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Abstract
Background: With an ageing population, the incidence of hip fractures requiring surgery is increasing. Post-operative
delirium is common following hip fracture surgery. Delirium is associated with high mortality and morbidity, poor longterm functional outcomes and institutionalisation. There is some evidence to suggest that perioperative intervention,
specifically the anaesthetic technique employed, may reduce the incidence of delirium in this population. The aim of
this systematic review is to investigate the impact of anaesthesia type on post-operative delirium.
Method: We will conduct a systematic literature review using Embase, MEDLINE, CINAHL and the Cochrane Library
(CENTRAL) bibliographic databases and the ZETOC and Web of Science websites. Authors of these trials will be invited
to contribute unpublished data. PROSPERO register and clinical trial registers will also be searched to identify any
ongoing reviews and trials. Eligible studies will assess the incidence of post-operative delirium in patients having
regional or general anaesthesia for hip fracture surgery. The primary outcome of interest will be post-operative
delirium; secondary outcomes will include mortality, measures of functional outcome, quality of life, length of hospital
stay, discharge location and adverse events. Two reviewers will independently screen references identified by
electronic literature searches. Two independent reviewers will extract data from studies fulfilling our inclusion criteria
using a piloted data extraction form. Methodological quality and bias of included randomised controlled trials will be
assessed using the ‘Cochrane Collaborations tool for assessing risk of bias’; for non-randomised studies, this will be
assessed using the Newcastle-Ottawa scale. Data on similar outcomes will be pooled when possible. Where possible,
meta-analysis will be undertaken using Review Manager (RevMan version 5.3) software.
Discussion: This systematic review will provide an updated evidence base with which to guide clinical practice and
research for this group of challenging patients. If the anaesthetic technique employed is shown to reduce the
incidence of post-operative cognition dysfunction, then this may lead to a change in evidence-based practice,
influence future guidelines and support further randomised controlled trial research. There is no known effective
treatment for delirium, creating the urgent need for research into delirium prevention.
Systematic review registration: PROSPERO CRD42015020166

