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Aims
This study explores the reported rate of surgical site infection (SSI) after hip fracture surgery
in published studies concerning patients treated in the UK.

Methods

Studies were included if they reported on SSI after any type of surgical treatment for hip frac-
ture. Each study required a minimum of 30 days follow-up and 100 patients. Meta-analysis
was undertaken using a random effects model. Heterogeneity was expressed using the 12
statistic. Risk of bias was assessed using a modified Newcastle-Ottawa Scale (NOS) system.

Results

There were 20 studies reporting data from 88,615 patients. Most were retrospective cohort
studies from single centres. The pooled incidence was 2.1% (95% confidence interval (CI)
1.54% to 2.62%) across ‘all types’ of hip fracture surgery. When analyzed by operation type,
the SSI incidences were: hemiarthroplasty 2.87% (95% Cl 1.99% to 3.75%) and sliding hip
screw 1.35% (95% Cl 0.78% to 1.93%). There was considerable variation in definition of in-
fection used, as well as considerable risk of bias, particularly as few studies actively screened
participants for SSI.

Conclusion

Synthesis of published estimates of infection yield a rate higher than that seen in national
surveillance procedures. Biases noted in all studies would trend towards an underestimate,
largely due to inadequate follow-up.
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Article focus Definitions used across studies were
A large-scale meta-analysis of 20 studies varied and may explain the variation in
from the UK considering over 80,000 rates between studies.
patients.

Analysis was undertaken according to
major categories of surgery and study
definition of infection.

Strengths and limitations
A large number of patients were consid-
ered from a single healthcare system with
recognized standards for hip fracture care

Key messages and SSI prevention.
Rates of surgical site infection (SSI) after Data were heterogenous and therefore
hip fracture in the published literature pooled data should be interpreted in that
may be higher than surveillance suggests. context.
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Introduction

Hip fracture is one of the biggest challenges facing
patients and healthcare systems. Worldwide there are 1.3
million hip fractures and more than 70,000 hip fractures
in the UK every year.! These figures are projected to rise
to over 100,000 by 2020 in the UK' and more than six
million by 2050 worldwide.?

The overwhelming majority of hip fractures are treated
with surgery.? Given that 60% of hip fracture patients
have at least one major medical comorbidity, such as
malignancy or diabetes, these patients are particularly
vulnerable to surgical site infection (SSI).**

Deep infection has profound consequences for hip
fracture patients including five-times higher mortality.
Survivors experience prolonged hospital admissions and
much higher need for discharge to residential care.5”

Understanding the rate of infection is a critical compo-
nent of research and disease management for SSI.
Various bodies are responsible for SSI surveillance in their
respective countries. In the UK, this falls under the remit
of Public Health England’s Surgical Site Infection Surveil-
lance Programme.®® However, the surveillance process
may underestimate the true rate of infection.’ The
underestimation of SSI in hip fracture by public bodies
has important implications for the time, energy, and
resources being employed to tackle a problem which is a
research priority for patients.™

Published studies may act as an important source of
incidence data for this complication for patients and in
turn inform future studies.

The principal aim of this study was to determine the
rate of SSI after hip fracture surgery in the UK. The anal-
ysis was limited to the UK due to the single payer health
provider and national guidelines regarding hip fracture
care and SSI.

The secondary aim was to consider the SSI rates along-
side the subtypes of surgery and study definitions of
infection.

Methods

A systematic review of published studies was undertaken.
The methodology was conducted and reported in line
with the Meta-Analysis of Observational Studies in Epide-
miology (MOOSE) process.’”? The study protocol was
registered prospectively (Prospero CRD42017050685).
Search strategy. The search was designed with a specialist
information librarian to capture any study that reported
infection after hip fracture surgery (Supplementary Table
i). The Embase and Medline databases were searched
from inception to 1 May 2018 and all items imported into
specialist systematic review software.' Statistical analy-
sis was undertaken using Stata version 15.1 (StataCorp,
College Station, Texas, USA).

