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INTRODUCTION This study aims to describe the factors associated with surgical site infection (SSI) in elderly patients
who underwent hip hemiarthroplasty following a hip fracture, in a single institution over a nine-year period.
METHODS All patients who underwent hip hemiarthroplasty between 1 January 2004 and 31 December 2012 in our
hospital were included in the present study. The detection of SSI was carried out by a trained, independent infection
control nurse using the United States Centers for Disease Control and Prevention criteria. Demographic and clinical
data were collected retrospectively. Demographics and clinical factors were analysed for potential associations with SSI.
RESULTS Among the 1,320 patients who met the study inclusion criteria, a total 57 SSIs were documented, giving an infection
rate of 4.3%. Patients who waited for more than one week for surgery had a statistically significantly higher risk of SSI (odds
ratio 3.030, 95% confidence interval 1.075–8.545, p = 0.036). The presence of SSI was also significantly associated with
increased length of hospital stay (p < 0.001). The two main microorganisms detected were methicillin-resistant Staphylococcus
aureus and Pseudomonas aeruginosa, which accounted for 50.9% and 26.3% of the SSIs, respectively.
CONCLUSION We concluded that the number of days from admission to surgery is a main risk factor for the development
of SSI. Steps should, therefore, be taken to prevent unnecessary delay of surgery in elderly patients requiring hip
hemiarthroplasty.
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INTRODUCTION
Surgical site infection (SSI) is one of the greatest challenges faced
by an orthopaedic surgeon. In 2002, Whitehouse et al reported
that orthopaedic SSI prolonged the median length of hospital stay
by two weeks per patient, doubled rehospitalisation rates and
increased healthcare costs by more than 300%.(1) Klevens et al
estimated that 20% of all healthcare-associated infections are SSIs,
the second most common type of hospital-acquired infection in
the United States.(2)
SSIs become even more problematic when they involve elderly
patients who had just undergone hemiarthroplasty for osteoporotic
hip fractures. As elderly patients generally have poorer physiological
reserves, additional insults in the form of multiple debridement
surgeries and infection tend to lead to high mortality rates. The
relatively avascular acetabular labrum and cartilage, as well as
the ease of biofilm formation on prosthesis, further contributes
to the resistant nature of deep-seated infections. Therefore, many
centres around the world have endeavoured to find the risk factors
associated with SSI. To the best of our knowledge and based on
our literature search, no study to date has been done to describe
the risk factors associated with SSI after hip hemiarthroplasty in an
Asian population. This study aimed to report the incidence of SSI
in elderly patients who had undergone hip hemiarthroplasty in a
single training institution over a nine-year period and identify the
significant risk factors associated with SSI in our patient population.

METHODS
All patients who underwent primary hip hemiarthroplasty in Changi
General Hospital (CGH), Singapore, between 1 January 2004

