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ABSTRACT
Introduction Several studies have evaluated the 
diagnostic values of D- dimer and fibrin degradation 
product (FDP) for detecting periprosthetic joint infection 
(PJI), but their conclusions have been inconsistent. More 
importantly, whether the diagnostic value of these two 
biomarkers differs depending on whether they are assayed 
in plasma or serum is unclear.
Methods and analysis This prospective single- centre, 
parallel comparative study will involve patients planning 
to undergo revision hip or knee arthroplasty due to an 
aseptic mechanical failure or PJI. After the patients provide 
written informed consent, their serum and plasma will be 
sampled and assayed for D- dimer and FDP. The diagnostic 
value of these two biomarkers in plasma and serum will 
be compared with one another and with the value of two 
traditional inflammatory markers (C reactive protein and 
erythrocyte sedimentation rate) used to diagnose PJI 
according to the 2013 International Consensus Meeting 
criteria. Diagnostic value will be assessed in terms of area 
under receiver operating characteristic curves, sensitivity, 
specificity, as well as positive and negative predictive 
values, all calculated based on the optimal cut- off 
determined from the Youden index.
Ethics and dissemination This study was approved 
by the Ethics Committee of our hospital (approval no. 
2020-859). Written informed consent will be obtained 
from all patients before enrollment. Study findings will be 
disseminated widely through peer- reviewed publications 
and conference presentations.
Trial registration number This study was registered in 
the Chinese Clinical Trial Registry (ChiCTR2000038547), 
and it is ongoing.
Title:

INTRODUCTION
Periprosthetic joint infection (PJI) is a 
catastrophic complication after total hip 
arthroplasty (THA) or total knee arthro-
plasty (TKA). It increases hospitalisation 
costs, prolongs treatment and increases 
risk of morbidity and mortality.1 2 PJI 

incidence is increasing with the growing 
number of primary total joint arthroplasties 
(TJAs).3 4 Infection should be detected as 
early as possible, and certainly before revision 
surgeries, because it substantially affects plan-
ning of treatment and management aimed at 
preserving the implanted prosthesis and joint 
function. Detection of PJI is also important 
for managing patients’ expectations.5

One possibility for diagnosing PJI is to 
assay blood or synovial fluid for appropriate 
biomarkers.6 Blood tests on patients with 
suspected infection are important because 
they can be rapidly performed in advance of 
joint aspiration. A reliable, sensitive biomarker 
can reduce the rate of missed infections, but 
the two inflammatory biomarkers currently 
recommended for diagnosing PJI according 
to the 2013 International Consensus Meeting 
(ICM) criteria, C reactive protein (CRP) and 
erythrocyte sedimentation rate (ESR), are not 
highly sensitive. Both indices can be normal 
in infections of certain weakly virulent patho-
gens, such as Propionibacterium acnes.6–8

Alternative biomarkers for diagnosing PJI 
from blood tests may be D- dimer and fibrin 
degradation product (FDP), both products 
of fibrinolysis.9 10 Levels of D- dimer in plasma 
have already proven to be a useful marker 

Strengths and limitations of this study

 ► This is a prospective study with enough sample size.
 ► All related indicators used to diagnose periprosthetic 
joint infection will be collected.

 ► This is a single- centre study.
 ► The diagnostic value of enrolled biomarkers for the 
patients with inflammatory arthritis and venous 
thromboembolic disease needed to be further eval-
uated in the future.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-0456-8379
http://orcid.org/0000-0002-9037-4756
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-046442&domain=pdf&date_stamp=2021-07-02


2 Xu H, et al. BMJ Open 2021;11:e046442. doi:10.1136/bmjopen-2020-046442

Open access 

of lethality for very early- stage blood- borne infections.11 
Several studies subsequently reported the diagnostic 
values of D- dimer and FDP for diagnosis PJI,9 12 13 though 
currently these biomarkers are used in the clinic primarily 
to exclude venous thromboembolism14 and monitor post-
operative fibrinolysis.15 And the 2018 revision of ICM 
criteria had recommended the levels of serum D- dimer 
as a reference biomarker for diagnosing PJI alongside 
CRP.16

