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Total hip arthroplasty is a cost‑effective solution for 
patients with end‑stage hip arthritis, with the pri‑
mary aim of improving symptoms, function and 

quality of life. Periprosthetic joint infection is among the 
most severe complications of total hip arthroplasty with 
an estimated incidence of 1–2% (Oussedik et al, 2012). 
Despite the relatively low incidence, the associated clini‑
cal, socioeconomic and financial encumbrance is vast and 
projected to increase (Vanhegan et al, 2012; Aggarwal et 
al, 2013). It is a perpetual challenge for clinicians to con‑
tinually improve the ability to prevent, diagnosis and 
successfully manage periprosthetic joint infection within 
an ageing population afflicted with multiple comorbidi‑
ties and multi‑resistant organisms. 

This review discusses measures to promote peripros‑
thetic joint infection prevention, and enable prompt 
diagnosis and effective management in a multidiscipli‑
nary setting. Although this review concentrates on 
infected total hip arthroplasty, the principles of recogni‑
tion, prevention and management are applicable to all 
total joint arthroplasties. 

Prevention
Preoperative interventions
Preoperative interventions can be undertaken by the cli‑
nician to prevent or reduce the risk of periprosthetic joint 
infection in the postoperative period. Patients at increased 
risk of developing postoperative periprosthetic joint 
infection must first be identified. 

Literature has shown a correlation with specific patient 
characteristics (advanced age, male gender, super‑obesity 
(body mass index > 40 kg/m2) and malnutrition), comor‑
bidities (depression, cardiac arrhythmia, skin disorders, 
chronic renal failure, immunocompromised), systemic 
sources of infections (recurrent urinary tract infections), 
local factors to the specific joint (previous native joint 

infection, inflammatory arthritis) and a history of prior 
surgical site infection (Dumville et al, 2013; Ibrahim et al, 
2013; Parvizi et al, 2013; Bozic et al, 2014). Poorly con‑
trolled diabetes mellitus has been repeatedly shown to be 
related to periprosthetic joint infection, but it is unclear if 
acute perioperative or chronic glycaemic control (as meas‑
ured haemoglobin A1c level) is more important in prevent‑
ing periprosthetic joint infection (Dumville et al, 2013).

Patients with these risk factors should be investigated 
preoperatively, and surgery delayed until the patient is 
optimized. This may involve a multidisciplinary approach 
to improve glycaemic control, eradicate urinary tract 
infections, improve nutrition, allow weight loss or per‑
form cardiac investigations, which should coincide with 
patient education. In very high‑risk patients the risks of 
the surgery and subsequent development of a peripros‑
thetic joint infection may outweigh the benefits of elec‑
tive arthroplasty, so patients need to be fully informed 
before gaining consent for the index procedure. 

In addition, preoperative screening and subsequent 
treatment of meticillin‑resistant Staphylococcus aureus in 
joint arthroplasty patients has dramatically reduced surgi‑
cal site infection and periprosthetic joint infection rates 
(Nixon et al, 2006; Pofahl et al, 2009). Swabs are typically 
obtained from the nose, axilla or groin regions, and 
patients diagnosed with meticillin‑resistant S. aureus  
undergo a daily 2% chlorhexidine shower for 5 days before 
their operation, with or without the application of 2% 
mupirocin intranasal ointment, with additional contact 
precautions during their hospital stay (Sporer et al, 2011).

Perioperative interventions
Administration of perioperative antibiotics is an important 
prophylactic measure in reducing periprosthetic joint 
infection, as recognized by the International Consensus 
Meeting on Periprosthetic Joint Infection (Parvizi et al, 
2013). It is recommended that antibiotics are administered 
within 1 hour before the surgical incision. This ensures 
adequate antibiotic tissue concentrations at the time of 
incision. The use of first or second‑generation cephalo-
sporin antibiotics is recommended for routine procedures, 
as these give broad‑spectrum cover of anaerobic gram‑pos‑
itive organisms and aerobic gram‑negative bacilli. In 
patients with known cephalosporin allergies clindamycin 
may be used. Vancomycin remains an alternative but is 
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usually recommended for patients with known meticil‑
lin‑resistant S. aureus colonization, health-care workers and 
preoperative inpatients to negate the risk of developing 
vancomycin‑resistant infections (Bozic et al, 2014).

