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Background: The specific risk factors for surgical site infection (SSI) in orthopaedic oncology patients undergoing
endoprosthetic reconstruction have not previously been evaluated in a large prospective cohort. In the current study, we
aimed to define patient- and procedure-specific risk factors for SSI in patients who underwent surgical excision and
endoprosthetic reconstruction for lower-extremity bone or soft-tissue tumors using the prospectively collected data of the
Prophylactic Antibiotic Regimens in Tumor Surgery (PARITY) trial.

Methods: PARITY was a multicenter, blinded, randomized controlled trial with a parallel 2-arm design that aimed to
determine the effect of a long duration (5 days) versus short duration (24 hours) of postoperative prophylactic antibiotics
on the rate of SSI in patients undergoing surgical excision and endoprosthetic reconstruction of the femur or tibia. In this
secondary analysis of the PARITY data, a multivariate Cox proportional hazards regression model was constructed to
explore predictors of SSI within 1 year postoperatively.

Results: Atotal of 96 (15.9%) of the 604 patients experienced an SSI. Of the 23 variables analyzed in the univariate analysis,
4 variables achieved significance: preoperative diagnosis, operative time, volume of muscle excised, and hospital length of stay
(LOS). However, only hospital LOS was found to be independently predictive of SSI in the multivariate regression analysis (hazard
ratio per day = 1.03; 95% confidence interval = 1.01 to 1.05; p < 0.001). An omnibus test of model coefficients demonstrated
that the model showed significant improvement over the null model (x2 = 78.04; p < 0.001). No multicollinearity was found.

Conclusions: This secondary analysis of the PARITY study data found that the only independent risk factor for SSI on
multivariate analysis was hospital LOS. It may therefore be reasonable for clinicians to consider streamlined discharge
plans for orthopaedic oncology patients to potentially reduce the risk of SSI.

Level of Evidence: Prognostic Level Il. See Instructions for Authors for a complete description of levels of evidence.

postoperative complications that, when present, lead to

increased patient morbidity and a 2- to 11-fold increase
in the risk of mortality'. SSIs carry an estimated annual cost in
the United States of $3.5 to $10 billion®. In orthopaedic surgery,
the cost of treatment of a patient with an SSI is approximately
double that of one without SSI**.

SSI rates in orthopaedic surgery vary widely depending
on subspecialty and patient-specific risk factors™. Surgical cases

S urgical site infections (SSIs) are potentially preventable

involving the use of metal implants, such as joint prosthetic
devices or fixation plates, are at higher risk, as the foreign
body serves as a nidus for bacterial adhesion and biofilm
formation®’. Patients undergoing orthopaedic surgery for
musculoskeletal tumors, even those without metal implants,
are often managed with associated chemotherapy and/or
radiation and thus have higher rates of SSI when compared
with patients treated in other subspecialties that do not
use immunomodulating therapies'*'°. The rate of SSI in
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orthopaedic oncology has been reported in the literature
to be as high as 28%"".

Numerous studies have examined risk factors that pre-
dispose patients to SSIs in general orthopaedic surgery, but few
have done so specifically in the subspecialty field of orthopaedic
oncology'”'*"*!°. Furthermore, of the studies available, most
report on retrospective data'®'>'* and thus are inherently more
susceptible to systematic bias than are prospective studies. To
our knowledge, there is only 1 study that has sought to identify
risk factors for SSI in lower-extremity oncological surgery
using prospectively collected data; however, very few patients in
that study required endoprosthetic reconstruction'.

The specific risk factors that place orthopaedic oncology
patients at high risk for SSI in endoprosthetic reconstruction
have not, to our knowledge, been previously evaluated in a large
prospective cohort. In the current study, we aimed to define
patient- and procedure-specific risk factors for SSI among
patients who underwent surgical excision and endoprosthetic
reconstruction of the lower extremity for oncological indi-
cations using the prospectively collected data of the PARITY
(Prophylactic Antibiotic Regimens in Tumor Surgery) trial.

Materials and Methods
Study Design and Setting

his study was a secondary analysis of the PARITY trial"”.