Unfortunately, the evidence supporting D- dimer levels 
as a biomarker of PJI may not be entirely reliable.17 
Studies have reported inconsistent findings about its 
diagnostic performance,10 13 18 and all but one of these 
studies19 were retrospective. In addition, the D- dimer was 
assayed in serum in some studies9 18 20 21 but from plasma 
in others.10 13 More importantly, as suggested by Pannu 
et al,22 some authors of the published studies may have 
failed to notice the difference between plasma and serum 
and caused some mistakes in their papers. But several 
meta- analyses have already been performed to compared 
the diagnostic values of D- dimer between plasma and 
serum, which may lead to more confusion.23–25 In addi-
tion, although some studies have demonstrated that 
serum D- dimer is superior to plasma D- dimer in diagnosis 
of PJI,23 26 we are unaware of studies comparing the diag-
nostic value of D- dimer levels in plasma or serum sampled 
from the same patients. Consequently, high- quality prospec-
tive studies that address these research gaps are needed 
to validate the use of D- dimer as a PJI biomarker.

In addition to D- dimer, FDP is also the product of fibri-
nolysis. Fujimoto et al27 reported that increased serum 
FDP level prevent the negative conversion of CRP value 
after TKA. Plasma levels of FDP are also strongly related 
to inflammatory responses after TJA.15 Our previous 
retrospective study has called into question whether 
plasma levels of FDP can reliably diagnose PJI,10 but 
these results should be confirmed in prospective analysis. 

Furthermore, we are unaware of studies assessing the 
potential of serum levels of FDP to diagnose PJI.

Therefore, we plan a prospective study to address the 
following three questions: (1) whether there is a differ-
ence between serum and plasma D- dimer or FDP in 
patients with or without inflammatory diseases such as 
rheumatoid arthritis (RA) and ankylosing spondylitis 
(AS) before primary TJA; more importantly, (2) whether 
there is a difference between serum and plasma D- dimer 
or FDP for identifying PJI before revision hip or knee 
arthroplasty and (3) whether D- dimer and FDP can 
improve the diagnostic values of CRP and ESR in PJI.

METHODS
Study design
This will be a prospective single- centre, parallel compara-
tive study to evaluate and compare the diagnostic perfor-
mance of D- dimer and FDP assayed in serum and plasma. 
This study will include (1) two control groups of patients 
who are planning to undergo primary TKA or THA with 
or without inflammatory diseases, respectively, (2) a 
non- PJI group of patients planning to undergo revision 
arthroplasty due to an aseptic mechanical failure and 
without infection and (3) a PJI group of patients plan-
ning to undergo revision arthroplasty due to infection as 
defined by 2013 ICM criteria (table 1).28 29

Participants and eligibility criteria
Patients who have been diagnosed with primary osteoar-
thritis of the knee or hip, osteonecrosis of the femoral 
head or developmental dysplasia of the hip and who 
are planning to undergo primary TKA or THA will be 
enrolled as group A. And patients who have been diag-
nosed with RA or AS of the knee or hip and who are plan-
ning to undergo primary TKA or THA will be enrolled 
as group B. These two groups of patients will be analysed 

Table 1 2013 ICM criteria for diagnosing PJI and the thresholds of the minor diagnostic criteria

Diagnostic criteria

Recommended threshold

Acute (<90 days) Chronic (>90 days)

Major criteria  ►  Two positive periprosthetic 
cultures with phenotypically identical 
microorganisms or

 ►  A sinus tract communicating with the 
joint

  –   –

Minor critera  ►  Elevated serum CRP and ESR
 ►  Elevated SF WBC count or changes in 
the leucocyte esterase strip

 ►  Elevated SF PMN%
 ►  Positive histological analysis of the 
periprosthetic tissue

 ►  A single positive culture

  100 mg/L; Not helpful
  10 000 cells/mL;+ or ++
  >90%
  >5 neutrophils per high- 

power field in 5 high- power 
fields (400×)

  10 mg/L, 30 mm/h
  3000 cells/mL;+ or ++
  >80%
  >5 neutrophils per high- power 

field in 5 high- power fields 
(400×)

PJI is present when one of the major criteria, or three of five of the minor criteria are met.
CRP, C reactive protein; ESR, erythrocyte sedimentation rate; ICM, International Consensus Meeting; PJI, periprosthetic joint infection; 
PMN%, polymorphonuclear neutrophil percentage; SF, synovial fluid; WBC, white blood cell.
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to examine differences between serum- and plasma- based 
assays of D- dimer and FDP, as well as the effect of inflam-
matory diseases on their levels. Another two groups of 
patients who plan to undergo revision hip or knee arthro-
plasty due to an aseptic mechanical failure (group C) or 
infection (group D) will be analysed to assess the ability 
of D- dimer and FDP in serum and plasma to diagnose 
PJI. Furthermore, subgroups will be designed to explore 
the effect of comorbidities, for example, tumours, on the 
diagnostic values of serum and plasma D- dimer and FDP 
for identifying PJI.