As soon as the patient arrives in theatre the surgical site 
should be meticulously prepared before incision. Hair 
should be removed immediately before the procedure 
using electric clippers and skin prepared with an alco‑
hol‑based solution. Both methods have been proven to 
reduce surgical site infections (Vanhegan et al, 2012; 
Dumville et al, 2013). A Cochrane review suggests pre‑
operative skin preparation with 0.5% chlorhexidine in 
methylated spirits is associated with lower rates of surgi‑
cal site infections than alcohol‑based povidone iodine 
preparations (Dumville et al, 2013).

A strict sterile field must be maintained throughout the 
operation. Following correct patient positioning on the 
operating table, the ipsilateral limb is prepared with a ster‑
ile antimicrobial solution from pelvis to ankle, and the foot 
isolated within a separate sterile drape. Further surgical 
drapes surround the operative field and an antimicrobial 
incision drape is placed over the patient’s exposed skin, 
isolating the incision site. The surgeon will take further 
precautions during the operation by frequently changing 
his/her surgical gloves to prevent bacterial contamination 
from perforations (Parvizi et al, 2013). In addition wound 
pulsatile lavage with 0.9% sodium chloride solution, and 
irrigation with dilute betadine before closure reduces the 
bacterial load and consequently reduces periprosthetic 
joint infection risk (Parvizi et al, 2013).

Diagnosis
No single standard test can accurately diagnose peripros‑
thetic joint infection, and diagnosis often depends upon 
a combination of clinical suspicion, clinical features, 
serological investigations, diagnostic imaging and micro‑
biological analysis. Tsukayama et al (2003) proposed a 
classification system dividing periprosthetic joint infec‑
tion into four categories, dependant on timing of presen‑
tation from index procedure (Table 1), to help the clini‑
cian manage such patients. 

Clinical features
Clinical features vary depending upon the time of onset. 
Patients with identifiable risk factors should be monitored 
for continuous wound discharge, delayed healing, persist‑
ence of pain and dehiscence in the postoperative period. 
Any postoperative wound which causes concern should 
prompt the clinician to suspect periprosthetic joint infec‑
tion and warrant an early senior orthopaedic review. 

However, a patient may present in a number of ways, 
as there is a spectrum of clinical features associated with 
periprosthetic joint infection which will dictate the 
operative urgency. This includes non‑specific pain on 
weight bearing of insidious onset, an acutely painful joint 
that is warm, erythematous and oedematous, or septic 
shock with multi‑organ dysfunction. 

Serological investigations
The suspicion of periprosthetic joint infection is height‑
ened in the presence of raised inflammatory markers, 
specifically erythrocyte sedimentation rate and C‑reactive 
protein. An erythrocyte sedimentation rate >30 mm/hr 
and C‑reactive protein level >10 mg/litre have sensitivity 
of 94.4% and 91.1% respectively, but combining both 
erythrocyte sedimentation rate and C‑reactive protein 
level increased the sensitivity to 97.6% (Dumville et al, 
2013). A systematic review and meta‑analysis including 
30 eligible studies observed the highest sensitivity and 
specificity for diagnosing periprosthetic joint infection 
with serum interleukin‑6 (IL‑6), followed by C‑reactive 
protein, erythrocyte sedimentation rate and the white 
blood cell count (Beldame et al, 2012). However, serum 
erythrocyte sedimentation rate and C‑reactive protein 
level can be raised with concomitant infection, inflam‑
mation and neoplasm, but when both markers are not 
elevated infection is doubtful (Table 2) (Brown et al, 
2012).

Following uncomplicated joint surgery serum IL‑6 
levels peak at postoperative day 2 and rapidly return to 
normal, whereas C‑reactive protein levels can take 3 weeks 
and erythrocyte sedimentation rate 3 months to 1 year to 
return to normal parameters (Berbari et al, 2010). 
Measurement of serum IL‑6 levels appears invaluable, 
but detection requires specialized enzyme‑linked immu‑
nosorbent assay kits, which are expensive, time‑consum‑
ing and not readily accessible on the NHS. 

