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Abstract
Background: Periprosthetic joint infection (PJI) is a severe complication following knee arthroplasty. Therapeutic strategies comprise a combination of
surgical and antibiotic treatment modalities and aim to eradicate the infection. Sometimes control of the disease can only be attained by above-knee
amputation (AKA). While a vast amount of literature exists illuminating predisposing factors for PJI, risk factors favoring the endpoint AKA in this context are
sparsely known.

Methods: The purpose of this investigation was to delineate whether patients with PJI of the knee present speci�c risk factors for AKA. In a retrospective case-
control study 11 cases of PJI treated with AKA were juxtaposed to 57 cases treated with limb salvage (LS). The minimum follow-up was two years.
Comorbidities, signs and symptoms of the current infection, factors related to previous surgeries and the implant, microbiology, as well as therapy related
factors were recorded. Comparative analysis was performed using student’s t-test, chi-square test or Fisher’s exact test. Binary differences were calculated
using odds ratio (OR). Reoperation frequency was compared using Mann-Whitney U test. In-depth descriptive analysis of 11 amputees was carried out.

Results: A total of 68 cases aged 71±11.2 years were examined, hereof 11 with AKA and 57 with LS. Severe comorbidities (p=0.009), alcohol abuse (p=0.015),
and preoperative anemia (p=0.022) were more frequently associated with AKA. Preoperative anemia was found in all 11 amputees (100%) and in 33 of 57 LS
patients (58%) with an average preoperative hemoglobin of 99.9±15.1 g/dl compared to 118.2±19.9 g/dl (p=0.011). No other parameters differed signi�cantly.
AKA patients underwent a median of eight (range 2-24) reoperations, LS patients a median of �ve (range 2-15).

Conclusion: Factors potentially in�uencing the outcome of knee PJI are diverse. The indication of AKA in this context remains a rarity and a case-by-case
decision. Patient-intrinsic systemic factors such as alcohol abuse, severe comorbidities and preoperative anemia may elevate the individual risk for AKA in the
setting of PJI. We recommend that anemia, being a condition well amenable to therapeutic measures, should be given special consideration in management
of PJI patients.

Trial registration: This study was registered with Kantonale Ethikkommission Zürich, (BASEC-No. 2016-01048).

Introduction
Periprosthetic joint infection (PJI) is a rare but severe complication following knee arthroplasty with an overall incidence of approximately 1–2% [1–3]. It is one
of the most common indications for revision surgery [4, 5]. Therapeutic strategies comprise a combination of surgical and antibiotic treatment modalities and
aim to eradicate the infection while salvaging life and limb. Surgically, there are essentially three different methods to employ: (1.) irrigation, debridement and
implant retention with exchange of the polyethylene liner (often referred to as DAIR (debridement, antibiotics and implant retention)), (2.) one-stage exchange
arthroplasty, and (3.) two-stage exchange arthroplasty, each complemented by targeted antibiotic therapy. The choice of strategy is subject to several decisive
factors including timing, host pro�le, and causative microorganism. At our institution, the �rst option is employed as standard of care in cases of early
postoperative or acute hematogenous infection without signs of implant loosening (within 30 days of prosthesis implantation or duration of symptoms < 3
weeks) [6–8]. However, failure rates of treatment with implant retention are reported to be high - especially in the presence of certain microorganisms such as
coagulase-negative staphylococci. Careful patient selection should be emphasized [9, 10]. The choice between single-stage and two-stage exchange
arthroplasty for treatment of delayed or chronic PJI (beyond 30 days of prosthesis implantation or duration of symptoms > 3 weeks) is currently widely and
controversially discussed [11]. While the former is now viewed as a “reasonable option for the treatment of PJI in circumstances where effective antibiotics are
available” by the International Consensus Group on Peri-prosthetic Joint Infection [8], we have up to this point been favoring the latter as the standard
treatment in this context with a reported overall success rate of 87% as summarized in a 2005 review by Sia et al. [12].

In certain patients, however, the above-mentioned treatment strategies fail. Some of which qualify for knee arthrodesis, in others control of the disease can
only be attained by above-knee-amputation (AKA). Based on data retrieved from the US Medicare Inpatient Claims Database, a 2017 survey by Son et al. that
included 44 466 cases of PJI of the knee documented between 2004 and 2015, reported as many as 4 % of patients having to undergo AKA in this context, and
even a 7 % risk for AKA at 10 years from diagnosis of PJI [13]. At our institution we recently observed an increased rate of AKA for treatment of knee PJI,
drawing focus to the subject. On inspection we found an overall rate of 8.5% during an observation period of 11 years. A total of 129 cases of PJI were
surgically treated, 11 of which were amputated. The implications of the procedure are grave. Functional outcome is generally poor [14, 15], while postoperative
mortality is reported to be high, ranging from 50 to 60 % at one year postoperatively [16, 17]. Those who survive often forfeit their independence and are
henceforth reliant on assistance [14, 18].