Patients will be excluded if they (1) refuse to partici-
pate in the study, (2) have been diagnosed with deep 
vein thrombosis, (3) are taking oral anticoagulants or 
antiplatelet drugs, (4) have haemophilia or (5) use anti-
biotics within 2 weeks before operation.

PJI diagnostic criteria and outcome evaluation
PJI will be defined in this study according to the 2013 
ICM criteria.28 Patients who plan to undergo revision hip 
or knee arthroplasty will be divided into those who are 
infected or not according to the criteria.

After obtaining written informed consent from enrolled 
patients, nurses will collect fasting venous blood samples 
on the day of admission. The samples will be sent to our 
hospital’s clinical laboratory within 1–2 hour. D- dimer 
and FDP levels in plasma and serum will be assayed sepa-
rately by immunoturbidimetry using an automatic coagu-
lation analyser (CS-5100; Japan) and commercial test kit 
(Siemens), respectively. In addition, routine blood exam-
ination, serum CRP and ESR will be tested at the same 
time.

The affected joint in each patient planning to undergo 
revision arthroplasty will be aspirated on the day of admis-
sion or on the following day. The aspirated synovial fluid 
will be sent immediately for determination of white blood 
cell count and differential neutrophil count, polymor-
phonuclear neutrophil percentage as well as aerobic and 
anaerobic cultures with blood culture bottles adapted to 
bacterial and fungal growth. If the preoperative samples 
of aspirated joint fluid are insufficient for culturing, the 
joint cavity will be flushed with aseptic saline, which will 
be sent for cultures. In addition, synovial fluid will be 
collected intraoperatively during revision arthroplasty 
and sent for cultures. Cultures will be maintained for 
5 days routinely, but then it will be extended to 21 days 
if preoperative cultures have proven to be negative and 
there is a high clinical suspicion for infection. Fungal and 
mycobacterial cultures will be performed only in higher 
risk scenarios. Four or more periprosthetic tissues will 
be biopsied during all revision procedure and sent for 
histology analysis and cultures. And the neutrophils count 
of these tissues will be determined using microscope.

Outcomes and data collection
Baseline data will be recorded about age, sex, diagnosis 
at discharge, comorbidities including hypertension, 
diabetes, chronic obstructive pulmonary disease, coronary 

heart disease, inflammatory diseases and malignant 
tumours; results of laboratory tests of blood and synovial 
fluid, culture results of synovial fluid and histology as well 
as culture results of periprosthetic tissues. Data will also 
be recorded about the presence of comorbidities such as 
RA and AS that may elevate the levels of inflammatory or 
fibrinolytic biomarkers.

Sample size calculation
MedCalc V.12.7 (MedCalc Software bvba, Ostend, 
Belgium) was used to calculate sample size. Previous work 
showed the area under the receiver operating charac-
teristic curve (AUC) for plasma levels of D- dimer to be 
0.657,13 much lower than the AUC of serum D- dimer 
reported by Shahi et al9; therefore, the AUC of plasma 
D- dimer was used to calculate the sample size with type I 
(significant) error set to 0.05 and type II (1- power) error 
set to 0.2. Taking into account the ratio of 1.24 for non- 
infected patients to infected patients undergoing revi-
sion arthroplasty at our hospital,2 we calculated minimal 
sample sizes of 59 non- infected patients and 47 infected 
patients. And the patients who are planning to undergo 
primary TKA or THA with or without inflammatory 
diseases will be enrolled 40 patients, respectively. Conse-
quently, a total of about 186 patients will be enrolled in 
four groups (figure 1).

Statistical analyses
All data will be entered in a timely fashion by two trained 
researchers working independently. Descriptive statistics 
will be presented as mean (SD) for normally distributed 
continuous variables or median (IQR) for non- normally 
distributed data, and frequency (percentage) for categor-
ical variables. Student’s t- test will be used to analyse the 
normal distributed numerical variables; while Wilcoxon 
Mann- Whitney U test will be used to analyse the numer-
ical variables with non- normal distribution or unequal 
variance; Pearson χ2 test and Fisher exact test will be used 
to analyse the qualitative variables. Differences associated 
with p<0.05 are considered significant.

