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Introduction

Globally, the frequency of ED and inpatient visits for crystal
induced arthritis including, gout have increased substantially [1-
3]. However, the clinical presentations of gout and pseudogout
are sufficiently similar to that of septic arthritis that history and
examination cannot reliably differentiate the two conditions [4].
Similarly, peripheral blood tests including white cell count (WCC),
C- reactive protein (CRP) and erythrocyte sedimentation rate (ESR)
are elevated in both conditions [5] and the serum uric acid level
may be normal during an acute gout flare [6]. Microscopy, WCC
and culture of aspirated synovial fluid is currently required to
fully differentiate between septic arthritis and gout [7,8]. With the
frequent delay in obtaining joint culture results and not all joints
being easily accessible, synovial fluid results are not always easily
achievable.

To further complicate matters, management for crystal induced
arthritis and septic arthritis may be mutually exclusive at times due
to the need for immunosuppression in severe gout and pseudogout
which can exacerbate infection [9]. Delayed treatment of patients
with septic arthritis risks at least, joint damage and at worst in
severe morbidity or mortality Thus the recommendation that
patients receive treatment for suspected septic arthritis pending
investigation results [10].

Shifts in platelet, neutrophil and lymphocyte counts are
recognized disease severity indicators in rheumatic disease,
especially if combined with acute phase reactants [11]. Increased

@ @ This work is licensed under Creative Commons Attribution 4.0 License ARAR.MS.ID.000557.

peripheral blood neutrophils and platelets occur as part of the
acute phase response to inflammation and infection [12,13], along
with and lymphocyte apoptosis [14]. The neutrophil lymphocyte
ratio (NLR) is an established marker of some types of systemic
inflammation [15]. It has been shown to be significantly elevated
in a number of inflammatory conditions including systemic lupus
erythematosus (SLE) especially with nephritis [16,17], juvenile
arthritis [18], rheumatoid arthritis [19] and sarcoidosis [20].
Likewise, the platelet lymphocyte ratio (PLR) has similarly be a
marker of inflammation in SLE [21], rheumatoid [22] and psoriatic
arthritis [23]. Both NLR and PLR have previously been shown to
be both diagnostic and prognostic indicators of sepsis [24, 25]. No
previous data has been used in crystal induced arthritis

A common problem is the difficulty of clinically differentiating
septic from crystal induced arthritis. This study set out to investigate
whether NLR and PLR derived from peripheral blood sample at
presentation were able to differentiate the 2 conditions In addition,
machine learning algorithms were utilized to evaluate their
diagnostic accuracy against conventional acute phase reactants.

Methods
Study design

The study was performed on data derived from the Austin
Hospital data warehouse records from patient visits between
January 1st 2011 and June 31st 2019 in Melbourne Australia. The
records included all patient characteristics (age, gender), major
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clinical information (diagnosis, medication) and all investigation
results per hospital visit. All investigation results presented are
of first set of samples per admission. Patients are included in this
study if they have a primary diagnosis of one of septic arthritis,
gout or pseudogout according to the International Classification
of Diseases, Tenth Revision, Australian Modification (ICD-10-AM)
and had an intraarticular joint aspirate confirming the diagnosis.
Patients who also had a diagnosis which included as part of that
an inflammatory arthritis were excluded. For the purpose of this
study, we included both Emergency Department (ED) visits as well
as inpatient admissions.

Data for this study was collected retrospectively on visits
of patients over the age of 18 and who had consented their
information be available for research purposes (i.e. electronic files
were not suppressed). All visits recorded in this study contains a
primary diagnosis based on ICD-10-AM of septic arthritis, gout, or
pseudogout which was confirmed on findings from an intraarticular
joint aspirate. Patients with a secondary diagnosis with either any
immunodeficiency disease nor another other type of inflammatory
arthritis were excluded.

Information on patient age, gender and, results of full blood
examination (FBE), inflammatory markers including C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR) were
recorded as were the results of any intraarticular aspiration.

Ethics approval was granted by the local ethics committee.
Statistical analysis

Statistical analyses were performed using R Studio version
1.1.442 on Mac OS using packages Tidyverse, caret, random Forest
and Optimal Cut points. Descriptive statistics were performed on
stratified data based on primary diagnosis. PLR was calculated
dividing platelet count by lymphocyte count and NLR dividing
neutrophil count by lymphocyte count. Performance characteristics
of CRP, ESR, neutrophil count, platelet count, NLR and PLR were
analyzed using receiver operating curves (ROC) and respective

Table 1: Basic participant clinical information.

Youden’s index was calculated. Two individual data sets were
created for the purpose of machine learning. The core data set
consisting age, gender, platelet count, lymphocyte count, neutrophil
count and CRP, the ratio data set which includes NLR and PLR in
addition to the core data set. Prior to machine learning both
data sets were pre-processed, by scaling and centered to achieve
standardized inputs with mean of zero and standard deviation of 1
for all pathology data. Data was randomized and split into training
and testing sets using a ratio of 80% training and 20% testing
using the R function create Data Partition. The 80% training data
with confirmed diagnosis retained is used to train two separate
predictive models using random forest algorithm with 10-fold
cross validation. Partitioning is identical for both models such that
identical participants are used for the two models’ training and
testing processes individually.

