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Abstract

Background: Septic knee arthritis in pediatric patients is rare; however, timely diagnosis and treatment is key in
preventing damage to articular cartilage and other structures in the joint. Risk and prognostic factors associated with
treatment failure have not yet been studied in this patient population. In this study, we aim to assess how various lab and
clinical findings at time of initial presentation associate with need for subsequent debridement among pediatric septic
knee patients.

Methods: This is a retrospective, single-center, case—control study comparing patients who did and did not receive
subsequent irrigation and debridement for septic arthritis of the knee. Risk factors were assessed through univariate
comparisons, utilizing chi-squared tests, t-tests, and Fisher-exact tests, as appropriate. Multivariate logistic regression
and area under the receiver operating characteristic (AUROC) analysis was used to assess discriminatory ability of
identified risk factors. Significance was defined as p <0.05.

Results: A total of 4] patients were included in this study, of which 18 underwent subsequent debridement. Patients
requiring subsequent debridement had higher rates of positive blood culture (43.8% vs. 6.7%, p=0.04), positive synovial
cultures (66.7% vs. 26.1%, p=0.01), and synovial white blood cell counts (WBC) > 100,000 cells/L (53.3% vs. 20.0%,
p=0.04). When these three variables were placed in a logistic model, an AUROC of 0.82 was observed (95% confidence
interval: 0.64-0.99)

Conclusions: Positive blood and synovial cultures, and synovial WBC > 100,000 cells/L, were identified as significant
prognostic factors for subsequent septic knee surgery. Clinicians should consider these factors when counseling patients
and caregivers about risk for subsequent debridement.

Level of Evidence: lll; Retrospective Case—Control Study.
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in complications such as persistent infection, growth dis-
turbance, chondrolysis, and degenerative arthritis.>® These
patients are also at risk for osteomyelitis, recurrent joint
infection, and sepsis. The rate of these sequelae has been
cited at 10% among all patients with septic arthritis of the
knee, with delayed diagnosis and treatment leading to an
increased incidence of long-term complications.’

At our institution, patients with a concerning clinical
exam and laboratory studies undergo aspiration to evaluate
the synovial fluid. Advanced imaging with magnetic reso-
nance imaging (MRI) is typically obtained in patients for
whom there is a high suspicion for adjacent osteomyelitis/
soft tissue infection or an atypical presentation. If the aspi-
ration results are consistent with intra-articular infection,
patients at our institution undergo operative irrigation and
debridement (I&D) via arthrotomy or arthroscopy accord-
ing to surgeon preference, along with concomitant intrave-
nous antibiotics. The majority of our attending surgeons
prefer open arthrotomy for I&D. Our institution does not
typically perform a trial of antibiotics prior to surgical
intervention. Empiric antibiotics are routinely started after
joint aspiration, to allow for acquisition of a tissue culture
to guide subsequent narrowing of antibiotic therapy. Some
patients will require repeat debridement due to persistence
or recurrence of symptoms following initial operative
intervention. Repeat 1&D is posited to decrease the disease
burden and decrease the risk of the above complications
and sequelae. To our knowledge, there are no case—control
studies investigating the need for subsequent debridement
after index surgical management of septic arthritis of the
knee in children.

The purpose of this study was to determine factors
associated with pediatric patients who require a repeat
debridement after index 1&D for septic arthritis of the
knee. The incidence and risk factors associated with repeat
septic knee debridement in children have previously been
investigated in a retrospective database study. This study
found that an increased Charlson Comorbidity Index and
shorter length of stay were predictive of requiring a subse-
quent 1&D.® The need for subsequent debridement after
initial washout has been similarly studied in pediatric sep-
tic arthritis of the hip.®"'3 These studies reported a strong
association among certain lab and clinical findings and
subsequent operative debridement, including higher
C-reactive protein (CRP), fever, and positive blood cul-
tures. We hypothesize that similar preoperative risk factors
may exist for recurrent septic arthritis of the knee in
children.

