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Aims

Deep surgical site infection (SSI) remains an unsolved problem after hip fracture. Debride-
ment, antibiotic, and implant retention (DAIR) has become a mainstream treatment in elec-
tive periprosthetic joint infection; however, evidence for DAIR after infected hip hemiarthro-
platy is limited.

Methods

Patients who underwent a hemiarthroplasty between March 2007 and August 2018 were
reviewed. Multivariable binary logistic regression was performed to identify and adjust for
risk factors for SSI, and to identify factors predicting a successful DAIR at one year.

Results

A total of 3,966 patients were identified. The overall rate of SSI was 1.7% (51 patients (1.3%)
with deep SSI, and 18 (0.45%) with superficial SSI). In all, 50 patients underwent revision
surgery for infection (43 with DAIR, and seven with excision arthroplasty). After adjustment
for other variables, only concurrent urinary tract infection (odds ratio (OR) 2.78, 95% confi-
dence interval (ClI) 1.57 to 4.92; p < 0.001) and increasing delay to theatre for treatment of
the fracture (OR 1.31 per day, 95% Cl 1.12 to 1.52; p < 0.001) were predictors of developing a
SSI, while a cemented arthroplasty was protective (OR 0.54, 95% Cl 0.31 to 0.96; p = 0.031).
In all, nine patients (20.9%) were alive at one year with a functioning hemiarthroplasty fol-
lowing DAIR, 20 (46.5%) required multiple surgical debridements after an initial DAIR, and
18 were converted to an excision arthroplasty due to persistent infection, with six were alive
at one year. The culture of any gram-negative organism reduced success rates to 12.5% (no
cases were successful with methicillin-resistant Staphylococcus aureus or Pseudomonas infec-
tion). Favourable organisms included Citrobacter and Proteus (100% cure rate). The all-cause
mortality at one year after deep SSI was 55.87% versus 24.9% without deep infection.

Conclusion

Deep infection remains a devastating complication regardless of the treatment strategy em-
ployed. Success rates of DAIR are poor compared to total hip arthroplasty, and should be
reserved for favourable organisms in patients able to tolerate multiple surgical procedures.
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Introduction
Deep surgical site infection (SSI) after hip

(THA), with studies demonstrating implant
survival of 75% to 90%.> When DAIR fails

hemiarthroplasty is a devastating compli-
cation with high morbidity and mortality.'?
Debridement, antibiotic therapy and implant
retention (DAIR) has become a mainstay in
the initial treatment of deep periprosthetic
joint infection (PJI). There is a growing body
of evidence to support DAIR for deep infec-
tion after an elective total hip arthroplasty

to eradicate infection, patients may require
a single or two-stage revision, and both
approaches have been shown to have rela-
tively high rates of success.*
Hemiarthroplasty is the most common
treatment for elderly patients with displaced
femoral neck fractures.> Approximately
19,000 hemiarthroplasties are performed
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for hip fracture in England, Wales, and Northern Ireland
each year.® Rates of deep infection are high at up to 4.9%
when compared to elective THA at 0.5%.7° Despite the
high prevalence, there is paucity in quality evidence
on the management of SSI after hemiarthroplasty.
Prompt debridement and implant removal or excision
arthroplasty has historically been a standard practice.’
In contrast to THA, many hemiarthoplasty stems are
of a monoblock design, limiting options for bearing
exchange.” With widespread use of a tapered polished
stem as an implant of choice for hip hemiarthroplasty,
the stem exchange is also accepted as a part of thorough
debridement. Hip fracture patients are often frailer than
elective patients, and have the added insult of their injury
further complicating their recovery.

The purpose of this study was to assess outcomes in
patients undergoing treatment for deep SSI after hip
hemiarthroplasty. We also aim to report the risk factors
for developing SSI after hemiarthroplasty, and factors
influencing success with treatment for deep SSI.

Methods

Data source and collection. A local prospective regis-
try data of all hip fracture admissions to our institu-
tion formed the population for this study. All trauma
patients admitted to our institution (Queen's Medical
Centre, Nottingham, UK) are included within the regis-
try, which monitors the process of care, return to theatre
and outcomes; these records are maintained by the ad-
mitting clinical team with data entry supported by audit
personnel.

Consecutive patients who underwent a primary hip
hemiarthroplasty between August 2007 and August 2018
were identified. Patients were eligible to be included in
the study if they had undergone a primary hemiarthro-
plasty for hip fracture. Patients were excluded if they
were undergoing revision surgery for periproethetic frac-
ture or dislocation. Patients who subsequently under-
went surgery for deep infection were analyzed to assess
success rates after DAIR or primary excision arthroplasty.

Demographic information, including age, sex, and
medical comorbidities, were assessed to identify poten-
tial predictors of developing a SSI. Urinary tract infection
(UTI) and pressure sores diagnosed either preoperatively
or during the inpatient stay post-surgery were recorded.
Variables within the paper were prospectively recorded
within the registry during the index admission.