PARITY was a multicenter, blinded, randomized controlled
trial (RCT) that used a parallel 2-arm design to investigate the
effect of a long duration (5 days) versus short duration (24 hours)
of postoperative prophylactic antibiotics on the rate of postop-
erative SSI among patients undergoing surgical excision and
endoprosthetic reconstruction for lower-extremity bone or soft-
tissue tumors. Patients, treatment providers, and outcome asses-
sors were all blinded to treatment allocation'*. The PARITY trial
was registered at ClinicalTrials.gov (NCT01479283) and received
ethics approval from the Hamilton Integrated Research Ethics
Board (REB# 12-009) and relevant ethics boards at all partici-
pating sites. The PARITY trial included 48 actively enrolling
sites in 12 countries across 6 continents. The trial completed
enrollment in October 2019, meeting its recruitment target of
604 patients. We used prospectively collected data from the
PARITY trial to determine risk factors for SSI in this patient
population.

Participants

All patients who underwent lower-extremity endoprosthetic
reconstruction as part of the PARITY trial were included in the
secondary analysis in this study.

Identification of SSI

Patients were monitored for an SSI by their treating physician
at 2 and 6 weeks; 3, 6, and 9 months; and 1 year postoperatively.
A blinded central adjudication committee (CAC) of 3 orthopaedic
surgeons and 1 infectious diseases specialist adjudicated all
occurrences of SSI. The CAC used the Centers for Disease Control
and Prevention (CDC) criteria®” to define infection, which can be
found in Appendix 1.

Risk FACTORS FOR SSI IN LOWER-EXTREMITY ONCOLOGICAL
ENDOPROSTHETIC RECONSTRUCTION

Data Sources and Patient-Related Variables

Patient demographics, tumor characteristics, surgical data,
and infection rates were obtained from the PARITY database.
Twenty-three variables were included (Tables I and II).

Statistical Analysis
Demographic data are reported using descriptive statistics, as the
mean and standard deviation or median and interquartile range,
as appropriate, depending on the data distribution. Univariate
analysis was performed to explore differences between patients
diagnosed with SSI and those with no SSI within the first year.
Continuous outcomes were compared between groups using a
Student t test, and dichotomous outcomes were compared be-
tween groups using a Pearson chisquare test. For continuous
variables that were not normally distributed, the Mann-Whitney U
test was used. The univariate analysis was adjusted for multiplicity.
A multivariate Cox proportional hazards regression model
was constructed to explore predictors of SSI within 1 year of the
index operation. The time from surgery to the date of SSI diag-
nosis was the primary outcome. The performance of the model
was assessed using an omnibus test of model coefficients. To
ensure no multicollinearity, a correlation matrix was constructed
and an r value of >0.7 was used as a cutoff for exclusion. The
results of the model are presented with hazard ratios (HRs) and
95% confidence intervals (Cls). Significance was set at p < 0.05 for
all analyses. All analyses were performed using SPSS Statistics for
Mac (version 26; IBM).

Source of Funding

The PARITY trial received funding through research grants
from the Canadian Institutes of Health Research, the Canadian
Cancer Society Research Institute, the Canadian Orthopaedic
Foundation 2018 J. Edouard Samson Award, the Orthopaedic
Research and Education Foundation in conjunction with the
Musculoskeletal Tumor Society, and a Physicians’ Services
Incorporated Clinical Research Grant.

Results
Study Population Characteristics and Overall Rate of SSI
11 604 patients included in the PARITY trial were included
in this secondary analysis. An SSI occurred in 44 patients
(15.0%) allocated to the 5-day regimen and in 52 patients (16.7%)
allocated to the 1-day regimen, for a total SSI rate of 15.9%. Of the
96 patients who had infections, 11 (11.5%) were diagnosed with
an SSI within their index hospital stay. Patient demographics and
patient-related variables are shown in Table I. The prospectively
collected data set was complete and had no missing values.

