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Abstract

Background Evaluating for the possibility of prosthetic
joint infection in the setting of periprosthetic fracture is
important because it determines the course of treatment.
However, fracture-related inflammation can make investi-
gations used in the diagnosis of infection less reliable.
Questions/purposes The purpose of our study was to
evaluate synovial fluid nucleated cell counts as a diagnostic
test for deep prosthetic infection in patients with peri-
prosthetic fractures around hip and knee arthroplasties.
Specifically, we wished to determine the test’s properties
(sensitivity, specificity, positive predictive value [PPV],
and negative predictive value [NPV]) using threshold
levels of nucleated cell counts as they are otherwise used in
the diagnosis of periprosthetic infection.

Methods Billing codes were used to identify all cases of
revision total hip arthroplasty (THA), revision total knee
arthroplasty (TKA), open reduction and internal fixation
(ORIF) of the femur, and ORIF of the tibia at our institu-
tion between 2005 and 2013. A total of 2537 charts were

The institution of one or more of the authors (BL, JH) has received,
during the period, research support funding from Stryker (Kalamazoo,
MI, USA), Smith & Nephew (London, UK), DePuy (Warsaw, IN,
USA), and MicroPort Orthopedics (Arlington, TN, USA).

All ICMIJE Contflict of Interest Forms for authors and Clinical
Orthopaedics and Related Research™ editors and board members are
on file with the publication and can be viewed on request.

Each author certifies that his or her institution approved the human
protocol for this investigation, that all investigations were conducted
in conformity with ethical principles of research, and that informed
consent for participation in the study was obtained.

S. Preston (X)), L. Somerville, B. Lanting, J. Howard
London Health Sciences Centre, 339 Windermere Road,
London, ON N6G 2V4, Canada

e-mail: spresto6@gmail.com

@ Springer

identified and reviewed to reveal 269 patients with 269
periprosthetic fractures about a THA or TKA (10.6% of
charts reviewed). Of these, 27 fractures in 27 patients (10%
of the periprosthetic fractures identified) underwent aspi-
ration of their total joint arthroplasty to rule out infection
before surgical intervention. The decision to aspirate was
made by the treating surgeon based on clinical suspicion of
infection from the patient history, physical examination,
and radiographic findings. Nucleated cell counts from joint
aspirates were recorded for all 27 patients. Synovial fluid
culture results were then used to calculate the sensitivity,
specificity, PPV, and NPV of an elevated nucleated cell
count in the diagnosis of infection.

Results The specificity, sensitivity, PPV, and NPV of an
elevated nucleated cell count in the diagnosis of infection
were 64% (95% confidence interval [CI, 34.94-75.57]),
100% (95% CI, 19.29-100), 18% (95% CI, 2.37-45.46),
and 100% (95% CI, 76.66—100), respectively. Eleven of 27
patients (41%) with joint aspirates had elevated nucleated
cell counts. Only two of the 11 patients (18%) with
elevated nucleated cell counts had positive synovial fluid
cultures. None of the patients with normal nucleated cell
counts had positive synovial fluid cultures.

Conclusions Although quite common, an elevated
nucleated cell count has moderate specificity and poor PPV
in the diagnosis of infection in the setting of periprosthetic
fracture.

Level of Evidence Level IV, therapeutic study.

Introduction

Periprosthetic fracture is a devastating complication of
total joint arthroplasty (TJA) for both patients and treating
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surgeons. Unfortunately, the number of periprosthetic
fractures is steadily increasing in today’s TJA population
[2, 7, 12—15]. The etiology behind this increase is multi-
factorial: the number of TJAs performed has increased
during the past decade and patients are living longer and
are remaining considerably more active than were patients
in previous years [3, 20]. Generally, the treatment of
patients with a periprosthetic fracture is relatively
straightforward, because the etiology of the injury is clear
on history. However, there are certain circumstances in
which periprosthetic joint infection (PJI) must be ruled out
to properly manage the injuries, including patients who
present with a history of PJI or a prodrome of symptoms
consistent with infection, patients who present with a
mechanism or radiographic findings that are inconsistent
with the severity of their injury pattern, or patients with
radiographic findings that may suggest infection. In these
situations, the presence or absence of infection will influ-
ence management strategies and outcomes of operative
fracture fixation or revision surgery.

