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Abstract:  

Introduction: Infections associated with orthopaedic implants, especially prosthetic joint 

infections (PJIs) are increasing with advancement in joint arthroplasty. The reported 

prevalence of PJI out to 2 years after hip replacement is 1.63% and after knee replacement is 

1.55%.PJI for the individual patient is devastating with increased rate of mortality, increased 

risk of morbidity, decreased quality of life, and potential for decreased level of mobility and 

ambulation. Rapid detection of infection is of paramount importance because delaying the 

start of treatment of PJI may result in the loss of the device. The consequence of PJI is quite 

severe at the patient as well as the healthcare system level. Hence this study was done to 

understand clinical profile, risk factors, and treatment outcome which can guide clinicians in 

appropriate management. 

Methodology: A retrospective study was done in cohort of patients in a tertiary care 

diagnosed as periprosthetic joint infections as per guidelines by infectious disease society of 

America. All the patients’ records holding diagnosis as PJIs during January 2021 to 

December 2023 were included. After obtaining permission from institutional ethical 

committee clearance, data from patient’s medical records were collected and analysed. Data 

on patients’ socio-demographic characteristics, clinical profile, investigations, treatment 

modalities and outcome were retrieved. A total of 50 such patients’ records were analysed. 

The data were analyzed using statistical package for the social sciences (SPSS) version 20. 

Chi square test and students t test was used with P<0.05 considered as statistically significant. 

Results: Commonest symptom was joint swelling in 100%, followed by pain in joint in 86%, 

erythema in 84% and fever in 40%. Other symptoms were outflow around the scar and fistula 

in 8% and 16% respectively.PJIs were early onset, delay onset and late onset in 64%, 24% 
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and 12% respectively. Culturally positive PJIs were 80%. On culture microbes identified 

were staphylococcus aureus in 44%, pseudomonas in 16%, Gram negative organisms in 16% 

and Enterococci in 4%. Management done with debridement, antibiotics, implant retention 

(DAIR), 1 stage implant exchange, 2 stage implant exchange, arthrodesis and amputation in 

78%, 8%, 4%, 4% and 6% patients respectively. Function was restored in 76% and death 

seen in 4% of patients respectively.  

Conclusion: Mean haemoglobin, mean serum albumin, mean serum calcium was found to be 

significantly less in patients with delayed or late onset PI when compared to early onset PJI. 

Leucocyte count of synovial fluid and mean CRP was significantly higher in patients with 

delayed or late onset PJI when compared to early onset PJI. 

Keywords: Prosthetic joint infections, clinical profile, management, DAIR, outcome, tertiary 

care. 

INTRODUCTION 

Orthopaedic implants are mainly used for bone fixation and joint replacement.[1] Internal 

fixation devices are only temporarily needed and can be removed after healing of a bone 

fracture. Prosthetic joints replace the irreversibly damaged articulation, mainly in patients 

with osteoarthritis or inflammatory arthritis.[2] 

With the aging cohort and continued advancement in joint arthroplasty, the demand for hip 

and knee replacement is expected to continue to rise. [3,4] With the demand for these 

surgeries is also an expectation for an increased prevalence of periprosthetic joint infection 

(PJI) requiring revision surgery. [5,6] 

PJIs are commonly classified as early-onset, delay-onset, and late-onset infections, with 

infections occurring in the first 3 months, between 3 and 12–24 months, or after 24 months, 

respectively.[7,8] Causative pathogens consist of virulent microorganisms (e.g., 

Staphylococcus aureus, Enterococcus spp., Gram-negative bacilli) in case of early-onset 

infections, while low-virulence pathogens, e.g., coagulase-negative staphylococci (CoNS), 

Propionibacterium acnes, are mostly involved in delayed- and late-onset infections [7,8]. 

Furthermore, it is important to recognize the resistance pattern of involved pathogens, 

considering that methicillin-resistant S. aureus (MRSA) strains may account for 25–50% of 

isolates [9]. Notably, S. aureus represent the leading causative pathogen in infections 

associated with orthopaedic implants, exhibiting remarkable virulence, particularly in patients 

with multiple comorbidities, and being involved in both early-onset and delayed- or late-

onset cases [10].  

