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Introduction

Abstract

We present the case of a 60-year-old male patient with a history of
chronic rhinosinusitis with nasal polyps grade Il who suffered an in-
jury to the Internal Carotid Artery (ICA) during a scheduled Functional
Endoscopic Sinus Surgery (FESS). After careful analysis of the case, all
parties involved decided that an arterial reconstruction strategy with
placement of a flow diverter stenting was the best approach for the pa-
tient. Finally, an optimal outcome was attained for the patient. Despite
its rare occurrence in daily practice, ICA injury is a catastrophic compli-
cation once it occurs. In our case, we were able to efficiently articulate
good and respectful communication amongst a highly trained group
of expert care givers in order to serenely but swiftly take action and
contain the complication.
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Abbreviations: NPS: Nasal Polyps Score; FESS: Functional Endoscop-
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engrained team. Therefore, we present our case as an opportu-
nity to highlight the importance of team work and expertise in

Over the last three decades, the endoscopic approach to
the paranasal sinuses has become a common and popular
surgical practice and it is largely a safe procedure, but serious
complications can occur [1,2]. Injury to the ICA is a very rare
complication, however, once it occurs it has the potential to be
catastrophic for the patient and a real challenge for the surgi-
cal team. Our patient recovered without neurological sequelae
after a multidisciplinary and well-coordinated decision to treat
the injury via an endovascular procedure. We believe the factor
that was pivotal for our success was our ability to work as a well

catastrophic scenarios such as this.
Case description

We present the case of a 60-year-old male patient with a
history of chronic rhinosinusitis with nasal polyps grade Il ac-
cording to the Nasal Polyps Score (NPS) who presented to our
University Hospital for a scheduled Functional Endoscopic Sinus
Surgery (FESS). On physical examination, the patient was 68 kg
and 1.75 m tall, healthy and in good general conditions for the
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surgery and preanesthetic assessment did not show any rel-
evant abnormalities for the procedure. Ambulatory laboratory
test results showed a preoperative hemoglobin level of 16 mg/
dl, hematocrit of 47,8%, platelets count of 355.000, Prothrom-
bin Time (PT) of 11.5 and partial thromboplastin time (PTT) of
28,5 and an International Normalized Ratio (INR) of 0.97 and
creatinine levels were within normal range for a male adult
(1.09 mg/dl). The anesthetic plan included: general balanced
anesthesia with orotracheal intubation, a peripheral venous ac-
cess and standard non-invasive monitoring of vital signs.

On arriving to the Operating Room (OR), monitoring of blood
pressure every 3 minutes, continuous pulse oximetry and 5
electrode electrocardiographic monitoring, and continual end-
tidal carbon dioxide analysis using capnography was applied.
Anesthetic intravenous induction was achieved using midazol-
am, propofol and a continuous infusion of remifentanil. Succi-
nylcholine was used for neuromuscular blockade before laryn-
goscopy after induction of anesthesia. Inhaled sevorane and
remifentanil were used for anesthetic maintenance.

During right sphenoidectomy of the FESS, bleeding of arteri-
al appearance occurred (approximately 1500 ml of blood in the
suction canister in less than 3 minutes) with an abrupt drop of
arterial blood pressure (Mean Arterial Pressure MAP dropped
from 75 mmHg to 39 mmHg). Hemostasis was performed by
otorhinolaryngologist surgeon with Floseal Hemostatic Matrix +
thrombin, Surgicel™ Fibrillar™ Absorbable Hemostat and cotto-
noids damped in an adrenaline mix until transient control of the
bleeding was attained. While the surgical team aimed to control
the bleeding, the anesthesiologist started resuscitation with a
bolus of 1500 ml of crystalloids (lactate ringer solution) plus 500
ml of 5% albumin, 1 gram of tranexamic acid and peripheral va-
sopressors (bolus of 4 micrograms of noradrenaline and 1 mg of
etilefrine per necessity) in order to maintain a mean pressure
above 70 mmHg. Aninjury of right ICA was considered asthe
most likely diagnosis given the hemodynamic changes and ana-
tomic location of the bleeding point.

