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Summary
Large observational studies of accurate data can provide similar results to more arduous and expensive randomised

controlled trials. In 2012, the National Hip Fracture Database extended its dataset to include ‘type of anaesthesia’

data fields. We analysed 65 535 patient record sets to determine differences in outcome. Type of anaesthesia was

recorded in 59 191 (90%) patients. Omitting patients who received both general and spinal anaesthesia or in whom

an uncertain type of anaesthesia was recorded, there was no significant difference in either cumulative five-day (2.8%

vs 2.8%, p = 0.991) or 30-day (7.0% vs 7.5%, p = 0.053) mortality between 30 130 patients receiving general anaes-

thesia and 22 999 patients receiving spinal anaesthesia, even when 30-day mortality was adjusted for age and ASA

physical status (p = 0.226). Mortality within 24 hours after surgery was significantly higher among patients receiving

cemented compared with uncemented hemiarthroplasty (1.6% vs 1.2%, p = 0.030), suggesting excess early mortality

related to bone cement implantation syndrome. If these data are accurate, then either there is no difference in

30-day mortality between general and spinal anaesthesia after hip fracture surgery per se, and therefore future

research should focus on how to make both types of anaesthesia safer, or there is a difference, but mortality is not

the correct outcome to measure after anaesthesia, and therefore future research should focus on differences between

general and spinal anaesthesia. These could include more anaesthesia-sensitive outcomes, such as hypotension, pain,

postoperative confusion, respiratory infection and mobilisation.
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Introduction
Although approximately 70 000 hip fractures occur

annually in England and Wales [1], there remains con-

siderable uncertainty about whether general or spinal

anaesthesia is most beneficial during restorative surgery

in terms of patient outcome [2]. As a consequence, pro-

fessional guidelines [3–5] are unable to recommend one

technique over the other with confidence, such that a

wide spectrum of techniques continue to be used by an-

aesthetists [6]. This may explain in part why 30-day

postoperative mortality has remained static at approxi-

mately 8% for the last five years in spite of national

quality improvement initiatives, including data collec-

tion and publication by the National Hip Fracture Data-
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base [7] and ‘best practice’ tariff uplifts related to perfor-

mance targets [8].

We have previously argued that a randomised

controlled trial is not a clinically or financially viable

method of comparing outcomes after general or spinal

anaesthesia for hip fracture surgery [9], but have advo-

cated the potential for large database observational

studies to identify any such differences. The National

Hip Fracture Database [7] is one example of just such

a database. Launched in 2007, it has collected data on

over 200 000 hip fracture patients, and currently col-

lects data from 95% of all hip fracture patients pre-

senting to each of the 188 hospitals in England, Wales

and Northern Ireland that are eligible for inclusion.

However, until 2011, no anaesthesia data were col-

lected as part of the standardised dataset. The Hip

Fracture Peri-operative Network, under the aegis of

the Age Anaesthesia Association, realised the potential

value of accurate data collection at a rate of approxi-

mately 5000 cases per month in comparing anaesthetic

techniques, and co-developed standardised data fields

with the National Hip Fracture Database for inclusion

into the main audit dataset from January 2012.

The primary aim of this observational analysis of

national audit data was to determine whether there is

any difference in the 30-day mortality between patients

receiving general anaesthesia (GA), with or without

nerve blockade, compared with spinal anaesthesia for

hip fracture surgery. The secondary aims of this study

were to compare early (less than five-day) mortality,

age and co-morbidity, as indicated by ASA physical

status, between patients receiving either general or

spinal anaesthesia, and to determine time-related mor-

tality outcome between patients receiving cemented or

uncemented prostheses.

Methods
Type of anaesthesia was included in version 6 of the

National Hip Fracture Database dataset [10] to mea-

sure compliance with audit standard 1.4.1 of the

National Institute of Health and Care Excellence

(NICE) guidelines from 2012 [3], which state: “offer

patients a choice of spinal anesthesia or general anaes-

thesia after discussing the risks and benefits”. Options

for type of anaesthesia administered (data field 4.03)

were limited to ‘GA only’, ‘GA + nerve block’,

‘GA + spinal anaesthesia’, ‘GA + epidural anaesthesia’,

‘spinal anaesthesia only’, ‘spinal anaesthesia + nerve

block’ and ‘spinal anaesthesia + epidural’. Data were

collected by specially trained personnel employed by

each eligible hospital to identify hip fracture patients,

collect data from a number of hospital sources, and

upload these data securely to the Fracture Database at

least every three months.