The reported prevalence of PJI out to 2 years after hip replacement is 1.63%7 and after knee 

replacement is 1.55%.[11] Both procedures likely have a prevalence over 2% at 10 

years.[11,12] 
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PJI for the individual patient is devastating with increased rate of mortality, increased risk of 

morbidity, decreased quality of life, and potential for decreased level of mobility and 

ambulation. [13,14,15,16] 

Rapid detection of infection is of paramount importance because delaying the start of 

treatment of PJI may result in the loss of the device. [3,17] 

The consequence of PJI is quite severe at the patient as well as the healthcare system 

level. Hence this study was done to understand clinical profile, risk factors, and treatment 

outcome which can guide clinicians in appropriate management. 

METHODOLOGY 

A retrospective study was done in cohort of patients in a tertiary care diagnosed as 

periprosthetic joint infections as per guidelines by infectious disease society of America. All 

the patients’ records holding diagnosis as PJIs during January 2021 to December 2023 were 

included. After obtaining permission from institutional ethical committee clearance, data 

from patient’s medical records were collected and analysed. Data on patients’ socio-

demographic characteristics, clinical profile, investigations, treatment modalities and 

outcome were retrieved. A total of 50 such patients’ records were analysed. 

Table 1. Diagnostic criteria for periprosthetic joint infection (PJI) [18] 

● Presence of a sinus tract communicating with the prosthetic joint 

● Presence of purulence without another known aetiology surrounding the prosthetic device 

● Acute inflammation consistent with infection on histopathological examination of 

periprosthetic tissue 

● Elevated leukocyte count in the synovial fluid and/or predominance of neutrophils 

● Growth of identical microorganisms in at least two intraoperative cultures or a combination 

of preoperative aspiration and intraoperative cultures in the case of a microorganism of low 

virulence (e.g. coagulase-negative staphylococci, Propionibacterium acnes). In the case of a 

virulent microorganism (e.g. Staphylococcus aureus, Escherichia coli), growth in a single 

specimen from synovial fluid, periprosthetic tissue and/or sonication fluid may also represent 

PJI. However, if there is growth only in one single specimen, other criteria for infection must 

be present. 

 

Prosthetic joint infection symptoms assessed were pain, fever, fistula, outflow around the 

scar, erythema, or swelling and a microbiologically documented infection.  

https://onlinelibrary.wiley.com/doi/full/10.1111/joim.12233#joim12233-bib-0019
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The criterion for microbiologic identification of the causative agent from surgical 

samples was a minimum of two bacterial cultures of different samples obtained during 

the same surgical procedure that yielded the same pathogen. 

Primary antibiotic therapy was any antibiotic that was administered between 72 hours after 

debridement, antibiotics, and implant retention (DAIR) and up to 6 weeks 

afterward. Suppressive (chronic) antibiotic therapy (SAT) included any antibiotics that were 

provided beyond 6 weeks after DAIR.  

Selection of antibiotics was based (when available) on the pathogen identified, and for all 

patients, infectious disease input was sought. Treatment of PJI was based on the Infectious 

Diseases Society of America guidelines for prosthetic joint infections [18,19].  

Statistical analysis: The categorical variables were expressed as frequencies and percentages, 

and continuous variables as mean and standard deviation. The data were analyzed using 

statistical package for the social sciences (SPSS) version 20. Chi square test and students t 

test was used with P<0.05 considered as statistically significant. 

RESULTS 

Majority of patients with PJIs belonged to the age group of 41-60years (48%), followed by 61 

years and above (34%). Mean age was 49.5 and range 19 – 72 years. Females andmales were 

58% and 42%.Residence was rural in 56%. SES I,II,III and IV in 38%, 36%,24% and 2% 

respectively. Most common comorbidity was Overweight and obesity (38%) followed by 

hypertension (16%), diabetes mellitus (12%), chronic liver disease (4%), coronary artery 

disease (2%).(table 1) 

Table 1: Distribution of patients as per variables assessed 

PARAMETERS Sub- group Frequency Percentage 

Age in years 18-40 years 9 18 

41 - 60 years 24 48 

 61years and above 17 34 

Age (years) Mean±SD/ range 49.5 ± 11.3 years/ 19-72 years 

Sex Female 29 58 

Male 21 42 

Residence Rural 28 56 

Urban 22 44 

Socio-economic status Upper classI 19 38 

Upper middle classII 18 36 

Lower middle classIII 12 24 

Upper lower classIV 1 2 

History of 

Comorbidities 

Hypertension 8 16 

Diabetes Mellitus 6 12 

Chronic liver disease 2 4 

Coronary artery disease 1 2 
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Overweight and obesity 19 38 

none 13 26 

 

