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Abstract

Background: After internal carotid artery (ICA) injury during endoscopic skull base

surgery, the majority of patients undergo ICA embolization or stenting to treat

active extravasation or pseudoaneurysm development. However, management

practices when embolization or stenting is not required have not been well

described. The objective of this study was to determine how patients with ICA

injury but no embolization, stenting, or ligation do long-term and ascertain the

reconstruction methods utilized.

Methods: Twenty-nine cases of ICA injury were identified in an international multi-

institutional retrospective review. Of these, we identified six cases that were not

treated with embolization, stenting, or ICA sacrifice. Information was available for

five cases.

Results: A muscle patch was used in the immediate repair of each case. A

nasoseptal flap was used in one case. Prefabricated nasal tampons were used in all

cases. Nasal packing was initially left in for a median of 7 days prior to removal. The

initial muscle patch was reinforced with a second muscle graft in one case. One

case demonstrated ICA bleeding at the time of packing removal and was repacked

an additional week. Follow-up for each of these cases was at least 2 years. No cases

of subsequent carotid rupture were found and none of these cases ultimately

underwent endovascular stenting. Radiation or proton therapy has not been subse-

quently used in any of these patients.

Conclusions: This study details the reconstruction, lessons learned, and long-term

follow-up for five cases of ICA injury not treated with embolization, stenting, or

ligation.

K E YWORD S

carotid artery injury, carotid artery ligation, embolization, endoscopic skull base surgery

1 | INTRODUCTION

Injury of the internal carotid artery (ICA) during endoscopic endonasal

skull base surgery is a feared complication which may lead to profuse

bleeding, stroke, neurologic deficits, pseudoaneurysm, and death.1

Reported rates of ICA injury range from 0.16% to 1.1% for trans-

phenoidal hypophysectomy to 2%-9% for lesions requiring extensive

skull base approaches such as chordoma.2-4 Injury of the ICA during

endoscopic endonasal surgery is a rare event; however, this poten-

tially catastrophic event is likely under reported.1,5 The ICA is com-

monly divided into seven segments, namely the cervical/

parapharyngeal, petrous, lacerum, cavernous, clinoid, ophthalmic, and

communicating.6-9 While the cavernous portion of the carotid has

been regularly reported to be the most commonly injured segment

during endoscopic endonasal surgery, extended approaches fre-

quently place multiple segments at risk for injury.1

Multiple potential anatomic risk factors for ICA injury have been

identified. The bone overlying the ICA may be dehiscent and inter-

sinus septations regularly attach to the ICA canal.10-12 Bulging of the

ICA into the sphenoid sinus is common, and may be variable depen-

dent on sphenoid sinus pneumatization patterns.13 The distance

between the ICA cavernous segments may be narrow, and aneurysms

of the ICA may predispose to inadvertent intra-operative rupture.11,14

Furthermore, tumors of the skull base can displace the ICA, obscure

visualization, and distort normal anatomic landmarks. Tumors may also

encircle the ICA and be adherent to or infiltrate the vessel wall

increasing the risk of injury during tumor dissection. The risk of injury

may be further increased by a history of previous surgery, radiation,

or chemotherapy.15 Lack of experience may also contribute to ICA

injury and a greater risk has been suggested earlier in the learning

curve prior to achieving proficiency.16 A recent international multi-

institutional root cause analysis of 28 cases of ICA injury found that

these cases are typically characterized by more than one risk factor

and the study provided a case-by-case event description and

recommendations.17

Several management algorithms for control of an ICA injury have

been reported and address methods to visualize and identify the site

of injury and achieve hemostasis.11,18 After immediate control of
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hemostasis, patients are typically taken for neuroendovascular evalua-

tion to assess for pseudoaneurysm formation and options for poten-

tial definitive management. The majority of patients undergo ICA

stenting or embolization to treat active extravasation or for pseudo-

aneurysm control due to the high risk of pseudoaneurysm rupture.19

Even when a pseudoaneurysm is not initially observed, it is important

to perform repeated evaluation to assess for delayed pseudoaneurysm

formation.11,18 However, management practices in the absence of

pseudoaneurysm formation and when embolization or stenting is not

required have not been well described. The objective of this study

was to determine how patients with ICA injury during endoscopic

endonasal skull base surgery but no embolization, stenting, or ligation

do long-term and ascertain the reconstruction methods utilized.

