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Abstract
Objective: Despite the known association of perioperative stroke with perioperative mortality, 
the prevalence of stroke following neck dissection in elderly patients remains unclear. This 
study compared the incidence of neck dissection‑associated perioperative stroke in elderly and 
younger patients. Materials and Methods: Totally, 1057  patients receiving neck dissection 
for head and neck cancers between June 2012 and July 2016 were reviewed at a single center. 
The patients were divided into elderly (age ≥65 years, n = 177) and younger (age <65 years, 
n = 880) groups (mean age: 72.3 ± 6.1 and 53.3 ± 7.6, respectively). Patient, anthropometric, 
and clinical characteristics including diagnoses, comorbidities, length of hospitalization, 
and incidence of perioperative stroke were compared. Results: Younger patients were more 
likely to be male (P = 0.001) and to have received radiotherapy (P = 0.013). The prevalence 
of predisposing factors was higher in the elderly, including history of cerebral vascular 
accident  (P  =  0.002), hypertension  (P  <  0.001), diabetes  (P  <  0.001), and coronary artery 
disease  (P  < 0.001). Elderly patients also had longer hospitalizations  (P  < 0.001) for which 
previous radiotherapy was identified as a risk factor (adjusted odds ratio = 3.79, P = 0.0078). 
Postoperative ischemic stroke was diagnosed in two elderly patients  (1.1%), whereas 
no ischemic strokes occurred in the younger group  (P  =  0.028). The overall incidence of 
perioperative stroke was 0.19%. Conclusion: The incidence of perioperative stroke was 
higher in the elderly than in the younger group. Furthermore, the prevalence of ischemic 
stroke in elderly patients associated with neck dissection was higher than that previously 
reported in the aged population after general head and neck operations, highlighting an 
increased risk of stroke in elderly patients receiving extensive neck surgery.
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in elderly patients with head and neck cancers. In this patient 
subgroup, the prevalence of stroke following neck dissection 
is still poorly addressed. The aims of this study were  (1) to 
compare the incidence of perioperative stroke and prevalence 
of predisposing factors in elderly patients (age ≥65 years) and 
their younger counterparts (age <65 years) receiving neck dis-
section,  (2) to compare the prevalence of predisposing factors 
for perioperative stroke in both groups, and  (3) to analyze 
the impact of preoperative patient characteristics on length of 
stay (LOS) in the elderly patients.

Materials and methods
Study setting and data collection

Information from patients who underwent modified or 
radical neck dissection for major head and neck cancer at 

Introduction

N eck dissection is often recommended as a surgical 
procedure for head and neck cancer because of the pos-

sibility of regional metastasis at an early stage of disease [1,2]. 
However, previous studies have demonstrated that manipula-
tion of the carotid artery may induce ischemic stroke in patients 
with vascular atherosclerosis, possibly due to dislodgment of 
an existing thrombus or plaque  [3‑6]. The association between 
neck dissection and stroke has become a real clinical concern 
as the risk factors for stroke  (i.e., older age, hypertension, and 
carotid artery stenosis) are not uncommon in patients under-
going neck dissection  [7,8], and perioperative stroke has been 
reported to be associated with an eight‑fold increase in peri-
operative mortality within 30  days  [9]. However, information 
on the association between neck dissection and perioperative 
stroke remains inconsistent [10‑12].