Each case of SSI that had been prospectively recorded
was manually checked retrospectively by the authors (SC,
JN) against the electronic patient record, microbiology
laboratory results, and available radiological investiga-
tions to ensure data fidelity. Mortality data was cross-
validated with data from the Office of National Statistics.'
Patient records were reviewed for readmission or revision

surgery and mortality within one year of their index
procedure.

Diagnosis of infection. Infection surveillance is prospec-
tive and conducted on a rolling basis, with each patient
monitored for 12 months to document development of
an infection. In addition to prospectively monitoring re-
admission and return to theatre data, surveillance is car-
ried out in partnership with the microbiology team, who
provide orthopaedics with a monthly line-listing of all
positive microbiology samples that have occurred either
within the trust or community settings. This line-listing
is linked to the orthopaedic registry, and matched cases
indicate an orthopaedic admission and a positive sample.
Readmissions are prospectively reviewed by the audit
team for evidence of SSI. Infection is defined and classi-
fied as deep or superficial as per the Centre for Disease
Control (CDC) criteria.”™ The pre-2013 criteria were used
as the post-2013 criteria has been shown to exclude up to
10% of orthopaedic SSI.™ Our hospital (Queen's Medical
Centre) is the only facility providing emergency care for
our catchment population of approximately 750,000
people; infections presenting after discharge will present
back to our unit and be collected in the database.
Bacteriology. \Wound swabs were processed using a va-
riety of selective media to identify aerobic and anaerobic
pathogens. Samples of pus or tissue obtained during sur-
gery were plated on non-selective agar for aerobic and
anaerobic incubation, and also suspended in an enrich-
ment broth culture. All microbiological samples were cul-
tured for seven days.

Surgical technique. The majority of patients undergoing
a hemiarthroplasty at our institution receive a cemented
monoblock implant with gentamicin containing cement.
Itis our practice to use uncemented hip hemiarthroplasty
in patients otherwise considered at high risk of develop-
ing cement implantation syndrome, or with other signif-
icant medical comorbidities. Since 2015, stem exchange
without removal of the cement mantle has been advocat-
ed as part of DAIR, although this is still ultimately left to
the discretion of the treating surgeon. This is a local unit
policy and is based on anecdotal, rather than published,
evidence.

Statistical analysis. Demographic differences between
patients with and without SSI, and for patients undergo-
ing DAIR and excision arthroplasty, were compared us-
ing Pearson’s chi-squared test and independent-samples
Student’s t-test. Due to the large sample size, paramet-
ric tests were preferred, regardless of data skew. Binary
multivariate logistic regression was used to adjust for po-
tential confounders between the two groups when com-
paring risk factors for developing SSI and predictors of
a successful DAIR at one year. A successful DAIR was de-
fined as a retained implant in an alive patient, without the
use of suppressive antibiotics, at one year post-surgery.
Variables previously thought to potentially influence
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Table 1. Demographics in patients with and without surgical site infection.

S. CRAXFORD, B. A. MARSON, A. IKRAM, ET AL.

No infection,

Any SSI,n =69, n

Deep SSl only, n = 51,

Variable n = 3,897, n (%) (%) p-value n (%) p-value
Urinary tract infection 427 (10.96) 17 (24.64) <0.001" 11 (21.57) 0.017F
Pressure sore 40 (1.03) 3 (4.41%) 0.008" 2(3.92) 0.0397
Cemented hemiarthroplasty 2,940 (75.44) 44 (63.77) 0.026" 33 (64.7) 0.077%
Days delayed before surgery, mean (SD) 0.52 (1.01) 0.96 (1.50) 0.019" 0.75 (1.26) 0.213"
Age, yrs, mean (SD) 82.45 (8.89) 82.20 (10.06) 0.816" 82.26 (10.83) 0.900*
Admission from institution 808 (20.85) 17 (24.6) 0.443f% 13 (25.49) 0.418"
Female sex 2,779 (71.01) 49 (71.31) 0.957% 34 (66.67) 0.4671
Renal disease 495 (12.7) 8 (11.59) 0.784F 7 (13.73) 0.827F
Diabetes 601 (15.42) 16 (23.19) 0.078f 12 (23.53) 0.112f
Rheumatoid arthritis 117 (3.0) 1(1.45) 0.452f 1(1.96) 0.6641
Smoker 358 (9.19) 8 (11.59) 0.493f 6 (11.76) 0.527%
Steroids 125 (3.21) 0(0.0) 0.131% 0(0.0) 0.1941
Warfarin 225(5.77) 5(7.25) 0.604* 4(7.84) 0.530"
Clopidogrel 144 (3.61) 3 (4.35) 0.7761 1(1.96) 0.5137F
Operative duration, mins, mean (SD) 94.89 (33.85) 92.20 (30.35) 0.469" 95.53 (30.51) 0.882*
Pathological fracture 45 (1.16) 1(1.45) 0.821*1 1(1.96) 0.594%
AMT less than 7 1,373 (35.6) 25 (36.23) 0.9137 18 (35.39) 0.9537
ASA grade, mean (SD) 2.93(0.71) 2.96 (0.65) 0.939" 2.94 (0.583) 0.889"

*Pearson’s independent-samples chi-squared test.
FStudents t-test.

