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Purpose In early prosthetic joint infection after hip arthroplasty, debridement with prosthesis retention may be
performed for implant salvage, but the reported success rates are highly variable. Hence we reviewed the outcome
of radica debridement and retention of prosthesis using established diagnogtic criteria and surgical proceduresin
relation to significant variablesincluding clinica characteritics, pathogenicity, and antibiatic treatment.

Materials and Methods: We retrospectively reviewed 20 patients (11 men and 9 women) with early prosthetic
joint infection after unilatera hip arthroplasty, treated by radical debridement with retention of prosthesis from
January 2000 to May 2011. Average follow-up period was 55 months (12-178 months). The outcome was
evauated and analyzed based on recurrence of infection and clinical (Harris hip score) and radiological criteria.
Results Pathogens were isolated from 11 hips (methicillin-resistant Saphylococcus aureus [MRSA] in three,
methicillin-resistant Staphylococcus epidermidis [MRSE] in two, methicillin-sensitive Staphylococcus aureus
[MSSA] in one, Acinetobacter baumannii in two, Enterococcus faecalis in two patients, and Enterococcus,
Citrobacter species in one). The mean duration of antibiotic administration was 43.5 days. Recurrence of
infection was not observed in any case. Average Harris hip score was 91 points at the last follow-up. Revison
surgery was not required for any reason including implant failure. Dislocation occurred in two hips after
debridement and was treated conservatively.

Conclusion: Redical debridement with prosthesis retention is an effective procedure for early prosthetic joint

infection after hip arthroplasty in carefully selected patients and with early diagnosis.
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INTRODUCTION

Prosthetic joint infection (PJl) is one of the major
complications following arthroplasty. Optima management
of PJI is not limited to the treatment of joint infection
alone, but also includes the maintenance of norma joint
function along with improving qudity of life.

Unlike other focal infections, PJl is particularly difficult
to treat. Microorganisms form a biofilm on the metal
surface of the implant, which interferes with antibiotic
penetration and promotes resistance. The success of PJI
treatment is dependent on the elimination of these
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Table 1. Patient Information (n=20)

Age (yr) Sex Comorbidity Indication Arthroplasty
83 Male DM, HTN, stroke Femur neck Fx Bipolar
HTN, stroke .
76 Female Angina, Femur neck Fx Bipolar
bipolar Il disorder, .
67 Female parkinsonism Femur neck Fx Bipolar
Hypothyroidism, .
73 Male dementia Femur neck Fx Bipolar
83 Female None Femur neck Fx Bipolar
87 Female HTN Femur neck Fx Bipolar
79 Female None Femur neck Fx Bipolar
52 Female None ONFH THRA
68 Male Alcoholic hepatitis ONFH THRA
77 Male HTN ONFH THRA
62 Male COPD Femur neck Fx THRA
65 Male DM ONFH THRA
41 Male None ONFH THRA
34 Male None ONFH THRA
49 Female Cerebral palsy Dysplastic hip THRA
68 Male HTN, angina Secondary OA THRA
66 Female None Aseptic loosening Revision THRA
66 Male Intra-cranial hemorrhage Aseptic loosening Revision THRA
64 Male DM Aseptic loosening Revision THRA
71 Male No Component dissociation Revision THRA

DM: diabetes mellitus, HTN: hypertension, COPD: chronic obstructive pulmonary disease, Fx: fracture, ONFH: osteonecrosis
of femoral head, OA: osteoarthritis, Bipolar: bipolar hemiarthroplasty, THRA: total hip replacement arthroplasty.

biofilm-dwelling microorganisms'2. The primary surgical
interventions performed to manage PJI are, either
removal of the prosthesis to eliminate the biofilm, which
may be followed up with a revision surgery later, or
retaining the prosthesis and administration of biofilm
active antibiotics along with radical debridement®.
Compared to other treatment options for early PJl,
debridement with prosthesis retention is relatively
simpler and has lesser morbidity, shorter hospital stay,
and lower costs compared to revision surgery®. However,
the reported success rates of debridement with prosthesis
retention and long-term antibioticsis highly variable (21-
89%)+19. Hence, in the current study, we evaluated the
outcome of radical debridement with retention of
prosthesis for early PJl after hip arthroplasty.

