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Introduction: Patients with deep vein thrombosis (DVT) pose high morbidity and mortality
risk thus needing fast and accurate diagnosis. Wells clinical prediction scores with D-dimer
testing are traditionally used to rule out patients with low probability of DVT. However,
D-dimer testing has a few limitations regarding its relatively low specificity. Neutrophil-
lymphocyte ratio (NLR), a marker of inflammation, was found to increase in DVT. Hence,
we aimed to evaluate the role of NLR for DVT diagnosis.

Methods: Data were collected from medical records of patients with suspected DVT at Cipto
Mangunkusumo National General Hospital during January—December 2014. Diagnosis of DVT
was conducted using lower limb ultrasonography. Diagnostic values for NLR, D-dimer, and
NLR + D-dimer were determined by receiver operating characteristic (ROC) analysis to obtain
area under the curve (AUC), sensitivity, specificity, negative predictive value, and positive
predictive values. Sensitivity and specificity analyses of NLR and D-dimer were also conducted
based on Wells score and divided into groups of low and high probability of DVT.

Results: The AUC values for NLR, D-dimer, and NLR + D-dimer were 72.6%, 70.4%, and
76.1%, respectively. The optimal cut-off value determined for NLR was 5.12 with sensitivity
of 67.7%, specificity of 67.9%, PPV of 68.85%, and NPV of 64.91% in differentiating
subjects with and without DVT. This study also found that D-dimer had sensitivity of
69.4%, specificity of 71.4%, PPV of 72.88%, and NPV of 67.8%. Meanwhile, the NLR +
D-dimer combination had sensitivity of 66.1% and specificity of 72.6%. Multivariate analy-
sis showed that NLR (OR: 2.636; 95% CI: 1.144-6.076; p: 0.023) and D-dimer (OR: 4.175;
95% CI: 1.810-9.633; p: 0.001) were associated with DVT.

Conclusion: NLR value has wider AUC than D-Dimer and is relatively easier to obtain and
does not require specific assay, thus enabling rapid evaluation of symptomatic patients
suspected of having DVT. Adding NLR to D-dimer increased AUC to detect DVT.
Therefore, NLR could serve as a complementary diagnostic tool for D-dimer to exclude
DVT, especially in low clinical probability patients.

Keywords: deep vein thrombosis, neutrophils lymphocyte ratio, NLR, inflammation,
D-dimer

Introduction

Deep vein thrombosis (DVT) is a form of venous thromboembolism, which is the
third most common cardiovascular disorder." DVT is present in about two thirds in
a group of venous thromboembolism that affects around 300,000-600,000
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individuals in the US.2 DVT poses a high risk of mortality
and long-term complications if not treated properly.3
Therefore, accurate diagnosis is imperative to initiate
prompt treatment and prevent mortality. However, the
diagnosis of DVT still remains a challenge for physicians
due to lack of symptoms’ accuracy.'*

Venography as the gold standard for DVT diagnosis is
rarely used nowadays due to its invasive property, high
cost, and the requirement to use contrast agent.*”°
Currently, venous ultrasonography is the first imaging
modality choice for DVT diagnosis due to its high sensi-
tivity and specificity, although the diagnostic value is
limited for distal thrombosis.”® On the other hand, per-
forming ultrasonography for all patients suspected of
having DVT is not a cost-effective approach as it is time-
consuming and expensive.'® Finally, not all physicians
are trained to use venous ultrasonography. Hence, current
practice implements the use of clinical prediction scores
to estimate pretest probability of DVT. One of the most
commonly used scores is Wells score for DVT which has
been widely validated. Wells score considers clinical
features and risk factors for DVT to categorize patients
as high probability (Wells score > 2) and low probability
(Wells score < 2).*!"!

