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Abstract 24 

Stroke is the second major cause of mortality and the third leading cause of disability 25 

worldwide. Two effective medical interventions for stroke include thrombolysis (IVT) and 26 

thrombectomy (EVT). Most of the research on treatment approaches for acute ischemic 27 

stroke have focused on the effect of IVT and EVT on survival and functional outcomes. Little 28 

is known about the cognitive outcomes after IVT and EVT following acute ischemic stroke. 29 

Therefore, the objective of this review was to determine the differential cognitive and 30 

functional outcomes following thrombolysis or thrombectomy after mild to severe ischemic 31 

stroke in adults. Data was sourced using seven online databases (MEDLINE ALL, PubMed, 32 

SCOPUS, EMBASE, Web of Science, CINAHL Plus and Cochrane Library Database). The 33 

SITS Registry was also searched as well as the grey literature in the form of Open Grey and 34 

Google Scholar. Initially, 1,040 articles were identified from 2000-2020. After screening full 35 

text papers, a total of 7 articles were eligible for data synthesis. Cognitive impairment on the 36 

Montreal Cognitive Assessment (MoCA) at 90 days post stroke was evident in patients who 37 

received either IVT or EVT. On tasks of executive function in particular the Trail Making 38 

Test, impaired performance was observed for EVT at 90 days and 365 days post stroke and 39 

IVT at 180 days post-stroke. A higher percentage of patients treated with EVT achieved 40 

functional independence on activities of daily living on the Barthel Index (BI) at 90 days and 41 

2190 days post stroke, compared to those treated with IVT.  Future studies should examine 42 

post-stroke cognitive outcomes using domain specific measures and administer measures of 43 

premorbid functioning to establish estimated pre-stroke cognitive ability.  44 

 45 

 46 

 47 

 48 

 49 

 50 

 51 

 52 

Keywords: ischemic stroke, large vessel occlusion stroke, intravenous thrombolysis, 53 

endovascular thrombectomy, cognition 54 
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Introduction 55 

According to Global Health Estimates (1), stroke is the second major cause of mortality and the 56 

third leading cause of disability worldwide. (2-3) In 2013, it was estimated that 10 million people 57 
experienced their first stroke and 6.5 million people died because of stroke. (3-4) Stroke costs 58 
the UK health service £2.8 billion a year and results in additional costs of £4 billion a year to 59 
the wider economy, for lost productivity, disability, and informal care. (5-6)  60 

Ischemic strokes account for 85% of all strokes (5). This type of stroke occurs when a blood 61 
vessel or an artery is blocked by a blood clot. This causes a disruption of the blood supply to 62 
part of the brain, leading to brain tissue damage due to lack of oxygen and nutrients (5-6). 63 
Symptoms of stroke can include weakness or numbness in face, arm, leg, loss of balance and 64 

problems with speech and cognition. Symptoms depend on the severity of the stroke (mild, 65 

moderate, severe) (6). 66 

One effective treatment for acute ischemic stroke involves the administration of a drug which 67 
works to dissolve the blood clot and can be used within 4-5 hours of stroke onset (7). This is 68 
known as Thrombolytic therapy or Thrombolysis (IVT). Examples of thrombolytic 69 
interventions include Alteplase, intravenous recombinant tissue Plasminogen Activator (rt-70 

PA), Urokinase, Streptokinase and Desmoteplase (7). Lansberg and colleagues (8) carried out a 71 

meta-analysis of four randomised controlled trials (RCTs) to assess the efficacy of an 72 
intravenous thrombolytic drug (tPA) in acute ischemic stroke. Findings showed that the 73 
thrombolytic drug (tPA) increased the odds of favourable outcome by 31% and there was no 74 

significant difference in mortality compared to the control group (8). 75 

However, according to NHS England (6), only 20% of individuals with ischemic strokes are 76 
eligible for and respond to IVT. For instance, IVT would be an inappropriate treatment for 77 

some individuals due to contraindications such as being on anticoagulant drugs or undergoing 78 
recent surgery (6). Some individuals may not respond to thrombolytic therapy due to the blood 79 

clot being too large to be fully dissolved by the drug. (6)           80 

An alternative intervention used in acute ischemic stroke is known as Mechanical 81 
Thrombectomy or endovascular therapy (EVT) (6). This treatment involves mechanically 82 

removing the blood clot using a clot retrieval device within 6 hours of onset of symptoms. This 83 
aims to restore blood flow to the brain (6). It is estimated that 11- 12% of UK stroke admissions 84 

are eligible for EVT (9). Goyal and colleagues (10) conducted a meta-analysis of five RCTs to 85 
determine the efficacy of thrombectomy compared to standard medical care. Results indicated 86 
that EVT significantly reduced disability compared to controls, 90 days post stroke. Moreover, 87 
the mortality rate at 90 days post stroke did not differ between the intervention and control 88 
groups (10).  89 

Studies have shown that the prevalence of cognitive impairment after stroke ranges from 90 

11.6%- 56.3% (11). A recent study reported that over 50% of stroke survivors experienced 91 
cognitive impairment 6 months post stroke (12-13).  Cognitive impairment can detrimentally 92 
impact quality of life and is associated with increased disability and long-term morbidity (12-14). 93 

A large cohort study of 409 ischemic stroke patients aged 55 and older revealed that 83% of 94 
the sample demonstrated cognitive impairment in at least one cognitive domain and 50% of 95 

patients had deficits in more than 3 cognitive domains three months post stroke (15). The most 96 
frequently impaired cognitive domains were memory, executive functioning, and visuo-97 
constructional ability. Moreover, 71% of patients who were deemed to have successful clinical 98 
recovery still exhibited cognitive impairment (15). Risk factors for post-stroke cognitive 99 
impairment include increasing age, low education level, and vascular factors (hypertension, 100 
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diabetes) (16). In addition, there is increased recognition of post-stroke dementia (PSD) 101 

presentation with a higher observed prevalence in hospital-based studies (14.4%) relative to 102 
population-based studies (9.1%) (17). The mechanism by which PSD occurs could be the result 103 
of white matter changes, vascular lesions, or Alzheimer pathology. Stroke variables deemed to 104 
increase the risk of PSD include type of stroke, location, stroke severity and recurrence (18). 105 

Most of the research on treatment approaches for acute ischemic stroke have focused on the 106 
effect of IVT and EVT on survival and functional outcomes. However, little is known about 107 
the cognitive outcomes after thrombectomy and thrombolysis following acute ischemic stroke. 108 

Therefore, a detailed review is warranted on the impact of thrombolysis and thrombectomy on 109 
post-stroke cognition in adults who have experienced mild to severe ischemic stroke. This will 110 
aid clinicians and rehabilitation staff regarding the treatment and management of patients who 111 
have experienced an acute ischemic stroke. 112 

The primary aim of this narrative synthesis is to explore the cognitive outcomes following IVT 113 
or EVT after mild to severe acute ischemic stroke in adults. Secondly, this review also explored 114 

the functional outcomes following IVT or EVT after mild to severe acute ischemic stroke in 115 
adults. 116 

 117 

 Method 118 

 119 

Search Strategy 120 

The current study protocol was registered with Prospero in September 2020 121 
(ID=CRD42020200123). In November 2020, the systematic review was carried out using 122 

seven online databases: MEDLINE ALL (2000-2020), PubMed (2000-2020), SCOPUS 123 

(2000-2020), EMBASE (2000-2020), Web of Science (2000-2020), CINAHL Plus (2000-124 
2020) and Cochrane Library Database (2000-2020). The SITS (Safe Implementation of 125 
Treatments for Stroke) Registry was also searched. Non-peer-reviewed articles were included 126 

by searching the grey literature in the form of Open Grey and Google Scholar. The search 127 
strategy was restricted to studies published in English and included studies published from 128 

2000 to 5th November 2020. Additionally, the reference lists of relevant articles were also 129 
screened for potential titles. The following key words were used for SCOPUS and the rest of 130 
the online databases:( ( TITLE-ABS-KEY ( "ischemic stroke*"  OR  "ischaemic 131 
stroke*"  OR  "large vessel occlusion stroke*" ) AND TITLE-ABS 132 

KEY ( thrombolysis  OR  lysis  OR  "intravenous thrombolysis"  OR  "thrombolytic 133 
therapy" )  AND  TITLE-ABS-KEY ( cogniti* ) ) )  OR  ( ( TITLE-ABS-KEY ( "ischemic 134 
stroke*"  OR  "ischaemic stroke*"  OR  "large vessel occlusion stroke*" )  AND  TITLE-135 

ABS-KEY ( thrombectomy  OR  endovascular )  AND  TITLE-ABS-136 
KEY ( cogniti* ) ) )  AND  ( LIMIT-TO ( LANGUAGE ,  "English" ) ). 137 

 138 

Eligibility Criteria 139 

Studies that were included met the following inclusion criteria: (a) participants were aged 18 140 
years and older; (b) participants experienced a mild, moderate, or severe acute ischemic stroke; 141 
(c) stroke severity was assessed using a standardised measure e.g. National Institutes of Health 142 
Stroke Scale (NIHSS); (d) studies reported at least one standardised cognitive measure 30 days 143 
post stroke and beyond; (e) full text available; (f) study published in English; (g) study 144 
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published from 2000 to 2020. Exclusion criteria included (a) participants under 18 years of 145 

age; (b) participants who did not experience an acute ischemic stroke; (c) studies that did not 146 
assess cognitive outcome 30 days post stroke using a standardised measure; (d) studies not 147 
published in English; (e) studies published before 2000.  148 

 149 

Study Selection 150 

The lead author (R.R) reviewed all the identified studies to determine eligibility. After 151 
duplicates were removed, studies were initially screened by title and abstract, irrelevant studies 152 
were excluded. The next stage involved screening the full text of each paper using the pre-153 
defined inclusion and exclusion criteria. One of the co-authors (C.W) also screened the full text 154 

of each of paper. Four authors were contacted via email as more information was required to 155 
decide if their paper could be included. None of the authors replied, therefore their papers were 156 

not included in the final analysis. Data synthesis involved narrative/quantitative synthesis as 157 
the studies all had diverse methodologies and utilised different standardised measures of 158 
cognition, thus a meta-analysis was not feasible.  159 

 160 

Data Extraction 161 

A standard data extraction form was used to record data from the final sample of papers. Data 162 

extracted from the studies was guided by the inclusion and exclusion criteria and data synthesis. 163 
Data extracted from each study included demographic information, sample size, study design, 164 
type of medical intervention used and statistical data from the standardised cognitive and 165 

functional outcome measures. Studies did not stratify standardised cognitive test scores by age. 166 
Accordingly, the approach of taking the mean performance of the sample and comparing it to 167 

the normative population based on the mean/median age of the sample was utilised. This 168 
permitted a comparison of how the sample performed relative to their healthy age peers. In 169 

advance of analysis, a framework for interpreting results on the basis that neuropsychological 170 
test scores which were equal to or greater than 2 SD below the mean of the normative 171 

population, were classified as being significantly impaired in that cognitive domain. Whereas 172 

scores which were equal to or greater than 1 SD below the mean of the normative population, 173 
were defined as being impaired on that cognitive domain.  174 

 175 

Results 176 

In total, 1,040 articles were found: 130 from SCOPUS, 125 from Web of Science, 106 from 177 

PubMed, 100 from MEDLINE ALL, 37 from Cochrane Library Databases, 316 from 178 

EMBASE, 27 from CINAHL Plus, 85 from SITS registry, 1 from Open Grey and 113 from 179 

Google Scholar. 398 duplicates were removed, leaving 642 remaining studies. Of 642 studies, 180 
602 studies were excluded following initial screening by title and abstract. The remaining 40 181 

studies were screened by reading the full text paper and this was done by two reviewers (R.R 182 
and C.W). To calculate reviewer agreement, a Cohen’s kappa coefficient statistic was used (19). 183 
Results indicated that there was total agreement between the two reviewers at full text 184 

screening, κ =1.0(19). Seven studies met the full inclusion criteria and were included in the 185 
narrative synthesis (see Figure 1, for an outline of the full process).  186 
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The lead author contacted the seven corresponding authors of the final papers to request further 187 

data which was not readily accessible in paper format. Three authors replied and helpfully 188 
provided further data. 189 

 190 

Quality Assessment 191 

A quality assessment of the seven included papers in the review was conducted by two 192 
reviewers; the lead author (R.R) and an independent reviewer using the 16 item Quality 193 
Assessment Tool for Studies with Diverse Designs (QATSDD) (20). Each item was rated on a 194 
three- point Likert scale; 0 (not at all) to 3 (complete). As this review only included quantitative 195 
studies, the fourteen items on the QATSDD which evaluated quantitative studies were used to 196 

assess study quality.  Scores on the QATSDD ranged from 0 to 42, with higher scores indicating 197 
higher quality research (20).  198 

The intra-class correlation coefficient (ICC) of quality ratings between the two reviewers was 199 
good to excellent, ICC=.95, 95% CI [.75-.99] (21). Across studies, the quality scores ranged 200 
from 19 to 28. The majority of the seven studies give a clear and detailed description of the 201 

theoretical rationale, research aims and setting, as well as critically evaluating the strengths and 202 
limitations of the research. However, very few studies reported the reliability and validity of 203 
the cognitive measures used and none of the studies considered the impact of their sample size 204 
in terms of the statistical analysis used. 205 

 206 

 207 

 208 

 209 

 210 

 211 

 212 

 213 

 214 

 215 

 216 

 217 

 218 

 219 

 220 

 221 

 222 

 223 



9 
 

Figure 1. PRISMA flow diagram outlining study selection process. 224 
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Study Demographics and Characteristics 256 

As table 1 shows, six out of the seven studies were conducted in Europe, whilst one study was 257 
conducted in China. The studies were diverse in design and there was only one randomised 258 

controlled trial. There were 412 participants aged 18 and above across the seven studies. 259 
Studies recruited patients presenting with their first ischemic stroke. All studies administered 260 
the National Institutes of Health Stroke Scale (NIHSS) on admission to hospital to assess the 261 
severity of stroke; most studies fell within the moderate stroke category on the NIHSS (5-15) 262 
(22). In terms of post-stroke medical intervention, 170 patients received intravenous 263 

thrombolysis (IVT or rt-PA) and 242 patients underwent endovascular thrombectomy (EVT). 264 
Three studies excluded individuals with a neurological or psychiatric history (23-25) and two 265 
studies excluded patients with dementia or those with a history of cognitive deterioration (24-266 
25). As Table 1 shows, the length of time in which standardised cognitive measures were 267 
deployed post-stroke ranged from 90 to 2190 days. Table 2 gives an overview of cognitive 268 

impairment in a range of domains across the seven studies. 269 

 270 

Global Cognition  271 

In an early study, Nys and colleagues assessed seven cognitive domains (verbal and visual 272 
memory, language, unilateral neglect, abstract reasoning, visual perception and construction 273 
and executive function) at 180 days post stroke in patients treated with intravenous 274 

recombinant tissue plasminogen activator (rt-PA) (25). Study authors transformed the raw test 275 
scores on each cognitive domain into z scores. Patients were classified as being cognitively 276 
intact if they displayed no impairment on any of the seven cognitive domains. Cognitive 277 

impairment was defined as impairment in at least one cognitive domain (25). Findings showed 278 
that 52% of individuals treated with IVT had an intact cognitive outcome 180 days post 279 

stroke. (25)  280 

 281 

Montreal Cognitive Assessment (MoCA) 282 

Research has indicated that a MoCA score between 26-30 is within the normal range, with a 283 

cut off score below 26 indicative of mild cognitive impairment (29). Three studies used a 284 
standardised measure (MoCA) to assess global cognition at 90 days post stroke, whilst one 285 
study administered the MoCA at 2190 days post stroke. Across two studies, the weighted 286 
mean 90 -day MoCA score for patients who received IVT was 23.06, which was greater than 287 