MATERIALS AND METHODS
1. Subjects
Twenty patients who developed early PJl following

unilateral hip arthroplasty from January 2000 to May
2011 in Korea University Guro Hospital (Seoul, Korea)
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Table 2. Type of Total Hip Replacement Arthroplasty (THRA)
Hip (n)

Type of surgery

Cemented bipolar hemiarthroplasty
Non-cemented bipolar hemiarthroplasty
Non-cemented THRA

Hybrid type THRA

Non-cemented revision THRA

Hybrid type revision THRA

Revision THRA using acetabular roof ring

_ = NN

and were managed with radical debridement and
retention of prosthesis were selected for the study. A
retrospective chart review was performed to obtain the
relevant details. There were 11 men and 9 women in the
study sample with a mean age of 67.4 years (41-87
years). They had undergone either minimally invasive or
conventional posterolateral approach for arthroplasty
(Table 1). The various types of arthroplasties that were
employed are listed in Table 2. All patients were
followed-up for at least one year. The mean follow-up
was 55 months (12-178 months). There were four patients
with hypertension, three with diabetes mellitus, three with
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history of cerebral hemorrhage and stroke, and one each
with hypothyroidism, acoholic liver disease and cerebral
palsy (Table 1). Overal, patients were relatively healthy.

2. Diagnosis

We operationally defined an acute infection as
fulfilling the following two conditions. The first
condition consisted of clinical characteristics: (a)
symptoms (pain, swelling, erythema and fever) with
associated signs (persistent wound drainage or a sinus
tract at operating wound); (b) isolation of
microorganism from the tissue or wound discharge; (c)
abnormal laboratory parameters of erythrocyte
sedimentation rate (ESR) >30 mm/h and C-reactive
protein (CRP) >5.0 mg/L (measured by nephelometry).
The second condition was gross purulence surrounding
the prosthesis at the time of radical debridement, or
histological specimens of intra-articular tissue showing
more than 10 polymorphonuclear leukocytes per high-
power field in > two frozen sections or more than 5 in
> three sections at high magnification (< 400)%3,
Coventry classification for early acute infection was
used to categorize the cases*.

3. Surgical Procedure and Postoperative Management

Once early PJI was diagnosed, radical debridement
was performed with retention of prosthesis after
informed consent from the patient. Conventional
posterolateral approach was used through the previous
incision and all necrotized soft tissue was removed
including the extrusion from the hip joint and sinus
tracts. Aggressive debridement of infected tissue was
performed from all sites (e.g., acetabular and femoral
sites) and 3-6 L of normal saline was used for irrigation
using the pulsatile lavage system. The femoral heads
and acetabular liners were either replaced or reused after
submerging in 97% ethanol for 10-15 minutes**). The
surgical site was packed with gauze soaked in 10%
povidone-iodine solution for 5-10 minutes followed by
repeat irrigation with 3 L of normal saline. The incision
was closed after placement of a suction draint®.

Pre-debridement, antibiotics were withheld, in order
to minimize development of tolerance in the organisms
and to promote bacterial growth in cultures from
intraoperative specimens. However, relevant intravenous
antibiotic treatment was initiated immediately after
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intraoperative samples were obtained, in consultation
with an infectious disease specidist and it was further
modified according to microbiological results.

In patients with normal laboratory parameters (CRP
and ESR, checked 2-3 times per week), the duration of
intravenous antibiotic treatment was 4 weeks after
debridement. However, antibiotic treatment was
continued in patients with abnormally high CRP levels
until it returned to normal levels.