Inclusion criteria. All studies reporting SSI after hip frac-
ture surgery in the UK were included. All studies had to
report on a minimum of 100 consecutive hip fracture
patients undergoing surgery in order for each included

study to have a reasonable chance of capturing SSI within
their study population. Each study needed a minimum of
30 days of follow-up. Only studies published in English
were included.

Exclusion criteria. Patients treated with external fixation
were excluded as were studies focusing on highly select-
ed populations, e.g. high-energy trauma patients were
excluded. Studies published before 2000 were also ex-
cluded as they were unlikely to help determine contem-
porary SSI rates. Review articles were used as a source of
further original studies.

Selection of studies. The review of titles and abstracts was
done in full by one of the authors (JM). A 10% random
sample of these items was reviewed independently by a
second author (DM). Disagreement at each stage was re-
solved by discussion and where necessary arbitration by
a senior colleague (MLC). Once the titles and abstracts
were reviewed, relevant possible full UK paper reference
lists were also reviewed. Additional studies not identified
in the original search were added to the list of full pa-
pers to review. No grey literature or conference abstracts
were searched. An overview of this process is outlined in
Figure 1.

Once full studies were identified, they were catego-

rized into the respective type of surgery, e.g. ‘all hip frac-
tures’, ‘hemiarthroplasty’. When multiple publications
reported data from a single database, only the largest
study was included. When the patients were derived
from non-overlapping study periods, both studies were
included. If there was lack of clarity about dual counting
or dates from which the study came from, then the
authors were contacted.
Data extraction. The author performed data extraction
in parallel and independently with a third author (JSH).
Disagreement was resolved by discussion and arbitration
where necessary.

Data for extraction were based on demographic

features (e.g. age and sex), surgical features (e.g. type of
hip fracture surgery), and study features (e.g. definition
of infection). Definition for infection was considered for
each study and where possible reported by either super-
ficial or deep SSI. Where reoperation was reported as
part of the SSI definition, this was assumed to represent
deep infection and recorded accordingly. Authors were
contacted for additional data where required.
Statistical analysis. Descriptive statistics were used to rep-
resent the patient demographics included in the study.
Summary statistics including expressions of uncertainty
were used to calculate the rate of infection as a percent-
age. Meta-analysis was undertaken where appropriate
based on the number of cases available. This was under-
taken using a meta-analysis of proportions with a ran-
dom effects model. Study heterogeneity was expressed
using the |2 statistic. All proportions were transformed to
percentages. No meta-regression was possible due to the
limited and variable reporting of covariates within indi-
vidual studies.
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Fig. 1

Outline of the process of study selection.
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Study ES (95% Cl) Weight
1
Ahmed 2016 —— 1.80 (1.19, 2.61) 10.22
i
Barr 2015 —H— 1.55 (0.83, 2.63) 9.43
1
1
Chapman 2016 —— 3.22(2.03, 4.83) 7.06
1
1
Duckworth 2012 - 1.58 (1.15, 2.13) 1.1
1
1
Edwards 2008 —— 2.25 (1.78, 2.79) 11.04
1
|
Findlay 2011 —— 2.60 (1.87, 3.51) 9.67
1
1
Harrison 2012 * 1 0.72 (0.54, 0.95) 11.92
1
|
Mackay 2000 = — 2.24(0.97, 4.37) 6.17
1
Reilly 2006 | —.— 3.21 (2,53, 4.02) 9.99
1
1
Theodorides 2011 4 1.04 (0.85, 1.26) 11.92
1
1
Wright 2008 ! * 12,17 (8.24, 17.11) 1.46
Overall ("2 = 92.12%, p = 0.00) ¢ 2.08 (1.54, 2.62) 100.00
1
1
1
1
1
| I I 1
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Fig. 2

Synthesis of studies reporting surgical site infection (SSI) for hip fracture of all surgical types. Meta-analysis of reported rates of SSl in ‘all hip fracture surgery’
using random effects model. Heterogeneity is expressed using the I? statistic. Cl, confidence interval; ES-SSI, estimate from each study.