and 31 December 2012 were included in the present study. Hip
fracture patients who underwent total hip replacement or revision
bipolar hemiarthroplasty were excluded. The surgeries were
performed by consultants, associate consultants or registrars from
the same institution. Surgeries that were performed by registrars
were supervised by a qualified surgeon. The detection of SSI in
the patients was carried out by a trained, independent infection
control nurse. All case notes regarding patients who underwent
primary hip hemiarthroplasty during the aforementioned period
were reviewed at one month and at one year after surgery; any
documented SSI that met the United States Centers for Disease
Control and Prevention (CDC) criteria(3) was noted.
The CDC, which has defined a set of criteria for the purpose
of surveillance, with the ultimate aim of reducing SSI risk,
categorises SSIs into: (a) superficial incisional; (b) deep incisional;
and (c) organ/space SSIs. Superficial SSI, defined as infection that
occurs within 30 days after a procedure, involves only the skin
and subcutaneous tissue of the incision, and has at least one of the
following characteristics: purulent discharge from the superficial
incision; positive culture from an aseptically obtained culture of
fluid; clinical signs of tenderness; or localised swelling, redness
or warmth. Deep incisional SSI is defined as infection that occurs
within 90 days of a procedure, and involves the fascial and muscle
layers. In the present study, organ/space SSI refers to infection
involving the bone or hip joint.
To allow for comparison of infection rates between institutions
and analysis of SSI rates within an institution over time, the CDC
has developed the National Nosocomial Infections Surveillance
(NNIS) risk index system(4) to enable hospitals report cumulative
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wound infection data. The NNIS risk index ranges from 0 to
3 points. One point is added to the patient’s risk index for
any of the following three variables: (a) an operation that is
contaminated or dirty; (b) a patient with an American Society of
Anesthesiologists (ASA) preoperative score of 3, 4 or 5; and (c) the
duration of the operation exceeds the 75th percentile (determined
using the NNIS database). In the present study, the maximum
NNIS risk index was 2, as all hemiarthroplasty procedures are
considered clean operations.
The demographic and clinical data of all the patients
included in the study were retrospectively collected from the
digital database available within the hospital. The collected data
included the patient’s age, gender, ASA and NNIS scores, days to
surgery (defined as the number of days from admission to surgery),
duration of hospital stay (defined as number of days from hospital
admission to hospital discharge), time at which surgery was
carried out (before noon, noon to 5 pm or after 5 pm), duration
of surgery, type of anaesthesia used, method of skin closure, and
seniority of the main operating surgeon. The presence/absence of
diabetes mellitus, perioperative serum haemoglobin, creatinine
and albumin levels, and the presence of aspirin, warfarin and
steroids in the discharge medications, were also recorded. For
cases with documented SSI, the type of SSI (based on CDC criteria)
was recorded. The microorganisms involved in the SSI, based on
available cultures, were also noted.
All statistical analyses were done using the Statistical Package
for the Social Sciences version 16.0 (SPSS Inc, Chicago, IL,
USA). All tests of hypotheses were two-tailed and statistical
significance testing was performed at the 0.05 level. Variables
were summarised according to infection status (i.e. SSI: yes/no).
Chi-square test was used to compare categorical variables
(e.g. ASA score, NNIS score, seniority of the main operating
surgeon) across infection statuses. Mean values of continuous
variables (e.g. age and duration of hospital stay) were compared
between infection statuses using the two-sample t-test. Finally,
a multivariate logistic regression model was fitted; the model
included the number of days to surgery, NNIS score, method of
skin closure, serum albumin level and the presence/absence of
diabetes mellitus.