Type	 Timing of diagnosis

1	 Positive intraoperative culture

2	 Early postoperative period (within 1 month), subcategorised as a superficial 	
	 or deep infection

3	 Secondary to an acute haematogenous source

4	 Late chronic period as a result of inoculation at the time of surgery

From Tsukayama et al (2003)

	 Infected (n=9)	 Not infected (n=23)	 P value

	 Mean	 Range	 Mean	 Range	

Erythrocyte sedimentation	 69	 6–140	 46	 8–80	 0.02	
rate (mm/hr)

C‑reactive protein (mg/litre)	192	 5–395	 30	 5–68	 < 0.01

Synovial white blood count	 84 954	 1400–455 322	 2391	 260–12 680	 < 0.01

Differential (% percentage	 91%	 64–99%	 63%	 19–96%	 < 0.01	
polymorphonuclear cells)

From Kwee et al (2008) 

Table 1. Modified classification of periprosthetic joint infection

Table 2. Mean serological and synovial values comparing infected 
and non‑infected total hip arthroplasty



Symposium on Musculoskeletal Disease

14� British Journal of Hospital Medicine, January 2015, Vol 76, No 1

©
 2

01
5 

M
A 

H
ea

lth
ca

re
 L

td

Diagnostic imaging
All patients investigated for periprosthetic joint infection 
must undergo baseline orthogonal view radiographs. This 
includes an anterio‑posterior view of the pelvis and lat‑
eral views of the symptomatic hip. Although not imme‑
diately useful in an acute setting they convey important 
information about the implant, bone–cement–implant 
interface and surrounding soft tissue. Plain radiographs 
cannot differentiate between infection and aseptic pros‑
thetic loosening in the presence of periostitis, endosteal 
reaction, periprosthetic lucency, osteolysis, and migration 
seen on X‑ray. 

Ultrasound scanning remains a non‑invasive diagnostic 
investigation which can confirm an effusion and facilitate 
aseptic aspiration. Computed tomography and magnetic 
resonance imaging are often used in more complex cases 
and provide information on the surrounding soft tissue. 
However, images are commonly hampered by 
implant‑induced artifact, even in non‑ferromagnetic 
prostheses such as titanium (Tsukayama et al, 2003).

Nuclear medicine has a pivotal role in helping to dif‑
ferentiate between aseptic loosening and periprosthetic 
joint infection. Isotope bone scans and positron emission 
tomography (PET) are not affected by the presence of 
underlying metallic joint implants. Technetium‑99m 
isotope bone scans have very high sensitivity for detecting 
implant failure but remain non‑specific for infection, 
which limits their use (Brown et al, 2012). 
Indium‑111‑labelled white cell scans are time consuming 
and expensive but yield higher sensitivity (77%), specifi‑
city (86%) and negative predictive value (95%) for infec‑
tion (Brown et al, 2012). A review concluded that an 
indium‑111‑labelled white cell scan, combined with 
bone marrow imaging using technetium‑99m sulphur 
colloid, approaches 90% accuracy in detecting peripros‑
thetic joint infection and should be the imaging test of 
choice (Toms et al, 2006).

Fluorine‑19‑fluoro‑2‑deoxy‑D‑glucose (FDG)-PET 
scanning enables areas of increased metabolic activity to 
be visualized, which suggests infection. A review and 
meta‑analysis comprising 11 eligible studies found pooled 
sensitivity and specificity of FDG‑PET to be 82.1% and 
86.6% respectively (Della Valle et al, 2010). However, 
the results of the individual studies were heterogeneous 
which the authors were unable to fully explore. The diag‑
nostic potential of FDG‑PET is evident but further stud‑
ies are needed. 

Microbiological analysis
The organisms most commonly isolated in periprosthetic 
joint infection are S. aureus and S. epidermidis, followed 
by gram‑negative bacteria (Toms et al, 2006). A variety of 
sources can be used for microbiological analysis. 

Synovial fluid aspirate is submitted for cell count and 
differential, gram stain, and aerobic and anaerobic cul‑
ture and is warranted in the majority of patients sus‑
pected of having a periprosthetic joint infection. These 

tests have a high specificity (88–97%) but variable sensi‑
tivity (50–92%), attributable to variability in technique 
and criteria for positive findings used in different studies 
(Brown et al, 2012).

