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Abstract: Despite the implications of trochanteric and subtrochanteric intramedullary (IM) nail
infection for patients with hip fracture, little is known about risk factors for therapeutic failure
and mortality in this population. We performed a retrospective observational analysis including
patients diagnosed with trochanteric and subtrochanteric IM nail infection at a Spanish academic
hospital during a 10-year period, with a minimum follow-up of 22 months. Of 4044 trochanteric
and subtrochanteric IM nail implants, we identified 35 cases of infection during the study period
(0.87%), 17 of which were chronic infections. Patients with therapeutic failure (n = 10) presented a
higher average Charlson Comorbidity Index (CCI) (5.40 vs. 4.21, p 0.015, CI 0.26–2.13) and higher
rates of polymicrobial (OR 5.70, p 0.033, CI 1.14–28.33) and multidrug-resistant (OR 7.00, p 0.027,
CI 1.24–39.57) infections. Upon multivariate analysis, polymicrobial infection and the presence of
multidrug-resistant pathogens were identified as independent risk factors for therapeutic failure.
Implant retention was associated with an increased risk of failure in chronic infection and was
found to be an independent risk factor for overall one-year mortality in the multivariate analysis.
Our study highlights the importance of broad-spectrum empirical antibiotics as initial treatment of
trochanteric and subtrochanteric IM nail-associated infection while awaiting microbiological results.
It also provides initial evidence for the importance of implant removal in chronic IM-nail infection.

Keywords: hip osteosynthesis; infection; intramedullary nail; pertrochanteric fracture; subtrochanteric
fracture; healthcare-associated infection

1. Introduction

The surgical treatment of trochanteric and subtrochanteric hip fractures is often per-
formed using intramedullary nailing [1,2]. The potential complications of intramedullary
nailing include mechanical complications such as cutout, early implant fracture, and de-
layed union [3,4] and medical complications such as bleeding, pulmonary embolism, and
implant-associated infection [5,6]. Deep surgical site infection after intramedullary nailing
of these fractures is uncommon, with an incidence of around 1–1.5% [7–9]. However, these
infections lead to worse patient outcomes and increased healthcare expenditure due to
additional surgical interventions, extended hospital stays, and long periods of antibiotic
treatment [10,11].

To achieve infection control and bone union, most orthopedic implant-associated
infections require surgical debridement with or without implant removal, as well as guided
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antibiotic therapy [12–14]. Due to the nature of trochanteric and subtrochanteric hip
fractures, infected intramedullary (IM) nails must be retained or exchanged for other
implants to preserve joint function and provide stability to allow the fracture to heal [15].
However, evidence for best practice in treatment of these infections is scarce, and due to
the lack of consensus regarding optimal treatment [7,16], clinicians often base treatment
strategies on guidelines for prosthetic joint infection of the hip [12]. The few reports present
in the literature indicate that implant retention could be a valid option for IM nail-associated
infection [7], although with worse outcomes than for other implants [12].

Our study describes a cohort of patients with trochanteric and subtrochanteric IM
nail-associated infection from a tertiary level hospital in Spain, aiming to describe risk
factors for therapeutic failure and one-year mortality in this population.

2. Materials and Methods

We performed a retrospective observational study including patients diagnosed with
trochanteric and subtrochanteric IM nail-associated infection at a tertiary hospital in Madrid,
Spain during a 10-year period.

All patients diagnosed with IM nail-associated infection after trochanteric or sub-
trochanteric hip fracture repair from 1 January 2011 to 31 December 2021, in the Fundación
Jiménez Díaz University Hospital, a 686-bed tertiary hospital in Madrid, Spain, were in-
cluded. Patients diagnosed with superficial surgical site infection and those who did not
attend regular follow-up visits at the outpatient orthopedic surgery clinic were excluded
from this study. The study design included the entire population, and so we did not
perform a sample size calculation prior to data collection.

