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Abstract
Background   Alzheimer's disease (AD) is a progressive neurodegenerative disorder characterised by the accumulation of 
amyloid-β plaques and hyperphosphorylated tau tangles in the central nervous system (CNS). It is the most common form 
of dementia and presents spectrum of clinical symptoms, including memory loss, increasing confusion, personality changes, 
and progressive deterioration in language, spatial awareness, abstract reasoning, and but cognitive impairment is the hall-
mark. The purpose of this systematic review was to: (a) evaluate the current evidence of cognitive impairment in adult 
patients following head and neck cancer (HNC) surgical management; (b) assess whether an association exists between 
cognitive decline and surgical treatment in HNC patients; and (c) identify gaps in the literature for future research directions 
and clinical practice.
Methods  We performed a systematic search of the PubMed, Embase, Google Scholar, and Medline databases to iden-
tify English-language publications (January 2001 to January 2025) that investigated cognitive impairment in adult patients 
with head and neck cancer (HNC). Study quality was assessed using the Newcastle–Ottawa Scale (NOS). The search and 
reporting processes adhered to the PRISMA 2020 guidelines for systematic reviews. Studies evaluating clinical cognitive 
outcomes in HNC patients using validated cognitive assessment tools were included. The primary outcomes of interest were 
measurement of cognition and quality of life following HNC treatment.
Results  Twenty-three studies met the eligibility criteria, a total of 28,054 patients with HNC. The majority of studies evalu-
ated cognitive impairment as part of quality-of-life outcomes. Three studies specifically reported an increased incidence of 
dementia following HNC surgery. Two studies assessed postoperative cognitive decline reported an incidence of cognitive 
deterioration ranging from 7% to 40%. Three studies investigated postoperative quality-of-life scores reported an incidence 
of severe cognitive dysfunction of 37%. Two large studies identified a significant association between the neck dissection 
and cognitive decline. One study reported a dementia incidence of 0.7 per 100 patient-years, with a cumulative incidence of 
10.34% over 8.6 years (95% CI; p = 0.028). Bilateral supraomohyoid neck dissection (SOHND) and modified radical neck 
dissection (MRND) demonstrated significant cognitive decline (CI 95%, p = 0.016).
Conclusions  HNC management is known to be associated with reduced quality of life; however, the relationship between 
neck dissection and cognitive impairment remains under-researched. Further high-quality studies are needed to explore the 
potential association between deep cervical lymph node dissection (dCLND) and the development of neurodegenerative 
conditions, including AD. Investigating cognitive outcomes across different types of neck dissection is essential to identify 
underlying mechanisms and to clarify whether surgical disruption of cervical lymphatic pathways contributes to postopera-
tive or long-term neurocognitive decline and guide future clinical practice. 
Level of Evidence: Not gradable.

Keywords  Cervical lymph node clearance · Lymph node dissection · Head and neck cancer · Postoperative cognitive 
function · Quality of life · Dementia and alzheimer’s disease
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Introduction

 Alzheimer's disease (AD) is a progressive neurodegenera-
tive disorder characterised by the accumulation of amyloid-β 
plaques and hyperphosphorylated tau tangles in the central 
nervous system (CNS) [1]. It is the most common form 
of dementia and presents spectrum of clinical symptoms, 
including memory loss, increasing confusion, personality 
changes, and progressive deterioration in language, spatial 
awareness, abstract reasoning, and but cognitive impair-
ment is the hallmark. These symptoms affect interpersonal 
relationships, occupational functioning, and independent 
living, ultimately resulting in a substantial economic burden 
on affected individuals, their families, and society [1, 2].

Recent discoveries has demonstrated brain parenchyma 
metabolic pathways of the cerebrospinal fluid (CSF), inter-
stitial fluid (ISF), glymphatic, and meningeal lymphatic 
vessels (MLVs) drains into peripheral deep cervical lym-
phatic vasculature [3–7]. The meningeal lymphatic vessels 
accompany the vasculature of the CNS and exits the base 
of the skull draining into the cervical lymphatic system 
[8, 9]. Animal study ligating deep cervical lymphatic ves-
sel demonstrated aggravate AD-like clinical symptoms and 
increased accumulation of neuropathology in mice [10]. 
Patients with AD have increased levels of these β-amyloid 
and tau proteins in the deep cervical lymph nodes [11]. Evi-
dence suggests a role for the obstruction and dysfunction of 
the brain parenchyma lymphatic metabolic pathways drain-
ing into the deep cervical lymphatic system leading to the 
onset of AD and that manipulation of these pathways for 
example by lymphovenous bypasses (LVA) may enhance 
lymphatic drainage and protein clearance thereby improv-
ing symptoms of dementia and neurodegenerative diseases 
[12–14].

