surgery. METHODS: We retrospectively studied the
arterial hemorrhagic complications, their management, and the clinical outcomes that occurred in
21 of the more than 1800 patients who had transsphenoidal surgery for pituitary adenomas.
RESULTS: Of the 21 patients who had complications, 17 had internal carotid injuries and four had
injuries of the sphenopalatine artery. Angiography was performed in 18 patients. Bleeding occurred
and was controlled during surgery in 16 cases. Delayed epistaxis occurred in 10 patients, including
five whose surgery was uneventful. After internal carotid injury, the most frequent angiographic
findings were carotid occlusion (eight patients), stenosis (five patients), and false aneurysms (three
patients). Internal carotid balloon occlusion was performed in five patients. No rebleeding occurred
in patients who had complete carotid occlusion either from surgical packing or balloon emboliza-
tion. Two of the patients who had carotid stenosis after surgical packing had delayed epistaxis
necessitating balloon occlusion. Injuries to the sphenopalatine artery were successfully treated by
surgery (one patient) or by endovascular treatment (three patients) without complication. Three
deaths and five permanent deficits were directly related to the arterial injury or its treatment.
CONCLUSION: Profuse bleeding during or after transsphenoidal surgery should be investigated by
angiography. Lesions of the sphenopalatine arteries are effectively treated by embolization. Internal
carotid injuries are best treated by carotid occlusion to prevent life-threatening epistaxis.

Index terms: Adenoma; Surgery, complications; Pituitary gland, neoplasms
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Hemorrhagic complications during or after
transsphenoidal surgery are rare, but when they
occur they may lead to permanent disability or
death (1). Anecdotal cases of carotid cavernous
fistulas (2–4) and carotid false aneurysms
(5–9) have been reported.

Many hazards and pitfalls of transsphenoidal
surgery can be anticipated with experience and
a thorough knowledge of anatomy. While many
complications can be prevented, arterial injuries
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can still occur given a sufficient number of op-
erations on difficult lesions. The ability to treat
complications once they have occurred is im-
portant in attaining a satisfactory outcome. The
endovascular approach has proved useful in the
management of some of these complications
(4). We retrospectively reviewed all arterial
complications after transsphenoidal surgery in
our institution in an effort to improve prevention
and treatment of these events and to define the
role of angiography and endovascular treat-
ment in that setting.

Materials and Methods
Since 1969, all hemorrhagic complications that oc-

curred in conjunction with the more than 1800 transsphe-
noidal surgeries performed in our institution have been
recorded. After excluding patients with profuse venous
bleeding from the cavernous sinus and those with postop-
erative hematomas following resection of giant adenomas
5
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(10), we had 21 patients, of whom one was referred for
endovascular treatment of a carotid injury after transsphe-
noidal surgery at another center.

We retrospectively studied the medical records and an-
giographic findings of these patients to search for risk
factors. Individual treatment and related complications
were noted as was the final outcome. Tumors were graded
according to the radiologic classification described by
Hardy (11). Adhesion to the carotid artery, invasion of the
cavernous sinus, and carotid anomalies were noted on
imaging studies performed before transsphenoidal sur-
gery, and perioperative findings were reviewed.

The surgical technique used for transsphenoidal sur-
gery has been described in detail elsewhere (11). In the
event of intraoperative carotid injury, the cervical carotid
artery was compressed to give sufficient time for tampon-
ade with a variety of materials (including Surgicel [John-
son & Johnson], muscle plugs, tissue adhesives), which
were held in place by closing the sellar window with a piece
of cartilage or bone. Postoperative angiography was per-
formed early after surgery in 12 patients or after delayed
epistaxis in six patients. Three patients were not studied by
angiography. Angiographic findings were labeled as nor-
mal or as showing carotid occlusion, stenosis, and false
aneurysms. An occlusion was, by definition, a complete
arrest of arterial flow. A stenosis was described as a nar-
rowing involving the anterior wall of the carotid siphon
below the origin of the ophthalmic artery. Extravasation of
contrast material or opacification of a pouch of any shape
was labeled a false aneurysm.

For endovascular occlusion of the carotid artery, latex
balloons were hand tied with elastic ligatures on 2F micro-
catheters, as described by Debrun et al (12). The balloons
were navigated as close as possible to the injured seg-
ment and inflated with contrast only. A 30-minute occlu-
sion test was then performed, during which tolerance was
assessed by clinical examination and collateral circulation
was assessed by angiography, using the contralateral femo-
ral artery. If carotid occlusion was well tolerated, the balloon
was detached by simple traction and a second security bal-
loon detached at the origin of the internal carotid artery.

