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Abstract

Background: Previous meta-analyses on the anaesthetic management of patients undergoing surgery for hip fracture

have focused on randomized trials. Furthermore, heterogeneity in outcome reporting across the studies has made it

difficult to inform best practice guidelines for patient care.

Methods: This systematic review examined how perioperative outcomes were reported and defined in the context of

comparing modes of anaesthesia for hip fracture surgery. Outcomes were included from randomised and non-rando-

mised studies published between January 2000 and July 2017. Meta-analyses were performed for regional versus general

anaesthesia, with sensitivity analyses performed for spinal versus general anaesthesia.

Results: By including data from 15 large observational studies in this meta-analysis, we have increased the number of

patients for whom outcomes were assessed from approximately 3000 to 202 000. There was no significant difference in

30-day mortality [Odds ratio (OR) 1.15; 95% confidence interval (CI) 1.01, 1.32; I2 87%; n¼200 464], prevalence of pneumonia

(OR 1.10; 95% CI 0.93, 1.30; I2 43%; n¼65 011), acute myocardial infarction (OR 0.96; 95% CI 0.88, 1.05; I2 0%, n¼64 904),

delirium (OR 1.07; 95% CI 0.72, 1.58; I2 93%, n¼19 923) or renal failure (OR 0.94; 95% CI 0.54, 1.64; I2 0%, n¼27 873) for

regional compared to general anaesthesia.

There was a small statistically significant difference for length of stay (standardized mean difference e0.03; 95% CI e0.05,

e0.02; I2 0%; n¼78 711) favouring regional anaesthesia, which is unlikely to be clinically significant. Sensitivity analyses

for the same outcomes examining spinal only vs general anaesthesia showed minor statistical significance for length of

stay favouring spinal. We also present data highlighting the scale of the inconsistencies in reported outcomes across 32

studies, making evaluation in a standardized manner very difficult. As an example, mortality was reported in nine

different ways throughout the studies.

Conclusions: We highlight the need for agreement on outcome definitions and for a minimum core outcome set to be

measuredand reported inhip fracture studies. Thiswouldstrengthen theevidence-basedapproach todeliveringoptimal care.
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Approximately 1.6 million people worldwide sustain a hip

fracture each year,1 with over 76 000 of these occurring in the

UK.1,2 The risk of dying of such a fracture within 30 days is

7.1%.1 With 70% of patients being above the age of 80 yr, 30%

experiencing a reduction in functionality after a hip fracture,3

and 20% suffering serious complications during their acute

hospital stay,4 there is a huge burden placed on the health

service. The median cost per patient presenting with a hip

fracture in the UK in 2011 was around £9500 for the acute

phase of their treatment, with 76% of this attributed to ward

costs, 14% for theatre costs, and 10% for investigations.5

Additional costs of the follow-on treatment would increase

this further. District general hospitals spend between £3.6 and

£4.8 million per yr on the acute management of patients with

hip fracture6; however, research to date has produced insuf-

ficient evidence to guide a key element in the early care for

these patients, namely the anaesthetic management for their

hip fracture surgery. Studies evaluating regional compared to

general anaesthesia have generated inconsistent results when

looking atmortality as a primary outcome. Systematic reviews

previously aiming to evaluate this question have been limited

by the small number and generally low quality of randomized

trials. They also have excluded more recent large observa-

tional studies.

This systematic review aimed to identify studies of patients

undergoing emergency hip fracture surgery in the context of

the type of anaesthesia administered. It aimed to explore how

perioperative hip fracture outcomes were defined and re-

ported across these studies.7e9 In an attempt to use the large

amount of available data from observational studies, meta-

analyses were performed to compare various outcomes in

the context of general vs regional anaesthesia, with sensitivity

analyses for general anaesthesia vs spinal only anaesthesia,

drawing on data from both randomized and non-randomized

studies. In performing the meta-analyses, we recognized the

inconsistency and heterogeneity in outcome reporting,

causing difficulty in pooling results from the various trials and

observational studies for comparison. Importantly, this limits

the ability to evaluate interventions used in perioperative care

for patients with a hip fracture and to provide best practice

recommendations,7,10,11 and attributes partly to the minimal

change in 30-day mortality for hip fracture patients over the

past 5 yr within the UK.
Methods

Initially in this systematic review a quantitative analysis

addressing the intervention of regional or general anaesthesia

for hip fracture surgery was performed following the princi-

ples of the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) statement.12,13 A further sensi-

tivity analysis for those cases wherein spinal anaesthesia was

the sole technique vs general anaesthesia was also performed.