If the hypothesis that obstruction of brain parenchymal 
lymphatic drainage into the deep cervical lymphatic is the 
underlying the neurodegenerations: dCLND particularly 
bilaterally should be associated with an increased inci-
dence of dementia. HNC patients would provide a valuable 
clinical cohort study. Therefore, we conducted a systematic 
review to examine the existing literature on HNC patients 
undergone surgical resection and neck dissection, with the 
aim of determining whether these procedures are associated 
with an increased incidence of dementia.

Materials and methods

Search strategies

This systematic review was prospectively registered in the 
International Prospective Register of Systematic Reviews 

(PROSPERO) (Registration CRD420250653203). The 
methodology followed the PRISMA 2020 guidelines for 
systematic reviews [15]. A comprehensive search strategy 
was developed using predefined keywords and applied 
across PubMed, Medline, Embase, Web of Science, and 
Google Scholar, covering publications from January 2001 
to January 2025. This timeframe was selected in recognition 
of the limited studies investigating cognitive impairment 
following HNC management particularly involving dCLND 
to ensure all relevant studies were included.

The following search terms, combined with Boolean 
operators guidelines [16], were applied: (“head and neck 
cancer” OR “malignant head and neck tumour” OR “lar-
ynx” OR “pharynx” OR “oral cavity cancer” OR “sinus” 
OR “salivary gland tumour” OR “nasal cavity” OR “intra-
oral cancer” OR “tonsil”) AND (“quality of life” OR “QOL” 
OR “cognitive decline” OR “neurodegenerative impair-
ment” OR “dementia” OR “Alzheimer’s disease” OR “neu-
rodegenerative decline”)AND (“cervical lymph nodes” OR 
“cervical lymphadenectomy”). Additional searches were 
performed using variations of these terms, including “cogni-
tive impairment post head and neck dissection” and related 
combinations. The reference lists of all included studies 
were also screened to identify further relevant publications.

Eligibility criteria

Studies were included in this systematic review if they 
assessed cognitive outcomes in patients with HNC who 
underwent surgical treatment. Eligible studies were required 
to report cognitive outcomes using standardised or validated 
assessment tools, such as the EORTC QLQ-C30, MMSE 
and MoCA, or to evaluate cognitive function as part of a 
quality-of-life assessment. Studies published between Janu-
ary 2001 and January 2025 with a defined follow-up period 
were included.

Exclusion criteria were

Studies were excluded if they: Involved patients with pre-
existing neurodegenerative conditions, such as AD; included 
patients who underwent surgery for non-cancerous head and 
neck lesions; involved participants younger than 18 years; 
or did not use validated questionnaires or standardised tools 
to assess cognitive impairment.

Risk of bias and quality assessments

Two independent researchers assessed the quality of the 
included studies using the NOS which consists of nine 
standardised, predefined criteria [17]. The appraisal 
domains included: [1] clarity of selection methods [2], 
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representativeness of the study population [3], definition 
and appropriateness of the control group [4], comparability 
of groups, and [5] adequacy of exposure or outcome assess-
ment. For each criterion that was clearly fulfilled, one point 
was awarded. Studies that did not meet a criterion either 
due to insufficient methodological description or because 
the criterion was not mentioned were assigned zero points. 
The final NOS score for each study reflected the sum of ful-
filled criteria. 45 articles were assessed using NOS and 23 
met the quality criteria. The quality assessment of those met 
criteria were 2 article selections, control group and exposure 
scored 8, followed studies ranged 5 to 7, 21 studies scored 
≥5 points moderate quality, 7–9 high quality. Studies scored 
3 and below were excluded (Table 1).

Literature search results

A total of 45,578 publications were identified through 
searches of the five databases. After removing 19,730 
duplicates, 25,848 records remained for screening. Title 
and abstract screening yielded 74 potentially relevant stud-
ies, of which 23 met inclusion criteria following full-text 
assessment and were subjected to critical appraisal. Figure 1 
presents the PRISMA flow diagram outlining the selection 
process and the number of publications meeting the inclu-
sion criteria. The findings from the 23 included studies are 
summarised in Table 2.