When a false aneurysm of the sphenopalatine artery was
found, the artery was selectively catheterized using Tracker
catheters (Target Therapeutics; Fremont, Calif) and oc-
cluded with platinum coils (Target Therapeutics) or tissue
adhesive (Histoacryl; B. Braun Melsungen AG, Melsungen,
Germany). One patient had bilateral distal internal maxillary
artery embolization with 250 to 355 mm particles (Contour
emboli, International Therapeutics Corp; Fremont, Calif).

Results

Patients

Nine men and 12 women comprised the
study group. Ages ranged from 22 to 74 years,
with a mean age of 40 years. Patient informa-
tion, presenting signs and symptoms, radiologic
classification of tumors, previous treatment,
and predisposing factors or surgical events are
summarized in Table 1. The time of the hemor-
rhagic episodes, angiographic findings, surgical
or endovascular management, complications of
treatment, and outcomes are summarized in
Table 2.

Predisposing Surgical Difficulties

Predisposing surgical difficulties included
cavernous sinus invasion by tumor (seven pa-
tients), adhesion of the tumor to the carotid
artery (three patients), previous transsphenoi-
dal surgery (five patients), radiation therapy
(four patients), and long-term bromocriptine
therapy (five patients). In seven patients, the
surgical tract deviated from the midline and the
cavernous sinus was accidently entered; in
three of these patients, sphenoidal sinus abnor-
malities (honeycomb configuration, nonpneu-
matized sphenoid bone, and oblique sphenoidal
septum) were predisposing factors for devia-
tion. One patient had a giant thrombosed cav-
ernous aneurysm.

Intraoperative and Delayed Epistaxis

Intraoperative arterial hemorrhage occurred
in 16 patients. In 11 of these, the hemorrhage
was well controlled and did not recur. Ten pa-
tients had delayed massive epistaxis. These
events occurred as early as 6 hours and as late
as 10 years after transsphenoidal surgery, but
most commonly between 8 and 15 days after
surgery (see Table 2). These delayed hemor-
rhagic events followed uneventful procedures in
five patients.

Angiographic Findings

In 12 patients, immediate postoperative an-
giography was performed after packing to con-
trol bleeding. In six other patients, angiography
was performed only after delayed massive epi-
staxis. Cerebral angiography was not performed
in three patients early in our experience. Multi-
ple angiograms were obtained in five patients.
Angiographic findings are summarized in Table
3.

Complete occlusion of the carotid siphon, a
few millimeters below the origin of the ophthal-
mic artery, was the most frequent finding (eight
patients). The occlusion was not always perma-
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TABLE 1: Patients and predisposing surgical difficulties

Case Sex/Age, y
Clinical

Syndrome
Radiologic

Classification
Cavernous

Sinus Invasion
Previous

Treatment
Predisposing Factors or

Surgical Events

1 F/51 Cushing I No None None
2 F/55 Visual II No None Tract deviation; nonpneumatized

sphenoid
3 F/22 Amenorrhae I No Bromocriptine Tract deviation; multiple sphenoidal

septa
4 F/38 Cushing II No None Tract deviation; oblique sphenoidal

septum
5 F/48 Acromegaly II No Somatostatine Tumor adherent to carotid artery
6 M/27 Cushing II No None Tract deviation
7 F/44 Cushing I No TSS Tract deviation
8 M/27 Acromegaly II No None Tract deviation; acromegalic changes
9 M/42 Cushing II No TSS, radiation Tract deviation

10 M/48 Cushing IV Yes None Cavernous sinus invasion
11 F/36 Visual IV Yes Bromocriptine Cavernous sinus invasion
12 M/26 Acromygaly III Yes None Tumor adherent to carotid artery
13 M/28 Acromegaly II Yes Radiation, TSS Cavernous sinus invasion
14 F/50 Visual I Yes TSS, radiation,

bromocriptine
Cavernous sinus invasion

15 M/41 Impotence I No Bromocriptine Tumor adherent to carotid artery
16 F/74 Visual IV Yes None Cavernous aneurysm/cavernous

invasion
17 M/49 Visual IV Yes TSS 3 2,

radiation
Cavernous sinus invasion

18 F/33 Galactorhea II No Bromocriptine Sphenopalatine artery avulsion during
opening

19 F/34 Galactorhea I No None None
20 M/40 Acromegaly II No None None
21 F/41 Acromegaly IIB No None Bleeding difficult to control during

