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Background and purpose — The management of acute 
hematogenous periprosthetic joint infection (AHI) is chal-
lenging and the optimal treatment is not clearly defined. The 
aim of this study was to evaluate the treatment outcome of 
AHI, and secondarily to investigate potential risk factors that 
affect outcome.

Patients and methods — We retrospectively analyzed 
43 consecutive AHIs in a total hip or knee arthroplasty 
between 2013 and 2020 at a single center. We used the Delphi 
international consensus criteria to define infection. Patients 
were treated by either debridement, antibiotics, and implant 
retention (DAIR) (n = 25), implant exchange/removal (n = 
15), or suppressive antibiotics only (n = 3). AHI was defined 
as abrupt symptoms of infection ≥ 3 months after implanta-
tion in an otherwise well-functioning arthroplasty.

Results — AHI was most often caused by Staphylococ-
cus aureus (16/43) and streptococcal species (13/43), but a 
broad spectrum of microbes were identified. 25 of 43 were 
treated with DAIR, with success in 10 of 25, which was sig-
nificantly lower than in patients treated with removal of the 
implant with success in 14 of 15. S. aureus infection, knee 
arthroplasty, and implant age < 2 years were associated with 
treatment failure. The 2-year mortality rate was 8 of 43.

Conclusion — The outcome following DAIR in AHIs 
was poor. The majority of infections were caused by virulent 
microbes, and we found a high mortality rate. Removal of 
the implant should more often be considered.

The overall incidence of prosthetic joint infection (PJI) is 
1–2% and the number of PJIs is expected to increase due 
to the growing numbers of primary and revision procedures 
(1-3). According to the Tsukayama classification of PJI, acute 
hematogenous infection (AHI) is defined as abrupt symptoms 
of infection occurring more than 3 months after index surgery 
in an otherwise well-functioning prosthesis and is thought to 
be introduced by hematogenous seeding (4). The proportion of 
AHI is reported to be quite low among all PJIs (6–11%), but 
cumulative numbers may be higher, as patients are at risk of 
contracting an AHI during the entire lifetime of the prosthesis 
(4-6). An increasing population of elderly now live for decades 
with one or more total joint implant(s), and subsequently revi-
sion implants, which adds patients at risk. Also, more intravas-
cular procedures are performed, and more cardiac electronic 
devices are implanted in the elderly population, increasing the 
risk of a bacteremia (7). In a recent paper by Zeller et al., 348 
of 997 (35%) PJIs were classified as AHI (8). Huotari et al. 
reported in a registry study from Finland an increasing rate of 
acute late infections (9). Debridement, antibiotics, and implant 
retention (DAIR) is considered a suitable treatment within 4 
weeks after symptoms, as it may result in lower morbidity due 
to being a less invasive procedure compared with exchange 
arthroplasty (4,10). Prior studies of DAIR treatment of AHI 
are limited by small numbers, and AHI is often reported either 
together with, or as a minority within a larger cohort of acute 
PJIs. Even so, increased failure rates in AHI compared with 
postoperative PJIs are reported (5,11-13). There are few stud-
ies on the AHI group as such, and due to the ageing of the pop-
ulation more patients will be at risk of hematogenous seeding 
of bacteria, and more knowledge is therefore warranted. 

The primary aim of this study was to evaluate the treatment 
outcome specified as free of infection of AHI in total hip and 
knee replacements. The secondary aim was to study patient 
characteristics, plus clinical and microbiological findings. 
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Patients and methods

We performed a retrospective cohort review according to 
STROBE guidelines of all consecutive patients diagnosed with 
AHI following total hip or knee arthroplasty at a single ter-
tiary center between September 2013 and February 2020. The 
patients were identified from prospectively collected data in 
an institutional quality register. We used the Delphi interna-
tional consensus criteria to define PJI (14). AHI was classified 
according to the Tsukayama classification, as abrupt symptoms 
of infection more than 3 months after implantation in an other-
wise well-functioning total hip or knee arthroplasty (4). Treat-
ment success was regarded as free of infection and defined as 
absence of clinical and laboratory signs of infection and no 
signs of loosening at the latest follow-up with a minimum of 
1 year. A manual chart review was performed. Patient charac-
teristics, i.e., age, sex, body mass index (BMI), comorbidities, 
specific joint (hip or knee), index surgery (primary or revision), 
and previous PJI were registered. Clinical manifestation at the 
time of admission (body temperature > 37.5°C and purulence) 
and laboratory results (serum C-reactive protein [CRP], white 
blood-cell [WBC], and peripheral blood cultures) were also 
registered, as well as organisms cultured. Finally, type of sur-
gical treatment and outcome were recorded. 