Study characteristics

The 23 included studies, published between 2001 and 2024, 
comprised a combined total of 28,054 participants. These 
studies were conducted across Europe (n = 12), North America 
(n = 7), and Asia (n = 4). Study designs included prospective, 
retrospective, and longitudinal cohort studies (n = 19), ran-
domised controlled trials (n = 2), and retrospective observa-
tional studies (n = 2). Sample sizes ranged from 17 to 20,135 
participants, with reported ages between 36 and 90 years 
(mean age > 55). Patients received a range of multimodality 
treatments, including surgical resections, neck dissections, 
reconstructive free-flap procedures, and combinations of sur-
gery, radiotherapy, and chemotherapy. All included studies 
assessed cognitive outcomes as part of postoperative qual-
ity-of-life evaluations, with follow-up durations of up to 12 
months. Additionally, nine studies examined cognitive impair-
ment and quality-of-life outcomes over 5–10 years, while 
eight studies followed participants for 12 months to 3 years.

Data extraction

One researcher (M.O.) conducted the database searches 
and performed the initial screening of titles and abstracts. 

A second researcher (C.Y.) independently reviewed the full-
text articles. Any disagreements between the two review-
ers were resolved through discussion with a third reviewer 
(H.G.), who provided consensus. Quality of each included 
study was assessed using the (NOS). Data extraction 
included: authors, year of publication, study design, sample 
size and participant demographics, cognitive outcomes, 
used tools to cognition. Assessments of cognitive impair-
ment with specific domains were evaluated, and all relevant 
outcomes was extracted from each study (Table 2).

Synthesis

A narrative synthesis approach was used to summarise and 
interpret the findings of the included studies, with particu-
lar on AD cognitive domains: complex attention, executive 
function, learning and memory, language, perceptual–motor 
skills, and social cognition. The synthesis process involved 
identifying studies and evaluating the strength, consistency, 
and robustness of the evidence. This approach followed 
established methodological guidance [18].

Results

The systematic literature search identified 19,730 potential 
publications. After screening titles and abstracts, 40 full-
text articles were retrieved for detailed assessment, and 23 
studies met the inclusion criteria for the final analysis. The 
PRISMA flowchart outlining the study selection process 
is presented in Fig.  1. The quality of evidence across the 
included studies was evaluated using established appraisal 
tools, with scoring ranges for retrospective and cross-sec-
tional designs. The findings of this systematic review should 
be interpreted with caution, and the methodological limita-
tions of the included studies should be taken into account 
when considering the cognitive outcomes.

A total of 28,054 patients were included across the 23 
studies in this systematic review, all of which exclusively 
examined individuals with HNC cognitive outcome. Two 
studies (826/28,054; 3.0%) specifically investigated the 
association between cognitive impairment and dCLND. The 
remaining 21 studies assessed cognitive outcomes as part 
of broader quality-of-life evaluations following surgical and 
adjuvant treatments. One study focused explicitly on cog-
nitive outcomes across different types of neck dissection, 
comparing bilateral, unilateral, and no dissection. Follow-
up durations across all studies ranged from 1 to 15 years. 
Sample sizes varied from 17 to 576 cohort, and publications 
spanned 2001 to 2025. Baseline patient characteristics are 
summarised in Table 1. All 21 studies evaluated quality-of-
life and neurocognitive outcomes in HNC patients.
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and the Mini-Mental State Examination (MMSE; n = 1). One 
study utilised the Katz-15 Index of Independence, which 
evaluates Activities of Daily Living (ADL) and Instrumen-
tal Activities of Daily Living (IADL), to identify cognitive 
decline. Three studies relied primarily on self-reported mea-
sures of cognitive function, rather than objective clinical 
assessments.