Background
Delirium is a common neuropsychiatric syndrome defined
in the Diagnostic and Statistical Manual of Mental Disorders (DSM V) as the disturbance of attention, awareness
and cognition which develops over a short period of time
and represents a change from baseline and tends to fluctuate during the course of the day [1, 2]. Patients with hip
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fractures have a high incidence of post-operative delirium
of 32–53.3 % due to physiological and psychological stress
from injury, pain, analgesia and surgery [3–5].
Post-operative delirium delays time to mobilise and
discharge and increases the need for social input. Beyond
the initial recovery period, delirium is associated with poor
long-term functional outcomes, institutionalisation, anxiety and depression [6–14]. Some studies have also reported higher mortality whilst others reported that higher
mortality was only seen in patients with pre-existing
dementia. It remains unclear whether poor outcomes are
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associated with underlying dementia and neuroinflammation in susceptible patients or with delirium per se. The
ability to remain independent is vital to many elderly patients as highlighted in a study by Salkeld et al., where
80 % of elderly female patients stated that they would rather die than lose their independence and be admitted to
a nursing home establishment [15]. Emerging evidence
now suggest that some delirium can persist, leading to
poor outcomes and increased risk of dementia and cognitive dysfunction [8, 10, 13, 16–18]. There is no known effective treatment for delirium, creating the urgent need
for research into delirium prevention.
It is estimated that there are currently 70,000–75,000
hip fractures per year in the United Kingdom (UK), and
this is projected to increase by 2 % every year [19]. This
represents a major burden on the National Health Service
(NHS) responsible for an estimated 1.5 million bed days
and cost of UK£2 billion per year. Elderly patients with
hip fractures can be frail and have multiple health problems. National data revealed that the median length of stay
in hospital is 23 days with 20 % of patients suffering
complications post-operatively. Up to 8.3 % of patients die
within 30 days of their surgery and approximately 30 %
die 1 year after their surgery in England, with audit data
showing a 7 % 30-day mortality and 18 % 120-day mortality in Scotland [20, 21]. These reports display small trends
in reduction of early mortality, but there remains variability in patient outcomes in the UK. Hip fracture is also a
worldwide problem with experts predicting the number of
hip fractures occurring in the world each year rising to
6.26 million by 2050 [22].
Ninety-eight percent of patients with hip fractures are
offered surgery and require anaesthesia [23]. Anaesthesia
may be classified into general anaesthesia (GA) or regional anaesthesia (RA). In GA, patients are given either
inhalational agents or intravenous anaesthetic agents to
render them unconscious. RA is performed by numbing
the nerves that supply sensation to the lower limbs, with
the injection of local anaesthetic solution into the fluid
surrounding the spinal cord (spinal) or by injection into
the epidural space (epidural). When the operation site is
numbed, the patient does not need to be unconscious
during the operation.
One potential major benefit of RA is the avoidance of
GA drugs and opiates which have been linked to postoperative delirium [24]. RA also allows earlier oral intake
and quicker return to mobility such as those seen in
enhanced recovery programme [25, 26]. Excessive depth
of anaesthesia and perioperative hypotension under GA
are associated with higher mortality [27]. Although RA
removes the need for GA, perioperative hypotension can
lead to cardiovascular instability [28, 29] and the use of
sedation can also be overused in the elderly [30]. The
Association of Anaesthetists of Great Britain and Ireland
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(AAGBI) and Scottish Intercollegiate Guidelines Network
(SIGN) both cautiously recommend RA to be used for all
patients unless contraindicated [23, 31].
There are a number of existing systematic reviews looking at anaesthesia in hip fracture patients. A Cochrane
review by Parker et al. in 2004 discussed randomised controlled trials comparing regional and general anaesthesia
in patients with hip fractures [32]. Twenty-two studies
were included with seven reporting on ‘acute confusional
state’. Data from five small studies concluded that regional
anaesthesia might significantly reduce the risk of developing acute confusion by 50 % (p = 0.03). However, the studies that were included were small and excluded patients
with cognitive dysfunction. The anaesthetic techniques
compared in the studies were old and outdated. There
was also a lack of detail on how acute confusion was
detected and assessed in patients.
Other more recent systematic reviews did not focus
on delirium as an outcome [33], did not consider the
mode of anaesthesia [34] or only included randomised
controlled trials (RCTs) [35, 36]. Common methodological limitations included restrictive selection criteria
(exclusion of patients with cognitive impairment) and inadequate exploration of heterogeneity relating to rating
scales used to diagnose/measure delirium and the time
points at which this is recorded. The 2010 systematic
review by Luger et al. assessed the effect of neuroaxial
and general anaesthesia on the outcomes of morbidity
and mortality in geriatric patients with hip fractures
[28]. Their review included RCTs, observational studies
and reviews/meta-analyses. However, their electronic
literature searches were restricted to only PubMed and
the Cochrane Library databases, from 1967 to 2010. Like
the review by Abou-Setta et al., delirium/confusional
state was not the primary outcome of interest [33].
Since the searches were undertaken for the systematic
review by Luger et al. in 2010, a number of additional
relevant studies have been published, notably the 2014
Anaesthetic Sprint Audit (ASAP) in hip fracture comparing the modes of anaesthesia [20, 37].
There is therefore a need for an up-to-date, methodologically robust systematic review to evaluate both experimental and observational evidence on the use of regional
compared to general anaesthesia in patients undergoing
hip fracture surgery, with a focus on delirium as an outcome. Many of the previous systematic reviews in this area
included outdated anaesthetic techniques that are no
longer relevant to clinical practice. The proposed review
will therefore focus on those techniques/anaesthetics in
current use to ensure relevancy of findings to this population. The proposed review will also examine the quality of
delirium diagnosis and assessments, an aspect which has
not been addressed in existing reviews but which is essential for assessing the validity of findings.
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Methodology
Reporting of this protocol followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)-P guidelines [38]. The proposed review will
use standard systematic review methodology aimed at
minimising bias, and reporting will be in line with the
PRISMA guidelines (http://www.bmj.com/content/349/
bmj.g7647). This protocol is registered with PROSPERO
(CRD42015020166).
A PRISMA-P file is attached (Additional file 1).
Search strategy