1 SD below the normative mean indicating an impairment compared to the normative 288 
population (26-27). In comparison, the weighted mean 90-day MoCA score for patients who 289 
underwent EVT in two of the studies was 22.55, indicating an impairment compared to the 290 

normative mean (Ettelt et al., 2020; Xu et al., 2017). Muhr and colleagues (28) paper was the 291 
only study to assess long term cognitive outcomes after stroke. A small sample of patients 292 
(n=16) received reperfusion therapy (either thrombolysis or thrombectomy) and the MoCA 293 
was administered 2190 days post stroke. Both the IVT and EVT groups had similar mean 294 

scores on the MoCA (25.00 and 25.50 respectively) which fell below the normative 295 
population of a similar age.  296 

 297 

 298 

 299 
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Mini-Mental State Examination (MMSE) 300 

Two studies administered the MMSE to screen for cognitive impairment 90 days post stroke. 301 
Across two studies, the weighted mean 90- day MMSE score was 24.88 for IVT patients, 302 

which fell below the normative mean (26-27). In one study, the 90 day mean MMSE score was 303 
26.65 for EVT patients indicating intact cognition relative to the normative population. 304 

 305 

Executive Function  306 

Two studies formally assessed executive function using the Trail Making Test (TMT) A and 307 

B. The TMT is a timed task which involves visual searching, scanning, processing speed and 308 
mental flexibility (30). Lopez and colleagues (24) assessed performance on the TMT (A+B) at 309 
90 days and again at 365 days post stroke in patients who received EVT plus best medical 310 

treatment. Mean performance on TMT A at 90 days was 96.5 (SD=65.0) and at 365 days was 311 
84.2 (SD=54.5) indicating significant impairment (>2 SD below normative mean) compared 312 
to the mean performance of the normative sample. Moreover, mean performance on TMT B 313 
at 90 days was 155.6 (SD=68.7) and at 365 days was 153.4 (SD=71.4) indicating impairment 314 

relative to the normative population. Similarly, Lattanzi and colleagues (23) study assessed 315 
performance on the TMT 180 days post stroke in patients who received IVT. Patients who 316 
received IVT showed significantly impaired median performance on the TMT A 317 
(median=90.5, IQR: 36.0-307.0) and TMT B (median=233.5, IQR: 57.0-562.0) compared to 318 

the normative population of peers of a similar mean age (23). 319 

One study assessed selective attention and cognitive flexibility using the Stroop Colour and 320 
Word Test (31). At 180 days post stroke, patients following IVT had a mean performance of 321 
33.4 (SD= 16.0) on the word reading task, falling below the mean of the normative 322 

population of a similar age. Mean performance on the colour naming task was 18.4 323 

(SD=10.9) indicating an intact ability when compared to a normative sample (23).  324 

 325 

Attention 326 

One study administered the Digit Span Test (DST) 180 days post stroke in IVT patients. The 327 
mean performance on the digit span forward (M= 4.2, SD=1.6) and the mean performance on 328 

the digit span backwards (M=3.1, SD=1.7) was impaired relative to age norms (23). 329 

 330 

Abstract Reasoning 331 

Formal assessment of abstract reasoning was limited across studies, with only one study 332 

employing the Ravens Coloured Progressed Matrices (CPM). IVT patients who completed 333 
the CPM 180 days post stroke had an intact median performance (M=24.5, SD=7.8) 334 
compared to their age peers (23).  335 

 336 

Visuospatial Ability 337 

Visuospatial constructional ability was measured in one study using the copy subtest of the 338 
Rey Complex Figure Test (RCFT). At 180 days post stroke, IVT treated patients had a mean 339 
performance of 24.6 (SD=8.3) which was impaired relative to age norms.  340 
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Memory  341 

Visual memory was formally assessed in one study using the RCFT immediate and delayed 342 
recall subtests. IVT patients had intact mean performance on the RCFT immediate (M=17.9, 343 

SD=8.9), and delayed recall test (M=15.5, SD=7.9) at 180 days post stroke relative to their 344 
normative age peers. Verbal memory was measured using the Rey Auditory Verbal Learning 345 
Test (RAVLT) in one study (23). IVT treated patients had an impaired mean performance on 346 
the immediate (M=22.9, SD=11.3) and delayed recall (M=7.0, SD=4.1) subtests on the 347 
RAVLT at 180 days post stroke compared to available norms.  348 

 349 

Functional Ability 350 

Five studies assessed functional outcome after stroke using the modified Rankin Scale 351 

(mRS), a measure of global disability. The mRS scores range from 0-6, with 0 indicating no 352 
disability and a score of 6 indicating death. (32-33) Typically, a good outcome on the mRS is 353 
defined as a score between 0 and 2 (32-33). Four of the studies that assessed functional outcome 354 
after stroke using the mRS reported the number of patients who achieved a good outcome (0-355 

2) at 90 days post stroke. Approximately 63% (n=52) of IVT treated patients achieved a good 356 
mRS outcome at 90 days. By comparison, around 64% (n=148) of EVT patients 357 
demonstrated a good mRS outcome at 90 days post stroke. At 180 days post stroke, 50% 358 
(n=19) of patients who received IVT had a good outcome on the mRS (0-2). (23)  359 

Xu and colleagues (27) administered the Barthel Index (BI) to assess basic activities of daily 360 

living 90 days after acute ischemic stroke. The BI ranges from 0 (totally dependent) to 100 361 
(completely independent). Approximately 66% of EVT patients had scores above 95 on the 362 
BI indicating a level of functional independence compared to 29% of IVT patients. Nys and 363 

colleagues (25) utilised the modified Barthel Index (mBI) at 180 days post-stroke and found 364 

that 88% (n=22) of patients who received IVT demonstrated independence on basic ADL and 365 
83% (n=21) achieved independence on instrumental ADL as measured by the Frenchay 366 
Activities Index (FAI).  At 2190 days post stroke, 25% (n=1) of patients who received IVT 367 

and 66.7% (n=8) who were treated with EVT were functionally independent as measured by 368 
the BI (28). 369 

 370 

Discussion 371 

Synthesis of findings 372 

This systematic review examined the differential cognitive and functional outcomes among 373 

adults who were treated with either thrombolysis or thrombectomy following a mild, 374 

moderate, or severe acute ischemic stroke. One noteworthy detail was the number of different 375 

observations from this review. This could be due to the variation across the seven studies 376 
such as stroke severity, location of stroke, length of time in which cognitive and functional 377 

outcome measures were administered post-stroke, study design and type of intervention 378 
received. Furthermore, the seven studies differed in terms of quality. Six studies scored above 379 
60% on the QATSDD indicating a low risk of bias, whilst one study scored below 60% 380 

suggesting a high risk of bias. (20) 381 

In terms of cognitive outcomes following thrombolysis (IVT) or thrombectomy (EVT) post- 382 
stroke, the aim was to establish the extent of global and domain specific cognitive 383 
impairment relative to similar mean/median age normative data sources. Most studies 384 
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administered global measures of cognition such as the MoCA or MMSE. Across studies, 385 

individuals who were treated with either IVT or EVT showed deficits in global cognitive 386 
performance on the MoCA at 90 days post stroke. Domain specific measures of cognition 387 
were limited across studies. On tasks of executive function in particular the Trail Making 388 
Test, impaired performance was observed for EVT at 90 days and 365 days post stroke and in 389 

the IVT group at 180 days post-stroke. This is consistent with the evidence base which 390 
suggests that deficits in aspects of executive function are common following stroke (35). The 391 
incidence of executive function disorders following acute ischemic stroke range from 19-75% 392 
depending on utilised neuropsychological test (35). To a large extent, executive functions are 393 
dependent on an intact prefrontal cortex, however, impairment in executive functions can also 394 

arise from disrupted brain networks or impairment in other associated cognitive domains. (35)  395 
As executive functions are dependent on different regions of the brain, they are sensitive to 396 
structural brain injury caused by a stroke (35-36). 397 

Only one study reported standardised scores of memory, attention, abstract reasoning, and 398 
visuospatial ability (23). Individuals who received IVT showed varying degrees of impairment 399 

on tasks of attention (DST), visuospatial constructional ability (RCFT) and verbal memory 400 
(RAVLT) at 180 days post stroke. This finding is consistent with previous research. (15)  401 

Across studies, statistical data was limited in terms of functional outcomes. At 90 days post-402 

stroke, over 60% of patients who received either IVT or EVT achieved a good outcome on 403 
the mRS indicating a level of functional independence. This percentage is slightly higher than 404 

what is reported in previous research, but this could be a result of the small sample size 405 
across studies. Badhiwala and colleagues (37) meta-analysis found that 44.6% (n=557) of 406 
individuals in the endovascular thrombectomy group achieved a good functional outcome on 407 

the mRS at 90 days post-stroke compared to 31.8% (n=351) of individuals who received 408 
standard medical care including IVT. Findings revealed that EVT was associated with better 409 

functional outcomes compared to standard medical care (37). It seems that a higher percentage 410 
of patients treated with EVT achieved functional independence on activities of daily living on 411 

the BI at 90 days and 2190 days post stroke, compared to those treated with IVT. Therefore, 412 
individuals treated with IVT may require more intense post-acute rehabilitation and 413 

assistance with ADL. 414 

 415 

Limitations of the Studies  416 

The included studies have several notable limitations. Firstly, none of the studies utilised a 417 
measure of pre-morbid cognitive functioning, and only two studies excluded patients with 418 
dementia or individuals with a history of cognitive impairment (24-25). As a result, there were 419 
no baseline scores to compare against the obtained test scores (38). Therefore, it is not possible 420 

to draw strong conclusions about the true level of cognitive decrement following ischemic 421 
stroke. As at least some individuals in the included studies may have been experiencing a pre-422 

stroke onset cognitive decrement or deficit. Of note, only one study was a randomised 423 
controlled trial, therefore it was not feasible to estimate the effect of the two interventions 424 
(thrombolysis or thrombectomy) on post-stroke cognition. Four of the studies utilised 425 
standardised global measures of cognition (26-28,39). Whilst global measures of cognition can 426 
provide an overall indication of cognitive impairment, they are not able to provide a detailed 427 

profile of relative strengths and weaknesses that domain specific cognitive measures can 428 
offer. Furthermore, as the studies employed various cognitive measures at different time 429 
points post stroke, it was challenging to statistically compare findings across studies. Some 430 

studies had a small sample size of individuals who completed cognitive measures following 431 
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acute ischemic stroke. Two studies had less than 30 people in their sample who completed 432 

post-stroke cognitive outcomes (26,28).  433 

 434 

Limitations and Strengths of the Review 435 

The results of this review are tentative due to several intrinsic limitations. Of note, 436 

neuropsychological data reported within the studies was not stratified by age. Accordingly, 437 
mean sample test scores were compared with normative data of a similar mean age. However, 438 
it is widely known that normative functioning varies with age (40). The seven studies had a 439 
mean/median age of 60 years old and above. Therefore, the findings may not be transferable 440 
to individuals below the age of sixty. The review findings are not widely generalisable to the 441 

stroke population beyond those following their first ischemic stroke. Notwithstanding, this 442 
review also had several strengths. To the best of our knowledge, this is the first review to 443 

examine the differential cognitive and functional outcomes after treatment with either IVT or 444 
EVT in adults following an acute ischemic stroke. The search strategy was comprehensive 445 
and included both published and grey literature. Additionally, the final forty papers were 446 
screened against the inclusion criteria by two reviewers allowing inter-rater reliability to be 447 
calculated. Finally, the seven included papers were quality assessed by two reviewers using 448 

the QATSDD which added to the robustness of the review. 449 

 450 

Implications  451 

Notwithstanding all the limitations, the conclusions of this review tentatively suggest that 452 

individuals who are treated with either IVT or EVT show impairment in global cognition at 453 
90 days post- stroke. Moreover, individuals treated with reperfusion therapy (thrombolysis or 454 

thrombectomy) demonstrated varying degrees of impairment on specific tasks of executive 455 
functioning at different time points following acute ischemic stroke. These findings highlight 456 

the importance of early intervention, specifically cognitive rehabilitation in the months 457 
following ischemic stroke. Clinicians should administer domain specific cognitive measures 458 

to identify cognitive domains which have been affected by stroke and tailor their cognitive 459 

rehabilitation accordingly. It is vital that clinicians consider the impact of cognitive 460 
impairment not only on the individual but also on the wider family/support system. 461 

Additionally, the review outcomes highlight the paucity of studies especially randomised 462 
controlled trials which critically examine the effect of thrombectomy and thrombolysis on 463 
cognitive outcomes post stroke. In particular, the real limitation of not administering any 464 

measures of pre-morbid functioning is highlighted. Accordingly, randomised controlled trials 465 
which examine the effect of IVT and EVT on domain specific cognitive outcomes (memory, 466 
attention, executive functioning) post stroke should be conducted and measures of estimated 467 

premorbid functioning should be administered to ascertain pre-stroke cognitive ability. Six 468 

studies in this review examined cognitive outcomes less than a year post-stroke. Future 469 
studies should explore the longer- term neurocognitive outcomes post stroke. 470 

 471 

Conclusions 472 

In summary, based on included studies, at 90 days post ischemic stroke, over 60% of treated 473 
patients following either IVT or EVT achieve a good mRS outcome in terms of functional 474 
independence. A higher percentage of patients treated with EVT achieved functional 475 
independence on activities of daily living on the BI at 90 days and 2190 days post stroke, 476 
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compared to those treated with IVT.  Notwithstanding, at 90 days post ischemic stroke, 477 

individuals who receive IVT or EVT show a level of global cognitive impairment. 478 
Furthermore, individuals treated with IVT or EVT show varying degrees of impairment on 479 
tasks of executive functioning. 480 
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Study 

Name 

Country Study 

Design 

Medical 

Intervention 

Number 

of 

subjects 

 

Mean Age 

(SD) 

Gender Mean 

Severity 

of Stroke 

(SD) on 

NIHSS 

Cognitive measure Mean 

Length of 

time to 

cognitive 

assessmen

t post 

stroke 

(days) 

Cognitive 

Outcome 

Functional 

Measure 

Functional 

Outcome 

Qualit

y 

Score 

Diard-

Detoeuf 

et al 

2015 

France Prospective 

Cohort Study 

IVT IVT=62 Weighted 

mean 

=72.4 

 

74.2% 

males 

 

 

Weighted 

mean= 

10.0 

 (1.4) 

MoCA and MMSE  

 

 

90 days 

(n=28) 

75% of 

patients 

obtained 

abnormal 

MoCA 

scores 

(<26).  

Around 

29% of 

patients had 

a 

pathologica

l MMSE 

score 

(<26).  

 

Modified 

Rankin 

Scale 

(mRS) 

N=62 

 

 

Around 73% 

(n=45) of 

patients had 

an 

independent 

outcome on 

the mRS (0-

2).  

 

 

28/42 

Ettelt et 

al 2020* 

Germany  Retrospectiv

e  

Bridging 

Therapy 

(EVT+IVT) 

vs EVT  

EVT= 63 EVT=69 

(11.18) 

EVT= 

61.9% 

males 

EVT  

median 

=10 

IQR [5-15]  

MoCA 

 

90 days 

EVT 

(n=63) 

86% (n=54) 

of patients 

treated with 

EVT were 

cognitively 

impaired on 

the MoCA 

(<26). 