The following data were collected from 1st January

2012 to 31st December 2012, along with the National

Hip Fracture Database-6 data field codes: date of birth

(2.04); sex (2.05); ASA physical status (4.02); type of

anaesthesia (4.03); operation performed (4.06); date

and time of discharge from hospital (6.03); discharge

destination from hospital (‘dead’ 6.04.6); and residen-

tial status at 30 days (‘dead’ 7.01.6). Daily mortality in

the first five days after surgery was calculated on the

assumption that patients were discharged ‘dead’ from

the hospital on the date of discharge recorded. Mortal-

ity data were compared using a two-tailed chi-squared

test without Yate’s correction. Differences in 30-day

mortality between general and spinal anaesthesia were

adjusted for age (< 65, 65–85, > 85 years) and ASA

status (as a proxy of co-morbidity) using multivariable

regression analysis, as these variables are known to be

associated with increased mortality [11]. Backward

stepwise logistic regression was used with p = 0.05 for

inclusion and p = 0.10 for removal. Age and ASA sta-

tus were treated as categorical variables. Statistical

analyses were performed using the Statistical Package

for the Social Sciences Version 17.0 (SPSS Inc.,

Chicago, IL, USA), with p < 0.05 indicating statistical

significance.

Results
Data were collected for 65 535 patients; the mean (SD)

age was 82 (10) years and 17 637 (26.9%) were men.

An abbreviated mental test score of 6/10 or lower on

admission to hospital was recorded in 13 313/42 664

(31.2%) patients. Type of anaesthesia was recorded in

59 191 (90.3%) patients (Table 1). There was no sig-

nificant difference in 30-day mortality between patients

receiving GA or spinal anaesthesia (p = 0.053) for

whom the date of death was known and recorded cor-

rectly. However, 30-day mortality was significantly

lower after GA compared with spinal anaesthesia when
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4214 patients receiving combined general and spinal

anaesthesia (for whom the date of death was known

and recorded correctly) were included in the GA group

(p = 0.029). There was no difference in 30-day mortal-

ity between the modal types of general anaesthesia

(GA + nerve block) and spinal anaesthesia (spinal

only) (p = 0.224). There was also no difference in

cumulative mortality between GA or spinal (only/

+nerve block/+epidural in either group) anaesthesia in

the early postoperative days (0–5) following anaesthe-

sia (Table 2).

Thirty-day mortality increased markedly in line

with ASA status and age, as did the proportion of

patients who received spinal anaesthesia (Tables 3 and

4, respectively). Logistic regression found no significant

difference in cumulative mortality between GA and

spinal anaesthesia, excluding combined GA and spinal

anaesthesia, adjusted for ASA status and increasing age

(p = 0.226).

Of the 62 322 patients whose 30-day postoperative

mortality status was known, 26 811 (43.0%) had

undergone hemiarthroplasty, 19 458 (72.6%) of these

involving cemented prostheses. Thirty-day mortality

was significantly higher in patients receiving unce-

mented prostheses (653/7353 (8.9%)) compared with

cemented prostheses (1448/19 458 (7.4%), p < 0.001),

although a greater proportion of patients receiving

uncemented prostheses were of poorer physiological

status (ASA 3–5, where recorded) than those receiving

cemented prostheses (5045/6887 (73.3%) vs 12 364/

18 045 (68.5%), respectively, p < 0.001). However,

mortality within 24 h after surgery was significantly

Table 1 Thirty-day postoperative mortality by type of anaesthesia in the calendar year of 2012 as collected by the
National Hip Fracture Database. Values are number (proportion) or number.

Unknown/incorrect
date of death 30-day mortality

GA + epidural 250 (0.4%) 10 18 (7.5%)
GA + nerve block 15176 (23.2%) 467 1028 (7.0%)
GA only 15 666 (23.9%) 485 1066 (7.0%)
All GA 31 092 (47.4%) 962 2112 (7.0%)
GA + spinal 4280 (6.5%) 66 281 (6.7%)
All GA + (GA + spinal) 35 372 (54.0%) 1028 2393 (7.0%)
Spinal + epidural 336 (0.5%) 9 26 (8.0%)
Spinal + nerve block 4374 (6.7%) 34 342 (7.9%)
Spinal only 18 955 (28.9%) 622 1345 (7.3%)
All spinal 23 665 (36.1%) 666 1713 (7.5%)
Type recorded, but unclear/other 154 (0.2%) 101 7 (13.2%)
No type recorded 6344 (9.7%) 982 1086 (20.3%)
All 65 535 (100.0%) 2776 5199 (8.3%)

GA, general anaesthesia.