A thorough and sensitive search strategy will be developed. Embase, MEDLINE, CINAHL and the Cochrane
Library (CENTRAL) bibliographic databases will be
searched from database inception to the present day. Our
search term combinations will consist of index terms, text
words and word variations for the concepts of population
(hip fracture surgery) and intervention/comparator (all
types of anaesthesia). The search strategy will be informed
by a relevant Cochrane review by Parker et al. [32].
Clinical trial registers (www.clinicaltrials.gov and the
International Clinical Trials Research Platform) will
also be searched to identify any ongoing trials. The
ZETOC and Web of Science websites will be searched
to identify relevant conference proceedings. Authors of
these trials will be contacted via e-mail and invited to
contribute unpublished data. To complement the database
searches, the bibliographies of all relevant primary articles
and reviews will be searched by hand to identify any articles
missed by the electronic searches. A comprehensive
database will be constructed using EndNote 7.0 to store all
identified references. No language restrictions will be
applied. A sample search strategy can be found in
(Additional file 2: Table S1).
Study selection process

Studies will be selected in a two-step process. First, citations identified by electronic searches will be screened
by title and, where available, abstract. Full-text manuscripts will be retrieved of those citations meeting or
thought-to-be-meeting the pre-determined inclusion criteria. Two reviewers (JY, RC) will then independently inspect all the manuscripts to determine if they meet the
following criteria:
Inclusion criteria
 Population: any patient aged ≥60 (or where the

majority are ≥60) undergoing surgery for fragility
hip fracture.
 Intervention and comparator: any type of regional
versus any type of general anaesthesia provided they
are in current use such as those described in the UK
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AAGBI guidelines [23]. Studies comparing more
than one type of regional and/or general anaesthesia
will be included provided at least one type of each is
being compared.
 Outcomes
Primary outcome
Post-operative delirium (POD) reported using any
validated criteria, e.g. diagnosed using the DSM
criteria or clinical reporting tools such as confusion
assessment method (CAM), Delirium Rating Scale
revised-98 (DRS-R-98) or Neelon and Champagne
(NEECHAM) confusion scale [39].
Secondary outcomes
Mortality
Measures of functional outcome (including
mobility, e.g. Barthel index, cumulated
ambulation score)
Quality of life (e.g. SF-36, EuroQol Questionnaire
(five domains) (EQ-5D))
Length of hospital stay
Discharge location
Adverse events as reported by the post-operative
morbidity score (POMS) [40].
Studies will be included provided at least one of
the outcomes is reported.
 Study design: randomised or non-randomised
controlled trials, controlled studies (prospective or
retrospective).
Exclusion criteria
 Studies using anaesthetic agents or techniques

considered not to be of standard practice, such as
halothane, enflurane and xenon.
 Studies with patients undergoing hip fracture
surgery alongside other orthopaedic surgeries, e.g.
lower limb fracture.
 Uncontrolled studies.
Data extraction

Data will be extracted on but not be limited to the
following:
 Study characteristics (e.g. randomised or non-

randomised, number of patients assigned to each
group, number of patients lost to follow-up).
 Population characteristics (e.g. age, type of fracture,
pre-existing cognitive impairment, use of morphine
or additional regional block pre- and post-surgery).
 Intervention and comparator characteristics (e.g.
type of anaesthetic used, timing of surgery,
additional use of sedation).
 Outcomes (primary and secondary outcomes
reported including effect sizes and uncertainty,
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direction of effect, diagnostic criteria/assessment
tools used for assessing delirium, length of followup, discharge location, functional outcomes and
quality of life).
Data will be extracted onto a pre-designed and piloted
proforma. Any disagreements surrounding the selection of
a manuscript or data extraction will be resolved either by
consensus or arbitration by a third reviewer (JD or VP).
Assessment of risk of bias and methodological quality

Quality assessment of the included studies will be tailored to the different study designs.
The ‘Cochrane Collaborations tool for assessing risk of
bias’ will be applied to randomised controlled trials [41].
Each potential source of bias will be graded high, low or
unclear with description of the decision documented.
Where appropriate, this will be undertaken on an
outcome-by-outcome basis. The following domains will
be considered:
 Selection bias (sequence generation and allocation

concealment).
 Performance bias (blinding of participants and

personnel).
 Detection bias (blinding of outcome assessment).
 Attrition bias (incomplete outcome data).
 Reporting bias (selective reporting).