4. Clinical and Radiological Evaluation

The clinical outcome was assessed using the Harris
hip score (HHS) at the final follow-up. Radiographic
images taken post-surgery and at fina follow-up were
compared. Standard radiographs included an
anteroposterior (AP) view of the pelvis and lateral views
of the proximal femur. For the assessment of
radiographs, the acetabulum was divided into three
zones on the AP view, as described by Del ee and
Charnley®. Acetabular component loosening was
defined as a change in the acetabular component
position, component migration >5 mm?, screw fracture,
or complete radiolucency of >2 mm at the bone-implant
interface in any zone. The femoral stem stability was
categorized into fixation by bone ingrowth, stable
fibrous fixation, or unstable prosthesis according to
Engh’s criteria®®. The changes in the alignment and
subsidence of the cementless femoral components were
measured; >3° of valgus or varus and >5 mm
longitudinal change were considered as |oosening?.
Loosening of the cemented femoral stem was defined as the
gppearance of a progressive radiolucent line or radiolucency
>1 mm in all zones, or the presence of continuous
subsidence or migration of the femord sten®. Osteolysis
was diagnosed when cystic radiolucency (>2 mm) was
observed after the surgery®. Osteolysis of acetabular and
femora parts were examined in the zones described by
Del_ee and Charnley, and Gruen et d.® respectively.

Successful treatment of infection was defined as 1)
absence of clinical symptoms (e.g., pain, swelling,
erythema, and wound discharge), 2) normal laboratory
parameters (ESR and CRP levels), and 3) no radiological
failure. Failure was defined as clinical signs of PJI,
symptoms including persistent pain and abnormal
laboratory parameters necessitating reoperation.

Statistical analysis was performed using Mann-
Whitney U-test and Spearman’s correlation coefficient
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tests (IBM SPSS Statistics ver. 20.0, 64 bit for Windows;
IBM Co., Armonk, NY, USA). P-vaues less than 0.05
were considered significant.

RESULTS
1. Outcome of Treatment

Debridement with retention of the prosthesis was
performed at an average of 31.3 days (18-48 days) after
hip arthroplasty. CRP and ESR returned to baseline after
averages of 35.0 days (19-105 days) and 63.5 days (29-
156 days) respectively. Mean hospitals stay was 50.6
days (23-85 days) after the surgery and there was no
recurrence of infection (Table 3).

Table 3. Treatment Outcome

Treatment outcome Duration (day)

Recovery to normal range (ESR) 63.5(29-156)

Recovery to normal range (CRP) 35.0 (19-105)

Interval between arthroplasty 31.3 (18-48)
and debridement

Hospital days 50.6 (23-85)

Values are presented as average [range).
ESR: erythrocyte sedimentation rate, CRP: C-reactive protein.

2. Microbiological Results

The pathogens isolated were methicillin-resistant
Staphylococcus aureus (MRSA) in three patients,
methicillin-resistant Staphylococcus epidermidis (MRSE)
in two patients, methicillin-sensitive Staphylococcus
aureus (MSSA) in one patient, Acinetobacter baumannii in
two patients, Enterococcus faecalis in two patients, and
Enterococcus and Citrobacter species in one patient. No
pathogen was isolated from the remaining patients (9 hips).

3. Antibiotic Treatment (Duration and Type)

After radical debridement, vancomycin, vancomycin+
aminoglycoside or vancomycin+ levofloxacin were
given. In patients with isolated and sensitivity-tested
pathogens, other antibiotics were used either alone or in
combination as per sensitivity (e.g., ciprofloxacin,
ampicillin, sulbactam, teicocin, tazocin, and rifampin).
The average duration of intravenous antibiotic
administration in all patients was 43.5 days (28-62
days), in patients with isolated pathogens alone, it was
46 days (35-62 days), and in those without an isolated
pathogen it was 35.5 days (28-60 days) (Table 4). The