Receiver operating characteristic curves will be calcu-
lated to examine the relationship between the rate of 
true positives (sensitivity) and the rate of false positives 
(1−specificity), and to determine the AUC. The Youden 
index will be used to determine the optimal predictive 
cut- offs for calculating AUC. Diagnostic performance of 
D- dimer and FDP from plasma or serum will be assessed in 
terms of AUC, sensitivity, specificity, positive and negative 
predictive values. And the z- test will be used to compare 
AUCs for tested biomarkers. Statistical analyses will be 
performed using SPSS V.24 (IBM, Armonk, NY, USA) and 
MedCalc V.12.7 (MedCalc Software bvba).

Study start and duration
The study is ongoing. Our hospital is a designated national 
centre for the diagnosis and treatment of complicated 
and critical diseases and annually >3000 TJA procedures 
are performed there. Therefore, the required number of 
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subjects is likely to be enrolled during the 1–2 years. And 
this study started in October 2020 and planned to end in 
October 2021.

DISCUSSION
Although the potential of D- dimer and FDP for identi-
fying PJI has been evaluated in recent years, nearly no 
studies offering high- level, prospective evidence have 
been conducted. In addition, it is unclear whether levels 
of these biomarkers in serum or plasma may be more clin-
ically useful. The purpose of this prospective study is to 
provide high- quality evidence for determining whether 
D- dimer and/or FDP levels in plasma and/or serum can 
be accurate and reliable diagnostic biomarkers for PJI. In 
this way, the results of this study will validate or refute the 
recommendations concerning the use of serum D- dimer 
in 2018 ICM criteria. The results will be the most exten-
sive prospective data so far on the diagnostic potential of 
D- dimer and FDP for PJI, and apparently the first direct 
comparison between serum- based and plasma- based 
assays of these biomarkers.

Strengths of this study
This study will be only the second prospective analysis, 
aside from one previous work,19 to assess diagnostic 
performance of D- dimer or FDP. More importantly, the 
study will assay plasma and serum from the same patients 
simultaneously, which has rarely been done previously. 
This study may allow definitive conclusions about the 
diagnostic value of these biomarkers.

Furthermore, retrospective studies on D- dimer usually 
did not assay synovial fluid and periprosthetic tissues in 
patients undergoing revision arthroplasty when infection 
was not suspected. However, these tests are important for 
detecting infections caused by some weakly virulent patho-
gens that cannot elevate PJI- related biomarkers such as 

CRP or ESR and without causing obvious clinical mani-
festations such as pain or fever.30 31 As a further measure 
to detect infections, this study will include repeated 
preoperative joint aspiration of each patient planning to 
undergo revision arthroplasty, and synovial fluid and peri-
prosthetic tissues will also be collected during surgery and 
tested to avoid missing some infected subjects.

Limitations of this study
First, though previous studies have shown that patients 
with inflammatory arthritis such as RA and AS are at 
higher risk of infection than those without it, detecting 
infection in those patients after TJA remains challenging 
because traditional biomarkers such as CRP and ESR 
can be unreliable for those patients.32 33 Although our 
study may help address this problem, it may not lead to 
definitive conclusions about the diagnostic performance 
of D- dimer and FDP because of the limited sample size. 
Second, to reduce confounding in our analysis, we will 
exclude patients with deep vein thrombosis or haemo-
philia, as well as patients taking oral anticoagulants or 
antiplatelet drugs. Thus, the generalisability of our find-
ings for those patient subgroups will be unclear. Third, 
we will exclude the patients if they use antibiotics within 
2 weeks before operation, since it can decrease the diag-
nostic value of CRP and ESR, and the positive rate of 
synovial fluid culture,34 35 hence, the use of our findings 
for those patients will be uncertain. Even so, we believe 
this study could provide significant information about the 
diagnostic values of D- dimer and FDP from both serum 
and plasma for identifying PJI.

Data sharing plan
The data from this study that are needed to replicate 
the main findings will be made available by the principal 
investigators on reasonable request.

Figure 1 Flow diagram of the study design.
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ETHICS AND DISSEMINATION
This study was approved by the Ethics Committee of our 
hospital (approval no. 2020-859), and it will be carried 
out in accordance with the published study protocol and 
with the latest version of the Declaration of Helsinki. 
Written informed consent will be obtained from all 
patients before enrollment. The results of this study will 
be distributed through publication in a peer- reviewed 
research journal and conference presentations.
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