Secondly, based on a protocol previously registered on

Prospero [33405],14 the review identifies how outcome mea-

sures pertaining to mode of anaesthesia for hip fracture sur-

gery have been reported.
Literature search

A search of Ovid EMBASE, Ovid MEDLINE, and the Cumulative

Index to Nursing Allied Health Literature (CINAHL) databases,

the Cochrane Central Register for Controlled Trials, Clinical

Trials.gov, the ISRCTN registry, as well as grey literature for

articles published from January 2000 to July 2017 was per-

formed to focus on the most recent studies reflective of

modern anaesthetic techniques. Search terms were applied to

both subject headings and as keywords and restricted to hu-

man studies and English language only. Terms included:

� Hip Fracture or (hip adj5 fractur*)

� Femur Fracture or (femur adj5 fractur*)

� Anesthesia, General/’general an?esthe*’

� Anesthesia, Spinal/‘neuraxial an?esthe*’ ‘regional an?

esthe*’

� Postoperative Complications/

� Pneumonia/‘pulmonary complication*’ Pulmonary Atelec-

tasis/hypoxi*

� Acute kidney injury/or kidney tubular necrosis, acute/renal

Insufficiency/’renal failure*’/’kidney failure*’

� Myocardial infarction/or shock, cardiogenic/

� Delirium/(post?operative adj5 confus*)

Additional studies were identified by hand-searching the

reference sections of all eligible studies and previously pub-

lished review articles.15

Randomized trials and observational studies, both pro-

spective and retrospective, were eligible for this review.

Studies were included if they reported perioperative outcomes

in the context of comparing modes of anaesthesia for hip

fracture surgery regardless of the presence or specifics of any

study intervention. For quantitative analysis, only the studies

that examined regional compared with general anaesthesia

were included. Those studies wherein a spinal anaesthetic

was performed as a sole technique compared to a general

anaesthetic were included in a subsequent sensitivity anal-

ysis. All eligible studies were included regardless of size and

results restricted to full-text articles.

Study selection was based on independent screening of the

titles and abstracts in the initial search by two investigators

(C.O. and L.M.). Identified studies underwent a full text review

by the same two reviewers working independently and in

duplicate to assess eligibility. Disagreement regarding study

eligibility was discussed and resolved through consultation

with a third author (M.S.). Case reports and case series were

excluded, as were studies concerning elective hip surgery.

Two authors (C.O. and L.M.) independently assessed the

risk of bias of individual studies according to the Cochrane

Risk of Bias Tool for randomized controlled trials (RCTs),16 or

the Cochrane Risk of Bias Tool for non-randomized studies for

the observational studies.17 Studies were assigned a low risk of

bias, high risk of bias, or unclear risk of bias for each domain in

the Cochrane tools as per Appendices 1 and 2.

The same two independent reviewers extracted data from

the eligible full-text articles. This included study characteris-

tics such as author, year of publication, country, study design,

study participants, sample size, and intervention as presented

in Table 1. Details relating to all outcome measures reported



Table 1 Study characteristics. CI, contraindication; CVA, cerebrovascular accident; GA, general anaesthesia; RA, regional anaesthesia. The term ‘RA’ included patients who received
neuraxial blockade (epidural or spinal) with/without nerve block. RA* indicates studies where a breakdown of data was also provided for individual techniques, e.g. spinal only. ‘No
significant difference’ indicates no difference in any of the reported outcomes within the study

Study
(1st author year)

Country Design Participants, n Intervention Participant characteristics Findings

Basques28 2015 USA Retrospective
observational

9842 GA vs spinal �70 yr GA increased rate of adverse
events Length of stay increased
in spinal group

Biboulet25 2012 France RCT 45 GA vs spinal >75 yr
ASA 3/4

Significant reduction in
hypotension in RA group

Bjorkeland24 2010 Sweden Prospective
quasiexperimental

263 Multifactorial intervention
programme to reduce
delirium outcomes stratified
based on anaesthesia type
GA vs RA

>65 yr
Cognitively intact on admission

No significant difference

Brox39 2016 USA Retrospective
observational

7585 GA vs RA All operable hip fractures
Exclusions: renal disease

No significant difference

Casati47 2003 Italy RCT 30 GA vs spinal > 65 yr
Exclusions: CIs to spinal/GA or
severe pulmonary/cardiac/
psychiatric disease

Greater blood loss GA group Pain
scores better in RA group

Chu43 2015 Taiwan Retrospective
observational

182 307 GA vs RA >65 yr In-hospital mortality, CVA, and
respiratory complications
reduced with RA