Quality assessment/risk of bias. The Newcastle-Ottawa
Scale (NOS) for observational studies was used to assess
study quality.™ The NOS was modified by including only
the ‘selection’” and ‘outcome’ quality assessment ques-
tions. The comparative component of the standard NOS
was removed as there was no comparison of treatments
in this systematic review question. The results are pre-
sented in Supplementary Table ii.

Results

A total of 20 studies were selected, with reasons for exclu-
sion outlined in Figure 1.65-3% Of the 20 studies, 18 were
included in the quantitative synthesis. This was under-
taken according to the type of surgery reported. Two
studies were multicentre studies or reporting administra-
tive data from across the UK. After contacting the authors,
it was not possible to determine whether or not these
patients would be double-counted and so these studies
were only included in the qualitative synthesis.?>?” Overall
29 studies were excluded. A summary of all the studies
identified and included is presented in Supplementary

Table iii. A separate table of studies that were identified as
‘historical’ is outlined in Supplementary Table iv.

All hip fractures. A total of 11 of the 20 studies reported
data from ‘all types’ of hip fracture surgery. Across these
studies, 491 surgical infections were observed in 30,740
hip fractures. A range of study sizes and rates of infection
were seen. The largest study reported on 105 infections
from 10,061 cases (1.04%) from two high-volume cen-
tres.2 The smallest study contained only 230 cases, with
28 infections (12.2%).33

The pooled estimate for infection across these studies
was 2.1% (95% confidence interval (Cl) 1.54% to 2.62%).
There was notable variance between the studies as
measured by the I? statistic (92.1%). These data are high-
lighted in Figure 2.

This is unsurprising given the mixture of study designs,
case definitions, and study sizes. One study was a marked
outlier in that the infection rates were substantially
higher than the other studies and the pooled estimate.
Although this study was relatively small in the context of
all the studies assembled here, it still represents a sizeable
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Fig. 3

Summary of studies reporting hemiarthroplasty. Meta-analysis of reported rates of surgical site infection (SSI) in hemiarthroplasty using random effects
model. Heterogeneity is expressed using the I? statistic. Cl, confidence interval; ES-SSI, estimate from each study.

study population. This study did not report the definition
used for identifying cases of SSI, therefore it is possible
this higher rate can be explained by a very inclusive defi-
nition of SSI.

Hemiarthroplasty. Data from 12 studies reported infec-
tion after hemiarthroplasty. The pooled estimate per-
centage rate of infection in the 7,941 hemiarthroplasty
cases was 2.87% (95% Cl 1.99% to 3.75%) (Figure 3).
Within these studies, a range of infection rates were iden-
tified, the highest being two studies of over 10% surgical
infection.

Similar to the ‘all hip fracture’ synthesis, there was
high between-study heterogeneity (1> 81.7%).

It was not possible to pool or report on the hip frac-

ture population treated with total hip arthroplasty from
the study dataset, as no cases of infection were reported
against this treatment category.
Sliding hip screw. Fewer studies reported data on the
sliding hip screw (SHS; n = 6). A total of 68 infections in
5,383 cases treated with SHS give a pooled estimate of
1.35% (95% Cl1 0.78% to 1.93%) (Figure 4).

The largest study that reported data on SHS is not
included in the synthesis as it was reporting adminis-
trative data, and it was not possible to determine which
centres it reported and hence any possible overlap.?

This study reported on 18,014 undisplaced intracap-

sular hip fractures treated with SHS and found 80 cases of
infection (0.44%).%
Study types. Most studies were single-centre cohort stud-
ies. There was a mixture of prospective and retrospective
study designs. A third category of ‘prospective database’
was also used to cover a number of the eligible studies.
One study was of administrative data, named Hospital
Episode Statistics (HES).??

There were two randomized controlled trials;?*3' each
used SSl as its primary outcome measure. Both trials were
comparing interventions that are used in NHS care and
therefore all patients were retained and treated as a single
cohort.