Treatment (Figure 1)
The surgical treatment was chosen individually according to 
patient- and implant-specific conditions. A DAIR procedure, 
including exchange of modular parts, was considered when 
there had been a short period of symptoms (4–6 weeks) and 
with well-fixed implants. If these criteria were not fulfilled, 
revision surgery with removal of the implant, or lifelong anti-
microbial suppressive therapy, was considered. 6–8 tissue 
samples were obtained during surgery and cultured aerobi-
cally and anaerobically for 7 days. Empiric intravenous anti-
microbial therapy with vancomycin and a beta-lactam was 
started after the tissue samples were obtained. Upon identifi-
cation of the causative microbe, antimicrobial treatment was 
changed according to the pattern of antibiotic susceptibility. 

Antimicrobial treatment was given intravenously for 14 days 
followed by oral treatment typically continued for an addi-
tional 4 weeks. The patients were scheduled for follow-up at 6 
weeks and at 3 and 12 months after discharge. Radiographs of 
the joint and laboratory tests with sedimentation rate (ESR), 
CRP, and leucocyte count were routinely obtained. 

Outcome
The primary endpoint was free of infection at 1-year follow-
up. Success was defined as absence of clinical and laboratory 
signs of infection and no signs of loosening of the implant. We 
used the Delphi criteria to define failure within 1-year follow-
up (15): (i) recurrence of infection, (ii) subsequent surgical 
intervention, and (iii) death due to PJI.

Statistics
Descriptive statistical analyses were performed using SPSS, 
version 26 (IBM Corp, Armonk, NY, USA).

Ethics, data sharing, funding, and disclosures
Ethics approval from the institutional review board was 
obtained (20/19708). Data sharing is not possible. This 
research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sec-
tors. Completed disclosure forms for this article following 
the ICMJE template are available on the article page, doi: 
10.2340/17453674.2023.10312

Results
Demographic characteristics
We identified 43 consecutive patients with AHI during the 
study period. 26 of the patients were men, and median age 
was 75 years (range 43–92). The median ASA score was 3, 
and 31/43 were categorized as ASA score 3 or 4. Demographic 
data are presented in Table 1.

Clinical findings
28 of 43 of the AHIs were in a primary arthroplasty and the 
hip was the most affected joint (31/43). 15 of 43 implants had 
previously been revised, 5 because of infection. Infection-free 
period from joint replacement, either a primary arthroplasty 
or a revision, to treatment for AHI, was a median 6.5 years 
(range 0.3–23). Median duration of symptoms was 7 days 
(range 2–120), and 38 patients had had symptoms for less 
than 4 weeks. All patients had a painful joint. 22 patients pre-
sented with a fever and the median CRP was 229 mg/L (range 
3–571). 32 patients had a raised WBC >10 × 109/L, median 13 
(range 3.4–30). Median temperature was 37.6°C (range 35.6°– 
40.3°). A blood culture was obtained preoperatively in 38 of 
43 patients, with a positive culture identical to the microbe 
identified in biopsies from the joint in 22 of the infections. 
None of the patients presented with a sinus tract, but in all 40 

Acute hematogenous prosthetic joint infections 
between September 2013 and February 2020

n = 43

Fixed implant
n = 25

Loosening or severe polyethylene wear
n = 15

Severe comorbidity
n = 3

DAIR
n = 25

1- or 2-stage
revision

n = 9

Girdlestone
procedure

n = 5

Knee
arthrodesis

n = 1

Suppresive
antibiotic
therapy
 n = 3

Success
10/25

Success
9/9

Success
4/5

Success
1/1

Figure 1. Flowchart of treatment and initial outcome in 43 patients with 
AHIs.
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cases operatively treated there was purulence surrounding the 
implant during surgery. In 15/43 patients, there was a distant 
infection or a procedure predisposing to bacteremia identi-
fied and considered to be the source of the AHI (Table 2). The 
median follow-up was 22 months (range 0.1–96). The mortal-
ity rate was 8/43 at 2 years and 12/43 at the latest follow-up. 
Median time to death was 10 months. 