Materials and methods

Study design

This is a retrospective, single-center, case—control study
looking to determine risk factors for subsequent debride-
ment in patients with septic knee arthritis. Patients were

included if they were aged 0—18years, underwent knee
1&D for septic knee arthritis from 2005 to 2020. Data were
collected from the electronic medical record. Cases were
patients that underwent a second debridement, and con-
trols were patients that did not undergo a second debride-
ment. Demographic data including age, sex, ethnicity,
race, insurance, and state were collected for all patients.
Clinical data, including lab results and comorbidity data,
were also collected. Specifically, data were collected on
estimated blood loss, time to debridement from admission,
blood and synovial fluid cultures, arthroscopic versus open
procedure, CRP, erythrocyte sedimentation rate, inability
to weight-bear, white blood cell count (WBC), neutrophil
count, platelet count, left shift, intraoperative abscess or
purulence, and synovial WBC. Patients were included if
they had a minimum of 2 years follow-up after index 1&D.
Patients were excluded if they had concomitant osteomy-
elitis at index procedure. The study was reviewed by our
university’s Institutional Review Board and found to be
exempt.

Statistical analysis

Descriptive statistics were used to summarize the study
population. Potential risk factors were identified univari-
ately by comparing patients who received and did not
receive subsequent debridement via chi-squared tests,
Fisher-exact tests, and t-tests, as appropriate. Risk factors
were considered significant at p < 0.05. Identified risk fac-
tors were then placed into a multivariate logistic regression
model where discriminatory ability of the identified risk
factors was assessed using an area under the receiver oper-
ating characteristic (AUROC) analysis. Analyses were
conducted using Stata 15.1/SE (StataCorp LLC, College
Station, TX, United States).

Results

Patient population and demographics

A total of 41 patients with septic arthritis of the knee were
included in this study, 23 in the control group and 18 in the
case group who had undergone repeat surgery for debride-
ment. The patients ranged in age from 0 to 21 years of age.
The average age of patients who did not receive subse-
quent debridement was 7.4 years (Standard deviation (SD)
4.9), while those who did receive subsequent debridement
were an average of 9.8 years old (SD 5.9) (p=0.18) (Table
1). There was only one infant (less than 1 year of age) in
the study cohort, and this patient was in the control group.
There were nine total toddlers (between 1-3 years of age)
in the cohort, seven in the control group, and two in the
case group that required subsequent debridement. The
majority of patients in both control and subsequent
debridement groups were male (69.6% vs. 55.6%, respec-
tively, p=0.85), non-Hispanic (66.7% vs. 62.5%,
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Table |. Patient demographics and baseline characteristics.

Demographics Categories Subsequent debridement No subsequent debridement p-Value

N (%) 18 (43.9) 23 (56.1)

Age (mean, SD) 9.8 (5.9) 7.4 (4.9) 0.18

Sex (n, %) Male 10 (55.6) 16 (69.6) 0.85
Female 8 (44.4) 7 (30.4)

Race (n, %) Asian I (5.6) 3 (13.0) 0.66
White 10 (55.6) 9 (39.1)
Black 0 (0.0) I (4.4)
Other 7 (38.9) 10 (43.5)

Ethnicity (n, %) Hispanic 6 (37.5) 7 (33.3) 0.79
Not Hispanic 10 (62.5) 14 (66.7)

Insurance (n, %) Commercial 7 (41.2) 8 (36.4) 0.87
Government 9 (52.9) 13 (59.1)
Other 1 (5.9) | (4.6)