AMT, Abbreviated Mental Test; ASA, American Society of Anaesthesiology; SD, standard deviation; SSI, surgical site infection.

success of DAIR that were analyzed included time from
index case to DAIR, cementation and organism, and stem
exchange.™

Significance was defined as p-value < 0.05. Endpoints
of both SSI and success of DAIR were used, along wiht
mortality at one year. Regression analysis and multiple
imputation was performed using SPSS version 24.0 (SPSS,
USA). Kaplan-Meier curve estimators were produced
using GraphPad Prism version 8 (GraphPad, USA).

Results

sample. A total of 3,966 eligible patients were identified.
The overall rate of SSI within the cohort was 1.74%; 51 pa-
tients (1.29%) were diagnosed with a deep infection,
while 18 (0.45%) were treated for a superficial SSI. More
patients with SSI also had a urinary tract infection (UTI)
(427 (10.96%) vs 17 (24.64%); p < 0.001, chi-squared
test), pressure sores (40 (1.03%) vs three (4.41%); p =
0.008, chi-squared test), and were less likely to have had
a cemented hemiarthroplasty (2,940 (75.44%) vs 44
(63.77%); p = 0.026, chi-squared test) than patients with-
out SSI. Demographics are shown in Table I.

Missing data. American Society of Anaesthesiology (ASA)
grade had a high level of missing data (1,304 cases;
32.87%). Due to the likelihood of collinearity with other
medical comorbidities, ASA was not used in the regres-
sion model.

Missing data for other variables was in general was
low; 49 patients (1.24%) had at least one missing variable.
Data was missing for admission source (22 cases; 0.56%),
AMT (40 cases; 1.01%), and presence of a pressure sore

( nine cases; 0.23%). Due to the low level of missing data
for these variables, complete case analysis was performed
rather than imputation.’® A complete dataset was avail-
able for all other covariables.

Risk factors for SSI. Delay in time to surgery (OR 1.32,
95% Cl 1.13 to 1.54; p < 0.001), (OR 2.83, 95% Cl 1.60 to
5.01; p < 0.001, multivariable logistic regression), pres-
ence of pressure sores (OR 3.49, 95% CI 1.00 to 12.17; p
= 0.050, multivariable logistic regression), and UTI were
predictors of SSI. Only 4/17 patients with SSI and UTI
(23.53%) cultured the same organism in their urine as
in their wound. A cemented arthroplasty was protective
when compared to an uncemented implant (OR 0.55
95% Cl 0.32 to 0.97; p = 0.037, multivariable logistic re-
gression). Risk factors for SSI are summarized in Table II.
Management of deep infection. One patient died with a
clinically diagnosed deep SSI before a formal debride-
ment was undertaken, leaving 50 patients available for
full analysis. In all, 43 patients had a DAIR procedure to
treat their SSI; eight of these patients underwent a stem
exchange as part of the DAIR.

Seven patients underwent a primary excision arthro-
plasty. Patients selected by their operating surgeon to
undergo an excision arthroplasty were older (mean age
86.14 years (SD 6.07) vs 81.54 years (SD 11.28)), and
more likely to have undergone an initial uncemented
hemiarthroplasty (OR 6.46, 95% Cl 1.10 to 37.92; p =
0.390, binary logistic regression). The details of these two
groups is shown in Table lIl.