For prospective non-randomised controlled studies,
quality assessment will also be based on the Cochrane
risk of bias tool, with selection bias and potential baseline imbalances more likely to pose as risk of bias. These
criteria will be supplemented where appropriate with
those described in the Newcastle-Ottawa scale for (prospective and retrospective) cohort studies [42]. Potential
confounding factors to consider include the use of sedation, the use of morphine and timing of surgery. Any
information pertaining to the validity of assessment tools
used will be extracted. Risk of bias across all studies will
be narratively described and tabulated. The possibility of
formal sensitivity analysis according to the study quality
will be explored. Quality assessment will be undertaken
in duplicates, alongside data extraction.
Data synthesis

All findings will be described narratively and tabulated.
Presentation of findings will be structured according to
outcome and study design.
Clinical and methodological heterogeneity will be
assessed based on study design, population, intervention
and comparator characteristics and outcomes. This data
will inform whether pooling of results in one or more
meta-analyses is feasible. Heterogeneity may arise from
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differences in age, timing of surgery and use of sedation,
and it is anticipated that subgroup analyses will be performed according to these variables (60–80 years of age
vs. older/>80 years; timing of surgery early/<36 h since
admission vs. late/>36 h since admission and use of sedation (regional anaesthesia vs. regional anaesthesia + sedation)). Additionally, if delirium risk stratification tool is
used, then subgroup analysis will be conducted to compare high-risk patients with those deemed at low risk of
developing delirium. Statistical heterogeneity will be
assessed using the chi-square test and quantified with
the I2 statistic. Data from RCTs and non-RCTs will be
meta-analysed separately.
Delirium will likely be assessed using a variety of continuous measures (scales), e.g. for severity of delirium or
there may be a definitive diagnosis of delirium (e.g. using
the DSM criteria). Where a variety of continuous measures are used, the use of the standardised mean difference
(SMD) in meta-analysis will be considered; alternatively,
where there are a number of studies using the same measurement scale, these may be grouped together in separate
meta-analyses. Mortality data will be presented as (pooled)
relative risk (RR) where possible. Where possible, metaanalysis will be conducted using Review Manager
(RevMan version 5.3) software. Methods of delirium assessment in the included studies will be described if reported. A detailed analysis of validity of each tool is
beyond the scope of this review. Heterogeneity in delirium
assessment will be taken into account during data reporting and meta-analysis.
In assessing the overall quality and strength of the evidence, the GRADE framework will be considered [43].
This will include an assessment of publication bias
where feasible, e.g. using a funnel plot where there are
≥10 studies in a meta-analysis.

Discussion
With an ageing population, hip fractures are likely to
have a significant burden on public health [44]. It is increasingly recognised that post-operative delirium has a
significant impact on patient outcome. Delirium is associated with increased mortality, morbidity, institutionalisation and poor functional outcomes [45, 46]. The
pathophysiology of delirium remains poorly understood,
but studies have highlighted some pre-existing and
precipitating factors that may pre-dispose to postoperative delirium [5, 47, 48]. Previous systematic reviews have examined the choice of anaesthetic techniques (general anaesthesia or regional anaesthesia) as a
probable modifiable factor that can impact on the development of post-operative delirium.
This systematic review will provide an updated evidence base using data from both RCTs and non-RCTs,
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with which to guide clinical practice and research for
this group of challenging patients.
Previous systematic reviews are either out of date, excluded non-RCT evidence or did not consider delirium as
a primary outcome measure of interest. Further limitations also relate to the exclusion of those with existing
cognitive impairment or confusion who represented a
large proportion of patients and as a result, severely reduced the generalizability of their findings. This updated
review will focus on delirium and, in contrast to previous
reviews, will also include a review of the assessment tools
used to measure delirium. In order to maximise relevance,
it will also exclude anaesthetic techniques and practices
that are outdated and no longer in use in the UK.
Depending on whether we are able to demonstrate
that the type of anaesthesia, i.e. ‘general’ or ‘regional’ anaesthesia, impacts on delirium and subsequent longterm outcomes, our review findings may support the
need for a well-designed randomised control trial to assess the type of anaesthesia for hip fracture surgery on
post-operative delirium and long-term outcomes.