Risk Factors for SSI: Univariate Analysis

Of the 23 variables analyzed in the univariate analysis, 4 vari-
ables achieved significance: preoperative diagnosis (soft-tissue
sarcoma [STS] > bone sarcoma > benign aggressive bone
tumor > metastatic bone disease [MBD]; p = 0.021), oper-
ative time (mean, 6.2 hours for SSI versus 4.9 hours for no
SSL; p < 0.001), volume of muscle excised >50 cm? (p =
0.001), and hospital length of stay (LOS) (median, 8 days for
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TABLE | Patient Demographics and Patient-Related Variables as Predictors of Surgical Site Infection (SSI){

Entire Cohort No SSI
Variable (N =604) SSI (N =96) (N =508) P Value
Age (yr) 41.2 £ 22 41.7 +23.8 41.1 +22.0 0.794*
Sex 0.999**
Male 361 (59.8%) 57 (59.4%) 304 (59.8%)
Female 243 (40.2%) 39 (40.6%) 204 (40.2%)
Preoperative diagnosis 0.021**
Bone sarcoma 438 (72.5%) 78 (81.3%) 360 (70.9%)
Soft-tissue sarcoma 62 (10.3%) 12 (12.5%) 50 (9.8%)
Metastatic bone disease 56 (9.3%) 3 (3.1%) 53 (10.4%)
Benign aggressive bone tumor 48 (7.9%) 3 (3.1%) 45 (8.9%)
Location of tumor 0.132**
Femur 498 (82.5%) 74 (77.1%) 424 (83.5%)
Tibia 106 (17.5%) 22 (22.9%) 84 (16.5%)
Associated soft-tissue mass 433 (71.7%) 75 (78.1%) 358 (70.5%) 0.140%**
Diabetes 44 (7.3%) 4 (4.2%) 40 (7.9%) 0.283**
Smoking 60 (9.9%) 8 (8.3%) 52 (10.2%) 0.710%**
Neoadjuvant chemotherapy 290 (48.0%) 46 (47.9%) 244 (48.0%) 0.999**
Neutropenic at time of surgery 96 (15.9%) 82 (85.4%) 14 (2.8%) 0.598%**
(<1,500 cells/pL)
FThe values are given as the number, with the percentage in parentheses, except where otherwise noted. Independent t tests (*) were utilized to
compare continuous outcomes between groups, and dichotomous variables were compared using a Pearson chi-square test (**). Bold indicates a
significant value (p < 0.05). ¥The values are given as the mean and standard deviation. The mean difference (95% Cl) for age was 0.63 (—4.1 to 5.4) years.

SSI versus 6 days for no SSI; p < 0.001). These findings are
summarized in Tables I and II. The median hospital LOS for
the 11 patients with SSI during their index hospitalization
was 45 days, and the median hospital LOS for the 85 patients
diagnosed with an SSI after their index hospitalization was
7 days, which remained significantly longer than the hospital
LOS for those not diagnosed with an SSI during the 1-year
follow-up period (p < 0.001).

Multivariate Cox Proportional Hazards Regression Analysis
For the multivariate Cox proportional hazards regression analysis,
only 1 variable, hospital LOS (HR per day = 1.03; 95% CI = 1.01
to 1.05; p < 0.001), remained an independent predictor of SSI, and
2 approached significance: metastatic bone disease (HR = 0.28;
95% CI = 0.07 to 1.20; p = 0.086) and adjuvant chemotherapy
(HR = 1.7; 95% CI = 0.92 to 3.11; p = 0.090). These findings are
summarized in Table III. An omnibus test of model coefficients
demonstrated that the model showed significant improvement
over the null model (x2 = 78.04; p < 0.001). No multicollinearity
was found.

Discussion

We conducted this study to define patient- and procedure-
specific risk factors for SSI in patients undergoing surgical

excision and endoprosthetic reconstruction for bone or soft-tissue

tumors of the lower extremity using the prospectively collected

data of the PARITY trial. The specific risk factors that place
orthopaedic oncology patients at high risk for SSI in endo-
prosthetic reconstruction have not, to our knowledge, been
previously evaluated in a large prospective cohort. On univariate
analysis, the diagnosis of STS invading bone, longer operative
time, larger muscle volume excised, and longer hospital LOS were
risk factors for SSI. However, the only independent risk factor for
SSI on multivariate analysis was hospital LOS.