Commonest symptom was joint swelling in 100% followed by pain in joint in86% , erythema 

in 84% andfever in 40%. Other symptoms were outflow around the scar and fistula in 8% and 

16% respectively.  (figure1) 

Figure 1: Proportion of patients with clinical symptoms 

 

Lab investigations showed, raised Serum CRP in 90% patients, anaemia in 10%, leucocytosis 

of synovial fluid in 78%, microbiologically culture positive in 66%, raised glucose and 

impaired RFT in 2% each, hypoalbuminemia (serum albumin <3 g/dl)in8%, and 

hypocalcaemia (serum calcium <8.4 mg/dl)in 30 %. 
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Figure 2: Proportion of patients with abnormal tests 

 

PJIs were early onset, delay onset and late onset in64%, 24% and 12% respectively.Culturally 

positive PJIs were 80%. On culture microbes identified were staphylococcus aureus in 44%, 

pseudomonas in 16%, Gram negative organisms in 16% and Enterococci in 4%. Management 

done with DAIR + suppressive antibiotic therapy, 1 stage implant exchange,2 stage implant 

exchange, arthrodesis and amputation in58%, 20%, 8%, 4%, 4% and 6% patients 

respectively.Antibiotics used were injectables initially switched over to orals, which included 

ceftriaxone, cefepime, vancomycin, meropenem, daptomycin,doxycycline andtrimethoprim-

sulfamethoxazole. Function was restored in 76% and death seen in 4% of patients 

respectively.(table 2) 

Table 2: Distribution of patients by type, culture findings, management and outcome of 

PJI 

Variable Sub category Frequency 

(N=200) 

Percentage 

PJIs classification Early onset 32 64 

Delayed onset 12 24 

Late onset 6 12 

Microbiology 

Culture findings 

Staphylococcus aureus 22 44 

Pseudomonas 8 16 

Gram negative organisms 8 16 

Enterococci  2 4 

Culture negative 10 20 

Management done DAIR with suppressive 

antibiotic therapy  

39 78 

1 stage implant exchange 4 8 

90
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2 stage implant exchange 2 4 

Arthrodesis 2 4 

Amputation 3 6 

Outcome  Function restored 38 76 

Impairment of function 10 20 

Death 2 4 

 

Mean age of patients (55.1) with delayed or late onset PJI was significantly more than 

patients with early onset PJI(47.2) patients. Males and females’ association with onset of PJI 

was similar. PJIwas not significantly different in early onset PJI versus delayed/late onset PJI, 

in patients with hypertension, diabetes mellitus, overweight or obesity.No significant different 

in early onset PJI versus delayed/late onset PJI, with respect to culture findings.Mean 

haemoglobin, mean serum albumin, mean serum calcium was found to be significantly less in 

patients with delayed or late onset PI when compared to early onset PJI.Leucocyte count of 

synovial fluid and mean CRP was significantly higher in patients with delayed or late onset 

PJI when compared to early onset PJI.DAIR + SAT was done in 31(79.5%) patients with 

early onset PJI and 8(20.5%) patients with late/delayed onset PJI. Implant exchange, 

arthrodesis, amputation was done in 1(9.1%) patient with early onset PJI and 

10(91.9%)patients with late onset PJI.Outcome was function restored in 38 patients, of which 

30 (78.9%) patients had early onset PJI and 8 (21.1%) patients had late/ delayed onset PJI. 

Impaired function in 10 patients, of which 1(10%) patient with early onset PJI and 9 (90%) 

patients with late onset PJI. Death in 2patients with one belonging to early onset and 

delayed/late onset each. (table 3) 

Table 3: Risk factors of early onset PJI versus delayed/late onset PJI. 

