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Title: Risk factors for delirium in vascular surgical patients. 1 

Subtitle: A systematic review and Meta-analysis 2 

Oldroyd, Scholz, Hinchliffe, McCarthy, Hewitt, Quinn 3 

Abstract 4 

Background: Delirium is a common syndrome responsible for a large burden of morbidity and 5 

mortality. In surgical settings research into risk factors for post-operative delirium has largely 6 

focused on elective orthopaedic patients. We performed a systematic review and meta- analysis 7 

to evaluate the evidence surrounding risk factors for delirium in vascular surgical populations.  8 

Methods: Two independent reviewers searched five databases (MEDLINE, Web of Science, 9 

Embase, CINAHL and PSYCinfo) from January 1987 to December 2015. We included primary 10 

research studies for incident delirium which utilised validated delirium assessment tools in 11 

exclusively vascular surgical populations.   12 

Results: We identified 16 studies (3817 patients) which met the inclusion criteria. There was 13 

substantial clinical heterogeneity in the populations included under a heading of ‘vascular 14 

surgery’. Studies were high quality, average Newcastle-Ottawa score 6.9. Summary incidence of 15 

delirium was 23.4% (range: 4.8% to 39%). Across all studies, 157 separate risk factors were 16 

examined. Ten of the included studies utilised multivariable models in their analysis of risk 17 

factors. Meta-analysis of risk factors with data from more than three studies identified the 18 

following factors as conferring an increased risk of delirium: American Society of 19 

Anaesthesiologists score>2 (OR 3.44), renal failure (OR 2.09), previous stroke (OR 1.87), 20 

history of neurological co-morbidity (OR 1.57) and male sex (OR 1.30). Delirious patients were 21 



3 
 

older (MD +4.99 years), had lower pre-operative haemoglobin levels (MD –0.66 g/Dl), and 1 

stayed longer in Intensive Care Units (MD +1.06 days).  2 

Conclusions: Delirium is common in vascular surgery settings. Meta-analysis has identified 3 

significant risk factors relating to the patient andthe presentation and the pathway of care. Better 4 

understanding of these risk factors may help in prediction, prevention and early identification of 5 

delirium.  6 

 7 

  8 
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Introduction 1 

Delirium is an organically induced confusional state, defined as an acute, fluctuating disorder of 2 

attention and cognition as well as altered consciousness1. The syndrome has been recognised 3 

throughout medical history 2 but we now know that it causes significant morbidity and mortality 4 

for patients admitted to hospital and has long term consequences for cognition after discharge3.  5 

The National Institute for Clinical Excellence in the UK (NICE) has reviewed and summarised 6 

the consequences of incident delirium and concluded that it leads to at least a doubling in the rate 7 

of mortality, admission to institutional care and hospital acquired complications4. Estimates of 8 

delirium incidence are variable among patient populations but it is common, affecting around 9 

42%5 of medical elderly inpatients and as many as 53%6 of elderly surgical patients. 10 

Strategies focused on prevention and screening for patients at high risk of developing delirium 11 

have shown success in reducing the frequency intensity and associated morbidity of post-12 

operative delirium 9. If delirium is to be appropriately managed, it is important to develop tools 13 

to identify those most at risk so as to improve post-operative screening and better counsel 14 

patients about potential complications. Improving our understanding of delirium risk factors may 15 

also offer potential targets for intervention.  16 

Much research has been conducted looking at risk factors for postoperative delirium. Most of 17 

this work has been done in the fields of orthopaedics and cardiovascular surgery10. In recent 18 

years however, more data has become available on the risk factors for delirium specifically in 19 

vascular surgical populations. Balasundaram et al summarised the results and characteristics of 20 

some of this work but only included four studies which exclusively examined elective cases and 21 

did not include meta-analysis11. Previous reviews have recommended grouping patients together 22 
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by service12. Vascular wards are likely to be the target of delirium screening and prevention and 1 

will contain patients who have undergone a wide range of procedures or indeed no procedure at 2 

all. This review therefore included patients who underwent any vascular surgical procedure or 3 

who were admitted to a vascular surgical ward.  The aim of this study was to evaluate the 4 

evidence for currently proposed risk factors for delirium in vascular surgical patients using a 5 

systematic review of the literature and meta-analysis of quantitative data.    6 

7 
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Methods 1 

Study Design 2 

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 3 

(PRISMA) statement in designing and delivering the review13.  We used a study design modelled 4 

on our earlier review of post-operative delirium in older general surgical patients14. The study is 5 

registered and a protocol available on Research Registry (reviewregistry82, 6 

http://www.researchregistry.com).  7 

 8 

Search Strategy 9 

Two independent authors (CO & AS) conducted all elements of paper selection and quality 10 

assessment and final choice was by consensus. Any disagreements were reviewed by a third 11 

author (TQ). 12 

Search terms were based on medical subject heading (MeSH) terms and other controlled 13 

vocabulary. A concepts-based approach was used, with terms relating to surgery, delirium and 14 

risk factors.  Delirium search terms had been validated in our previous work (Appendix 1). 15 