Implant survival. Overall, DAIR with or without stem ex-
change as an initial strategy for infection clearance had a
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Variable Unadjusted odds ratio (95% CI) p-value* Adjusted odds ratio (95% CI) p-value*
Cemented hemiarthroplasty 0.57 (0.35 t0 0.94) 0.028 0.55 (0.32t0 0.97) 0.037
Days before surgery 1.29 (1.16 to 1.50) 0.001 1.32 (1.13 to 1.54) < 0.001
Pressure sore 4.44 (1.34t0 14.72) 0.015 3.49 (1.00 to 12.17) 0.050
Urinary tract infection 2.71 (1.55t0 4.73) < 0.001 2.83 (1.60to 5.01) < 0.001
Age, yrs 1.00 (0.97 to 1.02) 0.816 0.99 (0.99 to 1.02) 0.508
Admission from an institution 1.24 (0.71 to 2.16) 0.444 1.37 (0.70 to 2.65) 0.357
Female sex 0.99 (0.58 to 1.67) 0.957 0.96 (0.56 to 1.67) 0.895
Renal disease 1.11 (0.53 to 2.33) 0.784 0.74 (0.35to 1.64) 0.475
Diabetes 1.66 (0.94 to 2.92) 0.081 1.74 (0.97 t0 3.12) 0.063
Rheumatoid arhritis 0.48 (0.065 to 3.45) 0.462 0.63 (0.086 to 4.67) 0.653
Smoker 1.30(0.62 to 2.73) 0.495 1.07 (0.47 to 2.46) 0.865
Steroids 29,551,390.99 (0 to 99,999,999) 1.00 0 (0 to 99,999,999) 0.996
Warfarin 1.28 (0.51 to 3.20) 0.601 1.31 (0.50 to 3.48) 0.584
Clopidogrel 0.84 (0.26 to 2.72) 0.776 1.27 (0.39 to 4.15) 0.694
Operation duration, mins 1.00 (0.99 to 1.01) 0.51 1.00 (0.99 to 1.01) 0.929
Pathological fracture 1.26 (0.17 t0 9.27) 0.821 1.29 (0.17 t0 9.99) 0.807
AMT less than 7 1.03 (0.63 to 1.67) 0.913 1.29 (0.71 to 2.35) 0.412
*OR calculated using binary logistic regression.

AMT, Abbreviated Mental Test; Cl, confidence interval.

Table Ill. Patient characteristics treated with Debridement, antibiotic, and implant retention (DAIR) and excision arthroplasty.

Variable DAIR, n = 43, n (%) Excision arthroplasty, n = 7, n (%) p-value
Cemented hemiarthroplasty 31 (72.01) 2 (28.57) 0.0241
Age, yrs, mean (SD) 81.54 (11.28) 86.14 (6.07) 0.130"
Admission from an institution 9(20.93) 3 (43.86) 0.208"
ASA grade, mean (SD) 2.84 (0.58) 3.25(0.50) 0.202"
Female sex 29 (67.44) 5(71.43) 0.834f
Renal disease 5(11.63) 2 (11.63) 0.231%
Diabetes 9 (20.93) 2 (28.57) 0.651%
Rheumatoid arthritis 1(2.33) 0 (0.0) 0.684"
Smoker 6 (13.95) 0(0.0) 0.292F
Steroids 0(0.0) 0(0.0) N/A
Warfarin 3(6.98) 1(14.29) 0.5091
Clopidogrel 1(2.33) 0 (0.0) 0.684"
Urinary tract infection 10 (23.26) 1(14.28) 0.576%
Pressure sore 2 (4.76) 0 (0.0) 0.556"
Pathological fracture 1(2.33) 0 (0.0) 0.684"
AMT less than 7 14 (32.56) 4 (57.14) 0.2097
Time from index case to infection diagnosis, mean (SD) 21.89 (27.37) 24.29 (10.92) 0.731"

Significant differences are shown in bold.
*Pearson’s independent-samples chi-squared test.
TStudents t-test.

AMT, Abbreviated Mental Test; DAIR, debridement, antibiotic, and implant retention; SD, standard deviation.

success rate of 20.93% (nine patients still alive and with a
hemiarthroplasty in situ at one year). Only seven patients
(16.28%) survived to one year with their original implant
in situ (two patients of the nine DAIR successes had un-
dergone a stem exchange). Of the original 43 DAIRs,
15 patients (34.88%) subsequently underwent an exci-
sion arthroplasty due to persistent infection after DAIR.
Three of these patients (7.3%) were subsequently revised
to either a THA (two patients) and cemented hemiarthro-
plasty (one patient). Overall, 8/43 DAIR patients under-
went a stem exchange as part of their treatment, of which

six patients (75%) had continuing infection requiring an
eventual excision arthroplasty. Stem exchange was not
significantly more successful in clearing infection than
debridement alone (2/8 (25%) vs 7/35 (20%; p =0.754,
chi-squared test).

No patient who underwent an excision arthroplasty
as the first revision surgery underwent re-insertion of
an arthroplasty. The mean number of procedures for
infection in the excision arthroplasty group was 1.14
(SD 0.380) compared to 1.74 (SD 0.93) in the DAIR

group.
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Table IV. Outcomes after treatment by organism. The total number of
organisms are greater that the number of patients with infection to the
presence of polymicrobial infection.