Findings in Relation to Previous Literature
Longer operative time has been found in retrospective ortho-
paedic oncological studies to be correlated with SSI'™'**’. One
reason for this may be that longer procedures expose patients to
potential contamination for a longer duration. However, this risk
factor was not correlated with SSI in a prospective study of 110
consecutive patients who had had a major lower-extremity or
pelvic orthopaedic oncological surgical procedure'. In that study,
the length of the procedure was analyzed as a nominal variable
(<4 hours, 4 to 8 hours, >8 hours) rather than as a continuous
variable. In our study, the mean difference in operative time
between the SSI and non-SSI groups was 1.3 hours. Therefore,
the categorization of operative time by 4-hour intervals in the
above-cited study may have reduced the precision of the statistical
model and its ability to identify small differences in outcomes.
To our knowledge, the quantity of muscle excised has not
previously been explored or reported as a risk factor for SSI in
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TABLE Il Operative and Perioperative Variables as Predictors of SSI+

Risk FACTORS FOR SSI IN LOWER-EXTREMITY ONCOLOGICAL
ENDOPROSTHETIC RECONSTRUCTION

Variable Entire Cohort (N = 604) SSI (N = 96) No SSI (N = 508) P Value
Operative times (hr) 51+24 6.2+28 49 +22 <0.001*
Intrawound vancomycin powder use 110 (18.2%) 14 (14.6%) 96 (18.9%) 0.315%*
Betadine-coated prosthesis 111/601 (18.5%) 16/95 (16.8%) 95/506 (18.8%) 0.656**
Silver-coated prosthesis 32 (5.3%) 5 (5.2%) 27 (5.3%) 0.999**
Volume of muscle excised 0.001**
<50 cm3 345 39 306
>50 cm3 247 54 193
Intraoperative laminar air flow 234 (38.7%) 41 (42.7%) 193 (38.0%) 0.384**
Intraoperative arthroplasty helmet (space suit) use 243 (40.2%) 34 (35.4%) 209 (41.1%) 0.294**
Intraoperative tranexamic acid use 165 (27.3%) 23 (24.0%) 142 (28.0%) 0.421**
Postoperative suction drain 476 (78.8%) 78 (81.3%) 398 (78.3%) 0.545%*
Postoperative negative pressure wound therapy 83 (13.7%) 18 (18.8%) 65 (12.8%) 0.122%*
(commenced at time of surgery)
Patient in private postoperative room 241 (39.9%) 35 (36.5%) 206 (40.6%) 0.496%**
Hospital LOSS (d) 6 [5, 8] 8 [5, 11] 6 [5, 8] <0.001#
Adjuvant chemotherapy 337/597 (56.4%) 58/96 (60.4%) 279/501 (55.7%) 0.392**
Postoperative urinary catheter 552 (91.4%) 90 (93.8%) 462 (91.0%) 0.369**
1The values are given as the number, with the percentage in parentheses, except where otherwise noted. Independent t tests (*) were utilized to
compare continuous outcomes between groups, and dichotomous variables were compared using a Pearson chi-square test (**). Bold indicates a
significant value (p < 0.05). ¥The values are given as the mean and standard deviation. The mean difference (95% CI) for operative time was 1.3 (0.7
to 1.9) hours. §The values are given as the median, with the interquartile range in square brackets. #Mann-Whitney U test.

this patient population. Orthopaedic oncological procedures,
in general, require substantial exposures and dissections across
several vascular distributions. It is therefore reasonable to assume
that a greater amount of muscle excised is correlated with a greater
area of tissue subjected to devascularization, which in turn can
lead to compromised wound healing and an increased likelihood
of SSI. We found that patients treated for MBD, as opposed to STS
invading bone or bone sarcoma, may be less likely to develop an
SSI. This may be because of the fact that en bloc resection for
MBD is generally indicated for patients with a good prognosis and
an easily resectable tumor typically not requiring extensive soft-
tissue resection, who are therefore likely to undergo faster and less
complex operative procedures™>.

The main finding of our study is that the only independent
predictor of SSI in endoprosthetic reconstruction of the lower
extremity was a longer hospital LOS (HR = 1.03; 95% CI = 1.01
to 1.05; p < 0.001). In order to verify the validity of this result
and to ensure that the result was not driven by the 11 (11.5%) of
96 patients diagnosed with an SSI within their index hospital
stay, who likely had prolonged LOS due to the infection itself
(median LOS, 45 days), we repeated the analysis without those
11 patients. Hospital LOS in the group of patients diagnosed
later with an SSI remained significantly longer when compared
with the noninfected cohort. Thus, our post hoc sensitivity
analysis was able to exclude in-hospital postoperative infection
as a likely confounding factor regarding our main study finding.