There is a vast amount of literature treating the subject of PJI, speci�cally as to predisposing or associated factors that may increase a patient’s risk to
develop this devastating complication [19, 20]. As such, a series of comorbid conditions as well as some therapy related factors are known. In which of the
affected patients, however, do we fail to preserve the limb while treating the PJI? Within this investigation we aimed to delineate whether or not patients who
undergo AKA for treatment of PJI of the knee present speci�c risk factors, either patient related or associated to our treatment. Are there factors that – once
identi�ed – would be either amenable to treatment or that would otherwise in�uence medical decision-making and action? In addition to answering these
study questions, we carried out an in-depth descriptive evaluation of the 11 amputees.

Methods
This study was carried out in a university hospital setting. A search inquiry of the institutional database using the appropriate search terms (knee AND septic
arthritis/prosthetic joint infection) identi�ed a total of 129 cases who had undergone surgical treatment of knee PJI between 2005 and 2015, thereof 11 with
AKA and 118 with limb salvage (LS). As seamless documentation was considered crucial to the project, completeness of patient records was �rst veri�ed. In
this process it was noted that earlier years’ digital patient records were in part incomplete, rendering their inclusion into data analysis little bene�cial. While all
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11 AKA cases were well documented and consequently included in the study, the same was not the case for all LS patients. Therefore, in order to form a
representative control group, we selected the 66 most recent LS cases, consecutively. Further processing led to the exclusion of nine more cases due to
incomplete medical records, ultimately leaving 57 LS cases for evaluation. Subsequently, by means of a retrospective case-control study, 11 cases of PJI
needing AKA were juxtaposed to 57 cases of PJI with LS. The minimum follow-up was two years, with the �rst septic revision surgery being de�ned as point
zero. Patients’ informed consent and the approval of the responsible ethics committee (Kantonale Ethikkommission Zürich, BASEC-No. 2016 − 01048) were
obtained.

The presence of PJI was established by applying the de�nition of the International Consensus Group from 2013, thus by con�rming the presence of one of two
major criteria (two positive periprosthetic cultures with phenotypically identical organisms or a sinus tract communicating with the joint) or by presence of
four minor criteria ((1.) elevated serum C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR), (2.) elevated synovial �uid white blood cell (WBC)
count, (3.) elevated synovial �uid polymorphonuclear neutrophil percentage (PMN%), (4.) a single positive culture) [21].

Data acquisition included (1.) demographics and comorbidities represented by the American Society of Anesthesiologists (ASA) classi�cation system [22] and
the Charlson comorbidity score [23], (2.) disease related factors including pre- and perioperative clinical and laboratory parameters, the acuity of the
symptomatology as well as microbiological aspects, (3.) factors related to previous surgeries and the implant, and, (4.) therapy related factors such as
revision strategy, number of surgeries, and details of antibiotic treatment. The reference date for all clinical and laboratory parameters was the day of
hospitalization for treatment of PJI. Surgeries involving the removal, and/or replacement of prosthetic components/cement spacers, as well as temporary or
de�nite arthrodesis were de�ned as major revisions. All other surgeries, usually washouts addressing only the skin and subcutaneous layer, were de�ned as
minor reoperations.

Subsequently, subgroup analysis was performed. Results of patients with AKA were compared to those of patients with LS. Furthermore, in-depth descriptive
analysis of the 11 amputees was carried out.

Descriptive statistics were used to outline patient demographics and characteristics. Continuous variables are presented as mean with standard deviation for
normal distribution, and as median with range for non-normal distribution. Normal distribution was tested using Kolmogorow-Smirnov test with Lilliefors
adaption. Categorical variables are presented by frequency. Differences between groups were tested with student’s t-test, chi-square test or Fisher’s exact test,
as applicable. Binary differences were calculated using odds ratio (OR). Revision and reoperation frequency was compared using Mann-Whitney U test. P < 
0.05 was considered statistically signi�cant.

Results
During an 11-year observation period a total of 129 cases of PJI of the knee were surgically treated at our institution, 11 of which received AKA, hence 8.5%. All
11 amputation cases as well as a representative cohort of 57 limb salvage cases were included in this study. Among the latter, seven lower limbs were
salvaged by knee arthrodesis, the others by (staged) revision arthroplasty. Results are presented for the total of examinees with subgroup results added where
statistical signi�cance is present.