While high probability Wells scores should be fol-
lowed by diagnostic imaging to confirm the diagnosis,
low probability scores are not enough to safely rule out
suspected DVT inpatients. Therefore, Wells score should
be used in conjunction with other diagnostic testing such
as D-dimer."" D-dimer is a fibrin degradation product
which may be elevated in DVT and other conditions
such as pregnancy, infection, malignancy, and trauma.
D-dimer test is highly sensitive but not specific in diag-
nosing DVT. The commonly used threshold for normal
D-dimer levels is <500 ng/mL."*'"' Combination of
D-dimer and low probability Wells score yields high nega-
tive predictive value to rule out DVT in symptomatic
patients.>'>'? Despite the important role of D-dimer test-
ing in the diagnosis of DVT, it has some pitfalls such as
high false positive rate.'* D-dimer levels can be assessed
using various assays with variable sensitivity and specifi-
city. D-dimer levels can also be elevated in many condi-
tions other than DVT.'>'® Therefore, interpretation of
D-dimer should be done carefully. D-dimer testing is also
not available in all health care facilities, limiting its use to
rule out suspected DVT in patients.*"’

Nowadays, the role of inflammation in the pathogen-
esis of DVT has been recognized.'”?° Neutrophil-

lymphocyte ratio (NLR) is a non-specific marker of
inflammation which is related to many diseases, including
venous thromboembolism. Several studies have shown the
role of NLR as predictor and prognostic factor for mortal-
ity in pulmonary embolism and venous
thromboembolism.?' >° For example, a study by Farah
et al showed that NLR was associated with acute pulmon-
ary embolism (OR 1.2; 95% CI: 1.01-1.4; p: 0.041).>

NLR is obtained by dividing neutrophil count with
lymphocyte count.'”?%?” The rise of neutrophil count
represents a systemic inflammatory process, while the
decrease of lymphocyte shows an ongoing stress inflicted
by the disease.'” The role of neutrophils in thrombus
formation has been elucidated. Neutrophils release neutro-
phil extracellular traps (NETs) that initiate and propagate
thrombus formation.*®*

The role of neutrophils in thrombus formation presents
a possibility to use NLR as a biological marker in DVT.
Compared with D-dimer, NLR is easy to evaluate and
widely available in many healthcare facilities since it
does not require special assays. Therefore, this study
aimed to evaluate the diagnostic value of NLR compared

with D-dimer as a marker in DVT.

Methods
Study Design and Subjects

This was a cross-sectional study of secondary data
obtained from medical records. All medical records were
obtained from January 1st 2014 to December 31st 2014
and were looked through for adult patients suspected of
having DVT presenting with unilateral lower limb edema
who underwent ultrasonography for diagnosis at Cipto
Mangunkusumo National Jakarta,
Indonesia. This study identified a total of 160 subjects
suspected of having DVT. However, 42 subjects were

General Hospital,

excluded due to lack of USG Doppler examination and/
or incomplete laboratory data, resulting in the study size of
118 patients.

Clinical characteristics of excluded patients were pre-
sented in Supplementary File. We excluded patients with-

out USG Doppler examination to prevent bias in this study
and incorrect diagnosis. Another exclusion criterion was
pregnancy which was not found in any subjects. As this
was a cross-sectional study from secondary data of medi-
cal records, the authors chose total sampling method to
achieve the minimal sample size.
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Data Collection

Data were collected from medical records which included
subjects’ baseline characteristics, the presence of comor-
bidities, clinical findings, Wells score, complete blood
count, differential count, D-dimer, and results of ultraso-
nography (USG) of the lower limbs.

The Wells score of patients was previously determined,
evaluated, and recorded by internal medicine specialist in
Cipto Mangunkusumo National General Hospital.
Additionally, USG Doppler examination for DVT diagno-
sis was also conducted by internal medicine specialist.
Both total Wells score and USG Doppler examination
status were obtained directly from medical records.

Wells score of <2 is classified as low probability for
DVT while score >2 is classified as high probability. NLR
was calculated by dividing absolute neutrophil count with
absolute lymphocyte count. The presence of uncompressi-
ble vein on USG confirmed the diagnosis of DVT.

The presence of comorbidities including diabetes mel-
litus, chronic kidney disease, heart disease, infection, cer-
ebrovascular  disease, hypertension, hematological
disorders, and malignancy was documented in medical

records and obtained for this study.