RESULTS
A total of 1,320 patients (mean age 78.6 ± 8.8 years) were
recruited for the present study. These patients had undergone
hemiarthroplasty for femoral neck fractures. Of these,
1,002 (75.9%) were women (mean age 76.8 ± 8.8 years) and
318 (24.1%) were men (mean age 79.1 ± 8.7 years), with a
significantly older male population (p < 0.001). The median
number of days to surgery was 4 (interquartile range 3–7) days
and the mean duration of surgery was 78.6 ± 25.4 min.
Among the 1,320 patients, a total of 57 SSIs were documented,
giving an overall infection rate of 4.3%. Of these 57 SSIs, 34 were
superficial incisional SSIs, 3 were deep incisional SSIs and 20
were organ/space SSIs. Among the 34 superficial incisional SSIs,
methicillin-resistant Staphylococcus aureus (MRSA) was isolated
in 14 (41.2%) cases, Pseudomonas aeruginosa was isolated in
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10 (29.4%) cases, no organisms were isolated in 3 (8.8%) cases
and no cultures were performed in 7 (20.6%) cases. Among the
23 deep incisional and organ/space SSIs, MRSA was isolated in
15 (65.2%) cases, while Pseudomonas aeruginosa was isolated
in 5 (21.7%) cases. MRSA and Pseudomonas aeruginosa were
the two major organisms involved in the SSIs of hemiarthroplasty
patients. MRSA was involved in 50.9% of all cases, and
Pseudomonas aeruginosa, in 26.3% of all cases.
The results of the univariate analysis are shown in Table I.
While age and gender were not found to be associated with
infection (p = 0.285 and p = 0.301, respectively), a significant
association between days to surgery and infection was observed.
Patients who underwent the surgery within two days of admission
had an infection rate of 2.3%, whereas those who were underwent
surgery between 3–7 days after admission had an infection rate
of 4.3%. The infection rate further increased to 6.8% in patients
who were operated on after seven days of admission (p = 0.026).
Patients who received general anaesthesia had an infection rate
of 6.3%, which was slightly higher than the 4.0% infection rate of
those who had received regional anaesthesia; this difference was,
however, not statistically significant (p = 0.154). With regard to
the method of skin closure, prolene closure had the highest rate
of infection (4.9%), while staples closure had an infection rate of
3.9% and monocryl closure had no documented SSI (p = 0.034).
Although patients with a higher ASA score had a higher
rate of infection, this difference was not statistically significant
(p = 0.161). Similar results were found when analysing the NNIS
score and its association with infection; although patients with
a greater number of risk factors appeared to have a higher rate
of infection, the difference was also not statistically significant
(p = 0.053). Interestingly, there was no association between the
duration of surgery and infection. Surgeries that took longer than
80 min had an SSI rate of 4.3% compared to 4.4% in surgeries
lasting less than 80 min (p = 0.928). Infection rate was also not
influenced by the time of the day (morning, afternoon or night) the
surgery was performed (p = 0.705). Hemiarthroplasties performed
by surgeons who were of consultant grade and above had an SSI
rate of 3.4%; this rate is lower than that of surgeries performed by
surgeons who were associate consultants and below (p = 0.195).
Patients with diabetes mellitus had a higher SSI rate than
those without diabetes mellitus (5.6% vs. 3.7%, p = 0.121).
Neither a haemoglobin level < 10 g/dL nor a serum creatinine
level > 150 µmol/L was associated with an increased risk of SSI
(p = 0.220 and p = 0.207, respectively). Although patients with a
serum albumin level ≤ 20 g/L had an SSI rate of 14.3% and those
with a serum albumin level > 30 g/L had an SSI rate of 5.0%, this
difference was not statistically significant (p = 0.056). In the present
study, postoperative prescription of warfarin, aspirin or steroids was
not significantly associated with increased SSI rates. However, the
presence of SSI led to prolonged hospitalisation stay; compared to
SSI-free patients, those with SSI had a longer mean hospitalisation
stay (18.9 ± 12.5 days vs. 38.8 ± 39.1 days, p < 0.001).
The results of the multivariate analysis are shown in Table II.
We found that patients who waited more than one week for
surgery had a significantly higher risk of SSI (odds ratio 3.030, 95%
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Table I. Results of the univariate analysis to detect associations between the factors studied and surgical site infections.
Factor*

No. (%)
Noninfected
cases

p‑value

Age† (yrs)

78.6 ± 8.8

77.3 ± 8.2

Duration of hospital
stay† (days)

18.9 ± 12.5

38.6 ± 39.2 < 0.001

Gender
Female (n = 1,002)
Male (n = 318)

962 (96.0)
301 (94.7)

40 (4.0)
17 (5.3)

Days to surgery
< 2 (n = 311)
3–7 (n = 728)
> 7 (n = 281)

304 (97.7)
697 (95.7)
262 (93.2)

7 (2.3)
31 (4.3)
19 (6.8)

Type of anaesthesia
General (n = 192)
Regional (n = 1,128)
Skin closure method
(n = 1,298)
Prolene (n = 885)
Staples (n = 230)
Subcutaneous vicryl
(n = 113)
Monocryl (n = 64)
Ethilon (n = 6)

180 (93.8)
1083 (96.0)

842 (95.1)
221 (96.1)
110 (97.3)

Diabetes mellitus
No (n = 910)
Yes (n = 410)

0.026

Haemoglobin (g/dL)
(n = 1,319)
< 10 (n = 124)
≥ 10 (n = 1,195)

0.154

Creatinine (µmol/L)
(n = 1,319)
≤ 150 (n = 1,215)
> 150 (n = 104)

43 (4.9)
9 (3.9)
3 (2.7)

64 (100.0)
4 (66.7)