Subgroup analysis: AKA versus LS
A comprehensive summery of all outcome parameters is illustrated in Table 1.
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Table 1
Comprehensive summery of all outcome parameters with subgroup analysis AKA versus LS

  all patients (n = 68) AKA (n = 11) LS (n = 57) p

n (%) mean ± n (%) mean ± n (%) mean ±

DEMOGRAPHICS  

Gender female 37 (54)   6 (56)   31 (54)   0.992

male 31 (46)   5 (45)   26 (46)  

Patient age at index surgery   71.0 ± 11.2   67.4 ± 14.3   71.7 ± 10.5 0.249

BMI (kg/m²)   30.6 ± 8.2   29.5 ± 11.5   30.8 ± 7.5 0.619

Smoker 16 (24)   5 (45)   11 (19)   0.061

Alcohol abuse 3 (4)   2 (18)   1 (2)   0.015

ASA 1 0 (0)   0 (0)   0 (0)   0.009

2 27 (40)   1 (9)   26 (46)  

3 36 (53)   10 (91)   26 (46)  

4 5 (7)   0 (0)   5 (9)  

Charlson Score ≥ 3 13 (19)   4 (36)   9 (16)   0.112

DISEASE RELATED FACTORS  

Type of infection acute/early 47 (69)   9 (82)   38 (67)   0.439

chronic/delayed 18 (26)   2 (18)   16 (28)  

unknown 3 (4)   0 (0)   3 (5)    

Joint �stula present 11 (16)   1 (9)   10 (18)   0.486

Anemia* 44 (65)   11 (100)   33 (58)   0.022

Hemoglobin (g/dl)   115 ± 21   98 ± 15   118 ± 20 0.011

CRP (mg/l)   130 ± 113   119 ± 106   132 ± 115 0.736

WBC (n x 109/l)   10 ± 4   9 ± 3   11 ± 5 0.355

Positive blood cultures 18 (26)   4 (36)   12 (21)   0.273

Joint aspirate: leucocyte cell count (n/mm3)**   32920 ± 33028   68030 ± 11652   21230 ± 16329 0.404

Microbiology: monomicrobial 41 (60)   7 (64)   34 (60)   0.976

polymicrobial 19 (28)   4 (36)   15 (26)   0.497

culture negative 6 (9)   0 (0)   6 (11)   0.260

  incomplete records 2 (3)   0 (0)   2 (4)    

Resistance pattern pansensitive 35 (51)   4 (36)   31 (54)   0.148

resistances present 10 (15)   1 (9)   20 (35)  

multiresistent 23 (34)   6 (56)   17 (30)  

IMPLANT/PREVIOUS SURGERY RELATED FACTORS  

Knee surgery prior to KA 17 (25)   3 (27)   14 (25)   0.849

Patient age at KA implantation   67.2 ± 11.3   63.6 ± 15.2   67.9 ± 10.5 0.249

Primary implantation extern 15 (22)   3 (27)   12 (21)   0.649

Type of implant unicompartimental 1 (1)   0 (0)   1 (2)   0.658

PS/CR 53 (78)   7 (64)   46 (81)   0.211

hinged 11 (16)   3 (27)   8 (14)   0.275

megaprosthesis 3 (4)   1 (9)   2 (4)   0.409

Revision prosthesis 14 (21)   3 (27)   11 (19)   0.549

TREATMENT RELATED FACTORS  
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  all patients (n = 68) AKA (n = 11) LS (n = 57) p

n (%) mean ± n (%) mean ± n (%) mean ±

External intervention 22 (32)   5 (45)   17 (30)   0.310

Blood transfusion 23 (34)   6 (56)   17 (30)   0.122

*The world health organization identi�es anemia as hemoglobin thresholds of 12.0 g/dl for non-pregnant women and 13.0 g/dl for men.

**Joint aspiration was carried out in 62 cases.

 

Regarding patient demographics the following results were found: Thirty-seven women and 31 men, aged 71 ± 11.2 at the time of the index surgery, were
examined. The mean BMI was 30.6 ± 8.2 kg/m². Sixteen patients (24%) were smokers; nicotine abuse tended to be more frequent in the AKA group (5 (45%) vs.
11 (19%); p = 0.061). Three patients (4%) suffered from alcohol abuse, in two of which limb salvage failed, associating alcohol abuse with AKA (2 (18%) vs. 1
(2%); p = 0.015). Concerning comorbidities as measured by ASA grading we surgically treated 27 (40%) with ASA 2, 36 (53%) with ASA 3, and 5 (7%) with ASA
4. No ASA 1, 5 or 6 patients were treated. Comparative subgroup analysis, as presented in Table 2, found one AKA case (9%) and 26 LS cases (46%) to be
classed as ASA 2, and ten AKA cases (91%) and 26 LS cases (46%) to be classed as ASA 3. Five LS cases (9%) were classed ASA 4. The OR for ASA 3 patients
versus the remainder of patients was 11.92 for AKA versus LS. Fisher’s exact test showed that ASA 3 patients have a signi�cantly higher risk for AKA than ASA
2 patients (p = 0.0174). Pearson’s chi-squared test con�rmed the severity of comorbidities based on ASA scoring to be higher in the group with AKA (p = 0.009).
No statistic difference was found when using the Charlson comorbidity score for assessment of severity of comorbidities.

