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ABSTRACT

Purpose: Overall Total hip arthroplasty (THA) is a very successful procedure. However, in case of
complication dedicated management is required. Two major complications of THA failures are aseptic
loosening (AL) and periprosthetic joint infection (PJI). The primary hypothesis of this study was that joint
aspirations in patients with signs of loosening after THA are capable to detect PJI in suspected AL with
negative serologic testing.
Methods: In this study a total of 108 symptomatic patients with radiographic signs of prosthetic loos-
ening and hip pain in THA were included. Based on a standardized algorithm all patients underwent
serological testing followed by joint aspiration preoperatively. Intraoperatively harvested samples were
subjected to microbiological testing and served as the gold standard in differential diagnosis. De-
mographics, as well as the results of serologic and microbiological testing were collected from the
medical records.
Results: Of the included patients 85 were finally diagnosed with an AL and 23 with PJI. Within the pa-
tients with PJI 13 (56%) patients demonstrated elevated CRP and WBC counts, as well as positive synovial
cultures after joint aspiration. In ten patients (44%) diagnosed with PJI neither CRP nor WBC were
abnormal.
Conclusion: The diagnosis of PJI can be difficult in THA with radiographic signs of loosening. Clinical
features including pain, fever, and local sings of infection are uncommon especially a long period after
index operation. First-line screening testing relies on serological evaluation of CRP and WBC. However,
normal CRP and WBC values cannot rule out a PJI. These cases can be detected by joint aspiration and
synovial cultures reliably.

© 2018

1. Introduction

on accurate diagnosis. In the attempt to reliably diagnose PJI a wide
spectrum of tests, including radiographic tests>* (scintigraphy,

Total hip arthroplasty is a well-accepted treatment for patients
with osteoarthritis or osteonecrosis of the femoral head.! However,
THA requires a standardized management in case of complications
and failures. Potential modes of failure in total hip arthroplasty
(THA) are aseptic loosening (AL) and periprosthetic joint infection
(PJI).% Both usually present with radiographic signs of loosening. A
major challenge represents the reliable identification of a peri-
prosthetic joint infection in these cases. However, further man-
agement of these complications differs significantly and depends
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MR, CT), systemic measures of inflammation>® (CRP), local mea-
sures of synovial fluid white cell count with the differential,” and
bacterial isolation techniques® have been described. Up to now, no
single measure provides reliable preoperative differential diagnosis
between PJI and AL.>'° However, a misdiagnosed PJI treated as AL
may lead to persisting infection after revision surgery.'!

Common first step diagnostics consists of serologic testing of
white blood cell count (SWBC) and CRP. These tests have been
shown to be cost-effective, highly sensitive, and bear a low risk for
patients.>'> CRP evaluation in patients with painful THA was
graded as a strong recommendation as part of the American
Academy of Orthopaedic Surgeons (AAOS) practice guidelines.'?
However, Ting et al.® and Parvizi et al'* postulated that only
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patients with abnormal level of CRP are required to have additional
investigations.

Aim of this study is to retrospectively assess the diagnostic value
of serologic testing for the differential diagnosis of PJI and AL. The
primary hypothesis of this study was that joint aspirations in pa-
tients with signs of loosening after THA are capable to detect PJI in
suspected AL with negative serologic testing.

2. Patients and methods

In this retrospective study a total of 108 patients with a symp-
tomatic THA and radiographic signs of loosening that underwent
revision surgery between July 2012 and December 2016 were
included. The study was approved by the local institution review
board. Inclusion criteria was symptomatic THA with radiologically
detected periimplant lucency greater than 2 mm. All patients with
clinically apparent sings of infections, such as a sinus tract, were
excluded. All 108 patients underwent the same standardized
diagnostic protocol with radiographic imaging, serological testing,
and a joint aspiration preoperatively.

Preoperatively PJI was assumed when a combination of three of
the four signs were present: abnormal CRP (>1 mg/dl), synovial
WBC count greater than 3000 cells/ul, synovial neutrophil per-
centage > 65%, or a bacterial growth in two synovial aspirate cul-
tures. Patients that did not meet these guidelines were assumed to
have an aseptic loosening. Joint aspiration was conducted under
strictly aseptic conditions in all cases. The joint aspirate was eval-
uated for WBC and was incubated in aerobic and anaerobic blood
culture bottles. If the first joint aspiration was sterile a second was
done 31 days later in all cases. The final diagnosis of AL or PJI was
based on microbiologic analysis of intraoperatively harvested soft
tissue samples. All cases with 2 or more positive samples were
considered as PJI.