opening

Note.—TSS indicates transsphenoidal surgery.
nent: one patient had another angiogram (24
hours later) that showed an irregular stenosis at
the same site (case 15). An eccentric, irregular,
stenotic lesion of the anterior carotid siphon,
below the origin of the ophthalmic artery, was
found in five patients (Fig 1). Anterior or middle
cerebral occlusion from emboli were found in
two patients who also had ipsilateral carotid
stenoses (cases 2 and 5). One patient had post-
operative carotid occlusion and basilar artery
displacement and compression (case 11). A
false aneurysm of the internal carotid artery was
found in three patients (cases 1, 13, and 16)
(Fig 2). False aneurysms of the sphenopalatine
artery were found in two patients (cases 19 and
20) (Fig 3). One patient had a normal angio-
gram (case 21). No patient had a carotid cav-
ernous fistula.

Surgical Management of Hemorrhagic
Complications

Profuse intraoperative bleeding from the in-
ternal carotid artery occurred in 14 patients.
Bleeding was controlled by surgical packing in
all cases, but recurred later in three patients.
Intraoperative bleeding from the sphenopalatine
artery was noted in two patients and controlled
by coagulation.

Repeat transsphenoidal surgery for epistaxis
was performed in four patients. One patient
(case 18) had successful repeat surgery on the
same day to clip a bleeding sphenopalatine ar-
tery. Three patients had repeat surgery and
packing after delayed epistaxis from carotid in-
jury: one on day 9 with success (case 12) and
one on day 9 followed by endovascular occlu-
sion of the carotid artery, without recurrence
(case 4). One patient had repeat surgery on day
12 for massive epistaxis, during which he had
cardiac arrest and died (case 10).

Cranial nerve deficits were present after sur-
gery in six patients, including four who had
complete ophthalmoplegia and three who had
unilateral blindness.

Cerebral ischemic complications after sur-
gery included death in one patient who had
carotid occlusion and basilar artery compres-
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TABLE 2: Hemorrhagic complications and management

Case Bleeding Episodes Angiographic Findings Treatment Complications Outcome Follow-up

1 Three postop and
four 10 y later

10 y: false aneurysm of
carotid artery

Balloon occlusion None Good 12 y

2 Intraop Postop: carotid stenosis,
ACA embolus

Surgical packing III, IV, VI NP,
blindness

Fair, enucleation 10 y

3 Intraop Postop: carotid occlusion Surgical packing None Good 7 y
4 Intraop Day 1: stenosis Surgical packing on

day 9
III, IV, VI NP Fair, unilateral

blindness
4 y

Day 7: normal Balloon occlusion on
day 9

Blindness

Day 9 Day 9: occlusion
5 Intraop Postop: carotid stenosis

and MCA occlusion
Surgical packing VI NP, hemiplegia,

aphasia
Fair 3 y

6 Intraop Postop: carotid stenosis Surgical packing, balloon
occlusion and
extracranial–intra-
cranial bypass

Hemiplegia Fair 2 y

7 Intraop Postop: carotid occlusion Surgical packing III, IV, VII NP Good 1 y
8 Intraop Postop: carotid occlusion Surgical packing None Good 6 mo
9 Intraop Postop: carotid stenosis Surgical packing, balloon

occlusion
MCA infarct at 5

mo
Fair 2 y

Three on days 6–9 Day 9: minimal carotid
stenosis

10 Three on day 12 No angiography Attempt at reoperation Hemorrhage Death on day 12 . . .
11 Intraop Postop: carotid occlusion,

basilar artery com-
pression

Surgical packing Brain stem
infarction

Death on day 7 . . .