Factor 

assessed 

Sub category Early onset 

PJI (32) 

Delayed/ late 

onset PJI 

(18) 

P value 

Mean Age in years 47.2±14.3 55.1±8.4 P =0.03/ 

t=2.13 

Gender Male (21) 13 (61.9%) 9 (38.1%) P=0.221 

X2=0.63 Female (29) 19(65.5%) 10 (34.5%) 

Hypertension Yes (8) 6 (75%) 2(25%) P=0.47 

X2=0.5 No (42) 26 (61.9%) 16 (28.1%) 

Diabetes 

Mellitus 

Yes (6) 3 (50%) 3(50%) P=0.44 

X2=0.58 No (44) 29 (65.9%) 15 (34.1%) 

Overweight 

and obesity 

Yes (19) 8 (52.6%) 11 (47.4%) P=0.1 

X2=6.37 No (31) 24 (38.7%) 7 (61.3%) 

Mean haemoglobin (g/dl) 12.2± 2.3 9.7 ± 3.4 P=0.0001 

t=15.9 

Mean Leucocye count of synovial fluid 

(cells/cumm) 

9800 ± 

2300 

12000 ± 4500 P=0.0033 

t =3.09 
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Mean CRP 5.6 ± 2.1 7.8 ± 3.5 P=0.0076 

t=2.78 

Culture 

positive 

Yes (40) 28 (70%) 12 (30%) P=0.071 

X2=3.125 No (10) 4 (40%) 6 (60%) 

Mean serum albumin mg/dl 2.8 ± 1.3 2.2 ± 0.8 P=0.08 

t=1.77 

Mean serum calcium mg/dl 32.2 ± 4.5 27.9 ± 5.4 P=0.0037 

t=3.05 

Management DAIR + SAT (39) 31(79.5%) 8(20.5%) P=0.000017 

X2=18.5 Implant exchange, arthrodesis, 

amputation (11) 

1(9.1%) 10(91.9%) 

Outcome 

 

Function restored (38) 30 (78.9%) 8 (21.1%) P=<0.00026 

X2=16.51 Impaired function (10) 1(10%) 9 (90%) 

Death (2) 1(50%) 1(50%) 

 

DISCUSSION 

Despite current advances in orthopaedic adult reconstruction practices, PJI still represents one 

of the most devastating complications in implant surgery.[20] Optimal treatment of PJI 

remains controversial. The most widely used management strategies are one-stage and two-

stage revisions.[20]DAIR (debridement, antibiotics, and implant retention) is also indicated 

for early or acute infections. Other strategies, with specific indications, which are less popular 

and produce poorer results, include antibiotic suppression, arthrodesis, and even 

amputation.[21] The cost of management of PJI patients is quite high when compared to 

primary arthroplasties.[22,23]  

In this study majority were females (58%). Mean age of study participants was 49.5. 

Similarly in study by Tai DGB et al,majority were female (58%, n = 296) with a mean age of 

70.4 years (SD, 11). In study by Shah NB et al, a total of 108 patients were included in the 

study, where 44% were female. The mean age was 67.5 years.[19] In this study most common 

comorbidity was Overweight and obesity (38%) followed by hypertension (16%), diabetes 

mellitus (12%), chronic liver disease (4%), coronary artery disease (2%).In study by Tai DGB 

diabetes mellitus was the most common comorbidity with a prevalence of 20% (n = 

102).[24]In study by Shah NB et al, 17% of patients had diabetes mellitus, and the mean BMI 

of the patient population was 33.9 kg/m2.[19] 

In this study PJIs were early onset, delay onset and late onset in 64%, 24% and 12% 

respectively. Culturally positive PJIs were 80%. On culture microbes identified were 

staphylococcus aureus in 44%, pseudomonas in 16%, Gram negative organisms in 16% and 

Enterococci in 4%. In study by Tai DGBthe majority of cases were early acute infections 

(62%, n = 365) while the mean duration of symptoms was 6.8 days (SD, 7). Staphylococcus 

aureus was the most common causative microorganism (38%, n = 194) identified. [24]In 

study by Shah NB et al, early acute in 30 out of 66 and late acute in 36 out of 66. [19] 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8489477/#bibr6-2058-5241.6.210008
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In this study lab investigations showed, raised Serum CRP in 90% patients, anaemia in 10%, 

leucocytosis of synovial fluid in 78%, microbiologically culture positive in 66%, raised 

glucose and impaired RFT in 2% each, hypoalbuminemia (serum albumin <3 g/dl) in 8%, and 

hypocalcaemia (serum calcium <8.4 mg/dl) in 30 %. In study by Shah NB et al, Acute PJI 

was noted in 33% (36) of patients.[19] 