Success of DAIR, Alive at one

Organism n n (%) year, n (%)
DAIR 43

Gram-positive organisms

Methicillin-sensistive 13 3 (23.07) 6 (46.15)
Staphylococcus aureus (MSSA)

Methicillin-resistant 0(0.0) 2(50.0)
Staphylococcus aureus (MRSA)

Coagulase negative staphylococci 13 5(38.46) 7(53.85)
Streptococcus 6 1(16.67) 2(33.33)
Citrobacter 1 1(100) 1 (100)
Corynebacterium 3 1(33.33) 1(33.33)
Proteus 2 2 (100) 2 (100)
Diptheroid 7 1(14.29) 4 (57.14)
Enterococcus 7 2(28.57) 4 (57.14)
Clostridium 1 0(0.0) 0(0.0)
Gram-negative organisms

Pseudomonas 5 0(0.0) 2 (40.0)
Coliform 7 2 (28.57) 5(71.42)
Klebsiella 1 0(0.0) 0(0.0)
Enterobacter 4 0(0.0) 0(0.0)
No growth 2 0(0.0) 1(50.0)
Gram-positive organisms only 27 8(29.63) 12 (44.44)
Gram-positive only, excluding 24 8(33.33) 11 (45.83)
MRSA

Gram-negative organisms only 5 0(0.0) 2 (40.0)
Mixed gram-positive and gram- 11 2(18.18) 6 (54.54)
negative

Infection with any gram-negative 16 2(12.50) 8 (50.0)
organism (gram-negative or

mixed)

Excision arthroplasty

MRSA 2 N/A 0 (0.0)
MSSA 2 N/A 0 (0.0)
Group B Streptococcus 1 N/A 1(100)
Klebsiella 1 N/A 1(100)
Cornyebacterium 1 N/A 0(0.0)
Proteus 1 N/A 0(0.0)
Pseudomonas 1 N/A 0(0.0)

DAIR, debridement, antibiotics, and implant retention; N/A, not applicable.

Infection with methicillin-resistant Staphylococcus
aureus (MRSA), Pseudomonas, or Enterobacter also had
unfavourable outcome. Certain gram-positive organisms
appeared to be more favourable; Citrobacter and Proteus
infections both had cure rates of 100% following DAIR.
The causative organisms and resulting success rates of
DAIR and excision arthroplasty are shown in Table IV.

Staphylococcus aureus was the most common
organism cultured in patients undergoing a primary exci-
sion arthroplasty (4/9; 44.44%). MRSA and Pseudomonas
had a poor outcome, with 100% mortality at one year
despite implant removal.

We were unable to identify a statically significant

predictor of DAIR success. No DAIR was successful if
performed over 32 days from the index procedure.
Analyzed variables are reported in Table V.
Mortality. The overall mortality at one year after a deep
SSl was 55.87%, compared to 24.9% for patients without
infection (p < 0.0001, log rank test). Overall, 21/43 pa-
tients (48.84%) were alive at one year after an attempted
DAIR compared to 2/7 (28.57%) after a primary excision
arthroplasty (p = 0.0081, log rank test). Differences in
survivorship of patients with no infection, DAIR and ex-
cision arthroplasty over one year following their index
procedure are shown in Figure 1.

Discussion

The most appropriate treatment of an infected hemiar-
throplasty remains controversial."” Overall, success rates
for DAIR were lower in this study than those reported
after elective hip arthroplasty.® Success rates in the few
small studies on DAIR after hemiarthroplasty range
from 22% to 82%.7-"° This wide range of success rates
may be due to variations in study design. Kazimoglou
et al?® reported a success rate of 41% in 39 patients at
one year, but counted death deemed not due to infec-
tion as a successful DAIR. The highest success rate (82%)

Table V. Multiple logistic regression for potential predictors of debridement, antibiotic, and implant retention (DAIR) success.

Variable Unadjusted odds ratio (95% ClI) p-value* Adjusted odds ratio (95% ClI) p-value*
Stem exchange 1.33 (0.22 to 8.08) 0.750 2.04 (0.26 to 16.33) 0.501
Time between index procedure and DAIR, days 0.97 (0.90 to 1.04) 0.331 0.97 (0.90 to 1.05) 0.487
Cemented hemiarthroplasty 4.00 (0.44 to 36.15) 0.217 3.62 (0.36 to 36.07) 0272
Not multi-resistant or gram-negative organism 5.60 (0.63 to 49.95) 0.123 6.16 (0.65 to 58.84) 0.114

*Binary logistic regression.
Cl, confidence interval.

Factors influencing success of DAIR. The majority of caus-
ative organisms grown from deep tissue samples were
gram-positive (77.8% of organisms cultured); 40.5% of
infections were caused by a single gram-positive organ-
ism (n = 17; 27.8% success rate of DAIR). Isolated gram-
negative infections were relatively uncommon (n = 5;
11.9%), but had a 100% failure rate.

was reported by Mellner et al,’® who also reported a
high rate of deep SSI (4.5%). The onset of infection was
earlier following the index surgery than in our study, with
26/28 patients treated with DAIR within seven days of the
index procedure, whereas the average time to treatment
for infection in our series was 22 days. This study also
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Fig. 1

Patient survival at one year, with 95% confidence interval, following debridement, antibiotic, and implant retention (DAIR), excision arthroplasty, or no

infection.

reported on hemiarthroplasty and THA, whereas we
report on hemiarthroplasty alone.