Table 2 Comparison of mortality after general (GA) or spinal anaesthesia in the early postoperative period in the
calendar year of 2012 as collected by the National Hip Fracture Database.

Postoperative
day

GA
deaths

Spinal
deaths

Cumulative
mortality GA

Cumulative
mortality
spinal p value

0 209 142 0.6% 0.6% 0.894
1 158 106 1.1% 1.1% 0.988
2 132 107 1.5% 1.5% 0.141
3 167 97 1.9% 2.0% 0.266
4 158 98 2.4% 2.4% 0.551
5 123 83 2.8% 2.8% 0.958
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higher among patients receiving cemented prostheses

(305/19 458 (1.6%) compared with those receiving

uncemented prostheses (89/7353 (1.2%), p = 0.030).

Discussion
This observational study of 65 535 patients’ data col-

lected nationally over a one-year period did not find

any significant difference in 30-day mortality between

patients administered GA compared with spinal anaes-

thesia for surgical repair of hip fracture. Three conclu-

sions may be drawn from this finding: there is indeed

no difference in 30-day mortality between GA and

spinal anaesthesia after hip fracture surgery; there may

be a difference between GA and spinal, but not in

terms of mortality; or national data recording is not

accurate enough to detect a difference in outcome

between GA and spinal anaesthesia.

It is quite possible that there is, indeed, no differ-

ence in 30-day mortality after hip fracture surgery

between GA and spinal anaesthesia, despite evidence

to the contrary from other studies. Parker et al.’s 2004

Cochrane review [12], which has informed all subse-

quent guidelines in recommending spinal anaesthesia

over GA [3–5], included pooled results from eight

randomised trials involving only 1668 patients, and

suggested decreased 30-day mortality after spinal

anaesthesia compared with GA (6.9% vs 10%), a find-

ing of borderline statistical significance (RR 0.69, 95%

CI 0.50–0.95) and derived from historical studies (one

from the year 1998 involving 29 patients, the rest pre-

1987) with methodological flaws. Luger et al.’s com-

prehensive review [13] concluded that “spinal anaes-

thesia is associated with significantly reduced early

mortality”, but that “the limited evidence available does

not permit a definitive conclusion to be drawn for mor-

tality”. More recently, Neumann et al.’s retrospective

analysis of 18 158 patients in 126 New York hospitals

[14] found no difference in unadjusted in-hospital

mortality between spinal anaesthesia (29% of cases)

and GA, until a 21-variable casemix-adjustment regres-

Table 3 Comparison of 30-day postoperative mortality after general anaesthesia (GA) or spinal anaesthesia accord-
ing to ASA physical status. Unknown type of anaesthesia and combined GA/spinal anaesthesia figures not shown.

ASA
status Number

GA/spinal
ratio

GA 30-day
mortality

Spinal 30-day
mortality p value

1 1879 (2.9%) 2.1 0.6% 0.8% 0.608
2 18 354 (28.0%) 1.5 2.7% 2.4% 0.208
3 32 270 (49.3%) 1.5 8.3% 8.3% 0.956
4 6593 (10.1%) 1.4 22.2% 26.5% 0.008
5 208 (0.3%) 1.1 35.9% 35.0% 0.940
All 65 486 1.5 7.5% 8.0% 0.041

Table 4 Comparison of 30-day postoperative mortality after general anaesthesia (GA) or spinal anaesthesia accord-
ing to age quintile. Unknown type of anaesthesia and combined GA/spinal anaesthesia figures are not shown.