12 Three on day 9 After second TSS: carotid
occlusion

Surgical packing on
day 9

III NP Good 2 y

13 Intraop Postop: normal Surgical packing None Good 5 y
Day 10: false aneurysm
5 y later: false aneurysm

14 Intraop No angiography Surgical packing None Good 3 y*
15 Intraop Postop day 0: carotid

occlusion
Surgical packing III, IV, VI NP Good, III NP 6 mo

Day 1: carotid stenosis Balloon occlusion
16 Intraop and 2 y

later
Postop: false aneurysm Surgical packing could

not tolerate carotid
occlusion test

III NP, blindness Fair, death from
epistaxis at 2 y

2 y

17 Intraop Postop: carotid occlusion Surgical packing III, IV, VI NP Fair 2 mo*
18 Intraop and 6 h

later
No angiography Reop, sphenopalatine

artery clipping
None Good 6 y

19 Day 11 Day 11: sphenopalatine
false aneurysm

Sphenopalatine
occlusion with coil

None Good 1 y

20 Day 13 Day 13: sphenopalatine
false aneurysm

Sphenopalatine artery
occlusion with glue

None Good 2 y†

21 Intraop and on
day 15

Day 15: normal Bilateral internal
maxillary artery
embolization

None Good 3 mo

Note.—NP indicates nerve palsy; ACA, anterior cerebral artery; MCA, middle cerebral artery; TSS, transsphenoidal surgery; postop, postop-
erative; and intraop, intraoperative.

* Died of recurrent tumor.
† Died of cardiomyopathy.
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sion, and hemiplegia and aphasia in one patient
who had a middle cerebral artery embolus as-
sociated with carotid stenosis. It is worth noting
the absence of ischemic complications in seven
patients who had carotid occlusion after surgi-
cal packing of the sella.

Endovascular Treatment of Sphenopalatine
Artery Injuries

Two patients had false aneurysms of the
sphenopalatine artery, which were revealed by
angiography performed after massive epistaxis
11 and 13 days, respectively, after uneventful
transsphenoidal surgery. They were treated by
selective occlusion of the sphenopalatine artery
with fiber microcoils (case 19) or Histoacryl
(case 20) with no recurrence and no complica-
tions (Fig 3).

One patient had epistaxis 15 days after trans-
sphenoidal surgery, during which difficulties
were encountered upon opening the sphenoidal
sinus. Angiographic findings were completely
normal and hemorrhage did not recur after em-
piric embolization of both internal maxillary ar-
teries with particles (case 21); injury to the
sphenopalatine artery was presumed to be the
cause of hemorrhage.

Endovascular Treatment of Internal Carotid
Artery Injuries

Five patients had balloon occlusion of the
carotid artery and one patient had balloon test
occlusion only. This last patient had persistent
epistaxis after transsphenoidal surgery for a
large adenoma associated with a cavernous ca-
rotid aneurysm (case 16). A new false aneu-
rysm of the carotid artery was found arising
from the cavernous lesion, but the patient could

TABLE 3: Angiographic findings in 21 patients who had arterial
injuries during transsphenoidal surgery for pituitary adenoma

Carotid occlusion 8
Carotid stenosis 6
Carotid false aneurysm 3
Sphenopalatine false aneurysm 2
Middle cerebral artery occlusion 1
Anterior cerebral artery occlusion 1
Basilar artery compression 1
Normal 1
Carotid cavernous fistula 0
Total* 23

* Some patients have more than one finding.
not tolerate carotid test occlusion and she de-
clined extracranial–intracranial (EC–IC) by-
pass. Bleeding spontaneously abated but she
died 2 years later of massive epistaxis.

One patient (case 1) had three episodes of
epistaxis 4 days after an apparently uneventful
transsphenoidal operation for microadenoma
associated with Cushing syndrome. Ten years
later, she had four episodes of massive epistaxis
resulting from a false aneurysm of the carotid
artery. Balloon occlusion of the internal carotid
artery was performed without complication and
without recurrence (Fig 2).

One patient (case 4) was treated by perma-
nent balloon occlusion despite the fact that the
internal carotid artery was already occluded
from packing performed during a second trans-
sphenoidal surgery. This patient had three
successive angiographic studies showing first a
carotid “stenosis,” which was treated conserva-
tively, then a normal angiogram before dis-
charge; she was readmitted in shock from mas-
sive epistaxis and had a second transsphenoidal
operation to control bleeding by packing fol-
lowed by the endovascular procedure with no
recurrence and no complications.

Another patient (case 15) had complete oc-
clusion of the carotid artery after intraoperative
packing to control bleeding from carotid injury.
A repeat angiographic study 24 hours later
showed the typical irregular stenosis of the an-
terior wall of the carotid siphon. Permanent bal-
loon occlusion was performed without recur-
rence or complication.

In two other patients (cases 6 and 9), recur-
rent massive epistaxis was associated with a
carotid stenosis, and balloon occlusion of the
carotid artery was performed (Fig1).