Primary language (n, %) English 16 (88.9) 20 (87.0) 0.92
Spanish 1 (5.6) 2 (8.7)
Other I (5.6) | (44)

respectively, p=0.79), used government insurance (59.1%
vs. 52.9%, respectively, p=0.87), and were primarily
English-speaking (87.0% vs. 88.9%, respectively, p=0.92).
For the index surgery, 2 patients underwent arthroscopic
1&D and 39 patients had an open arthrotomy with 1&D.
None of the subsequent debridements were performed
arthroscopically. The majority of subsequent debridements
(15 patients) occurred less than 1week after the initial
debridement, with an average time to second debridement
of 3.13 days. Three patients underwent subsequent debride-
ment more than 20days after their first washout, with an
average time of 27.3 days. Notably, six patients underwent
an additional subsequent debridement after their second
debridement surgery. These patients underwent this third
1&D an average of 3.5days after their second washout
operation. There were also two patients who underwent
subsequent debridement of additional septic joints that
developed during their hospitalization, after the initial
debridement of the septic knee that was symptomatic upon
presentation.

Only two patients in the cohort received a preoperative
MRI; both of these patients went on to require a second
debridement after their index 1&D. One of these patients
required two subsequent debridement surgeries and devel-
oped chronic osteomyelitis. Two of the patients in the con-
trol group received a postoperative MRI compared with 11
of the patients in the case group who required subsequent
debridement.

Seventeen of the patients in the cohort had no growth
on culture collected during surgical debridement; 13 of
these patients required only 1 debridement while 5 of these
patients required repeat debridement. Only one patient
(3 years old) was found to have Kingella kingae on poly-
merase chain reaction (PCR) analysis. Of the patients who

had an organism identified on culture, seven patients grew
methicillin-resistant staph aureus (MRSA), six patients
grew menthicillin-sensitive staph aureus (MSSA), five
patients grew group A, B, or viridans strep, and one patient
each grew polymicrobial cultures, Escherichia coli, pseu-
domonas, Gram-positive rods, and Achromobacter
xylosoxidans.

Risk factor identification

There were no significant differences in demographics or
baseline characteristics between patients who did and did
not receive subsequent debridement. In assessing lab
results that were obtained at initial encounter prior to first
1&D for septic arthritis, patients who required subsequent
debridement were found to be more likely to have positive
blood (43.8% vs. 6.7%, p=0.04) and synovial fluid cul-
tures (66.7% vs. 26.1%, p=0.01) relative to those who did
not require a second surgery for septic knee arthritis
(Table 2). Additionally, patients who required a subse-
quent debridement were found to be more likely to have
synovial WBC>100,000x 10°/L  (53.3% vs. 20.0%,
p=0.04) (Table 2).

There were no significant differences between our con-
trol and subsequent debridement group when comparing
proportions of patients who had inability to walk at initial
encounter, estimated blood loss (EBL) > 50 or >100, time
to debridement, or whether they were immunodeficient
(defined as having an underlying autoimmune condition,
recent history of chemotherapy, recent history of steroid
use, determined by chart review). There was no signifi-
cance difference between receiving an open arthrotomy
versus arthroscopic 1&D as the index surgery. The age of
patients who required subsequent debridement trended
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Table 2. Univariate risk factor assessment for subsequent debridement after initial irrigation and debridement for septic knee

arthritis.
Risk Factor Categories Subsequent debridement ~ No subsequent debridement p-Value
EBL>50cc 4(22.2) 4(17.4) 0.70
EBL>100cc 2(11.1) 3 (13.0) 0.85
Micro-organism identified No growth 5(27.8) 13 (56.5) 0.27

MSSA 4(22.2) 2 (8.7)

MRSA 4(22.2) 3 (13.0)

Other 5(27.8) 521.7)
MRSA positive 4(22.2) 3 (13.0) 0.44
Time to debride (average hours, SD) 30.1 (23.5) 23.0 (21.0) 0.33
Time to debride categorized <24h 6 (35.3) 13 (61.9) 0.10