Edelstein44 2014 USA Prospective observational 921 Effect of delirium onmorbidity
categorized according to GA
vs RA

> 65 yr
Exclusions: cognitive
impairment

GA predictor for delirium

Fields29 2015 USA Retrospective
observational

6133 GA vs spinal All hip fracture patients Significant difference in all cause
morbidity favouring RA

Heidari26 2011 Iran RCT 387 GA vs RA >30 yr
ASA1-3

Increased blood loss in GA group

Hoppenstein48 2005 Israel RCT 60 GA vs spinal ASA 1e3 >60 yr No significant difference
Karaman46 2015 Turkey Retrospective

observational
308 GA vs RA >65 yr

Exclusions: multiple trauma,
malignancy

Significant difference in mortality
in favour of RA

Le-Wendling31 2012 Florida USA Retrospective
observational

308 GA vs RA >65 yr
Exclusions: patients with end
stage renal disease

No significant difference

Llango41 2016 Australia Prospective observational 318 GA vs spinal All hip fractures No significant difference
Messina49 2013 Italy RCT 20 GA vs spinal >75 yr Statistically significant reduction

in haemodynamic instability
with spinal

Neuman32 2014 USA Retrospective
observational

56 729 GA vs RA >50 yr
Exclusions: multiple trauma,
other surgical procedures and
local anesthesia.

Length of stay shorter in matched
RA group

O’Hara33 2000 USA Retrospective
observational

9425 GA vs RA >60 yr
Exclusions: patient refusal of
blood transfusion or metastatic
cancer

No significant difference
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Table 1 Continued

Study
(1st author year)

Country Design Participants, n Intervention Participant characteristics Findings

Olofsson20 2004 Denmark RCT double blinded 50 Low vs high dose spinal � ASA 2 Significant difference in
hypotension favouring low dose
group.

Parker27 2015 UK RCT 322 GA vs spinal >49 yr No significant difference
Patorno45 2014 USA Retrospective

observational
73 284 GA vs RA >18 yr

Exclusions: closed surgery,
multiple injuries, day of
admission surgery

No significant difference

Radcliff38 2008 USA Retrospective
observational

5683 GA vs RA Males >65 yr
Exclusions: admissions from
institution

Increased 30-day mortality in GA
group

Rashid37 2013 Pakistan Retrospective
observational

194 GA vs RA All hip fractures No significant difference

Seitz23 2011 Canada Retrospective
observational

11 787 Effect of cholinesterase
inhibitors stratified on basis
of anaesthetic type GA vs RA

>65 yr
With dementia Exclusions:
pathological fracture or
palliative care

No significant difference

Seitz4 2014 Canada Retrospective
observational

6135 GA vs RA Older patients
With dementia
Exclusions: major trauma,
palliative care or pathological
fracture

Higher intensive care unit
admission for GA group

Sevtap30 2012 Turkey Retrospective
observational

185 GA vs RA* >60 yr No significant difference

Sieber21 2010 USA RCT double blinded 114 Targeted deep vs light
sedation during RA

>65 yr Exclusions: preoperative
delirium and severe dementia

Delirium reduced in light
sedation group

Shih34 2010 Taiwan Retrospective
observational

335 GA vs spinal >80 yr No significant difference
mortality; morbidity greater in
GA group

Tung40 2016 Taiwan Retrospective
observational

17 189 GA vs RA >18 yr
Exclusions: multiple hip
fracture admissions, patients
receiving both GA and RA

RA associated with reduced 30
day all cause and surgical site
infection readmission

De Visme22 2000 France RCT 29 Spinal vs lumbar and sciatic
plexus block

>68 yr No significant difference

White35 2014 UK Retrospective
observational

65 535 GA vs RA* All hip fractures No significant difference

White3 2016 UK Prospective observational 11 085 GA vs RA* All hip fractures No significant difference
Whiting42 2015 USA Retrospective

observational
7764 GA vs RA* All hip fractures Significant increase in minor

complications with RA
Wood36 2011 UK Retrospective

observational
1131 GA vs spinal All hip fractures Significant difference in

hypotension favouring low dose
spinal
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Perioperative outcomes for hip fracture surgery - 41
within the studies, along with their various definitions were

extracted. Outcomes that had been reported in the sameway in

at least two randomizedornon-randomized studies comparing

regional and general anaesthesia or spinal and general anaes-

thesia were included in the meta-analyses. Event rates were

extracted for dichotomous outcomes and mean and standard

deviation was extracted for continuous outcomes.