In this study on culture microbes identified were staphylococcus aureus in 44%, 

pseudomonas in 16%, Gram negative organisms in 16%, Enterococci in 4% and culture 

negative in 20%.In study by Shah NB et al of the 108 patients included in their study, 52% 

had staphylococcal infections (58% of these were methicillin-susceptible S. aureus, 29% 

were methicillin-resistant S. aureus, and 13% were coagulase-negative staphylococci), 8% 

had streptococcal infections (including groups A, B, C, G,andviridans streptococci),10% were 

gram-negative infections (Serratia, Enterobacter, Escherichia coli, Pasteurella, 

and Pseudomonas species), and 5% had infection with enterococci. One patient (1%) had an 

infection with diphtheroid. The remainder (24%) were culture-negative infections.[19] In 

study by Wang B et al, S. aureus, Pseudomonas spp., CoNS, Enterobacter spp. and 

Actinobacteria spp. were the five most common pathogens. [25]In study by Abdel Karim et 

al, Culture-negative PJI, reported in 5%–42% of cases. [26] 

In this study antibiotics used were injectables initially switched over to orals, which included 

ceftriaxone, cefepime, vancomycin, meropenem, daptomycin, doxycycline and trimethoprim-

sulfamethoxazole. In study by Shah NB et al, most common agents used in the primary 

treatment period were vancomycin (72), rifampin (31), cefazolin (26), and ceftriaxone 

(21). [19]In study by Shah NB et al, the most common antibiotics used for suppressive 

therapy in the chronic period were cephalexin (23), trimethoprim-sulfamethoxazole (12), and 

doxycycline (6). All 108 patients received perioperative antibiotic therapy. Fifty-seven 

received only primary therapy (up to 6 weeks of antibiotics), while 51 received antibiotics for 

>6 weeks. A total of 7 patients required a switch in their oral suppressive antibiotic therapy 

due to AEs.[19] 

In this study commonest symptom was joint swelling in 100% followed by pain in joint in 

86%, erythema in 84% and fever in 40%. Other symptoms were outflow around the scar and 

fistula in 8% and 16% respectively. In study by Nelason SB et al, most common presenting 

symptom of chronic PJI is pain, which overlaps with many noninfectious diagnoses, 

including polyethylene wear, aseptic loosening, and adverse local tissue reaction to metal 

(ALTR). [27] 

In this study DAIR + SAT was done in 31(79.5%) patients with early onset PJI and 8(20.5%) 

patients with late/delayed onset PJI. Implant exchange, arthrodesis, amputation was done in 

1(9.1%) patient with early onset PJI and 10(91.9%) patients with late onset PJI. Outcome was 

function restored in 38 patients, of which 30 (78.9%) patients had early onset PJI and 8 

(21.1%) patients had late/ delayed onset PJI. Impaired function in 10 patients, of which 

1(10%) patient with early onset PJI and 9 (90%) patients with late onset PJI. Death in 

2patients with one belonging to early onset and delayed/late onset each. In study by Bernard 

et al, The initial surgical management of prosthetic joint infection among the 404 patients 
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was débridement with implant retention in 167 (41.3% [82 patients in the 6-week group 

and 85 in the 12-week group]), one-stage implant exchange in 150 (37.1% [77 patients in 

the 6-week group and 73 in the 12-week group]), and two-stage implant exchange in 87 

(21.5% [44 patients in the 6-week group and 43 in the 12-week group]). [28,29] 

Study by Qasim et al opined that A DAIR procedure with a retention of the implant has the 

obvious advantage that the relatively high morbidity of (staged) complete implant revision 

can be avoided with decent infection control in around 50–70% of patients [30] 

A systematic review and meta-analysis by, Kunutsor et al reported an overall 61.4% pooled 

estimate for rate of infection control for DAIR.23  

DAIR, one-stage and two-stage revision surgery strategies have different indications and are 

not uniform techniques, with the relevant importance of their various parameters and steps 

remaining to be evaluated. [20]DAIR, one-stage and two-stage revision strategies are not 

unique surgical techniques. Infection control rates for the above strategies vary from 75% to 

90%, but comparisons are difficult because different indications and patient selection criteria 

are used in each strategy. 

CONCLUSION 

Mean haemoglobin, mean serum albumin, mean serum calcium was found to be significantly 

less in patients with delayed or late onset PI when compared to early onset PJI. Leucocyte 

count of synovial fluid and mean CRP was significantly higher in patients with delayed or 

late onset PJI when compared to early onset PJI.For early and acute infections, a DAIR 

procedure with the exchange of all modular components (DAIR plus) results in satisfactory 

infection control while for chronic infections, a two-stage exchange with removal of all 

implant components yields good long-term infection control. 
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