The gram‑stain technique is a rapid universally 
exploited laboratory test to distinguish between gram-
positive and gram-negative bacteria. These tests have a 
low sensitivity but high specificity, so a negative gram 
stain implies that no infection is present (Del Arco and 
Bertrand, 2013).

Polymerase chain reaction and enzyme‑linked immuno-
sorbent assay techniques are extremely sensitive in detect‑
ing periprosthetic joint infections. However, polymerase 
chain reaction is unable to distinguish between active and 
eradicated infections, and is an expensive investigation not 
available for routine clinical use (Toms et al, 2006).

Synovial fluid culture has a sensitivity of 56–75% and 
specificity of 95–100% (Berbari et al, 2010). A leucocyte 
count of 4200 cells/µl has a sensitivity of 84% and a spe‑
cificity of 93% (Del Pozo and Patel, 2009). The presence 
of leucocyte esterase, an enzyme secreted by neutrophils, 
in addition to an elevated leucocyte count improves the 
sensitivity to 92.9% with a leucocyte count of > 3000 cells/
µl (Parvizi et al, 2011; Gemmel et al, 2012). A single 
positive microbiological sample may be the result of con‑
taminant organisms and should be evaluated in the con‑
text of other available results. The International Consensus 
on Periprosthetic Joint Infection (Parvizi et al, 2013) 
defines a positive test as bacterial growth in two or more 
separate samples, and therefore a repeat aspirate may be 
required, depending on the patient’s clinical state and 
serological parameters. 

Empirical antimicrobial treatment of patients suspect‑
ed of periprosthetic joint infection is not advised as it 
may mask the underlying pathogen, unless the patient is 
systemically compromised and life‑saving broad‑spec‑
trum antibiotics are indicated. Withholding antimicro‑
bial therapy for a minimum of 2 weeks before hip aspira‑
tion or intraoperative tissue collection increases the likeli‑
hood of recovering the organism (Del Pozo and Patel, 
2009). This allows the clinician to begin an appropriate 
antibiotic regimen without compromising future anti-
biotic resistance. Aseptic aspiration should never be per‑
formed over overlying cellulitis because of the risk of 
introducing infection into the hip joint, and may require 
imaging guidance to improve yield.

However, the results of a joint aspiration may remain 
negative despite high clinical suspicion and clinical fea‑
tures. Arthroscopy or arthrotomy may be required for 
tissue biopsy, as this improves sensitivity and accuracy 
(Meermans and Haddad, 2010).

Intraoperative microbiology sampling
In all surgical options, multiple intraoperative tissue sam‑
ples should be sent for microbiology and histopathological 
analysis (Del Pozo and Patel, 2009). Atkins et al (1998) 
recommend that five or six specimens be sent intraopera‑
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tively, as they showed that the isolation of an indistinguish‑
able microorganism from three or more independent 
specimens was highly predictive of infection (sensitivity 
65%, specificity 99.6%, likelihood ratio 168.6).

Perioperative gram staining has a wide range of report‑
ed sensitivity and should be interpreted with caution 
(Brown et al, 2012). 

The explanted prostheses or components can be sub‑
mitted for culture and sonification (a process which 
enhances the isolation of organisms from the prostheses). 
Trampuz et al (2007) found the sensitivity of peripros‑
thetic sonicate‑fluid culture in diagnosing hip peripros‑
thetic joint infection was higher at 78.5% than a single 
periprosthetic tissue culture at 60.8% (P<0.001) (Wetters 
et al, 2012).

Perioperative frozen sections have a sensitivity of 
43–100% and specificity of 94–100% in confirming 
periprosthetic joint infection (Brown et al, 2012). They 
may have a role in confirming the eradication of infection 
during the second part of the two‑stage exchange before 
re‑implantation. 

Diagnosis in the early postoperative period
Within the first 6 weeks postoperatively the diagnosis of 
periprosthetic joint infection can be exceptionally diffi‑
cult. The wound is understandably tender, oedematous 
and may be erythematous secondary to trauma to the 
surrounding tissue from surgery. In addition, serological 
markers such as erythrocyte sedimentation rate and 
C‑reactive protein level are likely to be raised. 