Age; years Number
30-day
mortality

GA/spinal
ratio

GA 30-day
mortality

Spinal 30-day
mortality p value

< 50 738 (1.1%) 0.9% 3.8 0.9% 0.8% 0.969
50–54 626 (1.0%) 2.9% 3.1 2.4% 4.4% 0.287
55–59 1069 (1.6%) 1.9% 2.2 1.9% 1.8% 0.932
60–64 2029 (3.1%) 2.5% 1.6 2.1% 3.2% 0.195
65–69 3224 (4.9%) 3.1% 1.6 3.0% 3.2% 0.707
70–74 5051 (7.7%) 4.1% 1.5 3.9% 4.4% 0.493
75–79 8889 (13.6%) 4.6% 1.5 4.3% 5.2% 0.065
80–84 14 280 (21.8%) 6.7% 1.5 6.5% 7.0% 0.386
85–89 16 064 (24.5%) 9.0% 1.5 8.9% 9.3% 0.464
90–94 9999 (15.3%) 12.2% 1.4 12.2% 12.1% 0.854
95–99 3027 (4.6%) 18.8% 1.4 19.5% 17.8% 0.372
100+ 439 (0.7%) 31.1% 1.4 30.1% 32.5% 0.759
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sion model was applied. This revealed significantly

lower odds of in-hospital mortality after spinal anaes-

thesia compared with GA (OR 0.71, 95% CI 0.54–0.93,

p = 0.014) of a magnitude similar to that found

30 days postoperatively by Radcliff et al. among 5863

men > 65 years of age, using National Surgical Quality

Improvement Program data [15]. Our analysis was

unable to access comprehensive co-morbidity data,

which are not currently collected by the National Hip

Fracture Database, but casemix-adjustment by age and

ASA status, both proxy markers for physiological and

pathophysiological decline, failed to determine any

similar differences in 30-day mortality between GA

and spinal anaesthesia. Contemporaneous calculation

and recording within the National Hip Fracture Data-

base dataset of a validated casemix-adjustment score,

such as the Nottingham Hip Fracture Score [11], may

allow for more refined analysis of mortality by type of

anaesthesia in future years.

Importantly, the inability of even very large obser-

vational studies to detect significant differences in

mortality after spinal anaesthesia compared with GA

without casemix-adjustment suggests that randomised

controlled trials (such have been suggested by NICE

[3]) are unlikely to find significant differences in mor-

tality unless they are very large (> 3000 patients per

group) and therefore – given the difficulties inherent

in recruiting hip fracture patients to such trials – very

expensive [9], money which might be better spent

investigating the effect of type of anaesthesia on other

outcomes.

It is perhaps not surprising that there was no dif-

ference in 30-day mortality, given the temporal discon-

nection between the intervention (a 2-h peri-operative

period involving anaesthesia) and the measured out-

come (death 30 days after surgery), during which time

any number of other unmeasured variables might have

influenced outcome, for instance, the availability of or-

thogeriatric care and rehabilitation services. Similarly,

we would not have expected to find any differences in

other commonly accepted outcome measures, such as

length of stay or hospital discharge destination, which

are likely to be affected more by factors such as com-

munity care facilities, occupational health input and

local government finance than by anaesthesia. Any

significant link observed between anaesthesia and such

disconnected outcomes, therefore, can only ever be

interpreted as an association, rather than as evidence

of causation. Causation becomes much more probable,

and therefore measurable, if the outcome measured is

closely linked in time to the intervention. Our finding

of significantly increased 24-h postoperative mortality

after cemented compared with uncemented hemi-

arthroplasty, which may potentially be due to bone

cement implantation syndrome, is illustrative of this,

and supports concerns raised by the UK National

Patient Safety Agency [16].

However, that this study failed to find a difference

in unadjusted mortality within either the first 24 h or

five days after surgery suggests strongly that the type

of anaesthesia per se has little effect on mortality in

the peri-operative period, and indicates that research

should redirect itself towards investigating differences

in other outcomes that might be more likely to be

affected by type of anaesthesia and peri-operative care

(and which anaesthetists can therefore do something

about), such as peri-operative hypoxia, hypotension

[17, 18], anaemia, pain and myocardial ischaemia and

early postoperative complications including respiratory

infection [11, 13], confusion [19] and thromboembo-

lism.