As the size of the elderly population and their life expec-
tancy steadily increase, neck dissection is likely to be performed 
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a tertiary referral center  (E‑Da Hospital, Kaohsiung City, 
Taiwan) from January 1, 2012, to July 31, 2016, was retrieved 
from an administrative hospital discharge database using the 
surgical codes for neck dissection. The administrative hospital 
database records all hospital admissions and includes informa-
tion on diagnoses and procedures performed. The collected 
information, including patient data, diagnosis at discharge, 
date of admission, date of discharge, surgical findings, opera-
tive reports, discharge summaries, and length of hospital stay, 
was retrospectively reviewed. Cases of stroke were identified 
from the discharge diagnosis or a review of all outpatient clinic 
visits in the electronic medical record of patients receiving 
neck dissection. To verify the diagnosis and confirm that the 
cerebrovascular event was a new incident, one of the authors 
examined the medical charts, including admission notes, 
discharge summaries, consultation reports, physician daily 
progress notes, and diagnostic imaging reports. The study was 
reviewed and approved by the Institutional Review Board of 
E‑Da Hospital. Informed patient consent was waived due to the 
retrospective nature of the study after obtaining approval from 
the Institutional/National Review Board Committee.

Study population and patient grouping
The subjects recruited included all adult patients 

(age  >18  years) who suffered from malignancy in the head 
and neck area, for which neck dissection was performed. 
Patients with incomplete data or those who underwent carotid 
endarterectomies were excluded. The patients were divided 
into the elderly group  (age  ≥65  years) and the younger 
group (age <65 years).

Definitions
Perioperative stroke was defined as an embolic or throm-

botic cerebrovascular event with patient motor, sensory, or 
cognitive dysfunction, occurring during or within 30 days after 
surgery. The incidence of perioperative stroke was determined 
by dividing the number of perioperative strokes by the total 
number of neck dissections performed  [10]. Cases of hemor-
rhagic stroke were excluded from analysis. Postoperative LOS 
was defined as the time from the day of the index operation to 
either the date of death in cases of postoperative mortality or 
the day of discharge from the hospital, while prolonged LOS 
was defined as a postoperative LOS greater than the 75th  per-
centile for the entire cohort [13].

Statistical analysis
Data are expressed as mean  ±  standard deviation or 

number  (%) of patients. Characteristics of patients and pre-
disposing factors were stratified by age using the age of 
65 as the cutoff point. Student’s t‑test was used for con-
tinuous variables, and the Chi‑square test or Fisher’s exact 
test was used for analysis where appropriate. Univariate 
and multivariate analyses were performed to analyze the 
impact of preoperative patient characteristics on LOS. All 
variables associated with P  <  0.05 on univariate analyses 
were included in logistic regression models for multivariate 
analyses. The statistical analysis was performed with SPSS 
software version  22.0  (SPSS Inc., Chicago, Ill, USA). The 
level of significance for all P values was set at P < 0.05.

Results
Patient characteristics and underlying diseases

During the study period  (January 2012–July 2016), data 
were obtained from 1057 head and neck cancer patients who 
underwent neck dissection. Patient characteristics, stroke inci-
dence, and hospital stay for both groups are summarized in 
Table  1. The elderly group was significantly older than the 
younger group  (P  <  0.001) with no differences in body mass 
index or history of atrial fibrillation, hyperlipidemia, or chronic 
obstructive pulmonary disease  (COPD) between groups. 
Younger patients were more likely to be male  (P = 0.001) and 
to have received radiotherapy  (P  =  0.013). The prevalence 
of predisposing factors was higher in the elderly including 
history of cerebral vascular accident  (P  =  0.002), hyperten-
sion (P < 0.001), diabetes (P < 0.001), and history of coronary 
artery disease  (P  <  0.001). Furthermore, elderly patients had 
longer hospitalizations  (P  <  0.001)  [Table  1]. After univari-
ate  [Table  2] and multivariate logistic regression  [Table  3] 
analyses, previous radiotherapy was found to be an independent 
risk factor for prolonged LOS in the elderly patients  (adjusted 

Table 1: Stroke incidence and associated morbidity in 1057 
head and neck cancer patients undergoing neck dissection

≥65 years 
(n=177)

<65 years 
(n=880)