A full list of all reported outcomes from eligible studies was

compiled (Supplementary Table). These included 30-day

mortality, acute myocardial infarction, delirium, length of

stay, pneumonia, and acute renal failure. The quality of evi-

dence for each outcome was rated by the Grades of Recom-

mendation, Assessment, Development and Evaluation

(GRADE) Working Group approach.18

Review Manager software (RevMan for Mac, version 5.3;

Cochrane Collaboration, Oxford, UK) was used to perform the

meta-analyses. Where possible, the results of studies were

pooled if at least two studies reported comparable outcomes.

This allowed forest plots to be generated, statistical hetero-

geneity to be tested, and an overall estimate of the pooled ef-

fect for each outcome. A random effects model was used due

to the differences in patient population and intervention.

Similarity between studies was measured using the I2 statistic

to estimate the proportion of variation across studies that is

due to heterogeneity rather than chance.19
Results

Initially, 440 studies were identified using the search methods

described. After removal of duplicates, 408 titles and abstracts

were screened (Fig. 1). Sixty-seven full text articles were

assessed for eligibility, 43 of which were excluded. A further

eight records found through checking the reference lists of

included articles and review articles were added to the

remaining 24. Therefore, 32 records were included in the

narrative review, with 19 contributing to the quantitative

analysis. These studies were published between January 2000

and July 2017.

Characteristics of the studies are shown in Table 1. The

majority, 19 out of 32, were retrospective observational

studies, nine were randomized trials, and four prospective

cohort studies. Twenty-seven studies looked at outcomes

relating to regional compared to general anaesthesia and 10

studies examined outcomes specifically for spinal compared

with general anaesthesia. One study reported outcomes

comparing high and low dose spinal anaesthesia,20 one re-

ported outcomes for deep vs light sedation21 and another

compared spinal vs lumbar and sciatic plexus blocks.22 Of the

remaining studies, two assessed outcomes for regional and

general anaesthesia following either administration of

cholinesterase inhibitors or the implementation of a delirium

bundle in older adults with dementia undergoing hip fracture

surgery.23,24

The general anaesthesia group encompasses ‘general

anaesthesia only’ and ‘general anaesthesia plus nerve block’.

A total of three randomized trials25e27 containing data on 752

patients and 16 observational studies3,4,28e41 with data on 201

254 patients were included in analyses for general vs regional

anaesthesia. Two randomized trials25,27 containing data on

365 patients and 10 observational studies3,4,28e31,34e36,41 with

data on 96 813 patients were included in the sensitivity ana-

lyses for general vs spinal anaesthesia.

The risk of selection bias within the randomized trials was

judged to be low. In terms of allocation concealment, half the
trials did not report if or how this was achieved (Appendix 1).

All the randomized trials were at high risk of performance and

detection bias. This was based on lack of blinding of partici-

pants or personnel during the intervention and during

outcome assessment or a lack of providing information on

how thiswas achieved. The risks of attrition and reporting bias

were judged to be low for the randomized trials (Appendix 1).

The risk of major influence due to confounding factors was

deemed high in all of the observational studies with the ma-

jority using statistical techniques such as propensity score

matching and logistic regression in order to adjust for these

(Appendix 2). The risk of bias in the classification and devia-

tion from intended interventions and in the selection of re-

ported results was low. However, selection bias was high or

unclear in 10 out of 18 studies, with many having unclear

criteria for inclusion and exclusion. There was amoderate risk

of bias due to missing data in six out of 18 studies and an

unclear to high risk due to non-standardized reporting of

outcomes in five out of 18 studies (Appendix 2).
Meta-analysis: outcomes for regional vs general
anaesthesia

Meta-analysis of 30-day mortality data for 14 studies,

two randomized trials25,27 and 12 observational stud-

ies,3,4,28e30,32,33,35,36,38e40 revealed no significant difference be-

tween regional and general anaesthesia [odds ratio (OR) 1.15;

95% confidence interval (CI) 1.01, 1.32, I2 87%; n¼200 464]. The

quality of evidence for this outcomewasmoderate according to

the GRADE system.18 The results for all meta-analysis are dis-

played in Fig. 2. Three studies, one randomized and two

observational, showed no significant difference for 1-year

mortality (OR 1.27; 95% CI 0.76, 2.12, I2 78%, n¼7956).

Nine studies, three randomized trials25e27 and six obser-

vational studies,4,28e30,33,40 representing a total of 31 322 pa-

tients receiving regional anaesthesia and 33 582 receiving

general anaesthesia showed no significant difference in rate of

acute myocardial infarction (OR 0.96; 95% CI 0.88, 1.05, I2 0%,

n¼64 904).