2 | METHODS

An international multi-institutional retrospective study was performed

of cases of ICA injury during endoscopic endonasal skull base surgery

not treated with embolization, stenting, or ligation. This is a follow up

study to the previously reported ICA injury root cause analysis.17 This

study underwent Institutional Review Board review and approval.

Twenty-nine cases of ICA injury were identified from 1993 to 2019.

Of these, 6 cases were not treated with embolization, stenting, or ICA

sacrifice and information was available on 5 cases. A new question-

naire was completed by surgeons from these 5 cases including ques-

tions regarding the injury location, angiography frequency and

findings, reconstruction methods utilized, and follow up (Table 1). Fol-

low up for all cases was at least 2 years.

3 | RESULTS

Four injuries occurred to the main ICA while one case was to an ICA

branch. A lack of available resources influenced the decision not to

perform embolization or stenting in only one case. The average num-

ber of post-injury angiography performed per case was 3 (range: 1-5;

Table 2). Angiography was negative for pseudoaneurysm each time in

2 cases and positive in 1 case (Figure 1). In one case a micro-

pseudoaneurysm was detected which resolved on later angiography.

In one case, the ICA was noted to be thrombosed/occluded. Preoper-

ative angiography had not been performed for this patient, thus

although occlusion was suspected to be due to a combination of pack-

ing, thrombosis, and/or arterial spasm, whether this ICA was occluded

prior to surgery is unknown. The median time for the first follow-up

angiography was 8.5 days (range: 2 days to 2 months; Table 2). Com-

puted tomography angiography (CTA) or magnetic resonance angiog-

raphy (MRA) was also used in 3 of the 5 cases. For the case of ICA

branch injury, bipolar electrocautery was briefly attempted but was

not effective as the vessel retracted into the tumor mass within the

cavernous sinus. The instrumentation used when the injury occurred

included coarse diamond drill (two cases), sharp microscissors,

ronguer, and Blakesley forceps.

A muscle patch was used in the immediate repair of all five cases

(Table 3). An intranasal flap (nasoseptal flap) was added to the recon-

struction in only one case. Additional non-absorbable packing such as

pledgets or gauze were used in 3 cases. Absorbable hemostatic matrix

or foam was reported in 3 cases and use of oxidized cellulose was

reported in 2 cases (Table 3). Abdominal fat or mucosal grafts were

not used in any case. Prefabricated nasal tampons were used in all

cases and a foley balloon was used to support the packing in one case.

Nasal packing was initially left in for a median of 7 days (range:

5 days-11 days) prior to removal (Table 3). No complications with the

TABLE 1 Questionnaire

- Where was injury, was it main ICA or a branch?

- What was the reason for not intervening, was it based purely on the

disease itself or was then a lack of availability of resources for

embolization or stenting?

Angiography

- How many times was diagnostic angiography performed?

- Was the diagnostic angiography negative every time or was there

ever any evidence of pseudoaneurysm?

- What was the time interval between diagnostic angiography was

performed?

- Was CTA/MRA used in place of diagnostic angiography?

Reconstruction

- What was used for the initial reconstruction? Muscle patch vs other?

- What type of packing was initially used?

- Was the packing reinforced with a foley catheter or merocel?

- How many days was the packing left in prior to being removed?

- Was the original reconstruction sufficient or was it reinforced with

additional muscle or other graft?

- Was there any carotid bleeding after packing removal?

- Was the muscle graft viable or need debridement?

- Was an intranasal flap used as part of the reconstruction?

- Was the nose repacked after the first look?

- What packing was performed on additional looks and how did it

differ from the initial packing?

- Any evidence of complications or problems related to the packing?

Follow up

- Did the patient ultimately develop a pseudoaneurysm or cavernous

carotid fistula?