Literature searches were undertaken to include papers published between 1 January 1987 and 30 16 

December 2015 inclusive. January 1987 as this corresponds with the introduction of validated 17 

delirium assessment tools15. The following databases were utilised in the search: CINAHL® 18 

(EBSCO), Embase (Ovid), MEDLINE (Ovid), PSYCinfo® (Ovid) and Web of Science 19 

(Thompson Reuters). In addition to the database searches, the reference lists of the included 20 
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studies and of relevant reviews were hand searched. The process was repeated until no new 1 

relevant papers were found. 2 

Studies were only included if a validated delirium diagnostic/assessment tool was used to reach a 3 

diagnosis of delirium. Other inclusion criteria were: English language, , primary research 4 

evaluating risk factors for incident delirium, exclusively vascular surgical populations, cohort, 5 

case–control and cross-sectional studies, and full paper published in a peer-reviewed scientific 6 

journal. Studies relating exclusively to delirium tremens and studies based solely in intensive 7 

care were excluded since these populations are atypical and could introduce additional 8 

confounders. Duration of follow-up was not defined in the inclusion criteria, but was noted in the 9 

data extraction, and included in the assessment of quality and risk of bias.  We operated no 10 

exclusion based on age or other patient features.  11 

Quality assessment and risk of biasMethodological strength and risk of bias of included studies 12 

were assessed using the Newcastle–Ottawa Scale (NOS)16 a validated and recommended tool for 13 

describing methodological quality in non-randomised studies . Scores are assigned for selection 14 

criteria, comparability and outcome. A maximum score of 9 reflects highest quality. 15 

 16 

Data extraction and analysis 17 

Data extraction was based on a template developed during our previous review in general 18 

surgery and was carried out by one author (CO). Microsoft Excel 2013 (Microsoft Corporation, 19 

Version 16.0.6741.2063) was used to collect and store the raw data. We listed all risk factors 20 

examined in eligible papers.  Risk factors are defined as they were in their parent manuscript. For 21 

each study we listed those risk factors assessed independently and those assessed as part of 22 
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multivariable models.  Meta-analysis was undertaken where two or more studies examined the 1 

same risk factor in a comparable manner (numerical data available, same definition of risk factor 2 

and comparable units of measurement).  Missing data was sought from corresponding authors 3 

where possible. Data allowed for two complementary approaches to meta-analyses: a calculation 4 

of pooled odds ratio (OR) for incident delirium; and mean difference (MD) for continuous data, 5 

comparing patients with delirium and those without. Review Manager version 5.1 (The Nordic 6 

Cochrane Centre, Copenhagen, Denmark) was used to estimate the pooled results (with 95% 7 

confidence intervals), using the Mantel–Haenszel estimator to calculate ORs and the inverse-8 

variance method to calculate pooled MD values.. Statistical heterogeneity was assessed using the 9 

Higgins I2  value17. A random-effects model was used when I2> 50 per cent for all other analyses 10 

a fixed-effect model was used. At all stages P <·05 was considered statistically significant.  We 11 

offer all study level results to illustrate trends in the data, but focus on those meta-analyses with 12 

more than three component studies.  13 

 14 

  15 
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Results 1 

Results of Searches 2 

We identified 1892 studies through initial searches. The vast majority of results were excluded 3 

based on title and/or abstract as being irrelevant to the study. In total 32 articles were assessed in 4 

full with specific reasons for exclusion indicated in the PRISMA diagram (Fig 1). Sixteen studies 5 

were identified which met the inclusion criteria (Table I) 18-33. 6 

A total of 3817 patients were included. All studies provided data on incident delirium. Overall, 7 

the incidence of delirium was 23.4% (range: 4.8% to 39%) [unweighted cumulative incidence]. 8 

Only one study (Bryson 2011) included a measurement of variance in the population incidence 9 

thus formal meta-analysis of incidence was not possible. Included patients were generally older 10 

with the mean/median age of study participants ranging from 66-73 years old. 11 

Characteristics of Included Studies 12 

All the studies were conducted in one of four countries: Canada, Japan, The Netherlands and 13 