There was no significant difference in the rates of pneu-

monia in patients receiving either regional or general anaes-

thesia in the meta-analysis of eight studies; two randomized

trials26,27 and six observational4,28,29,33,34,40 studies (OR 1.10;

95% CI 0.93, 1.30; I2 43%; n¼65 011).

Six studies reported delirium in a way that was compara-

ble; two randomized trials26,27 and four observational

studies.3,33,34,41 There was no significant difference in the rate

of delirium between regional and general anaesthesia (OR 1.07;

95% CI 0.72, 1.58; I2 93%; n¼19 923). There was substantial

heterogeneity across these studies and between the results of

the two randomized (I2 70%) and four observational studies (I2

95%).

Six studies were also able to be included in the meta-

analysis for length of stay, one randomized27 and five obser-

vational studies.4,30e32,37 There was a small statistically sig-

nificant difference between the two types of anaesthesia for

this outcome (standardized mean difference e0.03; 95%

CI e0.05, e0.02; I2 0%; n¼78,711) favouring regional. The five

other studies that reported results for length of stay could not

be included in the meta-analysis due to absence of statistical

comparators. Two papers reported hospital stay as median

values,3,34 which could not be combined inmeta-analyses, and

two papers reported length of hospital stay for general and

regional anaesthesia combined, and thus could not be



Fig 1. Search strategy.
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compared.41,44 Wood and White36 reported ‘postoperative

length of stay’, which was not comparable with ‘hospital

length of stay’. Despite the statistically significant result, such

a small standard mean difference is unlikely to be of clinical

significance.

Five studies reported acute renal failure in a way that could

be comparable by meta-analysis, one randomized,27 and four

observational studies.28,30,34,40 There was no significant dif-

ference between regional and general anaesthesia for this

outcome (OR 0.94; 95% CI 0.54, 1.64; I2 0%; n¼27 873).
For outcomes such as hypotension, blood loss, and blood

transfusion, it was not possible to perform meta-analyses

because of the lack of uniformity in outcome reporting.

Furthermore, there were too few comparable studies to

examine mortality in the longer term, for example at 90 or 120

days. This considerable variation in reporting of outcomes,

often lacking detail in definition as well as measurements at

different time points, leads to difficulty comparing studies.



Fig 2. Forest plots showing pooled effect estimates for (a) mortality, (b) acute myocardial infarction, (c) pneumonia, (d) delirium, (e) acute

renal failure, and (f) hospital length of stay when comparing regional with general anaesthesia.
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Fig 2. (continued).
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Sensitivity analysis: outcomes for spinal only vs
general anaesthesia

Two randomized25,27 and seven observational stud-

ies3,4,28e30,35,36 showed no significant difference for 30-day

mortality (OR 1.34; 95% CI 1.07, 1.69; I2 90%; n¼96 217). For
acute myocardial infarction, two randomized25,27 and four

observational studies4,28e30 showed no significant difference

between general and spinal anaesthesia (OR 0.96; 95% CI

0.87,1.06; I2 0%; n¼37 942). One randomized study27 and four

observational studies4,28,29,34 showed no significant difference

for prevalence of pneumonia (OR 1.06; CI 95% 0.85, 1.31; I2 38%;



Fig 2. (continued).
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n¼38 100). One randomized study27 and three observational

studies4,30,31 showed a statistically significant difference for

hospital length of stay (standardized mean difference e0.01;

95% CI e0.14, 0.11; I2 0%; n¼1086) but once again, this is so

small that it is likely to be clinically insignificant. For delirium,

one randomized study27 and two observational studies34,41

showed no significant difference between general and spinal

anaesthesia (OR 1.04; 95% CI 0.2, 5.33; I2 61%; n¼975). One

randomized study27 and two observational studies28,30

showed no significant difference between the two modes of

anaesthesia for acute renal failure (OR 0.90; 95% CI 0.47, 1.75; I2

0%; n¼10,298; Appendix 3).
Qualitative reporting of outcomes

Perioperative outcomes were reported in a non-standardized

way across all studies included. The median number of out-

comes per study was eight (range 1e21) as shown in

Supplementary Table. Outcomemeasures tended to reflect the

following domains;mortality, outcomes per organ system, and

process of care. The most commonly reported outcome mea-

sure was 30-day mortality, which was reported in 18 (56%) of

the studies.3,4,23e25,27e30,32,33,35e40,42 The secondmost common

outcome measure was myocardial infarction, reported in 14

(44%) of studies,4,24e30,33,38,40,42e44 followed by pneumonia in 13
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(41%) studies4,23,24,26e29,33,34,38,40,42,44 and surgical site infection