In a retrospective review of revision total hip arthro‑
plasty, a large variation in biochemical parameters was 
identified between infected and non‑infected cases. Yi et 
al (2014) suggested the following cut‑off values in pre‑
dicting periprosthetic joint infection in the early post-
operative period: synovial fluid white blood cell count of 
>12 800 cells/µl, C‑reactive protein level >93 mg/litre, 
and synovial fluid differential of >89% polymorphonu‑
clear cells. This enables an algorithmic approach to treat‑
ment; if the C‑reactive protein level is raised greater than 
93 mg/litre, a hip aspiration is indicated, and if the aspi‑
rate yields a white blood cell count greater than 
12 800 cells/µl in combination with greater than 89% 
differential, operative management is indicated (Yi et al, 
2014). In cases where the diagnosis is uncertain the clini‑
cian can wait for culture results before proceeding.

Management
Patients diagnosed with periprosthetic joint infection will 
invariably require definitive operative surgery. 
Conservative management may only be advocated if the 
risk of surgery outweighs its benefits depending on the 
patient’s comorbidities and his/her systemic physiological 
state (Figure 1). Definitive surgical management involves 
open irrigation and debridement, with options for either 
implant retention or exchange arthroplasty in a single or 
two‑stage approach. 

Irrigation and debridement 
Debridement, antibiotics and implant retention with 
exchange of modular bearing surface is the least invasive 
of all surgical options and traditionally advocated in the 
early postoperative period (Sukeik et al, 2012). Eligibility 
for this approach includes healthy patients, presenting 
within the first 4–6 weeks postoperatively with a stable 
implant, no sinus tract and an organism of low virulence 
(Del Pozo and Patel, 2009). The success of the debride‑
ment, antibiotics and implant retention approach varies 
dramatically between institutions, ranging from 
14–100% (Kwee et al, 2008; Osmon et al, 2013).

Single‑stage exchange arthroplasty
Exchange arthroplasty is increasingly used, especially 
when debridement, antibiotics and implant retention is 
contraindicated or has failed, or when the patient 
presents late with an established infection. A single‑stage 
exchange protocol has been used and advocated by 
European centres. It has inherent advantages of being a 
single procedure associated with reduced costs, decreased 
morbidity, improved patient satisfaction and quality of 
life when compared to a two‑stage exchange (Del Pozo 
and Patel, 2009). The procedure involves meticulous 
removal of the prosthesis and associated cement, a thor‑
ough debridement, and reimplantation of a new prosthe‑
sis typically with antibiotic‑impregnated cement (Hansen 
et al, 2013). This is combined with a 6‑week course of 
culture‑specific oral antibiotics.

Indications for single‑stage exchange arthroplasty are 
varied, and should be avoided when the organism is 
unknown or culture‑negative, multi‑drug resistant, sig‑
nificant soft tissue loss is expected, and the patient is 
immunosuppressed or systemically unwell (Del Pozo and 
Patel, 2009; Del Arco and Bertrand, 2013). In such sce‑
narios a two- or multi‑stage exchange arthroplasty should 
be planned in a multidisciplinary setting (e.g. involving 
plastic surgeons in cases of significant tissue loss) (Parvizi 
et al, 2011). Success at eradicating periprosthetic joint 
infection with single‑stage exchange procedure ranges 
from 56–100% (Aggarwal et al, 2013; Hansen et al, 
2013). The presence of a cutaneous sinus or fistula may 
contaminate operative cultures and hinder antimicrobial 
treatment, but a success rate of 86% has been demon‑
strated following single‑stage exchange for deep infec‑
tions with associated sinuses at an average of 7 years of 
follow up (Raut et al, 1994).

Two‑stage exchange arthroplasty
This approach encompasses a period of localized antibi‑
otic treatment via an antibiotic‑impregnated acrylic spacer 
left in situ following initial irrigation, debridement, and 
implant (with associated cement) removal. The antibiotic-
impregnated spacer allows a localized field of high concen‑
tration antibiotic that is not achievable with systemic 
treatment (Yi et al, 2014). Intravenous antibiotics are 
continued for 6 weeks postoperatively after the first stage. 
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Within the literature there is little evidence to suggest 
an optimal time for undertaking the second stage (Joseph 
et al, 2003). Several factors must be taken into considera‑
tion when deciding to exchange the spacer for the perma‑
nent prosthesis. This includes the quality and healing of 
the soft tissue, the patient’s general wellbeing, quality of 
bone stock, and the haematological and serological 
response to antibiotics (although the erythrocyte sedi‑
mentation rate and C‑reactive protein level may not 
normalize) (Haddad et al, 2000). The second stage may 
take place within 2–6 weeks of initial resection (Osmon et 
al, 2013), or after several months when significant healing 
has occurred. During re‑implantation antibiotic‑�
impregnated cement or local antibiotic-eluting substances 
are used where possible (Youngman et al, 2003).

