Infection

The diagnosis of periprosthetic infection remains a challenging problem, as there is no single diagnostic modality with absolute sensitivity and specificity. 

Aspiration of the joint has high specificity and is especially valuable for diagnosing suspected infections.  
Intra-operative cultures should be performed for all.
 Extreme care should be exercised to prevent contamination of these samples.
Skin swabs are misleading and should not be used 

Classification
Stage 

I
Acute 



First 3 months following THR

        

II
Subacute


First 1 years following THR

                  
III
Late Haematogenous

Infection after 1 year

IV
Positive intra-operative 
Culture at revision 2/5 samples

V
Incisional cellulites

After 9 months, erythematous
VI
At revision no signs

But the tissue culture is positive 

Risk Factors
Immunocompromised/immunosuppressed patients
Inflammatory arthropathy: RA, SLE
Drug including steroids or radiation-induced immunosuppression
Insulin-dependent (type 1) diabetes
Malnourishment
Haemophilia
Any dental or urologic procedure

History
Site of pain
Pain in the groin
  
Suspect aseptic or septic loosening of the acetabular 
 



component

Thigh or knee pain  

Suspect aseptic or septic loosening of the femoral stem 

Trochanteric pain

Bursitis

  End of stem pain 

Modulus mismatch or varus prosthesis

  Rest pain

 
Possible infection or tumour
Differential diagnosis
Spondylogenic symptoms can sometimes be "unmasked" by a hip operation.  Because of an increase in the patient's activity level following THR, the back related symptoms may worsen. 

Always rule out Primary tumours with bone secondaries

Clinical
Localized tenderness
Range of movement
Pain: at the extremes of the range of motion is suggestive of loosening 
Pain with any motion is more suggestive of infection
Traction in extension: push and pull when present, indicate gross loosening

Is the pain from hip or from spine?
Inject the joint with the local anaesthesia.  If pain disappears, it means probable is from the hip.  Always consider: Consider spinal origin, Paget’s, secondaries, gynaecologic conditions, Insufficiency fracture in any pain around the hip but clinical examination shows normal hip movement.

Investigations

BLOOD

 CRP >10 [96% sensitivity, a 92% specificity]
 ESR > 30 [80% sensitive and 85% specific]
 High ESR and CRP is 95% specificity and sensitivity
The serum level of IL-6   >10 pg/mL in patient with periprosthetic infection

Screening test results that may suggest the possibility of infection include elevation of the erythrocyte sedimentation rate and/or serum C-reactive protein level more than three months after an arthroplasty. 
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Most serologic tests are difficult to interpret when the patient has an underlying inflammatory arthropathy.
X ray

 Nonfocal osteolysis
 Periosteal reaction 
 Cortical erosion
 Radiolucent line > 2mm
The destruction is rapidly   progressive
Generally, the differentiation between septic and aseptic loosening on plain radiographs is difficult.

Arthrography
  Overestimation of acetabular loosening and underestimation of femoral loosening.
  Controversial test and is not performed routinely.

Aspiration
Cultures of aspirated joint fluid can be especially helpful for patients who have symptoms suggestive of infection, but their results are best interpreted two weeks after administration of antibiotics has been discontinued.
Joint fluid cell counts may also be helpful, but Gram stains of joint fluid have poor sensitivity
and specificity.
  Sensitivity: 0.86 and Specificity 0.94 and is positive in 60% of cases.

 Technique
Stop antibiotic by at least 2 weeks
Aseptic technique
No local anaesthesia injected into the joint [has antiseptic effect] 
Should be sent in 3 different bottles [To rule out contamination]
If no fluid: saline washout
If 2 positive out of three, is significant
13% False +ve

PCR
Most polymerase chain reactions that detect the universal 16S rRNA bacterial gene have problems with false positive results, but combining a universal polymerase chain reaction with subsequent bacterial sequencing can help improve specificity. Polymerase chain reactions can detect necrotic bacteria, so the clinical importance of positive results of this analysis in the absence of other features of infection remains to be determined.
1.  May detect more cases of infection in revision THR
2.  Cannot rule out contaminants. 
3. A drawback of this technique is that it does not allow identification of the bacteria
4. Does not differentiate between live and dead bacteria.
5. It is safe to say that, at present, polymerase chain reaction has no role in the routine investigation of pain associated with a hip replacement 

6. Most polymerase chain reactions that detect the universal 16S rRNA bacteria gene

Frozen section
Criteria for diagnosing infection on the basis of frozen sections of implant membranes have not yet been standardized, but in many laboratories more than five neutrophils per high-power field in five or more fields (excluding surface fibrin) has been found to be suggestive of infection.
Bone scan

Normal THR 

 99TcMDP may show increased uptake for first 6 months
                                       
 In 10% an increased activity may persist for 2 yrs

Labelled WBC  
Accuracy of 94% and is preferable to Gallium.
(Indium) 

Labor intense and expensive
                                       
With Sulphur Colloid mismatch [Tc S is not taken up by infected 
 


marrow]  90% specific

Gallium

 Is useful when above not available
                                       
 Bound to transferrin
 


Congruent patterns by gallium-67 and technetium-99 scans

Fluorodeoxyglucose- PET
 Inflammatory cells metabolize predominantly glucose, and the uptake of  glucose is enhanced when such cells are stimulated. 