Additional files
Additional file 1: PRISMA Checklist. (DOCX 92 kb)
Additional file 2: Table S1. Sample search strategy. (DOCX 63 kb)

Abbreviations
AAGBI: Association of Anaesthetists Great Britain and Ireland; ASAP: Anaesthesia
Sprint Audit of Practice; CAM: confusion assessment method; DRS-R98: Delirium Rating Scale revised-98; DSM: Diagnostic and Statistical Manual of
Mental Disorders; EQ-5D: EuroQol Questionnaire (five domains); GA: general
anaesthesia; NEECHAM: Neelon and Champagne; NHS: National Health Service;
NIHR: National Institute of Health Research; POD: post-operative delirium;
POMS: post-operative morbidity score; PRISMA: Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; RA: regional anaesthesia;
RCT: randomised controlled trial; SIGN: Scottish Intercollegiate Guidelines
Network; SMD: standardised mean difference; UK: United Kingdom.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
JY, RC and JD conceived the systematic review. JY drafted the manuscript.
VP, RC and JD revised the manuscript. All authors read and approved the
final manuscript.
Acknowledgements
This report presents independent research funded by the National Institute
for Health Research (NIHR). The views expressed are those of the authors
and not necessarily those of the NHS, the NIHR or the Department of Health.
Author details
1
Institute of Inflammation and Ageing, College of Medical and Dental
Sciences, University of Birmingham, Edgbaston, Birmingham B15 2TT, UK.
2
Birmingham Clinical Trials Unit, Institute of Applied Health Research, College
of Medical and Dental Sciences, University of Birmingham, Edgbaston,
Birmingham B15 2TT, UK. 3Institute of Applied Health Research Public Health,
Epidemiology and Biostatistics, Institute of Applied Health Research, College
of Medical and Dental Sciences, University of Birmingham, Edgbaston,
Birmingham B15 2TT, UK.