Each individual model was used to predict the diagnosis of
patients on the testing set which has the diagnosis removed. The
predicted diagnoses were then compared to the known diagnosis
to evaluate the model accuracy which is reported in the form of a
confusion matrix.

Results
Descriptive statistics

A total of 446 patients were included in this study, from 455
episodes of admission. The median age of included patients
was 76 (IQR 65, 85) and 66% were male. Patient demographics
characteristics and biochemical data are outlined in Table 1. Of
the 455 episodes, 160 (35.2%) were septic arthritis, 275 (60.4%)
were gout and 20 (4.4%) were pseudogout A diagnosis of septic
arthritis concurrent with the presence of crystals on joint aspirate
occurred in 26 episodes and, these patients were categorised as
having septic arthritis Results were available on all patients for
joint aspirate culture and microscopy, a CRP and FBE. An ESR result
was performed on only 94 patients and a synovial fluid cell analysis
164 samples, the most common reason for a lack of these results
latter results being clotting of the synovial fluid.

No. 160 275 20
Age 67 (51,81) 80 (69, 86) 84 (80, 88)
% male gender 55 80 37
Neutrophil 8.3 (5.1,13) 8(5.4,12) 5.2 (3.7,12)
CRP 70.2 (35.7, 120) 51.4 (25.7,112) 463 (193, 63)
Albumin 25 (20, 29) 30 (26,32) 29 (27,33)

Table 2 outlines compares the means of serum inflammatory
markers, joint aspirate neutrophil count and calculated NLR/ PLR
between septic arthritis patients and crystal arthropathy. Using a
t-test, a significant difference was observed in the mean platelet
count, that of the septic arthritis patients being 363 compared
with 276 for those with crystal arthropathy (p < 0.001). Similarly,
there was a significant difference between the mean PLR of septic

group (348) compared with crystal arthropathy (244) (p <0.01).
In contrast, no significant differences were observed between the
two groups in NLR, CRP and serum lymphocyte nor neutrophil
counts Within the synovial fluid, septic arthritis patients did have
significantly higher synovial neutrophils (P < 0.05) but not total
white cell count thank non septic patients. No correlation was
found between white cell level within the synovial fluid and serum.

Citation: Sam Shan* and Russell Buchanan. Role of Neutrophil-Lymphocyte Ratio and Platelet-Lymphocyte Ratio in Differential Diagnosis
Between Crystal Induced Arthritis and Septic Arthritis. Arch Rheum & Arthritis Res. 3(2): 2024. ARAR.MS.ID.000557.

DOI: 10.33552/ARAR.2024.03.000557

Page 2 of 5


http://dx.doi.org/10.33552/ARAR.2024.03.000557

Archives of Rheumatology & Arthritis Research

Volume 3-Issue 2

Table 2: Comparison of t-tests between septic and crystal induced arthritis.

CRP (mg/L) 106 90 16 (-4.3, 35) 0.12
ESR (mm/hr) 77 58 19 (3.5, 35) <0.05
Neutrophil count (xlOg/L) 9.1 8.6 0.5 (-0.5,1.4) 0.33
Lymphocyte count (x109 / L) 2.3 1.9 0.4 (-0.9, 1.6) 0.6
Platelet count (XIOQ/L) 363 276 87 (51,123) <0.001
PLR 348 244 104 (26, 180) <0.01
NLR 9.7 8.3 1.4 (-1,3.7) 0.27
Joint fluid neutrophil count (xlOG/L) 46803 20763 26040 (4253, 38850) <0.05

Youden’s index is computed for the serum inflammatory
markers and joint aspirate neutrophil count individually. Their
respective cut offs, sensitivity, specificity and area under the
receiver operating characteristic curve (AUC) are shown in Table
3 Using the jJoint aspirate neutrophil count appeared to have the

best overall performance with an AUC of 0.69. Serum neutrophil
and platelet counts returned the highest specificity whereas serum
ESR returned the highest sensitivity at 0.92. PLR achieved an AUC
of 0.62 with sensitivity of 0.55 and specificity of 0.67 while NLR had
an AUC of 0.63, sensitivity of 0.45 and specificity of 0.765.

Table 3: Predictive values of serum inflammatory markers and joint aspirate neutrophil count.