The diagnosis of PJI can be challenging for orthopaedic
surgeons. Currently, the most accepted definition of PJI is
based on a consensus statement from the Workgroup of the
Musculoskeletal Infection Society (MSIS) [19]. The defi-
nition takes several factors into account, including physical
findings, microbiologic results, and serologic markers of
inflammation, to diagnose PJI. Erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP) levels above
30 mm/hour and 10 mg/L, respectively, have been asso-
ciated with infection in previous work by Greidanus et al.
[11] and are included in the MSIS definition of PJI.
Additionally, an elevated synovial nucleated cell count
factors into the diagnosis of infection surrounding a pros-
thesis. Multiple studies have looked at the use of nucleated
cell counts in the diagnosis of PJI. Ghanem et al. [9] found
an association between cell counts in excess of
1100 x 10°L and PJI in the setting of TKA; cell counts in
excess of 3000 x 10°/L seem to indicate infection in THA

[22]. Unfortunately, despite the work of the MSIS, no
consensus has been achieved to help clinicians make the
diagnosis of PJI in the setting of periprosthetic fracture.

The purpose of our study was to evaluate synovial fluid
nucleated cell counts as a diagnostic test for deep prosthetic
infection in patients with periprosthetic fractures around
hip and knee arthroplasties. Specifically, we wished to
determine the test’s properties (sensitivity, specificity,
positive predictive value [PPV], and negative predictive
value [NPV]) using threshold levels of nucleated cell
counts as they are otherwise used in the diagnosis of
periprosthetic infection.

Patients and Methods

We performed a retrospective case series study of all
patients admitted with the diagnosis of periprosthetic
fracture who underwent a preoperative joint aspirate at a
tertiary care center specializing in adult hip and knee
reconstruction (London Health Sciences Centre, University
Campus, Ontario, Canada) between January 1, 2005, and
June 30, 2013.

Ethics research board approval was obtained. We per-
formed a review of our institution’s billing codes for the
patient admission time period to identify 2537 patients
having undergone revision TKA, revision THA, or open
reduction and internal fixation (ORIF) for the femur or
tibia. Electronic chart review was carried out for the 2537
patients to identify 269 cases of periprosthetic fracture in
269 patients (11% of charts reviewed). Further review of
the 269 charts identified 27 patients (10%) who underwent
preoperative synovial fluid aspirate (Fig. 1). The decision
to aspirate was made on a case-by-case basis by the treating
surgeon and was based on clinical suspicion of PJI before
the fracture. Patients who presented with pain before their
injury or with prodromal symptoms/physical findings
consistent with infection and those for whom radiographic

Fig. 1 Flowchart shows the process for study
patient identification and inclusion.

Billing Codes Used to Identify All Cases of Periprosthetic Hip and Knee Fracture at

University Hospital (2005-2013)

Review of 2537 Charts Yielded 269 Periprosthetic Fractures

27 Patients Underwent Joint Aspirates
Before Surgical Intervention
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findings (substantial bone loss/component loosening) were
suggestive of infection underwent joint aspiration before
surgical intervention. No standard algorithm was used to
determine which patients would undergo aspiration before
surgery. None of the 27 patients were taking any form of
antibiotic therapy for concomitant infections before
undergoing their joint aspirate. Antibiotics were held in all
cases until immediately before the skin incision at the time
of surgery. Nucleated cell counts from the 27 synovial fluid
aspirates were then used to determine whether elevated cell
counts (1100 x 10° cells/L for knees, 3000 x 10° cells/L
for hips) were associated with the presence of PJI. The
diagnosis of PJI was based on the presence of positive
microbiological culture results from synovial fluid aspi-
rates. Intraoperative cultures were used to confirm the
results of the synovial fluid cultures obtained before sur-
gery. All synovial nucleated cell counts, fluid cultures, and
intraoperative cultures were performed in our hospital core
and microbiology laboratories. All data points were col-
lected and contingency tables were used to calculate the
sensitivity, specificity, PPV, and NPV of an elevated
nucleated cell count for the diagnosis of periprosthetic
infection in the setting of fracture.

Demographic data for the study population were col-
lected and summarized showing mean patient age, gender
distribution, and mechanism of injury (Table 1). Peripros-
thetic fractures about total hip prostheses were classified as
either acetabular fractures or according to the Vancouver
classification system for femoral fractures [6, 14]. All
periprosthetic fractures about total knee prostheses were
femoral-sided and were classified according to the Lewis
and Rorabeck classification system [21] (Table 2).

Data sets were complete for all 27 patients included in
our data analysis. Average values for white blood cell
count (WBC), ESR, CRP, and nucleated cell count from
synovial aspirate were determined (Table 3). Mean clinical

followup for the study cohort was 31 months
(£ 22 months).
Table 1. Patient demographics (n = 27)
Demographic Number
Average age 76 years
Sex
Men 7
Women 20
Mechanism of injury
Fall 14
Osteolysis 10
Pathologic fracture 3

Results

The specificity and sensitivity of an elevated nucleated cell
count in the diagnosis of infection in the setting of peri-
prosthetic fracture were 64% (95% confidence interval [CI,
34.94-75.57]) and 100% (95% CI, 19.29-100), respec-
tively; the PPV and NPV of elevated nucleated cell count
were 18% (95% CI, 2.37-45.46) and 100% (95% CI,
76.66—100), respectively (Table 4). Two patients from the
study cohort were diagnosed with PJI on the basis of
positive synovial fluid cultures, which were confirmed
intraoperatively by positive tissue cultures with corre-
sponding pathogens. Both infected patients had elevated
nucleated cell counts. Nine additional patients presented
with elevated nucleated cell counts, all of whom had
negative synovial fluid and intraoperative culture results. In

Table 2. Classification of periprosthetic fractures in the study

Classification Number

Hip 22
Acetabular
Vancouver A (G:L)

Vancouver Bl

N}
~
n
(=]
N

Vancouver B2

Vancouver B3

Vancouver C

Acetabular/Vancouver C
Knee (Lewis and Rorabeck)

Type 1

Type 11

Type 111

A —m, O W = —~ WO O

Table 3. Average values of preoperative WBC, ESR, CRP, and
synovial nucleated cell count

Laboratory test Value

WBC 8.73 x 10°/L
ESR 54.52 mm/hour*
CRP 62.15 mg/L*

Nucleated cell count 3999.1 x 10%/L*

* Values consistent with periprosthetic infection in the absence of
trauma; WBC = white blood cell count; ESR = erythrocyte sedi-
mentation rate; CRP = C-reactive protein.

Table 4. Classifying patients according to their nucleated cell count
and their infection status

Parameter Infection present Infection absent
Elevated cell count 2 9
Normal cell count 0 16
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Fig. 2 The distribution of
patients in our study was accord- 50,000
ing to nucleated cell counts.
Units on the Y-axis are nucleated 45,000
6 .
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green and blue lines represent 30,000
diagnostic thresholds for nucle-
ated cell counts in TKA and 25,000
THA, respectively. 20,000 -
15,000 -
10,000 -
5,000 -
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total, 11 of 27 patients (41%) were found to have elevated
nucleated cell counts (Table 4). The distribution of cell
counts of all patients as well as previously accepted
thresholds for PJI in TKA and THA were compiled and
represented graphically (Fig. 2). It should be noted that
none of the patients in our study developed a late infection
during the remainder of clinical followup.

One of the patients with positive fluid cultures had a
periprosthetic acetabular fracture after a fall. The nucleated
cell count for this patient was 3953 x 10° cells/L, and
their culture grew Escherichia coli. The second patient had
a Lewis and Rorabeck Type III supracondylar femur
fracture above a TKA, which also occurred after a fall.
Synovial aspirate contained 15,000 x 10° nucleated cell/L
and fluid culture was positive for Staphylococcus
epidermidis.

Discussion

Periprosthetic fracture is an increasingly common entity
facing patients and surgeons after joint arthroplasty.
Occasionally, it is necessary to rule out infection as a cause
of fracture to properly manage these injuries. Currently, the
most widely accepted definition of PJI is that set forth by
the MSIS, which uses multiple clinical, microbiological,
laboratory, and serologic criteria in unison to diagnose the
presence of infection [19]. Unfortunately, thresholds for
many of these markers are based on data collected in the
absence of periprosthetic fracture. This is an important
consideration because commonly used serologic markers
such as ESR and CRP have been shown to be less reliable
for the diagnosis of PJI in the setting of periprosthetic
fracture [4]. The purpose of our study was to evaluate
synovial fluid nucleated cell counts (another of the

diagnostic criteria set forth by the MSIS [19]) as a diag-
nostic test for deep prosthetic infection in patients with
periprosthetic fractures around hip and knee arthroplasties.