in 10 (31%) studies.4,24,27e29,37,38,40,42,44 Outcome measures that

were reported only once across the studies includemyocardial

ischaemia, hypoxia, reintubation, transient ischaemic attack,

time from admission to medically fit for discharge, and mor-

tality at 120 days (Supplementary Table). For most studies,

outcomes were not defined as shown in Table 2.
Mortality

Mortality rates were reported in nine different ways

throughout the 32 studies. After 30-day mortality, in-hospital

mortality was the next most commonly reported, being used

in 19% of the studies (n¼6).21,26,31,43e45 Four studies27,39,41,44

reported 1-year mortality and two reported ‘overall’ mortal-

ity in an ill-defined manner.34,46 Two studies reported mor-

tality occurring in <5 days,3,35 two reported mortality at 90

days27,39 and a different two studies reported 7-day mortal-

ity.30,33 Eight of the 32 studies reported mortality at more than

one timepoint,3,26,27,30,33,35,39,44 with Parker and colleagues

reporting mortality at 30, 90, and 120 days, as well as at 1

year.27
Process of care

Other perioperative outcomes reported were length of stay,

duration of surgical procedure and anaesthesia, and time from

admission to the operating room and from admission until

medically fit. They were reported with various frequencies

within the studies.

Length of stay was reported in 11 (34%) stud-

ies,23,27,30e32,34,36,37,41,44 with only two providing information

on how this was defined and what time points were used.3,27

White and colleagues3 recorded the admission and surgery

times, as well as ‘time from surgery to discharge from the

acute hospital’. Parker and colleagues27 defined length of stay

as the ‘total hospital stay in days’. However, there was no

specific information on whether this was the acute hospital

stay or if movement to other care units was included. Time

from operation until discharge was reported in six (19%)

studies.3,28,36e38,47 Basques and colleagues28 reported post-

operative length of stay as the number of days from operation

until discharge, but provided no information regarding the

total length of stay. Similarly, Casati and colleagues47 recorded

‘delay until discharge time’ and Wood and White36 clarified

that ‘hospital length of stay’was ‘postoperative length of stay’

only. One of the issues in comparing data for length of stay is

the lack of definition and uncertainty that any two papers are

comparable. Given that Wood and White36 stated length of
Table 2 Number of studies providing definitions for
commonly reported outcomes.

Outcome Studies
reporting, n

Studies
providing
outcome
definition
n (%)

Acute myocardial infarction 14 1 (7)
Pneumonia 13 2 (15)
Delirium 9 3 (33)
Acute renal failure 7 1 (14)
Septic shock 6 1 (17)
Hospital length of stay 11 2 (18)
stay was actually a ‘postoperative length of stay’, they were

excluded from the meta-analysis. With no definition, there is

an assumption that ‘hospital length of stay’ includes pre- and

postoperative time and thus papers which have described

‘hospital length of stay’ without elaboration have been

included in quantitative analyses.

The less commonly reported outcome measures were time

from admission to operation, reported in three studies,24,26,31

time from admission until medically fit,44 fasting times,24

and recovery ward length of stay.47 Hospital read-

missions28,31,38,40 and intensive care unit admissions4,21,23,43

were reported in four (13%) and four (13%) studies respectively.
Perioperative morbidity

Supplementary Table illustrates the various perioperative

complications, categorized by organ system, with a specific

section for critical care interventions. Therewas no systematic

approach to reporting these. Issues relating to analgesia, al-

lergies, and gastrointestinal complications, which were re-

ported less commonly, were categorized as ‘other’.

All studies reported some form of cardiovascular compli-

cation, with myocardial infarction reported in 14 studies

(44%).4,24e30,33,38,40,42e44 Only one of these studies described

how acute myocardial infarction was defined.33 Eleven studies

(34%) included more than one cardiovascular

complication.4,24e30,33,38,44 Heidari and colleagues26 reported

myocardial infarction and ischemia as separate entities with

no definition as to how they were distinguished. The majority

of studies did not mention any criteria upon which the diag-

nosis of acute myocardial infarction was made. The Interna-

tional Classification of Diseases codes were used in one study

to identify those with acute myocardial infarctions; however,

these do not provide definitions of what constituted the

diagnosis.43 Other methods described included a post-

operative complication being reported if a consultant felt it

was present,26 or retrospective analysis of medical notes.33

Both of these are subjective and prone to detection bias.

Three (9%) studies reported ‘any cardiac complication’with no

further detail.21,31,34 Hypotension was reported in seven (22%)

studies20,25,27,29,36,48,49 in various ways, including absolute and

relative reductions in blood pressure and therefore it was not

possible to undertake a meta-analysis for this outcome.

