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Abstract

Objectives—Cranial nerve injury (CNI) is the most common neurologic complication of carotid 

endarterectomy (CEA) and can cause significant chronic disability. Data from prior randomized 

trials are limited and provide no Health-Related Quality of Life (HRQOL) outcomes specific to 

CNI. Incidence of CNI and their outcomes for patients in CREST were examined to identify 

factors predictive of CNI and their impact on HRQOL.

Methods—Incidence of CNI, baseline and procedural characteristics, outcomes and HRQOL 

scores were evaluated in the 1151 patients randomized to CEA and undergoing surgery within 30 

days. Patients with CNI were identified and classified using case report forms, adverse event data 

and clinical notes. Baseline and procedural characteristics were compared using descriptive 

statistics. Clinical outcomes at 1 and 12 months were analyzed. All data were adjudicated by two 

neurologists and a vascular surgeon. HRQOL was evaluated using the Medical Outcomes Short 

Form (SF-36) to assess general health and Likert Scales for disease specific outcomes at 2 weeks, 

4 weeks and 12 months after CEA. The effect of CNI on SF-36 subscales was evaluated using 
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random effects growth curve models and Likert Scale data were compared by ordinal logistic 

regression.

Results—CNI was identified in 53 (4.6%) patients. Cranial nerves injured were VII (30.2%), XII 

(24.5%), IX/X (41.5%) and 3.8% had Horner’s syndrome. CNI occurred in 52/1040 (5.0%) of 

patients receiving general anesthesia and 1/111 (0.9%) of patients operated under local anesthesia 

(p=0.05). No other predictive baseline or procedural factors were identified. Deficits resolved in 

18 (34%) patients at 1 month and in 42 (80.8%) of 52 patients by 1 year. One patient died prior to 

the one year follow-up visit. HRQOL evaluation showed no statistical difference between groups 

with and without CNI at any interval. By Likert scale analysis, the group with CNI showed a 

significant difference in the difficulty eating/swallowing parameter at 2 and 4 weeks (p<0.001) but 

not at 1 year.

Conclusions—In CREST, CNI occurred in 4.6% of patients undergoing CEA with 34% 

resolution at 30 days and 80.8% at 1 year. The incidence of CNI was significantly higher in 

patients undergoing general anesthesia. CNI had a small and transient effect on HRQOL, 

negatively impacting only difficulty eating/swallowing at 2 and 4 weeks but not at 1 year. On the 

basis of these findings, we conclude that CNI is not a trivial consequence of CEA but rarely 

results in significant long-term disability.

Introduction

Injury to cranial nerves is the most common neurologic complication of carotid 

endarterectomy (CEA) and when unresolved may result in significant long term disability. 

These injuries have been a well-known complication of the procedure since its inception and 

have been the topic of numerous publications.1–9 Generally, it has been found that most of 

the injuries resolve and while there is potential for significant long-term disability, it is 

relatively rare.

Multiple surgical series have reported the incidence of cranial nerve injury (CNI) but rates 

are highly variable, ranging from 3% to 30 %.1–9 This variability is one of measurement 

error, largely a consequence of the intensity of evaluation and diagnostic modalities 

employed. In clinical trials that included a CEA arm, CNI has been reported as occurring in 

5.1% to 8.6 % of cases.10–13 In studies where patients underwent detailed otolaryngological 

examination pre- and post-operatively to evaluate cranial nerve function, injury was found to 

occur following 11.5% to39% of operations.2,3,9,14,15 In contrast, two recent large series 

using the usual clinical criteria alone found an incidence of 5.5 and 5.6%.16, 17 The majority 

of these injuries resolve within a few weeks but the neurologic deficit can be shown to be 

persistent in as high as 7 – 12% of patients depending on the depth of scrutiny.14,17

