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Abstract Rupture of the internal carotid artery (ICA)
during functional endoscopic sinus surgery (FESS) is a
rare complication, which can potentially result in death.
Only a few cases have been reported in the literature
thus far. We present four cases with an ICA bleeding
during sphenoidotomy. The treatment is discussed and
an emergency plan to manage the heavy arterial bleeding
is presented.
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Introduction

Functional endoscopic sinus surgery (FESS) has become
the standard technique for the treatment of chronic
polypoid sinusitis. According to the literature, compli-
cations of sinus surgery, such as orbital lesion, dural or
intracranial injury and damage to the internal carotid
artery range from 1.3 to 9.3% [1, 2, 3, 4, 5]. Intraoper-
ative injury to the internal carotid artery (ICA) during
FESS is a rare complication, which is often fatal. In the
literature, only very few reports can be found on this
kind of complication [6, 7, 8, 9, 10]. In the event of a
traumatic injury to the ICA during sphenoid sinus
exploration, hemorrhage is massive, and access to the
sphenoid sinus and vision are strongly limited. Con-

trolling the bleeding, which is very difficult, can even
become fatal for many patients within minutes.

In our department, over 16,000 endoscopic sinus
procedures were performed over the last 30 years. We
experienced four cases of internal carotid artery bleeding
following sphenoidectomy. Three cases were operated
on in our department; one was referred from elsewhere.
Out of the four patients, one patient, who was operated
on in the 1980s, died in the operating room, whereas the
other three survived without any visual or neurological
deficits. Based on our experience, we wanted to present
our emergency plan, which has proved to be helpful for
the management of this rare but life-threatening com-
plication.

Case reports

Case 1

In 1988, a 62-year-old man with nasal polypoid sinusitis
underwent complete ethmoidectomy and sphenoidecto-
my. A pre-surgical CT scan was omitted in this case,
since they were not performed on a routine basis in our
institution at the time. After puncturing the sphenoid
sinus with a suction tip, heavy arterial bleeding occurred
from the left internal carotid artery. When the bleeding
first occurred, the surgeon failed to compress both
common carotid arteries (CCA). Immediate packing of
the sphenoid sinus and insertion of a Belloque Tamp-
onade into the nasopharynx stopped the arterial bleed-
ing. However, the patient later died from the sequelae of
a transient arterial hypotension. At autopsy the patient
demonstrated a bulging ICA, which was not covered
with bone.

Case 2

In 1994, a 54-year-old man with bilateral nasal polyposis
and headache was admitted for bilateral middle meatal
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antrostomy, bilateral infundibulotomy and complete
sphenoethmoidectomy. A preoperative CT scan revealed
a bulging ICA, covered with a thin layer of bone. Due to
the thick, bony anterior wall of the sphenoid sinus, a
perforator was used to enter the sphenoid sinus. Under
endoscopic control, the anterior wall was perforated
with a short but vigorous push, causing massive arterial
bleeding from the left ICA. Immediate compression of
both CCAs by an assistant and suction cleared the
operating field. The ostium of the sphenoid sinus was
then enlarged with a puncher. Using a curette, as much
mucosa as possible was removed from the sphenoid si-
nus to prepare it for a muscle-fascia graft. The graft was
harvested from the right quadriceps muscle and used to
seal the damaged ICA. In the meantime, the sphenoid
sinus was packed with a gauze tamponade to stop the
bleeding. The tamponade was held in place with forceps
by an assistant to prevent being flushed out by the
arterial pressure of the ICA. Under compression of both
CCAs in the neck, the gauze was removed, followed by
the insertion of the muscle-fascia graft. Additionally, an
antibiotic impregnated gauze tamponade (tetracyclin
HCl 3% ointment) was induced for reinforcement. Ten
days later, the tamponade was removed under general
anesthesia. No bleeding occurred, and the patient was
discharged 3 days later. Postoperatively, the patient
experienced no recurrence of bleeding. Three weeks la-
ter, an angiogram revealed a normal left ICA with
adequate flow. A computed tomography of the sphenoid
sinus, which was done 3 months later, showed the
muscle-fascia graft in the left sphenoid sinus (Fig. 1).
Until now, there have been no neurological deficits
encountered in the follow-up examinations.