P

Age (years) 72.3±6.1 53.3±7.6 <0.001§

Sex/male, n (%) 156 (88.1) 833 (94.7) 0.001‡

BMI (kg/m2) 23.3±4.1 23.9±8.7 0.42§

Preexisting disease, n (%)
Cerebrovascular accident 11 (6.2) 15 (1.7) 0.002‡

Atrial fibrillation 5 (2.8) 11 (1.3) 0.166‡

Hypertension 81 (45.8) 214 (24.3) <0.001‡

Diabetes mellitus 49 (27.7) 142 (16.1) <0.001‡

Coronary artery disease 14 (7.9) 21 (2.4) <0.001‡

Hyperlipidemia 2 (1.1) 9 (1.0) 1†

COPD 13 (7.3) 35 (4.0) 0.05‡

Radiotherapy 23 (13) 186 (21.1) 0.013‡

Stroke incidence 2 (1.1) 0 0.028†

Hospital stay (days) 26.1±17.7 21.8±11.1 <0.001§

§Student t‑test; ‡Chi‑square test; †Fisher’s exact test. COPD: Chronic 
obstructive pulmonary disease, BMI: Body mass index

Table 2: Comparison of comorbidities in elderly patients 
(age ≥65 years) according to length of stay
Variables Normal LOS† 

(n=135)
Prolonged LOS 

(n=42)
P

Sex/male 116 (85.93) 40 (95.24) 0.1689
BMI (kg/m2) 23.54±4.16 22.69±4.07 0.2452
Cerebrovascular accident 6 (4.44) 5 (11.90) 0.1343
Atrial fibrillation 4 (2.96) 1 (2.38) 1.0000
Hypertension 60 (44.44) 21 (50.00) 0.5279
Diabetes mellitus 36 (26.67) 13 (30.95) 0.5877
Coronary artery disease 10 (7.41) 4 (9.52) 0.7437
COPD 8 (5.93) 5 (11.90) 0.1927
Radiotherapy 12 (8.89) 11 (26.19) 0.0036
Values are expressed as mean±SD or n  (%) of patients, †Prolonged LOS 
was defined as a LOS greater than the 75th percentile for the whole cohort. 
COPD: Chronic obstructive pulmonary disease, LOS: Length of stay, 
SD: Standard deviation, BMI: Body mass index
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odds ratio: 3.79  [95% confidence interval: 1.42–10.11], 
P = 0.0078) [Table 3].

Cases of stroke
Of the 1057 head and neck cancer patients receiving neck 

dissection, two experienced perioperative strokes  (0.19%). 
Both patients were in the elderly group (2/177, 1.1%), whereas 
no ischemic strokes occurred in the younger group  (0/880, 
0%). The incidence of ischemic stroke after neck dissection 
was significantly higher in the elderly population than their 
younger counterparts (P = 0.028). One of the two patients with 
stroke was a 72‑year‑old hypertensive man who had an isch-
emic stroke contralateral to the surgical site. Imaging did not 
demonstrate stenosis of the carotid arteries. The second patient 
was an 82‑year‑old man with hypertension who suffered from 
bilateral ischemic stroke after bilateral neck dissection. Imaging 
revealed total occlusion of the right internal carotid artery. 
Neither patient had a history of a cerebrovascular accident or 
atrial fibrillation. Anesthetic records of both patients revealed 
several episodes of significant hypotension (<40% baseline sys-
tolic blood pressure) during surgery.

Discussion
Perioperative stroke is associated with a significant increase 

in perioperative mortality [9]. As the association between neck 
dissection and stroke is a clinical concern [3] and old age is 
a significant predisposing factor for perioperative stroke  [9], 
characterization of the incidence of stroke after neck dissec-
tion in elderly patients (age ≥65 years) may allow preoperative 
counseling for high‑risk patients. Our results demonstrated a 
significantly higher incidence of perioperative ischemic stroke 
in elderly patients than in their younger counterparts after neck 
dissection.