Intra operative culture
Gold standard
Culture:  6 samples
Intra-operative cultures more than 1/3 of cultures are +ve are significant
50% of positive cases are Stap Epidermidis and 40% are Staph Aureus

Pathogenesis
1. Hematogenous:   UTI / Dental procedure
2. Slime
Stap Epidermidis in 50%; Aureus in 40%

Tissue and Organism there is a “race for the colonization of the biomaterial surface. Gristina et al. suggested that biomaterials or prostheses could act as substrata that encourage bacterial adhesion and proliferation, causing resistant infection. 

Stap Epidermides has an ability to manufacture glycocalyx. They form biofilm with inert material like prosthesis or cement.  From micro colonies within this biofilm to produce slime. This biofilm protects the bacteria from antibiotics and opsonising antibodies

In the presence slime, the bactericidal concentration required is 200 fold than when there is no slime. More resistant in the presence of cement than metal or poly

Treatment

1. Stable prosthesis fixation with infection
    Debridement
    Surgical washout 4-6 litres of saline
    Biopsy
    Change of liner 
    Retention of prosthesis
    IV antibiotics and serial blood test for ESR and CRP.
    Generally 4-6 wks often given IV in consultation with microbiologist and oral therapy 0-2 
      years
    MRSA: Vancomycin and Teicoplanin.   This method is effective in eradicating early 
      postoperative infections (infections present for less   than 1 month postoperatively) with 
      success rates reported at 71%.  The pathogen should be identified and should be 
      sensitive to antibiotics

  2. Loose prosthesis with infection
 
One stage revision or two stage revision: later is preferred

     2 stage Revision: Gold standard
     I stage
       Debridement + Spacer [Prostalac] with Tobramycin or vancomycin beads [Prostalac]
       IV antibiotics for 6 wks
       Home Parental antibiotic therapy: Ceftriaxon and teicoplanin ideal once daily
                                                                    Flucloxacillin in bags or Vancomycin

     II stage revision
     Cementless or cemented definitive revision

[image: image2.emf]   Prostalac
     The articulated spacer provides proper soft-tissue
       and limb length

     Advantages: Improved function
                             Preservation of bone stock
                             Prevention of soft-tissue contracture 
                             Local delivery of antibiotics

     Eradication of infection in 95% at two years

3 stage revision 
I
Debridement
             Spacer with Tobramycin or vancomycin beads [Prostalac]
             Antibiotics for 6 wks

II 
Bone grafting and reconstruction in case of bone loss 

III 
Definitive revision

definitive femoral Prosthesis
Options:  Fully porous
                 Partly porous
                 Grit blasted stems

Stem:  
    Cylindrical Straight
                  Cylindrical bowed
                  Tapered stem
                  Distal fixation stem: PFM [link Co-Chr];       ZMR [link is Ti ]

PFM: gives satisfactory results 

Outcome
Radical debridement   and IV antibiotics 

70%
Chronic suppression

 


60%

I stage






80% at 10 years

II Stage






90% at 10years

II stage and Prostolac




95% at 10 years

Alternative surgeries for infected hip
1.   Resection arthroplasty
       Removal of all components with no subsequent reimplantation.

Indications 
 (1)  Presence of a highly resistant organism
 (2)  Poor quality of bone and soft tissues
 (3)  Patient risk factors predisposing to recurrent infections (chronic immunosuppression)
 (4)  Inability or unwillingness of the patient to comply
 (5)  A medically unfit patient 

Relatively good results
70% good or no change. 28% worse. 
5% mobilize without aids; 45% mobilise short distances;
20% remain infected; 70% disappointed with the result

2. Arthrodesis
Hip arthrodesis has been successful in treating young patients after failed total hip arthroplasty who have high functional demands.

3. Hip disarticulation
include life-threatening infections, severe loss of soft tissues and bone stock, and vascular injury. 

Palacos

In all cemented revision hips, antibiotic cement [Palacos] should be used.

Gentamicin         Urine for 9 days
 

    Blood for 3 days 
 

    Drain for 2 days  

Recovers only 1-4% rest is locked into the cement. 
Antibiotic elution is a surface phenomenon or diffusion
Antibiotics in cement do not alter its strength more than 4%

Incidence of infection with Systemic antibiotics 
1.4% 
              


Antibiotic in cement 
0.4%

However, presently more revisions are done cementless in 2 stage revisions.
Ciproflox and Rifampicin: are so well absorbed orally that the IV has no advantages.  Rifampicin in particular appears to have activity against bacteria within biofilm.   