Table 2
Analysis of ASA scores

  AKA (n = 11)

n (%)

LS (n = 57)

n (%)

prevalence in AKA group (%) odds ratio

(OR)

p

ASA 2 vs. 3 (Fisher's exact test)

ASA 2 1 (9) 26 (46) 3.70 0.12 0.0174

3 10 (91) 26 (46) 27.78 11.92

4 0 (0) 5 (9)   0  

 

Forty-seven cases (69%) suffered of an acute/early, 18 (26%) of a chronic/delayed infection. In three cases (5%) duration or time of appearance of symptoms
was not known. No association between timing of disease and choice of index procedure was observed. In 11 cases (16%) a joint �stula was present.
Preoperative anemia [24] with hemoglobin levels lower than 120g/l in women, and lower than 130g/l in men, respectively, was found in 44 cases (65%) and
was signi�cantly more often associated with AKA than with LS (11 (100%) vs. 33 (58%); p = 0.022) with an average preoperative hemoglobin level of 99.9 ± 
15.1 g/dl in the AKA group, compared to 118.2 ± 19.9 g/dl in the LS group (p = 0.011). No other blood parameter differed signi�cantly. Preoperative joint
aspiration rendered a mean leucocyte cell count of 32920 ± 33028/mm3 with granulocytes being the predominant cell type in all aspirates.

Bacteriological testing revealed 41 mono- and 19 polymicrobial infections (60%, 28% respectively). Six PJI (9%) were culture negative. In two cases records
were incomplete. The most commonly isolated germs were staphylococci (14 s. aureus, 17 coagulase-negative staphylococci). Other types of causative
bacteria were streptococci, enterobacteria such as e. coli and e. cloacae, and anaerobic bacteria such as c. acnes and corynebacteria. One patient presented
with a PJI caused by francisella tularensis, another with a fungal infection caused by candida albicans. A complete list of the identi�ed microorganisms is
provided in Table 3. No association between mono- versus polymicrobial infections and type of index procedure was found, neither between antibiotic
resistance pattern and index procedure. The small number of pathogens did not allow for statistical analysis of different species.
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Table 3
Bacteriological analysis

  all patients (n = 68) AKA (n = 11) LS (n = 57)

n (%) n (%) n (%)

MONOMICROBIAL 41 (60) 7 (64) 34 (60)

Staphylococcus aureus 13 (19) 1 (9) 12 (21)

Coagulase negative staphylococci 16 (24) 2 (18) 14 (25)

Streptococcus species 4 (6) 2 (18) 2 (4)

Enterobacteriaceae      

E coli 3 (4) 0 (0) 3 (5)

E. cloacae 1 (1) 0 (0) 1 (2)

Anaerobic bacteria      

C. acnes 1 (1) 0 (0) 1 (2)

Corynebacterium striatum 1 (1) 1 (9) 0 (0)

Francisella tularensis 1 (1) 0 (0) 1 (2)

Candida albicans 1 (1) 1 (9) 0 (0)

POLYMICROBIAL 19 (28) 4 (36) 15 (26)

CULTURE NEGATIVE 6 (9) 0 (0) 6 (11)

INCOMPLETE RECORDS 2 (3) 0 (0) 2 (4)

 

Analysis of factors regarding the type of implant, previous surgeries, and certain aspects of treatment did not yield any signi�cant results.

Revision and reoperation frequencies are illustrated in Table 4. The AKA patients underwent a median of eight (range 2–24) surgeries, involving four (range 1–
12) super�cial reoperations or washouts and four (range 1–13) major revisions. The LS patients underwent a median of �ve (range 2–15) surgeries, involving
two (range 1–6) minor reoperations and three (1–9) major revisions. The AKA group tended to have more minor reoperations (p = 0.061).