In 1993, Nosan et  al. reported a stroke incidence of 
approximately 4.8% among 105  patients who underwent neck 
dissection [3], highlighting a high risk of stroke during or after 
neck dissection. However, subsequent studies do not seem to 
support this association [10‑12]. Thompson et al. [10] reported 
a stroke incidence of 0.2%  (n  =  499) and MacNeil et  al.  [11] 
reported a stroke incidence of 0.7%  (n  =  14837) following 

neck dissection. Chang et al. recently reported that the surgical 
technique chosen for neck dissection may not increase the risk 
of ischemic stroke in the Taiwanese population  [12]. Although 
carotid artery stenosis is the single most important risk factor 
for stroke  [14], there is no consensus on the need for routine 
preoperative Doppler sonography screening for possible carotid 
artery stenosis in patients scheduled for neck dissection in 
real‑world clinical practice.

The reasons for these conflicting findings on the asso-
ciation between neck dissection and stroke incidence in the 
literature are unknown. One possible explanation is that some 
high‑risk patients, such as those with a history of carotid 
artery stenosis [11] or those who have received chemo-
radiotherapy  [12], were excluded from these studies. The 
exclusion, therefore, may have caused bias because of selec-
tion of patients with less severe conditions. Another possible 
explanation may be the inclusion of relatively young patients 
in these studies  [10‑12]. As perioperative stroke remains rare, 
the inclusion of the younger age group may also have biased 
results toward selection of low‑risk patients.

The overall incidence of stroke for elderly patients 
(i.e., ≥65  years) undergoing head and neck tumor surgeries, 
regardless of the extent of the operation, has been reported to 
be about 0.1%  [9]. By comparison, our study showed that the 
incidence of stroke in the elderly population after more exten-
sive surgery  (i.e., neck dissection) was 1.1%. Our finding, 
therefore, may highlight a higher risk for perioperative stroke 
in elderly patients undergoing neck dissection compared with 
those receiving less extensive head and neck operations. A pos-
sible explanation may be that neck dissection often involves 
retraction of the carotid artery, which may dislodge a thrombus 
or plaque in patients with preexisting carotid artery athero-
sclerosis. One of the two patients with perioperative stroke in 
the present study was found to have carotid arterial stenosis 
after the operation, supporting the potential benefit of routine 
Doppler sonography for elderly patients undergoing neck dis-
section, as endorsed by a previous study [15].

The present investigation had some merits over previous 
studies  [10‑12]. First, the inclusion of all patients with head 
and neck cancer receiving neck dissection may better reflect 
the overall incidence of ischemic stroke in the study popula-
tion. Second, in concert with the study by MacNeil et al., who 
reported a decrease in the incidence of ischemic stroke follow-
ing neck dissection over time (i.e., 1.1% from 1995 to 2000 vs. 
0.3% from 2007 to 2012) possibly due to improved periop-
erative patient care, risk optimization for ischemic stroke, and 
improved surgical techniques  [11], our data showed an inci-
dence of 0.19% from 2012 to 2016.

Variations in the pathogenesis of stroke may lead to a 
racial disparity in the incidence of stroke. It has been reported 
that intracranial atherosclerosis is more prevalent in Asian 
patients, whereas extracranial atherosclerosis is more common 
in Caucasian patients  [16,17]. As manipulation of the carotid 
artery may carry a risk of dislodging a thrombus or plaque, 
it is reasonable to hypothesize that the Caucasian population 
may be at higher risk of perioperative stroke than the Asian 
population after neck dissection. Since the incidence of stroke 

Table 3: Risk factors for prolonged length of stay in elderly 
patients (age ≥65 years) (multiple logistic analysis)

Crude OR 
(95% CI)

P Adjusted OR 
(95% CI)

P

Sex/male 3.28 (0.73‑14.68) 0.1213 2.62 (0.53‑13.03) 0.2402
BMI (kg/m2) 0.95 (0.87‑1.04) 0.2447 0.96 (0.87‑1.06) 0.4298
Cerebrovascular 
accident