=24h Il (64.7) 8 (38.1)
Procedure type Arthroscopic 1 (5.9) | (4.6) 0.85

Open 16 (94.1) 21 (95.5)
Immunodeficient 5(27.8) 7 (30.4) 0.85
Synovial culture positive 12 (66.7) 6 (26.1) 0.01
Blood culture positive 7 (43.8) | (6.7) 0.04
CRP (mean, SD) 77.1 (99.2) 58.3 (104.5) 0.57
CRP> 100 mg/L 4(22.2) 4 (19.1) 0.81
CRP>50mg/L 7 (38.9) 6 (28.6) 0.50
ESR (mean, SD) 56.1 (34.1) 43.9 (28.1) 0.22
ESR>50mm/h 9 (50.0) 9 (40.9) 0.57
ESR> 100 mm/h 2(11.1) | (4.6) 0.43
Inability to walk 17 (94.4) 17 (80.9) 0.35
WBC (mean, SD) 13.0 (4.6) 13.2 (5.6) 0.93
WBC > |1 x [0°/L 14 (77.8) 13 (59.1) 0.21
Neutrophil absolute count (mean, SD) 8.9 (5.1) 8.2 (5.9) 0.72
Neutrophil absolute count >7.5 x 10%/L 9 (52.9) 8 (38.1) 0.36
T>39°C 4(22.2) 3 (13.0) 0.68
Missed or delayed diagnosis 3 (16.7) 3 (13.0) 1.00
Platelet (mean, SD) x 10°/L 351.3 (50.4) 302.8 (85.2) 0.35
Leftshift 0.08 (0.12) 0.06 (0.09) 0.39
Leftshift > 0.7 8 (44.4) 4(17.4) 0.06
Intraoperative purulence 10 (55.6) 14 (60.9) 0.73
Postop dehiscence or drainage 2(11.1) 0 (0.0) 0.19
Synovial WBC (mean, SD) 126089.3 (120344.1) 76388.4 (60060.9) 0.12
Syn WBC > 100,000 x |0° 8 (53.3) 4 (20.0) 0.04

SD: Standard deviation; WBC: White blood cell count; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate.

Bold values are statistically significant variables.

older (average 9.8 vs. 7.4years of age) but did not reach
statistical significance.

Multivariate logistic regression and AUROC

Identified risk factors, including blood culture positivity,
synovial fluid culture positivity, and synovial WBC (both
continuous and abovementioned categorical term) were
placed into a multivariate logistic regression model to
assess for discriminatory ability between patients who
require and do not require subsequent debridement. From
this model, it was determined that patients with risk factors
of positive blood cultures (Odds ratio (OR): 12.28, 95%

Confidence interval (CI):1.01-148.63, p=0.04), positive
synovial cultures (OR:1.25, 95%CI: 0.17-9.33, p=0.83),
and synovial WBC > 100,000 (OR: 3.09, 95%CI: 0.45-
21.40, p=0.25) were more likely to require subsequent
debridement (Table 3). The multivariate model’s AUROC
was found to be 0.82 (95% CI: 0.64-0.99) (Figure 1).

Discussion

In this study, we conducted a case—control study to iden-
tify potential risk factors for subsequent debridement after
index debridement in pediatric patients with septic arthri-
tis of the knee. We found that positive blood cultures,
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Table 3. Multivariate and AUROC analysis to assess for subsequent debridement discriminatory ability with synovial neutrophil

percentage binary categorization.

Risk factors OR 95%Cl p-Value
Blood culture positive 12.28 1.01-148.63 0.04
Synovial culture positive 1.25 0.17-9.33 0.83
Syn WBC > 100,000 3.09 0.45-21.40 0.25

OR: Odds ratio; Cl: Confidence interval; WBC: White blood cell count. AUROC =0.82 (95%Cl: 0.64-0.99).
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Figure I. is the AUROCs measurement which assesses the
performance of the multivariate logistic regression model.

Our identified risk factors of blood culture positivity, synovial fluid
culture positivity, and synovial WBC placed into a multivariate logistic
regression model to assess for discriminatory ability between patients
who require and do not require subsequent debridement. The model’s
AUROC was found to be 0.82 (95% CI: 0.64-0.99).