A number of validated tools were used to assess clini-
cal cognitive function across the included studies. The most 
commonly used instrument was the European Organization 
for Research and Treatment of Cancer Quality of Life Ques-
tionnaire, Core Module (QLQ-C30), which was employed 
in 17 studies. Additional objective cognitive assessments 
included the Montreal Cognitive Assessment (MoCA; n = 2) 

Table 1  Patient characteristics
Subsite n = 28,054
Total pharyngolaryngectomy 1780 (6.34%)
Nasopharynx 1900 (6.77%)
Oropharynx 9373 (33.40%)
Hypopharynx 5730 (20.42%)
Laryngeal 7130 (25.41%)
Nasal cavity 1890 (6.73%)
Scalp 4509(16.07%)
Unknow 8,845(31.523%)
Author and year Study (n) Assessment tool Cognitive outcomes
Karri et al. 2011 17 QLQ-C30 scores Mean score 83.3 Timing of 

cognitive
Segna et al. 2018 30 Mental Health Composite Score 

(MCS)
Mean with SD 44.7 
(9.5)

Momeni et al. 2013 60 EORTC QLQ-C30 Significant P 0.04
Lahtinen et al. 2018 29 EORTC-C30 Mean score 91.7 (11.2), P = 0.981
Klug et al. 2002 181 (QLQ 30 and QLQ H&N 35) Mean score 80
Airoldi et al. 2011 36 RTOG-EORTC Mean 30.87 SD 12.31, p < 0.05
Nemade et al. 2024 25 EORTC QLQ 30 & HN3 Mean = 80
Bejenaru et al. 2022 89 EORTC QLQ-30and QLQ-H&N35 Mean 58.3 poor 

outcome
Chaukar et al. 2009 212 EORTC QLQC-30 Mean 89.8 P = 0.256
Abendstein et al. 2005 357 EORTC QLQ-H&N35 Mean 84, p = 0.05 between 1 to 5 year after 

surgery
van der Schroe et al. 2006 117 EORTC QLQ-C30 Mean 87, after 5 years
Schiefke et al. 2008 49 EORTC QLQ-H&N35 Mean 74.3 SD (626.5), p = 0.192
Kovács et al. 2015 135 EORTC QLQ-C30 mean 85.9, SD(19.7), p = 0.020
Rogers, et al. 2008 73 Functional Assessment of Cancer 

Treatment Cognitive (FACT-Cog)
Bil (mean 22.8, 10.8; p = 0.006)

Hammerlid et al. 2001 357 EORTC QLQ-C30 and QLQ-H&N35 Mean 84, p = 0.5
Regier et al. 2009 48 Montreal Cognitive Assessment 

(MoCA
40% of patient scored impaired range while 
only 13% of controls scored in the impaired 
range. Sample P < 0.001

Hwan et al. 2023 576 HNC vs. 2304 
None HNC

MMSE AD incidence 14.92 in HNC vs. 9.77 in 
control, CI 95%, p < 0.001.

Chao et al. 2024 234 MMSE CLND SND, MRND Demonstrate 
association 
between CLND 
and dementia inci-
dence 0.7 per 100 
patient-years, with 
a cumulative inci-
dence of 10.34% 
over 8.6 years

Timing of cognitive assessments from the post treatment
5–10 year n = 2,143 (9.45%)
1–4 year 21,279 (90.90%)

1 3

    1   Page 4 of 13



European Journal of Plastic Surgery            (2026) 49:1 

demonstrating significantly greater impairment in patients 
with HNC (p < 0.001). Cognitive function was assessed at 
two follow-up time points: 6 months and 18 months post-
treatment [20].

Two studies specifically examined the type of neck dis-
section as a risk factor for cognitive impairment. Rogers and 
colleagues analysed differences bilateral, unilateral, and no 

Across the included studies, 11 incorporated a controlled 
group. One multicentre investigation from Swedish and 
Norwegian compared 340 patients with 352 controls of sim-
ilar demographic and pathological characteristics who had 
undergone surgery and irradiation [19].

Regier and colleagues evaluated a study cohort and a con-
trol group using the MoCA to quantify cognitive function, 

Records identified from database 
and manual searching:

(n=45,578)

Records after duplicates 
removed:

(n=19730)
Records excluded due to 
duplication:
(n = 25,848)

Records screened:

(n = 791)
Records not retrieved
(n = 88)

Full text articles assessed for 
eligibility
(n = 40)

Full text articles excluded:
(n= 17)

Studies included in review
(n = 23)
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Fig. 1  Flow chart illustrating the search and selection of studies and exclusions articles
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Author Type of 
study

N Mean Age F/U Measurements Cognitive 
Functioning

Treatment

Diagnosis of dementia
Chao et al., 
2024

R case 
note study 
2007–
2023

251 HNC 
com-
pared to 
population 
prevalence

60–90 years (mean) 8.6 years, 
range 1–15 years

Calculated incidence 
rate of dementia

9 patients 
developed 
dementia at 
mean 50 months 
(8.6years) 
post op range 
14–104 months. 
incident rate 
10.34% or 
0.7/100 pt years 
compared to 
population 
prevalence of 
8%. Bilateral 
ND greater risk 
than unilateral 
or selective ND.