Ischemic Complications of Balloon Occlusion

All patients treated by permanent balloon oc-
clusion of the carotid artery had tolerated the
30-minute occlusion test. Nevertheless, one pa-
tient (case 6) had aphasia and hemiparesis 6
hours after occlusion, which was treated by
emergency EC–IC bypass. The bypass throm-
bosed within hours and the patient suffered a
moderate infarction of the middle cerebral ar-
tery territory with slow but incomplete recovery.
Another patient (case 9) had transient hemipa-
resis 24 hours after balloon occlusion with no
sequelae. Bilateral adrenalectomy was per-
formed 5 months later, complicated postopera-
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Fig 1. Case 9: 42-year-old man with
Cushing syndrome.

A, Left common carotid arteriogram af-
ter transsphenoidal surgery (complicated
by bleeding from carotid artery), lateral
view, shows irregular stenosis of the ante-
rior wall of the internal carotid artery below
the ophthalmic artery. Patient was treated
conservatively.

B, Common carotid arteriogram after
third episode of massive epistaxis 9 days
after transsphenoidal surgery shows mini-
mal irregularity of internal carotid siphon.

C, Carotid occlusion was performed
with No. 16 Debrun latex balloon in front of
laceration, occluding origin of the ophthal-
mic artery.

D, Common carotid injection during oc-
clusion shows retrograde opacification of ophthalmic artery (arrow) via collaterals from external carotid branches.

E, Right internal carotid arteriogram during occlusion shows adequate anterior communicating artery collateral filling. Permanent
carotid occlusion was performed with no further episode of bleeding.
tively by a new infarction in the territory of the
middle cerebral artery and hemiparesis, from
which he completely recovered.

Outcomes

The follow-up period varied from 7 days to 12
years (mean, 37 months). None of the patients
with complete carotid occlusion rebled during
the follow-up period. Two patients left with ca-
rotid stenosis did not rebleed, but one had a fair
outcome from optic nerve injury (case 2) and
the other had cerebral ischemia associated with
a secondary embolus (case 5). Two patients
with carotid stenosis rebled and were finally
treated by carotid occlusion without recurrence
(cases 4 and 9). All patients with sphenopala-
tine injuries had a good outcome with no recur-
rence of bleeding. Three deaths were directly
related to the hemorrhagic complication or sub-
sequent treatment (14% related mortality): one
patient died during a second operation for de-
layed massive epistaxis (case 10), one patient
left untreated died 2 years after transsphenoidal
surgery of massive epistaxis (case 16), and one
patient died of hemispheric and brain stem in-
farction after packing to control carotid bleed-
ing (case 11).

Five patients had residual deficits at fol-
low-up (24% related morbidity): one had per-
manent ophthalmoplegia, two had permanent
unilateral blindness, one had residual hemipa-
resis and dysphasia, and one had hemiplegia.

Three more deaths occurred that were unre-
lated to transsphenoidal surgery (14% unrelated
mortality): two from recurrent invasive malig-
nant tumors (cases 14 and 17) and one from
acromegalic cardiomyopathy (case 20). The
remaining 10 patients had a good outcome
(48%).
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Fig 2. Case 1: 51-year-old woman with Cushing syndrome.
A, Left internal carotid arteriogram, oblique projection, after three episodes of massive epistaxis 10 years after transsphenoidal

surgery shows false aneurysm of the internal carotid artery.
B, Right internal carotid injection shows adequate collateral circulation via circle of Willis.
C, Left common carotid arteriogram after permanent balloon occlusion of the internal carotid artery.

Fig 3. Case 20: 40-year-old man with acromegaly and massive epistaxis 13 days after transsphenoidal surgery.
A, External carotid arteriogram, anteroposterior view, shows false aneurysm of the septal branch of the sphenopalatine artery

(arrow).
B, Selective injection of sphenopalatine artery; note metallic marker (arrow) at the tip of microcatheter. There was some reflux of

contrast material, permitting opacification of the lateral branch. Embolization of the septal branch with 0.02 mL Histoacryl 50% was
performed.

