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Abstract
Background: The prevalence of resistant organisms has increased in periprosthetic hip infection. The purpose 

of this study is to evaluate the effectiveness of staged reimplantation for the treatment of periprosthetic hip infection 
caused by methicillin resistant microorganisms.

Methods: We performed a retrospective case-control study on 25 consecutive patient (15 men, 10 women) who 
had periprosthetic hip infection treated using a 2-stage reimplantation.

Results: 13 patients infected by methicillin resistant microorganisms were compared with 12 patients infected 
by non-methicillin resistant microorganisms. The 2-stage reimplantation was possible in all patients. At a mean 
follow-up of 4.8 years, no significant differences were found between 2 groups with age, sex, body mass index, 
diabetes, primary diagnosis and kind of primary hip arthroplasty. But methicillin resistant group had much longer 
period with intravenous antibiotics and oral antibiotics. Erythrocyte sedimentation rate (ESR) and C-reactive protein 
(CRP) was much higher in methicillin resistant group after 2-stage reimpantation. Harris Hip Score was lower in 
methicillin resistant group after 2-stage reimplantation. There were 3 recurrent infections after 2-stage reimplantation 
in methicillin resistant group. But there was no recurrent infection in non-methicillin resistant group.

Conclusion: Periprosthetic hip infection caused by methicillin resistant bacterial strain need cautious care of 
operation and infection control.

Keyword: Hip; Periprosthetic infection; Methicilli;  2 - Stage reimplan-
tation

Introduction
Deep infection after hip arthroplasty is one of the severe 

complications in orthopedic surgery, and remains as a big challenge 
to orthopedic surgeons [1]. Although there are a variety of treatment 
methods for deep infection after hip arthroplasty, the most common 
and effective treatment method is 2-stage reimplantation [1,2]. 2-stage 
reimplantation consist of debridement and removal of implant, 
insertion of antibiotics-loaded spacer and then final implantation. In 
recent years, periprosthetic hip infection caused by methicillin resistant 
microorganisms among pathogens inducing deep infection has shown 
an increasing trend [3,4]. However, 2-stage reimplantation has been 
performed without considering difference between treating infections 
caused by methicillin and non-methicillin resistant microorganisms 
after hip arthroplasty. Several studies have reported the results of 
treating deep infection caused by methicillin resistant microorganisms 
after hip arthroplasty [5-8]. Also epigenetic mechanism of methicillin 
resistant bacteria infection was reported [9-12]. But the difference 
between treating infections caused by methicillin and non-methicillin 
resistant microorganisms still remains controversial. 

 The purpose of this study is to compare and analyze the results of 
treating infections caused by methicillin and non-methicillin resistant 
microorganisms in patients who underwent 2-stage reimplantation for 
periprosthetic hip infection.

Materials and Methods
This study comprised 25 patients (15 men, 10 women; 9 bipolar 

hemiarthroplasties, 12 total hip arthroplasties, 4 revision total hip 
arthroplasties) who underwent 2-stage reimplantation for periprosthetic 
hip infection from November 1, 2000 to June 31, 2011, with minimal 

follow-up of two years. The mean follow-up period was 4.8 years. Our 
institutional review board approved the study protocol and all patients 
gave informed consent prior to their inclusion in the study.

Subjects falling one or more than one of the following criteria 
were diagnosed as deep infection: those who had more than two same 
microorganisms detected in culture tests of aspirated fluid from the hip 
joint and tissues around the hip joint after hip arthroplasty; those with 
purulent joint fluid; those who suspected of acute periprosthetic hip 
infection; those with formation of a fistulous tract connected to the hip 
joint prosthesis [13]. 