Case 3

In 1996, a 48-year-old man was referred with a history of
nasal obstruction on both sides, due to nasal polyposis
and chronic sinusitis. The preoperative CT scan showed
a normal anatomical course of the ICA separated from
the sphenoid sinus by a thin overlying bone. The patient
underwent polypectomy with ethmoidal infundibuloto-
my, supraturbinal fenestration of the maxillary sinus
and complete ethmoido-sphenoidectomy. While taking
down the anterior wall of the sphenoid sinus laterally
with a curved cup forceps, heavy arterial bleeding oc-
curred from the left lateral wall of the sphenoid sinus.
Compression of both CCAs in the neck, a gauze tamp-
onade and a muscle-fascia graft controlled the bleeding.
Ten days later, while removing the tamponade from the
sphenoid sinus, the muscle-fascia graft, which had ad-
hered to the tamponade, was accidentally pulled out.
The defect in the now closed arterial wall was identified
with no bleeding. To prevent relapse bleeding, a new
muscle graft was harvested from the right quadriceps
muscle and reinserted into the sphenoid sinus. An
angiogram, carried out 3 weeks later, revealed a false
aneurysm of the C3 segment of the left ICA lateral to the

sphenoid sinus, which was clipped by the neurosurgeon,
using a transfrontal approach (Fig. 2). The further
postoperative course of the patient was uneventful. No
visual or neurological defects were observed.

Case 4

In 2002, a 48-year-old man was referred from an outside
hospital with packing of the nose and nasopharynx,
after experiencing heavy arterial bleeding during sinus
surgery. Due to nasal obstruction on both sides with
nasal polyposis, the patient had undergone polypecto-
my, intranasal bilateral ethmoidectomy and septoplasty.
Six units of blood had already been administered. The
patient was immediately taken to the operating room,
where the tamponade was removed under general
anesthesia. While removing the tamponade, immediate
massive arterial bleeding occurred from the left sphenoid

Fig. 1 Postoperative axial ( a) and coronal ( b) CT scan of the
paranasal sinuses of the same patient. It shows the muscle-fascia
graft (white arrow) in the left sphenoid sinus. The ICA, which is
bulging into the sphenoid sinus (black arrow), can be identified
more easily on axial than on coronal sections
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sinus, which was identified as bleeding from the left ICA.
Under compression of both CCAs in the neck and suc-
tion, a muscle-fascia graft, harvested from the right
quadriceps muscle, was introduced into the sphenoid
sinus together with a tamponade, which stopped the
bleeding. An attempt to remove the tamponade from the
sphenoid sinus 10 days later failed because of heavy
recurrent bleeding. A new muscle-fascia graft had to be
inserted. An angiogram, which was carried out 5 days
later, showed a false aneurysm underneath the muscle-
fascia graft in the sphenoid sinus (Fig. 3). A second at-
tempt to remove the tamponade 10 days later was also
unsuccessful, due to the heavy bleeding. To obtain fur-
ther treatment options, the patient was brought to the

Department of Neuroradiology. A balloon occlusion of
the ICA was considered the best treatment. An angio-
gram revealed a sufficient collateral circulation from the
contralateral ICA and the vertebral artery system. A 3-
cm long, detachable balloon was placed at the level of
the laceration, and a successful closure of the leak was
achieved (Fig. 4). The follow-up time was for over
1 year without any visual or neurological deficits.

Discussion

Endoscopic sinus surgery has become the standard
treatment of chronic sinusitis. Since 1972, over 16,000
endoscopic sinus procedures have been performed in our
department by different surgeons. Anatomical and
technical knowledge, gained from cadaver sections as
well as surgical experience, have helped to prevent
complications. Complications, such as a CSF leak with
meningitis, brain injury, orbital hematoma or carotid
artery bleeding, are rarely seen today.

In the sphenoid sinus, it has been demonstrated that
the internal carotid artery can be located close to the
lateral wall, bulging into the sinus in over 70% of the
cases [11]. Fujii et al. found that in 88% the bony wall
overlying the internal carotid artery is less than 0.5 mm
thick and therefore not sufficient to protect the artery
[12]. In 4–22% of the cases, the bony wall is dehiscent,
the ICA being separated from the sphenoid sinus only
by dura and mucosa [11, 12, 13]. A CT scan is therefore
absolutely mandatory prior to endonasal sinus surgery
in order to detect such anatomical variations. Axial
scans provide more positional information about the
ICA than coronal scans (Fig. 1). One of the patients
with ICA bleeding (case 1) was operated on during a
time in which preoperative CT scans were not performed
routinely prior to sinus surgery.

