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A Vascular Catastrophe during Endonasal
Surgery: An Endoscopic Sheep Model
Rowan Valentine, M.B.B.S.,1 and Peter-John Wormald, M.D.1

ABSTRACT

Internal carotid artery (ICA) injury is a dramatic complication of endonasal skull
base approaches with massive bleeding. This study aims to design an animal model of ICA
injury during endonasal skull base surgery. Eight sheep underwent ICA isolation followed
by arterial pressure monitoring and placement of a rapid infuser. The Sinus Model
Otorhino Neuro Trainer (Pro Delphus, Pernambuco, Brazil) nasal model was then
modified. A novel posterior sphenoid wall was created, allowing the artery to be placed
within and fixed to the model in a watertight fashion. A diamond-tipped bur allowed
surgical exposure of the carotid artery. A standardized injury was created endoscopically.
The ‘‘two-surgeon technique’’ allowed local packing measures to be performed. Outcome
measures were mean arterial pressure (MAP) following injury, resuscitation fluid volume,
survival time, and total blood loss. Mean preinjury weight was 51.8� 4.59 kg. All baseline
hematologic parameters fell within normal limits. The mean preinjury and postinjury MAP
was 65.7� 9.3 mm Hg versus 39.1� 6.9 mm Hg, respectively. The mean survival time was
50.25� 17.89 minutes, with mean resuscitation fluid volume of 10.89� 2.40 L and mean
blood loss of 4943� 1089 mL. This model replicates the endoscopic surgical field of an
ICA injury, with the potential to train endoscopic skull base teams in the skills require to
manage an ICA injury.
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Skull base surgery has undergone a dramatic
change in the last decade with the advent of improved
technological developments and surgical instrumenta-
tion and an improved understanding of the endonasal
skull base anatomy. This had led to the introduction of
the expanded fully endoscopic endonasal skull base
approaches.1 Endonasal surgical techniques have several
advantages to their more tradition open approaches
including the avoidance of external skin incisions, min-
imal sacrifice of intervening structures, improved visual-
ization, reduced postoperative pain, and shorter hospital
admission times.2 These advantageous have led to en-
donasal approaches rapidly becoming the standard of

care for pituitary and other skull base tumors by both
otolaryngologists and neurosurgeons worldwide.3

Endonasal skull base surgery was first introduced
in 1961, and since then surgeons have considered inter-
nal carotid artery (ICA) injury the most dramatic com-
plication of skull base surgery. ICA injury creates an
immediately challenging surgical field, which may result
in death of the patient. Although ICA injury during
endoscopic sinus surgery is a relatively rare event, its
frequency in endonasal skull base surgery is more sig-
nificant. Ciric et al sent a questionnaire to 3172 neuro-
surgeons regarding the complications of transsphenoidal
pituitary surgery. Results demonstrated that 52% of
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surgeons who had performed more than 500 endonasal
pituitary approaches had experienced an ICA injury.4

More advanced surgical approaches have a higher in-
cidence of ICA rupture. Four separate consecutive series
of extended endonasal resections show an incidence of
ICA injury of between 4% and 9%.5–8 These data
demonstrate that increasing expertise and experience in
endonasal skull base surgery and the increasingly chal-
lenging surgical pathologies encountered mean that it is
likely that all specialist endonasal skull base surgeons will
need to manage an ICA injury at some stage.

A review of the literature demonstrates that there
is a lack of information with regards to the appropriate
techniques and protocols in managing an ICA injury
during endonasal surgery. Some authors advise that a
hypotensive state should be avoided to maintain collat-
eral cerebral perfusion9,10; however, others advise that a
controlled hypotensive technique should be imple-
mented,11 with the addition of carotid compression on
those that fail.10,11 Weidenbecher et al advise immediate
bilateral common carotid compression to maintain a
surgical view.12 There are also conflicting reports regard-
ing the best intervention for achieving hemostasis con-
trol. Although nasal packing is the most frequent
technique employed, there are also case reports describ-
ing the use of bipolar diathermy, the muscle patch, and
the use of a thrombin/gelatin matrix.9,12,13 An angio-
graphic review of ICA injuries treated with nasal packing
showed that 8 of the 12 patients had complete occlusion
of the carotid, with a further patient suffering from
occlusion of the middle cerebral and basilar artery.
Another 4 of the 12 patients suffered from carotid
stenosis. The authors concluded that ‘‘overpacking’’
contributes to the morbidity and mortality of the pa-
tient.14 Once the hemorrhage is controlled, many pa-
tients are transferred for immediate endovascular
stenting or embolization; however, it is unclear which
patients are suitable for this. Delayed complications
include secondary hemorrhage, pseudoaneurysm forma-
tion, and carotid-cavernous fistula; however, the inci-
dence of these complications remains unknown. Laws
suggests that virtually all ICA injuries repaired by
indirect measure will develop a pseudoaneurysm requir-
ing endovascular embolization.15

To allow for further prospective scientific inves-
tigation of the management options and complications
of an ICA injury, an animal model is needed. This model
needs to be a large-animal model that recreates the
hemodynamic similarities with the patient, creating a
high-flow and high-pressure style injury. It needs to
maintain the challenging anatomic constraints of the
human nasal vestibule and nasal cavity. Additionally, the
model needs to replicate the variable boney exposure that
may be encountered during an unexpected vascular
injury. Currently, there is no such model that can
reproducibly recreate this challenging surgical scenario.