0 (0)
2 (33.3)
9 (2.9)
48 (4.8)

NNIS score
≤ 1 (n = 1,256)
2 (n = 64)

1,205 (95.9)
58 (90.6)

51 (4.1)
6 (9.4)

0.161

768 (95.6)
495 (95.7)

Albumin (g/L) (n = 1,036)
≤ 20 (n = 28)
21–30 (n = 366)
> 30 (n = 642)
Surgeon grade
Registrar and below
(n = 232)
Associate consultant
(n = 379)
Consultant and above
(n = 709)

0.053

Warfarin at discharge
No (n = 1,289)
Yes (n = 31)

0.928

Aspirin at discharge
No (n = 996)
Yes (n = 324)

35 (4.4)
22 (4.3)
0.705

589 (95.8)

Noon to 5 pm (n = 628)
After 5 pm (n = 77)

0.301

0.034

301 (97.1)
962 (95.2)

Time of surgery
Before noon (n = 615)

0.285

12 (6.3)
45 (4.0)

ASA score
≤ 2 (n = 310)
≥ 3 (n = 1,010)

Duration of
surgery (min)
≤ 80 (n = 803)
> 80 (n = 517)

Factor*

Infected
cases

26 (4.2)

Oral steroids at discharge
No (n = 1,299)
Yes (n = 21)

No. (%)

p‑value

Noninfected
cases

Infected
cases

599 (95.4)
75 (97.4)

29 (4.6)
2 (2.6)

876 (96.3)
387 (94.4)

34 (3.7)
23 (5.6)

0.121

0.220
116 (93.5)
1,146 (95.9)

8 (6.5)
49 (4.1)
0.207

1,165 (95.9)
97 (93.3)

50 (4.1)
7 (6.7)
0.056

24 (85.7)
352 (96.2)
610 (95.0)

4 (14.3)
14 (3.8)
32 (5.0)

219 (94.4)

13 (5.6)

359 (94.7)

20 (5.3)

685 (96.6)

24 (3.4)

1,234 (95.7)
29 (93.5)

55 (4.3)
2 (6.5)

958 (96.2)
305 (94.1)

38 (3.8)
19 (5.9)

1,243 (95.7)
20 (95.2)

56 (4.3)
1 (4.8)

0.195

0.391

0.115

0.607

*Unless otherwise stated, the sample size is 1,320. †Continuous variables – age and duration of hospital stay – are presented as mean ± standard deviation, and
their statistical analysis was carried out using two‑sample t‑test. ASA: American Society of Anesthesiologists; NNIS: National Nosocomial Infections Surveillance
Table II. Results of the multivariate analysis.
Factor

Odds ratio

95% CI

p‑value

Days to surgery (ref: 0–2)
3–7
>7

2.210
3.030

0.839–5.822
1.075–8.545

0.108
0.036

Diabetes mellitus (ref: No)
Yes

1.204

0.660–2.196

0.545

NNIS score (ref: ≤ 1)
2

1.747

0.582–5.239

0.320

Albumin (ref: > 30 g/L)
≤ 20
21–30

3.073
0.704

0.964–9.800
0.366–1.349

0.058
0.289

Skin closure method*
(ref: vicryl)
Prolene
Monocryl
Ethilon
Staples

*For

105,086,279
1.068
479,707,636
85,133,062

0.000
0.000
0.000
0.000

0.997
1.000
0.997
0.997

skin closure method, no conclusion could be drawn and no data for
95% CI was generated due to the small number of patients in each subgroup.
CI: confidence interval; NNIS: National Nosocomial Infections Surveillance

confidence interval 1.075–8.545, p = 0.036), after controlling
for number of days to surgery, NNIS risk score, method of skin
closure, serum albumin level and presence/absence of diabetes
mellitus. No conclusion could be drawn regarding the association
between the method of skin closure and risk of SSI infection due
to the small number of patients in each subgroup.