Ethics Approval

Informed consent of the subjects in this study was repre-
sented by the ethical approval from Ethics Committee of
the Faculty of Medicine, Universitas Indonesia number
0558/UN2.F1/ETIK/2018 with protocol number 18-06-
0646 due to the study having a cross-sectional design
using secondary data from medical records. Hence, no
informed consent from the patients was required. Finally,
this study complied with Declaration of Helsinki and con-
fidentiality of patients’ data was maintained.

Statistical Methods

Baseline characteristics of samples were described as
mean or median for numerical data and percentage for
categorical data. Age was categorized as <45 years and
>45 years since rate of DVT was found to increase sig-
nificantly after the age of 45 years.’® Study subjects were
classified into two groups based on the presence of DVT
confirmed by lower limb USG.

Statistical analysis was performed using IBM SPSS
Statistics 20.0. In all analysis, P value <0.05 for the two-
tailed test was considered significant. The relationship
between NLR and DVT was analyzed with unpaired

t-test. Distribution of NLR was skewed, so the data were
Back-

transformation was then performed to obtain the geometric

log transformed before being analyzed.
mean which was presented in the results.

Receiver operating characteristic (ROC) curve analysis
was used to assess the diagnostic value of NLR and
identify its optimal cut-off value. The area under the
ROC curve (AUC), sensitivity, specificity, negative pre-
dictive value, positive predictive value, and the likelihood
ratio were presented to describe the diagnostic value
of NLR.

D-dimer was categorized as positive if the D-dimer
level was > 500 ng/dL and negative if <500 ng/dL, as
this is a universal cutoff used in clinical setting. The area
under the ROC curve (AUC), sensitivity, specificity, nega-
tive predictive value, and positive predictive value were
presented to describe the diagnostic value of NLR.

The diagnostic value of NLR was then compared with
D-dimer. A model incorporating both NLR and D-dimer
was analyzed to see if NLR could add diagnostic value to
D-dimer in diagnosing DVT. The diagnostic value of both
NLR and D-dimer were also analyzed while subjects were
divided into low and high probability groups based on
Wells score. Statistical comparison between AUC of each
variable was also conducted. Logistic regression was then
performed to determine the independent association
between NLR and D-dimer with DVT.

Results

A total of 160 subjects were gathered but 42 subjects were

excluded from the study. Hence, a total of 118 subjects

were included in this study. Clinical characteristics of

excluded patients can be seen in Supplementary Table 1.
The mean age was 54.78 (SD: 13.87) years with 22.1%

of them younger than 45 years. Half (50%) of the subjects

were male. The majority of subjects (87.3%) had comor-
bidities. Subject baseline characteristics can be viewed in
Table 1.

Out of 118 subjects, 62 (52.5%) had DVT. Baseline
characteristic of hematological parameters showed indica-
tion of higher leukocyte levels in the DVT-positive group
when compared with non-DVT group (13,174.52 versus
10,015.36). Additionally, the comparison revealed higher
percentage of neutrophil in DVT-positive group (80.2% ver-
sus 68.7%) while the percentage for lymphocyte was lower
in DVT-positive group (10.6% versus 20%). The median
NLR was higher in DVT-positive group (7.45 versus 3.35).
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Table | Subject Characteristics

Variables Presence of DVT

All Subjects Positive Negative

n=118 n =62 (52.5%) n =56 (47.5%)