Of 25 subjects, 13 (52%) were referred to our hospital due to 
deep infection after primary hip arthroplasty from other hospitals, 12 
(48%) underwent primary hip arthroplasty in our hospital. Infected 
prostheses were detected in 12 (48%) total hip arthroplasties, 9 
(36%) bipolar hemiarthroplasties, and 4 (16%) revision total hip 
arthroplasties. Previous causes for primary hip arthroplasties excluding 
revision arthroplasties were avascular necrosis of femoral head in 8 
cases, femoral neck fracture in 6 cases, osteoarthritis of the hip joint in 
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3 cases, intertrochanteric fracture in 2 cases, and rheumatoid arthritis 
of the hip joint and acetabular osteolysis in a case each. The cause for 
all revision arthroplasties in 4 cases was loosening of the acetabular 
cup followed after hip arthroplasties. 2-stage reimplantation included 
primary infection treatment modality performed after diagnosis of 
deep infection and revision arthroplasty performed after controlling 
infection, and all operations in this study were conducted by a single 
surgeon. One of or both acetabular cup and femoral stem suspected 
of infection were removed for controlling infection, and meticulous 
debridement was performed. Gram stain, aerobic and anaerobic 
bacterial cultures, fungal culture, and acid-fast bacillus stain and culture 
were done in infected tissues. To treat the acetabulum, exposed hip joint 
was washed and then, an articulating cement spacer was used. When 
no microorganisms were identified preoperatively, CMW®3 (Bluecross, 
Depuy, USA) bone cement containing 1g gentamicin-sulfate in each 
40 g was used. When microorganisms were detected, bone cement was 
used by mixing cephalosporin antibiotics with susceptibility. 

When pathogens were identified after infection management and 
before revision arthroplasty, intravenous antibiotics with susceptibility 
were used. When no pathogens were identified, empirical antibiotic 
treatment was done using first-generation cephalosporins. The mean 
duration of intravenous antibiotic use was 5.6 weeks. In all patients, 
oral antibiotics were used after using intravenous antibiotics. The mean 
duration of oral antibiotic use was 3.2 months. Revision arthroplasty was 
performed when there was no clinical evidence suspected of infection 
and normalized erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP) during at least two weeks without using antibiotics. 

The mean interoperational period between infection treatment 
modality and revision hip arthroplasty was 8 months. For 6 patients at 
high risk for recurrence of infection during revision arthroplasty, frozen 
section biopsy was performed in tissues suspected of infection. Since 
all 6 patients had 0-1 polymorphonuclear leukocyte observed under 
a microscope at high magnification (x400) in more than 10 different 
parts, 2-stage reimplantation was conducted [14].

Gram stain, aerobic and anaerobic bacterial cultures, fungal culture, 

and acid-fast bacillus stain and culture were conducted in the tissues 
around the hip joint after removing bone cement and a temporary 
prosthesis used in infection treatment modality. Cementless artificial 
joints were used in all patients. After performing reimplantation, 
administration of antibiotics was discontinued when bacterial culture 
and pathological test were negative, and oral antibiotics were not used. 

To compare treatment results of infections caused by methicillin 
and non-methicillin resistant microorganisms, this study analyzed 
pre- and post- clinical symptoms of infection treatment modality and 
revision hip arthroplasty, radiological findings, ESR, CRP, Harris hip 
score (HHS), patient’s function and complication during insertion of the 
prosthesis, and recurrence rate. All statistical analyses were performed 
using SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA). A paired t-test was 
conducted to test for differences between two groups. P-values of less 
than 0.05 were considered statistically significant. 

Results
Of all 25 subjects, periprosthetic hip infection was caused by 

methicillin resistant microorganisms in 13 (52%) patients and non-
methicillin resistant microorganisms in 12 (48%) patients. In the 
resistant group, pathogens were methicillin-resistant Staphylococcus 
epidermidis (MRSE) in 7 patients, and methicillin-resistant 
Staphylococcus aureus (MRSA) in 6 patients (Figures 1 and 2). In the 
non-resistant group, pathogens detected in 5 patients were methicillin-
sensitive Staphylococcus aureus (MSSA) in 3 patients, and methicillin-
sensitive Staphylococcus epidermidis (MSSE) and Enterococcus feacalis 
in a patient each. No microorganisms were found in the other 7 patients. 