Germany. Included studies varied in size from 47-582 patients. All studies were conducted 14 

within the past 15 years. Studies demonstrated a diverse range of exclusion criteria with many of 15 

the studies excluding younger patients, patients with dementia and those with altered 16 

consciousness. Many focused on subgroups of patients within vascular surgery such as aortic 17 

aneurysm repair or limb ischemia. Only two studies (Raats 2015, Schnieder 2002) included data 18 

for patients undergoing carotid endarterectomy which totalled 51 patients. One study (Raats 19 

2015) included data from patients with diabetic foot ulcers (27) who did not undergo an open or 20 

endovascular procedure.  21 
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Several of the studies utilised more than one diagnostic tool for delirium diagnosis.  A brief 1 

description of these tools is provided (Supplementary Table I). Half of the included studies (8) 2 

also included geriatrician or psychiatrist review to further support a diagnosis of delirium. All of 3 

the included centres operated delirium screening for vascular surgical patients but only one study 4 

specifically mentioned providing focused delirium care (Koebrugge 2010). 5 

 6 

Quality Assessment and Risk of Bias 7 

Overall risk of bias was low, with average NOS of 6.9/9 (Table II). All but 2 of the studies19, 22 8 

lost points for a failure to exclude delirium in their cohort prior to entry into the study. Other 9 

areas where points were commonly lost were a lack of clarity in regard to the duration of follow 10 

up of participants and for a failure to comment on subjects which may have been lost to follow 11 

up.  12 

Univariate Analysis of Risk Factors 13 

One hundred and fifty-seven risk factors were examined in individual analyses across the 14 

included studies of which ninety-two were found to be statistically significant in at least one 15 

study (Supplementary Table II). Risk factors included demographic factors, risk scoring systems, 16 

neurocognitive assessments and comorbidities as well as pre-, peri- and post-operative 17 

observations and blood tests.  18 

 19 

Multivariable Analysis of Risk Factors 20 
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Ten of the included studies utilised multivariable models in their analysis of risk factors. Across 1 

these studies Thirty-eight risk factors were found to be statistically significant (Table III). Of 2 

these only age and absence of hyperlipidaemia, were significant in more than one model.      3 

 4 

Meta-Analysis 5 

Fifty-six risk factors had comparable data in at least 2 studies (figures available, comparable 6 

units). Full details of this meta-analysis are available as supplementary data (Supplementary 7 

Table III). Twelve risk factors had comparable data in more than 3 studies of which 9 were found 8 

to be significant on meta-analysis. (Table IV). Male sex, Glomerular Filtration Rate<60ml/min, 9 

neurological comorbidity, history of stroke/Transient Ischaemic Attack, absence of 10 

hyperlipidaemia and ASA>2 were found to convey an increased risk of delirium. Patients with 11 

delirium had a higher mean age, lower mean Pre-operative haemoglobin and had longer periods 12 

in ICU (Fig 2).  13 

  14 
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Discussion  1 

Findings 2 

We identified 16 studies and analysed data from 3817 patients. The overall incidence of delirium 3 

was found to be 22.9% which is within the range of incidence reported in reviews of all cause  4 

post-operative delirium14, 34, 35. We found that appropriate assessment tools were chosen and 5 

implemented at a suitable frequency for identifying incident delirium. These tools are critical to 6 

conducting accurate research into delirium and for the surgeon, some of these can be used to 7 

screen for post-operative delirium in all patients or in those identified as high risk36.   8 

The included papers in this review examine a range of vascular surgical populations and covered 9 

a large number of risk factors. Individual studies and summative analysis confirmed the role of 10 

many recognised risk factors for delirium. Patient factors could be used to identify those at high 11 

risk of delirium in this population allowing clinicians to appropriately deploy multicomponent 12 

delirium prevention strategies which may prevent up to one third of cases37. Our review 13 

identified age, male sex, low eGFR, neurological comorbidity, history of stroke/TIA and ASA>2 14 

as being associated with an increased risk of delirium.  In addition, meta-analysis revealed that 15 

delirious patients had a lower preoperative haemoglobin, a factor which is potentially modifiable.  16 

While outcomes such as complications, mortality and length of stay were not the focus of this 17 

review, meta-analysis did reveal an association between length of ICU stay and delirium.   18 

While many of the risk factors identified here are already well established, the finding that high 19 

cholesterol seemed protective for delirium in both individual multivariate models and in meta-20 

analysis is interesting and somewhat counterintuitive. We had hypothesised that a high 21 

atherosclerotic burden would lead to higher rates of delirium in vascular surgical patients. One 22 
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explanation for this finding would be that very high rates of hyperlipidaemia and atherosclerosis 1 

in vascular surgical patients blurred any difference between delirium and non-delirium groups.  2 