C, Postembolization external carotid arteriogram, anteroposterior view, shows occlusion of the septal branch of the sphenopalatine
artery. Patient had no further bleeding at 2-year follow-up.
Discussion

Arterial injuries during or after transsphenoi-
dal surgery were relatively rare (1%) but were
associated with significant morbidity (24%) and
mortality (14%) in our series of 21 patients.
These events may involve the sphenopalatine
artery or, more frequently, the internal carotid
artery.
Sphenopalatine Artery Injuries

False aneurysms of the sphenopalatine artery
occurring after transsphenoidal surgery have
not been well described. They are less fre-
quently recognized but an important cause of
epistaxis that can be treated easily. The injury
usually occurs during enlargement of the sphe-
noidal opening with the punch rongeur. This
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artery is located in the hidden inferior lateral
corner of the sphenoidal sinus; it can be
avulsed, but then is difficult to coagulate be-
cause it has a tendency to retract toward the
maxilla (13). The injury can go unrecognized
and cause delayed life-threatening epistaxis, as
was the case in patients 19 and 20. Delayed
epistaxis occurred after 11, 13, and 15 days in
three patients (cases 19, 20, and 21, respec-
tively); for this reason, bilateral selective inter-
nal maxillary angiography should be part of the
angiographic work-up when epistaxis occurs af-
ter transsphenoidal surgery. Embolization of
these lesions proved successful in two patients
(cases 19 and 20). The sphenopalatine artery
anastomoses with ethmoidal branches of the
ophthalmic artery. Other branches of the inter-
nal maxillary artery in the vicinity of the sphe-
nopalatine artery anastomose to meningeal
branches of the carotid artery and supply the
trigeminal nerve. These anastomoses are po-
tential causes of neurologic complications after
embolization, which can be minimized with an
adequate knowledge of anatomy and experi-
ence in endovascular techniques (14). Reop-
eration and clipping of a bleeding sphenopala-
tine artery a few hours after transsphenoidal
surgery (case 18) was also performed. Empiric
embolization of both distal internal maxillary
arteries was successful in controlling an epi-
staxis presumed to be caused by sphenopala-
tine artery injury, but without angiographic con-
firmation (case 21).

Carotid Injuries

Injuries to the carotid artery are more fre-
quent, and treatment with occlusion carries the
risk of associated cerebral ischemic complica-
tions. The indications for conservative treat-
ment versus carotid occlusion have not always
been clear and deserve further discussion.

Predisposing Factors.—Carotid injuries repre-
sent 80% of arterial injuries in this series. As
already mentioned (1, 13, 15), these lesions
occur more frequently during transsphenoidal
surgery for large invasive adenomas. Lesions
located laterally close to the cavernous sinus
and cavernous segment of the carotid artery,
even if small, are more at risk, as seen in three
cases in our series. An attempt at complete
resection of adenomas invading the cavernous
sinus in six other patients with grade IV adeno-
mas caused recognized laceration of the carotid
artery or delayed massive epistaxis from pseu-
doaneurysm. Hemorrhagic complications seem
to occur more frequently in patients who have
had transsphenoidal surgery or who have been
treated by radiation therapy. These complica-
tions may be due to the higher risk of deviation
from the midline because of distorted anatomy,
more difficult dissection caused by fibrosis after
radiation therapy or prolonged bromocriptine
therapy, or they may simply reflect a more ag-
gressive attempt at complete resection of le-
sions invading the cavernous sinus (13).

Carotid anomalies may predispose to injury
during transsphenoidal surgery (13). These
anomalies are usually recognized on imaging
studies obtained before surgery. A cavernous
carotid aneurysm was the single carotid anom-
aly of this series. Carotid arteries protruding into
the sella were usually recognized and respected
(13).

A strict midline tract is essential to minimize
the risk of carotid injuries. Anatomic variations
of the sphenoidal sinus, such as a honeycomb
configuration or absence of pneumatization, are
well-known pitfalls of transsphenoidal surgery
(13) and were predisposing factors in two of six
deviations from the midline and in carotid lac-
eration by a bone chip avulsed from an oblique
sphenoidal septum in a third patient.

Patients with acromegaly (six in our series)
may be more at risk for this complication be-
cause of a distortion of nasal and sinusal anat-
omy (16) and a tendency to have tortuous and
ectatic carotid arteries that may protrude into
the sella (17).

Initial Control.—Life-threatening periopera-
tive bleeding was controlled initially in all cases
by vigorous packing with a variety of material.
Packing may be difficult when all bony struc-
tures are destroyed by giant invasive grade IV
lesions. “Overpacking” was associated with
complete carotid occlusion, carotid stenosis,
and basilar artery compression, and it may have
contributed to postoperative ophthalmoplegia
and optic nerve injury in some cases (15).
These secondary complications appear difficult
to prevent, since packing has to continue until
life-threatening hemorrhage is effectively con-
trolled.