Prevention of infection

1. High risk of infection:  Rheumatoid, psoariasis, rheumatoid [Antibiotics for 48 to 72 hours]

2. Prophylactic antibiotics in following dental procedure during high bacteremic risk   
     procedures during first 2 years of THR
    Dental extractions
    Periodontal procedures
    Dental reimplantation
    Root canal instrumentation
    Prophylactic Amox: 2g  an hour prior to the procedure. 

3. Medical Research Council in 1968 highlighted the main risk factors for deep infection

in orthopaedic surgery.

a. Theatre personnel

These should be kept to a minimum. The MRC trial found that wound contamination was much higher in cases where there were 15 persons in the operating room compared to cases where there were 6 persons. 
Up to 40% of the population are nasal carriers of coagulase positive S. Aureus and 12% carry it on their perineum. 

b. Movement

Quite apart from the number of persons in the operating theatre, movement of each person has been identified as a risk factor for infection.
 Increased movement (i.e. running versus walking) increases the number of skin squames shed. These originate mainly from the perineal region and are caused by the friction of clothing on skin below the waist. Each squame  is capable of transporting up to 4 bacteria.

Theatre clothing

Traditionally this has been the same for all personnel and included cotton shirts and trousers, hats, masks and shoes. An average pore size of 80 μm and therefore provides no barrier to skin squames. 
Gore-Tex has an average pore size of 0.2 μm and polyester is almost as good. This computes to a 1000 fold improvement in their efficiency as barriers to bacteria.

 The recommended number of cycles of cleaning for polyester garments is 70 after which they should be discarded.

Theatre hats are mandatory for all personnel. These are particularly important in laminar flow environments where they decrease contamination of downstream air up to 15 fold.
It was necessary not only to wear a hat, but a hood which covered all hair, including facial hair.

Face masks

Face masks have been shown to reduce infection rates by up to 7 fold. These deflect bacteria from the respiratory tract of the wearer. They have been proven to be 95% effective as barriers but once they become damp bacteria can translocate through

them via a wick effect. Masks should be changed between cases.

Gloves and hand washing

Davis et al. showed that 29% of gloves are contaminated after draping the patient. Also, 50–67% of outer gloves are perforated during arthroplasty procedures.  Double gloving and the use of cotton over-gloves have been shown to reduce this incidence between 3–9 times.
 The wearing of rings is associated with a higher rate of glove perforation, but not directly with increased bacterial loads or rates of wound infection. 
It is universally accepted that infection can be spread by direct contact. Handwashing with povidone iodine and/or 4% chlorhexidine is practiced throughout the UK. O’Shaugnessy

et al. showed that 2 minutes is the optimal time for handwashing and no benefits are gained after this.  They also found that washing with 4% chlorhexidine reduces hand contamination by as much as 80%. 
Operating theatre air quality
This is the most widely employed method of cleaning theatre air in the UK. In the initial years operating theatre air was replenished with air from adjacent theatre corridors. This proved unacceptable.
 Plenum ventilated theatres formed the benchmark and, using this design, there are

20 air changes per hour. The current standardised method of assessing the efficiency of operating theatres however is by looking at the colony forming units (CFU) of contaminating organisms per cubic metre of theatre air.

Lidwell et al. reported an infection rate of 3.4% using plenum ventilation. 

These systems enable up to 300 air changes per hour and are considered to produce ultra clean air if there are less than 10 CFU/m3 inside the laminar flow zone. This technology led to a further reduction in infection rates to 1% in Charnley’s series 
Charnley found that ultra clean air systems were most effective when combined with occlusive clothing. This prompted the development of body exhaust suits. These two measures further reduced his infection rates from 1% to 0.6%.
Antibiotics are also mixed into bone cement for the purpose of reducing infection in cemented THA. Joseffson reported a 4 fold reduction in deep infection rates from 1.6%

to 0.4% with the prophylactic use of gentamicin impregnated bone cement. 

Joseffson and Kolmert59 also showed that  impregnated cement lost its effectiveness by 10 years. 

Pulse lavage

Hope reported that pulsatile lavage removes up to 87% of all organisms from wounds. 
 When combined with 0.05% chlorhexidine its efficacy increased to 98%.

This was responsible for a 0.45% infection rate in patients undergoing THA at the Bristol Unit.

Some studies have found chlorhexidine based aqueous scrubs to be more effective than

povidone iodine based solutions in reducing the numbers of colony

forming units (CFU’s) on the hands, but the evidence is not

conclusive in this area. It must be remembered, however, that

chlorhexidine is harmful to exposed cartilage and meninges and

therefore needs to be used with due care.
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