Cranial nerves can be injured during CEA by the surgical dissection, traction, electrocautery, 

clamp injury or compression by a post-operative hematoma. The most commonly injured 

nerves are the recurrent or superior laryngeal branches of the vagus nerve (CN X), the 

hypoglossal nerve (CN XII), the marginal mandibular branch of the facial nerve (CN VII), 

and the glossopharyngeal nerve (CN IX). Depending on the nerve that is injured, deficits 

vary from being a minor nuisance to a severe disability that may require a feeding tube 

and/or tracheostomy.
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The availability of carotid artery stenting (CAS) as an alternative therapy to endarterectomy 

for carotid artery stenosis has generated renewed interest in the topic of CNI because the 

former procedure does not put patients at risk for this complication. Some proponents of 

CAS have argued that the morbidity of CNI may be equivalent to that of a minor stroke and 

mitigates some of the benefit of the reduction in neurologic complications seen in the CEA 

arm in most clinical trials comparing the two procedures.13

The Carotid Revascularization Endarterectomy versus Stenting Trial (CREST) compared 

CEA to CAS in 2,502 symptomatic and asymptomatic patients randomly assigned to 

undergo one of the two procedures. The primary results of the trial showed no difference in 

the composite endpoint of stroke, myocardial infarction (MI) and death between the two 

therapeutic options.18 The individual endpoints of peri-procedural MI and stroke were found 

to be more common in the CEA and CAS arms of the study respectively. In addition to the 

primary endpoint evaluations, patients in CREST underwent a Health-Related Quality of 

Life (HRQOL) assessment as part of the trial. The purpose of this study was to carefully 

examine the incidence, potential predictive factors and HRQOL outcomes in the patients 

experiencing CNI in the CREST study.

Methods

CREST is a prospective, randomized, multi-center trial with blinded endpoint adjudication 

that compared the safety of CEA versus CAS in patients with either symptomatic or 

asymptomatic high grade extra-cranial carotid stenosis. Details of the trial design have been 

previously reported.18,19 Participants were enrolled from December 2000 through July 2008 

at 117 clinical centers in the United States and Canada. The protocol was approved by the 

institutional review boards/ethics committees at participating sites, and all participants 

provided signed informed consent.

Assessment of cranial nerve injury (CNI) at 1 and 6 months post-procedure was a pre-

planned secondary analysis and these results have been previously reported.18 Although 

some studies have included injury to cervical sensory nerves in their reports, in this report it 

was decided to not include those injuries as they are common, do not cause significant 

disability and are largely unavoidable. For this analysis the assessment of CNI outcomes 

was extended to 12 months post-procedure. The study cohort included the 1151 patients who 

were assigned to the CEA arm of the study and were treated with CEA within 30 days of 

randomization. There were 5 additional patients with CNI excluded from this analysis 

because they did not receive CEA within the 30 day window or were crossovers from the 

CAS arm of the study. Their outcomes are described below. Patients with CNI were 

identified and classified using case report forms, adverse event data and clinical notes. 

Injuries were classified as resolved if stated as such in case report forms or clnical notes or if 

a deficit was no longer noted in clinical notes or on the NIH Stroke Scale evaluations. Sites 

were contacted regarding individual cases if the available data was unclear. Criteria used for 

diagnosis of CNI are contained in Table I. Adjudication of the CNIs was performed by two 

neurologists and a vascular surgeon. For the purpose of this study, injuries to the vagus and 

glossopharyngeal nerves were grouped together because the available data did not always 

allow a precise differentiation of which nerve had been injured.
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HRQOL was evaluated utilizing a standardized self-administered questionnaire at baseline 

(prior to procedure), 1 and 12 months post-procedure; and by telephone interview 2 weeks 

following the procedure. The Medical Outcomes Study Short-Form (SF-36) measures eight 

dimensions of health (physical functioning, physical role limitations, bodily pain index, 

vitality, general health, social functioning, emotional role limitations, and mental health) and 

has been validated in patients with cardiovascular disease and stroke.20,21,22 Six disease-

specific Likert scales designed specifically for comparison of CAS versus CEA were used to 

evaluate aspects of functional status and symptoms that may be impacted by one or both of 

the treatments. The Likert scales included in this analysis were difficulty eating/swallowing, 

headaches, neck pain, difficulty walking, difficulty driving, and leg pain. These two 

measures of HRQOL (the SF-36 and Likert scales) were used to compare outcomes between 

patients who underwent CEA and were diagnosed with CNI versus those who did not have 

CNI.