Data were collected manually from patients’ clinical records using the hospital’s
electronic health record, Casiopea® (Inetum, Saint-Ouen, France). Clinical records were
reviewed until 1 November 2023, or until a patient’s death, with a minimum follow-up
period of 22 months. Variables included demographic and clinical characteristics such
as age, sex, and comorbidities; implant-related characteristics such as date of diagnosis,
type of fracture, and type of intramedullary nail; and infection-related characteristics such
as signs and symptoms of infection, blood test results, microbiological results, antibiotic
therapy, surgical treatment (implant retention or removal), one-year mortality, attributable
mortality, and infection control. Overall health status was calculated using the Charlson
Comorbidity Index [17].

In line with the definition of fracture-related infection proposed by Metsemakers
et al. [18], we defined an IM nail-associated infection as the presence of wound discharge,
fistulae, or two phenotypically indistinguishable pathogens identified from surgically ob-
tained tissue or hardware specimens. Suggestive signs of infection, such as fever, pain, and
elevation of serum acute phase reactants, were collected. All patients received empirical an-
tibiotic therapy with vancomycin (1 g/12 h) plus ceftazidime (2 g/8 h). In cases of previous
antibiotic therapy, which can cause false-negative microbiological culture results, positive
cultures were not required to demonstrate infection. Acute infections were considered as
those diagnosed less than 30 days after hardware implantation without presence of a sinus
tract [19]. Therapeutic failure was defined as a composite variable including persistent
signs of infection (fistulae, persistent wound drainage, or elevated acute phase reactants),
attributable death, or the decision to opt for suppressive antibiotic therapy.

Statistical analysis was performed in Python version 3.10, using the scipy.stats package
from the SciPy v1.13.0 library and firthlogist 0.5.0. Continuous variables are expressed as
mean (SD) and range or median (IQR) and range for normal and non-normal distributions,
respectively. Categorical variables are presented as absolute values and percentages of
the total sample. To compare differences between groups, we used Fisher’s exact test for
categorical variables and Student’s t-test for continuous variables. To identify variables
associated with therapeutic failure and one-year mortality, we performed multivariate
analysis using Firth’s penalized linear regression [20] including those variables which had
demonstrated statistical significance in the univariate analysis. Firth’s penalized linear
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regression was chosen because it is a more robust method for analyzing small datasets
than traditional logistic regression, including those datasets including rare events and
complete separation. A two-sided p-value of less than 0.05 was considered to indicate
statistical significance. This study was approved by the institutional ethics committee
(EO18/2014_FJD).

3. Results

During the study period (1 January 2011 to 31 December 2021), 4044 trochanteric hip
fractures were treated with IM nails at the Fundación Jiménez Díaz University Hospital.
We identified 35 cases of trochanteric IM nail infection during the study period. The overall
incidence of implant-associated infection for IM nailing of trochanteric fractures was 0.87%.

Of the 35 patients diagnosed with IM nail-associated infection, one was excluded from
analysis due to insufficient length of follow-up. The demographic and clinical character-
istics of the remaining 34 patients are presented in Table 1. Of the 34 patients included
in the analysis, 25 were female. Median age (IQR) was 87.79 (12.94) years, ranging from
39 to 99 years, with 24 patients aged 80 years or over at diagnosis. Intramedullary nails
had been implanted in the context of fragility hip fractures in all but two patients (one
pathological fracture due to bone metastasis and one pertrochanteric hip fracture due to
a traffic accident). All implants were Gamma3® nails (Stryker, MI, USA) except for one
Proximal Femoral Nail Antirotation (PFNA®) (Synthes, West Chester, PE, USA). Thirty-
one patients presented at least one comorbidity. The most frequent comorbid conditions
included hypertension (19), atrial fibrillation (10), dyslipidemia (8), diabetes mellitus (7),
dementia (7), heart failure (6), and liver failure (4). Patients scored an average of 5 (1.6,
range 1–8) points on the Charlson Comorbidity Index (CCI), with 28 patients presenting
a CCI of 5 or more points. Mean serum albumin levels at diagnosis were 2.9 g/dL (0.69,
range 1.6–4.5 g/dL).