Over the last decade, improvements in hip fracture
care have led to improved outcomes.?’ Disappoint-
ingly, outcomes after deep SSI do not appear to have
improved over the same time."? We found that deep
infection significantly reduced survival at one year, with
mortality rates after infection essentially unchanged in
our unit since 2004.2 Mortality after an excision arthro-
plasty was higher than after DAIR; however, the excision
arthroplasty patients were older and were more likely to
have undergone an initial uncemented hemiarthroplasty,
suggesting greater frailty.

We did not collect patient-reported outcomes in this
study. Previous studies of deep SSI in THA have shown
that patients who retain a functioning hip arthroplasty
have higher patient-reported outcome scores.?*?
Following excision arthroplasty, patients report lower
health status than after lower limb amputation or myocar-
dial infarction.??

Factors influencing success of DAIR. Several factors, includ-
ing time from index procedure to onset of infection, have
previously been shown to influence success rates of DAIR
within elective arthroplasty.? We were unable to identi-
fy statistically significant predictors of a successful DAIR,
perhaps partially due to the smaller sized cohort of deep
infections available within our dataset. Stem exchange,
leaving the cement mantle intact where present, demon-
strated a marginally greater success rate compared to de-
bridement and antibiotics alone; this difference was not
statistically significant (7/34 (20.59%) vs 2/9 (22.22%); p
=0.915, chi-squared test). Multi-drug resistant organisms
and polymicrobial infections have been shown to signif-
icantly reduce the rates of successful infection clearance,
either by DAIR or two-stage revision.?> We found that

success rates of DAIR after hip fracture may be influenced
by the causative organism. Patients with certain gram-
positive organisms had more favourable success rates of
over 60% compared to patients with any gram-negative
organism; in these cases, rates of success were around
12%. None of the patients with MRSA or Pseudomonas
SSI had an implant at oneyear post-surgery.

Risk factors for $SI. Given the overall poor outcomes after
deep infection, prevention of SSI remains a priority in hip
fracture care. We identified several potential risk factors
for the development of SSI.

Pressure sores offer an entry site for bacteria, with a
resulting risk of sepsis and haemataological spread to the
new implant.2¢ UTI has previously been reported as a risk
for infection in elective arthroplasty.?” Cemented arthro-
plasties had a lower risk of infection; antibiotic eluting
bone cement, which is standard in our unit for cemented
hemiarthroplasty, has been shown to be protective of
SSI.28 We hypothesize that delay to theatre may allow
patients to be colonized by resistant organisms, or can
reflect times when the surgical case intensity is high. By
addressing the identified risk factors, we would hope to
be able to reduce rates of infection further.

Limitations. We detected differences in the demograph-
ics of patients undergoing DAIR and excision arthroplas-
ty. Selection bias in treatment allocation is always possi-
ble in a retrospective and non-randomized study. While
deep infection after hemiarthroplasty is devastating, the
incidence was low in our cohort. The lower number of
DAIRs limited the number of variables that could be in-
cluded within the regression analysis. Some patients
may have moved out of our institution’s catchment area
during the study period; these patients would be miss-
ing from the subsequent analysis if they presented with
infection to a different institution. Also, only variables
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recorded accurately and with sufficient detail within the
prospective registry were available for analysis. It is pos-
sible that other variables, not analysis, in this study may
be significant predictors of infection. Lastly, it could be
argued that our criteria for a “success” as an alive patent
with a functioning implant at one year was too ambi-
tious. For many hip fracture patients after deep infection,
survival in comfort and discharge from hospital may be
sufficient. Cause of death was not available for patients
within the study. Using a shorter follow-up period to be
infection-free would potentially miss recurrent or persis-
tent infection and artificially inflate the success of DAIR,
while longer-term follow-up was limited by the already
poor long-term survival after infection.?
Recommendations. Our study suggests that DAIR may
best be used for patients with a favourable organism and
the physiological reserve to tolerate repeat surgeries. As
DAIR does not appear to negatively affect mortality when
compared to excision arthroplasty, it would seem reason-
able to perform as an initial treatment in the presence of
suspected deep SSI. Should the patient fail to respond to
the initial DAIR, or an unfavourable organism is cultured
(gram-negative or multi-drug resistant), then an excision
arthroplasty should be performed rather than recurrent
washouts or stem exchange. If infection clearance is
achieved, reimplantation may be safely performed in se-
lect patients. Patients and relatives should be counselled
as to the catastrophic effects of PJI after hemiarthroplaty,
and the significant risk of the patient ending up with no
implant. Unless otherwise contraindicated, cemented
arthroplasty should be preferred to reduce rates of SSI.
These recommendations are, however, greatly limited by
the relatively low sample size and retrospective nature of
the analysis in this study.