Demographics (age, gender distribution, BMI), prosthesis age,
CRP, sWBC, WBC, and synovial percentage from synovial fluid, as
well as the results from synovial fluid culture and results of five
periprosthetic soft tissue samples as a retrospective control during
the revision surgery for microbiological analysis were retrieved
from the medical records in all patients.

In the clinical algorithm applied all patients with preoperatively
AL were treated with a single-stage surgery, whereas all patients
with suspected PJI were treated with a multi-stage approach. In
supsected PJI antibiotics were withheld until the surgical treatment
has been performed. Following the first-stage surgery antibiotics
have been started.

For statistical analysis between groups one-way ANOVA test
followed by the post-hoc Dunn's test using SPSS software pack
(version 23, IBM, New York, USA). P value < 0.05 was considered for
statistic significance.

3. Results

Of the 108 patients 85 (78.7%) were diagnosed with AL and 23
(21.3%) with PJI. All 23 patients preoperatively assumed as PJI were
positive in 2 or more of the five intraoperatively harvested soft
tissue samples that were used as a retrospective control. However,
there is a low sample size.

In all patients with suspected AL these soft tissue samples were
negative. Hence, the preoperatively suspected diagnosis was cor-
rect in all cases. There were no significant differences between the
groups in age, gender distribution, and BMI (p > 0.05) (Table 1).
Two patients required a 2 nd joint aspiration after 31 days.

Patients with PJI presented at a significantly shorter time after
primary THA (p < 0.05, mean 11.8 years + 3.6 for AL and mean 5.8
years + 2.1 for PJI). 10 patients in the PJI group (44%) presented with

Table 1
Demographic data, + SD.

N age male female BMI
aseptic group 85 753 +8.1 38 47 259+3.1
normal CRP 56 75.5+8.1 25 31 23.6+3.6
CRP > 1 mg/dl 29 74.7 +5.1 13 16 21.8+2.6
PJI group 23 734+72 11 12 285+3.3
normal CRP 10 72 +£6.8 4 6 263+33
CRP > 1 mg/dl 13 743+7.9 7 6 299+22

a CRP value within normal limits at initial consultation for their
symptomatic THA. However, these 10 patients showed abnormal
synovial WBC count, synovial neutrophil percentage >65%, and a
bacterial growth from two synovial aspirate cultures. The distri-
bution of CRP in the PJI group is shown in Fig. 1. Interestingly, there
was no patient with CRP value between 1 and 2 mg/dl in the PJI
group. Intraoperative component loosening in THA was seen in all
cases.

The serum WBC (sWBC) count was normal in all 23 PJI (Fig. 2). In
the AL group the CRP values were normal in 56 Patients and
increased in 29 patients and serum WBC was normal in 71 patients
and increased in 14 patients. One patient with an AL showed
abnormal synovial WBC count with normal synovial neutrophil
percentage and two negative synovial aspirate cultures.

The characteristics of the 10 patients with CRP < 1 mg/dl and PJI
are shown in Table 2. The minimum prosthesis age of these 10
patients was 5 years (range 5—8 years). The specificity for CRP to
detect a PJI in THA with signs of loosening was 65% with a sensi-
tivity of 56% (cut off >1 mg/dl). At a cut-off level of 10000/l the
leukocyte count demonstrated a sensitivity of 0% and a specificity of
83% to detect a PJI.

4. Discussion

Loosening and infection after THA remain challenging issues in
orthopaedic surgery."” Correct differential diagnosis between AL
and PJI is essential for determining further treatment.'® However,
the accurate preoperative identification of PJI may be difficult, as
the clinical symptoms often resemble those of AL.!” Serological
testing is described as a useful first step in the screening of patients
with a symptomatic THA."® Some authors have suggested the use of
CRP and ESR (erythrocyte sedimentation rate) as primary screening
tool to rule out PJL.>'>!® In this study the evaluation of CRP and
serum white blood cell count (sWBC) did not provide reliable hints
for the differentiation of PJl and AL. However ESR was not evaluated
and this study cannot provide information on the value of ESR for
the diagnosis of PJI in patients with symptomatic THA and signs of
loosening.

Berbari et al.'”“ reported about sWBC values within normal
limitis in low grade PJI after total knee arthroplasty. They concluded
that sSWBC offers only low diagnostic value for the detection of PJI.
This is in accordance to the results of the present study. Other au-
thors'? reported a sensitivity of 55% and a specificity of 66% for
SWBC for PJI. Randau et al.'” reported an even higher specificity of
94.5% with a low sensitivity of 21.28% for sWBC in patients with PJI.
In the present study all patients diagnosed with a PJI presented
with normal WBC values which supports the hypothesis that sWBC
do not represent a reliable measure to rule out a PJI in patients with
signs of loosening in THA.