The average time from intramedullary nail implantation to the diagnosis of infection
was 178.85 days (401.24, range 7–2213 days). Seventeen infections were classified as
chronic (>30 days from implantation). Signs and symptoms of infection included wound
drainage (14), pain (10), fever (7), fistulae (7), erythema (5), fracture non-union (4), abscess
(3), wound dehiscence (2), and bleeding (2). Regarding blood test results at diagnosis,
patients presented an average white cell count of 8.29 × 109/L (4.636, range 2.41–20.68 ×
109/L), neutrophil differential of 74.8% (12.3, 44.8–97.2%), and C-reactive protein levels of
9.72 mg/dL (10.52, 0.5 mg/dL–38.9 mg/dL).

Regarding microbiological characteristics of intramedullary nail-associated infection,
11 patients presented polymicrobial infections. Multidrug-resistant pathogens were de-
tected in eight episodes. A total of 45 bacteria were isolated, of which 22 were gram-negative
pathogens, including Escherichia coli (8, of which 2 were ESBL-producing strains), Klebsiella
pneumoniae (5, of which 2 were ESBL-producing strains), Enterobacter cloacae (3), Morganella
morganii (1), Pseudomonas aeruginosa (2), Proteus mirabilis (2), and Providencia stuartii (1) and
23 g-positive pathogens, including Staphylococcus aureus (11, 4 of them methicillin-resistant
strains), Enterococcus faecalis (4), Enterococcus faecium (1), coagulase-negative Staphylococci
(2), Cutibacterium acnes (2), Corynebacterium striatum (2), and Listeria monocytogenes (1).
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Table 1. Demographic and clinical characteristics of patients diagnosed with trochanteric IM nail-associated infection during the study period.

Patient Sex Age Comorbidities CCI Acute/
Chronic

Days from
Implant to
Infection
Diagnosis

Pathogen Initial Surgical
Treatment

Definitive
Surgical

Treatment

Antibiotic/
Duration (Days)

Combined
Antibiotic
Therapy

One-Year
Mortal-

ity/Attributable
Mortality

Infection
Control

Fracture
Healing

1 M 39 Ulcerative
colitis 1 C 196 Enterococcus

faecium Implant removal Implant
removal

Amoxicillin-
clavulanic

acid/90
No No/No Yes Yes

2 F 59
Obesity, sleep

apnea,
lymphoma

3 C 310
Corynebacterium

striatum;
Escherichia coli

Implant removal Implant
removal

Fosfomycin
and co-

trimoxazole/90
Yes No/No Yes

N/A
(total hip

replacement
was carried
out after full

course of
antibiotic
treatment)

3 M 67 Dyslipidemia 2 C 442 MSSA Implant removal Implant
removal

Ciprofloxacin
and co-

trimoxazole/35
Yes No/No Yes Yes

4 F 68

Hypertension,
dysplidemia,

hypothy-
roidism,

osteoporosis

2 A 24 MSSA DAIR DAIR Levofloxacin and
rifampicin/360 Yes No/No Yes N/A

5 M 68

Hypertension,
atrial

fibrillation,
liver failure

5 A 9 Enterobacter
cloacae DAIR DAIR Imipenem and

ciprofloxacin/30 Yes Yes/Yes Yes N/A

6 M 78

Hypertension,
T2DM,

mielodysplasic
syndrome

4 A 30 Pseudomonas
aeruginosa DAIR DAIR

Ciprofloxacin
and

imipenem/42
Yes No/No Yes N/A

7 F 79

Atrial
fibrillation,

heart failure,
liver failure

7 C 53

ESBL-
producing
Klebsiella

pneumoniae;
Providencia

stuartii

Suppressive
antibiotic
therapy

Suppressive
antibiotic
therapy

Ciprofloxacin/
suppressive No Yes/No No N/A

8 F 82 Dyslipidemia 4 A 7
Coagulase-
negative

Staphylococcus
DAIR Implant

removal
Levofloxacin and

rifampicin/84 Yes No/No Yes N/A
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Table 1. Cont.