Definition of infection. There were differing definitions of
infection across theincluded studies. Seven studies report-
ed using either a formally recognized diagnostic system
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Fig. 4

Summary of studies reporting surgical site infection (SSI) after sliding hip screw (SHS). Meta-analysis of reported rates of SSI in SHS using random effects
model. Heterogeneity is expressed using the |2 statistic. Cl, confidence interval; ES-SSI, estimate from each study.

such as the Centers for Disease Control and Prevention
(CDC) definition or another validated definition.3* Six
studies failed to give a definition of infection, and the re-
mainder used their own definition.

Figure 5 outlines the effect of three types of case defi-
nition on estimated rate of SSI. Studies of ‘all hip frac-
ture” were clustered into three categories: self-defined
or ‘study’s own’; use of formally recognized criteria, e.g.
CDG; no definition given.

The definition used by each study is outlined in
Supplementary Table iii. The estimate for those studies
with no definition is 5.56%, the relatively broad confi-
dence intervals (95% Cl 4.65% to 6.58%) relative to the
other two clusters highlights that the absolute numbers
in each are quite different. Of the two studies of ‘all hip
fractures’ with no definition, Wright et al** was an outlier
with a rate of 12%.

Superficial and deep infections. Across studies and defini-
tions, the reporting and differentiation between superfi-
cial and deep SSI was inconsistent. These data were ex-
tracted where reported. Of the 20 studies identified, eight
distinguished between superficial and deep infection.
General observations suggest that those studies where
this distinction was made had a similar spread of reported

rates of SSI - lowest (1.55%)'¢ and highest (13.92%)% -
compared to where this distinction was not made.

Figure 6 plots the percentage rate of infection against
the study sample size. The largest studies also reported
the lowest infection rates, however there were still a
majority of studies clustered around the 2.1% rate.?22432
Jettoo et al's?? study of intracapsular fractures focused on
two treatment methods and used administrative data.
On the plot in Figure 6 this is the extreme outlier with
over 50,000 cases. This focus on a specific population
and the lack of identifiable centres meant that the study
was not incorporated into any of the pooled estimates.
The outliers for high rates of infection were all smaller
studies of fewer than 500 patients.

Supplementary Table ii outlines the scores accrued for
the modified NOS system.

Discussion
Summary of findings. The primary aim for this study was
to identify studies reporting SSI after hip fracture surgery
in the UK.

The search process identified 20 studies that reported
on 88,615 cases of hip fracture and 938 cases of SSI.
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Fig. 5

Summary of studies clustered by definition of surgical site infection (SSI). Meta-analysis of reported rates of SSI according to study definition using random
effects model. Heterogeneity is expressed using the I? statistic. Formal definitions encompass either a referenced study on SSI or a formal definition used by a
public health body, e.g. Centers for Disease Control and Prevention. Cl, confidence interval; ES-SSI, estimate from each cluster.
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Fig. 6

Percentage rate of surgical site infection (SSI) for studies included in
systematic review by study population. Summary data plotting reported
rate of SSI against the study population size. The pooled estimate for ‘all hip
fractures’ is also plotted with 95% confidence intervals. Studies not included
in the pooled estimate are circled for reference.

The aggregate of ‘all hip fracture’ identified a rate of
2.1% (95% Cl 1.84% to 3.09%). These data are derived

from studies from 18 centres. Many different types of
hospital such as major trauma centres, trauma units,
and traditional district general hospitals are included
in the analysis, improving the generalizability of the
results. Similarly, the characteristics of patients included
were defined in the broadest possible terms. The previ-
ously reported rate of SSI from Public Health England is
1.1% (95% CI 1.1% to 1.2%).° This estimate is notably
lower than the pooled estimate from this study. This is
in-keeping with previous work on the limitations of the
current surveillance process.*

When SHS and hemiarthroplasty were considered
as subcategories of procedure, different rates were
observed.

