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INTRODUCTION

Endoscopic endonasal approaches (EEAs) to skull-base lesions have been substantially advanced 
over the past three decades.[11,24,37] This advancement came from improvements in instruments, 

ABSTRACT
Background: Internal carotid artery (ICA) injuries are a major complication of endoscopic endonasal approaches 
(EEAs), which can be difficult to manage. Adding to the management difficulty is the lack of literature describing 
the surgical anatomical classification of these types of injuries. This article proposing a novel classification of ICA 
injuries during EEAs.

Methods: The classification of ICA injuries during EEAs was generated from the review of the literature and 
analysis of the main author observation of ICA injuries in general. All published cases of ICA injuries during 
EEAs in the literature between January 1990 and January 2020 were carefully reviewed. We reviewed all patients’ 
demographic features, preoperative diagnoses, modes of injury, cerebral angiography results, surgical and medical 
management techniques, and reported functional outcomes.

Results: There were 31 papers that reported ICA injuries during EEAs in the past three decades, most studies did 
not document the type of injury, and few described major laceration type of it. From that review of the literature, 
we classified ICA injuries into three main categories (Types I-III) and six sub-types. Type I is ICA branch injury, 
Type II is a penetrating injury to the ICA, and Type III is a laceration of the ICA wall. The functional neurological 
outcome was found to be worse with Type III and better with Type I.

Conclusion: This is a novel classification system for ICA injuries during EEAs; it defines the patterns of injury. It 
could potentially lead to advancements in the management of ICA injuries in EEAs and facilitate communication 
to develop guidelines.
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surgical techniques, surgical skills, as well as the use of 
intraoperative imaging.[27,33,37,40] Such advancements have 
expanded the use of extended EEA for all ventral skull 
base lesions from the crista galli to the odontoid process. 
These approaches are gradually replacing some traditional 
transcranial approaches as well as microscopic trans-
sphenoidal surgery, as they are generally considered safe 
approaches.[27] The challenge with these approaches is 
related to the narrow corridors and complex neurovascular 
anatomy of the surrounding structures where major vessels 
run within tight boney canals and are crossed by cranial 
nerves, which makes it very difficult to control or repair if 
they are injured.[10,13,15,23,24,26]

Internal carotid artery (ICA) injuries are rare but can be 
catastrophic when they occur during EEAs.[1,4] The reported 
incidence of ICA injury during EEA to the skull base ranges 
from 0.2–1.4% compared to 3–8% in standard open skull 
base approaches.[6,7,11,12,45]

These differences in incidence result from the differences in 
surgical techniques, complexity of the approach, and size of 
the tumor.[12] In addition, rates of variation in the course and 
geometry of the ICA can be as high as 40%, making the risk 
of potential injury even higher.[24,40]

Unfortunately, the literature lacks a surgical anatomical 
classification for these injuries, and most publications only 
reported the mode of injury without detailed anatomical 
description of the injury.[6,7,11,16,26] Developing a classification 
based on the pattern of injury and the functional outcome 
will lead to better advancement in management, as it 
represents the first step toward creating guidelines for the 
prevention and perioperative management of these injuries. 
This study proposes a classification of ICA injuries during 
EEAs to the ventral skull base.

MATERIALS AND METHODS

A literature review of the MEDLINE database using the 
PubMed search engine was performed. All published cases 
of ICA injury during EEAs in the literature between January 
1990 and January 2020 were thoroughly reviewed. Animal 
studies, simulation studies, and non-English studies were 
excluded from the study. 

We reviewed all patients’ demographic features, preoperative 
diagnoses, modes of injury (when available), cerebral 
angiography results, surgical and medical management 
strategies, as well as the reported functional outcomes. From 
the collected data, the authors proposed a new classification 
system for these injuries. Three main factors were used 
to defined the three main types, first is the type of vessel 
injured (parent artery vs. a branch of the ICA); when the 
injury involves only a branch of the ICA the type of injury 
was named “branch injury” and it is classified as Type I. The 

second and third factors (apply to parent vessel injuries) are 
the cause and degree of the injury (sharp penetrated injury 
vs. laceration injury); when the injury involves a sharp 
penetration the type of injury is named “penetration injury” 
and is classified as Type II and when the injury is a tear in 
the three layer of the ICA wall it is named “laceration” and is 
classified as Type III.