Patient Sex Age Comorbidities CCI Acute/
Chronic

Days from
Implant to
Infection
Diagnosis

Pathogen Initial Surgical
Treatment

Definitive
Surgical

Treatment

Antibiotic/
Duration (Days)

Combined
Antibiotic
Therapy

One-Year
Mortal-

ity/Attributable
Mortality

Infection
Control

Fracture
Healing

9 M 82

Hypertension,
atrial

fibrillation,
mild cognitive

impairment

5 A 23 MSSA DAIR DAIR
Ciprofloxacin

and
rifampicin/42

Yes No/No Yes Yes

10 F 86

Hypertension,
moderate
cognitive

impairment

5 C 49

Pseudomonas
aeruginosa;
Corynebac-

terium striatum;
MSSA

DAIR Implant
removal

Linezolid and
rifampicin/90 Yes No/No No No

11 F 86 Hypertension 4 C 223 Listeria
monocytogenes Implant removal Implant

removal
Co-

trimoxazole/42 No No/No Yes Yes

12 F 88

Hypertension,
dyslipidemia,

atrial
fibrillation,

heart failure

5 A 21 Enterobacter
cloacae DAIR DAIR Imipenem and

fosfomycin/42 Yes No/No Yes N/A

13 F 88

Hypertension,
dyslipidemia,

atrial
fibrillation,

coronary artery
disease, mild

cognitive
impairment

6 C 80 Escherichia coli;
Proteus mirabilis DAIR DAIR

Levofloxacin and
co-

trimoxazole/70
Yes Yes/Yes No N/A

14 F 89 Hypertension,
heart failure 5 C 34 MRSA Antibiotics with

curative intent

Suppressive
antibiotic
therapy

Rifampicin and
clindamycin/
suppressive

Yes No/No No N/A

15 F 89

Atrial
fibrillation,

heart failure,
ischemic

stroke,
cognitive

impairment

6 C 45

MSSA;
coagulase-
negative

Staphylococcus

DAIR DAIR Fusidic acid and
rifampicin/42 Yes No/No Yes N/A

16 F 90

Atrial
fibrillation,

heart failure,
cognitive

impairment

6 A 10 Klebsiella
pneumoniae DAIR Implant

removal

Co-trimoxazole
and

ciprofloxacin/56
Yes No/No Yes Yes
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Table 1. Cont.

Patient Sex Age Comorbidities CCI Acute/
Chronic

Days from
Implant to
Infection
Diagnosis

Pathogen Initial Surgical
Treatment

Definitive
Surgical

Treatment

Antibiotic/
Duration (Days)

Combined
Antibiotic
Therapy

One-Year
Mortal-

ity/Attributable
Mortality

Infection
Control

Fracture
Healing

17 F 91

Hypertension,
giant cell
arteritis,

ischemic stroke

6 A 19 MSSA;
Escherichia coli Implant removal Implant

removal
Cefazolin and

gentamycin/56 Yes Yes/No No

N/A (early
death during

hospital
admission)

18 F 91 T2DM,
dyslipidemia 5 A 11

Morganella
morganii;
Klebsiella

pneumoniae;
Enterobacter

cloacae

DAIR DAIR Levofloxacin/42 No Yes/No Yes N/A

19 F 91 4 C 61

ESBL-
producing

Escherichia coli;
Enterococcus

faecalis

Implant removal Implant
removal

Fosfomycin,
amoxicillin, and

co-
trimoxazole/90

Yes No/No Yes

N/A
(partial hip
replacement

was
performed a
full course of

antibiotic
therapy)