Table 4
Revision and reoperation frequencies, AKA versus LS

  AKA (n = 11) LS (n = 57) p

Median Min Max Median Min Max

Surgeries (total) 8 2 24 5 2 15 0.194

Minor reoperation 4 1 12 2 1 6 0.061

Major revision 4 1 13 3 1 9 0.380

 

Eleven cases treated with AKA
Figure 1 shows the chronological sequence of events for the 11 examined amputees. A median of 31 months (range 1.5 months – 13 years) passed between
total knee arthroplasty (TKA) and diagnosis of PJI. From time of start of treatment - marked by the �rst revision surgery - until AKA, time spans of 13 days up
to 8 years went by. During this time most patients had to undergo multiple surgeries (median 8, range 2–24). Time between TKA and AKA was a median of 73
months (range 2.5 months – 13 years).

The mean age at amputation was 67.4 ± 14.3 years. There were six females and �ve males. Case eight and eleven are the same person; this patient eventually
underwent bilateral AKA in the presence of knee PJI.

As illustrated in Table 5, almost all patients suffered from multiple comorbidities and immunosuppressive conditions such as diabetes, morbid obesity,
chronic pulmonary and cardiovascular diseases, and recurrent infections. Three (8, 10, 11) suffered from rheumatoid arthritis or chronic arthralgia with long-
term treatment with steroids and/or disease-modifying antirheumatic drugs. One patient (3) had been diagnosed with myelodysplastic syndrome shortly after
implantation of TKA and had therefore been placed under immunosuppressants. One patient (7) was a polytoxicomaniac with chronic hepatitis A/B/C as well
as infection with human immune de�ciency virus (HIV). Absence of systemic diseases was observed in only one case (4); this patient, however, had previously
received a megaprosthesis with interpolated gastroc-/soleus-�ap for a Gustilo 3C [25] open tibial plateau fracture. He was also one of two patients with
documented alcohol abuse.
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Table 5
Overview 11 patients with AKA for PJI

  age
at
AKA

gender BMI
(kg/m²)

smoker alcohol
abuse

ASA relevant
comorbidities,
patient
particularities

type of
infection

initial
strategy

anemia Hb
(g/dl)

microrga-
nism(s)

surg
(tot

1 86 f 44.4 no no 3 DM, AH, morbid
obesity, severe
malnutrition,
inguinal mykosis,
CRI, ncnc anemia,
UTI

chronic/
delayed

AKA yes 109 CNS 3

2 77 f 51.9 no no 3 AH, AF, morbid
obesity, severe
malnutrition, COPD,
s/p ARI, inguinal
mycosis, ncnc
anemia, thyroid
dysfunction,
recurrent UTI, s/p
sepsis
(Enterobacter)
faecium)

acute/
early

DAIR yes 79 polymicrobial 4

3 84 m 26.8 no no 3 Myelodysplastic
syndrome with
anemia;
immunosuppressive
therapy with
Azacitin and
steroids; unclear
lung disease
(Asbestosis?)

acute/
early

staged
revision
arthroplasty

yes 88 strept. sp. 2

4 54 m 25.8 yes yes 2 indication for TKA:
open tibial plateau
fracture with
neurological
compromise
(Gustilo 3C), treated
with
megaprosthesis
myocutaneus �ap
andinterpolated
gastroc/soleus�ap

acute/
early

AKA yes 128 anaerobic
bact.

3

5 74 f 43.8 no no 3 AH, sick-sinus-
syndrome, CRI,
inguinal mycosis,
recurrent PE, COPD,
CVI, ncnc anemia

acute/
early

staged
revision
arthroplasty

yes 101 CNS 8

6 88 f 18.6 yes no 3 DM, iron de�ciency
anemia, carotis
bifurcation stenosis,
PAOD, CVD, CHF, AF,
recurrent UTI

acute/
early

DAIR yes 93 Staph aureus 5

7 49 m 22.5 yes no 3 HIV, Hepatitis
A/B/C,
polytoxicomania,
tricuspid
insu�ciency, COPD,
beta thalassemia,
bilateral pneumonia

acute/
early

AKA yes 89 Candida
albicans

8

8 72 f 23.3 no no 3 RA treated with
Methotrexate and
Humira;
anticoagulation for
recurrent PE;
bilateral AKA for PJI

acute/
early

DAIR yes 98 polymicrobial 21
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  age
at
AKA

gender BMI
(kg/m²)

smoker alcohol
abuse

ASA relevant
comorbidities,
patient
particularities

type of
infection

initial
strategy

anemia Hb
(g/dl)

microrga-
nism(s)

surg
(tot

9 49 m 22.8 yes yes 3 epilepsy, gastric
ulcer, s/p
postoperative MOF

acute/
early

DAIR yes 98 polymicrobial 17

10 62 m 21.1 yes no 3 DM, AH, s/p middle
lobectomy for
pulmonary
squamous cell
carcinoma, CVI,
steroids for
polyarthralgia,
lingual carcinoma,
GERD

chronic/
delayed

staged
revision
arthroplasty

yes 77 polymicrobial 14

11 71 f 23.3 no no 3 RA treated with
Methotrexate and
Humira;
anticoagulation for
recurrent PE;
bilateral AKA for PJI

acute/
early

DAIR yes 114 strept. sp. 24

 