Sliding hip screw. For the SHS category, the pooled esti-
mate was 1.35% (95% Cl 0.78% to 1.93%). The review
process also identified a single large study (18,014 pa-
tients) reporting patients who underwent a SHS pro-
cedure for a less common subset indication - intracap-
sular fracture. This estimate was lower than the pooled
estimate (0.44%).22 The difference between these two is
most likely explained by the different data sources and
highly specific subset of fractures studied by Jettoo et
al.? There is possible further confounding by the use of
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administrative data in the Jettoo et al?? study compared to
medical records for the pooled estimate.3 Few published
studies focus on SSI after SHS for the more common in-
dication of intertrochanteric fractures. In this review, all
of the data were from studies reporting the generality of
hip fractures. Other published estimates are as high as
3.9%.%

Hemiarthroplasty. The hemiarthroplasty pooled estimate
of 2.87% (95% CI 1.99% to 3.75%) is notably higher than
the estimate for SHS and the national surveillance esti-
mate for hip fracture. There were a greater number of
studies reporting hemiarthroplasty cases, which likely re-
flects a broader general interest in the implants and tech-
niques around this procedure. Despite being the highest
pooled estimate in this study, a rate of 2.87% may still
be conservative. Other systematic reviews have identified
rates as high as 7%.%® Explanations for the higher rate of
infection following arthroplasty are likely multifactorial,
but may be based on a higher risk population and a more
invasive surgical procedure requiring more extensive sur-
gical dissection and surgical duration.

Study size and quality. The two largest study sizes had the
lowest rates of infection (< 1.5%).2*3? Similarly, the stud-
ies with the highest rates of infection were the smallest.*
However, this observation cannot be purely attributed to
the size of the study as similar small-sized studies also re-
ported low infection rates.

The explanation for this association may be related
to the study design and the method of case capture. As
studies become larger, the resources needed to assess
many thousands of patients grow dramatically. The most
frequent solution is to use routinely collected data, either
from the medical record or an institutional database. The
process of retrospectively reviewing this type of data may
require the patient being diagnosed and treated in the
same institution, and returning to secondary care. This
type of study is therefore quite ‘specific’ for the SSI cases,
but not very ‘sensitive’. The tendency of the larger studies
to rely on local medical record database data may intro-
duce under-reporting bias, as they rely on coders to iden-
tify SSI cases and may not capture patients re-presenting
to other institutions.

Definitions of infection. The definitions used in these
studies vary considerably. For those studies using insti-
tutional data, the retrospective nature of their data col-
lection necessitated the use of particular metrics such
as culture, reoperation, and treatment with antibiotics.
Clinical examination parameters are much more diffi-
cult to review in this way, but are also a valid means by
which diagnosis can be achieved. The widespread use of
reoperation and culture to define cases in this literature
may therefore lead to under-reporting; in particular only
considering patients who have undergone reoperation
as having SSl is highly problematic. Hip fracture patients
often represent very high anaesthetic risk, and as such
the decision to operate may well be a last resort. Where
no clear diagnostic criteria were used it is possible that

speculative infections were included, e.g. erythematous
wound treated with antibiotics.

There are a number of important limitations to
acknowledge in this study. First, the use of only published
studies meant that we did not include unpublished data
and grey literature. The studies identified used a mixture
of methods and definitions for the cases of infection. For
this reason, these study findings should be interpreted
cautiously. The heterogeneity observed across all of the
pooled estimates could not be fully explored due to the
limited covariate reporting. However, sensitivity analysis
using study definition seemed to explain some of the
observed variation. Similarly, the study size seemed to
also explain some of the differences in the reported rates.
It is also important to acknowledge that these data are
derived from the UK. The findings of this study may there-
fore be particularly relevant to other high income health-
care systems where hip fracture is a disease of the frail
elderly population. The implications for other settings are
less clear.

In conclusion, the published literature reporting SSI
after hip fracture demonstrates a range of rates, study
designs, and case definitions. The 'true' proportion
of hip fracture cases complicated by SSI is likely to be
higher than 2.1%. However, this should be interpreted
with great caution given the many potential sources of
bias and heterogeneity. Further work should aim to over-
come the study limitations identified in this review and to
distinguish between superficial and deep SSI.

Supplementary material
Tables showing the online search string used for
study identification and summaries of modified
Newcastle-Ottawa Scales, studies included in sys-
tematic review and meta-analysis, and historical studies
identified by search.