20 F 91
Hypertension,
chronic kidney

disease
6 C 744 Cutibacterium

acnes Implant removal Implant
removal Levofloxacin/56 No No/No Yes Yes

21 F 96

Hypertension,
dyslipidemia,
T2DM, atrial
fibrillation,

heart failure

6 C 34 MRSA Implant removal Implant
removal Clindamycin/56 No No/No Yes No

22 F 99 Venous
insufficiency 4 C 51 Gut microbiota

Suppressive
antibiotic
therapy

Suppressive
antibiotic
therapy

Co-trimoxazole/
suppressive No No/No No N/A

23 M 49

Alcohol abuse,
liver failure,

HIV infection,
HCV infection

3 A 18 Escherichia coli DAIR DAIR

Amoxicillin-
clavulanic acid

and
ciprofloxacin/42

Yes No/No Yes N/A

24 M 68

T2DM, liver
failure, HIV

infection, HBV
infection

6 A 23
ESBL-

producing
Escherichia coli

DAIR DAIR Imipenem/28 No Yes/No No N/A

25 F 89 Hypertension 4 C 587 MSSA One-step septic
exchange

Implant
removal

Levofloxacin and
rifampicin/56 Yes No/No Yes Yes
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Table 1. Cont.

Patient Sex Age Comorbidities CCI Acute/
Chronic

Days from
Implant to
Infection
Diagnosis

Pathogen Initial Surgical
Treatment

Definitive
Surgical

Treatment

Antibiotic/
Duration (Days)

Combined
Antibiotic
Therapy

One-Year
Mortal-

ity/Attributable
Mortality

Infection
Control

Fracture
Healing

26 F 93 Hypertension 4 A 20 Escherichia coli DAIR
Suppressive
antibiotic
therapy

Ciprofloxacin/
suppressive No No/No No N/A

27 F 92
Hypertension,
mild cognitive

impairment
5 C 138

ESBL-
producing
Klebsiella

pneumoniae;
Proteus mirabilis

Implant removal
Suppressive
antibiotic
therapy

Ertapenem and
ciprofloxacin/52;
then switched to

ciprofloxacin/
suppressive

Yes No/No No N/A

28 M 93
Hypertension,

atrial
fibrillation

4 A 27 MRSA DAIR DAIR Clindamycin and
rifampicin/90 Yes No/No Yes N/A

29 M 55 1 C 2213 Cutibacterium
acnes Implant removal Implant

removal
Clindamycin and

rifampicin/60 Yes No/No Yes Yes

30 F 84
Hypertension,

atrial
fibrillation

4 C 343 Enterococcus
faecalis Implant removal Implant

removal Amoxicillin/35 No No/No Yes Yes

31 F 88
Hypertension,

T2DM,
dyslipidemia

5 A 11 Enterococcus
faecalis DAIR DAIR Amoxicillin/56 No No/No Yes N/A

32 F 96

T2DM, atrial
fibrillation,
cognitive

impairment

6 A 13 MRSA DAIR DAIR Vancomycin and
clindamycin/4 Yes Yes/Yes No N/A

33 F 93

T2DM,
coronary artery
disease, heart

failure

8 A 15

Escherichia coli;
Enterococcus

faecalis;
Klebsiella

pneumoniae

DAIR DAIR Amoxicillin/60 No No/No Yes N/A

34 F 93 4 A 27

Culture
negative (prior

antibiotic
therapy)