Delayed Epistaxis.—Although most arterial
injuries were recognized and controlled at the
time of transsphenoidal surgery, three patients
had carotid lesions that remained unnoticed un-
til they caused massive epistaxis. In three other
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patients with carotid injuries, bleeding was
thought to be controlled but epistaxis recurred.
Fatal or life-threatening epistaxis occurred as
much as 2 years and 10 years after transsphe-
noidal surgery. These delayed events, despite
satisfactory initial control, illustrate the need to
examine all patients by selective angiography
after transsphenoidal surgery that has been
complicated by profuse bleeding or followed by
epistaxis.

Postoperative Angiography after Carotid Inju-
ries.—Postoperative angiographic findings re-
flect the injury and surgical treatment per-
formed to control bleeding. Carotid occlusions
and stenoses are probably caused by tight
packing. Reversibility of the occlusion in one
patient (case 15), variations in the degree of
stenosis (case 9), and return to a normal ap-
pearance in another (case 4) suggest a variable
and possibly temporary host reaction, such as
local spasm, parietal hematoma, dissection, or
partial thrombosis. Possible recanalization may
expose the patient to risks of cerebral emboli,
pseudoaneurysm formation, and recurrence of
hemorrhagic episodes. Carotid stenoses were
found in five patients who had intraoperative
carotid injuries. Initially thought to be benign,
this finding was associated with delayed life-
threatening epistaxis in two patients (cases 4
and 9). Emboli were also encountered in two
patients with carotid stenosis (cases 2 and 5).
We now consider this finding to be a significant
lesion that should be treated by permanent bal-
loon occlusion. Complete postoperative carotid
occlusions were found in eight patients. The
occlusion was always located in the anterior
carotid siphon, below the ophthalmic artery.
Because of a long segment of absent blood flow
between the origin of the internal carotid artery
and the site of occlusion, the obstruction may
erroneously be thought to be located more
proximally. Layering of contrast material be-
hind the column of unopacified blood may also
mimic a dissection. This occlusion is usually
permanent, but in one patient it proved revers-
ible after 24 hours. Permanent occlusion of the
carotid artery with balloons was done in a pa-
tient in whom the carotid was already occluded
after packing. This patient had two life-threat-
ening episodes of epistaxis after a sequence of
three different angiographic findings (case 4).

To prove that carotid occlusion after surgical
packing is permanent, a repeat carotid angio-
gram should be obtained 7 to 10 days later,
before discharge. A normal angiogram after
transsphenoidal surgery complicated by carotid
injury does not guarantee against recurrence, as
seen in one of our patient (case 4) and as re-
ported previously (4, 8, 18, 19). We also rec-
ommend a control angiogram 7 to 10 days
later, before discharge, in any patient with nor-
mal angiographic findings after transsphenoidal
surgery complicated by carotid injury that was
well controlled by packing (4, 20).

According to our wide definition, false aneu-
rysms of the carotid artery were encountered in
three patients in this series. One patient had in
fact a true cavernous aneurysm complicated by
an iatrogenic rupture during transsphenoidal
surgery. She suffered a fatal episode of epistaxis
2 years after a failed balloon test occlusion and
refusal of further treatment. We have followed
up another patient with an apparent, very small
asymptomatic lesion, who is stable after 5 years
(case 13). Because of the unusual location of
the lesion (proximal cavernous segment) and
atypical morphology, the significance of this
finding and its relationship to surgical trauma
were questioned. We do not, however, recom-
mend this strategy when a false aneurysm is
likely.

One patient had the typical presentation and
angiographic appearance of a pseudoaneurysm
(case 1). These lesions have been reported in
patients who have had transsphenoidal surgery
(4–7); they are most dangerous and should be
treated by carotid occlusion (4). An attempt at
endovascular occlusion of a false aneurysm
with preservation of the carotid artery has been
reported (9). We believe this experimental tech-
nique presents additional risks (19) and subto-
tal occlusion carries the risk of life-threatening
recurrent epistaxis. Similarly, attempts at pre-
serving the carotid artery in cases of carotid
cavernous fistulas have been reported to be fol-
lowed by massive epistaxis in two patients (4–
8). We did not encounter an arteriovenous fis-
tula, which probably reflects adequate packing
after arterial injury.