Table 4. Isolated Pathogen, Antibiotics Used and Treatment Duration

Causing microorganism Antibiotics Duration (day)
MSSA Vancomycin, Teicocin 36
MRSA Vancomycin, Aminoglycoside 53
MRSA Vancomycin 42
MRSA Cephalosporin, Vancomycin 52
MRSE Vancomycin, Ciprofloxacin 46
MRSE Vancomycin, Unasyn, Ertapenem 42
Acinetobacter baumannii Vancomycin, Teicocin, Levofloxacin 58
Acinetobacter baumannii Vancomycin, Aminoglycoside 50
Enterococcus faecalis Vancomycin, Ertapenenm 39
Enterococcus faecalis Vancomycin, Ciprofloxacin 55
Citrobacter species Vancomycin, Aminoglycoside 42
No growth Vancomycin, Tazocin 40
No growth Vancomycin 35
No growth Vancomycin, Levofloxacin, Rifamfin 32
No growth Vancomycin 29
No growth Vancomycin 38
No growth Vancomycin 38
No growth Vancomycin 35
No growth Levofloxacin 42
No growth Vancomycin 62

MSSA: methicillin-sensitive Staphylococcus aureus, MRSA: methicillin-resistant Staphylococcus aureus, MRSE:

methicillin-resistant Staphylococcus epidermidis.
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duration of antibiotic administration was significantly
longer in patients with isolated pathogens compared to
others (P=0.018). In two patients with continued
abnormal CRP levels, antibiotic administration was
discontinued after two months as suggested by
infectious disease specialists.

4. Clinical and Radiological Outcomes

None of the patients had surgery-related gait
abnormalities during the follow-up. The average HHS at
the last follow-up was 91 points (82-98 points). On
radiologic examination, there was no osteolysis, change
of acetabular component position or subsidence of
femoral stem. None required revision surgery for
fixation failure.

5. Complications

One patient developed temporary nephrotoxicity after
the administration of vancomycin; hence, teicomycin
was dternatively used. Two patients died two and three
years after the surgery, due to medical conditions
unrelated to PJI. Two had hip dislocation after radical
debridement and were treated conservatively after
closed reduction.

DISCUSSION

The Coventry classification modified by Senthi et al.
for postoperative infections in hip arthroplasty describes
the following general stages“*®. The first and second
stage comprises acute infections occurring within 6
weeks and delayed chronic presentations, respectively.
The third stage refers to infections on prosthesis with
previously well-maintained function and the fourth stage
is a positive for microbiological isolate during the
aseptic revision of arthroplasty.

Our study shows that radical debridement with
prosthesis retention and long-term antibiotics had a high
success rate (100%) for early PJl. The HHS was 91
points (82-98 points) at the last follow-up. No robust
treatment guidelines currently exist for early PJl after
arthroplasty. Antibiotic therapy alone does not have
favorable results and are reserved for patients in very
poor health and surgical treatment is not a viable
option?. Clinical outcomes of other treatment options
such as early joint centesis are questionabl e,

www. hipandpelvis.or.kr

The surgical treatments that are available include
centesis of the joint, debridement, one, and two-stage
reimplantation®. Two-stage reimplantation is a commonly
performed procedure in chronic infection with favorable
success rates. However, it requires 1) long-term
treatment; 2) two complicated surgeries (removal of well-
fixed prosthesis and reimplantation), which increases the
risk of complications such as loss of bone stock, soft
tissue deformation, and perioperative fractures, and 3)
long-term hospitalization, which places considerable
burden on both the patient and the hospital*2".