Microbiology
The AHIs were culture-positive in 41/43 cases. The most fre-
quently isolated organisms were Staphylococcus aureus and 
streptococcus species, but as many as 16 different microbes 
were identified (Table 3). No methicillin-resistant S. aureus 
(MRSA) or polymicrobial infections were found. 

Treatment
Surgical treatment was performed in 40/43 patients. In 3 
severely ill patients, no surgery but lifelong suppressive anti-
microbial treatment was chosen due to high surgical risk. 25 
infections were treated with a DAIR procedure, and modular 
components could be exchanged in 18 of the 25 DAIR pro-
cedures. Time from start of symptoms to DAIR procedure 
was median 7 days (range 2–120). The patient with 120 days 
of symptoms was an outlier where the implant was found 
not to be replaceable. The success rate of a DAIR procedure 
was 10/25. The failure rate was not affected by exchange 
of modular components. In 8 patients, the implants were 
loose, and hence not available for a DAIR procedure. Fur-
ther, in 1 patient the implant was old and with much wear, 
and a revision arthroplasty was also performed. 5 patients 
with increased comorbidity were not found fit enough to go 
through major revision surgery in 2 stages, and hence a resec-
tion arthroplasty (Girdlestone procedure) was performed 
with a successful outcome in 4/5 patients. In 1 patient, a knee 

arthrodesis in 2 stages was successfully performed. Median 
time to removal of implant was 10 days (range 4–35). Treat-
ment success of removal of the implant as the primary treat-
ment for AHI was 14/15, significantly better than that of a 
DAIR procedure (10/25). An overview of primary treatment 
outcome is presented in Figure 1. 

15 of the patients treated with a DAIR procedure failed the 
initial treatment. 9 of these 15 were successfully treated in a 
second procedure with either a 2-stage revision (n = 5), a new 
DAIR (n = 1), a Girdlestone procedure (n = 1), or a femoral 
amputation (n = 2). In 1 patient, a 2-stage revision was per-
formed with no success and followed by antibiotic suppres-
sion. In addition, 3 other patients were treated with suppressive 
antimicrobial therapy without a second surgical procedure. 2 
patients were treated with a second surgical procedure, a DAIR 
and a resection arthroplasty, but died shortly after surgery. 

While the median time from the index arthroplasty to onset 
of AHI was 6.5 years, the implant age was less than 2 years 
in 13 of the patients, of whom 12 were surgically treated. The 
success rate was poorer among these implants compared with 
the older implants, with a success rate of 4/12 versus 20/28, 
respectively. These young implants had also more often been 
previously revised for an infection, 4/13 versus 1/30. When 
comparing the implants successfully surgically treated with 
the failures, the mean implant age was likewise older in the 
success group, 111 months (SD 72) versus 47 months (SD 48).

Success rates following surgical treatment for AHI were 
lower among patients with an S. aureus infection (6/15 versus 
18/25), but this was not found when analyzing the DAIRs 
separately. No other associations between organism and treat-
ment outcome were found. The success rates were also lower 
overall in knee arthroplasties compared with hip arthroplas-
ties (3/10 versus 21/30). An overview of clinical findings and 
treatment outcome is presented in Table 4. 

Table 1. Demographic data of 43 patients 
with acute hematogenous periprosthetic 
joint infections. Values are count unless 
otherwise specified

Variable 

Age, median (range) 75 (43–92)
Female sex 17
ASA group, median (range)   3 (2–4)
ASA ≥ 3 31
Smoking   8
Diabetes   5
Cardiac disease   9
Renal failure   7
Malignancy   7
Immunosuppressed   7
BMI, median (range) 26 (17–47)
Alcohol/drug abuse   6
Obesity (BMI > 30)   9
 
ASA = American Society of Anesthesia score
BMI = body mass index.

Table 2. Distribution of primary focus of 
infection in 43 AHIs

Infectious focus n

Oral cavity 1
Cardiovascular system (TAVI, PM) 2
Skin and soft tissue 9
Urogenital tract 1
Gastrointestinal tract 1
Intervention (crista biopsy) 1
Unknown 28
 
TAVI = transcatheter aortic valve implantation 
PM = pacemaker.