In conclusion, DAIR has a low chance of success after
an infected hip hemiarthroplasty compared to the rates
reported in elective practice. The outcome of PJlI deep
SSI following a hip hemiarthroplasty is poor at one year,
regardless whether implant retention is attempted or not.
Should the patient fail to respond to the initial DAIR, or
an unfavourable organism is cultured, then an excision
arthroplasty should be performed rather than recurrent
washouts or stem exchange. Deep infection remains an
unsolved problem in this vulnerable patient cohort, and
avoidance of infection remains key.

A
P

Take home message

- Debridement, antibiotic, and implant retention (DAIR) has a
low chance of success after an infected hip hemiarthroplasty.
- In patients failing to respond to the initial DAIR, or an
unfavourable organism is cultured, then an excision arthroplasty should
be performed, rather than recurrent washouts or stem exchange.

- Deep infection remains an unsolved problem in this vulnerable patient
cohort, and avoidance of infection remains key.

References

1. Craxford S, Marson BA, Oderuth E, Nightingale J, Agrawal Y, Ollivere
B. Methicillin-resistant staphylococcus aureus in hip fracture. Bone Joint J.
2021;103-B(1):170-177.

2. 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.

3. Malahias M-A, Gu A, Harris EC, et al. The role of long-term antibiotic
suppression in the management of peri-prosthetic joint infections treated with
debridement, antibiotics, and implant retention: A systematic review. J Arthroplasty.
2020;35(4):1154-1160.

. Thakrar RR, Horriat S, Kayani B, Haddad FS. Indications for a single-
stage exchange arthroplasty for chronic prosthetic joint infection. Bone Joint J.
2019;101-B(1_Supple_A):19-24.

. Bhandari M, Devereaux PJ, Tornetta P 3rd, et al. Operative management of
displaced femoral neck fractures in elderly patients. An international survey. J Bone
Joint Surg Am. 2005;87-A(9):2122-2130.

. Royal College of Physicians. National Hip Fracture Database Annual Report 2016.
2016. https://www.nhfd.co.uk/2016report (date last accessed 17 September 2021).

. de Jong L, Klem TMAL, Kuijper TM, Roukema GR. Factors affecting the rate
of surgical site infection in patients after hemiarthroplasty of the hip following a
fracture of the neck of the femur. Bone Joint J. 2017;99-B(8):1088—1094.

. England PH. Surveillance of surgical site infections in NHS hospitals in England. April
2018 to March 2019. https://assetspublishingservicegovuk/government/uploads/
system/uploads/attachment_data/file/854182/SSI_Annual_Report_2018_19pdf
(date last accessed 17 September 2021).

. Masters J, Metcalfe D, Ha JS, Judge A, Costa ML. Surgical site infection after
hip fracture surgery: A systematic review and meta-analysis of studies published in
the UK. Bone Joint Res. 2020;9(9):554-562.

10. Sharma H, Kakar R. Outcome of Girdlestone's resection arthroplasty following

complications of proximal femoral fractures. Acta Orthop Belg. 2006;72(5):555-559.

11. Zaruta DA, Qiu B, Liu AY, Ricciardi BF. Indications and guidelines for
debridement and implant retention for periprosthetic hip and knee infection. Curr Rev
Musculoskelet Med. 2018;11(3):347—-356.

12. Office of National Statistics. Available from: https://www.ons.gov.uk

13. Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of health
care-associated infection and criteria for specific types of infections in the acute care
setting. Am J Infect Control. 2008;36(5):309-332.

14. Dicks KV, Lewis SS, Durkin MJ, et al. Surveying the surveillance: Surgical site
infections excluded by the January 2013 updated surveillance definitions. Infect
Control Hosp Epidemiol. 2014;35(5):570-573.

15. Xu Y, Wang L, Xu W. Risk factors affect success rate of debridement, antibiotics
and implant retention (DAIR) in periprosthetic joint infection. Arthroplasty.
2020;2(1):37.

16. Jakobsen JC, Gluud C, Wetterslev J, Winkel P. When and how should multiple
imputation be used for handling missing data in randomised clinical trials - a practical
guide with flowcharts. BMC Med Res Methodol. 2017;17(1):162.

17. Yassin M, Sharma V, Butt F, lyer S, Tayton E. Early peri-prosthetic joint infection
after hemiarthroplasty for hip fracture: Outcomes of debridement, antibiotics, and
implant retention. Surg Infect (Larchmt). 2020;21(10):834-839.

18. Mellner C, Eisler T, Knutsson B, Mukka S. Early periprosthetic joint infection
and debridement, antibiotics and implant retention in arthroplasty for femoral neck
fracture. Hip Int. 2017,27(4):349-353.