The aim of this study is to design an animal model of
ICA injury during endonasal skull base surgery.

METHODS
All sheep were weighed and underwent coagulation
profiling and a full blood examination prior to general
anesthesia. Animals were fed a standard diet and ob-
served for 3 days prior to surgery to ensure a good state of
health. All sheep were fasted 12 to 18 hour before
surgery with free access to water. Induction of general
anesthesia was performed via injection with sodium
thiopentone (19 mg/kg body weight) into the left jugular
vein. Endotracheal intubation then followed with anes-
thesia maintained by inhalation of 1.5 to 2.0% isoflurane,
to a depth that allowed spontaneous ventilation. The
sheep were positioned on their backs, and a midline neck
incision was performed from the thyroid cartilage to the
base of the neck, extending down to the superficial layer
of the deep cervical fascia. The fascia was incised, and
dissection continued to the anterior tracheal wall. The
visceral fascia was then dissected from the lateral tracheal
walls to reveal the right carotid sheath. The sheath was
then incised and the carotid artery dissected free for a
length of 15 cm from the angle of the mandible to the
base of the neck. The left carotid artery was also
identified as described above. Both carotid arteries
were cannulated at the level of the mandible to allow
for continuous invasive arterial pressure monitoring
bilaterally. The left internal jugular vein was identified
by dissection posterior to the left sternocleidomastoid
muscle and then cannulated with a rapid infusion cath-
eter exchange set (Arrow International Inc., Reading,
PA) to allow for rapid fluid resuscitation (Fig. 1).

The Sinus Model Otorhino Neuro Trainer (SI-
MONT, Pro Delphus, Pernambuco, Brazil) was chosen
to simulate the endoscopic environment so that the
carotid injuries could be managed with the anatomic
limitations and confines seen in the human nasal

Figure 1 Continuous bilateral invasive carotid arterial pres-

sure monitoring ensuring no compression of vessel on entry/

exit through model.
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vestibule, nasal cavity, and sphenoid sinus (Fig. 1). This
model is a life-sized, anatomically accurate reconstruc-
tion of the nasal cavity and paranasal sinuses that uses a
novel material called ‘‘surgical neoderma,’’ which recre-
ates the colors, consistency, and elasticity of nasal
mucosa and paranasal sinus boney architecture. Addi-
tionally, it allows the use of routine sinus and skull base
surgical instrumentation and provides the realistic tis-
sue resistances encountered during endonasal surgery.
In this model, bilateral large sphenoidotomies and
partial middle turbinectomies were performed, as is
routinely performed during advanced skull base sur-
gery. To place the artery in the sphenoid sinus, the
model was modified and refashioned with the removal
of the posterior wall of the sphenoid sinus. A plastic
backing (0.5 mm thick) was then constructed, with a
narrow channel to allow the placement of the freely
dissected carotid artery. A novel detachable posterior
sphenoid sinus wall was recreated. This was passed
behind the left ICA and, along with the plastic backing,

subsequently fixed by four fasteners to the posterior
aspect of the SIMONT model, allowing a watertight
seal. Absence of carotid compression on entry and exit
of the carotid artery was confirmed visually and by
observing no change in the mean arterial pressure
(MAP between the left and right carotid arteries
(Fig. 2). The model was then fixed to the operating
table and onto the neck of the sheep to prevent
displacement during intervention (Fig. 3).

Using a 0-degree rigid endoscope, a 3-mm, 15-
degree, diamond-tipped bur was then used to drill away
the plastic plate, simulating the thin boney covering of
the carotid siphon within the sphenoid sinus (Fig. 4).
The Hajek punch was then used to expose the carotid
artery, creating a boney window revealing the pulsatile
carotid artery (Fig. 5). This allowed for the variable

Figure 3 Diamond-tipped bur used to drill through plastic

plate to reveal carotid artery.

Figure 4 Hajek punch used to remove thinned plastic plate

to reveal carotid artery.

Figure 5 Number 11 scalpel blade used to create the 4-

mm carotid injury.

Figure 2 Sinus Model Otorhino Neuro Trainer (Pro Del-

phus, Pernambuco, Brazil) model placed at neck of sheep,

and fixed to operating table.
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boney exposure that may be experienced during an
unanticipated vascular event. An 11-blade scalpel was
used to create an approximately 4-mm longitudinal
incision through the anterior wall of the carotid artery.
Immediately rapid bleeding occurred, obstructing the
surgical view. To confirm a challenging and high-pres-
sure injury, local packing was performed of the injury site
only, ensuring that vascular flow was still maintained.
This was confirmed by observing a pulse pressure on the
invasive pressure monitor placed distal to the carotid
injury site.