Modified 

Rankin 

Scale 

(mRS) 

 

N=63 

100% of 

patients had 

an 

independent 

functional 

outcome 

with a 90-

day mRS ≤ 

2.  

19/42 

Lattanzi 

et al 

2020* 

Italy  Retrospectiv

e  

IVT alone 

vs  

Bridging 

therapy 

(IVT+ EVT) 

 

IVT=38 

 

 

IVT= 

67.2 (11.4) 

 

 

 

IVT= 

76.3% 

males 

 

 

IVT= 10.2 

(5.7) 

 

 

Executive function 

and attention: 

Stroop Colour and 

Word Test (SCWT, 

Trail Making Test 

180 days 

IVT 

(n=38) 

Patients 

treated with 

IVT alone 

obtained 

lower 

Modified 

Rankin 

Scale 

(mRS) 

 

N=38 

50% (n=19) 

of patients in 

the IVT 

group had an 

independent 

25/42 
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parts A (TMT-A) and 

B (TMT-B), Digit 

Span Test (DST). 

Abstract Reasoning: 

Coloured Progressive 

Matrices (CPM) 

Visuospatial 

Ability: Rey 

Complex Figure Test 

Copy (RCFT-C)          

Visual Memory: 

Rey Complex Figure 

Test immediate 

(RCFT-I) and 

delayed recall 

(RCFT-D) Verbal 

memory: Rey 

Auditory Verbal 

Learning Test 

immediate (RAVLT-

I) and delayed recall 

(RAVLT-D)  

scores on 

the SCWT, 

DST, CPM, 

RCFT-C, 

RCFT-I, 

RCFT-D, 

RAVLT-I 

and 

RAVLT-D 

and higher 

(worse) 

scores on 

the TMT-A 

and TMT-

B.  

 

outcome on 

the mRS (0-

2) at 180 

days post 

stroke.  

 

López-

Cancio et 

al 2017 

Spain Secondary 

analysis of a 

multi-centre 

prospective 

randomised 

control study 

EVT plus best 

medical 

treatment vs 

control group 

(best medical 

treatment) 

EVT plus 

best 

medical 

treatment 

=103 

 

 

EVT= 65.7 

(11.3) 

 

 

EVT= 

53.4% 

males 

 

 

EVT  

median= 

17.0  

IQR [14.0-

20.0] 

 

 

 

Trail Making Test A 

(TMT-A) and Trail 

Making Test B 

(TMT-B) 

90 days: 

EVT 

(n=82)  

 

365 days: 

EVT 

(n=71) 

EVT 

improves 

TMT 

performanc

e (higher 

rates of 

error-free 

TMT-A 

and higher 

probability 

of timely 

TMT-B 

Modified 

Rankin 

Scale 

(mRS) 

N=103 

43.7% of the 

EVT group 

had a good 

90-day 

outcome on 

the mRS (0-

2). 

25/42 



22 
 

completion

) at 90 days 

and 365 

days post 

stroke. 

MÜHR 

et al 

2017* 

Sweden Explorative 

cohort study  

Reperfusion 

therapy (IVT 

or EVT) 

Reperfusi

on Group 

=31 

(IVT=22

EVT=9) 

 

 

Reperfusio

n group 

median 

=69 

range (49-

84) 

 

 

Reperfus

ion 

group= 

64.5% 

males 

 

 

 

Reperfusio

n group 

Median =7 

Range (1-

24) 

 

 

MoCA 

 

2190 days  

EVT n=4, 

IVT n=12 

50% (n=2) 

of the EVT 

group and 

33.3% 

(n=4) of the 

IVT group 

were 

cognitively 

impaired on 

the MoCA 

(<26). 

Barthel 

Index 

 

 

25% (n=1) 

of the EVT 

group and 

66.7% (n=8) 

of the IVT 

group were 

independent 

on activities 

of daily 

living 

(ADL). 

28/42 

Nys et al 

2006 

The 

Netherla

nds  

Prospective 

cohort and 

case control 

study  

Intravenous 

recombinant 

tissue 

plasminogen 

activator (rt- 

PA 

IVT= 25 

 

 

IVT = 59.9 

(13.9) 

 

IVT = 

76% 

males 

 

 

IVT 

median= 5 

range (2-

17) 

 

 

Abstract Reasoning: 

Raven Advanced 

Progressive Matrices 

(short form), 

Similarities (WAIS-

III) Verbal memory: 

Rey Auditory Verbal 

Learning Test, 

Wechsler Memory 

Scale – story recall 

A, Digit span 

(WAIS-III)] 

Executive Function: 

Brixton Spatial 

Anticipation Test, the 

Visual Elevator (Test 

of Everyday 

180 days  

IVT 

(n=25) 

 

52% of 

patients 

treated with 

IVT were 

deemed to 

have intact 

cognition.  

Modified 

Barthel 

Index 

(mBI) 

Frenchay 

Activities 

Index 

(FAI)- 

Instrumenta

l ADL 

 

N=25 

Basic ADL 

independenc

e as 

measured by 

the mBI was 

found in 88 

% of 

patients 

treated with 

IVT. 

Instrumental 

ADL 

independenc

e was 

observed in 

83 % of 

patients 180 

days post 

stroke.  

27/42 
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Attention), letter 

fluency, the Stroop 

Colour Word test, 

Zoo test (BADS) 

Visual perception 

and construction: 

Judgment of Line 

Orientation (short 

form), Test of Facial 

Recognition (short 

form), WAIS-III 

block patterns Visual 

memory: Wechsler 

Memory Scale-

Visual Reproduction, 

Location Learning 

Task, Corsi Block 

span Language: 

Token Test (short 

form), Boston 

Naming test (short 

form), Chapman 

reading task 

Unilateral Neglect: 

Star Cancellation 
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Table 1: Summary of included studies 679 

*Data provided by authors on request. Note: IVT= intravenous thrombolysis, EVT= Endovascular thrombectomy, MoCA= Montreal Cognitive Assessment, 680 
MMSE= Mini Mental State Exam, Reperfusion group= EVT or IVT 681 

 682 

 683 

Xu et al 

2017 

China  Prospective  EVT multi 

modal CT 

group  

 

EVT 

multimodal 

MRI group 

 

IVT (standard 

therapy) 

group  

EVT 

groups 

combined  

 n=67 

 

 

IVT n=23 

EVT 

groups 

combined 

weighted 

mean 

=69.90  

SD pooled 

=8.16 

 

IVT= 

68.48 

(8.61) 

EVT 

groups 

combine

d= 

52.2% 

males 

 

IVT= 

52.2% 

males  

EVT 

groups 

combined  

Weighted 

mean=10.2

7  

SD 

pooled= 

1.88 

 

IVT= 

10.00 

(1.54) 

MoCA and MMSE 90 days  

EVT 

groups 

combined 

(n=64) 

IVT (n 

=21) 

At 90 days 

post stroke 

there was a 

significant 

difference 

between the 

combined 

EVT group 

and the 

IVT group 

on the 

MoCA 

(26.23 ± 

3.85 vs. 

24.62 ± 

2.25, p = 

0.022, n = 

85) and 

MMSE 

(26.65 ± 

2.77 vs. 

25.10 ± 

2.36, p 

=0.023, n = 

85).  

 

Barthel 

Index (BI) 

 

Modified 

Rankin 

Scale 

(mRS) 

62.5% 

(n=40) of 

the EVT 

group had 

more good 

outcomes as 

defined on 

the mRS (0-

2), 

compared to 

33.3% (n=7) 

of the IVT 

group. 

 

65.6% 

(n=42) of 

the EVT 

group had a 

greater than 

95 Barthel 

index 

compared to 

28.6% (n=6) 

of the IVT 

group. 
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Table 2: Overview of Cognitive Impairment across Studies 684 

 685 

Study Type of Medical 

Intervention (IVT 

or EVT) 

Global Cognition Executive 

Function 

Attention Visuospatial 

Ability 

Abstract 

Reasoning 

Visual 

Memory 

Verbal 

Memory 

Diard-Detoeuf 

et al 2015 

IVT  

 

Impairment 

 

      

Ettelt et al 

2020 

EVT 

 

Impairment       

Xu et al 2017 EVT 

 

Intact       

IVT (standard 

therapy) 

 

Below normative 

mean 

      

MÜHR et al 

2017 

IVT 

 

Below normative 

mean 

      

EVT 

 

Below normative 

mean 

      

Lattanzi et al 

2020 

IVT  Impairment Impairment Impairment Intact Intact Impairment 

López-Cancio 

et al 2017 

EVT plus best 

medical treatment 

 Impairment      

Nys et al 2006 IVT        



26 
 

Technical Appendix 686 

 687 

688 



27 
 

 

 



28 
 

 

 

 



29 
 

 

 

 

 



30 
 

 

 

 

 



31 
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1 Manuscript Formatting Guidelines 

1.1 1. General standards 

1.1.1 1.1. Article Type 

Frontiers requires authors to carefully select the appropriate article type for their manuscript 

and to comply with the article type descriptions defined in the journal’s "Article Types" page, 

which can be seen from the "For Authors" menu on any Frontiers journal page. Please pay 

close attention to the word count limits. 

1.1.2 1.2. Templates 

If working with Word please use our Frontiers Word templates. If you wish to submit your 

article as LaTeX, we recommend our Frontiers LaTeX templates. 

For LaTeX files, please ensure all relevant manuscript files are uploaded: .tex file, PDF, and 

.bib file (if the bibliography is not already included in the .tex file). 

During the Interactive Review, authors are encouraged to upload versions using “Track 

Changes.” Editors and reviewers can only download the PDF file of the submitted 

manuscript. 

1.1.3 1.3. Manuscript Length 

Frontiers encourages the authors to closely follow the article word count lengths given in the 

“Article Types” page of the journals. The manuscript length includes only the main body of 

the text, footnotes, and all citations within it, and excludes the abstract, section titles, figure 

and table captions, funding statement, acknowledgments, and references in the bibliography. 

Please indicate the number of words and the number of figures and tables included in your 

manuscript on the first page. 

1.1.4 1.4. Language Editing 

Frontiers requires manuscripts submitted to meet international English language standards to 

be considered for publication. 

For authors who would like their manuscript to receive language editing or proofreading to 

improve the clarity of the manuscript and help highlight their research, Frontiers recommends 

the language-editing services provided by the following external partners: 

https://www.frontiersin.org/Design/zip/Frontiers_Word_Templates.zip
https://www.frontiersin.org/design/zip/Frontiers_LaTeX_Templates.zip
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Editage 

Frontiers is pleased to recommend the language-editing service provided by our external 

partner Editage to authors who believe their manuscripts would benefit from professional 

editing. These services may be particularly useful for researchers for whom English is not the 

primary language. They can help to improve the grammar, syntax, and flow of your 

manuscript prior to submission. Frontiers authors will receive a 10% discount by visiting the 

following link: https://editage.com/frontiers/. 

The Charlesworth Group 

Frontiers recommends the Charlesworth Group’s author services, who has a long-standing 

track record in language editing and proofreading. This is a third-party service for which 

Frontiers authors will receive a 10% discount by visiting the following 

link: https://www.cwauthors.com/frontiers/. 

 

Note that sending your manuscript for language editing does not imply or guarantee that it 

will be accepted for publication by a Frontiers journal. Editorial decisions on the scientific 

content of a manuscript are independent of whether it has received language editing or 

proofreading by the partner services, or other services. 

1.1.5 1.5. Language Style 

The default language style at Frontiers is American English. If you prefer your article to be 

formatted in British English, please specify this on the first page of your manuscript. For any 

questions regarding style, Frontiers recommends authors to consult the Chicago Manual of 

Style. 

1.1.6 1.6. Search Engine Optimization (SEO) 

There are a few simple ways to maximize your article’s discoverability. Follow the steps 

below to improve search results of your article: 

 include a few of your article's keywords in the title of the article; 

 do not use long article titles; 

 pick 5 to 8 keywords using a mix of generic and more specific terms on the 

article subject(s); 

 use the maximum amount of keywords in the first 2 sentences of the abstract; 

 use some of the keywords in level 1 headings. 

https://editage.com/frontiers/
https://www.cwauthors.com/frontiers/
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1.1.7 1.7. CrossMark Policy 

CrossMark is a multi-publisher initiative to provide a standard way for readers to locate the 

current version of a piece of content. By applying the CrossMark logo Frontiers is committed 

to maintaining the content it publishes and to alerting readers to changes if and when they 

occur. Clicking on the CrossMark logo will tell you the current status of a document and may 

also give you additional publication record information about the document. 

1.1.8 1.8. Title 

The title should be concise, omitting terms that are implicit and, where possible, be a 

statement of the main result or conclusion presented in the manuscript. Abbreviations should 

be avoided within the title. 

Witty or creative titles are welcome, but only if relevant and within measure. Consider if a 

title meant to be thought-provoking might be misinterpreted as offensive or alarming. In 

extreme cases, the editorial office may veto a title and propose an alternative. 

Authors should try to avoid, if possible: 

 titles that are a mere question without giving the answer; 

 unambitious titles, for example starting with "Towards," "A description of," "A 

characterization of," "Preliminary study on;" 

 vague titles, for example starting with "Role of…," "Link between…," "Effect 

of..." that do not specify the role, link, or effect; 

 include terms that are out of place, for example the taxonomic affiliation apart 

from species name. 

For Corrigenda, Book Reviews, General Commentaries, and Editorials, the title of your 

manuscript should have the following format: 

 "Corrigendum: Title of Original Article" 

 "Book Review: Title of Book" 

 General Commentaries 

o "Commentary: Title of Original Article" 

o "Response: Commentary: Title of Original Article" 

 "Editorial: Title of Research Topic" 

The running title should be a maximum of 5 words in length. 

https://www.crossref.org/crossmark/index.html
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1.1.9 1.9. Authors and Affiliations 

All names are listed together and separated by commas. Provide exact and correct author 

names as these will be indexed in official archives. Affiliations should be keyed to the 

author's name with superscript numbers and be listed as follows: Laboratory, Institute, 

Department, Organization, City, State abbreviation (only for United States, Canada, and 

Australia), and Country (without detailed address information such as city zip codes or street 

names). 

Example: Max Maximus1 

1 Department of Excellence, International University of Science, New York, NY, United 

States. 

Correspondence: 

The Corresponding Author(s) should be marked with an asterisk in the author list. Provide 

the exact contact email address of the corresponding author(s) in a separate section. 

Example: Max Maximus 

maximus@iuscience.edu 

If any authors wish to include a change of address, list the present address(es) below the 

correspondence details using a unique superscript symbol keyed to the author(s) in the author 

list. 

Equal contributions: 

The authors who have contributed equally should be marked with a symbol (†) in the author 

list of the doc/latex and pdf files of the manuscript uploaded at submission. 

Standard statements to include in the author list: 

 

Example: Max Maximus 1†, John Smith2† and Barbara Smith1 
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†These authors have contributed equally to this work and share first authorship 

1.1.10 1.10. Consortium/Group and Collaborative Authors 

Consortium/group authorship should be listed in the manuscript with the other author(s). 

In cases where authorship is retained by the consortium/group, the consortium/group should 

be listed as an author separated by “,” or “and,”. The consortium/group name will appear in 

the author list, in the citation, and in the copyright. If provided, the consortium/group 

members will be listed in a separate section at the end of the article. 

For the collaborators of the consortium/group to be indexed in PubMed, they do not have to 

be inserted in the Frontiers submission system individually. However, in the manuscript 

itself, provide a section with the name of the consortium/group as the heading followed by 

the list of collaborators, so they can be tagged accordingly and indexed properly. 

Example: John Smith, Barbara Smith and The Collaborative Working Group. 