The effectiveness of radical debridement with retention
of prosthesisin patients with early PJl has been questioned
due to its variable success rates across studies®. Brandt et
al.9, Koyonos et d.®, and Odum et a.* reported low rates
(36.3%, 31% and 36% success rate respectively) of
infection control and hence suggested that radical
debridement has limited utility and should be performed
only in certain situations. In contrast, Meehan el al.®
reported a high success rate of 89% in 19 cases of
streptococcd infection. Vilchez et a.®, Tsukayama et d .2,
Barberan et ., van Kleunen et a ¥, Bassetti et al.*®, and
Choong et a.? have reported success rates of 75.5%, 71%,
83%, 72%, 80% and 78% respectively.

Severa factors influence the course of postoperative
infection including host conditions, type of pathogen,
antibiotics sensitivity, and surgical approach. Signs of
infection, longer duration of symptoms, poor status of
soft tissues and antibiotic resistance of pathogens are
known to play amajor role in failure>®:,

The timing of radical debridement in relation to
outcome is a commonly discussed factor. It has been
reported that early radical debridement is important to
ensure good treatment outcomes. Brandt et al.® reported
a higher risk of failure if radical debridement was
performed after 2 days of infection. In another study,
Tattevin et al.*® reported that the treatment was
successful when the surgery was performed within an
average of 4.85 days and failed if it was after 54.2 days.
Marculescu et al.*” reported overall 60% success rate
and when the surgery was done after 8 days of infection,
the success rate dropped to 49%. In another study,
Crockarell et a.® concluded that the debridement with
retention of prosthesis is successful treatment when
performed within 2 weeks. Barberan et a.* showed that
the success rate of radical debridement performed within
a month after the onset of infection was as high as
84.5%, but significantly lower (33.4%) if it was after 6
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months. Other studies including Vilchez et al.®?, van
Kleunen et a.*, and Tsukayama et a.® have also claimed
favorable success rates for treatments implemented
within 4 weeks. Therefore, it was suggested that radical
debridement be performed within a month from
arthroplasty®*. But, it is difficult to determine the actual
duration of onset of infection symptoms. Clinical
symptoms like pain and elevated inflammatory
biomarkers during the recovery period after surgery,
making it hard to recognize the infection. Meehan et a.*»
reported a high success rate of 89% in 19 cases of
streptococcal infection with al of the cases of prosthetic
infection occurred >30 days after implantation of
prosthesis. In our study, we were unable to secure specific
information regarding the duration of infection; however,
the average time taken to implement radical debridement
was 31.3 days (18-48 days). We had favorable clinica
outcomes regardless of the time of surgery.

It is well-documented that the type of infective
pathogen and treatment outcome are closely related™®.
Gram positive infections are considered easier to treat.
However, novel antibiotics show favorable results for
gram negative infections also®. Brandt et al.® and Azzam
et a.” reported that PJl due to Saphylococcus aureus is
associated with treatment failure. However, Odum et
al.*, and Barberan et a.® reported that a similar failure
rate was found with both types of Staphylococci
(Staphylococcus aureus and coagul ase-negative staphy-
lococci); this is contrary to previous reports of a
significantly higher failure rate anong MRSA isolates as
compared to MSSA isolates.

Zimmerli et al.” reported a 100% cure rate (12/12)
with ciprofloxacin-rifampin therapy for orthopedic
device-related staphylococcal infection in a randomized
controlled study and concluded that orthopedic device-
related infection due to rifampin and ciprofloxacin
susceptible staphylococcal infection can be cured
without removal of the device. Meehan et a.* reported
that only 11% of cases (streptococcal infection after
arthroplasty) had failed treatment when patients after
radical debridement were treated with intravenous
penicillin/ampicillin or ceftriaxone or cefazolin for an
average of 4 weeks followed by long-term oral
cephalosporins. In our study, we were unable to isolate
pathogens in nine patients (45%). The low rate of
pathogen isolation could be due to a four-day proph-
ylactic antibiotic regimen post-surgery, which was
continued for 7-10 days if the CRP levels were high. We
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proceeded with early active radical debridement without
hesitation if clinical symptoms and blood tests suggested
an infection, without performing joint aspiration or other
mesasures for culture.