Simultaneous fluid resuscitation with warmed
normal saline (Baxter, New South Wales, Australia)
was commenced at 200 mL/min. Resuscitation was
stopped once hemostasis was achieved and the MAP
achieved its preinjury level. Aggressive simultaneous
fluid resuscitation ensured a high-flow, high-pressure
vascular injury model. A thermal blanket was used to
ensure a constant temperature and prevent the adverse
affects of hypothermia on the coagulation cascade.
Specific outcome measures for this study were the
preinjury and postinjury MAP despite rapid fluid resus-
citation, the resuscitation fluid volume used, and survival
time and total blood loss.

RESULTS
A total of eight sheep were used for validation of this
animal model. The mean weight was 51.8� 4.59 kg.
Baseline coagulation and hematologic parameters were
similar for all animals with no significant difference
between each animal. All parameters fell within standard
means as set by the Institute of Medical and Veterinary
Pathology, Adelaide, Australia. The mean preinjury
MAP, pulse, and temperature were 65.7� 9.3 mm Hg,
100� 14.84 beats per minute, and 40.9� 0.648C, respec-
tively. The mean postinjury MAP (10 minutes postinjury)
was 39.1� 6.9 mm Hg despite maximal resuscitation
efforts at 200 mL/min. The mean resuscitation fluid
used at time of exsanguination was 10.89� 2.40 L, with
a mean total blood loss of 4943�mL. With the perform-
ance of local packing measures only, which did not
obstruct vascular flow, hemostasis was not achieved and
resulted in all animals exsanguinating with a mean survival
time for each animal of 50.25� 17.89 minutes with local
cottonoid packing only.

DISCUSSION
Modern skull base surgery has undergone a paradigm
shift in recent years from traditional external approaches
to the expanded fully endoscopic endonasal skull base
approach. Limited access surgery has several advantages;
however, the surgeon needs to be aware of the potential
for catastrophic vascular complications to occur. This
article describes a reproducible animal model of a lethal

endonasal carotid artery injury. Importantly, this model
recreates the endonasal confines and limitations of the
human nasal cavity and nasal vestibule, with hemody-
namic similarities to the human patient. The pulsatile
nature of this injury recreates the difficult surgical view
encountered by the surgeon.

With appropriate safe surgical principles, most
endoscopic sinus surgeons are unlikely to manage an
ICA injury. However, ICA injury is a more likely event
to the endoscopic skull base surgeon. All literature to
date relies on retrospective studies and case reports to
dictate the management options in such a catastrophic
event. The surprised surgeon maybe ill equipped to deal
with such a challenging surgical scenario. Surgeons rely
on indiscriminate nasal packing in an attempt to achieve
immediate hemorrhage control, often resulting in com-
plete occlusion of the vessel, which contributes to the
mortality and morbidity of the patient.14

The high-flow, high-pressure bleeding character-
istics of an ICA injury creates an immediately challeng-
ing surgical scenario with massive blood loss that may
prove fatal for the patient. The narrow nasal corridor
means that even a little blood rapidly obstructs the
surgeon’s view, and the pulsatile nature of bleeding
results in the endoscope tip rapidly becoming soiled
with blood. These characteristics cause the surgical
team to rapidly becoming disorientated and lose control
of the surgical field. Frequently, a significant amount of
experience, coordination, and teamwork is needed by
both surgeons for the ‘‘two-surgeon team’’ to navigate
through the bleeding and maintain a surgical view.9 It is
these challenging surgical characteristics that may result
in exsanguination of the patient, and indiscriminate
nasal packing is often all surgeons are equipped to do
in an attempt to achieve hemostasis.

Animal models have played an important role in
surgical education and training and have been used in
the medical field since 384 B.C.16 Remaining chal-
lenges in endoscopic skull base techniques include the
ability to train a new generation of endonasal endo-
scopic skull base surgeons in a stepwise fashion includ-
ing training in the potential for vascular injuries to
occur.17 This reproducible model allows the surgical
steps that a skull base team should undertake to be
defined in this catastrophic scenario. Importantly, it
provides the opportunity to train endonasal endoscopic
surgical teams in the skills required to manage the
surgical field in such a catastrophic arterial injury, in a
stepwise fashion.

Kassam et al concluded that the most significant
limitation of endoneurosurgical hemostasis is the inabil-
ity to repair large arteries primarily.9 This model creates
the opportunity for further research and development to
be performed and allows the design and investigation of
different treatment techniques that may be employed. It
is important to recognize that not every vascular injury
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will have the same anatomic constraints, and this re-
producible model allows scientific investigation into
developing the surgical techniques required to manage
both a minimally accessible injury and also a maximally
exposed injury site. With animal recovery following
carotid injury control, it allows investigation into both
the short-term and long-term complications of these
techniques.

CONCLUSION
The increasing frequency of extended endoscopic endo-
nasal skull base approaches means that specialist endo-
nasal skull base surgeons need to be familiar with the
techniques required to manage an inadvertent carotid
injury. This model is the first to replicate the challenging
endoscopic surgical management of a high-flow/high-
pressure vascular injury, with the potential to train future
endoscopic skull base surgeons in the skills required to
manage such an event. Additionally, it allows for the
development of novel hemostatic techniques and surgical
instrumentation.
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