Simultaneously, another peripheral access was obtained and,
the blood bank was called to crossmatch 2 units of packed red
blood cells, and a venous blood gases test was taken in order to
evaluate hemoglobin level, which showed a decrease in hemo-
globin from 16 mg/dl to 13 mg/dl. Meanwhile, both the on-call
neurosurgeon and neurointerventional radiology team were
called to the operating room in order to plan a multidisciplinary
approach of the situation. At this point patient was hemody-
namically stable without the need of a continuous infusion of
vasopressors and without further measures. The anesthesiolo-
gist decided to initiate monitoring of depth of anesthesia with a
bispectral index monitor (target score between 40 and 60) and
change anesthetic maintenance from balanced anesthesia to
total intravenous anesthesia with target-controlled infusions of
propofol (Eleveld+opioid model) and remifentanil (Minto mod-
el), and to provide deep neuromuscular blockade with rocuroni-
um in order to ensure patient immobility. After fifteen minutes
of the detection and intraoperative initial management of the
complication, a multidisciplinary decision was made to transfer
patient to the angiography (Angio) suite in order to perform a
diagnostic cerebral angiography and minimally invasive defini-
tive management of the possible vascular lesion.

Once the patient was securely transferred, invasive monitor-
ing of arterial blood pressure was obtained by the anesthesiolo-
gist. Arterial blood gas test showed after crystalloid resuscita-
tion a further decrease in hemoglobin to 9.7 mg/dl, but without
further signs of continued bleeding or hemodynamical instabil-
ity, therefore no blood transfusion was initiated in the moment.

Approximately 45 minutes since the bleeding complication
occurred, the patient was in the Angio suite ready and prepared
for aCone Bean Computerized Tomography (CBCT), where no
intraparenchymal or subarachnoid hemorrhage were detected;
neither acute nor subacute ischemic lesions were seen in the
right cerebral hemisphere (Figure 1). After CBCT, a right groin
puncture was performed for 8-Fr sheath placement. Complete
intra and extracranial Digital Subtraction Angiography (DSA)
was performed to study the patency and efficiency of the Circle
of Willis, which was found to be complete and functional in case
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Figure 1: Intraarterial angiotomography with coronal reconstruc-
tion was performed in the Angio suite, showing disruption of the
lateral osseous wall of the right sphenoidal sinus seen in proxim-
ity to the supraclinoid portion of the ICA (arrow head). Note the
sphenoid sinus occupation with soft tissue density, secondary to
hemorrhage (hemosinus). No contrast extravasation was detected
| due to prompt endosurgical hemostatic control.
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Figure 2: Lateral projection on Digital Subtraction Angiography
(DSA) of the right ICA showing endoluminal filling defects second-
ary to trauma and hemostatic agents used in the endoscopic endo-
\\nasal surgical procedure (arrow heads).
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Figure 3: Medial (a) and lateral wall (b) tridimensional visualiza-
tion of the supraclinoid portion wall of the right ICA showing filling
defects secondary to trauma and hemostatic agents used in the

| endoscopic endonasal surgical procedure (arrow head). )
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arterial carotid sacrifice was needed. However, DSA and tridi-
mensional rotational studies, showed several filling defects on
the internal and lateral wall of the carotid lumen on the supra-
clinoid portion of the right ICA (Figures 2 and 3), attributable
to hemostatic material used during the bleeding control held
in the operating room. No contrast extravasation, pseudoaneu-
rysm formations, or vasospasm were detected.