Further factors were used to divide each type into two sub-
types. For the “branch injury” (Type I); the distance of the 
stump from the ICA is an important factor, thus we divided 
this type further into branch injury with stump more than 
3 mm or <3 mm, this is based on the fact that stumps of 
<3 mm are difficult to control with bipolar coagulation 
without further injury to or stenosis of the parent vessel; 
which is the main author observation. The second type 
(Type II) is a sharp penetration injury, which is further 
divided based on number of ICA walls involved; into single 
wall penetration or two-sided wall penetration “through and 
through” injury. The third type (Type III) was divided into 
two subtypes, partial laceration (including branch avulsion) 
or completes transection of the ICA wall with or without 
fulguration (burning contusion) of the wall of ICA [Table 1].

RESULTS

The new classification

ICA injuries during EEAs were classified into three main 
types and six subtypes [Table  1 and Figures  1-4]. The first 
type is defined as injury to one of the ICA branches. It can 
take place during dissection of the petrous or parapharyngeal 
segments of the ICA, or more distal segments. This type 
can be further sub-classified based on the distance of the 
injury to the branch from the parent vessel: branch injury 
with stump more than 3 mm and branch injury with stump 
<3 mm [Figure 2]. The second type is the penetration type, 
where direct sharp penetration of the ICA created by a 
sharp instrument. This type can be further sub-classified 
into: injury to the ventral wall of the ICA (one sided), the 
second subtype is when two walls of the ICA are involved 
[Figure 3]. The third type is laceration injury, and it can be 
sub-classified as partial laceration that can be direct tearing 

Table 1: Internal carotid artery injuries during endoscopic 
endonasal approaches.

Branch injury Type I I-A Stump >3 mm
I-B Stump <3 mm

Parent Vessel 
Injury

Type II II-A One wall injury
II-B Two wall injuries

Type III III-A Partial
III-B Complete transection or 

fulguration injury 
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Figure  1: Classification of internal carotid artery injury during 
endoscopic endonasal approaches. Three main types. Figure 3: Penetration injuries to the internal carotid artery (ICA). 

(A) Injury to single wall of the ICA. (B) Two-wall injuries through 
and through injury puncturing the ICA at two walls (ventral and 
dorsal), or ventral and side wall.

Figure  4: Laceration injuries of the internal carotid artery (ICA). 
(A) True laceration typically caused by punch/pituitary instruments 
or branch avulsion-off the wall of- ICA. (B) Complete laceration 
that includes transection and fulguration (burn/contusion typically 
caused by aggressive coagulation of the ICA).

Figure  2: Branch injury of the internal carotid artery (Type I). 
(A) Distal injury located more than 3 mm from the parent vessel. 
(B) Proximal injury located <3 mm from the parent vessel.

of the parent artery or branch avulsion, the second subtype is 
either transection of the ICA, included in this class is burns 
(fulguration injury) of the ICA, where there is circumferential 
injury to the artery with critical stenosis. In type III injuries, 
all walls of the ICA are involved [Figure 4].