In cases where work is presented by the author(s) on behalf of a consortium/group, it should 

be included in the author list separated with the wording “for” or “on behalf of.” The 

consortium/group will not retain authorship and will only appear in the author list. 

Example: John Smith and Barbara Smith on behalf of The Collaborative Working Group. 

1.1.11 1.11. Abstract 

As a primary goal, the abstract should render the general significance and conceptual advance 

of the work clearly accessible to a broad readership. In the abstract, minimize the use of 

abbreviations and do not cite references, figures or tables. 

For Clinical Trial articles, please include the Unique Identifier and the URL of the publicly 

accessible website on which the trial is registered. 

1.1.12 1.12. Keywords 

All article types require a minimum of 5 and a maximum of 8 keywords. 

1.1.13 1.13. Text 

The entire document should be single-spaced and must contain page and line numbers in 

order to facilitate the review process. The manuscript should be written using either Word or 

LaTeX. For templates, see 1.2. Templates. 

https://www.frontiersin.org/about/author-guidelines#Templates
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1.1.14 1.14. Nomenclature 

 The use of abbreviations should be kept to a minimum. Non-standard 

abbreviations should be avoided unless they appear at least four times, and 

defined upon first use in the main text. Consider also giving a list of non-

standard abbreviations at the end, immediately before the Acknowledgments. 

 Equations should be inserted in editable format from the equation editor. 

 Italicize gene symbols and use the approved gene nomenclature where it is 

available. For human genes, please refer to the HUGO Gene Nomenclature 

Committee (HGNC). New gene symbols should be submitted here. Common 

alternative gene aliases may also be reported, but should not be used alone in 

place of the HGNC symbol. Nomenclature committees for other species are 

listed here. Protein products are not italicized. 

 We encourage the use of Standard International Units in all manuscripts. 

 Chemical compounds and biomolecules should be referred to using systematic 

nomenclature, preferably using the recommendations by IUPAC. 

 Astronomical objects should be referred to using the nomenclature given by the 

International Astronomical Union provided here. 

 Life Science Identifiers (LSIDs) for ZOOBANK registered names or 

nomenclatural acts should be listed in the manuscript before the keywords. An 

LSID is represented as a uniform resource name (URN) with the following 

format: urn:lsid:<Authority>:<Namespace>:<ObjectID>[:<Version>] 

For more information on LSIDs please see the Code section. 

1.1.15 1.15. Sections 

The manuscript is organized by headings and subheadings. The section headings should be 

those appropriate for your field and the research itself. You may insert up to 5 heading levels 

into your manuscript (i.e.,: 3.2.2.1.2 Heading Title). 

 Systematic Review  

Systematic Review articles present a synthesis of previous research on a given topic that uses 

systematic and clearly defined methods to identify, categorize, analyse and report aggregated 

evidence on a specific topic. Included in this article type are meta-synthesis, meta-analysis, 

systematic review, and systematic review with a meta-analysis. Systematic Reviews articles 

are peer-reviewed, have a maximum word count of 12,000 and may contain no more than 15 

Figures/Tables. Authors are required to pay a fee (A-type article) to publish a Systematic 

https://www.genenames.org/
https://www.genenames.org/cgi-bin/request
https://www.genenames.org/help/faq/#!/#tocAnchor-1-1-8
http://cdsweb.u-strasbg.fr/Dic/how.htx
https://www.frontiersin.org/about/policies-and-publication-ethics#Code
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Review article. Systematic reviews should: Clearly define the research question in terms of 

population, interventions, comparators, outcomes and study designs (PICOS), state which 

reporting guidelines were used in the study (for design and reporting, conform to the 

reporting guidelines in your field (e.g., PRISMA, Cochrane, Campbell), include the PRISMA 

flow diagram as part of your submission http://prisma-

statement.org/prismastatement/flowdiagram.aspx (if applicable), include funding information 

(if no specific funding to carry out the research, please state so). Systematic Review articles 

should have the following format: 1) Abstract, 2) Introduction, 3) Methods (including study 

design; participants; interventions; comparators; systematic review protocol; search strategy; 

data sources; studies sections and data extraction; data analysis), 4) Results (including a flow 

diagram of the studies retrieved for the review; study selection and characteristics; 

synthesized findings; assessment of risk of bias), 5) Discussion (including summary of main 

findings; limitations; conclusions). The title should include the words systematic 

review/meta-synthesis/meta-analysis, as appropriate. 

1.1.16 1.16. Acknowledgments 

This is a short text to acknowledge the contributions of specific colleagues, institutions, or 

agencies that aided the efforts of the authors. Should the content of the manuscript have 

previously appeared online, such as in a thesis or preprint, this should be mentioned here, in 

addition to listing the source within the reference list. 

1.1.17 1.17. Contribution to the Field Statement 

When you submit your manuscript, you will be required to briefly summarize in 200 words 

your manuscript’s contribution to, and position in, the existing literature in your field. This 

should be written avoiding any technical language or non-standard acronyms. The aim should 

be to convey the meaning and importance of this research to a non-expert. While Frontiers 

evaluates articles using objective criteria, rather than impact or novelty, your statement 

should frame the question(s) you have addressed in your work in the context of the current 

body of knowledge, providing evidence that the findings—whether positive or negative—

contribute to progress in your research discipline. This will assist the Chief Editors to 

determine whether your manuscript fits within the scope of a specialty as defined in its 

mission statement; a detailed statement will also facilitate the identification of the editors and 

reviewers most appropriate to evaluate your work, ultimately expediting your manuscript's 

initial consideration. 

Example Statement on: Markram K and Markram H (2010) The Intense World Theory – a 

unifying theory of the neurobiology of autism. Front. Hum. Neurosci. 4:224. doi: 

10.3389/fnhum.2010.00224 
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Autism spectrum disorders are a group of neurodevelopmental disorders that affect up to 1 in 

100 individuals. People with autism display an array of symptoms encompassing emotional 

processing, sociability, perception and memory, and present as uniquely as the individual. No 

theory has suggested a single underlying neuropathology to account for these diverse 

symptoms. The Intense World Theory, proposed here, describes a unifying pathology 

producing the wide spectrum of manifestations observed in autists. This theory focuses on the 

neocortex, fundamental for higher cognitive functions, and the limbic system, key for 

processing emotions and social signals. Drawing on discoveries in animal models and 

neuroimaging studies in individuals with autism, we propose how a combination of genetics, 

toxin exposure and/or environmental stress could produce hyper-reactivity and hyper-

plasticity in the microcircuits involved with perception, attention, memory and emotionality. 

These hyper-functioning circuits will eventually come to dominate their neighbors, leading to 

hyper-sensitivity to incoming stimuli, over-specialization in tasks and a hyper-preference 

syndrome. We make the case that this theory of enhanced brain function in autism explains 

many of the varied past results and resolves conflicting findings and views and makes some 

testable experimental predictions. 

1.2 2. Figure and Table Guidelines 

1.2.1 2.1. CC-BY Licence 

All figures, tables, and images will be published under a Creative Commons CC-BY licence, 

and permission must be obtained for use of copyrighted material from other sources 

(including re-published/adapted/modified/partial figures and images from the internet). It is 

the responsibility of the authors to acquire the licenses, follow any citation instructions 

requested by third-party rights holders, and cover any supplementary charges. 

For additional information, please see the Image Manipulation section. 

1.2.2 2.2. Figure Requirements and Style Guidelines 

 Frontiers requires figures to be submitted individually, in the same order as they 

are referred to in the manuscript; the figures will then be automatically 

embedded at the end of the submitted manuscript. Kindly ensure that each 

figure is mentioned in the text and in numerical order. 

 For figures with more than one panel, panels should be clearly indicated using 

labels (A), (B), (C), (D), etc. However, do not embed the part labels over any 

part of the image, these labels will be replaced during typesetting according to 

Frontiers’ journal style. For graphs, there must be a self-explanatory label 

(including units) along each axis. 

https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/about/policies-and-publication-ethics#ImageManipulation
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 For LaTeX files, figures should be included in the provided PDF. In case of 

acceptance, our Production Office might require high-resolution files of the 

figures included in the manuscript in EPS, JPEG or TIF/TIFF format. 

 In order to be able to upload more than one figure at a time, save the figures 

(labeled in order of appearance in the manuscript) in a zip file and upload them 

as ‘Supplementary Material Presentation.’ 

Please note that figures not in accordance with the guidelines will cause substantial delay 

during the production process. 

1.2.2.1 2.2.1. Captions 

Captions should be preceded by the appropriate label, for example "Figure 1." Figure 

captions should be placed at the end of the manuscript. Figure panels are referred to by bold 

capital letters in brackets: (A), (B), (C), (D), etc. 

1.2.2.2 2.2.2. Image Size and Resolution Requirements 

Figures should be prepared with the PDF layout in mind. Individual figures should not be 

longer than one page and with a width that corresponds to 1 column (85 mm) or 2 columns 

(180 mm). 

All images must have a resolution of 300 dpi at final size. Check the resolution of your figure 

by enlarging it to 150%. If the image appears blurry, jagged or has a stair-stepped effect, the 

resolution is too low. 

 The text should be legible and of high quality. The smallest visible text should 

be no less than 8 points in height when viewed at actual size. 

 Solid lines should not be broken up. Any lines in the graphic should be no 

smaller than 2 points wide. 

Please note that saving a figure directly as an image file (JPEG, TIF) can greatly affect the 

resolution of your image. To avoid this, one option is to export the file as PDF, then convert 

into TIFF or EPS using a graphics software. 

 

1.2.3 2.3. Table Requirements and Style Guidelines 

 Tables should be inserted at the end of the manuscript in an editable format. If 

you use a word processor, build your table in Word. If you use a LaTeX 
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processor, build your table in LaTeX. An empty line should be left before and 

after the table. 

 Table captions must be placed immediately before the table. Captions should be 

preceded by the appropriate label, for example "Table 1." Please use only a 

single paragraph for the caption. 

 Kindly ensure that each table is mentioned in the text and in numerical order. 

 Please note that large tables covering several pages cannot be included in the 

final PDF for formatting reasons. These tables will be published as 

supplementary material. 

Please note that tables which are not according to the guidelines will cause substantial delay 

during the production process. 

1.2.4 2.4. Accessibility 

Frontiers encourages authors to make the figures and visual elements of their articles 

accessible for the visually impaired. An effective use of color can help people with low visual 

acuity, or color blindness, understand all the content of an article. 

These guidelines are easy to implement and are in accordance with the W3C Web Content 

Accessibility Guidelines (WCAG 2.1), the standard for web accessibility best practices. 

A. Ensure sufficient contrast between text and its background 

 

1.3 3. Supplementary Material 

Data that are not of primary importance to the text, or which cannot be included in the article 

because they are too large or the current format does not permit it (such as videos, raw data 

traces, powerpoint presentations, etc.), can be uploaded as Supplementary Material during the 

submission procedure and will be displayed along with the published article. All 

supplementary files are deposited to Figshare for permanent storage and receive a DOI. 

Supplementary Material is not typeset, so please ensure that all information is clearly 

presented without tracked changes/highlighted text/line numbers, and the appropriate caption 

is included in the file. To avoid discrepancies between the published article and the 

supplementary material, please do not add the title, author list, affiliations or correspondence 

in the supplementary files. 

The Supplementary Material can be uploaded as Data Sheet (Word, Excel, CSV, CDX, 

FASTA, PDF or Zip files), Presentation (PowerPoint, PDF or Zip files), Image (CDX, EPS, 

https://www.w3.org/TR/WCAG21/
https://www.w3.org/TR/WCAG21/
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JPEG, PDF, PNG or TIF/TIFF), Table (Word, Excel, CSV or PDF), Audio (MP3, WAV or 

WMA) or Video (AVI, DIVX, FLV, MOV, MP4, MPEG, MPG or WMV). 

For Supplementary Material templates (LaTeX and Word), see our Supplementary Material 

templates. 
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Exploring the Impact of Alcohol on Post-Acute Memory Impairment after a Traumatic 

Brain Injury 

Introduction: When compared to the general population, individuals who are hospitalised as 

a result of Traumatic Brain Injury (TBI), are more likely to have a history of Alcohol Use 

Disorder (AUD), and to have been intoxicated at the time of their injury (Corrigan, 1995). 

This study examined predictors of post-acute memory impairment and the relative 

contributions of alcohol (intoxication at time of injury and history of problematic alcohol use) 

on memory during the post- acute recovery stage after TBI.  

Method: Case files from 303 individuals admitted to inpatient neuro-rehabilitation after 

single incident TBI were reviewed. Approximately 40% had a documented history of 

problematic alcohol use and around one third were intoxicated at time of injury.  

Results: Using hierarchical regression analyses, older age and history of problematic alcohol 

use significantly predicted poorer performance on measures of immediate memory and global 

memory. Having a high skilled occupation significantly predicted better performance on the 

immediate and delayed memory index on the RBANS. Both history of problematic alcohol 

use and intoxication at time injury provided a significant and unique contribution to the 

prediction of global memory performance on the RBMT in the post-acute recovery stage after 

TBI (F (9,167) = 6.24, p <.001), albeit accounting for a small variance. Being intoxicated at 

time of injury resulted in more intact global memory in this mild to severe TBI sample.  

Conclusion: Findings have clinical implications for professionals working with individuals 

with TBI and a history of problematic alcohol use. 

Key words: Traumatic Brain Injury, Alcohol, Post-Acute Memory 
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Introduction 

It is estimated that more than 50 million people sustain a traumatic brain injury (TBI) 

each year and about half the world’s population will have sustained one or more TBIs over 

their lifetime (Maas et al., 2017). TBI is heterogeneous in nature, as neurological damage 

evolves over the hours and the days following the injury (Maas et al., 2008; Ghajar, 2000; 

Weil et al., 2018). Various contributing factors such as brain swelling, increased intracranial 

pressure and a reduction in cerebral blood flow, lead to the development of 

neuropsychological and functional deficits post TBI (Maas et al., 2008; Weil et al., 2018). 

Neuropsychological deficits can have a negative impact on an individual’s life, including 

areas such as work, relationships and daily activities (Rabinowitz & Levin, 2014; 

Roozenbeek et al, 2013; Vanderploeg et al., 2001).  

A TBI can be classified as mild, moderate or severe, based on an individual’s level of 

consciousness using the Glasgow Coma Scale (Ghajar, 2000; Maas et al., 2017). Whilst 

cognitive deficits in mild TBI tend to resolve within 3-6 months of injury, cognitive recovery 

gradients in moderate to severe TBI are steep within the first 12 months, followed by gradual 

improvements (Corrigan, 1998; Rabinowitz et al., 2014). Research has highlighted that 

memory impairment is a salient and enduring problem among individuals with moderate to 

severe TBI (Klein et al., 1996; Vanderploeg et al., 2001). The length of time an individual is 

required to stay in acute hospital after their TBI can be an indicator of the severity of their 

injury. Cowen and colleagues (1995) found that patients with a severe TBI had significantly 

longer stays in acute hospital compared to patients with a mild or moderate TBI. Moreover, 

regression analyses showed that a longer stay in acute hospital was independently associated 

with lower motor (p<.01) and cognitive (p=.05) scores on admission to rehabilitation (Cowen 

et al., 1995). 
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Numerous studies have demonstrated that age is associated with cognitive recovery 

post TBI. Specifically, across studies, older age is associated with poorer cognitive 

performance across several cognitive domains; verbal and visual memory, executive 

functioning, attention and processing speed (Fraser et al., 2019; Jeon et al., 2008; Senathi-

Raja et al., 2010). Advancing age is linked with a reduction in grey and white matter brain 

regions (Schönberger et al., 2009), increased synaptic pruning and decreased plasticity of 

synaptic connections (Fraser et al., 2019; Raz & Rodrigue, 2006). Relative to healthy 

controls, older individuals with TBI displayed significantly reduced volume in the superior 

temporal and parietal regions (Spitz et al., 2013). Thus, the combination of age-related 

cognitive effects and the effect of the brain injury itself may help explain why older adults are 

more vulnerable to greater cognitive impairment compared to younger adults with a TBI 

(Fraser et al., 2019; Spitz et al., 2013). 