DISCUSSION
In this retrospective study that involved information collected
over nine years, the overall SSI infection rate was 4.3%. This
rate is similar to that reported by other researchers. For instance,
Ridgeway et al reported an infection rate of 4.97% in a study
involving 5,769 hemiarthroplasties of the hip.(5) SSIs have been
shown to be associated with longer hospital stays, increased costs
and higher mortality.(6) Indeed, the present study also found that
patients with SSI had hospital stays that were more than twice
that of patients without SSI.
Numerous studies have shown that delay in surgery for
femoral neck fractures results in higher mortality.(7,8) In a meta537

Original Article

analysis, Shiga et al showed that surgical delay of more than
48 hours increased the 30-day and 1-year mortality by 41%
and 32%, respectively.(9) In the present study, we found that a
delay in surgery was associated with an increased rate of SSI;
this association remained significant even after controlling for
other factors such as diabetes mellitus and NNIS score. Common
reasons for delays in surgery include anaesthesia workup, cardiac
assessment, the presence of anticoagulation and electrolyte
imbalance. Our finding emphasises the importance of early
surgery among elderly patients requiring hip hemiarthroplasties,
so as to reduce the risk of SSI.
The present study also investigated the relationship between
surgeon experience and the incidence of SSI. There was a trend
toward a lower infection rate in hemiarthroplasties performed
by surgeons who were consultants and above, although this was
not statistically significant. Possible reasons for the lower SSI rate
observed in more senior surgeons include better discipline in the
operating theatre in terms of sterility and draping, more skilful
handling of soft tissue and greater ability to preserve vascularity,
leading to less blood loss.
Patients with diabetes mellitus are at increased risk of
contracting SSI, as shown in a recent study by Everhart et al, which
found that diabetes mellitus was an independent risk factor for
SSI after total joint arthroplasty.(10) This could be due to vascular
insufficiency and hyperglycaemia-related impairment of the
immune response. In the present study, we also found a higher
SSI rate in patients with diabetes mellitus, although this did not
reach statistical significance.
There is no accepted general consensus regarding the best
method of skin closure after hip and knee arthroplasties. A 2010
meta-analysis by Smith et al found that the risk of SSI increased
threefold when staples were used instead of sutures.(11) In the
present study, prolene closure, which resulted in the highest
rate of infection, was the method of choice for most surgeons,
accounting for 68.2% of all skin closures. Interestingly, no
infection was noted in the group of patients who received
monocryl closures. Monocryl is often used in subcuticular
closures for better cosmetic appearance. Based the findings of
the present study, monocryl may also have the added advantage
of a lower infection rate.
MRSA and Pseudomonas aeruginosa were the two most
common microorganisms implicated in the present study. MRSA
accounted for 65.2% of deep incisional and organ/space SSIs, and
50.9% of all SSIs. Compared to the methicillin-sensitive strain of
Staphylococcus aureus, MRSA has been associated with higher
rates of patient morbidity and mortality.(12) Between 1992 and
2003, the prevalence of MRSA increased from 32% to 64% of
all isolated nosocomial pathogens found on patients in hospital
intensive care units.(13) This increase in prevalence has led many
hospitals, including ours, to carry out MRSA screening in patients
undergoing surgery, so as to reduce the rate of MRSA colonisation
as well as the incidence of MRSA-related SSI.
This study was not without limitations. As this is a
retrospective study, it is particularly prone to information bias.
Thus, misclassification of the factors being studied (such as
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diabetes mellitus) may occur due to insufficient documentation.
Furthermore, although SSI trends were observed with regard to
the type of anaesthesia used, the presence of diabetes mellitus,
ASA score, NNIS score and serum albumin level < 20 g/L, our
analysis did not reach statistical significance, possibly due to the
insufficient sample sizes. In addition, the surveillance data for
SSIs in the year 2012 was not available, which could have led
to under-reporting of the infection rate.
In conclusion, a significant risk factor for SSI in hemiarthroplasty
is the number of days to surgery. Therefore, it is recommended
that surgery should be carried out as soon as possible in elderly
patients who require hemiarthroplasty, in order to reduce the
occurrence of SSI. Unnecessary postponement of surgery should
be minimised.
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