Age (years), [mean * SD] 54.78 + 13.87 51.85 £ 14.94 58.02 + 11.89
Age categories, [n (%)]
<45 26 (22.1) 19 (30.6) 7 (12.5)
245 92 (77.9) 43 (69.4) 49 (87.5)
Gender, [n (%)]
Male 59 (50) 29 (46.8) 31 (55.5)
Female 59 (50) 33 (53.2) 25 (44.6)
Wells score, [n (%)]
Low Probability 21 (17.8) 3 (48) 18 (32.1)
High Probability 97 (82.2) 59 (95.2) 38 (67.9)
D-Dimer, [n (%)]
2500 ng/dl (positive) 55 (46.6) 43 (69.4) 16 (28.6)
<500 ng/dl (negative) 63 (53.4) 19 (30.6) 40 (71.4)
Complete Blood Count
Hb (mg/dL), mean + SD 10.53 £ 2.19 10.14 £ 1.94 10.96 + 2.38
Hematocrit (%), mean * SD 31.57 £ 622 30.501 + 5.56 3262 £ 6.71
Leukocyte (cells/pL), median (min-max) 9,330 (1,100-72,100) 13,174.52 £ 9,143.48 10,015.36 = 9,290.04
Thrombocyte (cells/pL), median (min-max) 267,000 (20,000-121,800) 261,500 (20,000-996,000) 282,000 (51,800-1,218,000)
Basophil (%), median (min-max) 0.20 (0-3) 0.10 (0-3) 0.30 (0-1)
Eosinophil (%), median (min-max) 1.85 (0-16.80) 0.4 (0-11.40) 2.30 (0-16.80)
Neutrophil (%), median (min-max) 76.0 (8.20-96) 80.2 (8.20-9¢6) 68.7 (42.1-95)
Lymphocyte (%), median (min-max) 14.3 (3-184) 10.6 (3—184) 20 (3-47.20)
Monocyte (%), median (min-max) 6.11 £295 581 +3.27 6.45 + 2.53
NLR, median (min-max) 5.20 (0.41-30.67) 7.45 (0.41-30.67) 3.35 (0.89-30.67)
Total Comorbidities, [n (%)] 103 (87.30) 54 (52.40) 49 (47.60)
Malignancy, [n (%)] 30 (29.12) 24 (44.44) 6 (12.24)
Diabetes, [n (%)] 26 (25,24) 11 (20.37) 15 (30.61)
Chronic Kidney Disease, [n (%)] 17 (16.50) 8 (14.81) 9 (18.36)

The proportion of subjects with high probability of
DVT (Wells score > 2) were significantly higher in the
group with DVT. The presence of comorbidities was equal
between subjects who had and did not have DVT.
However, subjects who had DVT had higher number of
malignancies. The main comorbidities in our subjects were
presence of malignancies with 24 subjects in DVT group
having malignancies and only 6 subjects in non-DVT
group having malignancies.

ROC Analysis of NLR

ROC analysis was performed to find out the optimal cut-
off value for NLR. ROC analysis was conducted using

NLR as continuous data. The area under ROC curve
(AUC) for NLR was 72.6% (63.4%-81.8%) with
p<0.001 (Figure 1) (Table 2). The optimal cut-off value
for NLR based on sensitivity and specificity curve analysis
was determined to be 5.12 (Figure 2). This cutoff had
sensitivity of 67.7%, specificity of 67.9%, negative pre-
dictive value (NPV) of 64.91%, and positive predictive
value (PPV) of 68.85% (Table 2). Coordinates of the curve
for NLR can be seen in Supplementary Table 2.

ROC Analysis of D-Dimer
ROC analysis for D-dimer with a cut-off value of 500

showed the area under curve 70.4% (60.8%-80.0%)
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Figure | Receiver operating characteristic (ROC) analysis of NLR. AUC was 72.6% (63.4%-81.8%). NLR optimal cut-off value was 5.12 (n=118).

(Figure 3). Analysis showed that D-Dimer with a cut-off
value of 500 had sensitivity of 69.4%, specificity of
71.4%, NPV of 67.8%, and PPV of 72.88% (Table 3).

ROC Analysis of NLR + D-Dimer

When NLR and D-dimer were used together, ROC analy-
sis showed AUC of 76.1% with a sensitivity of 66.1% and
specificity of 72.6% (Table 4) (Figure 4). Coordinates of
NLR + D-Dimer can be
Supplementary Table 3.

the curve for seen in

AUC Difference Analysis

Comparisons of the 3 AUCs were conducted. Lowest AUC
difference was 2.2% between NLR and D-Dimer. Highest
AUC difference was 5.7% between D-Dimer and NLR +

Table 2 ROC Analysis of NLR

D-Dimer combination. The difference of 5.7% was statisti-
cally significant with p value of 0.047. Based on this, addi-
tion of NLR to D-Dimer improved AUC significantly.