After careful analysis, considering that at the moment hemo-
static control was achieved with the nasal packing and bearing
in mind the need for antiplatelet therapy for stent deployment
and the high risk of rebleeding, all parties involved decided that
an arterial reconstruction strategy with placement of a flow di-
verter stentingwas the best approach for the patient. For this
purpose, Pipeline Vantage 5.0 x 25 mm with Shield technology
(Medtronic) was used, through a Phenom 27 microcatheter with
triaxial construction with Phenom Plus (Medtronic) and Neuron
MAX 088 (Penumbra). With the microcatheter in position and
the undeployed flow diverter in it, an intravenous loading dose
of 25 mcg/kg Tirofiban (Glycoprotein llb/Illa inhibitor) infused
within 5 minutes was administered, followed by a continuous
intravenous infusion of 0.15 mcg/kg/min for 12 hours. After
the loading dose of tirofiban, the flow stent liberation began,
and it was completed with excellent wall apposition, confirmed
by intraarterial endovascular computerized Angio tomography
(Smart VasoCT I.A., Philips) (Figure 4). After several minutes,
control serial DSA was performed, with no endoprosthetic
thrombi detected, and with a full reconstruction of the ICA lu-
men, by the disappearance of the wall filling defects, previously
seen (Figure 5).

The patient was extubated with nasal packing without com-
plications after stopping all intravenous anesthetics and veri-
fication of an adequate ventilatory response andabsence of
neurological deficits. The patient was then transferred to the
Intensive Care Unit (ICU) where neurological exam did not show

Figure 5: Volumetric planification for flow diverter stent recon-
struction endovascular therapy, and final results on Maximum
Intensity Projection (MIP) reconstruction, where optimal wall ap-
\ position of the stent is verified.

Figure 6: Final control lateral projection on DSA of the right ICA
showing absence of the previously seen filling defects of the su-
praclinoid portion of the ICA, with full endovascular reconstruction

| after flow diverter stent. J
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any neurological or cognitive deficit associated with the internal
carotid lesion. Four hours in the ICU the patient reported an
episode of right amaurosis fugax which was successfully treated
with MAP augmentation with norepinephrine (target MAP 90
to 95 mmHg) after a Computed tomography angiography dis-
carded a stroke or any complication related to the flow diverting
stent as the cause of the episode. No new events were reported
after. Dual antiplatelet therapy with a 300 mg loading dose of
Clopidogrel and 300 mg of Aspirin was initiated prior to suspen-
sion of tirofiban.
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Four days after admission to the ICU the patient nasal pack-
ing was removed and the patient was discharged home with
dual antiplatelet oral therapy, without any neurological symp-
toms nor deficits.

Discussion

Over the last three decades, the endoscopic approach to the
paranasal sinuses has become a common and popular surgical
practice and it is largely a safe procedure, but serious complica-
tions can occur [1,2]. According to a systematic review by Dal-
ziel, K. et al, overall complications for FESS from case series stud-
ies ranged from 0.3 to 22.4% (median, 7.0%), and injury to the
ICA, being among the potentially most serious complications
reported, could occurr in 0.3% of patients [3,4]. However, most
studies have reported an incidence of ICA during FESS below
0.1% [1,2]. Despite its rare occurrence in daily practice, it is safe
to say that ICA injury is one of the most feared and terrifying
situations faced by otolaryngologists, skull base surgeons and
anesthesiologists for its potential to render severe neurological
sequelae or even a mortal outcome for the patient [1]. Multidis-
ciplinary teams working together, comprehensive preoperative
imaging, patient risk assessment, and formal training in vascular
emergencies may reduce the risk of adverse outcomes in case
this devastating complication occurs [2,5].