Fig. 3 Digital subtraction angiogram showing the left ICA after
inserting the muscle-fascia graft. A false aneurysm has formed
underneath the muscle graft (arrow)

Fig. 2 Digital subtraction angiogram showing the left ICA after
the aneurysm was clipped at the C3 segment lateral to the sphenoid
sinus (arrow). A normal cerebral perfusion distally to the left ICA is
provided

Fig. 4 Lateral view of the skull base confirming the detachable
balloon positioned at the level of the damaged left ICA (arrow)
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For the large number of FESS performed each year,
there are very few cases reporting an injury to the
internal carotid artery. However, it must be assumed
that there is probably a greater number of unknown
cases. May et al. reviewed 2,108 of their own cases with
no intraoperative laceration of the carotid artery [4].
Wigand et al., Hudgins et al. and Isenberg et al. each
noted one case of severe hemorrhage, secondary to
carotid bleeding, during endoscopic sinus surgery [6, 7,
8]. Maniglia and Weber reported three and two cases,
respectively, with an ICA bleeding during sphenoidot-
omy or sphenoidectomy [9, 10]. Injury to the internal
carotid artery during sinus surgery happens unexpect-
edly and is associated with massive bleeding, leading to a
loss of vision and orientation in the operating field.
Therefore, when such a life-threatening complication
occurs, prompt intervention is necessary to save the
patient’s life. Any surgeon who performs sinus surgery
should be familiar with an emergency plan to stop the
bleeding (Table 1). As soon as a laceration of the ICA is
realized as the cause of the bleeding, the first steps to
control the hemorrhage should be carried out as quickly
and vigorously as possible, since the patient can exsan-
guinate within a few moments. The initial treatment
should include compression of both CCAs in the neck;
however, this does not stop the bleeding completely,
since the ICA is collateralized via the circle of Willis.
Additional suction is necessary to provide a sufficient
view into the sinus. Concomitant packing with gauze
will stop the bleeding. After these steps have been taken,
the surgeon has gained some time for planning the
definitive treatment.

Due to the heavy arterial bleeding and the restricted
transnasal access to the sphenoid sinus, it is impossible
surgically to repair the ICA, and some surgeons may
believe there is no alternative but to perform an emer-
gency ligation of the artery in the neck. As Liskey et al.

reported in their literature review, abrupt internal car-
otid occlusion is associated with a stroke rate of up to
26% and a mortality rate of 12% [14]. Roski et al. had a
16.6% incidence of strokes in their long-term follow-up
(average 12.5 years) after ligation of the ICA for an ICA
aneurysm [15].

In our reported cases, operative management of the
ruptured ICA was performed in order to maintain the
continuity of the vessel and to avoid neurological com-
plications. This was done by inserting an autologous
muscle-fascia graft, harvested from the quadriceps
muscle, into the sphenoid sinus covering the injured ICA
as a permanent tamponade. For reinforcement, a gauze
tamponade was additionally introduced, providing an
adequate seal for the ICA leak with a sufficient cerebral
perfusion. In one patient, the leak of the ICA did not
close and heavy rebleeding occurred when attempting to
remove the gauze tamponade from the sphenoid sinus
10 days postoperatively. This was probably due to the
large size of the laceration, as this happened again after
reinserting a second muscle graft into the sphenoid si-
nus. An angiogram showed an adequate collateral
cerebral perfusion, and a successful occlusion of the ICA
was achieved by placing a detachable balloon over the
arterial wall defect (Fig. 4). No neurological deficits
where encountered afterwards. Detachable balloons
have been the most frequently used device for endo-
vascular occlusion and are widely accepted for the
treatment of carotid cavernous fistulas, giant aneurysms,
pseudoaneurysms and traumatic injuries of the carotid
artery [16, 17, 18, 19]. As an alternative, detachable
platinum microcoils can be used for the occlusion of
major vessels such as the ICA; however, distal migration
with the risk of stroke has to be avoided during the
procedure by flow control. Several techniques are
available for the evaluation of the collateral blood sup-
ply. In addition to an angiogram, as performed in our
patient, a balloon occlusion test (BOT) of the ICA in
combination with an EEG, transcranial Doppler, Xe-
non-CT or a SPECT have been shown to be good
alternatives [20, 21]. However, passing the BOT
according to the criteria above does not prevent ischemic
events in all cases after occlusion of the ICA. In a lit-
erature review, Mathis et al. found that of 192 patients
who passed the BOT, 4.7% developed a permanent
stroke [22].