In current literature elevated CRP values remain being reported
as the most useful laboratory test for the diagnosis of PJI, even
though the sensitivity seems to be low.?’ Despite its drawbacks,
CRP evaluation is recommended in all cases of hip pain after
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Fig. 1. CRP values from 23 PJI (norm CRP < 1 mg/dl).
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Fig. 2. WBC blood values from 23 PJI, (norm: 4000/ul — 10000/ul).
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Table 2
Results of test from patients with normal CRP (<1 mg/dl) and PJI.

Age Prosthesis- Age WBC-aspiration (aspirate culture +/—) PMN (%) CRP WBC-blood tissue culture

78 8 4586 (+) 81 0,24 7340 Streptococcus salivarius

75 5 3153 (+) 77,1 0,59 6810 Staphylococcus epidermidis
84 6 3841 (+) 82 0,6 4970 Propionibacterium acnes
74 7 5434 (+) 94,5 0,62 6770 Staphylococcus epidermidis
73 5 5888 (+) 80,3 0,63 5750 Propionibacterium acnes
75 5 3799 (+) 84 0,74 6050 Staphylococcus haemolyticus
78 8 3930 (+) 83 0,84 5100 Propionibacterium acnes

72 7 18452 (+) 92,5 0,87 5600 Staphylococcus epidermidis
68 6 19134 (+) 94,3 0,95 5650 Propionibacterium acnes
72 7 29000 (+) 89,2 0,66 7090 Propionibacterium acnes

THA.!®'*!18 Some authors even report CRP values as the "first line
decision” in the diagnosis of PJL.>'#?! A CRP value within normal
limits has been described providing a good negative predictive
value in ruling out PJL.'>?? Patients with a CRP within normal limits
should not be subjected to additional evaluations to rule out a
periprothetic joint infection."* However, other authors recom-
mended joint aspiration followed by synovial fluid analyses in cases
of abnormally elevated CRP values.”> Comparably, Greidanus et al.?
reported in a study including 207 revisions of total knee arthro-
plasties that CRP within normal limits does necessitate no further
testing to rule out PJI. Spangehl et al.>* analyzed 202 revision THAs
and concluded that further investigation is needed if CRP is
abnormal. In our study all patients with symptomatic THA pre-
senting with painful hip and radiographic sings of loosening un-
derwent serologic testing and additional joint aspiration. With this
approach 10 cases of PJI (44%) that presented with CRP and WBC
values within normal limits were detected preoperatively. As all
patients with PJI, these patients also underwent a multi-stage
surgical revision.

In recent literature a high incidence of revision surgery after
revision THA has been observed. In these cases the indication for
the initial revision was an AL diagnosed without microbiology
testing of a joint aspirate. Here an underdiagnosis of PJI can be
suspected and the persisting PJI may have led to further revision
efforts."*?> In contrast, in the present study 85 patients with AL
underwent a single-stage surgical revision with removal of all
prosthetic components including the cement, followed by a thor-
ough debridement and a re-implantation of new prosthetic com-
ponents. Furthermore, no patient diagnosed with AL underwent
another revision surgery at our department within the observation
period of 26 months on average.

Recently published studies report a CRP sensitivity of 59—77%
for the detection of PJL.'>!7 With a sensitivity of 56% this study show
a comparable results.

This study has limitations, such as its retrospective character,
and a relatively low sample size. IL-6 and Alpha-defensin detection
has also shown promising results to detect a PJI. However, due to
the high costs this is no standard diagnostic tool in the algorithm
applied.”® As an alternative the cost-effective joint aspiration was
used. Bone scans have been shown to have a high sensitivity, but
the low specificity for infection limits their use.® Moreover, using
the bone scans increases the overall costs.

5. Conclusion

The diagnosis of PJI can be difficult in THA with radiographic
signs of loosening. Clinical features including pain, fever, and local
sings of infection are uncommon especially a long period after in-
dex operation. We suggest that all patients with radiographic signs
of loosening of a THA receive blood testing for CRP and WBC.
However, normal CRP and WBC values cannot rule out a PJI. These

cases can be detected by joint aspiration and synovial cultures
reliably.

Within the limitations, the results of this study suggest joint
aspiration with WBC analysis and synovial cultures as a useful tool
in all patients with symptomatic THA and radiographic sings of
loosening.
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