References

1. No authors listed. Falls and fragility fracture audit programme (FFFAP): national
hip fracture database (NHFD) annual report 2015. Royal College of physicians. 2015.
https://www.nhfd.co.uk/nhfd/nhfd2015reportPR1.pdf (date last accessed 5 August
2020).

2. Cooper C, Campion G, Melton LJ. Hip fractures in the elderly: a world-wide
projection. Osteoporos Int. 1992;2(6):285-289.

3. No authors listed. Falls and fragility fracture audit programme (FFFAP): national
hip fracture database (NHFD) annual report 2018. Royal College of physicians. 2018.
https://www.nhfd.co.uk/20/hipfractureR.nsf/docs/reports2018 (date last accessed 5
August 2020).

4. Roche JJW, Wenn RT, Sahota 0, Moran CG. Effect of comorbidities and
postoperative complications on mortality after hip fracture in elderly people:
prospective observational cohort study. BMJ. 2005;331(7529):1374.

5. Metcalfe D, Masters J, Delmestri A, et al. Coding algorithms for defining Charlson
and Elixhauser co-morbidities in Read-coded databases. BMC Med Res Methodol.
2019;19(1):115.

6. Edwards C, Counsell A, Boulton C, Moran CG. Early infection after hip fracture
surgery: risk factors, costs and outcome. J Bone Joint Surg Br. 2008;90-B(6):770-777.

1. Pollard TCB, Newman JE, Barlow NJ, Price JD, Willett KM. Deep wound
infection after proximal femoral fracture: consequences and costs. J Hosp Infect.
2006;63(2):133-139.

8. Wloch C, Elgohari S, Lamagni T, Harrington P. Protocol for the Surveillance
of Surgical Site Infection, version 6 [June 2013] r1. Public Health England: Surgical

VOL. 9, NO. 9, SEPTEMBER 2020


https://www.nhfd.co.uk/nhfd/nhfd2015reportPR1.pdf
https://www.nhfd.co.uk/20/hipfractureR.nsf/docs/reports2018

562

(-]

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

23.

24,

25.

26.

21.

28.

29.

Site Infection Surveillance Service. 2013. https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_data/file/633775/surgical_site_
infections_protocol_version_6.pdf (date last accessed 5 August 2020).

. No authors listed. Surveillance of surgical site infections in NHS hospitals in

England, 2017 to 2018. Public health England. 2018. https://assets.publishing.
service.gov.uk/government/uploads/system/uploads/attachment_data/file/765967/
SSI_annual_report_NHS_hospitals_2017_18.pdf (date last accessed 5 August
2020).

Tanner J, Padley W, Kiernan M, et al. A benchmark too far: findings from a national
survey of surgical site infection surveillance. J Hosp Infect. 2013;83(2):87-91.
Fernandez MA, Arnel L, Gould J, et al. Research priorities in fragility fractures
of the lower limb and pelvis: a UK priority setting partnership with the James Lind
alliance. BMJ Open. 2018;8(10):¢023301.

Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational studies
in epidemiology: a proposal for reporting. meta-analysis of observational studies in
epidemiology (moose) group. JAMA. 2000;283(15):2008-2012.

Ouzzani M, Hammady H, Fedorowicz Z, ElImagarmid A. Rayyan-a web and
mobile APP for systematic reviews. Syst Rev. 2016;5(1):210.

Wells GA, Shea B, 0'Connell D, et al. The Newcastle-Ottawa scale (NOS) for
assessing the quality of nonrandomised studies in meta-analyses. Ottawa Hospital
research Institute. 2019.  http://www.ohri.ca/programs/clinical_epidemiology/
oxford.asp (date last accessed 5 August 2020).

Ahmed I, Khan MA, Allgar V, Mohsen A. The effectiveness and safety of two
prophylactic antibiotic regimes in hip-fracture surgery. Eur J Orthop Surg Traumatol.
2016;26(5):483-492.

Barr LV, Vindlacheruvu M, Gooding CR. The effect of becoming a major trauma
centre on outcomes for elderly hip fracture patients. /njury. 2015;46(2):384-387.
Chandran P, Azzabi M, Burton DJC, Andrews M, Bradley JG. Mid term results
of Furlong Lol uncemented hip hemiarthroplasty for fractures of the femoral neck.
Acta Orthop Belg. 2006;72(4):428-433.