Regarding the type of infection nine cases were classi�ed as early or acute PJI and two as chronic or delayed PJI. All patients were anemic at time of
admission to hospital with a mean hemoglobin level of 97.3 ± 15.1 g/dl. Four PJI were polymicrobial, three were caused by staphylococci (2 coagulase
negative staphylococci (CNS), 1 s. aureus), two by streptococci, one by anaerobic bacteria and one by c. albicans. The latter was found in the aforementioned
patient with HIV.

Patients underwent between 2 and 24 surgeries in total. Three cases went directly on to AKA. In �ve cases the initial treatment strategy consisted of DAIR, in
three cases of staged revision arthroplasty. The respective indication for amputation was uncontrollable local and/or systemic infection, often in combination
with mechanical problems such as insu�cient bone stock or chronic dislocation, or with concomitant direct in�uencing factors such as peripheral arterial
occlusive disease (PAOD). In each individual case, AKA was considered as a last resort.

Discussion
With ageing of society as well as the advances of modern medicine and modern orthopedics, the volume of joint replacements that are performed has risen
tremendously and will continue to increase [26, 27]. Inevitably, the number of complications to treat will augment simultaneously. PJI is one of the most
common complications necessitating re-intervention and is associated with high morbidity and mortality. A recently published article by Kurtz et al. found PJI
to be associated with a 5-year overall survival of only 71.7% for the knee, and 67.2% for the hip, respectively, putting PJI in the second leading place overall in
terms of mortality rate, surpassed only by cancer [1].

Treatment of PJI aims to eradicate the infection while salvaging life and limb. In very few cases, though, therapy may fail in spite of adequate intervention,
which in most cases comprises (staged) revision arthroplasty alongside pathogen-directed antibiotic coverage. In this event, the otherwise in the context of
trauma applied principle of “life before limb” may have to be extended to the situation of PJI and infection control by AKA may have to be considered. George
et al. [28] recently published that the incidence of AKA related to PJI in the USA almost quadrupled between 1998 and 2013. Notably, AKA in this context
multiplies mortality [15, 29]. Furthermore, low functional status has to be anticipated with at best half of the surviving patients reaching the ability to walk [14,
15].

In view of the subject matter’s grave implications and its relevance to a growing number of patients, this study was conducted with the objective to �nd out
whether or not there are patient- or treatment-associated elements that would indicate those patients at risk of ending up with AKA. And if so: are these
elements accessible to treatment or could their recognition otherwise change our medical decision-making?

Previously published literature concentrated on identifying comorbidities and other patient characteristics, as well as perioperative in�uencing factors that are
commonly associated with the development of PJI. Various comorbidities have been found linked to PJI, i.e. chronic cardiovascular, pulmonary and renal
conditions, preoperative anemia, diabetes, depression and psychoses, obesity, rheumatologic disease, metastatic tumor, male gender, and higher comorbidity
scores [1, 30, 31], but also the exposure to previous surgery [32]. Furthermore, measures such as antibiotic prophylaxis, surgical site preparation and operating
room environment, improved control of post-operative glycaemia, appropriate management of malnutrition, preoperative anemia, and smoking cessation have
been proven to minimize risk of PJI [1, 3, 31, 33]. In our daily practice of primary TKA implantation, we routinely assess individual patient risk and implement
named measures in order to minimize infection rates. Nevertheless, PJI cannot always be avoided and we then �nd ourselves having to treat complex patients
presenting this challenging complication. Using the earlier mentioned protocols, treatment is in most cases successful. Publications concerning risk factors
for PJI treatment failure, and speci�cally in�uencing factors of AKA in the context of PJI, are sparse. Kurtz et al. identi�ed male gender, heart disease and
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higher Charlson comorbidity index as the most strongly associated patient related factors with PJI treatment failure [1]. Son and colleagues’ results overlapped
partially with these �ndings. Yet, his group proposed that economical motives, region of residence, as well as surgical volume of the respective institution
further played a role [13].