Cognitive reserve may account for the variability in cognitive impairment following 

brain injury (Fraser et al., 2019; Stern, 2009). “Cognitive reserve (CR) postulates that 

individual differences in the cognitive processes or neural networks underlying task 

performance allow some people to cope better than others with brain damage” (Stern, 2009, 

p2016). A model of active reserve proposes that individuals with higher cognitive reserve 

may have a faster recovery from neuropathological disruption as a result of compensatory 

strategies and pre-existing cognitive abilities (Fraser et al., 2019; Stern, 2002; Stern, 2009).  

Stern (2009) posited that lifetime experiences such as socio-economic status 

(occupational status or income), educational attainment, and pre-morbid intelligence and 

leisure activities are commonly used as proxies for cognitive reserve. Mathias and Wheaton 

(2015) conducted a meta-analysis which showed that educational level had a small to 

medium effect on cognitive outcomes post TBI. Findings indicated that higher levels of 

education were positively associated with better cognitive outcomes after TBI, suggesting 
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that higher education is a source of reserve (Mathias et al., 2015). Occupation as a proxy of 

cognitive reserve has been less widely researched. A meta-analysis of twelve studies which 

utilised occupational level as a proxy of cognitive reserve found that the odds ratio of 

developing dementia in individuals who had a “high” (managerial, professional) occupational 

status was 0.56 (95% CI: 0. 49–0. 65, p<.0001) compared to those with a “low” (unskilled, 

semi- skilled) occupation (Valenzuela & Sachdev, 2006). This indicates that having a high 

occupational status resulted in a 44% decrease in the incidence of dementia, suggesting that 

having a high occupational status may be a protective factor against cognitive decline 

(Valenzuela et al., 2006).  

Alcohol consumption is a well -documented risk factor for sustaining a traumatic 

brain injury (Mathias et al, 2018; Chen et al., 2012). Some estimates have suggested up to 

50% of individuals who attend accident and emergency departments with a TBI, also have an 

Alcohol Use Disorder (AUD) (Chen et al., 2012; Rao & Topiwala, 2020). AUD can be 

defined as a problematic pattern of alcohol use resulting in clinical distress or significant 

impairment occurring in a 12-month period (APA, 2013; Kranzler & Soyka, 2018). 

Alcohol is a central nervous system (CNS) depressant and can affect the central 

nervous system in many ways (Mathias et al., 2018). “Alcohol dampens the brain’s 

functioning by stimulating the GABA system, which inhibits neurotransmission throughout 

the brain, disrupting motor control and coordination, and cognitive functioning. Through an 

inhibition of the NMDA receptor channel complex, which is part of the excitatory glutamate 

system, cognitive impairments develop, most notably memory deficits” (Wester, 2014, p18). 

Prolonged alcohol abuse leads to a variety of neuropsychological sequalae ranging 

from severe impairments (Wernicke’s Korsakoff Syndrome, alcohol related dementia) to 

mild cognitive impairments (Green et al., 2010). Bühler and Mann’s (2011) review showed a 
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link between chronic alcohol use and white and grey matter brain volume deficits based on 

structural imaging methods. Studies have suggested that the frontal lobes, limbic system and 

cerebellum are the most susceptible to the neurotoxic effects of alcohol and exhibit the most 

damage (Bühler et al., 2011; Oscar-Berman et al., 2007). It has also been proposed that when 

alcohol and TBI are combined they “may have an additive effect, negatively impacting 

cognitive recovery and exacerbating other injury-related sequelae” (Pagulavan et al., 2016, 

p1390). Accordingly, a TBI may exacerbate pre-existing cognitive deficits in individuals with 

a history of alcohol abuse (Pagulavan et al., 2016). 

Previous findings have suggested that 30-50% of individuals undergoing inpatient 

neuro-rehabilitation after TBI, reported having a history of significant alcohol problems 

(Bombardier et al., 2002; Corrigan et al., 1995; Ponsford et al., 2013). Research has 

demonstrated that individuals with a history of problematic alcohol use experience poorer 

neuropsychological outcome following TBI (Lange et al., 2007, Lange et al., 2014; Ponsford, 

et al., 2013, Wilde et al., 2004). Lange and colleagues (2007) found that a pre-injury history 

of alcohol abuse was a significant predictor of cognitive performance on tasks of executive 

function, verbal learning and delayed verbal memory seven days after sustaining a TBI. 

However, the influence of pre-injury alcohol abuse was small, only accounting for 2.4%, 

5.1% and 3.5% of the variance in executive function, verbal learning and delayed verbal 

memory respectively (Lange et al., 2007). A further study by Lange and colleagues (2014) of 

63 patients who had a complicated mild-severe TBI, observed that having a pre-injury history 

of chronic alcohol use significantly predicted attention and executive functioning abilities at 

6-8 weeks post injury. At 6-9 months post TBI, impaired performance on tasks of memory 

and processing speed have been found in individuals who had harmful drinking behaviours 

prior to sustaining a TBI (Ponsford et al., 2013).  
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In contrast, Turner and colleagues (2006) found that pre-injury alcohol consumption 

was not related to cognitive functioning across a variety of domains during the early recovery 

stage following TBI (Turner et al., 2006). In this study, pre-injury alcohol consumption was 

measured via self-report, thus individuals may have under-reported their alcohol consumption 

due to social desirability or errors in recall (Ponsford et al., 2013; Taylor et al., 2003). It is 

important to note that very few studies included a pre-morbid estimate of cognitive 

functioning, therefore it is unclear if individuals in these studies were experiencing cognitive 

deficits prior to their TBI (Ponsford et al., 2013).  

Approximately one third of individuals are intoxicated at the time of their TBI 

(Corrigan, 1995). Researchers have investigated the impact of consuming alcohol prior to 

sustaining a TBI on cognitive outcomes. The majority of studies have used blood alcohol 

level (BAL) on admission to hospital as a way of measuring if an individual had alcohol in 

their system at time of injury (Mathias et al., 2018). Studies have shown that being 

intoxicated at time of injury results in poorer cognitive outcomes following TBI (Bombardier 

& Thurber, 1998; Tate et al., 1999). Specifically, in a sample of 67 patients, blood alcohol 

level at time of hospital admission predicted greater cognitive impairment on tasks of 

visuospatial ability and verbal memory during the post-acute stage following TBI (Tate et al., 

1999). Bombardier and colleagues (1998) found that the influence of blood alcohol level on 

cognitive functioning was most prominent during the first month post TBI.  

Mathias and colleagues (2018) meta-analysis found that positive blood alcohol level 

at time of injury was associated with significantly poorer cognitive outcomes compared to not 

being intoxicated (Mathias et al., 2018). However, the effect size was small (gw= -.15) 

indicating that those with a positive blood alcohol performed slightly worse on cognitive 

measures compared to those with no alcohol in situ (Mathias et al., 2018). Whilst the mean 
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effect for memory (gw= -.34) was non-significant, it was larger compared to the other 

cognitive domains (Mathias et al., 2018).  

In contrast to the research literature, Lange and colleagues (2008) found that 

individuals who were under the influence of alcohol at the time of their TBI performed better 

on cognitive measures ten days post injury, compared to individuals who were sober. 

Similarly, De Guise et al (2009) showed that during the acute recovery stage from TBI, the 

intoxicated group had significantly higher cognitive scores on the FIM compared to the sober 

group. These findings are tentative as the two studies had a small sample size. Some evidence 

suggests that alcohol may have neuroprotective effects at low to moderate levels and have 

neurotoxic effects at high levels (Chen et al., 2012; Mathias et al., 2018; Tien et al., 2006). 

To date, findings in the literature have been inconsistent due to several 

methodological differences including the type of neuropsychological measures used, how any 

history of problematic alcohol use was determined (premorbid use vs time of injury), TBI 

(mild, moderate, severe) and the timing of cognitive assessment (acute or post –acute) 

(Mathias et al., 2018). Studies examining the impact of alcohol consumption at time of injury 

and memory after TBI have yielded mixed findings. Accordingly, it is a possibility that 

memory may be compromised but additional research is needed to determine this (Mathias et 

al., 2018).  

Rationale  

Previous research has highlighted the potential influence of alcohol, (i.e., being 

intoxicated at time of injury/ a history of problematic alcohol use) on cognitive functioning 

following TBI (Lange et al., 2007). However, findings in the literature are inconsistent with 

some studies reporting that alcohol leads to poorer outcomes and others stating that alcohol 

does not impact outcome following TBI. The current study aims to address these mixed 
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findings and gain a better understanding of the relative contributions of alcohol (intoxication 

at time of injury and history of problematic alcohol use) on memory during the post- acute 

recovery stage after TBI. 

 Three different aspects of memory will be addressed: immediate memory, delayed 

memory and global memory. The three aims of the present study were to explore whether 

factors such as age, occupation, severity of TBI measured by GCS score, length of acute 

hospital stay and alcohol (history of problematic alcohol use and intoxication at time of 

injury) predict (1) immediate memory performance during the post –acute recovery stage 

after TBI, (2) post-acute delayed memory performance after TBI and (3) global memory 

performance during the post-acute recovery stage after TBI.   

 

In order to address the three aims of the study, three separate hierarchical regressions 

will be carried out for each memory domain. Hierarchical regressions will enable one to 

evaluate the amount of variance in post-acute memory performance which can be statistically 

explained by the predictor variables (Field, 2013). Predictor variables will be added in three 

separate blocks to identify which variables significantly improve the model’s ability to 

predict post-acute memory performance after TBI. As suggested by Field (2013), known 

predictors of cognitive functioning after TBI will be entered into the first two blocks followed 

by more novel variables. In accordance with the research literature, demographic variables 

(age and occupation) will be entered into the first block, followed by severity of TBI 

variables (GCS score and length of acute hospital stay) and the final block will include the 

two novel alcohol variables (history of problematic alcohol use and intoxication at time of 

TBI). 
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Method 

Participants 

The sample comprised of 313 individuals admitted to a regional inpatient neuro-

rehabilitation service in the UK over a twelve-year period (2008-2019), after sustaining a 

single incident TBI. Ten participants were excluded from the study due to not meeting the 

inclusion criteria. The final sample consisted of 303 individuals. Patients eligible for 

inclusion in the sample were aged 16 and above who had sustained a single incident non-

penetrating TBI. Individuals were excluded if they were under 16 years old, had sustained a 

previous TBI or were diagnosed with a prolonged disorder of consciousness (PDOC).  

A priori power calculation based on a regression model with six predictor variables 

(age, occupation skill level, severity of TBI (GCS), length of acute hospital stay, history of 

problematic alcohol use and intoxication at time of injury) was conducted using the G* 

Power statistical power analysis program. Two recent papers have indicated that the mean 

effect of acute alcohol intoxication (gw=-.34) and history of problematic alcohol use (g=-.43) 

on memory performance after TBI is small to medium in size (Mathias et al., 2018; Unsworth 

et al., 2017). Assuming a small to medium effect size of (f2 =.10); according to Cohens 

(1988), a value of .05 and a statistical power of 80% and taking into account 10% for missing 

data, a minimum of 157 complete patient records were required.  

Procedure 

Ethical approval was obtained from the Research Ethics Committee (Ref: 

20/nw/0029) and governance approval was obtained from the relevant HSC Trust (see 

appendix). Each casefile reviewed was allocated an anonymous study code. Routinely 

collected clinical data which was extracted from casefiles was pseudo-anonymised.  
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Data was collected retrospectively through casefile analysis. The files of patients with 

a TBI who were eligible for inclusion in the study were reviewed and coded by the main 

author (R.R). A second reviewer re-coded a random selection of thirty files in order to assess 

inter-rater reliability. The level of agreement (%) was “perfect” (100%) for seven files, 

“excellent” (91-99%) for sixteen files and “very good” (85-90%) for seven files.  Casefiles 

were reviewed in a systematic way using a coding pro-forma. Predictor variables including 

age, occupation level, severity of TBI as measured by the Glasgow Coma Scale (GCS), 

number of days spent in acute hospital, intoxicated at time of injury (present or absent) and 

history of problematic alcohol use (present or absent) were extracted from casefiles and 

pseudo-anonymised. 

Measures  

Alcohol Use 

Alcohol variables (history of problematic alcohol use and intoxicated at time of 

injury) were measured through casefile analysis of routinely collected clinical data.  History 

of problematic alcohol use was coded dichotomously as either present or absent. History of 

problematic alcohol use was coded as present if it was clearly documented in the casefile that 

an individual had a history of alcohol dependency, alcohol abuse or if an individual 

previously attended addiction services in relation to alcohol. If this information was not 

recorded within the casefile, then a history of problematic alcohol use was classified as 

absent. Intoxicated at time of injury was coded dichotomously as present or absent, if it was 

clearly documented in a casefile that an individual was under the influence of alcohol, had a 

positive blood alcohol serum level or intoxicated at time of injury. If this information was not 

documented, intoxicated at time of injury was classified as absent. 
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Occupation 

Occupation prior to sustaining a TBI was categorised using the Standard Occupational 

Classification (SCO) 2010 which consists of nine major occupation groups (Office of 

National Statistics, 2010). An individual’s job prior to their TBI was categorised in 

accordance with the SCO 2010 nine major occupation groups. Jobs were then narrowed down 

by their skill level and skill content. Occupation was divided into five categories: low skilled 

occupations (skill level 1) such as catering assistants, cleaners, medium skilled occupations 

(skill level 2) such as plant and machine operatives, clerical and secretarial positions and 

highly skilled occupations (skill level 3) such as office managers, associate professionals etc. 

(Elias, 1995; Haskel & Pereira, 2003; Office of National Statistics, 2010). The last two 

categories of occupation included those who were unemployed prior to their TBI and 

individuals in full time education (not classified).  As occupation consisted of more than two 

categories, four dummy variables were created so that occupation could be included in the 

regression analysis. The four dummy variables were low skilled vs everyone else (1 vs 0), 

medium skilled vs everyone else (2 vs 0), highly skilled vs everyone else (3 vs 0) and 

unemployed vs everyone else (4 vs 0) (Field, 2013). 

Glasgow Coma Scale 

The Glasgow Coma Scale (GCS) was used to assess the severity of an individual’s 

TBI. The GCS assesses level of consciousness based on three domains of neurological 

functioning: eye opening, verbal response and motor response (Maas et al., 2017). Individual 

scores in each domain are added up to give an overall GCS sum score (Silverman et al., 2018; 

Teasdale & Jennett, 1974). An individual with a GCS score of 3-8 is classified as having 

a severe TBI, a GCS score of 9-12 is categorised as a moderate TBI, whilst a GCS score of 
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13-15 is categorised as a mild TBI (Gentleman, 2008, Maas et al., 2017). GCS scores were 

obtained from individual’s casefiles.  

Post- Acute Memory  

Immediate and Delayed Memory: The Repeatable Battery for the Assessment of 

Neuropsychological Status (RBANS; Randolph et al., 1998) was originally developed as a 

screening tool for assessing cognitive decline in dementia. However, it can be used in the 

traumatic brain injury population to assess impairment in a range of neuropsychological 

domains (McKay et al., 2007). The RBANS measures five areas of cognitive functioning; 

immediate memory, visuospatial, language, attention and delayed memory (McKay et al., 

2007). In a TBI sample, the immediate memory score (Cronbach’s α = 0.75) and delayed 

memory (Cronbach’s α = 0.77) demonstrated high internal consistency (McKay et al., 2007). 