Page 5 of 6

Received: 21 January 2016 Accepted: 13 April 2016

References
1. National Institute for Health and Clinical Excellence. Delirium: diagnosis,
prevention and management. NICE Clinical Guideline (CG103); 2010.
2. American Psychiatric Association. Diagnostic and statistical manual of mental
disorders. 4th ed. Washington DC: American Psychiatric Association; 2000.
3. Atay IM, Aslan A, Atay T, et al. Prevalence of delirium, risk factors and
cognitive functions in elderly hip fracture patients with general and spinal
anesthesia. Turk Geriatri Dergisi. 2012;15(3):273–78.
4. Bellelli G, Mazzola P, Corsi M, et al. Anesthesia and post-operative delirium in
elderly patients undergoing hip fracture surgery. Eur Geriatr Med. 2013;4:S17–8.
5. Brauer C, Morrison RS, Silberzweig SB, et al. The cause of delirium in
patients with hip fracture. Arch Intern Med. 2000;160(12):1856–60.
6. Bellelli G, Mazzola P, Morandi A, et al. Duration of postoperative delirium is
an independent predictor of 6-month mortality in older adults after hip
fracture. J Am Geriatr Soc. 2014;62(7):1335–40.
7. Chaudhry H, Devereaux PJ, Bhandari M. Cognitive dysfunction in hip
fracture patients. Orthop Clin N Am. 2013;44(2):153–62.
8. Cole MG. Persistent delirium in older hospital patients. Curr Opin Psychiatry.
2010;23(3):250–4.
9. Crosby G, Culley DJ, Marcantonio ER. Delirium: a cognitive cost of the comfort
of procedural sedation in elderly patients? Mayo Clin Proc. 2010;85(1):12–4.
10. Di Monaco M. Factors affecting functional recovery after hip fracture in the
elderly. Crit Rev Phys Rehabil Med. 2004;16(3):151–76.
11. Duppils GS, Wikblad K. Patients’ experiences of being delirious. J Clin Nurs.
2007;16(5):810–8.
12. Edelstein DM, Aharonoff GB, Karp A, et al. Effect of postoperative delirium
on outcome after hip fracture. Clin Orthop Relat Res. 2004;422:195–200.
13. Eeles EM, Hubbard RE, White SV, et al. Hospital use, institutionalisation and
mortality associated with delirium. Age Ageing. 2010;39(4):470–5.
14. Dolan MM, Hawkes WG, Zimmerman SI, et al. Delirium on hospital
admission in aged hip fracture patients: prediction of mortality and 2-year
functional outcomes. J Gerontol Ser A Biol Med Sci. 2000;55(9):M527–34.
15. Salkeld G, Cameron ID, Cumming RG, et al. Quality of life related to fear of
falling and hip fracture in older women: a time trade off study. BMJ. 2000;
320(7231):341–6.
16. Eeles EM, White SV, O'Mahony SM, et al. The impact of frailty and delirium
on mortality in older inpatients. Age Ageing. 2012;41(3):412–6.
17. Kim SD, Park SJ, Lee DH, et al. Risk factors of morbidity and mortality
following hip fracture surgery. Korean J Anesthesiol. 2013;64(6):505–10.
18. Witlox J, Slor CJ, Jansen RW, et al. The neuropsychological sequelae of
delirium in elderly patients with hip fracture three months after hospital
discharge. Int Psychogeriatr. 2013;25:1–11.
19. White SM, Griffiths R. Projected incidence of proximal femoral fracture in
England: a report from the NHS Hip Fracture Anaesthesia Network (HIPFAN).
Injury. 2011;42(11):1230–3.
20. National Hip Fracture Database. Anaesthesia sprint audit data 2014. http://www.
nhfd.co.uk/20/hipfractureR.nsf/vwContent/asapReport. Accessed 6 Feb 2016.
21. NHS National Services Scotland. Scottish Hip Fracture Audit 2008. http://www.
shfa.scot.nhs.uk/AnnualReport/SHFA_Report_2008.pdf. Accessed 6 Feb 2016.
22. Cooper C, Campion G, Melton LJ. Hip fractures in the elderly: a world-wide
projection. Osteoporos Int. 1992;2(6):285–9.
23. Griffiths R, Alper J, Beckingsale A, et al. Management of proximal femoral
fractures 2011: Association of Anaesthetists of Great Britain and Ireland.
Anaesthesia. 2012;67(1):85–98.
24. Urwin SC, Parker MJ, Griffiths R. General versus regional anaesthesia for hip
fracture surgery: a meta-analysis of randomized trials. Br J Anaesth. 2000;
84(4):450–5.
25. Wood RJ, White SM. Anaesthesia for 1131 patients undergoing proximal
femoral fracture repair: a retrospective, observational study of effects on blood
pressure, fluid administration and perioperative anaemia. Anaesthesia. 2011;
66(11):1017–22.
26. Sessler DI, Sigl JC, Kelley SD, et al. Hospital stay and mortality are increased
in patients having a “triple low” of low blood pressure, low bispectral index,
and low minimum alveolar concentration of volatile anesthesia.
Anesthesiology. 2012;116(6):1195–203.
27. Neuman MD, Silber JH, Elkassabany NM, et al. Comparative effectiveness of
regional versus general anesthesia for hip fracture surgery in adults.
Anesthesiology. 2012;117(1):72–92.