Our finding is consistent with that of a previous study
that demonstrated that orthopaedic oncological surgery per-
formed on an inpatient basis (i.e., with longer LOS), versus
surgery on an outpatient basis, was an independent predictor of
SSI™. In a high-quality observational cohort study that included
4,596 patients across general, orthopaedic trauma, and vascular
surgery departments and in which data for all variables were
collected in a strictly prospective manner as part of an RCT,
postoperative LOS was an independent risk factor for SSI (odds
ratio [OR] = 1.12; 95% CI = 1.10 to 1.14; p < 0.001)*. One
possible reason for this finding is that a longer hospital stay is
associated with an increased number of iatrogenic pathogen
exposures. Therefore, efficient postoperative care and well-
organized home care may reduce exposure to iatrogenic
pathogens. In addition, longer hospital stays may increase
the risk of exposure to medical errors and other hospital-
associated complications (e.g., admission to the intensive
care unit) potentially leading to infection™.

Previous studies have found several risk factors to be
independently correlated with SSI in orthopaedic oncology. These
include diabetes™, smoking™, age', and malignant disease'. The
current study results are not consistent with these previous find-
ings. One explanation with regard to diabetes and smoking is the
small number of patients in the PARITY study who presented with
these potential risk factors; only 44 (7.3%) of the patients had
diabetes and 60 (9.9%) were smokers at presentation in a total
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TABLE Ill Multivariate Cox Proportional Hazards Regression Analysis

95% CI for HR
Variable HR Lower Upper P Value

Age (per year) 1.00 0.99 1.01 0.568
Sex

Female (ref.)

Male 1.00 0.64 1.56 0.982
Location of tumor

Femur (ref.)

Tibia 1.24 0.70 2.20 0.457

Preoperative diagnosis
Bone sarcoma (ref.)

Soft-tissue sarcoma 0.95 0.47 1.91 0.886

Metastatic bone disease 0.28 0.07 1.20 0.086

Benign aggressive bone tumor 0.41 0.12 1.44 0.164
Neutropenic at time of surgery (<1,500 cells/pL)

No (ref.)

Yes 0.73 0.39 1.38 0.335
Diabetes

No (ref.)

Yes 0.55 0.16 1.83 0.327
Smoking

No (ref.)

Yes 0.77 0.35 1.67 0.499
Total operative time (hr) 1.06 0.96 1.20 0.269
Associated soft-tissue mass

No (ref.)

Yes 0.86 0.47 1.53 0.616

Volume of muscle excised
<50 cm? (ref.)
>50 cm3 0.65 0.39 1.08 0.096

Intrawound vancomycin powder use
No (ref.)
Yes 0.94 0.46 1.92 0.856

Betadine-coated prosthesis

No (ref.)

Yes 0.76 0.39 1.47 0.414
Silver-coated prosthesis

No (ref.)

Yes 0.88 0.31 2.50 0.814
Intraoperative laminar air flow

No (ref.)

Yes 1.40 0.82 2.30 0.230
Intraoperative arthroplasty helmet
(space suit) use

No (ref.)

Yes 0.76 0.50 1.30 0.295

continued
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TABLE Ill (continued)

95% ClI for HR
Variable HR Lower Upper P Value

Postoperative negative pressure wound
therapy (commenced at time of surgery)

No (ref.)

Yes 1.20 0.62 2.03 0.696
Postoperative suction drain

No (ref.)

Yes 1.04 0.57 1.92 0.899
Postoperative urinary catheter

No

Yes (ref.) 1.05 0.40 2.74 0.927
Hospital LOS (per day) 1.03 1.01 1.05 <0.001
Neoadjuvant chemotherapy

No (ref.)

Yes 1.67 0.93 2.94 0.091
Adjuvant chemotherapy

No (ref.)

Yes 1.70 0.92 3.11 0.090
Intraoperative tranexamic acid use

No (ref.)

Yes 0.78 0.45 1.38 0.400
Patient in private postoperative room

No (ref.)