Table 3. Microbiological findings in 43 AHIs

Bacteria n

Streptococcal species (all) 13
 β-hemolytic streptococcus 8
 Streptococcus dysgalactica 1
 Streptococcus oralis 2
 Streptococcus gordonii 1
 Streptococcus mitis 1
Staphylococcal species (all) 20
 Staphylococcus aureus 16
 Staphylococcus lugdunensis 1
 Staphylococcus capitis 1
 Staphylococcus epidermidis    2
Proteus mirabilis 1
Escherichia coli 2
Gemella morbillorum 1
Lactococcus garvieae 1
Parvimonas micra 1
Bacteroides ovatus 1
Corynebacterium 1
No growth 2
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Discussion

Our main finding was that the outcome following a DAIR pro-
cedure in patients with AHI was poor, and significantly lower 
than in patients treated with removal of the implant. 

There are some characteristics previously described, such 
as older patients, more comorbidities and a more prominent 
clinical presentation with fever, purulence, and highly elevated 
inflammatory markers (12,16). This is in line with our observa-
tions. Konigsberg et al. suggest that AHI may be a marker of 
poor general health that predisposes to infection. They reported 
a high 2-year mortality rate (25%) (17). We found a mortality 
rate of 28% (12/43) at the latest follow-up, and 8 of 43 (19%) 
had died within 2 years. These rates are higher than previous 
reports on mortality following PJI (13.6 % at 2 years) (18), but 
still lower than in patients with PJI following hemiarthroplasty 
for an acute hip fracture (47–50 % at 1 year) (19,20). 

The knee joint has previously been reported as more likely to 
be affected by AHI than the hip, often explained by the poorer 
soft-tissue envelope and larger metal surface (9,12,21,22). We 
found more hips than knees, which may be due to the rela-
tively low number of total knee arthroplasties compared with 
hip arthroplasties that have been performed over the years 
in Norway (23). We did find, though, that the success rate 
was poorer in knees compared with hips, 3/10 versus 21/30, 
respectively. This may be explained by more complicated 
surgery around the knee, a limited soft-tissue envelope, and 
a larger implant surface. Half of the knee prostheses in our 
series had previously been revised, which may further explain 
the poorer treatment result. A revision arthroplasty has been 
reported as a risk factor for DAIR failure (12).

Our results also confirmed the different and broad patho-
gen spectrum causing AHI reported by others (6,8). As acute 
postoperative PJIs are dominated by staphylococci and the 
rate of polymicrobial infections may be quite high (30%), the 
AHIs almost exclusively are monomicrobial (3,8,22). None of 
the infections in this present study was polymicrobial. 13/43 
(32%) of infections were caused by streptococci. This is in 

accordance with previous observations of streptococcal infec-
tions (33–39%) (8,12,17), all much higher than reported in 
acute postoperative PJIs (3). In total, 16 different organisms 
were identified in our series, dominated by virulent microbes, 
which may reflect the risk of bacteremia in patients with poor 
health status, and that some of the microbes, like streptococci, 
have an affinity for prosthetic implants. 

The source of infection was identified in only 15 of the 43 
patients, with skin infections as the most frequent. This is in 
line with previous findings, with cutaneous source reported to 
be a leading cause of AHI (15–26%) (8,17,22). The 2 infec-
tions with S. epidermidis were both associated with implanta-
tion of a vascular device, an observation also made by Rakow 
et al. (22). They suggested looking for the infection source 
in intravascular devices promptly when coagulase-negative 
staphylococci grow in blood culture. Identification of the 
source of infection varies between studies, and this may be 
caused by difficulties in identifying the source but may also 
reflect lack of a systematic search for the primary infection 
focus. Rakow et al. advocate a systematic work-up to identify 
the source of infection in order to avoid recurrence and to opti-
mize the treatment (22). 

A DAIR procedure is recommended as the treatment 
approach for postoperative PJIs and AHIs by current interna-
tional guidelines (10). However, several studies have reported 
unsatisfactory results in treating AHIs with a DAIR, with suc-
cess rates ranging between 44% and 57% (5,12,24,25). This was 
also confirmed in our study. The virulence of the microbes and 
the fact that the DAIR procedure in this situation is performed 
during a concomitant bacteremia and hence is prone to further 
bacterial seeding, may be a potential explanation for the poorer 
results. It could also be explained by continuous seeding of 
bacteria due to an unrecognized primary source of infection. 
Further, the health status of these patients often seems poor, 
which also may play a significant role. A DAIR procedure is 
for instance reported to be less successful in acute postopera-
tive infections following a hemiarthroplasty in elderly patients 
with a hip fracture, often explained by their poor host status 
and frailty (20,27). Finally, it is also a possibility that the infec-
tion is an acute manifestation of a chronic PJI and misclassi-
fied as an AHI. This latter may be supported by our findings of 
significantly poorer treatment results in patients in whom the 
implant was younger than 2 years, though this is not confirmed 
in prior studies (21,24,25). These patients had also more often 
previously been revised for an infection. 