Neck dissection 
various levels and 
sides + in some
RT

Lee et al., 
2023

R 576 HNC 
compared 
to 2304 
controls

NA HNC pts from 
2003-5 followed 
up in database until 
2013

Dementia Incidence 
rate reported

Database study 
comparing 
HNC cohort vs. 
case matched 
controls 4:1 
ratio. AD 
incidence rate 
14.92 HNcancer 
vs. 9.77 non-
cancer group ( 
p < 0.001)

Treatment not 
specified.

Chen et al., 
2015

R 20,135 
HNC (8724 
had surgery 
alone, com-
pared to 
7118 multi-
modal 
therapy 
vs. 4293 
chemora-
diotherapy 
only)

Age > 65 HNC pts from 
2002–2010
Followed until 
2012

Dementia Incidence 
rate
reported

Surgery vs. sur-
gery and chemo 
vs. chemo 
radiotherapy 
1.44 vs. 1.04 vs. 
1.98 Dementia 
incidence per 
1000 risk but 
no population 
controls so can’t 
tell if this is 
different from 
normal.

Type of surgery 
not specifiedNeck 
dissection
/RT/CHEM/Comb

Detailed cognitive assessment
Regier 2019 case 

control
88 and 88
(Only 40% 
of partici-
pants had 
HNC incl 
oesopha-
geal and 
gastric)

66 (41–88 
years)

At 6 and 18 months MOCA Cognitive 
impairment 
48% at 6/12 and 
40% at 18/12 
compared to 
13% controls

Only 40% of 
participants had 
HNC/gastric or 
oesphageal cancer, 
rest were colorectal 
cancer.

Bruijnen 
2021

R 68 > 70 1 year MMSE pre-op
TICS post-op

No change in 
cognitive state

Surgery but only 
33% had CLND

QOL studies

Table 2  Illustrating the association between of cognitive impairments and HNC neck dissection
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Author Type of 
study

N Mean Age F/U Measurements Cognitive 
Functioning

Treatment

Schiefke et 
al., 2009

R 49 com-
pared 24 
supraomo-
hyoid neck 
dissection 
and 25 sen-
tinel node 
biopsy

63 (32–89) 1–5 years post op 
(26.8 ± 17.3months)

EORTC QLQ-C30, 
EORTC QLQ-HN35, 
HADS, PA-F-KF

Selective 
ND:74.3(± 26.5) 
vs. Sentinel 
ND: 84.7 
(± 17.6) no 
difference in 
cognitive scores 
between neck 
dissection or 
sentinel node 
biospsy.

Neck dissection 
sentinel node ver-
sus selective node

Hammerlid et 
al., 2001

L 232 of 
which 133 
completed 
the last 
question-
naire at 3 
years

61 3yrs EORTC QLQ-C30, 
QLQ-H&N35,HAD

Pre treatment 
score: 85,
1 year score 83,
3 year score 87
No change 
in cognitive 
function from 
diagnosis or at 1 
and 3 years.

39% had sur-
gery but not 
specified, 90% had 
radiotherapy

Rogers L et 
al., 2008

Cs 58 60.4 ± 13.1 18+/-27 months 
post treatment but 
55% less than 12 
months

GCF, FACT-COG significant dif-
ference in cog-
nitive decline 
between
no ND vs. 
bilateral ND 
p = 0.006, and
unilateral ND 
vs. bilateral ND 
p = 0.022, but 
no difference 
between no ND 
and unilateral 
ND
not significant 
difference 
between no ND 
vs. unilateral 
ND

Neck dissection 
47% with 20% 
bilateral
RT 90%
Chemo48%

Kovacs 2015 CS 135 61(25–88) Mean 6 years 
(1.3–16.6 yrs)

EORTC QLQ C30 
compared to EORTC 
reference control 
population

Reduced cogni-
tive function 
score of 81 
compared with 
control 86 but 
not correlated to 
treatment types 
or extent of 
CLND.