No significant differences were found between two groups with 
age, gender, BMI, presence of diabetes, causes and types of primary 
hip arthroplasty, interoperational period between infection treatment 
modality and revision hip arthroplasty, types of surgical modality, and use 
of bone cement beads (p>0.05). The duration of intravenous antibiotic 
use was 3.1 weeks longer in the resistant group than non-resistant 
group. Moreover, the duration of oral antibiotic use was 1.3 months 
longer at average in the resistant group, showing statistical significance 
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Figure 1: (a) 42-years-old male patient who had biopolar arthroplasty. He diagnosed as periprosthetic hip infection. (b) PROSTALAC was done for infection control. In 
culture study, MRSE was identified and vancomycin’s added. (c) After 13 months, following 2nd revision hip arthroplasty was performed. (d)  There was no complication 
at 4 years follow-up.
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HHS was lower in the resistant group before reimplantation and at final 
follow-up (p<0.05) (Figure 5). After reimplantation, infection recurred 
in 3 (23%) patients in the resistant group, but infection did not recur in 
any of the patients in the non-resistant group. Statistically significant 
difference was found between two groups (p<0.05). Of 3 cases in the 
resistant group, duration to recurrence was 4 months (range, 1-13) at 
average. Pathogens of relapsed infection were MRSE in 2 cases and 
MRSA in 1 case. Recurrent infection was caused by the same pathogen 
in 2 patients, but the pathogen was changed from MRSA to MRSE in 
1 patient. After removing prosthesis due to recurrent infection, 1-stage 
reimplantation with bone cement was performed. 

(p<0.05) (Table 1). There was no difference between two groups in 
ESR and CRP before infection treatment and revision arthroplasty. 
After reimplantation, ESR and CRP were higher in the resistant group 
than non-resistant group at final follow-up. Statistical significance was 
found between two groups (p<0.05) (Figures 3 and 4). No difference 
was found in HHS between two groups before infection treatment, but 
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Figure 2: (a) 74-years-old female patient who had biopolar arthroplasty at local clinic. She diagnosed as periprosthetic hip infection. (b) PROSTALAC was done for 
infection control. In culture study, MRSA was identified and vancomycin’s added. (c) After 12 months, following 2nd revision hip arthroplasty was performed. (d) There 
were no complications at 5 years follow-up.

Resistant 
(n=13)

Nonresistant 
(n=12) p

Age (years) 60.8 60.3 >0.05
Sex (male/female) 8 / 5 7 / 5 >0.05
Body mass index (kg/m2) 23.0 23.5 >0.05
Diabetes Mellitus 5 4 >0.05
Primary diagnosis >0.05

Osteonecrosis 3 5
Fracture 5 3
Osteoarthritis 3 1
Others 2 3

Primary hip arthroplasty >0.05
Total hip arthroplasty 5 7
Bipolar hemiarthroplasty 6 3
Revision hip arthroplasty 2 2
Interoperational period (months) 7.9 8.2 >0.05

Surgical modality used >0.05
Cup 9 7
Stem 0 0
Cup and Stem 4 5
Cement bead used 9 9 >0.05

Intravenous antibiotics period (weeks) 7.1 4.0 <0.05
Oral antibiotics period (months) 3.8 2.5 <0.05

Table 1:  Summary of Patient Demographics.
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Figure 3:  Comparison of ESR in two groups. Significant difference was 
not found between two groups before infection control operation and before 
revision. Statistical analysis showed a significant increase was much higher 
in methicillin resistant group after revision (p<0.05). ESR: Erythrocyte 
Sedimentation Rate.
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In 22 subjects without recurrent infections, radiologic examination 
revealed no findings of loosening or position change of prosthetic 
components, osteolysis at final follow-up. After reimplantation, 
posterior dislocation occurred in 1 patient in the resistant group. The 
patient was diagnosed as deep infection due to an increase in ESR and 
CRP and radiologic findings of osteolysis and erythema in surgical 
site. After removing prosthesis, 1-stage reimplantation was performed 
and MRSA was detected. 1 case of periprosthetic femoral fracture 
was developed in the resistant and non-resistant groups each open 
reduction and internal fixations were conducted. 

Discussion
The aims of treating deep infection after hip arthroplasty are to 

prevent the spread of infection and to recover the normal function of 
the hip joint. Although a variety of treatment methods for deep infection 
after hip arthroplasty have been introduced, the most common and 
effective treatment method is 2-stage reimplantation, and success rate 
is reported to range 82-96% [8,15-19].

In recent years, the prevalence of periprosthetic hip infection 
caused by methicillin resistant microorganisms such as MRSA or 
MRSE has increased, and a large number of studies have addressed 

the results of treating deep infection caused by methicillin resistant 
microorganisms [3-8]. Voin et al. and Sanchez-Sotelo et al. [8] reported 
that no difference was found in treatment results of infections following 
hip arthroplasty according to pathogen resistance to methicillin. 