Statistical Analysis

Baseline demographic characteristics and operative procedural characteristics were 

compared between the groups with and without CNI using chi-square for categorical and t-

tests for continuous variables.

Random effects growth curve models were used to examine the effect of peri-procedural 

CNI on each of the SF-36 subscales over time (relative to no CNI). These models readily 

accommodate HRQOL score changes (linear or non-linear) over time, as well as missing 

data patterns commonly seen in longitudinal studies. Under the assumption of missing at 

random, subjects with missing data at one or more time points can be retained in the 

analysis, such that this approach can use all available data collected in the study. The 

outcome variable was each SF-36 subscale at 2 weeks, 1 month and 1 year follow-up. In 

addition to peri-procedural CNI, variables included in the models were baseline SF-36 

scores, age, sex, symptomatic status, follow-up time, and the interaction between peri-

procedural CNI and follow-up time, where the time variable was set as both random and 

fixed effects. The random effects growth curve model was implemented in SAS using 

PROC MIXED procedure in SAS for windows version 9.3 (SAS Institute, Inc., Cary, NC).

To assess the impact of peri-procedural CNI on each disease specific Likert scale, we treated 

each Likert scale as an ordinal outcome and used repeated ordinal logistic regression to 

analyze the data. Similar to the growth curve models, this method uses all available data 

under the assumption that any missing data are missing at random. In addition to peri-

procedural CNI, variables included in the models were baseline value for each Likert scale, 

age, sex, symptomatic status, follow-up time, and the interaction between peri-procedural 

CNI and follow-up time. The time variable was set as both random and fixed effects. The 

results of this analysis are described in terms of odds ratios (with confidence intervals) that 

represented the adjusted odds of a 1-level increase in severity for the respective scales. The 

analysis was carried out using PROC GLIMMIX procedure in SAS for windows version 9.3.
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Results

In CREST, CNI occurred in 53 (4.6%) of 1151 patients randomized to CEA who underwent 

the procedure within 30 days of randomization. The distribution of injuries is shown in 

Table II. Injuries that affected the ability to swallow or vocalize were most common, 

followed by injury to the marginal mandibular branch of the facial nerve and the 

hypoglossal nerve. A single patient had both tongue deviation and hoarseness/dysphagia but 

was classified as CN XII injury to simplify the analysis.

Status of the patient’s injuries was also assessed at the 1-month and 12-month follow-up 

visits and these results are also shown in Table II. Thirty-four percent (18/53) of the injuries 

had resolved within 1 month of operation while at 12 months, 80.8% (42/52) were no longer 

present in the surviving patients. One patient had died prior to the one year follow-up visit. 

There were no permanent hypoglossal nerve injuries but over 10% of injuries diagnosed as 

vagus or glossopharyngeal nerves were permanent.

Five patients were excluded from the analysis due to undergoing surgery beyond the 30 day 

post-randomization window (two) or were crossovers from the CAS group (three). Three 

injuries were to CN XII and two were to CN X. Four were still present at the 30 day follow-

up but all 5 had resolved by 12 months following their operation.

Baseline demographic characteristics in patients who experienced CNI were compared with 

those without CNI to identify factors that might predict a higher likelihood of CNI. No 

significant differences were noted between the two groups with respect to age, sex, presence 

of symptoms, smoking status and whether the patients had a history of diabetes mellitus, 

hypertension, dyslipidemia or coronary disease (Table III).

Details of operative variables including the side of operation, anesthetic type, operative time, 

reoperation for hematoma, and use of a patch or shunt were also compared between the 

groups with and without CNI (Table IV). CNI was found to be significantly higher in 

patients operated under general anesthesia, (5.0% versus 0.9%, P=0.05) when compared to 

those operated under local anesthesia. Shunts were used significantly more frequently in the 

general anesthesia group (59.8%) as compared to the local anesthesia group (31.2%, P < 

0.0001). No other differences were detected that increased the probability of CNI.