Pneumonia was the most commonly reported outcome

classifiedwithin pulmonary complications, followed by venous

thromboembolic events. Despite 13 studies reporting pneu-

monia as an outcome,4,23,24,26e29,33,34,38,40,42,44 only two defined

how the diagnosis was made. O’Hara and colleagues33

confirmed a diagnosis of pneumonia if the patient had a

chest radiograph with infiltrates and was commenced on anti-

microbials. In contrast, Fields and colleagues29 used the Amer-

ican College of Surgeons National Surgical Quality

Improvement Program definition for pneumonia.50 Venous

thromboembolic event reporting included pulmonary embo-

lism and deep vein thrombosis together in eight (25%) of the

studies.4,24,27,29,37,38,40,42 Pulmonary embolism was reported

separately in seven studies4,24,27,28,38,42,44; however, the catego-

rization of deep vein thrombosis and pulmonary embolism

together in somestudies,while others separated them, reduced

the number of studies that could be included inmeta-analyses.

Respiratory failure was reported in five (16%) studies23,30,34,40,43

and other pulmonary outcomes that were reported sporadi-

cally included pleural effusion, atelectasis, and exacerbation of

chronic obstructive pulmonary disease.
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Delirium22,24,26,27,33,34,41,44,47 and cerebrovascular

accident24,25,27e29,34,40,42,43 were the two most commonly re-

ported neurological outcomes, each reported in nine (28%)

studies. Only 33% of studies that reported delirium clearly

described the methods used to diagnose it. In each case, these

methods varied by their use of different delirium assessment

tools.24,41,44 ‘Cognitive issues’ were reported in some studies;

however, there was limited detail available to translate this

into actual diagnoses.

Surgical site and urinary tract were the most commonly re-

ported infections. Their rates were reported in 10

(31%)23,24,27e29,37,38,40,42,44 and eight (25%)

studies,24,28,29,37,38,40,42,44 respectively. Septic shock was re-

ported in six (19%) studies.28e30,38,40,42 Wound dehiscence and

graft failure was reported in four (13%)28,29,38,42 and three

studies,28,29,38 respectively. The studies did not clearly define

graft failure.

Seven (22%) studies21,24,27e29,38,44 reported blood trans-

fusion, five (16%) reported blood loss20,24,34,37,49 and two

studies reported a reduction in haemoglobin26 and anaemia,24

respectively. The different ways of reporting a similar

outcome make meaningful pooling of these results

impossible.

Similarly, renal outcomes were most commonly reported

under the heading ‘renal insufficiency’ and ‘renal complica-

tion’, with no use of validated diagnostic criteria on how they

had been defined. Seven (22%) studies reported acute renal

failure24,27e30,40,43 as an outcome. No study used the term acute

kidney injury, which is formally diagnosed based on specific

criteria.
Discussion

This study showed no significant differences in 30-day mor-

tality or prevalence of myocardial infarction, pneumonia,

delirium, or renal impairment in those patients with hip

fracture undergoing surgery where either regional or general

anaesthetic was used. Sensitivity analyses comparing spinal

anaesthetic, as a sole technique with general anaesthesia, for

the same outcomes, were also insignificant. There was a

marginal statistical significance favouring regional and spinal

anaesthesia when compared to general anaesthesia for hos-

pital length of stay; however, this is not clinically significant as

it results in a difference of only a small portion of an actual bed

day.

This review is novel in including relevant outcomes from

observational studies, increasing the number of patients from

which outcomes were included from 2000e300051 to 202 000.

Previous reviews have used data from mostly randomized

studies, many of which dated back to the 1980s and had

questionable relevance to modern anaesthetic practice.51 The

pooled, randomized data to date are inadequate in terms of

power displayed by the wide 95% CIs displayed within the

meta-analyses (Fig. 2). Powering a randomized study to detect

a difference in 30-day mortality at the minimal acceptable

power standard of 80% would require 8200 patients per group

based on our calculations from Fig. 2a.