Chapman G, Holton J, Chapman A. A threshold for concern? C-reactive protein
levels following operatively managed neck of femur fractures can detect infectious
complications with a simple formula. Clin Biochem. 2016;49(3):219-224.

Chaplin VK, Matharu GS, Knebel RWC. Complications following hemiarthroplasty
for displaced intracapsular femoral neck fractures in the absence of routine follow-
up. Ann R Coll Surg Engl. 2013;95(4):271-274.

Duckworth AD, Phillips SA, Stone 0, et al. Deep infection after hip fracture
surgery: predictors of early mortality. /njury. 2012;43(7):1182—1186.

Findlay JM, Keogh MJ, Boulton C, Forward DP, Moran CG. Ward-based rather
than team-based junior surgical doctors reduce mortality for patients with a fracture
of the proximal femur: results from a two-year observational study. J Bone Joint Surg
Br. 2011;93-B(3):393-398.

. Jettoo P, James P. Dynamic hip screw fixation versus multiple screw fixation for

intracapsular hip fracture. J Orthop Surg. 2016;24(2):146-149.

Hargrove R, Ridgeway S, Russell R, et al. Does pulse lavage reduce hip
hemiarthroplasty infection rates? J Hosp Infect. 2006;62(4):446-449.

Harrison T, Robinson P, Cook A, Parker MJ. Factors affecting the incidence
of deep wound infection after hip fracture surgery. J Bone Joint Surg Br. 2012;94-
B(2):237-240.

Mackay DC, Harrison WJ, Bates JH, Dickenson D. Audit of deep wound
infection following hip fracture surgery. J R Coll Surg Edinb. 2000;45(1):56-59.
Mamarelis G, Key S, Snook J, Aldam C. Qutcomes after early return to theatre
following hip hemiarthroplasty for intracapsular fracture of the femoral neck. Bone
Joint J. 2017;99-B(7):958-963.

Morgan M, Black J, Bone F, et al. Clinician-led surgical site infection
surveillance of orthopaedic procedures: a UK multi-centre pilot study. J Hosp Infect.
2005;60(3):201-212.

Reilly J, Allardice G, Bruce J, Hill R, McCoubrey J. Procedure-specific surgical
site infection rates and postdischarge surveillance in Scotland. Infect Control Hosp
Epidemiol. 2006,27(12):1318-1323.

Robinson CM, Houshian S, Khan LAK. Trochanteric-entry long cephalomedullary
nailing of subtrochanteric fractures caused by low-energy trauma. J Bone Joint Surg
Am. 2005;87-A(10):2217-2226.

30

31.

32.

33.

34.

). MASTERS, D. METCALFE, J. S. HA, A. JUDGE, M. L. COSTA

. Shewale SB, Pandit HG, Latham JM. Hemiarthroplasty: to cement or not to
cement? A preliminary report. Hip Int. 2004;14(3):189-192.

Sprowson AP, Jensen C, Chambers S, et al. The use of high-dose dual-
impregnated antibiotic-laden cement with hemiarthroplasty for the treatment
of a fracture of the hip: the fractured hip infection trial. Bone Joint J. 2016;98-
B(11):1534—1541.

Theodorides AA, Pollard TCB, Fishlock A, et al. Treatment of post-operative
infections following proximal femoral fractures: our institutional experience. Injury.
2011;42(Suppl 5):528-S34.

Wright DM, Blanckley S, Stewart GJ, Copeland GP. The use of orthopaedic
POSSUM as an audit tool for fractured neck of femur. /njury. 2008;39(4):430-435.
Hidron Al, Edwards JR, Patel J, etal. NHSN annual update: antimicrobial-resistant
pathogens associated with healthcare-associated infections: annual summary of data
reported to the National healthcare safety network at the centers for disease control
and prevention, 2006-2007. Infect Control Hosp Epidemiol. 2008;29(11):996-1011.