The results of the comparison between the groups with and without CNI on the SF-36 

surveys are shown in Figure 1. No significant differences were noted in any of the SF-36 

subscales between the CNI and no CNI groups at any time point. Figure 2 shows the results 

of the comparison of responses to the Likert scales at the three time intervals following the 

surgical procedures. The group with CNI demonstrated greater difficulty with eating/

swallowing at 2 weeks and 1 month following the surgical procedure when compared to the 

group without CNI, (p <0.001). At one year, there were no significant differences on any of 

the Likert scales between the CNI and no CNI group (although there was still a trend toward 

greater difficulty with swallowing/eating in the CNI group).
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Discussion

We found a 4.6% rate of CNI among subjects who underwent CEA according to protocol in 

CREST. In previous reports from clinical trials, the incidence of CNI was 5.1 – 

8.6%10–13, 23, consistent with these findings. Post-operative evaluation using laryngoscopy 

or by otolaryngologists were not systematically performed in this or any of the reference 

trials so the diagnosis of CNIs was made on examination by neurologists or by the surgeons 

who performed the operations. While this undoubtedly underestimates the true incidence of 

CNI, it is likely that the missed injuries had more minor manifestations, were trivial or 

transient.

The majority of CNI are due to trauma from dissection, traction, or retraction during the 

operation. Actual transection of nerves or injury due to cautery is rare so recovery is very 

likely. Few reports have included data regarding the timing of resolution of the deficits. For 

example, in the report from the International Carotid Stenting Study (ICSS)13,23, the 

incidence of CNI was 5.5% and little detail was provided regarding resolution of the deficits 

but two patients required percutaneous feeding tubes, at least temporarily. In CREST, we 

found that 34% of the injuries were resolved at the 1-month follow-up visit and 80.8% had 

resolved by the 12-month follow-up visit. The number of persistent deficits in CREST was 

similar to but higher than the findings in the analysis of the data from the ECST11 where a 

third of the injuries were resolved at discharge and over 90% resolved at the 4-month 

follow-up visit. That study also included patients with sensory nerve injuries and if those 

patients are excluded, the incidence of persistent injury at 4 months and 2-year follow-up is 

only 7%.

In a smaller single institution study, Zannetti14 reported 25% (13/51) of their CNI were still 

present at one year follow-up. Their experience was unique because a dedicated 

otolaryngologist performed all of the pre-procedural and post-procedural examinations. 

Finally, a recent large series using the Vascular Study Group of New England (VSGNE) 

database found that 12.3 % (47/382) of the CNI identified were still present at median 

follow-up of 10 months.17 Therefore, the number of persistent or permanent CNI identified 

in CREST is twice that reported from the ECST and VSGNE studies but similar to the 

findings of the Zanetti study. Overall, the surgical outcomes in CREST were superb and 

better than any previous report from a clinical trial with respect to the primary study 

endpoints. It is interesting that there was a higher percentage of persistent CNI in the 

CREST surgical cohort at one year than in the two studies cited above that also used 

primarily clinical criteria for diagnosis. It is possible that the follow-up evaluations in 

CREST were more thorough than in those studies. Since most of the persistent injuries in 

CREST were classified as cranial nerve IX or X injury on the basis of swallowing or speech 

abnormalities without a confirmatory otolaryngological evaluation, it also may be that those 

patients did not have actually have a CNI.

We were also interested in using the CREST data to identify any factors that might be 

predictive of CNI. Several previous studies have gone into great detail about the anatomic 

considerations that are important in preventing CNI2,9,15 and those are generally well-known 

to surgeons. The study that analyzed the CNI in the surgical cohort of the ECST trial found 
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that operative duration was the only factor that was predictive of nerve injury.11 Operative 

duration is a surrogate for a technically difficult operation which intuitively might be 

associated with a greater likelihood of CNI. The recent VSGNE report also looked at 

predictors of CNI and found that urgent operations and re-exploration for bleeding or stroke 

either at the time of initial operation or in the immediate post-operative period were also 

associated with a higher likelihood of CNI.17 The number of re-explorations for bleeding 

was low in CREST and none of those patients suffered a CNI.