19. de Vries LMA, Neve WC, Steens J. prosthesis retention after an infected hip
prosthesis: hip fractures versus primary total hip prosthesis, data from 1998 - 2015. J
Bone Jt Infect. 2018;3(3):118-122.

20. Kazimoglu C, Yalcin N, Onvural B, Akcay S, Agus H. Debridement, antibiotics,
irrigation, and retention (DAIR) of the prosthesis after hip hemiarthroplasty infections.
Does it work? Int J Artif Organs. 2015;38(8):454—460.

21. Metcalfe D, Zogg CK, Judge A, et al. Pay for performance and hip fracture
outcomes. Bone Joint J. 2019;101-B(8):1015-1023.

22. Vincenten CM, Den Oudsten BL, Bos PK, Bolder SBT, Gosens T. Quality of life
and health status after girdlestone resection arthroplasty in patients with an infected
total hip prosthesis. J Bone Jt Infect. 2019;4(1):10-15.

23. Pollmann CT, Gjertsen J-E, Dale H, Straume-Naesheim TM, Dybvik E, Hallan
G. Operative approach influences functional outcome after DAIR for infected total hip
arthroplasty. Bone Joint J. 2020;102-B(12):1662—1669.

24. Qasim SN, Swann A, Ashford R. The DAIR (debridement, antibiotics and implant
retention) procedure for infected total knee replacement - a literature review. SICOT
J.2017;3:2.

=

o

(=]

~

(-]

BONE & JOINT OPEN


https://www.nhfd.co.uk/2016report
https://assetspublishingservicegovuk/government/uploads/system/uploads/attachment_data/file/854182/SSI_Annual_Report_2018_19pdf
https://assetspublishingservicegovuk/government/uploads/system/uploads/attachment_data/file/854182/SSI_Annual_Report_2018_19pdf
https://www.ons.gov.uk

DEEP INFECTION AFTER HIP HEMIARTHROPLASTY: RISK FACTORS FOR INFECTION AND OUTCOME OF TREATMENTS 965

25. Sidhu MS, Cooper G, Jenkins N, et al. Prosthetic fungal infections: Poor prognosis
with bacterial co-infection. Bone Joint J. 2019;101-B(5):582-588.

26. Livesley NJ, Chow AW. Infected pressure ulcers in elderly individuals. Clin Infect
Dis. 2002;35(11):1390—1396.

21. Ollivere BJ, Ellahee N, Logan K, Miller-Jones JCA, Allen PW. Asymptomatic
urinary tract colonisation predisposes to superficial wound infection in elective
orthopaedic surgery. Int Orthop. 2009;33(3):847—-850.

28. Leong JW, Cook MJ, 0'Neill TW, Board TN. Is the use of antibiotic-loaded bone
cement associated with a lower risk of revision after primary total hip arthroplasty?
Bone Joint J. 2020;102-B(8):997-1002.

29. Slullitel PA, Ofiativia JI, Cima I, et al. Patients with no recurrence of infection five
years after two-stage revision hip arthroplasty may be classified as periprosthetic
infection ‘in remission.” Bone Joint J. 2021;103-B(1):79-86.

Author information:

m S. Craxford, MRCS, Research Fellow

® B. A. Marson, MRCS, Research Fellow

¥ |. Nightingale, PhD, Research Manager

®m A. lkram, MRCS, Research Fellow

= B. Ollivere, FRCS, MD, Professor of Trauma and Orthopaedics
The University of Nottingham, Nottingham, UK.

=Y. Agrawal, FRCS, Consultant Orthopaedic Surgeon, Royal Orthopaedic Hospital,
Birmingham, UK.

= D. Deakin, FRCS, Consultant Orthopaedic Surgeon, Queen's Medical Centre,
Nottingham, UK.

Author contributions:

= S. Craxford: Data curation, Formal analysis, Visualization, Writing — original draft.
= B. A. Marson: Formal analysis, Writing — review & editing.

= |. Nightingale: Investigation, Formal analysis.

= A. lkram: Investigation, Writing — original draft.

=Y. Agrawal: Visualization, Writing — original draft.

= D. Deakin: Visualization, Writing — original draft.

® B. Ollivere: Visualization, Writing — original draft.

Funding statement:
= 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.

ICMJE COI statement:
= B. A. Marson declares grants/grants pending for a NIHR doctoral fellowship, which
is unrelated to this work.

Data sharing:
= The authors report that the open access funding for this manuscript was self-funded.

Ethical review statement:
= Ethical approval was not required for this study.

© 2021 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/

VOL. 2, NO. 11, NOVEMBER 2021


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	Deep infection after hip hemiarthroplasty: risk factors for infection and outcome of treatments
	Introduction
	Methods
	Results
	Discussion
	References
	Funding statement:


