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QUESTION 1: 1s there a correlation between operative time and the risk of subsequent surgical
site infection/periprosthetic joint infection (SSI/PJI) in patients undergoing tumor resection and
endoprosthetic reconstruction? If so, should postoperative antibiotics be prolonged in these
patients?

RECOMMENDATION: Based largely on the arthroplasty literature, there is considerable evidence that prolonged operative time is associated
with an increased risk for postoperative infection. However, there is insufficient evidence to suggest that a prolonged postoperative antibiotic
regimen can mitigate this risk. Therefore, there is no evidence to support prolonged postoperative antibiotics in orthopaedic oncology patients
undergoing surgeries of prolonged duration. If the duration of the procedure exceeds two half-lives of the prophylactic antimicrobial, intraopera-

tive redosing is needed to ensure adequate serum and tissue concentrations of the antimicrobial.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

A thorough literature search was conducted using PubMed, Google
Scholar and the Cochrane database. Search terms included “infec-
tion,” “surgical duration,” “surgical time,” “operative duration,”
“orthopaedic,” “resection,” “reconstruction,” “endoprosthesis,” “anti-
biotic duration” and “postoperative antibiotic” in various combina-
tions. The majority of articles found did not specifically focus on
orthopaedic oncology patients.

Several studies support the hypothesis that prolonged surgical
time was associated with increased risk of postoperative SSI. In a
systematic review conducted by Cheng et al. [1], 4343 studies initially
identified were narrowed down to 81, many of which demonstrated
nearly double the infection risk in cases that exceeded cutoff times
of 1-4 hours, and almost threefold the risk in surgeries exceeding 5
hours. When all included studies were pooled, the authors observed
the risk of SSI to increase by 5% for every 10 minutes of surgery, 13%
for every 15 minutes, 17% for every 30 minutes, and 37% for every 6o
minutes. Based on the seven orthopaedic-specific studies included
in their review, they found a statistically significant association
between operative duration and infection with an 84% increased like-
lihood of SSI when operative time exceeded different cut-off points
(p=0.0003).

In the arthroplasty literature, although some articles have
demonstrated an association between prolonged operative time
and increased risk of postoperative infection, it remains controver-
sial whether increased operative time is an independent risk for
SSI/PJL. Previous studies using administrative or registry databases
have linked increased operative time to periprosthetic infection
after total joint arthroplasty (TJA) with statistical significance [2-6].
However, the findings of these studies were limited by the signifi-
cant heterogeneity of their samples and varying definitions for PJI
as well as the definitions for operative time. Using data from a single
institution, Peersman et al. [7] observed the risk of infection to
increase significantly in total knee arthroplasty if the surgery took
longer than 2.5 hours. They also investigated the impact of 24 vs. 48
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hours of postoperative antibiotics on mitigating this increased risk
and found no difference in the two antibiotic regimens. An epide-
miological study of over 2,000 patients who underwent orthopaedic
surgery in China also demonstrated that surgical time longer than
three hours was an independent risk factor for development of SSI,
with an odds ratio of 3.633 [8]. Pulido et al. corroborate these find-
ings, showing that on univariate analysis longer operative time had
statistically significant association with periprosthetic infection in
9,245 hip and knee replacement patients, but multivariate analysis
adjusted for confounding factors revealed that operative time was
not an independent predisposing factor for PJI [g]. In contrast, there
are studies that failed to demonstrate such a correlation and even
found an inverse relationship between operative time and PJI [10-14].

In the orthopaedic oncology patient, risks are even higher
considering that patients are often immunocompromised and
tumor resection can create a large dead space contributing to devel-
opment of infection. The overall incidence of SSI in cases of malig-
nant musculoskeletal tumors is reported as greater than 12% in some
studies [15] and approximately 10% according to a large systematic
review and meta-analysis [16]. Nagano et al. [15] demonstrated in
their series of 457 patients with benign or malignant musculoskel-
etal tumors that duration of surgery is a significant risk factor in
acquiring SSI (using threshold of 355 minutes), with an odds ratio
of 6.06. Li et al. [17] reviewed a series of 53 patients with osteogenic
sarcoma who underwent resection and segmental replacement,
demonstrating a postoperative infection rate of 7.5%, much higher
than primary arthroplasty. They utilized an antibiotic regimen
consisting of three days of intravenous antibiotics followed by five
days of oral antibiotics for all of the patients, and the authors were
unsure whether this made a meaningful difference. In patients
undergoing allograft reconstructions, the infection rate is also
high: Tann and Mankin demonstrated a 9% infection rate in their
series with the duration of the operative procedure to significantly
increase the infection rate [18].
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Surgeons have attempted to mitigate infection rates in
high-risk patients by administering postoperative antibiotics
for a prolonged period; largely, the efficacy of this strategy is
not borne out in the literature. Aponte-Tinao et al. [19] report
an overall infection rate of 9% in their series of 673 patients who
underwent massive allograft reconstruction after tumor resec-
tion. Interestingly, a longer period of postoperative antibiotics
was found to be a risk factor in development of infection. In the
arthroplasty literature, there has also been no benefit associated
with prolonged postoperative antibiotic use: Nelson et al. [20]
argue that the optimal duration of antibiotics after surgery is
24 hours, as the risk of SSI did not decrease in their randomized
controlled trial comparing that to a 7-day regimen. International
Consensus Meeting on Periprosthetic Infections in 2013 recom-
mended the use of 1 dose preoperatively and 24 hours of coverage
postoperatively [21]. Although the Centers for Disease Control and
Prevention recently released their 2017 Guideline for the Preven-
tion of Surgical Site Infection [22], which recommends against the
use of postoperative prophylactic antibiotics, including patients
undergoing total joint arthroplasty, the American Association of
Hip and Knee Surgeons (AAHKS) does not agree with this recom-
mendation [23]. At this time, the AAHKS recommends postopera-
tive antibiotics be continued for 24 hours and supports further
research to determine whether shorter duration antibiotic treat-
ment is safe and effective. Both the Board of Counselors and Board
of Specialty Societies of the AAOS have endorsed this AAHKS
recommendation through an advisory opinion; the American
Academy of Orthopaedic Surgeons’ Board of Directors adopted that
advisory opinion in June 2017 [23]. In their comprehensive publica-
tion of clinical practice guidelines for antimicrobial prophylaxis
in surgery, Bratzler et al. [24] recognize that duration of surgery
is a risk factor for SSI but maintain the recommendation that the
duration of postoperative antibiotics for orthopaedic procedures
should be less than 24 hours. In cardiothoracic procedures in
particular, the exception is made for a recommendation of up to
48 hours. Orthopaedic oncology patients undergoing prolonged
surgical resection and reconstruction are not listed as an excep-
tion, despite their increased risks as outlined above. An ongoing
large international randomized controlled trial, the Prophylactic
Antibiotic Regimens in Tumor Surgery (PARITY) has published
its feasibility pilot [25] and is scheduled to complete enrolment
of 6oo patients by the end of 2019 (NCTo1479283). The study will
determine if five days of postoperative antibiotics reduces infec-
tion rates compared to one day of postoperative antibiotics in the
orthopaedic oncology population.

Although a longer period of postoperative antibiotics is not
recommended by the guidelines [22-24], intraoperative redosing is
needed to ensure adequate serum and tissue concentrations of the
antimicrobial if the duration of the procedure exceeds two halflives
of the antimicrobial or there is excessive blood loss (i.e., > 1,500 mL).
The redosing interval should be measured from the time of admin-
istration of the preoperative dose, not from the beginning of the
procedure.
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