Furthermore, the absence of a difference might indi-

cate that GA or spinal anaesthesia as definitions of

anaesthesia might be too broad in the context of hip

fracture repair, and disguise differences between ‘good’

and ‘bad’ techniques of anaesthesia. It is possible, for

example, to interpret our results as showing that ‘bad’

GA (i.e. after which the patient dies) is safer than ‘bad’

spinal anaesthesia, because there is a non-significant

p = 0.055 trend towards lower 30-day mortality after

GA compared with spinal anaesthesia. Moreover,

although we did not find a difference in unadjusted

30-day mortality between the modal methods of GA

(GA + nerve block) and spinal anaesthesia alone used

by UK anaesthetists, we strongly advocate the future

redirection of research efforts towards finding ‘best’

methods of GA and spinal anaesthesia. These could then

be evaluated in randomised controlled trials that use

contemporaneous outcomes (see above) and control for

casemix, type of fracture (and, by extension, use/

non-use of bone cement) [20] and orthogeriatric/

rehabilitative input, amongst others. ‘Better’ methods of
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anaesthesia may include the pre-operative administra-

tion of local anaesthetic nerve block [5, 21] with GA or

spinal anaesthesia after studies determining which type

of nerve block and dose of local anaesthetic agent pro-

vide the best combination of analgesia and postoperative

mobility; using lower doses of inhalational [17] or intra-

venous [22] general and spinal [23] anaesthesia; and

administering spinal anaesthesia without sedation or

with bispectral index-guided sedation [24, 25].

Of course, the third interpretation of any lack of sig-

nificant difference between GA and spinal anaesthesia

may relate to data inaccuracy, and we think there is

some evidence for this, supporting previous concerns

raised about the accuracy of anaesthesia data recorded

in the UK National Joint Registry [26]. Institutional data

collectors receive training and support from the

National Hip Fracture Database, but their collection of

anaesthesia data is a new task that requires interpreta-

tion of anaesthetic charts, which may have been missing

(~10%), illegible or difficult to interpret. Anecdotally,

for example, only 426/509 (83.7%) of cases recorded

accurately on the Brighton Hip Fracture Database were

submitted to the National Hip Fracture Database in

2012, although the frequency of GA vs spinal anaesthe-

sia recorded and reported was reasonably accurate (29%

vs 32% and 71%% vs 66%, respectively). The finding

that 23.2% of patients were administered nerve block

along with GA is in line with previous evidence from

UK audit data (19%) [6], but we are aware that the

20.3% 30-day mortality rate among patients in whom a

mode of anaesthesia was not recorded may have altered

our results, although we would expect the frequency dis-

tribution of these deaths to mirror that in patients for

whom mode of anaesthesia was recorded, and so not

affect the results. The question that arises is whether the

data are so inaccurate as to invalidate the results

reported. We do not believe, but cannot say for certain,

this to be the case given the large numbers observed,

even though our findings are at odds with other papers

that have found a difference in 30-day mortality [11–

14]. The solution to improving data accuracy might be

to involve anaesthetists in the collection and verification

of anaesthesia data submitted to the National Hip Frac-

ture Database in future.

Many of the uncertainties and inaccuracies inher-

ent in this study should be addressed by the Anaesthe-

sia Sprint Audit of Practice, a joint initiative between

the National Hip Fracture Database commissioned by

the UK Healthcare Quality Improvement Partnership

via the Royal College of Physicians and the Association

of Anaesthetists of Great Britain and Ireland, which

has recently finished data collection and is due to

report in early 2014. Data were collected and uploaded

to the National Hip Fracture Database over a prospec-

tive three-month period by anaesthetists in the vast

majority of hospitals throughout England, Wales and

Northern Ireland. With cross-referencing to standard

outcome data collected by the National Hip Fracture

Database, it is hoped that a far more detailed and

accurate analysis of casemix-adjusted outcome includ-

ing mortality, intra-operative hypotension and preva-

lence of bone cement implantation syndrome may be

performed, and that this can then be compared by

type of anaesthesia and surgery and by grade of anaes-

thetist and surgeon.

Retrospective analysis of a 65 535 patient national

dataset did not find any significant difference in either

five-day or 30-day postoperative mortality between GA

and spinal anaesthesia. We conclude that the focus of

anaesthesia research should be redirected away from

mortality outcomes that may be influenced by numerous

non-anaesthetic variables, and towards outcomes that

may be more directly attributable to mode of anaesthe-

sia. Imminent prospective data from the Anaesthesia

Sprint Audit of Practice may address concerns about

current national dataset accuracy, and contribute to a

greater understanding of how best to anaesthetise the

large and vulnerable group of patients who present

annually for emergency hip fracture repair.
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