While the results of a 1- or 2-stage revision are well docu-
mented, there are some concerns regarding the results when 
resection arthroplasty is applied as a salvage procedure fol-
lowing a failed DAIR procedure (27). We found that a 1- or 
2-stage revision arthroplasty seemed a safe option as the ini-
tial treatment, but also satisfactory as a salvage procedure. A 
2-stage procedure was performed successfully in 5 of 7 cases 
with a failed DAIR in our study. This finding is also sup-
ported by others (13,28). The success rate following implant 

Table 4. Clinical findings and treatment success in 40 surgically 
treated patients with AHIs. Patients treated nonoperatively (sup-
pression therapy) were not included (n = 3)

  Success Failure
Factor mean (SD) mean (SD)

BMI 26.5 (5.9) 27.4 (6.8)
Months from implantation 88 (73) 47 (48)
Days of symptoms 16 (24) 16 (26)
Serum CRP (mg/L) 216 (130) 248 (37)
Serum WBC (× 109/L) 13.4 (5.8) 13.7 (6.7)
Temperature (°C) 37.6 (1.1) 38.1 (1.2)

BMI = body mass index; CRP = C-reactive protein; 
WBC = white blood cell count.
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removal was good (14/15) and comparable to previous reports 
on resection arthroplasty (29,30). Due to the lack of reports on 
AHI treated with implant removal, the results are somewhat 
difficult to compare with identical patients, but a few series 
are reported. Rodríguez et al. treated 9 patients with a 2-stage 
revision, and 7 with a resection arthroplasty in a series of 50 
AHIs, with a success rate of 87% (5). Wouthuyzen-Bakker 
et al. reported on 20 1-stage, 78 2-stage, and 7 Girdlestone 
procedures as primary treatment of AHI. A significantly better 
outcome (75%) compared with DAIR (55%) was reported 
(13). Removal of the implant may hence be a safer treatment 
option for some patients with AHI and should probably more 
often be considered.

In our study, the success rate of S. aureus infections was 
6/15, significantly lower than in non-staphylococcal infections 
at 18/25. S. aureus has in general been associated with treat-
ment failure of PJI, especially after DAIR procedures (17,31), 
but in other studies this association has not been confirmed 
(12,16,24,32). Wouthuyzen-Bakker et al. found that staphylo-
coccus spp. had lower treatment success in AHIs compared 
with acute postoperative PJIs, and they suggest that a DAIR 
procedure in staphylococcal AHI should be reconsidered (25). 
The poor results in staphylococcal infection are explained by 
the virulence, the biofilm production, and frequent antibiotic 
resistance (17). In our series, none of the infections were due 
to MRSA, though. S. aureus also can remain dormant in a 
biofilm for years, and this may cause chronic infections to be 
misdiagnosed as AHI and hence explain a poorer result of a 
DAIR procedure (33). 

Strengths and limitations
There are several limitations to the study. Even though the 
patients were prospectively registered, the study has a retro-
spective design with its associated limitations. The sample 
size was relatively small, which limits the possibility for 
analysis. The diagnosis of AHI comes with uncertainties, 
and some infections may have been chronic infections. The 
types of antibiotics used were not registered. Our study also 
has some strengths. AHI is relatively rare, and the prospec-
tive registration of our cohort over 7 years results in one of 
the largest reported. We therefore believe that our cohort is 
representative of AHIs in general and that our findings reflect 
daily clinical practice.

Conclusion
AHIs treated with DAIR had lower treatment success com-
pared with implant removal. The majority of infections were 
caused by virulent microbes, and the mortality rate was high. 
Bacterial virulence, patient frailty, and continuous bacterial 
seeding to the joint from a distant source could all be contribu-
tory factors to our findings. Thus, the DAIR procedure may be 
a viable treatment option in some AHIs, but in patients with 
an implant age < 2 years, and in S. aureus infections, revision 
surgery with implant removal should be considered.

All authors contributed to the study design, interpretation of data and 
results, and the content of the final manuscript. ØTF collected the data. MW 
drafted the manuscript.
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