In a study of Kilgus et al. [5] implant success rate was 81% in 16 
patients with periprosthetic hip infection caused by microorganisms 
susceptible to methicillin. On the other hand, implant success rate was 
47% in 19 patients infected by microorganisms resistant to methicillin. 
Lim et al reported that the failure rate of infection treatment was 33% 
in 24 patients with periprosthetic hip infection caused by methicillin 
resistant microorganisms but, was 0% in 13 patients infected by 
non- methicillin resistant microorganisms. The results showed that 
difference was present between two groups according to pathogens of 
deep infection. Similarly, Salgado et al. [6] suggested that treatment 
success rate of infection caused by methicillin resistant microorganisms 
was low. The results of this study were comparable to those of previous 
studies with unfavorable clinical outcome and low treatment rate of 
infection caused by methicillin resistant microorganisms.

Several previous studies performed infection treatment procedure 
only, instead of revision hip arthroplasty, for patients infected by 
methicillin resistant microorganisms, and involved subjects under 
observation without undergoing any surgical treatment. In contrast, 
this study comprised subjects completed with 2-stage reimplantation 
by performing both infection treatment and revision hip arthroplasty. 
No difference was found between two groups with age, gender, BMI, 
and presence of diabetes. In addition, two groups had no difference in 
the cause and type of primary hip arthroplasty, and this was comparable 
to the outcome of previous studies [5-8,20].

However, the duration of both intravenous and oral antibiotic 
use was longer in the resistant group than non-resistant group of this 
study. The result of this study aligned with that of Salgado et al. [6] 
who addressed that the period of hospital stay was longer in patients 
infected by MRSA. The outcome is thought to be related with economic 
loss of patients infected by methicillin resistant microorganisms. 
Among 25 patients completed with 2-stage reimplantation due to 
periprosthetic hip infection, the recurrence rate of infection was 23% 
in the resistant group, unlike 0% in the non-resistant group. The results 
of this study were comparable to those of Lim et al. [20] who reported 
that the recurrence rate of infection was 33% in patients infected with 
by methicillin resistant microorganisms but was 0% in patients infected 
by microorganisms susceptible to methicillin. A relatively lower 
recurrence rate of this study is anticipated to be attributable to inclusion 
of subjects who underwent 2-stage reimplantation. 

In addition to recurrence rate, HHS was statistically significantly 
lower in the resistant group than that of non- resistant group. Patients 
with deep infection caused by methicillin resistant microorganisms had 
unfavorable outcomes in clinical symptoms and social functions such 
as pain and range of motion. 

In the comparison of hematological and clinical results, no 
difference was found in 10 succeed patients and 3 recurrent patients 
in the resistant group. However, bone cement beads were not used and 
only acetabular cup and artificial femoral head were treated excluding 
femoral stem in all 3 patients with recurrent infection. Although 
there was no statistical difference, the use of expanded adaptability is 
anticipated to be beneficial in determining extent of surgery during 
surgical treatment of infection. But, additional studies are thought to 
be crucial. 
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Figure 4:  Comparison of CRP in two groups. Statistical analysis showed a 
significant increase was much higher in methicillin resistant group after revision 
(p<0.05). CRP: C Reactive Protein.

Resistant non-resistant
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Figure 5: Comparison of HHS in two groups. Statistical analysis showed a 
significant increase was much higher in methicillin resistant group before 
revision and after revision (p<0.05). HHS: Harris Hip Score.
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Limitations of this study were a retrospective analysis of patient-
control groups and the relatively small sample size. The advantage of this 
study was involving subjects who underwent 2-stage reimplantation, a 
uniform surgical method, unlike previous studies on periprosthetic hip 
infection treated with different surgical methods. 

In summary, poorer clinical outcomes and higher recurrence 
rate were observed in periprosthetic hip infection caused by 
methicillin resistant microorganisms than non-methicillin resistant 
microorganisms. Periprosthetic hip infection caused by methicillin 
resistant microorganisms requires cautious surgical treatment, and 
thorough infection control is crucial. 
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