The recently published follow-up report from the ICSS investigators found additional 

operative factors associated with CNI.23 In their cohort of 821 patients undergoing CEA, 

CNI was more frequently seen in patients who suffered post-operative neck hematoma, were 

of female sex, or had cardiac failure. The degree of contralateral carotid stenosis and time 

from randomization to treatment also increased risk of CNI while use of a shunt decreased 

the risk. Risk of hematoma was associated with female sex, history of atrial fibrillation and 

pre-operative anticoagulation. Their findings contrast with those of CREST in which gender 

was not significant and patients undergoing re-exploration for hematoma, presumably the 

worst hematomas, suffered no CNI.

In CREST, it was interesting to note a significantly lower incidence of CNI in patients who 

underwent CEA under local anesthesia which has not been found in previous reports. In the 

data reported by VSGNE17 the incidence under general and loco-regional anesthesia was 

5.6% and 5.1% respectively, while in ECST11 there was a non-significant trend (6.4% 

versus 1.7%) favoring local anesthesia. Why local anesthesia might result in a lower 

incidence of CNI does not have a clear explanation but may reflect a tendency toward less 

extensive dissection or gentler technique when patients are not under general anesthesia. 

While the frequency of shunt use was nearly identical in the groups with and without CNI in 

CREST, shunts were used significantly less often in the group operated under local 

anesthesia. Though interesting, the significance of this finding with respect to causation of 

CNI is questionable given the post-hoc analysis of a non-randomized variable. Finally, given 

that the diagnosis of injury to CN IX and X was based on findings of dysphagia/hoarseness, 

it is possible that the incidence of injury to those nerves was over-estimated. We were 

unable to identify any other pre-procedure or procedural characteristics that were associated 

with a higher or lower incidence of CNI.

If operative factors increasing the risk of CNI found in the studies cited above are 

summarized, most are indicative of a more technically difficult operation, While results vary 

between studies, it is reasonable to expect that CNI might be more likely to occur in 

technically difficult or complicated procedures.

The study design of CREST included HRQOL assessment that allowed direct comparison of 

patients experiencing CNI with those who did not. The overall HRQOL comparison between 

CAS and CEA in CREST has been previously reported.24 Others have also examined quality 

of life after CEA alone using a variety of measurement tools.25–31 Results were variable but 

most found no significant difference in HRQOL following CEA in general, however, none 

of those reports specifically examined outcomes in the sub-group of patients experiencing 

CNI. In CREST, the SF-36 generic health status instrument did not show any significant 
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differences at any of the measured time points (2-weeks, 1-month and 1-year) between the 

two groups. While the SF-36 may not be sensitive enough to detect the degree of disability 

related to CNI, it was highly sensitive to detecting disability due to stroke in CREST.243 The 

Likert scales which assess more disease specific outcomes did show a negative impact on 

the difficulty eating/swallowing measurement at both the 2-week and 1-month assessment. 

At 1-year, this difference was no longer significant. Of the variables measured by the Likert 

scales, difficulty eating/swallowing is the most likely to be affected by a CNI so it is not 

surprising that this would differ between the two groups. The result at one year is likely a 

reflection of the resolution of the deficit in approximately 80% of the patients as well as 

accommodation to the deficit in the small group of patients with a persistent CNI.

The present study has several limitations. The diagnosis of CNI was made clinically, without 

systematic evaluation by an otolaryngologist or by laryngoscopy. Therefore it is likely that 

the true incidence of CNI was underestimated. On the other hand, all patients were 

examined by a neurologist and experienced surgeon so the majority of CNI should have 

been detected and reported. The case report forms used in CREST did contain a notation to 

document CNI at each of the follow-up visits, however they did not allow specific 

identification of the nerve involved unless the evaluator added an additional comment or it 

was identifiable in the NIH stroke scale assessment (e.g. the presence and degree of 

dysarthria and facial paresis for the right or left, were evaluated as part of each follow-up 

visit). Finally the minimal impact on HRQOL, especially over the long term, may reflect 

that the tools used in this study were not sufficiently sensitive to detect the more subtle 

impact of CNI on quality of life for these patients.