Our study had a number of limitations. First, the retro-
spective observational design subjects our results to
selection bias. The decision to perform aspiration before
surgical intervention was made by the treating surgeon on a
case-by-case basis and was based on the preoperative
clinical suspicion of infection (prodromal symptoms,
clinical findings, and/or radiographic findings consistent
with possible infection). No standardized criteria were used
to determine which patients underwent preoperative aspi-
ration. However, data collection for a prospective study of
this nature would not have been feasible given the low
prevalence of patients who undergo joint aspiration before
surgical management of developing periprosthetic fracture
(less than 10% in our study sample). There are two con-
ceivable ways around this problem, both with their own
shortcomings. First, all patients presenting with a peri-
prosthetic fracture could undergo preoperative joint
aspiration. However, this would result in subjecting a
substantial number of patients to an invasive procedure
with questionable use. Furthermore, such a screening-type
tool would likely prove cost-prohibitive in a publicly
funded healthcare system. The second way would involve
the development of more rigorous and standardized criteria
for determining which patients should undergo preopera-
tive joint aspiration in the setting of periprosthetic fracture.
However, this in itself presents its own set of challenges
because markers previously used for the diagnosis of PJI
have proved less reliable in the setting of periprosthetic
fracture [4] and using clinical features still implies the use
of one’s own judgment and is thus subject to bias. Another
limitation of our study stems from the fact that it did not
take into account the possibility of false-negative culture
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results. Although not clearly defined, multiple authors have
reported rates of culture-negative periprosthetic infection
of the hip and knee ranging from 7% to 12% [1, 5, 8, 10,
16-18]. The chance that our results were affected by false-
negative culture results is somewhat offset by the fact that
all 27 patients had two sets of cultures that were concor-
dant; the aspirate cultures matched the intraoperative
culture results for all patients (those who were infected and
those who were not). This complication could potentially
be avoided if the gold standard for the diagnosis of infec-
tion had been the MSIS criteria for PJI [19]. However,
many of the criteria listed by the MSIS were not available
in the electronic record and, as previously mentioned,
serologic markers such as ESR and CRP are less reliable in
the setting of periprosthetic fracture. Therefore, we were
unable to apply the MSIS criteria for the diagnosis of PJI
for the current study. Ideally, we would be able to develop
receiver operator curves to identify new nucleated cell
count thresholds that could be used for the diagnosis of PJI
in the setting of periprosthetic fracture. However, a sample
size of 27 with only two events is too small to generate any
useful data in this regard. In addition, thresholds for hips
and knees would need to be calculated separately, further
limiting our sample size.

Our data analysis indicates that an elevated nucleated
cell count is only 64% specific for the diagnosis of PJI in
the setting of fracture. Additionally, the PPV of only 18%
implies that less than one-fifth of patients with elevated
nucleated cell counts after fracture actually develop PJI.
Our results are reinforced by the fact that none of the
patients in the study cohort developed late infections dur-
ing the clinical followup period. Consequently, orthopaedic
surgeons should exercise caution when using the nucleated
cell count as a diagnostic tool, because it seems to have
very limited use when used with currently accepted diag-
nostic thresholds. Nevertheless, our data indicate that the
sensitivity of elevated nucleated cell counts in the diag-
nosis of PJI in the setting of periprosthetic fracture is
100%. Stated otherwise, if the nucleated cell count is
within normal limits, PJI can be ruled out; nucleated cell
count could thus serve as an important screening test in
patients where clinical suspicion of infection exists.
However, the documented false-negative culture rate of 7%
to 12% [1, 5, 8, 10, 16—-18] makes it difficult to exclude PJI
based on this test alone. The false-negative rate of 0% in
the current study is likely related to the limited sample size.

To our knowledge, our study is the first in the published
literature that aims to assess the use of nucleated cell
counts for the diagnosis of infection in the setting of
periprosthetic fracture. Despite being quite common (41%
of patients in our study), elevated nucleated cell counts
from synovial fluid aspirates have only moderate specific-
ity and poor PPV for the diagnosis of infection in the

@ Springer

setting of periprosthetic fracture. Nevertheless, with a
sensitivity of 100%, a normal nucleated cell count appears
to be an excellent test for ruling out the presence of PJI in
the setting of periprosthetic fracture. However, given our
small sample size, it would seem that the best approach
would be to repeat our basic study with increased patient
numbers, perhaps in the context of a multicenter study, to
refine diagnostic values for nucleated cell counts used in
the diagnosis of infection in the setting of periprosthetic
fracture and to use this new information in conjunction
with patient history, physical examination, and other lab-
oratory values to properly and safely manage patients with
these complex injuries.
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