The test is comprised of 10 subtests which are combined in order to calculate five index 

scores and a total scale score (Gold et al., 1999). Normative data is available for 20 – 89-

year-olds (Gold et al., 1999). The immediate memory index consists of two verbal learning 

tasks: list recall and story recall. The delayed memory index involves the delayed recall of a 

short story and word list, visual recall of a complex figure and recognition of a list of words 

(Gold et al., 1999).  The immediate and delayed memory domains of the RBANS were 

administered and completed by the TBI sample during their inpatient neuro-rehabilitation. 

The standardised index score for the immediate and delayed memory domains was extracted 

from relevant casefiles.  

Global Memory: The Rivermead Behavioural Memory Test, 2nd edition (RBMT-II 

Wilson et al., 2003) is a test which uses everyday situations to assess memory problems in 

individuals with acquired brain injury and allows change in memory to be monitored over 

time (Hynes & Shiel, 2014). There are 12 subtests which measure prospective memory, 
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orientation, explicit memory and recognition. Items include everyday tasks such as picture 

recognition, remembering an appointment and remembering a new route (Hynes et al., 2014). 

Two different scores are calculated for each subtest; a screening score (normal, mild 

moderate, severe) and a standardised profile score (Hynes et al., 2014). Normal memory is 

indicated by a screening score of 10-12 and a profile score of 22-24 (Hynes et al., 2014). 

Mild memory impairment is classified by a screening score of 7-9, moderate memory 

impairment is indicated by a screening score of 3-6 and severe memory impairment is a 

screening score of 0-2. The original version of the RBMT has demonstrated high test- retest 

reliability (r=0.96) (Quemada et al., 2003). Research has indicated that the RBMT is a valid 

and reliable scale (Wilson et al., 1989). RBMT-II screening score (0-12) was extracted from 

relevant casefiles.  

 

Data Analysis 

Data was inputted and analysed using IBM SPSS Statistics Version 26. Three 

hierarchical regression analyses were conducted to examine the predictors of post-acute 

memory performance after TBI. Three hierarchical regression analyses were carried out 

separately for each dependent (outcome) variable; immediate memory, delayed memory, and 

global memory. The independent (predictor) variables were age, occupation, GCS score, 

length of acute hospital stay (days), history of problematic alcohol use and intoxication at 

time of injury. The regression analyses involved three steps. In step one, demographic 

variables (age and occupation) were entered into the model, followed by severity of TBI 

variables (GCS score and length of acute hospital stay) in step 2, and the final step involved 

entering the two alcohol variables into the regression model. Assumptions of normality, 

homoscedasticity and outliers were checked before proceeding with the hierarchical 
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regression analyses (Field, 2013). All assumptions were met for the three hierarchical 

regressions.  Collinearity statistics (VIF and tolerance) showed that there was no evidence of 

multi-collinearity between predictor variables (Field, 2013). As indicated by Cook’s distance, 

case 33, 89, 268 and 270 were outliers by influence and thus removed from the RBANS 

immediate memory analysis. Case 50, 75, 80 and 129 were outliers by influence and thus 

removed from the RBANS delayed memory analysis. As indicated by Cook’s distance, case 

91 and 161 were outliers by influence and thus removed from the RBMT global memory 

analysis. List-wise deletion was used to remove missing data (Field, 2013). 

 

Results 

Demographic and Injury Characteristics 

The majority of patients with a TBI were male (78.5%) and 63.4% of the sample 

sustained a severe TBI based on the Glasgow Coma Scale. Approximately 40% of patients 

with a TBI had a history of problematic alcohol use and around 30% were intoxicated at time 

of their injury. In terms of memory measures, 61.4% of the sample completed the RBANS 

immediate memory task, 51.8% completed the delayed memory task and 67.7% completed 

the RBMT. As Table 1 illustrates, on average, patients who were intoxicated at time of injury 

or had a history of problematic alcohol use were older in age. Those who had a history of 

problematic alcohol use and those who were intoxicated had on average lower immediate 

memory scores on the RBANS compared to those who were sober and did not have a 

problematic alcohol history. For all individuals, the mean RBMT screening scores fell within 

the moderate memory impairment category. As highlighted in table 2, a higher percentage of 

patients with a history of problematic alcohol use or who were intoxicated at time of injury 

sustained their TBI via a fall.  
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Table 1: Demographics of TBI sample  

 

 

 History of Problematic 

Alcohol Use  

Intoxicated at Time of 

Injury 

Total sample 

 Yes (N= 119) 

M (SD) 

No (N=184) 

M (SD) 

Yes (N=91) 

M (SD) 

No (N=212) 

M (SD) 

 

N=303 

M (SD) 

 

Age 48.43 (16.67) 36.98 (16.77) 48.66 (16.71) 38.39 (16.75) 41.48 (16.75) 

 

GCS severity score 8.23 (3.97) 

 (n=101) 

7.51 (3.98) 

(n=164) 

8.10 (3.96) 

(n=83) 

7.61 (3.97) 

 (n=182) 

7.76 (3.98) 

(n=265) 

Length of acute 

hospital stay (days) 

46.52 (42.55) 

(n=118) 

50.73 (42.88) 46.42 (42.76) 

(n=90) 

50.22 (42.81) 49.09 (42.81) 

(n=302) 

 

Length of inpatient 

rehabilitation stay 

(days) 

43.09 (73.94) 49.53 (73.87) 

(n=183) 

48.30 (74.28) 46.43 (73.77) 

(n=211) 

46.99 (73.77) 

(n=302) 

Immediate memory 

index score  

62.81 (20.62) 

(n=77) 

75.47 (20.64) 

 (n=109) 

65.27 (20.62) 

(n=60) 

72.59 (20.64) 

(n=126) 

70.23 (20.64) 

(n=186) 

Delayed memory 

index score  

63.49 (21.08) 

(n=65) 

71.29 (21.59) 

(n=92) 

68.08 (21.08) 

(n=49) 

68.06 (21.66) 

 (n=108) 

68.06 (21.54) 

(n=157) 

RBMT screening 

score (0-12)  

4.27 (3.27) 

(n=85) 

5.88 (3.30)  

(n=120) 

4.90 (3.29) 

 (n=61) 

5.34 (3.29) 

(n=144) 

5.21 (3.29) 

(n=205) 
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Table 2: Demographics of TBI sample 

 

 

 

Immediate Memory 

Table 3 presents the hierarchical regression analysis of post-acute immediate memory 

performance on the RBANS. Step one significantly predicted performance on the RBANS 

immediate memory subtest, F (5,149) =7.11, p <.001 and accounted for 17% of the variance. 

Variable  History of Problematic Alcohol 

Use  

Intoxicated at Time of 

Injury 

  Yes (N= 119) 

% (N) 

No (N=184) 

% (N) 

Yes (N=91) 

% (N) 

No (N=212) 

% (N) 

 

Gender 

Male 84.87 (101)  74.46 (137) 83.5 (76) 76.42 (162) 

Female 15.13 (18) 25.54 (47) 16.48 (15) 23.58 (50) 

 

Causes 

Fall 55.46 (66) 36.41 (67) 65.93 (60) 34.43 (73) 

RTA 15.13 (18) 40.22 (74) 10.99 (10) 38.68 (82) 

Physical Assault 11.76 (14) 14.67 (27) 9.89 (9) 15.09 (32) 

Other 17.65 (21) 8.70 (16) 13.19 (12) 11.79 (25) 

 

Occupational 

status 

Low skilled 5.04 (6) 7.61 (14) 7.69 (7) 6.13 (13) 

Medium skilled 33.61 (40) 40.23 (74) 35.16 (32) 38.68 (82) 

High skilled 9.24 (11) 18.48 (34) 16.48 (15) 14.15 (30) 

Unemployed 36.97 (44) 12.50 (23) 26.37 (24)    20.28 (43) 

Not classified  15.13 (18) 21.20 (39) 14.29 (13) 20.75 (44) 
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The change in R2 was 19.9%. Both age (β =-.22, p =.004), having a highly skilled occupation 

prior to sustaining a TBI (β =.23, p =.006) and being unemployed (β =-.20, p =.047)   were 

significant predictors of post-acute RBANS immediate memory performance. Both younger 

patients with TBI and those who had a highly skilled occupation achieved higher index scores 

on the immediate memory domain of the RBANS. Patients who were unemployed prior to 

their TBI performed worse on the immediate memory domain. Step 2 included the addition of 

severity of TBI variables (GCS score and days spent in acute hospital). Step 2 significantly 

predicted immediate memory scores, F (7,147) = 5.68, p <.001 and explained 18% of the 

variance. The change in R2 was 2.0%. GCS scores (β=.13, p=.114), and length of stay in 

acute hospital (β=-.04, p=.633) were not significant predictors of immediate memory.  

Finally, the inclusion of alcohol variables (history of problematic alcohol use and intoxication 

at time of injury) in step three accounted for 20% of the variance in performance on 

immediate memory and this step was significant, F (9,145) = 5.36, p <.001. The change in R2 

was 3.7%. History of problematic alcohol use was a significant predictor of post-acute 

immediate memory performance (β=.20, p =.03). Patients with a TBI that had a history of 

problematic alcohol use had poorer performance on the RBANS immediate memory index. 

Being intoxicated at time of injury was not a significant predictor of immediate memory (β 

=.06, p= .471). Together all six independent variables accounted for 20% of the variance in 

immediate memory performance. The three most influential predictors of immediate memory 

performance on the RBANS were age, highly skilled occupation and a history of problematic 

alcohol use. 
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Table 3: Three step hierarchical regression of predictors of post-acute immediate memory 

performance on the RBANS 

Note. n=155, * p <.05, ** p <.01, *** p <.001 

            Step 1 Step 2 Step 3 

Variable B SE B Β T B SE B β t B SE B β t 

Constant 81.60 4.66  17.53 79.49 6.08  13.08 59.24 10.04  5.90 

Age -.25 .09 -.22 -

2.94** 

-.31 .09 -.20 -

3.40** 

-.25 .10 -.22 -

2.60** 

Low skilled 

occupation  

-4.64 6.84 -.06 -.68 -4.04 6.82 -.050 -.59 -6.06 6.74 -.07 -.90 

Medium skilled 

occupation 

-1.08 4.25 -.03 -.26 -.46 4.26 -.01 -.11 -.19 4.22 -.01 -.05 

High skilled 

occupation 

15.26 5.46 .26 2.80** 15.01 5.44 .25 2.75** 13.66 5.38 .23 2.54* 

Unemployed -9.79 4.90 -.20 -2.00* -9.45 4.92 -.19 -1.92 -5.09 5.19 -.10 -.98 

GCS score     .67 .42 .13 1.59 .65 .42 .13 1.57 

Days in acute 

hospital  

    -.03 .07 -.04 -.48 -.03 .06 -.04 -.52 

History of 

problematic 

alcohol use 

        8.06 3.67 .20 2.20* 

Intoxicated time 

of injury 

        2.48 3.42 .06 .72 

R²  .19    .21    .25   

Adjusted  R²  .17    .18    .20   
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Delayed Memory 

Table 4 shows that step one (age and occupation) significantly predicted performance 

on the RBANS delayed memory domain, F (5,122) =3.97, p=.002 and accounted for 11% of 

the variance. The change in R 2 was 14%. Having a highly skilled occupation prior to 

sustaining a TBI (β =.22 p=.048) was a significant predictor of post-acute delayed memory 

performance. Patients with a TBI who had a highly skilled occupation prior to their injury, 

performed better on the RBANS delayed memory domain. Step 2 included the addition of 

severity of TBI variables (GCS score and days spent in acute hospital). This step significantly 

predicted RBANS delayed memory scores, F (7,120) = 6.01, p <.001 and explained 21 % of 

the variance. The change in R2 was 12%. GCS scores (β=.25, p=.007) and length of stay in 

acute hospital (β=-.19, p=.028) were significant predictors of RBANS delayed memory index 

scores. Patients with a TBI who had a lower GCS score, performed worse on the RBANS 

delayed memory domain. Those who had a shorter acute hospital stay performed better on 

delayed memory.  Finally, the inclusion of alcohol variables (history of problematic alcohol 

use and intoxicated at time of injury) in step three accounted for 21 % of the variance in 

performance on delayed memory and this was significant, F(9,118)= 4.68, p <.001. The 

change in R2 was 0.3%. History of problematic alcohol use (β=.08, p =.461) and intoxication 

at time of injury (β=-.01, p =.901) were not significant predictors of post-acute delayed 

memory performance. Together all six independent variables accounted for 21 % of the 

variance in delayed memory performance. The three most influential predictors of delay 

memory performance on the RBANS were GCS score, highly skilled occupation and being 

unemployed. 
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Table 4: Three step hierarchical regression of predictors of post-acute delayed memory 

performance on the  RBANS 

Note. n=128, * p <.05, ** p <.01, *** p <.001 

 

            Step 1 Step 2 Step 3 

Variable B SE B Β t B SE B β t B SE B β t 

Constant 63.24 5.67  11.16 63.42 7.23  8.77 58.19 12.25  4.75 

Age .18 .11 .14 1.58 .06 .11 .05 .58 .08 .12 .07 .72 

Low skilled 

occupation 

-12.74 8.12 -.16 -1.57 -11.94 7.60 -.15 -1.57 -12.89 7.76 -.16 -1.66 

Medium skilled 

occupation 

-2.38 5.56 -.06 -.43 -.80 5.26 -.02 -.15 -.89 5.32 -.02 -.17 

High skilled 

occupation 

13.69 6.85 .22 1.20* 13.77 6.46 .22 2.13* 13.16 6.55 .21 2.01* 

Unemployed -12.45 6.41 -.23 -1.94 -12.11 6.07 -.23 -2.00* -10.61 6.43 -.20 -1.65 

GCS score     1.35 .49 .25 2.75** 1.34 .50 .24 2.70** 

Days in acute 

hospital  

    -.19 .09 -.19 -2.23* -.19 .09 -.19 -2.21* 

History of 

problematic 

alcohol use 

        3.29 4.44 .08 .74 

Intoxicated time 

of injury 

        -.51  -.01 -.12 

R²  .14    .26    .26   

Adjusted  R²  .11    .21    .21   
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Global Memory 

As Table 5 illustrates demographic variables (age and occupation) significantly 

predicted performance on global memory F (5,171) =7.12, p<.001, and accounted for 15% of 

the variance. The change in R2 was 17.2%. Age was a significant predictor of RBMT 

screening score (β =-.40, p < .001). Older TBI patients performed less well on the RBMT 

indicating poorer global memory. Step 2 included the addition of severity of TBI variables 

(GCS score and days spent in acute hospital). This step significantly predicted RBMT 

screening scores, F (7,169) = 6.57, p <.001 and explained 18 % of the variance in global 

memory. The change in R2 was 4.2%. GCS scores (β=.14, p=.076) and length of stay in acute 

hospital (β=-.11, p=.143) were not significant predictors of global memory RBMT screening 

score. Finally, the inclusion of alcohol variables (history of problematic alcohol use and 

intoxication at time of injury) in step three accounted for 21 % of the variance in performance 

on RBMT. This step was significant, F(9,167) = 6.24, p <.001. The change in R2 was 3.8%. 