Once the bleeding has been treated with a muscle-
fascia graft as a permanet tamponade and no neuro-
logical deficits have developed, it is not necessary to
perform an immediate angiogram, as it would not pro-
vide any relevant information and would therefore not
lead to any further treatment. However, sometimes fol-
lowing an operative trauma to the ICA, a pseudoaneu-
rysm may develop, which can rupture with a delay of
weeks to months [23, 24, 25, 26, 27]. Therefore, it is
important to perform an angiogram a few weeks post-
operatively in all cases. In an angiogram, carried out
3 weeks after the surgery, it was verified that one of the
three patients described had developed such a secondary

Table 1 Emergency protocol for management of internal carotid
artery injury in endoscopic sinus surgery

1. Compression of both CCAs in the neck, time limited
to 2 min, done by an assistant

2. During compression: enlargement of the ostium
of the sphenoid sinus, resection of the mucosa, insertion
of a gauze tamponade and pressure exertion
on the tamponade with forceps

3. Careful decompression first of the contralateral, then
of the ipsilateral CCA, checking for bleeding
from the sphenoid sinus

4. Maintaining pressure on the tamponade with forceps,
while harvesting an autologous muscle fascia graft
from the quadriceps muscle

5. Preparing the instruments including suction, gauze tamponade,
impregnated with antibiotic ointment, and the muscle fascia
graft with fibrin glue

6. Recompression of both CCAs in the neck
7. Removing the tamponade carefully, followed by insertion

of the muscle graft into the sphenoid sinus. Insertion of the
additional tamponade into the sphenoid and the ethmoid
sinus for reinforcement

8. Releasing both CCAs gently, starting with the
contralateral side
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aneurysm (Fig. 3), which was clipped by a neurosurgeon
using a transfrontal approach. In all three patients, it
was possible to control the emergency situation by fol-
lowing our protocol. In all three patients, no visual or
neurological deficits were found during their follow-up
period of 2 to 9 years.

It has been reported in the literature that during
FESS, orbital complications occur more frequently on
the right side than on the left side [28]. According to
Freedman and Kern, this is related to the limited view
right-handed surgeons have during surgery, when
standing on the right side of the patient [2]. In the lit-
erature regarding injury of the ICA during FESS, there
is no dominance of the left or the right side [6, 7, 10, 21,
28, 29, 30]. However, it should be noted that all of our
ICA lacerations occurred on the left side. A possible
explanation is that a right-handed surgeon, who stands
on the right side of the patient, has the tendency to aim
laterally while opening the sphenoid sinus, thus risking a
laceration of the ICA running along the lateral wall of
the sphenoid sinus. In all our reported cases, a perfo-
rator, suction tip or curved cup forceps was used to enter
the sphenoid sinus. It has to be pointed out that if such
devices are used, the sphenoid sinus can only be entered
midline adjacent to nasal septum. It should be men-
tioned that a burr can alternatively be used for this
purpose, which minimizes the risk of injuring the ICA by
removing the anterior wall of the sphenoid sinus safely.

Conclusion

The high mortality rate of an internal carotid artery
injury during sinus surgery can be decreased if the fol-
lowing conditions are fulfilled. (1) A preoperative CT
scan should be carried out, which can detect possible
anatomical variations of the bony structures, the optic
nerve and the ICA. Hereby, axial sections give more
positional information about the internal carotid artery
than coronal sections. (2) The surgeon must be familiar
with the operation technique, the anatomy of the sphe-
noid sinus region and its danger spots, including the
variations of the course of the ICA lateral to the sphe-
noid sinus wall. (3) It is important to be prepared for
possible complications (CSF leak, retrobulbar hema-
toma, ICA bleeding) and to be familiar with each nec-
essary treatment. (4) In the event of an ICA laceration,
expeditious compression of both common carotid
arteries will decrease the bleeding to a great degree (it
will not stop it, because of the collateral blood flow from
the vertebral artery system). Insertion of a muscle graft
into the sphenoid sinus with concomitant packing with a
gauze tamponade will stop the bleeding. (5) Ten days
postoperatively the gauze tamponade should be re-
moved. This has to be done with caution in the oper-
ating room since rebleeding may occur. (6) A
postoperative angiogram needs to be performed in order
to rule out a secondary aneurysm of the ICA, which can
develop after a trauma to the internal carotid artery.