This current study con�rms that patients with a more severe comorbid pro�le are at higher risk of having to undergo AKA than those in better general health.
Amongst our study population, the distribution of ASA scores between the AKA and the LS subgroup differed signi�cantly (p = 0.009). In order to quantify and
thereby illuminate the relationship between ASA and AKA, comparative analysis was undertaken. For reasons of statistical feasibility we looked particularly at
all cases classed ASA 2 and 3 – in other words patients with mild systemic disease without functional limitations and patients with severe systemic disease
presenting functional limitations. While only one out of 27 ASA 2 patients failed limb salvage, 10 out of 36 ASA 3 patients ended up with AKA, yielding a
signi�cant difference in prevalence of 4% versus 28%. ASA 3 patients were almost 12 times more likely to experience AKA than the rest (OR = 11.92). Notably,
no statistic difference was found when using the Charlson comorbidity index, another tool that is commonly used for risk strati�cation in orthopedic surgery
[13, 23, 34, 35]. While the discrepancy of our results concerning ASA and Charlson score was somewhat surprising, we learned that other authors have made
similar observations. Various researchers have stated that the ASA system may be a better predictor for adverse events than the Charlson score [36, 37] which,
despite its formulaic collection of number and severity of conditions, seems to lack clinical applicability.

Alcohol abuse was identi�ed as an additional statistically signi�cant variable. While this seems logical, the validity of this �nding may be questioned due to
the low number of patients.

Within our patient collective, 100 % of AKA cases were anemic at time of admission to hospital for treatment of PJI, whereas only 58 % of the LS patients (p = 
0.022) presented hemoglobin parameters inferior to the threshold values de�ned by the World Health Organization (WHO) which are 120 g/dl for women and
130 g/dl for men [24]. The average hemoglobin was 99.9 ± 15.1 g/dl in the amputees, as opposed to 118.2 ± 19.9 g/dl in the controls (p = 0.011). Etiologically,
we assume anemia of chronic disease to be the most common type of anemia amongst the studied patient collective. This assumption applies with regard to
both groups. Differentiated laboratory testing for sub-diagnosis of anemia was not performed. A correlation to the duration of symptoms of infection was not
demonstrated and the duration of symptoms did not signi�cantly differ between the two groups. Notably, preoperative anemia has previously been found to
increase the risk to develop PJI in patients undergoing total joint replacement [38]. Subsequently, a 2017 study by Lu et al. demonstrated - by means of a
multivariate regression model directed to evaluate the effect of anemia in the context of septic revision surgery - that anemia was associated with an
increased risk of complications, amongst them persistence of local deep infection, sepsis and septic shock [39]. As described above, treatment of these septic
complications may, in turn, sometimes necessitate AKA in order to eliminate the primary infection site. Thus, our study illustrates one of the possible
consequences of Lu’s �ndings and thereby underpins his conclusion to regard preoperative anemia as an important clinical risk factor in patients with PJI. We
deduce that early recognition of the problem will allow for timely introduction of adequate causative treatments such as supplementation of vitamins, iron, or
erythropoietin, amelioration of comorbidities that are commonly associated with anemia, and/or allogeneic blood transfusions [40]. Nevertheless, at this point
we can neither imply that better pre- and perioperative blood management would have a positive impact on the outcome, nor that non-responding to treatment
of anemia in patients with PJI could be an indicator of limb salvage failure.

On a qualitative level, it should be remarked that some of the amputees presented circumstances of sorts that may have rendered them particularly prone to
infectious complications. Immunosuppression, as a consequence of disease and/or immunosuppressive therapy was, whilst no speci�c scoring was applied,
widely observed amongst the AKA patients. Named by way of example, there was a polytoxicomaniac with HIV and hepatitis A/B/C in whom a monomicrobial
PJI caused by candida albicans was diagnosed. As has been found, drug abuse is a predisposing factor for fungal PJI [41]. Moreover, as we have previously
published, patients with illicit drug abuse and concomitant HIV and/or hepatitis present a catastrophic incidence of AKA and arthrodesis in case of knee PJI
[42]. Several other patients were severely immunocompromized, one of which acutely with myelodysplastic syndrome which was diagnosed shortly after TKA
implantation, and was treated by Azacitidine and steroids (3). By the time of presentation at our institution, this patient was septic and his infection had
extensively disseminated from the prosthetic knee joint into the soft tissues of the lower leg leading to non-vital musculature and thus the impossibility of
local infection control. Speaking of which, the importance of the integrity of the periarticular soft tissues in the context of knee joint replacement and
treatment of PJI has been reported before; regarding this subject, authors have described poor wound conditions, preexisting scars or dystrophic skin as
relevant risk factors for potentially devastating complications including the need for amputation [43, 44]. In our patient cohort, case 4, a young patient, who
had initially received primary plastic reconstruction simultaneously with the implantation of a megaprothesis for treatment of an open fracture, and who
continued to have bad soft tissue conditions, exempli�es this.