WABC: White blood cell count; Cl: Confidence interval; AUROC: Area
under the receiver operating characteristic.

positive synovial cultures, and synovial WBC > 100,000
cells/L may be useful predictors of subsequent debride-
ment in this patient population. We also found that these
variables have excellent discriminatory ability in assess-
ing patients requiring subsequent debridement when
applied to a logistic model. It is important to note that
statistical significance of findings from our univariate
analysis lost significance in the multivariate logistic
model. This may be due to confounding or removing indi-
rect effects of associated variables, as well as our small
sample size. However, despite loss of significance, this
model had excellent discriminatory ability with an
AUROC of 0.82. This suggests that, together, these vari-
ables may be effective prognostic measures for identify-
ing pediatric patients that may require additional
debridement procedures for septic arthritis of the knee.
Several studies have shown that initial lab values at
time of presentation are significant risk factors of subse-
quent debridement for septic arthritis in a particular
joint. Most of these studies, however, have been studied
in the setting of septic arthritis of the hip. Both Livingston

et al.” and Murphy et al.!” found that higher CRP counts
and positive blood cultures are positive predictors for
subsequent debridement in pediatric septic hip arthritis
patients. We similarly found that positive cultures were
associated with higher risk of subsequent debridement.
There are limited studies assessing the association of
synovial WBC count and secondary surgeries. Ascione
et al.'* have shown that patients with a synovial WBC of
greater than 934 cells/pL had higher infection rates in the
setting of periprosthetic joint replacement. In a retro-
spective analysis, Stake et al. identified that the combi-
nation of increased synovial WBC and concurrent
infection was a significant risk factor for repeat debride-
ment in adult patients with septic arthritis of the knee. In
their cohort, the risk of subsequent debridement
increased by 1% for every increase of 1000 nucleated
cells in the synovial fluid of adult patients who had a
concurrent infection.!> As this finding was identified in
an adult population, it is meaningful to have found a
similar relationship between elevated synovial WBC and
persistent infections in our pediatric patient population.
Larger and prospective studies are needed in the future
to validate these findings.

In this study, certain risk factors including CRP, MRSA
positive cultures, and time to debridement were not found
to be statistically significant predictors of repeat debride-
ment. Although significance was not observed in this
study, the average CRP and time to debridement was cer-
tainly higher in patients who required subsequent debride-
ment. Similarly, rates of MRSA positive cultures were
higher in patients who required subsequent debridement. It
is possible that our sample size was not adequate to detect
the differences observed in this study. However, assess-
ment of risk factors for subsequent debridement for septic
knee arthritis in children has only been studied in a limited
capacity, so it is difficult to assess which uncaptured risk
factors may have impacted outcomes. Further studies with
larger sample sizes are required to establish relationships
between pertinent risk factors and subsequent debridement
for knee septic arthritis.

There are several limitations in this study. Certain anal-
yses are limited by our sample size. However, subsequent
debridement is not common for septic arthritis of the
knee, and we used a case—control study design to study
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this question. This was required as previous studies have
shown secondary debridement to be relatively rare, with a
published rate of 3.6%.° Second, additional studies are
needed to generalize our findings to other populations as
well as assess the validity of this model. Prospective, mul-
ticenter studies will be useful in further elucidating fac-
tors that may be associated with risk factors for additional
debridement in septic arthritis of the knee. Additionally,
the majority of our attending surgeons prefer open arthrot-
omy compared to arthroscopy for 1&D; as such, we were
unable to meaningfully compare these two methods for
debridement during index surgery to see if the surgical
technique is a factor affecting the need for subsequent sur-
gery. Lastly, we did not include long-term sequelae and
the effects of surgical debridement on long-term risks and
outcomes. Future studies are needed to further understand
risks of septic arthritis on the pediatric knee.

In conclusion, positive blood cultures, positive
synovial cultures, and synovial WBC > 100,000 cells/L
were significant risk and prognostic factors for subse-
quent debridement in pediatric patients with septic
knee arthritis. Surgeons should consider these factors
when counseling patients, caregivers, and other mem-
bers of the care team about the possible need for subse-
quent debridement.
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