Multi-modal 
treatment
CLND bilateral in 
47% unilateral in 
37%

Schliephake 
2002

P 83 of which 
45 com-
pleted the 
12 month 
assessment

59 (39-88years) Pre-op, 12 mths EORTC QLQ C30 No change in 
cognitive func-
tion pre-op 87 
to post op 84.8 
at 12 months

All had surgery and 
CLND of different 
levels

Van der Schroeff
2006

57 com-
pleted the 
cognitive 
functioning 
component

45–70 years 3–6 years EORTC QLQ C30, No change in 
cognitive func-
tion between 
baseline and 
3–6 year follow 
up.

Surgery in 44/57 
but number who 
had CLND is 
unspecified.

Table 2  (continued) 
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Author Type of 
study

N Mean Age F/U Measurements Cognitive 
Functioning

Treatment

Abendstein 
2005

P 357 (167 at 
5 years)

61 (18–86 
years)

5 years EORTC QLQ C30 Baseline 
score 88 and 
unchanged at 1 
or 5 years
No differ-
ence between 
younger or 
older patients

69/167 had surgery 
unspecified

Chauker 
2009

CS 212 50 (16–80)years Minimum 1 year, 
max unknown

EORTC QLQ C30 29 had “poor 
cognitive 
functioning” but 
no difference 
in treatment 
modal-
ity (surgery 
93.9 vs. 83.3 
radiotherapy)

Surgery alone in 
66, surgery and 
radiotherapy in 14

Benjenaru 
2022

P 89 58 3 years EORTC QLQ C30 Cognitive 
functioning 
improved 
between admis-
sion (score 
50) and 3 year 
follow up (score 
100 ) except 
for oral cancer 
patients who 
had pre-op 
score of 75 and 
dropped to 32 
post-op.

Unsure exactly 
but 61 had 
laryngectomy, 13 
oral cancers with 
floor of mouth 
and mandibular 
reconstruction

Nemade 2024 R 25 43 (27–74) Min 5 years EORTC QLQ C30 No comparison 
made with pre-
op but cognitive 
functioning 
scores said to be 
98+/-5 compa-
rable to refer-
ence EORTC 
scores.

All post total 
glossectomy and 
bilateral functional 
neck dissection

Airoldi R 36 60.5 (31–79) 63 (24–96 months) EORTC QLQ C30 Cognitive func-
tioning score 
reported as 
30.87 SD12.31 
(reference 
score is 83 so 
this represents 
poor cognitive 
functioning) but 
the narrative 
reports this as 
good scores so 
there may be 
an error in the 
linear transfor-
mation in the 
raw scores.

All oral cancer 
reconstructed 
with free radial 
forearm flap and 
radiotherapy

Klug 2002 R 67 56 +/- 9.5years Min 3 years
max 11 yrs

EORTC QLQ C30 CF score = 82 
SD19

Chemoradiotherapy 
and surgery includ-
ing neck dissection 
and free flap

Table 2  (continued) 
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animal studies the lymphatic system mainly directs flow 
from the CNS to deep cervical lymph nodes zone IV and V 
[23, 24]. This was further fortified a large controlled group 
of HNC study cohort demonstrating the incidence of AD 
was 14.92 in HNC patients and 9.77 in non-cancer patients 
[25].

In total, 13 prospective studies including one evaluat-
ing longitudinal changes of cognitive impairment compar-
ing controlled group of none HNC patients. 9 studies were 
conducted as retrospective studies and one study as control 
multi centred trial. There was study reporting no CNS imag-
ing as integral part of cognitive decline diagnosis.