History of problematic alcohol use (β=.21, p =.011) and intoxication at time of injury (β=-

.15, p =.042) were significant predictors of global memory. Patients with a TBI who had a 

history of problematic alcohol use, had lower scores on the RBMT, indicating impaired 

global memory. Those who were intoxicated at time of injury performed better on the RBMT 

indicating more intact global memory. Together all six independent variables accounted for 

21 % of the variance in global memory performance.  The three most influential predictors of 

global memory performance on the RBMT were age, history of problematic alcohol use and 

intoxication at time of injury. 
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Table 5: Three step hierarchical regression of predictors of post-acute memory performance 

on RBMT 

Note. n=177, * p <.05, ** p <.01, *** p <.001 

            Step 1 Step 2 Step 3 

Variable B SE B β t B SE B β t B SE B β t 

Constant 8.63 .73  11.79 8.63 .97  8.90 8.15 1.52  5.35 

Age -.08 .01 -.40 -

5.60*** 

-.09 .01 -.46 -

6.21*** 

-.09 .02 -.44 -

5.64*** 

Low skilled 

occupation 

-1.41 1.05 -.11 -1.35 -1.09 1.03 -.08 -1.06 -1.09 1.01 -.08 -1.08 

Medium skilled 

occupation 

-.11 .68 -.02 -.17 .06 .67 .01 .09 .08 .66 .01 .12 

High skilled 

occupation 

-.32 .78 -.04 -.42 -.23 .77 -.03 -.30 -.44 .76 -.05 -.58 

Unemployed -.37 .80 -.04 -.46 -.13 .80 -.02 -.16 .25 .80 .03 .31 

GCS score     .12 .07 .14 1.77 .12 .07 .14 1.77 

Days in acute 

hospital (days) 

    -.02 .01 -.11 -1.47 -.02 .01 -.12 -1.66 

History of 

problematic 

alcohol use 

        1.39 .54 .21 2.58* 

Intoxicated time 

of injury 

        -1.09 .53 -.15 -2.04* 

R²  .17    .21    .25   

Adjusted  R²  .15    .18    .21   
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Discussion 

This study sought to address the mixed findings within the literature and gain a better 

understanding of the relative contributions of alcohol (intoxication at time of injury and 

history of problematic alcohol use) on memory during the post-acute recovery stage after 

single incident TBI. Around 40% of patients with a TBI had a history of problematic alcohol 

use with circa 30% intoxicated at time of their injury. This is consistent with previous 

findings which have suggested that approximately 30- 50% of individuals undergoing 

inpatient neuro-rehabilitation have a reported a history of significant alcohol problems 

(Bombardier et al., 2002; Corrigan et al., 1995; Ponsford et al, 2013). 

Immediate Memory 

Age, highly skilled occupation and history of problematic alcohol use were the only 

significant predictors of post-acute immediate memory performance after TBI. Younger age 

significantly predicted better post-acute immediate memory performance. This finding is 

consistent with previous literature which has shown that older age is associated with poorer 

cognitive performance (Fraser et al., 2019; Kim et al., 2008; Senathi-Raja et al., 2010). 

Furthermore, those who had a highly skilled occupation prior to TBI performed significantly 

better on the immediate memory domain on the RBANS compared to everyone else. 

Additionally, having a highly skilled occupation was the strongest predictor of immediate 

memory performance. This finding is consistent with the cognitive reserve hypothesis and 

suggests that having a highly skilled occupation may be a source of cognitive reserve (Stern, 

2002). A history of problematic alcohol use prior to TBI was significantly associated with 

poorer performance on the immediate memory domain on the RBANS in this study. This 

suggest that individuals with a history of problematic alcohol use prior to their TBI found it 

difficult to encode and learn new verbal information. This supports previous research 
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highlighting the negative impact of a history of problematic alcohol use on 

neuropsychological outcomes following TBI (Lange et al., 2007; Lange et al., 2014; Ponsford 

et al., 2013; Wilde et al., 2004). The inclusion of the two alcohol variables accounted for only 

3.7% of the variance in immediate memory performance. Contrary to previous research, 

alcohol intoxication at time of injury was not a significant predictor of immediate memory 

performance (Tate et al., 1999). 

 

Delayed Memory  

High skilled occupation, severity of TBI as measured by GCS score and length of 

acute hospital stay were significant predictors of post-acute delayed memory performance 

following TBI. Patients in this study who had a highly skilled occupation prior to their TBI 

performed better on the delayed memory domain on the RBANS compared to everyone else. 

This is consistent with previous research which has suggested that having a high occupational 

status may be a protective factor against cognitive decline (Valenzuela et al., 2006). Having a 

more severe TBI (lower GCS score) significantly predicted poor delayed memory 

performance on the RBANS. Severity of TBI as measured by GCS score was the strongest 

predictor of post-acute delayed memory performance in this sample. This supports previous 

research highlighting the enduring problem of memory impairment among individuals with 

moderate to severe TBI (Klein et al., 1996; Vanderploeg et al., 2001). Additionally, having a 

shorter stay in acute hospital significantly predicted better performance on the delayed 

RBANS memory domain. This is in accordance with previous research (Cowen et al., 1995). 

However, age, history of problematic alcohol use and intoxication at time of injury 

were not significant predictors of post-acute delayed memory performance on the RBANS. 

This is inconsistent with a large number of studies that have shown that older age, alcohol 
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intoxication at time of injury and a history of problematic alcohol use have adverse effects on 

cognitive functioning after TBI (Bombardier et al., 1998; Fraser et al., 2019; Lange et al., 

2007; Lange et al., 2014; Mathias et al., 2018; Ponsford et al., 2013; Spitz et al., 2013; Tate et 

al., 1999). 

Global Memory 

Age, history of problematic alcohol use and intoxication at time of injury were the 

only significant predictors of post-acute global memory performance on the RBMT after TBI. 

Younger age significantly predicted better global memory performance during the post-acute 

recovery stage after TBI. Moreover, age was the strongest predictor of global memory 

performance during the post- acute TBI stage. Both a history of problematic alcohol use and 

intoxication at time of injury provided a significant and unique contribution to the prediction 

of global memory in the post-acute TBI recovery stage, albeit accounting for a small variance 

(3.8%). 

Individuals who had a documented history of problematic alcohol use in their casefile 

performed worse on tests of global memory. This result is consistent with a number of studies 

that have found that a history of problematic alcohol use leads to moderate memory deficits 

resulting in hippocampal damage as well as reduction in grey matter volume and enlarged 

ventricles (Unsworth & Mathias, 2017).  

In the mild to severe TBI sample, being intoxicated at time of injury resulted in better 

global memory performance on the RBMT compared to patients who were sober at time on 

injury. This result is inconsistent with a large number of studies that have shown that alcohol 

intoxication at time of injury has detrimental effects on neuropsychological outcome after 

TBI (Bombardier et al., 1998; Tate et al., 1999; Mathias et al., 2018). However, this finding is 

in line with other studies that have found that those who were intoxicated at time of injury 
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performed better on cognitive measures post TBI (Lange et al., 2008; Guise et al., 2009). 

Controversially, some studies have suggested that the impact of alcohol on functioning after 

TBI may be dose-dependent and alcohol may even have neuroprotective effects at low to 

moderate levels and neurotoxic effects at high levels (Chen et al., 2012; Mathias et al., 2018; 

Tien et al., 2006). Some animal studies have indicated that acute alcohol intoxication prior to 

sustaining a severe TBI may have a neuroprotective effect when consumed in low to 

moderate doses (Is et al., 2005). Due to the retrospective nature of this study, only the 

presence or absence of alcohol intoxication was recorded. Data on blood alcohol level was 

not available, therefore it was not feasible to categorise acute alcohol intoxication into low, 

moderate and high doses and investigate the impact of different doses on memory 

performance.  

Limitations 

As this study was retrospective in nature and involved case file analysis, inevitably 

there was missing data. The hierarchical regression analysis for delayed memory was under-

powered due to missing data, thus results should be interpreted with caution. Originally, 

educational attainment was intended to be used as a predictor variable as an alternative 

method to estimate patients’ pre-morbid functioning/cognitive reserve. However, due to 45% 

missing data on educational attainment this was not feasible; thus, occupation level was 

utilised as a sole proxy measure of cognitive reserve. Future studies should use more than one 

proxy of cognitive reserve such as educational attainment and premorbid IQ, as this may 

provide an enhanced indication of a patient’s cognitive baseline prior to sustaining a TBI. 

Without a pre-injury baseline of cognitive ability, it is hard to determine if differences in 

memory performance are due to the TBI, history of problematic alcohol use or a combination 

of the two (Unsworth et al., 2017).  Additionally, history of problematic alcohol use was not 

measured in a standardised way. Evidence of problematic alcohol history was classified as 
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present or absent if it was made clear in casefiles that there was a medical history of alcohol 

dependence/abuse, if the patient had presented to addiction services, or if evidence was 

obtained from different sources (family, friends, patient) about a history of problematic 

alcohol use. There is an inherent risk that some individuals in the study with a history of 

problematic alcohol use were not identified because they had not previously presented to 

services or due to minimisation or under-reporting by the patient or family member (Taylor, 

et al., 2003). The majority of the sample in this study consisted of males who were 

hospitalised and attended inpatient neuro-rehabilitation after sustaining their first TBI. 

Therefore, the findings of this study may not be generalizable to the TBI population. 

Clinical Implications 

The findings from this study suggest that there are different predictors for the three 

different types of memory. History of problematic alcohol use significantly predicted poorer 

performance on immediate memory and global memory.  Immediate verbal memory on the 

RBANS involves the initial learning and encoding of a list of words and a short story 

(Randolph et al., 1998). Poor performance on the immediate memory index on the RBANS 

suggests difficulty learning new verbal information (Randolph et al., 1998). Global memory 

was assessed using the RBMT. The RBMT is an ecologically valid tool for measuring 

everyday memory problems such as remembering appointments and people’s names 

(Quemada et al., 2003). Poor performance on the RBMT may indicate difficulties with 

everyday tasks such as remembering instructions, appointments and names which can have a 

detrimental impact on an individual’s level of independence (Quemada et al., 2003).  

This study reaffirms our understanding of the close relationship between TBI and 

AUD.  There is a need for more detailed and thorough understanding of the nature and extent 

of AUD history in individuals admitted for inpatient care following TBI.  This study relied on 
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information collected during the admission process. However, objective psychometric 

measures which capture more detailed information on the nature and extent of AUD would 

have been helpful for research purposes and allowed us to more clearly determine the nature 

of the relationship between TBI and AUD.  Use of appropriate psychometric measures might 

also allow clinicians to ascertain motivational status of patients and their suitability for 

referral for help with AUD. Thus, it would be opportune to be able to offer some intervention 

/ input during the post -acute recovery period. 

It would be important for clinicians to routinely screen for a history of problematic 

alcohol use in order to identify individuals who may need specialist cognitive rehabilitation 

input following a TBI. Additionally, it is vital that professionals actively address AUD in 

patients with TBI. Research has indicated that a history of problematic alcohol use is highly 

predictive of individuals returning to alcohol after their TBI (Bombardier et al., 2003; 

Ponsford et al., 2007; Weil et al., 2016). Consuming alcohol after TBI can impede long term 

recovery and give rise to post-traumatic seizures by interfering with the efficacy of anti-

seizure medication (Verma et al., 1992; Weil et al., 2018). Thus, treating AUD in individuals 

with TBI may improve recovery and reduce the likelihood of an individual sustaining another 

brain injury (Weil et al., 2018).  

Conclusion 

To conclude, the novel findings from this study highlight that different variables 

predict three different aspects of memory performance in the post-acute TBI recovery stage. 

Age, high skilled occupation and history of problematic alcohol use significantly predicted 

immediate memory performance. In comparison, high skilled occupation, GCS score and 

length of acute hospital stay were significant predictors of delayed memory. Age, history of 

problematic alcohol use and intoxication at time of injury were significant predictors of 
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global memory performance in the mild to severe TBI sample. Both a history of problematic 

alcohol use and acute alcohol intoxication at time of injury provided a unique contribution to 

global memory, albeit small in variance. The majority of the variance in immediate and 

global memory performance was due to age and occupation. Further research is needed in 

this area, in particular future studies should explore the impact of AUD on longer term 

neuropsychological outcomes after TBI. 
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           Researchers must adhere to the Good Clinical Practice (GCP) guidelines 

           There must be no change to the local research team without prior consent 

of the Research Office. 

           The Research Office must be informed if the Principal Investigator or Local 

Collaborator is unable to continue to fulfil their duties for any reason. 

           There must be no increase in the resources required without prior consent 

of the Research Office. 

           If requested, researchers must make their study documentation available to 

Research Office appointed monitors/auditors. 

           Requests from the Research Office for information on study progress, over 

the course of the study should be provided in a timely manner. 

           The Research Office should be informed of the completion or termination of 
the study. 

  
  
  

Kathy Byrne 
Research Office 

2nd Floor, KEB 

Royal Hospital 

Belfast 

BT12 6BA 

Email: kathy.byrne@belfasttrust.hscni.net 
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Author Guidelines for the Journal of Clinical and Experimental Neuropsychology: 

Chosen Journal for this research. 

Instructions for authors 

Journal of Clinical and Experimental Neuropsychology is an international, peer-reviewed 

journal publishing high-quality, original research. Please see the journal's Aims & Scope for 

information about its focus and peer-review policy. 

Please note that this journal only publishes manuscripts in English. 

Journal of Clinical and Experimental Neuropsychology accepts the following types of article: 

original articles, review articles, critiques. 

Open Access 

You have the option to publish open access in this journal via our Open Select publishing 

program. Publishing open access means that your article will be free to access online 

immediately on publication, increasing the visibility, readership and impact of your research. 

Articles published Open Select with Taylor & Francis typically receive 32% more citations* 

and over 6 times as many downloads** compared to those that are not published Open Select. 

Your research funder or your institution may require you to publish your article open access. 

Visit our Author Services website to find out more about open access policies and how you 

can comply with these. 

You will be asked to pay an article publishing charge (APC) to make your article open access 

and this cost can often be covered by your institution or funder. Use our APC finder to view 

the APC for this journal. 

https://www.tandfonline.com/action/journalInformation?show=aimsScope&journalCode=NCEN
https://authorservices.taylorandfrancis.com/publishing-open-access/funder-open-access-policies/
http://www.taylorfrancis.com/authorcharges/
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Please visit our Author Services website or contact openaccess@tandf.co.uk if you would 

like more information about our Open Select Program. 

*Citations received up to Jan 31st 2020 for articles published in 2015-2019 in journals listed 

in Web of Science®. 

**Usage in 2017-2019 for articles published in 2015-2019. 

Peer Review and Ethics 

Taylor & Francis is committed to peer-review integrity and upholding the highest standards 

of review. Once your paper has been assessed for suitability by the editor, it will then be 

single blind peer reviewed by independent, anonymous expert referees. Find out more 

about what to expect during peer review and read our guidance on publishing ethics. 

Preparing Your Paper 

Manuscripts submitted to Journal of Clinical and Experimental Neuropsychology should 

conform to the scientific reporting style of the American Psychological Association 

Publication Manual, 6th Edition (2009). 

Structure 

Your paper should be compiled in the following order: title page; structured abstract; 

keywords; main text introduction, materials and methods, results, discussion; 

acknowledgments; declaration of interest (disclosure) statement; references; appendices (as 

appropriate); table(s) with caption(s) (on individual pages); figures; figure captions (as a list). 