Endovascular Carotid Occlusion.—The best
treatment of carotid injuries is carotid occlusion.
Reoperation for bleeding is no longer recom-
mended. The endovascular approach is simple
and can immediately follow the diagnostic
study. The detachable balloon technique is well
established and has been practiced for many
years (12, 21–25). Controlled endovascular oc-
clusion is more predictable than intraoperative
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occlusion by packing and permits a test occlu-
sion of the carotid artery to minimize ischemic
complications. Carotid occlusion under emer-
gency conditions is not without risks. Two of our
patients suffered ischemic complications, de-
spite a negative test occlusion, one with perma-
nent disability. When another surgical treatment
is indicated to treat the endocrine syndrome,
meticulous blood pressure control is vital during
subsequent general anesthesia.

The use of cerebral blood flow imaging in
association with carotid test occlusion remains
controversial. Many techniques have been de-
scribed to help predict tolerance to a carotid
occlusion that may become necessary during
elective skull base surgery or during treatment
of giant aneurysms (25–34). These elective
physiological studies are certainly more difficult
to apply in the setting of life-threatening epi-
staxis. Despite an incomplete circle of Willis, we
elected to sacrifice the carotid artery in one
patient (case 6) because of poorly controlled
epistaxis. The other patient who suffered a post-
operative stroke 5 months after carotid sacrifice
probably had clinically inapparent, borderline
cerebral perfusion that could have been de-
tected by more sophisticated physiological test-
ing. A patient who fails the test occlusion (either
by clinical examination or cerebral blood flow
imaging testing) is a candidate for some form of
surgical bypass, provided that epistaxis is well
controlled and that the hemodynamic condition
is stable. These surgical procedures are not
without risks, and their value in preventing isch-
emic complications is still controversial (21,
34–38). An additional operation on a patient
who has suffered recent massive blood losses
combined with the risks of temporizing the erad-
ication of a dangerous carotid injury may jeop-
ardize the theoretical benefits of revasculariza-
tion techniques. We have chosen to restrict the
use of bypass techniques to patients who fail the
clinical test. A more liberal use of revasculariza-
tion may or may not improve the overall out-
come in this setting.

It is worth noting that eight of the 11 patients
with carotid occlusion had no ischemic compli-
cation and none ever rebled.

Prevention and Management of Arterial
Injuries

Careful planning of transsphenoidal surgery
is possible with modern imaging. Anatomic
variations can be detected and problems with
sphenoidal septa can be anticipated. Lesions
lying close to the cavernous sinus or invading
the sinus close to the carotid artery will be ap-
proached with caution when the risks of lacer-
ating the carotid artery are known. A strict mid-
line approach is essential, and the risks for
patients who have had previous transsphenoi-
dal surgery or radiation therapy should be kept
in mind.

Any sudden arterial bleeding can usually be
controlled by packing. Immediate postoperative
angiography should be performed in all patients
and should include bilateral selective internal
maxillary injection when difficulties were en-
countered upon opening the sphenoidal sinus or
after delayed epistaxis. We recommend balloon
occlusion of the carotid artery for carotid cav-
ernous fistulas, carotid stenoses, and carotid
false aneurysms, provided the patient can tol-
erate carotid test occlusion and the circle of
Willis is satisfactory. If there is doubt regarding
tolerance to occlusion and bleeding has tempo-
rarily abated, a bypass procedure could be per-
formed and the balloon test occlusion repeated.
If postoperative angiographic findings are nor-
mal, a repeat control study is recommended
after nasal packing is removed and before the
patient is discharged. When postoperative an-
giography shows complete occlusion, perma-
nent balloon occlusion may be performed. If
balloon occlusion is not performed, a control
angiogram before discharge is recommended to
establish that the occlusion is permanent. Pa-
tients can be followed up by MR imaging to
evaluate residual tumor and exclude a growing
false aneurysm. Any delayed episode of signif-
icant or unusual epistaxis occurring after trans-
sphenoidal surgery should be considered seri-
ous and selective angiography of both internal
carotid and internal maxillary arteries should be
performed.

Lesions of the sphenopalatine arteries can be
easily treated by embolization. Carotid injuries
are best treated by carotid balloon occlusion
despite the risks of cerebral ischemia in order to
prevent life-threatening bleeding episodes.

Conclusion

Careful planning of transsphenoidal surgery
and a meticulous technique may prevent rare
vascular complications. Angiography is man-
datory when these injuries occur. Endovascular
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treatment has proved effective in the manage-
ment of complications from arterial injuries in
transsphenoidal surgery.
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