Although several factors such as age, rheumatoid
arthritis and diabetes make patients vulnerable to
infection, no study has reported such associations in
patients with early infection following hip arthroplasty®*.
In our study, most patients had good overall health
although afew had unrelated medical disorders (Table 1).

It has been reported that presence of a sinus tract®,
low levels of CRP at the time of infection (15-22 mg/L
or lower)® and continuous drainage after radical
debridement'® are important factors influencing the
clinical outcome. In our study, we found sinus tracts or
persistent wound discharge in three patients while the
averages of preoperative CRP and ESR were 21.1 mg/L
(range 1-72 mg/L) and 49.85 mm/h (range 3-118 mm/h),
respectively. No statistically significant association was
found between the duration of antibiotic administration
and CRP level before radical debridement (P=0.146).

Although there are several antibiotic treatment protocols
for early PJI, no specific guideline for duration of antibiotic
treatment has been established. Zimmerli et al.*®
recommended 2-4 weeks of intravenous therapy followed
by oral antibiotics for 3 months. Vilchez et a.*, on the
other hand, used intravenous administration of antibiotics
for 10.6£6.7 days and oral administration was continued
for 88+45.9 days. In another study, Choong et al.® used
vancomycin until pathogen identification before radical
debridement and thereafter, relevant antibiotics were
administrated for 2 weeks. Ord antibiotics (e.g., rifampin)
were given for 4-24 months. Marculescu et al.*?
administered intravenous antibiotics for an average of 28
days and oral antibiotics for an average of 541 days.
Barberan et al.® used levofloxacin and rifampin after
radical debridement for six weeks. We treated our patients
with intravenous antibiotics for at least 4-6 weeks after
radical debridement or until normal CRP levels were
regained. Nine patients who had no microbiologicd isolate
were treated soldly with vancomycin while combinations
of vancomycin/aminoglycoside were given to three,
vancomycin/levafloxacin to two, vancomycin/ertapenem to
two and vancomycin/tazocin to one. The average duration
of antibiotic administration was 43.5 days (28-62 days) and
CRP levels recovered within 8 weeks in most cases. We
found that the duration of antibiotics administration was
significantly longer in patients with isolated pathogens.
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This could be due to the isolated pathogens in our patients
being either methicillin-resistant strains or Gram-negative
grains, which are more virulent.

We had favorable outcomes with early debridement
with prosthesis retention in early PJI. We recommend
this procedure not only because of favorable outcomes,
but also due to less physical and economic burden on
patients and physicians. The isolated pathogens in our
study were antibiotic resistant and virulent (e.g.,
Enterococcus) strains. Early radical debridement was
implemented as soon as postoperative infective
symptoms were noted. Furthermore, hip joint membranes
were completely washed during radical debridement and
all possible infection sites were packed for 5-10 minutes
with gauze soaked in povidone-iodine solution. These
could have contributed to our favorable surgical
outcomes. However, radical debridement is not
recommended for patients who are elderly, have
significant medical comorbidities (e.g., advanced
diabetes), or are transferred from other hospitals with
infection after arthroplasty.

Being a retrospective study there was no control
group. However, patients had follow-up for at least one
year and we included all patients who met the diagnostic
criteria. Certain details such as infective symptoms and
duration were lacking, but we tried to verify patients
conditions using available medical records. The sample
size of 20 is small, which is a limitation for statistical
analysis of treatment outcomes. However, the results
herein are significant as they describe the clinical
outcome of surgeries performed by the same surgeon
using established diagnostic criteria and surgical
procedures.

CONCLUSION

We found that a combination of radical debridement with
retention of prosthesis and administration of antibiotics
could be an effective trestment option for early PJl after
hip arthroplasty. The outcome of radica debridement can
be significantly improved through careful patient selection,
optimal timing of intervention, and thorough debridement.
Long-term studies with more number of patients are
required to vaidate our study findings.
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