Despite the prolonged hospital stay, duration of treat‑
ment and economic implications, a two‑stage exchange is 
currently the gold standard of care especially if a sin‑
gle‑stage exchange procedure is contraindicated (Figure 
1). The interval between the two stages allows time to 
address the most life‑threatening complications, and ena‑
bles a combination of systemic and local antibiotic 

release. The perceived recurrence rate from a single‑stage 
exchange procedure may persuade surgeons to opt for a 
two‑stage exchange despite the absence of contraindica‑
tions. Differences in success rates between single‑stage 
and two‑stage procedures have not been clearly demon‑
strated. Reported success rates of a two‑stage procedure 
range from 74% to 96% (Haddad et al, 2000; Parvizi et 
al, 2008).

Conclusions
The occurrence of a periprosthetic joint infection is a 
devastating complication associated with significant clin‑
ical and socioeconomic hardship for both patient and 
institution. The patient is subjected to a multitude of 
invasive investigations, long‑term antibiotics and further 
surgical procedures. This has an incredibly negative effect 
on patient morbidity, function and outcome. Surgeon 
and patient education are vital in increasing efforts to 
prevent or reduce periprosthetic joint infection risk 
through meticulous preoperative planning, patient opti‑
mization and patient compliance. If periprosthetic joint 
infection is suspected the clinician has an array of inves‑

Key:

Unsuccessful/Repeat test 

A patient with a history of recent joint arthroplasty may present with one or more clinical features, and a periprosthetic joint infection 
may be confirmed by the following investigations:

Clinical features
•	 Acute onset of non‑specific hip pain
•	 Swollen joint with warmth, erythema
•	 Presence of a discharging sinus
•	 Reduced range of motion to the joint, 

inability to weight‑bear
•	 Septic (other sources of origin ruled out)

Systemic investigations
•	 Serological markers: erythrocyte sedimentation rate 

> 30 mm/hr, C‑reactive protein level > 10 mg/litre, 
white blood cell count > 3000 cells/μl

•	 Radiological evidence of osteolysis, or positive 
nuclear imaging findings

•	 Microbiological isolation of an organism from 
systemic (blood) or local (wound) samples

Intra‑articular investigations
•	 Synovial microbiology culture
•	 White blood cell count 

>12 000 cells/μl, synovial % 
polymorphonuclear cells >89%

•	 Tissue biopsy (microbiology, 
histology)

Irrigation and debridement
•	 Open irrigation and debridement
•	 Prosthesis retention and 

exchange of mobile components
•	 Micro‑specific systemic antibiotics

Medical management
•	 Oral or parenteral antibiotics
•	 Regular review in outpatient 

setting
•	 3-monthly serology and 

radiography investigations
•	 Improve patient nutrition

Consider a single‑stage exchange in absence of: 
•	 Highly virulent organism
•	 Multi‑drug resistant organism
•	 Presence of sinus tract or fistula
•	 Anticipated soft tissue reconstruction required
•	 Significant comorbidities including immunosuppression
•	 Decompensated septic patients

Time period from 
index surgery

Single-stage 
exchange

Two-stage 
exchange

Chronic: ≥ 6 weeksAcute: < 6 weeks

Figure 1. Algorithmic management of hip periprosthetic joint infection at the authors’ institution. 
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tigations using an algorithmic approach to allow rapid 
diagnosis and facilitate appropriate management. 

The indication and patient characteristics determine 
which treatment modality is undertaken. Both the single-
and two‑stage exchange protocols have advantages and 
disadvantages. Neither a single‑ nor a two‑stage exchange 
can guarantee infection eradication, so patient education 
regarding the complexity of the condition is key. BJHM
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