References

1. Dessi P, et al (1994) Major complications of sinus surgery: a
review of 1,192 procedures. J Laryngol Otol 108:212–215

2. Freedman HM, Kern EB (1979) Complications of intranasal
ethmoidectomy: a review of 1,000 consecutive operations.
Laryngoscope 89:421–434

3. Stevens HE, Blair NJ (1988) Intranasal sphenoethmoidectomy:
10-year experience and literature review. J Otolaryngol 17:254–
259

4. May M, et al (1994) Complications of endoscopic sinus surgery:
analysis of 2,108 patients—incidence and prevention. Laryn-
goscope 104:1080–1083

5. Stankiewicz JA (1989) Complications in endoscopic intranasal
ethmoidectomy: an update. Laryngoscope 99:686–690

6. Isenberg SF, Scott JA (1994) Management of massive hemor-
rhage during endoscopic sinus surgery. Otolaryngol Head Neck
Surg 111:134–136

7. Hudgins PA, et al (1992) Endoscopic paranasal sinus surgery:
radiographic evaluation of severe complications. AJNR Am J
Neuroradiol 13:1161–1167

8. Wigand ME, Hosemann W (1898) Microsurgical treatment of
recurrent nasal polyposis. Rhinol [Suppl] 8:25–29

9. Weber R, et al (1997) Endonasal microendoscopic pansinus-
operation in chronic sinusitis. II. Results and complications.
Am J Otolaryngol 18:247–253

10. Maniglia AJ (1989) Fatal and major complications secondary
to nasal and sinus surgery. Laryngoscope 99:276–283

11. Renn WH, Rhoton AL Jr (1975) Microsurgical anatomy of the
sellar region. J Neurosurg 43:288–298

12. Fujii K, Chambers SM, Rhoton AL Jr (1979) Neurovascular
relationships of the sphenoid sinus. A microsurgical study. J
Neurosurg 50:31–39

13. Kennedy DW, Zinreich SJ, Hassab MH (1990) The internal
carotid artery as it relates to endonasal sphenoetmoidectomy.
Am J Rhinol 4:7–12

14. Linskey ME, et al (1994) Stroke risk after abrupt internal
carotid artery sacrifice: accuracy of preoperative assessment
with balloon test occlusion and stable xenon-enhanced CT.
AJNR Am J Neuroradiol 15:829–843

15. Roski RA, Spetzler RF, Nulsen FE (1981) Late complications
of carotid ligation in the treatment of intracranial aneurysms. J
Neurosurg 54:583–587

16. Graves VB, et al (1997) Endovascular occlusion of the carotid
or vertebral artery with temporary proximal flow arrest and
microcoils: clinical results. AJNR Am J Neuroradiol 18:1201–
1206

17. Fox AJ, et al (1987) Use of detachable balloons for proximal
artery occlusion in the treatment of unclippable cerebral
aneurysms. J Neurosurg 66:40–46

18. Zimmerman MC, et al (1987) Treatment of impending carotid
rupture with detachable balloon embolization. Arch Otolar-
yngol Head Neck Surg 113:1169–1175

19. Larson JJ, et al (1995) Treatment of aneurysms of the internal
carotid artery by intravascular balloon occlusion: long-term
follow-up of 58 patients. Neurosurgery 36:26–30

20. McIvor NP, et al (1994) Validity of test occlusion studies prior
to internal carotid artery sacrifice. Head Neck 16:11–16

21. Park AH, et al (1998) A protocol for management of a cata-
strophic complication of functional endoscopic sinus surgery:
internal carotid artery injury. Am J Rhinol 12:153–158

22. Mathis JM, et al (1995) Temporary balloon test occlusion of
the internal carotid artery: experience in 500 cases. AJNR Am J
Neuroradiol 16:749–754

23. Yamaura A, et al (1978) Secondary aneurysm due to arterial
injury during surgical procedures. Surg Neurol 10:327–333

24. Rhoton AL Jr, Harris FS, Renn WH (1977) Microsurgical
anatomy of the sellar region and cavernous sinus. Clin Neu-
rosurg 24:54–85

25. Hollis LJ, et al (1994) Massive epistaxis following sphenoid
sinus exploration. J Laryngol Otol 108:171–173

644



26. Wakai S, et al (1980) Traumatic intracavernous aneurysm of
the internal carotid artery following surgery for chronic
sinusitis. Surg Neurol 13:391–394

27. Lister JR, Sypert GW (1979) Traumatic false aneurysm and
carotid-cavernous fistula: a complication of sphenoidotomy.
Neurosurgery 5:473–475

28. Weber R, Draf W (1992) Complications of endonasal micro-
endoscopic ethmoid bone operation. HNO 40:170–175

29. Oeken J, Bootz F (2004) Severe complications after endonasal
nasal sinus surgery. An unresolved problem. HNO 52:549–553

30. Rauchfuss A (1990) Complications of endonasal surgery of the
paranasal sinuses. Special anatomy, pathomechanisms, and
surgical management. HNO 38:309–316

645


	Sec1
	Sec2
	Sec3
	Sec4
	Sec5
	Sec6
	Fig1
	Sec7
	Fig3
	Fig2
	Fig4
	Tab1
	Sec8
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30