2.91 (0.84‑10.06) 0.0922 3.58 (0.92‑13.93) 0.0659

Atrial fibrillation 0.80 (0.09‑7.35) 0.8427 0.58 (0.04‑8.55) 0.6944
Hypertension 1.25 (0.63‑2.50) 0.5283 1.35 (0.59‑3.08) 0.4712
Diabetes mellitus 1.23 (0.58‑2.63) 0.5881 1.25 (0.53‑2.95) 0.6167
Coronary artery 
disease

1.32 (0.39‑4.44) 0.6579 0.92 (0.22‑3.88) 0.9056

COPD 2.15 (0.66‑6.95) 0.2033 2.23 (0.59‑8.46) 0.2375
Radiotherapy 3.64 (1.47‑9.02) 0.0053 3.79 (1.42‑10.11) 0.0078
COPD: Chronic obstructive pulmonary disease, BMI: Body mass index, 
OR: Odds ratio, CI: Confidence interval
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associated with neck dissection remains poorly addressed in 
elderly Caucasian patients, future studies are needed to support 
the hypothesis.

In the present study, one hypertensive patient without 
carotid artery stenosis developed ischemic stroke contralat-
eral to the surgical site. The pathogenesis of ischemic stroke, 
in this case, was suspected to be multifactorial and possibly 
associated with the presence of intracranial atherosclerosis and 
significant intraoperative hypotension. Intraoperative hypoten-
sion, which is defined as a drop in the mean blood pressure 
by 30% or more, has been recognized as a predisposing factor 
for perioperative stroke [18] and may be overlooked in patients 
with preoperative high blood pressure. As the prevalence of 
hypertension was high in elderly patients with head and neck 
cancer  (i.e., 45.8% in the current study), control of hyperten-
sion before surgery and maintaining a stable intraoperative 
hemodynamic profile may be beneficial in preventing periop-
erative stroke.

In patients undergoing elective head and neck surgery, pre-
operative patient characteristics that contribute to prolonged 
LOS have been reported to include old age, poorer functional 
status, alcohol consumption, history of COPD, and diabetes 
mellitus  [13]. However, few studies have specifically assessed 
the predictors of prolonged LOS in elderly patients undergo-
ing neck dissection. We found that previous radiotherapy was 
an independent risk factor for prolonged LOS in this patient 
subgroup. Benatar et  al. also reported that preoperative radio-
therapy was associated with prolonged LOS in patients 
undergoing head and neck microvascular reconstruction 
although the impact of age was not evaluated [19]. Preoperative 
radiotherapy is commonly associated with difficult surgical dis-
section and increased wound‑related morbidity  [19], which 
may explain the findings in our report.

There were several limitations of the current study. First, 
although it has been demonstrated that stroke patients can be 
identified from an administrative database with high sensitiv-
ity and specificity  [20], hospital administrative data are often 
collected for billing purposes which may lead to bias in this 
historical cohort study. Second, this study was conducted in a 
single‑hospital setting, and detailed information about patient 
characteristics (e.g., smoking), doses of chemoradiotherapy, and 
intraoperative hemodynamic profiles were not available. Third, 
the code for neck dissection does not differentiate between 
radical, modified radical, or selective neck dissection, so com-
parison could not be made among patients receiving different 
degrees of dissection. Finally, because of the small sample 
size, sample bias may exist. For instance, only two patients 
experienced ischemic stroke even though over  1000  patients 
undergoing neck dissection were collected over a period of 
4.5 years. The use of Fisher’s exact test may not reflect the true 
statistical significance of the data.

Conclusion
The present study showed that elderly patients were at 

higher risk of developing ischemic stroke following neck 
dissection compared with their younger counterparts. The pres-
ence of carotid artery stenosis and significant hemodynamic 

changes appeared to contribute to the occurrence of periop-
erative stroke. Previous radiotherapy was an independent risk 
factor for prolonged hospitalization in the elderly population. 
Better perioperative patient care and risk optimization for isch-
emic stroke may be required in elderly patients undergoing 
neck dissection.
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