Effective communication in the OR refers to the process by
which all parties involved understand what is being conveyed
and it includes all forms of interaction that are required for
complete understanding of everyone involved: verbal, para-
verbal (e.g., tone, speed), and non-verbal elements (e.g., body
language, eye contact) [5]. Nevertheless, at times where it is
most relevant and needed, the process of communicationin the
OR can be seriously hindered by barriers such as perceived hi-
erarchies and environmental factors (e.g., stressful situations,
multiple senders/receptors of information interacting at the
same time, unexpected complications). Precise and unam-
biguous communication is difficult to accomplish, yet it is the
cornerstone of effective teamwork and it is a skill that must
be intentionally developed by groups working together [5]. As
Etherington et al. explains in their narrative review, high-reli-
ability OR teamwork requires mutual performance monitoring,
team leadership, backup behavior, adaptability, team orienta-
tion, mutual trust, and shared mental models (or common un-
derstanding of the situation among team members) [5].

In our case, we were able to efficiently articulate good and
respectful communication amongst a highly trained group
of care givers in order to serenely but swiftly take action and
contain the complication. All team members shared informa-
tion and established a common understanding of the situa-
tion, treatment plan, and individual roles without letting bar-
riers interfere. This, in our opinion, made the difference and
yielded a great outcome for our patient. Once the bleeding
presented, the anesthesiologist communicated clearly to the
surgeon that hemodynamically instability had ensued and that
given the rapidity and volume of blood loss, an injury to the ICA
was possibly the culprit. This prompted a hastyresponse from
the surgeon to call for help (neurosurgery and neurointerven-
tional radiology) meanwhile doing effective hemostasis of the
bleeding vessel. The OR chief nurse and the rest of the staff was
also made aware of the severity of the complication, and pro-
ceeded to rapidly provide all the support and care needed. The
interventional radiology team also provided a rapid support re-
sponse and were ready to receive the patient as soon as it was
prudent to transfer him to the Angio suite (located across the

hall from the OR in our hospital).

There are several considerations in the endovascular man-
agement of ICA injuries under endoscopic endonasal surgery.
Some of the most important concerns before transferring the
patient to the Angio suite are obtaining hemostasis, hemody-
namic stability and assessing if intracranial bleeding has oc-
curred (most frequently subarachnoid hemorrhage) [6]. Re-
garding hemostasis and hemodynamic stability, deliberate
hypotension has been previously used in order to improve vis-
ibility of the surgical field and reduce de blood loss [2], none the
less maintaining normotension to provide contralateral cerebral
perfusion and prevent ischemic neurologic sequelae might be
more important for favorable outcomes which in the case of
our patient was successfully done. According to best practice
literature, after temporary hemostatic control is attained, all
patients with no exception should be immediately transferred
to the Angio suiteto effectively characterize the extent of the
carotid injury [6].

Concerning the endovascular treatment of ICA injuries, it
basically involves three strategies which include deconstructive
therapy through arterial sacrifice, arterial dissection or pseu-
doaneurysm embolization, and endoluminal reconstruction [7].
Often, the treatment planning must be held immediately ac-
cording to the correlating imaging features and hemodynamic
status of the patient [7]. In our case, given the characteristics of
the injury, a vessel preservation technique was considered and
turned to be the best option. The decision of how to approach
the ICA damage should always be judiciously pondered for
each patient. Multiple factors including vascular anatomy, in-
jury characteristics, and risk of dual antiplatelet therapy should
guide best treatment, but as many other areas of the practice of
medicine, more research is needed to refine the decision mak-
ing [7]. Nonetheless, it is clear from our perspective and from
the available literature that ideally all endovascular treatment
options and an experienced group of providers should be avail-
able at institutions performing endonasal surgery [6-8].

Even though great advances have been made in technology,
resources and training, the rate of complications experienced
by surgical patients remains high with nearly one in ten suffer-
ing from one at some point of their medical care [5]. How the
team of caregivers handle these complications is critical since
any error might potentially result in severe consequences such
as increased length of hospital stay, morbidity, mortality, and
financial costs to the healthcare system [5,9]. Therefore, good
communication skills, teamwork in the operating room, flat hi-
erarchies, and an institutional culture that encourages individu-
als to speak up and express concerns without retaliation, are all
invaluable for patient outcomes, especially when complications
arise as it directly impacts incident recovery [5].
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