A biochemical explanation may be the pleiotropic effects of statins and their role in reducing the 3 

neuro-inflammatory response.40 Statin use has been shown in one multicentre prospective 4 

analysis to have a role in reducing delirium rates in the context of acute illness.41 A recent review 5 

into the relationship between statins and delirium rates concluded that more work was needed to 6 

examine this link with particular attention paid to the role of statins in post-operative delirium40.  7 

 8 

We had anticipated that due to the nature of the surgery and the patient population, delirium may 9 

be particularly common in vascular surgery settings.  In fact, rates were less than described in 10 

many other clinical settings e.g. older adult medical admissions (11-42 %)5; orthopaedic surgery 11 

(43-61 %)38 and intensive care (70-87 %)39. Balasundaram et al reviewed four studies of elective 12 

vascular operations and found a pooled incidence of 35.85%11.. In addition, it is possible that 13 

more recent cohorts will have benefited from improved delirium care which might drive down 14 

incidence rates in these studies.  Lower delirium incidence may also have stemmed from 15 

problems with study design and bias. Several of the included studies operated symptom driven, 16 

rather than routine delirium screening. Under this protocol, it is possible that many cases of 17 

delirium in particular, hypoactive delirium, may have been missed. The length of follow-up for 18 

studies was also inconsistent, ranging between 2-33 days; up to one third of delirium only 19 

develops at day 3 or after again suggesting that delirium could have been underdiagnosed in our 20 

cohort. 21 

 22 
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Quality and Risk of Bias 1 

Individual studies were high quality but many lost points on our assessment tool for failing to 2 

rule out delirium pre-operatively. While this may be important for robust research, clinically 3 

elective cases are unlikely to suffer from delirium and in the emergency setting, delirium 4 

assessment may not always be practical. Across the included studies there is a potential risk of 5 

selection bias. While individual studies scored well with regard to selecting comparable cohorts, 6 

many operated significant exclusion criteria such as dementia and altered conscious levels. Our 7 

inclusion of only those studies published in full and in English introduces a further element of 8 

bias.  All of the studies in this review stem from four countries, with individual research groups 9 

contributing multiple publications. The inclusion of diverse populations across three continents 10 

increases the general applicability of the results, albeit we have no data from low and middle 11 

income countries and so applicability to these settings is limited.   12 

 13 

 14 

Strengths and Weaknesses 15 

Rather than focus on particular subgroups, we have included all patients who are likely to be 16 

admitted under a single service and have excluded mixed surgical populations. Hence, these 17 

results are relevant to all clinicians and managers planning potential screening and risk 18 

assessment of delirium in vascular surgical departments. Our dataset includes large numbers of 19 

patients and we have limited our presentation here to risk factors found to be significant either in 20 

multivariate models or in meta-analysis of more than 3 studies. Our search strategy was 21 

comprehensive and additional hand searching of reference lists means it is unlikely that 22 
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important papers have been missed.  Exclusion of studies which did not use a validated delirium 1 

assessment tool was critical for ensuring accuracy of diagnosis and therefore relevance of the 2 

review. All of the papers included have been published within the past 15 years suggesting that 3 

the review is timely and relevant and reflecting increasing interest in the subject 4 

The primary limitation of this review is the heterogeneity detected between included studies both 5 

in patient populations and in risk factors. Our studies examined patients undergoing grossly 6 

different procedures. The inclusion of ward patients30 (albeit small numbers) further increases 7 

the problem of heterogeneous populations.. Additionally, vascular surgery is a rapidly evolving 8 

field and clinical practice, as well as the nature of procedures has changed drastically over the 9 

15-year span of these studies.  The heterogeneity in reporting of risk factors also complicated and 10 

limited between study comparisons and pooling of data. Less than half of the risk factors 11 

identified were examined in more than one study and many similar risk factors were reported as 12 

differing dichotomised variables.  Ideally signals of association in one study should be assessed 13 

in independent populations. In addition, differing classifications of vascular surgical procedures 14 

between papers meant that assessing the relative risk of operations was out with the ability of this 15 

review.  16 

 17 

Conclusion  18 

In summary, we have described the incidence of delirium in vascular surgery that is substantial, 19 

but not obviously greater than in other surgical or medical settings.  We present a summary of 20 

work into this area and have utilised meta-analysis to identify risk factors relating to patient and 21 

the operation.  Some of these are potentially modifiable (such as optimising pre-operative 22 
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haemoglobin) and others may be used to identify at-risk individuals. Future efforts should be 1 

made to form a consensus around which risk factors should be examined more closely and about 2 

how they ought to be classified. Finally, our review suggests that further research into the role of 3 

statins in the development of post-operative delirium with particular reference to vascular 4 

surgical patients, who have a high atherosclerotic burden, may yield some interesting results.   5 

 6 
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