Study by Roger and colleagues converted cognitive score 
into Mann-Whitney’s U-test evaluating association between 
bilateral neck dissection, unilateral and none neck dissec-
tion sub groups. This study found there were significant 
global cognitive difference function in 3 comparative analy-
ses bilateral neck dissection (mean ranks5 22.8, 10.8; p = 
0.006) and unilateral and bilateral neck dissection (mean 

neck dissections, reporting that bilateral neck dissection was 
associated with a statistically significant decline in cogni-
tive function (p = 0.006). However, this study did not strat-
ify this finding by specific neck dissection subtypes [21]. 
study by Choa and colleagues compared subtypes of cervi-
cal lymph node dissections, reporting a dementia incidence 
rate of 0.7 per 100 patient-years and a cumulative incidence 
of 10.34% over 8.6 years. Deep cervical lymph node dis-
sections were significantly associated with dementia (p = 
0.028). A higher-risk groups included patients undergone 
bilateral supraomohyoid neck dissection (SOHND) / modi-
fied radical neck dissection (MRND), as well as those who 
had unilateral MRND plus any neck dissection type on the 
contralateral side of MRND or SOHND (p = 0.016). This 
study and others also highlighted there are association 
between the higher incident of dementia and neck dissec-
tion zone IV and V [3, 22]. Indicating that this zone may 
plays critical role in draining brain parenchyma lymphatic 
pathways into this neck zone [3]. It has been observed that 

Author Type of 
study

N Mean Age F/U Measurements Cognitive 
Functioning

Treatment

Borggreven
2007

P 80 of which 
44 com-
pleted the 
12 months 
follow up

58 (23–74) 12mths EORTC QLQ C30 Baseline CF 
score 85.6, no 
change to 12 
months score at 
87.9

Surgery, chemora-
diotherapy and flap 
reconstruction. no 
data on CLND

Lahtinen 
2018

R 53 62.9 +/-9.7 Mean 114 weeks 
SD50.9, min 12 
months

EORTC QLQ C30 Mean CF score 
of 91 at follow 
up.

Surgery and free 
flap reconstruction, 
81% had CLND

Momeni 
2012

R 21 57.9 (24–87) 24 (18–48 mths) EORTC QLQ C30 CF score 100 
(IQR 83–100), 
they found 
those pts who 
suffered a com-
plication had 
lower CF scores 
of 75 (58–100)

Surgery and free 
flap reconstruction 
and radiotherapy, 
no data on CLND

Pierre 2013 R 80 85% less than 
70 yrs

5.5 years (1.1–11) EORTC QLQ C30 CF score 86.3 Surgery and free 
flap reconstruction 
and radiotherapy, 
no data on CLND

Segna 2013 P 30 65.5 (23–87)yrs 12 mths SF36 No change in 
MSE compo-
nent of SF36 
between pre- 
and post-op.

Surgery and free 
flap and CLND but 
no data on level or 
type.

Karri 2011 R 17 49(35–69) yrs 6-72mths EORTC QLQ C30 CF score 83.3 
SD19.5 but 
interestingly 
5.9% ( one 
patient) scored 
less than 33.3

Pharyngolaryngec-
tomy and radical 
neck dissection

ACE-III Addenbrooke’s, Chem Chemotherapy, CS cross-sectional, GCF global cognitive function, ND neck dissection, P prospective, R Ret-
rospective, RT radiotherapy, SNB Sentinel lymph node, SD dissection, SU surgery, POCD Postoperative cognitive dysfunction, non-POCD No 
postoperative cognitive dysfunction, MMSE Mini-mental state examination, TICS telephone interview for cognitive state, MOCA Montreal 
cognitive assessment

Table 2  (continued) 
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Preclinical animal studies provide important evidence 
regarding brain waste-clearance pathways by comparing 
normal rodents with transgenic or knockout models of AD, 
which consistently demonstrate accumulation of β-amyloid 
(Aβ) and hyperphosphorylated tau. Wang and colleagues 
surgically ligated the deep cervical lymphatic vessels in 
rodents and compared them with controls group. Behav-
ioural cognitive assessment using the open-field and Y-maze 
tests showed that mice with dcLN ligation exhibited signifi-
cant cognitive impairment (p = 0.0401). further Immuno-
histological analysis demonstrated exacerbated Aβ burden 
and increased phosphorylated tau accumulation within the 
hippocampus and temporal lobes of ligated animals [10].

Petal and colleagues investigated cerebral lymphatic 
clearance pathways using radiological imaging and plasma 
biomarkers to track labelled tau proteins in wild-type and 
transgenic mice lacking functional CNS lymphatic vessels. 
This study showed that tau and other neurotoxic waste prod-
ucts drained through the deep cervical lymphatic system, 
and mice lacking CNS lymphatic function retained substan-
tially greater quantities of tau compared with controls [34].