For Results, we ask that you pay special attention to details regarding statistical copy (e.g. 

rules for numbers expressed as numerals vs. words, decimal fractions, spacing, alignment, 

https://authorservices.taylorandfrancis.com/publishing-open-access
mailto:openaccess@tandf.co.uk
https://authorservices.taylorandfrancis.com/what-to-expect-during-peer-review/
https://authorservices.taylorandfrancis.com/ethics-for-authors/


90 
 

and punctuation of statistical copy in text) and formatting of tables. Ensure that tables and 

figures include a comprehensive key to abbreviations, as well as clear labels for groups, 

sample sizes, and variables. As per contemporary standards in scientific reporting, effect 

sizes are an important feature of your report and should be included as appropriate.   

Word Limits 

Please include a word count for your paper. There are no word limits for papers in this 

journal. 

Style Guidelines 

Please refer to these quick style guidelines when preparing your paper, rather than any 

published articles or a sample copy. 

Please use British (-ise) spelling style consistently throughout your manuscript.  

Formatting and Templates 

Papers may be submitted in Word format. Figures should be saved separately from the text. 

To assist you in preparing your paper, we provide a formatting template. 

Word templates are available for this journal. Please save the template to your hard drive, 

ready for use. 

If you are not able to use the template via the links (or if you have any other template queries) 

please contact us here. 

References 

https://authorservices.taylorandfrancis.com/tf_quick_guide/
https://authorservices.taylorandfrancis.com/formatting-and-templates/
https://authorservices.taylorandfrancis.com/contact/
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Please use this guide for preparing references in the reporting style of the American 

Psychological Association. 

Taylor & Francis Editing Services 

To help you improve your manuscript and prepare it for submission, Taylor & Francis 

provides a range of editing services. Choose from options such as English Language Editing, 

which will ensure that your article is free of spelling and grammar errors, Translation, and 

Artwork Preparation. For more information, including pricing, visit this website. 

Checklist: What to Include 

1. Author details. Please ensure everyone meeting the International Committee of Medical 

Journal Editors (ICMJE) requirements for authorship is included as an author of your paper. 

All authors of a manuscript should include their full name and affiliation on the cover page of 

the manuscript. Where available, please also include ORCiDs and social media handles 

(Facebook, Twitter or LinkedIn). One author will need to be identified as the corresponding 

author, with their email address normally displayed in the article PDF (depending on the 

journal) and the online article. Authors’ affiliations are the affiliations where the research was 

conducted. If any of the named co-authors moves affiliation during the peer-review process, 

the new affiliation can be given as a footnote. Please note that no changes to affiliation can be 

made after your paper is accepted. Read more on authorship. 

2. Should contain a structured abstract of 300 words. Introduction: Describe the background to 

the study, hypotheses, aims, objectives, research questions, etc. Method: Include outline of 

the methodology and design of experiments; materials employed and subject/participant 

numbers with basic relevant demographic information; the nature of the analyses performed. 

Results: Outline the important and relevant results of the analyses. Conclusions: State the 

https://www.tandf.co.uk/journals/authors/style/reference/tf_APA.pdf
https://www.tandfeditingservices.com/?utm_source=NCEN&utm_medium=referral&utm_campaign=ifa_standalone
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
https://authorservices.taylorandfrancis.com/defining-authorship/
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basic conclusions and implications of the study. State, clearly and usefully, if there are 

implications for management, treatment or service delivery. Note: Any clinical implications 

should be clearly stated. Avoid abbreviations, diagrams, and references to the text in the 

abstract. 

3. Graphical abstract (optional). This is an image to give readers a clear idea of the content of 

your article. It should be a maximum width of 525 pixels. If your image is narrower than 525 

pixels, please place it on a white background 525 pixels wide to ensure the dimensions are 

maintained. Save the graphical abstract as a .jpg, .png, or .tiff. Please do not embed it in the 

manuscript file but save it as a separate file, labelled GraphicalAbstract1. 

4. You can opt to include a video abstract with your article. Find out how these can help your 

work reach a wider audience, and what to think about when filming. 

5. Provide 3 to 6  keywords. Ideally 2 keywords will be taken from the NIH MeSH terms 

( https://meshb.nlm.nih.gov/search). Read making your article more discoverable, including 

information on choosing a title and search engine optimization. Using accurate MeSH terms 

as your keywords increases the likelihood that your manuscript, if published, can be 

identified in searches and increases its impact on the field. Tips: Searching your terms 

initially allowing for "fragments" versus exact match will generate a list of potential matches 

to guide your process. NIH U.S. National Library of Medicine provides "MeSH on Demand", 

which uses the NLM Medical Text Indexer to identify MESH terms in your submitted text 

(e.g. abstract or manuscript): https://meshb.nlm.nih.gov/MeSHonDemand. You may also list 

unique search terms outside the MeSH headings among your keywords. 

6. Funding details. Please supply all details required by your funding and grant-awarding 

bodies as follows: 

For single agency grants 

This work was supported by the [Funding Agency] under Grant [number xxxx]. 

https://authorservices.taylorandfrancis.com/video-abstracts/
https://authorservices.taylorandfrancis.com/video-abstracts/
https://meshb.nlm.nih.gov/search
https://authorservices.taylorandfrancis.com/making-your-article-and-you-more-discoverable/
https://meshb.nlm.nih.gov/MeSHonDemand
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For multiple agency grants 

This work was supported by the [Funding Agency #1] under Grant [number xxxx]; [Funding 

Agency #2] under Grant [number xxxx]; and [Funding Agency #3] under Grant [number 

xxxx]. 

7. Disclosure statement. This is to acknowledge any financial interest or benefit that has arisen 

from the direct applications of your research. Further guidance on what is a conflict of 

interest and how to disclose it. 

8. Data availability statement. If there is a data set associated with the paper, please provide 

information about where the data supporting the results or analyses presented in the paper can 

be found. Where applicable, this should include the hyperlink, DOI or other persistent 

identifier associated with the data set(s). Templates are also available to support authors. 

9. Data deposition. If you choose to share or make the data underlying the study open, please 

deposit your data in a recognized data repository prior to or at the time of submission. You 

will be asked to provide the DOI, pre-reserved DOI, or other persistent identifier for the data 

set. 

10. Geolocation information. Submitting a geolocation information section, as a separate 

paragraph before your acknowledgements, means we can index your paper’s study area 

accurately in JournalMap’s geographic literature database and make your article more 

discoverable to others. More information. 

11. Supplemental online material. Supplemental material can be a video, dataset, fileset, sound 

file or anything which supports (and is pertinent to) your paper. We publish supplemental 

material online via Figshare. Find out more about supplemental material and how to submit it 

with your article. 

12. Figures. Figures should be high quality (1200 dpi for line art, 600 dpi for grayscale and 300 

dpi for colour, at the correct size). Figures should be supplied in one of our preferred file 

https://authorservices.taylorandfrancis.com/what-is-a-conflict-of-interest/
https://authorservices.taylorandfrancis.com/what-is-a-conflict-of-interest/
https://authorservices.taylorandfrancis.com/data-availability-statement-templates/
https://authorservices.taylorandfrancis.com/data-repositories/
https://authorservices.taylorandfrancis.com/making-your-article-and-you-more-discoverable/
https://authorservices.taylorandfrancis.com/enhancing-your-article-with-supplemental-material/
https://authorservices.taylorandfrancis.com/enhancing-your-article-with-supplemental-material/
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formats: EPS, PS, JPEG, TIFF, or Microsoft Word (DOC or DOCX) files are acceptable for 

figures that have been drawn in Word. For information relating to other file types, please 

consult our Submission of electronic artwork document. 

13. Tables. Tables should present new information rather than duplicating what is in the text. 

Readers should be able to interpret the table without reference to the text. Please supply 

editable files. 

14. Equations. If you are submitting your manuscript as a Word document, please ensure that 

equations are editable. More information about mathematical symbols and equations. 

15. Units. Please use SI units (non-italicized). 

Using Third-Party Material in your Paper 

You must obtain the necessary permission to reuse third-party material in your article. The 

use of short extracts of text and some other types of material is usually permitted, on a limited 

basis, for the purposes of criticism and review without securing formal permission. If you 

wish to include any material in your paper for which you do not hold copyright, and which is 

not covered by this informal agreement, you will need to obtain written permission from the 

copyright owner prior to submission. More information on requesting permission to 

reproduce work(s) under copyright. 

Disclosure Statement 

Please include a disclosure statement, using the subheading “Disclosure of interest.” If you 

have no interests to declare, please state this (suggested wording: The authors report no 

conflict of interest). For all NIH/Wellcome-funded papers, the grant number(s) must be 

included in the declaration of interest statement. Read more on declaring conflicts of interest. 

Clinical Trials Registry 

https://authorservices.taylorandfrancis.com/submission-of-electronic-artwork
https://authorservices.taylorandfrancis.com/mathematical-scripts/
http://www.bipm.org/en/si/
https://authorservices.taylorandfrancis.com/using-third-party-material-in-your-article/
https://authorservices.taylorandfrancis.com/using-third-party-material-in-your-article/
https://authorservices.taylorandfrancis.com/what-is-a-conflict-of-interest/
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In order to be published in a Taylor & Francis journal, all clinical trials must have been 

registered in a public repository at the beginning of the research process (prior to patient 

enrolment). Trial registration numbers should be included in the abstract, with full details in 

the methods section. The registry should be publicly accessible (at no charge), open to all 

prospective registrants, and managed by a not-for-profit organization. For a list of registries 

that meet these requirements, please visit the WHO International Clinical Trials Registry 

Platform (ICTRP). The registration of all clinical trials facilitates the sharing of information 

among clinicians, researchers, and patients, enhances public confidence in research, and is in 

accordance with the ICMJE guidelines. 

Complying With Ethics of Experimentation 

JCEN endorses the American Psychological Association Ethical Principles and Code of 

Conduct (as amended 2010, 2016). Please ensure that all research reported in submitted 

papers has been conducted in an ethical and responsible manner, and is in full compliance 

with all relevant codes of experimentation and legislation. All papers which report in vivo 

experiments or clinical trials on humans or animals must include a written statement in the 

Methods section. This should explain that all work was conducted with the formal approval 

of the local human subject or animal care committees (institutional and national), and that 

clinical trials have been registered as legislation requires. Authors who do not have formal 

ethics review committees should include a statement that their study follows the principles of 

the Declaration of Helsinki. 

Consent 

All authors are required to follow the ICMJE requirements on privacy and informed consent 

from patients and study participants. Please confirm that any patient, service user, or 

http://www.who.int/ictrp/en/
http://www.who.int/ictrp/en/
http://www.icmje.org/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/protection-of-research-participants.html
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participant (or that person’s parent or legal guardian) in any research, experiment, or clinical 

trial described in your paper has given written consent to the inclusion of material pertaining 

to themselves, that they acknowledge that they cannot be identified via the paper; and that 

you have fully anonymized them. Where someone is deceased, please ensure you have 

written consent from the family or estate. Authors may use this Patient Consent Form, which 

should be completed, saved, and sent to the journal if requested. 

Health and Safety 

Please confirm that all mandatory laboratory health and safety procedures have been 

complied with in the course of conducting any experimental work reported in your paper. 

Please ensure your paper contains all appropriate warnings on any hazards that may be 

involved in carrying out the experiments or procedures you have described, or that may be 

involved in instructions, materials, or formulae. 

Please include all relevant safety precautions; and cite any accepted standard or code of 

practice. Authors working in animal science may find it useful to consult the International 

Association of Veterinary Editors’ Consensus Author Guidelines on Animal Ethics and 

Welfare and Guidelines for the Treatment of Animals in Behavioural Research and Teaching. 

When a product has not yet been approved by an appropriate regulatory body for the use 

described in your paper, please specify this, or that the product is still investigational. 

Submitting Your Paper 

This journal uses Taylor & Francis'  Submission Portal to manage the submission process. 

The Submission Portal allows you to see your submissions across Taylor & Francis' journal 

portfolio in one place. To submit your manuscript please click  here. 

https://authorservices.taylorandfrancis.com/patient-consent/
http://www.veteditors.org/consensus-author-guidelines-on-animal-ethics-and-welfare-for-editors
http://www.veteditors.org/consensus-author-guidelines-on-animal-ethics-and-welfare-for-editors
http://www.veteditors.org/consensus-author-guidelines-on-animal-ethics-and-welfare-for-editors
http://cdn.elsevier.com/promis_misc/ASAB2006.pdf
https://rp.tandfonline.com/submission/create?journalCode=NCEN
https://rp.tandfonline.com/submission/create?journalCode=NCEN
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On acceptance, we recommend that you keep a copy of your Accepted Manuscript. Find out 

more about sharing your work. 

If you are submitting in LaTeX, please convert the files to PDF beforehand (you will also 

need to upload your LaTeX source files with the PDF). 

Supplemental online material. Information required to understand and evaluate the science 

in a manuscript must be incorporated into the main document. Supplemental materials should 

be used extremely sparingly, and should not include information important to understand or 

critically evaluate the central findings. Supplemental materials can be included to facilitate 

replication of results and/or critical evaluation of procedures (e.g., technical information for 

administration, scoring, or other detailed aspects of methodology) and to support ancillary 

points. Supplemental material should be limited to information that is truly necessary and not 

available elsewhere (e.g., published elsewhere). 

Please note that Journal of Clinical and Experimental Neuropsychology uses Crossref™ to 

screen papers for unoriginal material. By submitting your paper to Journal of Clinical and 

Experimental Neuropsychology you are agreeing to originality checks during the peer-review 

and production processes. 

Please note that Journal of Clinical and Experimental Neuropsychology uses Crossref™ to 

screen papers for unoriginal material. By submitting your paper to Journal of Clinical and 

Experimental Neuropsychology you are agreeing to originality checks during the peer-review 

and production processes. 

On acceptance, we recommend that you keep a copy of your Accepted Manuscript. Find out  

 

https://authorservices.taylorandfrancis.com/sharing-your-work/
http://www.crossref.org/crosscheck/index.html
http://www.crossref.org/crosscheck/index.html
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Reflective Appendix 

The research skills I have gained over the past three years have been invaluable. 

Clinical training has enabled me to develop skills such as critically analysing the literature, 

designing research protocols, applying for ethical approval, data collection and analysis, and 

writing research papers for academic journals.  

 Initially, the task of completing two research papers seemed daunting. However, 

qualities including time management, and organisational skills have been beneficial in 

ensuring that I have been able to complete my research portfolio in a timely manner 

alongside the other demands associated with clinical training. For my large scale research, 

these skills were of particular importance when applying for ethical approval and collecting 

data. Given the COVID-19 pandemic, I am grateful that my large scale research involved 

reviewing casefiles, as I was able to proceed with my research as originally planned. As 

discussed in my limitations section, one weakness of my large-scale research was the nature 

of missing data, especially in relation to educational attainment. However, the implications of 

this study are important for future research and for professionals working in neuro-

rehabilitation settings. 

A methodological strength of my systematic review was the detailed and 

comprehensive search strategy I carried out of seven peer reviewed databases, one registry, as 

well as the grey literature. One potential weakness was that only the main author identified 
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and reviewed the abstracts and titles of journal articles against the inclusion and exclusion 

criteria. 

 The experience of carrying out the systematic review has given me the opportunity to 

further develop my research competencies. With the support of my research supervisors, a 

new research skill that that I have developed is the ability to write research papers 

specifically for academic journals. I have been able to refine and tailor my writing style to the 

target journal, and hope to utilise this skill in my clinical practice. Additionally, I have further 

developed my ability to critically analyse the research literature and summarise quantitative 

data.  

This research portfolio has allowed me to develop skills as a reflective scientist practitioner 

and I hope to incorporate these skills into my daily clinical practice. I am truly grateful for the 

continuous support, encouragement, patience and guidance shown to me by Dr Colin Wilson, 

Dr David Curran and Dr Donncha Hanna over the past three years. They have helped me to 

become more confident in my ability to conduct research.  

 

 

 