DAIR DAIR
Ciprofloxacin

and
clindamycin/60

Yes Yes/No Yes N/A

T2DM, Type 2 diabetes mellitus; HIV, human immunodeficiency virus; HBV, hepatitis B virus; HCV, hepatitis C virus; ESBL, extended spectrum betalactamase; MRSA, methicillin-resistant
Staphylococcus aureus; MSSA, methicillin-susceptible Staphylococcus aureus; DAIR, debridement, antibiotics, and implant retention.
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Combined antimicrobial treatment according to microbiological isolates was pre-
scribed for 22 patients. The median (IQR) duration of antibiotic therapy was 56 days (24.5,
range 4–360 days). Initially, the infected IM nail was removed in 11 patients, 1 patient
underwent one-step (septic) implant exchange, 19 patients underwent surgical debride-
ment, implant retention and antibiotics (DAIR), 1 patient was prescribed antibiotics with
a curative intent, and 2 patients were directly prescribed chronic antibiotic suppression.
Regarding definitive surgical strategy, IM nails were removed in 14 cases, while surgical
debridement with implant retention was performed in 15, and chronic antibiotic suppres-
sion was prescribed in 5 cases. From the surgical point of view, DAIR failed in two cases
(one acute and one chronic infection), as did the only case of septic one-step exchange. Of
the 14 patients with definitive implant removal, 9 presented fracture healing at follow-up,
while 2 did not present fracture healing, 1 patient died during hospital admission, and
2 patients underwent successful joint replacement after completing antibiotic treatment.
One patient failing to present fracture healing came from the treatment failure group.

Therapeutic failure to control infection occurred in 10 cases. Demographic and clinical
characteristics of patients with controlled and uncontrolled infection are presented in
Table 2. Upon univariate analysis, the presence of multidrug-resistant pathogens (OR 7.00,
p 0.027, CI 1.24–39.57) and polymicrobial infection (OR 5.70, p 0.033, CI 1.14–28.33) were
found to be significantly associated with failure to control infection. Also, comorbidity was
significantly higher in the group of patients with therapeutic failure, as demonstrated by a
higher average CCI (5.40 vs. 4.21, p 0.015, CI 0.26–2.13). Both the presence of multidrug-
resistant bacteria and polymicrobial infection were confirmed to be independent risk factors
for therapeutic failure upon multivariate analysis.

Table 2. Demographic and clinical characteristics of patients with intramedullary nail infection of the
hip, comparing patients with controlled and uncontrolled infection.

Infection Control (n = 24) Therapeutic Failure (n = 10)

Female 16 (66.7%) 9 (90.0%)
Age 79.6 (SD 15.7) 88.1 (SD 9.03)

Comorbidities 21 (87.5%) 10 (100.0%)
Charlson Comorbidity Index * 4.2 (SD 2.8) 5.4 (SD 0.93)

Chronic infection 13 (54.2%) 4 (40.0%)
Polymicrobial infection * 5 (20.8%) 6 (60.0%)

Multidrug-resistant pathogen * 3 (12.5%) 5 (50.0%)
Implant removal 12 (50.0%) 2 (20.0%)

Combined antibiotic treatment 16 (66.7%) 6 (60.0%)

* p < 0.05.

Regarding one-year mortality, eight patients died within 1 year of diagnosis of infec-
tion, with three patients presenting attributable mortality, all of whom died within 2 months
of diagnosis. Variables associated with one-year mortality included implant retention
(OR 19.72, p 0.0478, CI 1.03–377.08) and uncontrolled IM nail infection (OR 7.00, p 0.027,
CI 1.24–39.57). Mean CCI was significantly higher in the group of patients who died within
the first year after diagnosis of infection (5.62 vs. 4.23, p 0.006, CI 0.45–2.33). However,
upon multivariate analysis, only implant retention was found to be an independent risk
factor for one-year mortality.

We conducted a subgroup analysis of patients with chronic IM nail infection, which
demonstrated a significant association between implant retention and failure to achieve
infection control (OR 20, p 0.028, CI 1.39–287.61). On the other hand, for the group of
patients with acute IM nail infection, implant retention was not associated with
therapeutic failure.
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4. Discussion

Our study describes risk factors for therapeutic failure and one-year mortality in a
cohort of patients diagnosed with trochanteric and subtrochanteric IM nail infection at a
major Spanish academic hospital during a ten-year period. During the study period, the
overall incidence of trochanteric and subtrochanteric IM nail infection was 0.87%, slightly
lower than in other series [7–9]. Patients were mostly aged over 75 years and presented
high levels of comorbidity, consistent with other studies [2,21–23]. Therapeutic failure
occurred in 10 cases of infection (29.41%), and 8 patients (23.53%) died within one year
from diagnosis. Upon multivariate analysis, independent risk factors for therapeutic failure
included presence of multidrug-resistant pathogens and polymicrobial infection, while
independent risk factors associated with one-year mortality included implant retention and
uncontrolled infection. In patients with chronic infection, implant retention was associated
with a higher risk of therapeutic failure.