Yeung et al. Systematic Reviews (2016) 5:66

28. Luger TJ, Kammerlander C, Gosch M, et al. Neuroaxial versus general
anaesthesia in geriatric patients for hip fracture surgery: does it matter?
Osteoporos Int. 2010;21 Suppl 4:S555–72.
29. Le-Wendling L, Bihorac A, Baslanti TO, et al. Regional anesthesia as
compared with general anesthesia for surgery in geriatric patients with
hip fracture: does it decrease morbidity, mortality, and health care costs?
Results of a single-centered study. Pain Med. 2012;13(7):948–56.
30. Brown C, Azman AS, Gottschalk A, et al. Sedation depth during spinal
anesthesia and survival in elderly patients undergoing hip fracture repair.
Anesth Analg. 2014;118(5):977–80.
31. Scottish Intercollegiate Guidelines Network. Edinburgh: SIGN Guidline
111; 2009.
32. Parker MJ, Handoll HH, Griffiths R. Anaesthesia for hip fracture surgery in
adults. Cochrane Database Syst Rev. 2004;4:CD000521.
33. Abou-Setta AM, Beaupre LA, Rashiq S, et al. Comparative effectiveness
of pain management interventions for hip fracture: a systematic review.
Ann Intern Med. 2011;155(4):234–45.
34. Rashiq S, Vandermeer B, Abou-Setta AM, et al. Efficacy of supplemental
peripheral nerve blockade for hip fracture surgery: multiple treatment
comparison. Can J Anaesth. 2013;60(3):230–43.
35. Mason SE, Noel-Storr A, Ritchie CW. The impact of general and regional
anesthesia on the incidence of post-operative cognitive dysfunction and
post-operative delirium: a systematic review with meta-analysis. J
Alzheimers Dis. 2010;22 Suppl 3:67–79.
36. Zhang H, Lu Y, Liu M, et al. Strategies for prevention of postoperative
delirium: a systematic review and meta-analysis of randomized trials. Crit
Care. 2013;17(2):R47.
37. White SM, Moppett IK, Griffiths R. Outcome by mode of anaesthesia for hip
fracture surgery. An observational audit of 65 535 patients in a national
dataset. Anaesthesia. 2014;69(3):224–30.
38. Moher D, Shamseer L, Clarke M, et al. Preferred Reporting Items for
Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015 statement.
Syst Rev. 2015;4:1.
39. Neelon VJ, Champagne MT, Carlson JR, Funk SG. The NEECHAM Confusion
Scale: construction, validation, and clinical testing. Nurs Res. 1996;45:324–30.
40. Grover S, Kate N. Assessment scales for delirium: a review. World J
Psychiatry. 2012;2(4):58–70.
41. Bennett-Guerrero E, Welsby I, Dunn TJ, et al. The use of a postoperative
morbidity survey to evaluate patients with prolonged hospitalization after
routine, moderate-risk, elective surgery. Anesth Analg. 1999;89(2):514–9.
42. Higgins JP, Altman DG, Gotzsche PC, et al. The Cochrane Collaboration’s
tool for assessing risk of bias in randomised trials. BMJ. 2011;343:d5928.
43. Wells GA SB, O’Connell D, Peterson J,Welch V, Losos, M TP. NewcastleOttawa scale. Secondary Newcastle-Ottawa Scale. http://www.ohri.ca/
programs/clinical_epidemiology/nosgen.pdf. 16 Apr 2016.
44. Guyatt GH, Oxman AD, Sultan S, et al. GRADE guidelines: 9. Rating up the
quality of evidence. J Clin Epidemiol. 2011;64(12):1311–6.
45. Leslie DL, Marcantonio ER, Zhang Y, et al. One-year health care costs
associated with delirium in the elderly population. Arch Intern Med. 2008;
168(1):27–32.
46. Witlox J, Eurelings LS, de Jonghe JF, et al. Delirium in elderly patients and
the risk of postdischarge mortality, institutionalization, and dementia: a
meta-analysis. JAMA. 2010;304(4):443–51.
47. Saczynski JS, Marcantonio ER, Quach L, et al. Cognitive trajectories after
postoperative delirium. N Engl J Med. 2012;367(1):30–9.
48. Inouye SK, Charpentier PA. Precipitating factors for delirium in hospitalized
elderly persons. Predictive model and interrelationship with baseline
vulnerability. JAMA. 1996;275(11):852–7.

Page 6 of 6

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