The outcome of the injury based on the proposed 
classification

The review of the literature revealed 31 papers that reported 
ICA injuries during EEAs to the ventral skull base. A 
total of 68 patients were reported in the literature with 
ICA injuries during EEAs. Type III injury was the most 

commonly reported in 27 patients and was associated with 
unfavorable outcomes. In the outcome of these injuries, a 
total of four patients died and five patients were reported 
to have neurological deficit, three of them were temporary 
deficits [Table 2], However, many articles reported a good 
outcome even with severe injuries. In [Table 2] we outlines 
the indications for EEAs, ICA segment/methods of injury, 
classifications, angiographic results, and patient outcomes of 
all reported cases in the literature.
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The “enough distance” of the stump is defined around 3 mm as 
most bipolar tip is around 2 mm, where the stump can be held 
by the bipolar tip and coagulated relatively safely, however, 
when the stump is <3 mm the comfort zone of controlling the 
bleed using bipolar coagulation is narrowed and might need 
different technique other than coagulation (e.g., aneurysmal 
clip) or other management such as endovascular intervention 
(flow diverters) after temporarily backing.

DISCUSSION

Injury to the ICA during EEAs can occur during any step of 
the procedure. Multiple modes of injury have been reported 
in the literature. There are no specific data regarding the 
most frequent mode of injury. However, many studies have 
reported unexpected bleeding during removal of bony 
structures, whether by high-speed drilling, Hajek Sphenoid 
Punch Forceps, or Kerrison Rongeurs during exposure, 
with mostly reporting laceration injury, or Type III in our 
classification.[5,8,16,17,18] In addition, few studies reported 
small arterial perforators injury during tumor dissection or 
resection (especially in fibrous tumors), resulting in Type 
1 injury.[11] Type II injury was the least reported although 
one can have a significant unrecognized subarachnoid 
bleed after packing the injury site in the sphenoid sinus 
which might give false impression of good control of the 
hemorrhage, where the bleeding is continued through 
unrecognized other site of penetration in the dorsum wall 
of the ICA; Type IIb.[26]

Although the number of publication on EEAs to the ventral 
skull-base lesions has increased significantly, ICA injury 
associated with it is under-reported or not well reported. 
Five factors can be identified as reasons for not documenting 
ICA injuries in the literature; first, the ICA injury can happen 
without been noticed.[2] The second factor is that most of the 
cases are mild and can be managed during surgery (i.e., branch 
injury) which was felt not to be worth reporting or publishing 
by most surgeons, (that is not including attentional controlled 
scarification of ICA branch as part of the approaches, e.g., 
pituitary transposition in the upper transclival approaches, 
where the inferior hypophyseal artery is coagulated and cut). 
The third reason is that there is no good documentation of an 
appropriate imaging (digital subtraction angiography [DSA]) 
post-ICA injury in many cases,[6] the fourth reason is that the 
focus usually when such injuries happen is toward reporting 
the management and how the bleeding was controlled rather 
than the mechanism of injury (including the instrument that 
was used) and the fifth reason is the lack of a classification 
system that can direct quick and effective documentation and 
reporting of such complications.[1,4,26]

Chin et al. systematically reviewed ICA injuries during 
EEA. A total of 38 patients reported no neurological deficits 
on follow-up. Five patients reported neurological deficits; 

however, only one patient was found to have persistent 
neurological deficits on follow-up for the ICA injury. Four 
patients were pronounced dead intraoperatively due to 
cardiovascular collapse, and one patient passed away 3 days 
after the injury.[6]

Cobb et al. presented a technical case report on ICA injury 
during an EEA. The patient was diagnosed with skull base 
osteoblastoma. During the surgery, the cavernous segment 
of the ICA was injured. Postoperatively, the patient’s 
neurological status remained unchanged.[7]

Mortimer et al. reported two cases of ICA injury. The first 
patient remained well 5 years after the surgery, the second 
patient reported good recovery and remained well 6 months 
after the operation.[30]

Gardner et al., in case series, reported the incidence and 
outcome of ICA injury during EEA. They encountered seven 
patients with ICA injury, with an incidence of 0.3%. One 
patient experienced excessive bleeding intraoperatively from 
the injured ICA during pituitary surgery. The patient died 36 
h postoperatively due to cardiac ischemia.[12]