To the best of our knowledge, this is the largest cohort to feature patients with
trochanteric and subtrochanteric IM nail-associated infection. Existing studies reporting
prevalence and risk factors for infection after IM nailing of trochanteric fractures include
patients with both superficial and deep surgical site infection [7,9], whereas our study
focuses exclusively on deep surgical site infection. Despite its relatively small sample size,
the homogenous nature of our cohort allowed us to perform an analysis of risk factors
for therapeutic failure and one-year mortality, which has not been reported previously in
the literature.

This study has several limitations. The retrospective study design leads to higher
risk of bias than prospective studies due to various factors, including selection bias. To
mitigate the risk of selection bias, we included all cases of trochanteric and subtrochanteric
IM nail-associated infection, which were registered prospectively by the hospital’s Bone
and Joint Infection Team. Incomplete or insufficient follow-up can also bias the results
of retrospective studies like this one, and so we only included patients who completed a
minimum of 24 months of follow-up with regular appointments at our center. To minimize
risk of heterogeneity regarding data entry, data extraction and entry was performed by
one researcher and checked by other investigators to ensure accuracy. Apart from its
retrospective design, the main limitation of our research is the length of the inclusion period,
which could potentially over- or under-estimate the relevance of certain variables such as
the presence of multidrug-resistant pathogens due to time-related changes in prevalence.
However, due to the low prevalence of orthopedic implant-associated infection, ten-year
inclusion periods are common in this field of research [24–27]. Moreover, as the therapeutic
approach to trochanteric IM nail-associated infection has not changed significantly in our
center over the last decade, we believe that the probability of bias due to the length of
the study is minimal. Finally, in our center, the standard implant for pertrochanteric hip
fracture is the Gamma3 nail (Stryker, MI, USA). Consequently, our cohort featured mainly
gamma nails, and we were unable to compare outcomes for different implants.

An incorrect choice of empirical antibiotic treatment has been described as a risk factor
for treatment failure in orthopedic implant-associated infection [28]. Our center’s protocol
for empirical treatment is similar to that of other Spanish hospitals [29] and comprises
vancomycin 1 g c/12 h and ceftazidime 2 g c/8 h until microbiological results are available.
The high prevalence of polymicrobial infection (32.5%) in our study, as well as the frequent
detection of gram-negative and multidrug-resistant pathogens, point to the importance
of broad-spectrum empiric antibiotics covering both gram-positive and gram-negative
pathogens while awaiting results from microbiological cultures to guide directed therapy,
as has been demonstrated in several studies [30,31]. Studies on prosthetic joint infection
have demonstrated an increase in both gram-negative and multidrug-resistant pathogens in
recent years [32,33]. Fifty percent of isolates in this study were gram-negative bacteria, while
multidrug-resistant bacteria were isolated in almost a quarter of infections, demonstrating
higher prevalences for these pathogens than those reported for prosthetic joint infections
(10–33.3% and 12.5–15.8%, respectively [32–36]). However, when interpreting these data,
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it is important to consider the older age and high comorbidity of patients included in the
study, as both age and comorbidity have been described as risk factors for both gram-
negative and multidrug-resistant infections [37,38].