A recently published systematic review by VanWaesberghe

and colleagues52 also included observational studies but there

were several methodological weaknesses such as inclusion of

data from patients having elective total hip arthroplasties,

comparing adjusted data with raw data as well as comparing

means with medians for length of stay.
A limitation of including observational data is the possi-

bility that their design could introduce bias.53 The Cochrane

Risk of Bias tools are well validated and this review reassur-

ingly demonstrates a similar degree of heterogeneity and risk

of bias between the observational and randomized studies

(Appendices 1 and 2). A further limitation was the inability to

include studies in the meta-analyses that provided adjusted

data only. Adjusted estimates of effect, via various statistical

approaches, aim to control for confounders and are non-

comparable with crude estimates of effect. An example is a

recently published study by Chu and colleagues,43 which

showed higher odds of in-hospital mortality in the general

anaesthesia group when adjusted using propensity score-

ematching, (2.62 vs 2.13%; OR, 1.24; 95% CI, 1.15 to 1.35;

P<0.001). Basques and colleagues28 found a significantly

shorter length of stay P<0.001 in the general anaesthesia group

in a retrospective study of 9842 patients using bivariate

analysis.

This is the first article to provide data showing substantial

variation in the definitions of perioperative hip fracture out-

comes across a wide number of studies. This is likely to be

relevant to wider research areas. In the randomized and

observational studies considered in this review, there was a

large and equal degree of inconsistency in defining specific

outcomes, if at all, and how they were reported. This left it

possible to pool only limited numbers of outcomes in meta-

analyses. For example, ‘cardiac complications’ were often re-

ported under a generic umbrella term with no breakdown of

the various components required to meet internationally

agreed criteria.26 Similarly, there was large heterogeneity in

the definition of the study intervention. Regional anaesthesia

encompassed a spectrum of interventions from neuraxial

blockade to spinal and/or epidural anaesthesia, with or

without a nerve blockade. Regional anaesthesia with sedation

was documented as general anaesthesia41 in one paper.

However, deep sedation, resembling a general anaesthetic,

may be simply categorized as regional anaesthesia. Only one

study provided data on the number of patients having seda-

tion while under spinal anaesthesia.3 The patients within

these studies receiving general anaesthesia commonly had a

nerve block performed, which is true to practice,23,28,36 thus for

meta-analyses, the general anaesthesia group encompasses

‘general only’ and ‘general plus nerve block’. Two studies3,35

provided a breakdown of data for the categories spinal only

or spinal plus nerve block and one study provided results for a

group that received both general and regional anaesthesia.39

Data from patients with such a combined technique has

been handled differently in studies either by excluding it

completely,29,33 analysing it within the general anaesthesia

group41 or not describing how it was differentiated at all.

This review highlights that, although meta-analyses may

be performed for a specific outcome in terms of how it is re-

ported within studies, the investigators may not have

captured the diagnoses in a standardized way. The lack of

clarity in the definition of delirium54,55 may account for the

wide prevalence range for this outcome, varying from 0.9%27 to

54%41 in papers included within this review. Furthermore, a

recent study by Numan et al56 showed no agreement between

experts when diagnosing delirium using well validated

cognitive assessment tools in the same patient. Similarly,

length of stay is one of themost widely reported outcomes, yet

the definitions used for this across the studies has been

inconsistent. It is therefore difficult to be certain that ‘hospital

length of stay’ is actually measuring the same duration of time
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across various healthcare systems. There is potential formany

factors to affect a patient’s journey from acute care phase to

rehabilitation as well as ill-defined criteria guiding decisions

on when to step down levels of care. In terms of getting defi-

nitions that are at least consistent, the practice in Wales and

now England to report the combined acute and community

care to give overall length of stay may be worthwhile.1 This in

now commonly referred to as the ‘super-spell’.

The common domains that are addressed in this review

give rise to the likelihood of obtaining agreement on outcome

definitions and a core outcome set for future randomized

studies examining the perioperative management of patients

with hip fractures.57 The search was restricted to a short but

recent period of time, but we are confident that we have pre-

sented sufficient data to demonstrate variability in outcome

reporting.

This review has shown that there is no difference in out-

comes between patients who receive regional and general

anaesthesia undergoing surgery for fractured neck of femur.

The focus of future studies must shift from reporting ill-

defined outcomes to creating research protocols that include

well defined interventions and outcomes of importance to

patients. The Patient Centred Outcome Measures after Major

Surgery (P-COMMaS)58 and the Regional versus General

Anesthesia for Promoting Independence after Hip Fracture

(REGAIN) study59 in the USA are good examples of ongoing

research where some of these principles have been

considered.

In conclusion, randomized studies to date in the perioper-

ative management of patients with hip fractures have many

methodological flaws. Including data from large observational

studies has added weight to the outcomes of the randomized

studies but at present, due to enormous inconsistency in the

choice of outcome measures and definition, it is difficult to

draw many meaningful conclusions from these. Expert

consensus on and implementation of standard outcome

sets10,11 is a fundamental requirement for comparing effects

across studies and should now be a priority for all

investigators.
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