In summary, the outcomes for patients experiencing CNI due to carotid endarterectomy in 

CREST are consistent with prior reports documenting an incidence of about 5% and 

resolution of the neurologic deficit in the majority of patients within 1 year. We were unable 

to identify any pre-operative characteristics or intraoperative variables except operation 

under general anesthesia that predicted the occurrence of CNI in CREST. HRQOL was 

affected in patients with CNI only with respect to eating and swallowing at the 2-week and 

1-month assessment but this finding was no longer present at 1 year. On the basis of these 

findings, we conclude that CNI is not a trivial consequence of CEA but rarely results in 

significant long-term disability.
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Figure 1. 
Comparison of results for the SF-36 at 2-weeks, 1-month and 1-year. No significant 

differences noted at any interval between the groups with and without CNI.
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Figure 2. 
Comparison of Likert scale results at 2-weeks, 1-month and 1-year. A significantly worse 

outcome in Difficulty eating/swallowing was noted for the group with CNI versus without 

CNI at 2-weeks and 1-month, (p<0.001). At 1-year follow-up there was a non-significant 

trend toward a worse outcome for the same parameter for the group with CNI, (p=0.0586).

Hye et al. Page 12

J Vasc Surg. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hye et al. Page 13

Table I

Cranial nerve injury definitions.

Cranial Nerve Symptoms

XII – Hypoglossal Ipsilateral tongue deviation

VII – Facial Ipsilateral facial droop
Inability to depress ipsilateral corner of lip

X/IX – Vagus/Glossopharyngeal
Dysphagia, hoarseness
 Ipsilateral vocal cord paralysis on laryngoscopy*

Horner’s syndrome Ipsilateral ptosis, miosis

*
not systematically performed.
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Table II

Resolution of cranial nerve injuries over time.

Type of injury
Present Immediately Post-op

n (%)
Present at 1-month

n (%)
Present at 12-months

n (%)

Hypoglossal (XII) 13 (24.5) 6 (11.3) 0 (0)a,b

Facial (VII) 16 (30.2) 10 (18.9) 3 (5.8)

Dysphagia/hoarseness (IX, X) 22 (41.5) 18 (33.9) 6 (11.5)c

Horner Syndrome 2 (3.8) 1 (1.9) 1 (1.9)

Any CNI 53 (100) 35 (66) 10 (19.2)a

a
1 subject was diagnosed with lung cancer 1 month post-op and died 6 months post-op.

b
1 subject with tongue deviation and hoarseness/dysphagia was classified as having CN XII injury.

c
1 subject unknown status at 12 months, however when queried later on the subject did not recall experiencing any hoarseness, classified as 

resolved.
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Table III

Baseline demographics and clinical characteristics of patients who experience cranial nerve injury compared 

to those who did not.

Variable CNI Patients
(n=53)

Non-CNI Patients
(n=1098)

p-value

Age, mean (SD) 67.0 ± 9.2 69.2 ± 8.7 0.08

Symptomatic,% 57 53 0.63

Female, % 38 33 0.45

Risk Factors

 Diabetes 32 31 0.84

 Prior CVD or CABG 37 46 0.17

 Dyslipidemia 89 86 0.52

 Hypertension 83 86 0.51

 Current smoker 33 26 0.27

CNI, cranial nerve injury; SD, standard deviation; CVD, cardiovascular disease; CABG, coronary artery bypass graft.
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Table IV

Procedural characteristics of patients who experience cranial nerve injury compared to those who did not.

Variable CNI Patients (n=53) Non-CNI Patients (n=1098) p-value

Left side (%) 55 52 0.74

Local anesthesia (%)* 1.9 10.0 0.05

Operative time, minutes, mean (SD)** 184.4 ± 51 170.7 ± 60 0.12

Patch (%) 70 70 0.99

Shunts (%) 58 57 0.82

Re-exploration for hematoma (%) 0 1.6 1.0

CNI, cranial nerve injury; SD, standard deviation.

*
CNI % in patients under local 1/111(0.9%), under general 52/1040 (5.0%)

**
procedure time is only available on those who received general anesthesia
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