- Did the patient ultimately develop carotid rupture? If there was

rupture, how was it managed?

- Any complications (such as stroke or residual deficits) and is the

patient still alive and well?

- Did the patient ultimately require carotid stenting or embolization?

- Did you return to the operating room to complete the EEA or was

the surgery completed previously or left for other treatment/

observation?

- Did the patient receive radiation or proton after carotid injury?

Abbreviations: CTA, computed tomography angiography; EEA, expanded

endonasal approach; ICA, internal carotid artery; MRA, magnetic

resonance angiography.

636 LONDON JR ET AL.



nasal packing such as infection were noted. On packing removal,

the initial muscle patch not found to be non-viable or to require

debridement in any of the cases. However, the muscle patch was cov-

ered by the nasoseptal flap in one case and thus not directly visual-

ized. The initial muscle patch was reinforced with a second muscle

graft in one case. One case demonstrated ICA bleeding at the time of

packing removal and was re-packed an additional week (case #5).

Three cases were not reported to be repacked after packing removal.

One case was repacked two additional times, first with oxidized cellu-

lose, gelatin, hemostatic matrix, and strip gauze and secondly with oxi-

dized cellulose and hemostatic matrix (Table 3).

The follow up for each case was at least 2 years. A pseudoaneurysm

was noted in case #5 and no permanent pseudoaneurysm or carotid-

cavernous fistula developed in the other cases (Table 4). No cases of

subsequent carotid rupture were found and none of these cases ultimately

underwent endovascular stenting. All patients survived and three patients

had no complications or deficits as a result of the ICA injury. One patient

had resultant neurologic deficits. One patient with acromegaly did not

have a surgical remission (Table 4). Only one patient returned to the oper-

ating room and an open approach was used in this case. Radiation or pro-

ton therapy has not been subsequently used in any of these patients.

4 | DISCUSSION

Injury of the ICA during endoscopic endonasal skull base surgery,

although uncommon, may lead to devastating consequences for the

patient. As with many catastrophic surgical events, injury does not

TABLE 2 Injury location and angiography

Case Disease pathology Injury location

Reason for no

embolization
or stenting Angiography CTA/MRA use Pseudoaneurysm

1 Tuberculum sellae

meningioma

Main ICA Physician decision 4 (POD 0, 3, 11, 20) POD 28, 50, 75 No

2 Nonsecreting pituitary

macroadenoma

Main ICA Physician decision 5 (POD 0, 14; 1, 3,

6 months)

None Microaneurysm at

4 weeks, resolved

at 3 and 6 months

3 Growth hormone

secreting pituitary

adenoma

Right ICA

branch

Physician decision 2 (POD 0, 2) “Multiple and

frequent”
No

4 Aggressive skull base

fibromatosis

Main parasellar

ICA

ICA occlusion 1 (POD 0) None No, ICA thrombosed/

occluded

5 Craniopharyngioma Main ICA Lack of available

resources

3 (POD 0; 2,

9 months)

With angiography Yes

Abbreviations: CTA, computed tomography angiography; ICA, internal carotid artery; MRA, magnetic resonance angiography; POD, post-op day.

F IGURE 1 Diagnostic angiography early, A, and late, B, filling after ICA injury demonstrate no pseudoaneurysm in case #1
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typically occur as a result of an isolated circumstance, but often as the

result of multiple contributing factors.11,17 Injury to the ICA may occur

during any portion of the surgery including the approach, tumor expo-

sure, resection, and reconstruction.5 Management after ICA injury

may include ICA stenting, embolization, ligation, and external carotid

artery-internal carotid artery bypass; however, outcomes in patients

in which these interventions are not performed have not been well

described. Without definitive management there may be a risk of

spontaneous ICA rupture or complications, which is particularly true if

a pseudoaneurysm is found. There are a variety of factors that may

impact the choice of intervention after ICA injury including: (1) the

lack of active extravasation or presence of a pseudoaneurysm or

carotid-cavernous fistula, (2) the degree of collateral blood flow

through the circle of Willis, (3) thrombosis or occlusion of the ICA,

(4) lack of local resources or inability to transfer the patient to a higher

level of care, (5) ability to continue to monitor or follow the site of

ICA injury with serial angiography, and (6) presence of contraindica-

tions for long term anti-platelet treatment.