According to our results, therapeutic failure is common in patients with trochanteric
and subtrochanteric IM nail-associated infection. Independent risk factors for therapeutic
failure included the presence of polymicrobial infection and multidrug-resistant pathogens,
findings which mirror those observed for prosthetic joint infection [39,40]. Higher average
CCI scores were found in the group of patients who failed to achieve infection control. This
finding is consistent with other studies which report an association between comorbidi-
ties and poorer outcomes for surgical site infection [41,42]. However, upon multivariate
analysis, higher CCI scores were not found to be independent risk factors for therapeutic
failure, perhaps due to the fact that burden of comorbidity has been found to correlate to
prevalence of polymicrobial infection and multidrug-resistant pathogens [43,44]. However,
it is also possible that the small sample size was the reason for CCI not proving significant
in the multivariate analysis.

Although implant retention was not related to worse outcomes in the global anal-
ysis, for those patients with chronic implant-associated infection, IM nail retention was
significantly associated with a higher risk for failure. Although sample size is an evident
limitation of these findings, our results are in line with research on prosthetic joint infec-
tion which demonstrates that the duration of infection is associated with lower chances
of success when attempting a debridement, antibiotics, and implant retention strategy
(DAIR) [45], and point to the importance of implant removal in patients with chronic infec-
tion, as the formation of biofilms can impede eradication of bacteria despite antibiotics and
debridement [46,47]. A recent single-center study from Finland reporting superficial and
deep infections after intramedullary fixation of trochanteric and subtrochanteric fractures,
observed that none of the deep infections included (n = 15) required implant removal [7].
However, in this series, only three infections presented after four weeks from initial surgery,
pointing to a much lower prevalence of chronic infections than in our sample.

Early surgical site infection has been associated with increased mortality after hip
fracture repair [23,48]. A previous, single-center retrospective study set in Austria found
an association between gram-positive microorganisms such as Staphylococcus aureus (in-
cluding methicillin-resistant strains) and Enterococcus spp. and higher rates of mortality in
patients with infection after trochanteric or subtrochanteric fractures treated with osteosyn-
thesis [9]. However, this association was not observed in our series. The relatively high rate
of one-year mortality after diagnosis of infection observed in our cohort indicates that IM
nail infection may be associated with higher mortality regardless of time since the original
surgery. Implant retention and therapeutic failure were both found to be independent
risk factors for mortality one year after diagnosis. Opting to remove a trochanteric or
subtrochanteric IM nail is often a difficult decision, in which multiple factors—the patient’s
overall physical status, clinical condition, and preferences, and the surgeon’s expertise—
must be taken into account [49]. However, two variables which are often considered when
choosing to retain an implant (age and comorbidity) were not found to be associated with
one-year mortality in our analysis. Although our results must be interpreted with caution
due to the small sample size, they point to a potential association between the retention of
an infected IM nail and one-year mortality that merits further research.

The incidence of trochanteric and subtrochanteric hip fracture is predicted to increase
over the coming decades due to an aging population and higher prevalence of risk factors
for hip fracture. Thus, although rates of surgical site infection present a decreasing trend,
the incidence of IM nail infections will potentially increase over time, underlining the im-
portance of developing strategies for prevention, timely diagnosis, and effective treatment.
Despite the single-center setting of our study and its limitations including its retrospec-
tive design our study provides further evidence supporting broad spectrum antibiotics
targeting both gram-positive and gram-negative infections until cultures are available to
direct the choice of antibiotic treatment. Patients with comorbidities present higher rates of
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therapeutic failure, and careful evaluation and treatment of comorbidities could potentially
improve chances of infection control. Our findings also suggest that implant retention
should be avoided in chronic infection, although further research is needed to confirm
these findings in the general population.

5. Conclusions

Trochanteric and subtrochanteric IM nail-associated infection is a rare but devastat-
ing complication of hip fracture repair, and treatment is often complex. Risk factors for
therapeutic failure include polymicrobial infection and multidrug-resistant pathogens,
pointing to the importance of broad-spectrum empirical antibiotics as initial treatment
while awaiting the results of microbiological cultures. Implant retention is associated with
an increased risk of failure in chronic infection, as well as with overall higher one-year
mortality. Further studies are necessary to confirm these results.
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