Yes 1.05 0.64 1.74 0.850

THR = hazard ratio, and Cl = confidence interval. Model fit showed significant improvement over the null model (x2 = 78.04; p < 0.001). No
multicollinearity; r > 0.7. Bold indicates a significant value (p < 0.05).

cohort of 604 patients. The prevalence of smokers in our study was
less than half of the worldwide prevalence of 22.3%”. Therefore, it
is not surprising that the analysis did not achieve significance.
Although the prevalence of diabetes in our cohort is closer to the
worldwide prevalence of 9.3%, the small sample size of 44 patients
may have nonetheless led to underpowered analyses™.
Orthopaedic oncology patients frequently receive periop-
erative immunomodulating therapeutic modalities, which can
interfere with wound healing and complicate the postoperative
course'. In the current study, neoadjuvant and adjuvant chemo-
therapy were not found to be significant risk factors for SSI,
although the HR and 95% CI indicate a possible significant effect
(neoadjuvant chemotherapy, HR = 1.67; 95% CI = 0.93 to 2.94;
p = 0.091; and adjuvant chemotherapy, HR = 1.7; 95% CI = 0.92
to 3.11; p = 0.090). Neoadjuvant chemotherapy as a risk factor
for SSI remains a topic of debate not only in orthopaedic oncology
but also in other fields of oncological surgery'****#**, Lastly, in a
recent review on the use of silver- and Betadine (povidone-iodine)-
coated implants, it was concluded that both coatings demonstrated
efficacy against early infections and were associated with lower risk
of implant removal and eventual amputation”. However, the

studies included in that review were retrospective observational
studies in which the definition and diagnostic criteria for SSI varied
across the studies. The fact that the PARITY study did not identify
silver- and Betadine-coated implants as protective against SSI may
therefore be related to the minimization of bias inherent in the
study design. However, the PARITY study was not specifically
designed to assess the impact of implant coating on infection, and
therefore, no definitive conclusions on the protective role of silver-
and Betadine-coated prostheses against SSI can be drawn from this
secondary analysis of the PARITY database.

Implications

The findings of this secondary analysis of the PARITY study
data suggest that hospital LOS is a key predictor of SSI fol-
lowing oncological endoprosthetic reconstruction of the lower
extremity. What is not clear, however, is whether the LOS
represents a surrogate for unknown variables that lead to
increased LOS, or if the LOS itself leads to increased risk of
infection. The latter could be due to increased exposure to
pathogens, increased risk of medical errors leading to infection,
or increased risk of other complications that occur in a hospital
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inpatient setting. A recent study in the arthroplasty literature
similarly found that increased LOS led to increased risk of
postoperative readmission™. Although there are some cases in
which LOS cannot be shortened, it may be reasonable for cli-
nicians to consider taking steps to arrange home care earlier or
engage in programs of remote monitoring at home in order to
minimize the risk of postoperative complications overall™.

Strengths and Limitations

The main strength of this study is that the PARITY database is
the largest prospectively collected database to date pertaining to
SSI in orthopaedic oncology. The database underwent 4 stages
of data-quality validation throughout the course of the trial,
and therefore, our findings are likely to be reliable. Another
primary strength of this study is that the diagnosis of SSI was
made by an independent adjudication committee on the basis
of the CDC’s definition of SSI, eliminating assessment bias that
may result from between-site inconsistencies in definitions of
SSI. A limitation of this study is that several factors that have
been shown to be predictors of SSI specifically in orthopaedic
oncology, such as estimated blood loss'"'** and transfusion
requirement™, were not prospectively collected in the PARITY
study. In addition, our study population underwent exclusively
lower-extremity surgery, and thus, the results of this study may
not be able to be extrapolated to upper-extremity oncological
procedures'”*. Finally, we acknowledge that we are not estab-
lishing causality between LOS and SSI, and that increased LOS
may be a proxy for other, unknown variables that may cause SSL

Conclusions
In this secondary analysis of the PARITY study data, we found
that, although a diagnosis of STS invading bone, longer operative

Risk FACTORS FOR SSI IN LOWER-EXTREMITY ONCOLOGICAL
ENDOPROSTHETIC RECONSTRUCTION

time, larger muscle volume excised, and longer hospital stay were
potential risk factors for SSI following endoprosthetic recon-
struction of the lower extremity, the only independent factor on
multivariate analysis was hospital LOS. As caring for the complex
needs of a cancer patient is a patient-specific endeavor, it may be
reasonable for clinicians to consider streamlined discharge plans
when possible for orthopaedic oncology patients in order to reduce
the risk of SSI.
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