With respect to additional surgeries, we found that the frequency differed between AKA and LS patients. Statistical analysis showed a trend towards an
elevated number of minor reoperations involving the skin and subcutaneous layer in the AKA group. Furthermore, we observed that the majority of the
amputees had to endure an unreasonable seeming total number of surgeries - a median of eight, but up to 24 in one case. Five of them started out with an
attempt of implant retention (DAIR) that later failed. In retrospect, the burden of �rst having to bear such a high number of surgeries in conjunction with
intravenous antibiotic therapy in a hospital environment, and to then nonetheless having to undergo AKA, an intervention associated with a 1-year mortality of
at least 50 to 60% [15–17, 29], seems very high. Our observations also prompt the consideration of whether DAIR is an adequate strategy for patients with
severe comorbidities and immunocompromise, even in case of acute PJI. Such patients may be candidates for being assigned to the staged revision
arthroplasty route of treatment, regardless of the reported symptom duration. Motivated by both this formal investigation and our clinical experience, we
henceforth consider the idea of AKA as a sort of de�nite treatment option at an earlier stage. Along the same lines, Khanna et al., who have assessed patient
satisfaction following AKA for chronically infected TKA, recommended discussing the option of AKA after a maximum of six surgeries. His group had found a
high percentage of satisfaction among their seven amputees; six of which would have chosen to have the amputation sooner, given the choice [18].

This study has a number of limitations. Firstly, the study population is relatively small and heterogeneous, while the amount of examined in�uencing factors is
vast. This is, on the one hand, due to the fact that the prevalence of AKA for treatment of PJI remains a rarity despite its aforementioned increase. On the other
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hand, the inclusion of a large spectrum of parameters was indispensible by reason of the complexity of the affected patients. While statistic signi�cance and
trend should therefore be viewed with some reservation, our numeric results appear nonetheless corresponding to clinical observations, clinical experience and
common sense. Beyond statistics, we were also able to offer detailed qualitative clinical information and laboratory results. Consequently, we consider our
results valuable to future treatment of PJI patients. A multi-center study with a larger study population could allow for con�rmation of our conclusions.
Secondly, we were not able to enclose the entirety of patients treated for PJI at our institution during the examination period due to incomplete patient records
in the earlier years. While we included AKA from 2005 to 2015, the LS control group consisted of patients from 2009 to 2015. Hence, no prevalence of
successful revision TKA, versus joint fusion, versus AKA was recordable. Thirdly, as a result of the study’s retrospective nature, the accuracy of our data is
limited to the information recovered from the institution’s medical records.

Conclusion
Factors potentially in�uencing the outcome of knee PJI are diverse. The indication of AKA in this context remains a rarity and a case-by-case decision. Our
analysis suggests that presence of severe comorbidities and immunosuppressive conditions, alcohol abuse, and preoperative anemia may favor the necessity
of AKA in patients with PJI. Regarding clinical practice we draw the following conclusions:

First, we constitute that patients being investigated for suspicion of PJI, especially those without urgent indication for surgical intervention and thus time for
preoperative blood management, should undergo differentiated testing for anemia early in the diagnostic process. Consequentially, adequate causative
treatments and/or allogeneic blood transfusions can be introduced timely before exposing the patient to the arduous PJI treatment. Future studies are needed
to examine whether such measures for preoperative optimization of hemoglobin have the potential to improve outcome and possibly help avoid LS failure.

Second, we acknowledge that, in this study population, patients categorized ASA 3 were almost 12 times more likely to experience AKA than patients with
lower ASA category. Great value should therefore be attributed to the anesthesiologist’s preoperative evaluation of patients’ overall health, which is based both
on known diagnoses, but also on patients’ functional limitations at time of treatment. We suggest that severely ill patients (ASA ≥ 3) and patients with
immunosuppressive conditions or long-term medication deserve special consideration when being assigned to a treatment route. It may be advisable to
generously indicate staged revision arthroplasty - as opposed to DAIR - regardless of the reported symptom duration. Moreover, all possible measures to
improve subjects’ overall constellation should be taken.

Subsequent to this current study we are going to follow-up on our amputees in order to provide their mid-term outcome after AKA in the presence of PJI of the
knee, and to further explore the repercussions of our �ndings on our clinical practice.
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Figures

Figure 1

illustrates the chronological sequence of events for the 11 patients having undergone AKA in the context of PJI. * 9 early/acute, 2 chronic/delayed PJI.