35. Singh S, Davies J, Sabou S, Shrivastava R, Reddy S. Challenges in reporting
surgical site infections to the National surgical site infection surveillance and
suggestions for improvement. Ann R Coll Surg Engl. 2015;97(6):460—465.

36. Sheehan KJ, Sobolev B, Guy P, et al. Feasibility of administrative data for studying
complications after hip fracture surgery. BMJ Open. 2017;7(4):e015368.

37. Merrer J, Girou E, Lortat-Jacob A, et al. Surgical site infection after surgery to
repair femoral neck fracture: a French multicenter retrospective study. /nfect Control
Hosp Epidemiol. 2007;28(10):1169-1174.

38. Noailles T, Brulefert K, Chalopin A, Longis PM, Gouin F. What are the risk

factors for post-operative infection after hip hemiarthroplasty? Systematic review of
literature. Int Orthop. 2016;40(9):1843—1848.

Author information:

J. Masters, DPhil, MRCS, Clinical Lecturer in Trauma and Orthopaedics

D. Metcalfe, LLB, MSc, DPhil, MRCP, MRCS, MRCEM, Clinical Lecturer in Emergency
Medicine

Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal Sciences,
University of Oxford, Oxford, UK.

J. S. Ha, BSc, MRCS, McKinsey Fellow, The Royal College of Surgeons of England,
London, UK.

A. Judge, PhD, Professor of Translational Statistics, Nuffield Department of
Orthopaedics, Rheumatology and Musculoskeletal Sciences, University of Oxford,
Oxford, UK; Musculoskeletal Research Unit, Bristol Medical School, University of
Bristol, Bristol, UK.

M. L. Costa, PhD, FRCS, Professor of Orthopaedic Trauma, Oxford Trauma, Nuffield
Department of Orthopaedics, Rheumatology and Musculoskeletal Sciences,
University of Oxford, Oxford, UK.

Author contributions:

J. Masters: Conceptualized and managed the study, Wrote the manuscript.
D. Metcalfe: Selected the studies, Wrote the manuscript.

J. S. Ha: Extracted the data, Wrote the manuscript.

A. Judge: Supervised the study, Edited the manuscript.

M. L. Costa: Supervised the study, Edited the manuscript.

Funding statement:

The study is funded by the Royal College of Surgeons of England and The Dunhill
Medical Trust (DMT/RCS605). It is supported by the National Institute for Health Re-
search (NIHR) Oxford Biomedical Research Centre. No benefits in any form have been
received or will be received from a commercial party related directly or indirectly to
the subject of this article.

Acknowledgements

Neal Thurley, Librarian at Bodleian library, for support with search strategy. We would
also like to acknowledge the corresponding authors who replied to requests for further
data: Mr Andrew Duckworth, Mr John Findlay, Dr George Chapman, Mr Tim Harrison,
Mr Martyn Parker, Prof Keith Willett, and Mr David Wright. In addition Miss Jessica
Nightingale and Prof Ben Ollivere at Nottingham who provided data that the authors
themselves could not.

Ethical review statement

No ethical approval was sought as this is an analysis of existing published data.

© 2020 Author(s) et al. This is an open-access article distributed under the terms of
the Creative Commons Attribution Non-Commercial No Derivatives (CC BY-NC-ND 4.0)
licence, which permits the copying and redistribution of the work only, and provided
the original author and source are credited. See https://creativecommons.org/licenses/
by-nc-nd/4.0/.

BONE & JOINT RESEARCH


https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/633775/surgical_site_infections_protocol_version_6.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/633775/surgical_site_infections_protocol_version_6.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/633775/surgical_site_infections_protocol_version_6.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/765967/SSI_annual_report_NHS_hospitals_2017_18.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/765967/SSI_annual_report_NHS_hospitals_2017_18.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/765967/SSI_annual_report_NHS_hospitals_2017_18.pdf
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

	Surgical site infection after hip fracture surgery
	Article focus
	Key messages
	Strengths and limitations
	Introduction
	Methods
	Results
	Discussion
	Supplementary material
	References
	Funding statement:
	Acknowledgements