The objective of our study was to assess how these patients do

long term and to ascertain the reconstruction methods used. Typically,

patients in this international multi-institutional cohort were initially

reconstructed with a muscle patch and prefabricated nasal tampons

left in for a median time of 1 week. Angiography was performed a

median of 3 times at various levels in each case. For Case #1 and Case

#3, the decision was made for conservative management as bleeding

had stopped during surgery after use of a muscle patch, and there was

no active extravasation or pseudoaneurysm on angiography.

Resources were available for multiple follow up angiography and/or

imaging studies for both of these cases. For Case #2, the decision was

made not to intervene guided by the recommendation of the inter-

ventional radiologist. Case #4 was characterized by ICA occlusion/

thrombosis and it is possible that the patient's underlying aggressive

skull base fibromatosis may have contributed to a predisposition

towards ICA occlusion/thrombosis. Case #5 demonstrated a pseudo-

aneurysm which was not stented or embolized in part due to a lack of

resources. This bled again upon the initial packing removal but subse-

quently has not bled with further reinforcement. A variety of

approaches were used in each case, and there are variable patient, dis-

ease, and systems factors in every ICA injury case. Furthermore, there

may be a varying degree of surgical exposure of the carotid artery

TABLE 3 Injury reconstruction

Case
Initial
reconstruction Initial packing

Days initial

packing left
in place

ICA bleeding on
packing removal

Reconstruction
reinforcement Additional nasal packing

1 Muscle patch Pledgets and nasal

tampons

11 No Additional

muscle graft

Yes, twice. First with oxidized cellulose,

gelatin, hemostatic matrix, and strip

gauze. Second with oxidized cellulose

and hemostatic matrix.

2 Muscle patch,

facia lata,

nasoseptal flap

Patties, hemostatic matrix

and nasal tampons

5 No None None

3 Muscle patch Multiple types of packing,

hemostatic

agents, and nasal

tampons

5 No None None

4 Muscle patch Oxidized cellulose, nasal

tampon, and foley

balloon

7 No None None

5 Muscle patch Oxidized cellulose and

nasal tampons

7 Yes Yes Nasal tampon

Abbreviation: ICA, internal carotid artery.

TABLE 4 Internal carotid artery injury follow up

Case
Development of pseudoaneurysm
or cavernous carotid fistula

Development of delayed
carotid rupture Complications

Did patient return
to operating room

1 No No No Yes, 3.5 months later

for open approach

2 Microaneurysm disappeared No No No

3 No No Did not achieve surgical

remission of acromegaly

No

4 No No No No

5 Pseudoaneurysm No Some residual dysphasia No
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which may significantly affect how a surgeon would choose to

achieve hemostasis after ICA injury.11,18 Thus applicability of the

implications of this study must be tailored to each case and we antici-

pate that these findings may not be applicable to intradural ICA inju-

ries. Furthermore, it is not known what impact radiation or proton

therapy would have as none of the patients from this series under-

went subsequent radiation or proton therapy.

Several limitations of this study include selection and recall bias.

The cases studied here occurred from 1993 to 2019, thus there may

be some inaccuracy in the surgeon's ability to remember the circum-

stances and details surrounding the injury and reconstruction. There

may also be selection bias as our questionnaires were limited to skull

base teams at tertiary care centers across the world and may not

account for contributing factors outside of these large centers. Lastly,

ICA injury during endoscopic skull base surgery is rare, and even with

an international multi-institutional study the number of patients in this

study is low.

5 | CONCLUSIONS

This international multi-institutional study details the reconstruction,

lessons learned, and long-term follow-up for five cases of ICA injury

not treated with embolization, stenting, or ligation. These results need

validation with additional future studies, and ICA injury not defini-

tively managed by interventional stenting, embolization, ligation, or

other approaches may be at risk for rupture and catastrophic hemor-

rhage or other complications.
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