Golinelli et al. reported two cases of pseudoaneurysm after 
ICA laceration during endonasal surgery. The first patient 
had uneventful outcome postoperatively, and the 10-year 
follow-up revealed no visual or neurological deficits. The 
second patient developed postoperative right hemispheric 
stroke, resulting from a thrombus occluding the ICA.[14]

After maintaining hemostasis, DSA must be performed 
immediately to evaluate the nature of the injury.[1,2,11,47,49] 
If DSA is negative, the packing can be loosened in the 
angiogram suite to exclude any injury that is concealed by the 
packing. If DSA, however, shows sign of active extravasation, 
pseudoaneurysm, or CCF, the proper endovascular 
management can be immediately implemented.[4,9,20,21,43] When 
it is available, intraoperative DSA can help understand the type 
and pattern of injury and a management plan can be devised. 
The previous belief that ICA occlusion and sacrifice represent 
the most reliable treatment for ICA injuries should be revised 
with the current expansion of reconstructive endovascular 
options. Even with a negative balloon test occlusion (BTO) 
preoperatively, the risk of ischemic complications remains 
relatively high.[10,38] Linskey et al. reported that abrupt ICA 
occlusion with a negative BTO was associated with a stroke 
rate of up to 26% and a mortality rate of 12%.[25]

Gardner et al. described their institutional algorithm for 
iatrogenic ICA injury in EES, which was practical and helpful 
at that time.[11] Nonetheless, the advancements in endovascular 
interventions have expanded management options and 
mandated an update of the management protocols.

Zhang et al. proposed a modified endovascular treatment 
protocol that demonstrated that covered stent as the ideal 
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management for ICA injuries. Covered stents have the 
ability to close the injury site while maintaining the patency 
of the parent vessel. Moreover, with the introduction of the 
Wilis stent, which has unique enhanced flexibility,[43,49] ICA 
preservation rate increased to 83.3% compared to 20% using 
the older versions of stents.[41] Nonetheless, covered stents 
require anticoagulant and antiplatelet treatment, which 
increase the risk of rebleeding mandating clinical judgment 
on the use of stents.

Many authors have suggested that stent placement should 
be attempted in all patients before considering ICA sacrifice. 
Parent artery occlusion is considered if sufficient collateral 
arterial supply from the contralateral ICA is confirmed by 
BTO; however, there is still a 5–10% risk of delayed stroke 
after BTO, and 4.7% of patients develop a permanent 
deficit.[25] The treating physician also has to contemplate the 
alteration in hemodynamic stress on the cerebral vasculature, 
which can subsequently increase the risk of de novo 
aneurysms formation (which occurs in up to 20% of patients 
after carotid sacrifice).[4] If BTO is not tolerated, bypass 
surgery is described as the standing option, however, due 
to the high complication rate of this procedure, it has been 
abandoned, and it was not described in the recent literature.

The above review of the literature clearly justifies the need 
for a classification of the ICA injuries with the objectives 
of better communication, prevention, management, and 
advancement of the practice and research in this very 
important complication of the EEAs.

We faced multiple difficulties in creating this classification, 
including the underreporting of ICA injuries during EEAs 
in the literature as well as the limitation of mechanism 
description, the type of injury and the instrument causing 
the injury. We believe that this classification system will 
improve communication in clinical practice and scientific 
publications and provide a better understanding of the 
prognosis of these injuries; furthermore, this system should 
help with the progression from a subjective opinion of 
surgeons to objective and measurable data that can be 
documented easily and followed effectively. Despite these 
limitations, we emphasize the importance of and the need 
for further anatomical and clinical studies to validate the 
classification system and modify it accordingly.

CONCLUSION

This is a novel classification system for ICA injuries during 
extended endonasal endoscopic approaches. This classification 
system defines the patterns of injuries and the relationship 
between the injury and the complication’s mortality and 
functional neurological outcome. Although it is still need to be 
validated, we strongly believe. It will lead to better recognition 
of the ICA injuries during EEAs, which will be the first step 

toward creating protocols for perioperative management of 
these injuries.
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