It has been shown radiotherapy reduces stem-cell dif-
ferentiation in the hippocampus, leading to chronic neuro-
inflammation, and microvascular insufficiency, which can 
result ischemic neurotoxicity [33, 35]. Clinically, cognitive 
decline can be stratified into: acute, occurring within days 
to weeks; subacute, occurring up to 6 months; and delayed 
onset, emerging after 6 months to several years [30, 36].

This systematic review investigated cognitive as part of 
the HNC neck dissection and explored the relationship in 
neurocognitions decline. The most reported affected cog-
nitive domain was memory specifically episodic memory. 
This is in keeping with previously research investigating 
cognitive outcomes in HNC which reported impaired long 
term memory recall [37]. Key cerebral regions involved 
in memory and executive function including the inferior 
occipital gyrus, precuneus, and cingulate cortex play cen-
tral roles in neurogenesis and higher-order cognitive pro-
cessing. Disruption of the dynamic connectivity within 
these networks may occur following radiation therapy or 
dCLND [22, 38]. These mechanisms may help explain why 
some patients exhibit cognitive impairment despite having 
normal-appearing cerebral parenchyma on conventional 
imaging.

This systematic review identified significant gap in 
assessing cognitive outcomes in HNC patients and role of 
the management as contributor factor as mechanisms that 
may lead to neurocognitive deficit. The EORTC QLQ-C30 
was the most common tool in assessing cognitive decline in 
this study. The EORTC QLQ-C30 consistent 30 items ques-
tionnaire scoring from 0 to 100 including cognitive impair-
ments, emotional wellbeing and overalls of quality-of-life 

ranks = 15.5, 8.5; p = 0.022). There was no significant dif-
ference between none and unilateral neck dissection cog-
nitive outcome [21]. This findings in keeping with similar 
study which found that the highest risks of dementia inci-
dence were patients with bilateral neck dissections [22].

post-treatment radiotherapy in HNC patients is associ-
ated with measurable cognitive impairment, converting test 
score age adjusted z score (patient deficit define 1.64 SD) 
demonstrated significant decline of all of domain decline in 
6 months compare to control group. Further analysis in 24 
months revealed greater decline of global cognitive domain 
including attention and memory (Cohen’s effect d = 0.16; 
95%CI 0.33 to 0.02; d = 0.38; 95%CI 0.64 to 0.12; and d = 
0.53; 95%CI 0.74 to 0.32, analysed at 6, 12 and 24 period, 
respectively [26]. Post radiotherapy in HNC patient demon-
strate attention was significantly reduced compare to control 
healthy group on mean MOCA scores (5.0 ± 1.2 vs. 5.7 ± 
0.5, p = < 0.001) and MMSE (3.6 ± 1.7 vs. 4.3 ± 1.0, p = 
0.002) [27].

Discussion

In this systematic review, we aimed to investigated cogni-
tive outcomes in HNC patients post-surgical and adjuvant 
treatments. There are very few studies investigating cogni-
tive outcomes in HNC surgical resection and considerable 
heterogeneity exist amongst included research in terms of 
surgical techniques and timing of cognitive evaluations. 
However, majority of these studies (n = 20) evaluating 
cognitive outcomes demonstrated worse outcomes com-
pare control groups. The majority of the studies investi-
gated cognitive outcomes as part of quality of life in HNC 
patient post-surgical treatment. Three studies specifically 
analysed the affected of neck dissection demonstrating 
cognitive decline. Emerging evidence suggests that brain 
parenchymal metabolic waste is cleared through pathways 
that drain into the deep cervical lymph nodes, and that 
obstruction of these pathways either due to surgical resec-
tion or radiation-induced damage may contribute to the 
accumulation of β-amyloid and other neurotoxic metabo-
lites [22, 33]. However, cognitive decline is a complex and 
may also explained including malignant proximity to criti-
cal parts of the brainstem, temporal and hippocampi which 
radiotherapy can affected in this region [28–30]. Chemo-
radiotherapy can lead to neurotoxicity to the brain tissues 
that disrupting cognitions. However, study comparing 
healthy controlled group with none radiated patients with 
oropharyngeal cancer demonstrated 75% cognitive decline 
[26]. Similar cognitive outcomes have also demonstrated 
in other research investigating none irritated HNC studies 
[31–33].
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dissection and extensive surgical resection such as total pha-
ryngolaryngectomy are associated with cognitive outcomes.
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