CRP (mg/L) 61.1 0.6 0.55 0.55

ESR (mm/hr) 0.92 0.45 0.66

Serum neutrophil count (><109/L) 114 0.34 0.76 0.53
Serum platelet count (x10°/L) 6.23 05 0.65 0.56
Serum lymphocyte count (XIO“’/L) 0.11 0.95 0.48
NLRLymphocyte count 343 0.45 0.76 0.63

Platelet count 6.23 0.5 0.65 0.56

PLR 234 0.55 0.67 0.62

NLRJoint aspirate neutrophil count (><106 / L) 26682 0.76 0.63 0.69

Predictive Modelling

The machine learning model created from core data produced a
model with prediction accuracy of 66.6%, sensitivity of 34.4% and
specificity of 84.5%. The top contributors to the core data model
in descending order is platelets count, CRP, neutrophil count and
then, lymphocyte count. Model trained from the ratios data set
produced a superior predictive model with a prediction accuracy
of 75.5% with, sensitivity and specificity of 62.5% and 82.8%
respectively. The independent variables which contributed to the
model in descending order were platelet count, PLR, NLR and CRP.
The addition of NLR and PLR into the decision-making progress
improved accuracy by 8.9%, majority of the improvement was in
the form of a 28.1% improvement in the sensitivity.

Discussion

Single joint crystal induced arthritis has near identical
presentations to septic arthritis and similar investigation findings,

however, it is crucial to differentiate the two due to different
managements. In this study, we established two novel markers-NLR
and PLR, for the differentiating septic arthritis from crystal induced
arthritis who presents with mono arthritis.

Significant differences were observed between crystal
arthropathy and septic arthritis in traditional inflammatory
markers such as serum ESR, serum platelet count, as well as joint
fluid neutrophil count in contrast to previous studies, CRP and
serum white cells could not be used as a distinguishing factor
between crystal induced arthritis and septic arthritis [26,27]. We
were unable to apply the diagnostic approaches established from
previous studies to safely crystal arthritis from septic arthritis in
our cohort [28,29]. Hariharan et all’s finding of ESR >10mm/h
and CRP >20mg/L would individually return sensitivity >90%
for septic arthritis was not replicated in this current study [30].
We found that serum platelet count is a significant predictor both
within and outside the machine learning algorithms related to its
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role in response to sepsis, while thrombocytosis was previously
documented, platelets are not commonly used clinically to identify
sepsis [31,32]. These differences are likely secondary to the
selection of a more homogenous cohort based on clinical need for
intraarticular joint aspirates which is suggestive of the diagnostic
dilemma, in contrast to previous studies in which patient selections
are purely based on retrospective diagnosis.

In our cohort of patients, all serum markers contributed
to the final diagnostic algorithm in distinction between septic
arthritis and crystal induced septic arthritis. Elevated NLR and PLR
individually are more suggestive than elevation in their respective
ratio compositions. Interestingly, NLR and PLR improved diagnostic
accuracy and sensitivity in the context of their derived components
also included into the prediction algorithm, suggesting that while
small, their improvements are additive to the measured serum
markers.

The combination model including both NLR and PLR
outperformed the standard model by 9%, both ratios were also

included within the top 3 predictors.

Given the presence of inflammation in these conditions,
traditional acute phase reactants would therefore be unreliable
in separating the two diagnoses. The differences in inflammatory
drivers lies with IL-6 in sepsis, which is a potent platelet production
driver as well as a driver of neutrophil apoptosis [33-36] This may
demonstrate a more amplified response in both NLR and PLR in
those with septic arthritis than those without and justifies PLR as a
more sensitive measure.

The use of random forest a supervised tree-based machine
learning algorithm is both novel and an efficient tool in medical
research and risk modelling [37,38]. Compared to conventional
covariate analysis, random forest is less likely to produce false
positives [39]. To our knowledge, this is the first study which utilises
machine learning algorithms to establish predictive models in the
separation of crystal induced arthritis from septic arthritis patients.
Likewise, this is also the first study which evaluates and ranks the
contribution of multiple investigation results. By the inclusion of
only intraarticular proven disease we sampled the population of
patients whom poses the specific clinical dilemma that we sought
to differentiate, and thus likely explains the differences in our
findings to previous studies.

This study potentially has some limitations. Firstly, the
diagnosis accuracy and ranking of the patients relied on accurate
transcription by hospital administrators of the synovial fluid
pathology findings into the correct ICD-10 coding While we did test
the model on remainder 20% of patient data which were involved
in model development, future studies prospectively evaluating
the performance is pertinent to establish its utility. Lastly, being a
tertiary centre, not every participant had serum ESR taken, we did
not record information on antimicrobial use or causative organism,
but it is likely that most patients would have received treatment
prior to joint aspiration.

Conclusion

Our findings suggest that both PLR and NLR, when adapted
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into a random forest model or used independently, can aid in
distinguishing between septic arthritis and crystal induced
arthritis. Given the availability of both PLR and NLR, both of which
act as acute phase reactants, these findings suggest their elevation
favor’s a diagnosis of septic arthritis more so than crystal induced
arthritis. Septic arthritis is a major differential diagnosis from
crystal induced arthritis, if these markers can be further validated
in a larger prospective trial, we may be able to reduce patient
morbidity by early diagnosis.
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