We also assessed the overall model quality of the
variables using SPSS Software. The model quality for
NLR, D-Dimer, and NLR + D-Dimer were 0.63, 0.62,
and 0.67 respectively (Figure 5). A good model has
a value of more than 0.5.

Sensitivity and Specificity of NLR +
D-Dimer Based on Wells Score

Probability
When the subjects were divided based on DVT probabil-
ity, NLR had higher sensitivity compared to D-dimer in

AUC Cl 95% Standard Sensitivity Specificity Positive Predictive Negative Predictive
(%) Error (%) (%) Value Value
NLR (=5.12) | 72.6 0.634-0.818 | 0.047 67.7 67.9 68.85 64.91
Journal of Blood Medicine 2021:12 htps: 317
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Figure 2 Sensitivity and specificity analysis of NLR. NLR optimal cut-off value was determined to be 5.12 (n=118).
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Figure 3 Receiver operating characteristic (ROC) analysis of D-dimer. AUC was 70.4% (60.8%—80.0%).
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Table 3 ROC Analysis of D-Dimer

AUC | CI95% Standard | Sensitivity | Specificity | Positive Predictive | Negative Predictive
(%) Error (%) (%) Value (%) Value (%)
Positive D-dimer 704 63.4%-81.8% | 0.049 69.4 714 72.88 67.8
(>500 ng/dL)
Table 4 ROC Analysis of NLR and D-Dimer
AUC (%) Cl 95% Standard Error Sensitivity (%) Specificity (%)
NLR + D-dimer 76.1 67.3%—84.8% 0.045 66.1 726

subjects with low probability of DVT. However, D-dimer
was shown to be more specific than NLR to differentiate
DVT in subjects with low probability (Table 6).

Univariate Analysis

We then conducted univariate analysis of NLR with the cutoff
value obtained from ROC curve. Result of univariate analysis
for NLR using cutoff value of 5.12 showed that subjects with
NLR > 5.12 had higher likelihood of having DVT (OR: 4.089;

95% CI:1.898-8.813; p: <0.01). Other variables were also
analyzed for univariate analysis (Table 7). Result of the uni-
variate analysis showed that D-Dimer was also significantly
associated with DVT.

Multivariate Analysis

Variables which had p value of <0.25 were selected for
multivariate Those were NLR,
D-Dimer, and age. In the multivariate analysis, interaction

analysis. variables

ROC Curve
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=
2>
=
[72]
c
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Figure 4 Receiver operating characteristic (ROC) analysis of NLR and D-dimer. AUC is 76.1% (67.3%—84.8%).

Journal of Blood Medicine 2021:12

https:

319

Dove:


https://www.dovepress.com
https://www.dovepress.com

Rinaldi et al

Dove

NLR + D-dimer

NLR

Overall Model Quality

A good model has a value above 0.5
A value less than 0.5 indicates the model is no better than
random prediction

Figure 5 Overall model quality.

with each variable was also included. Result of step 1
multivariate analysis is presented in Table 8.

Step 4 of multivariate analysis showed that NLR,
D-Dimer, and age had statistically significant associa-
tion with DVT (Table 9). However, the variable inter-
action between D-Dimer and NLR did not achieve
statistical significance (p: 0.080). Hence, we conducted
another multivariate analysis without D-Dimer by NLR
interaction to obtain the best model.

Final Model of NLR Diagnostic Study for
DVT

Result of multivariate analysis without D-Dimer by
NLR interaction showed that NLR (OR: 2.636;95%
CI: 1.144-6.076); p: 0.023) and D-Dimer (OR: 4.175;
95% CI: 1.810-9.633; p: 0.001) were associated with
DVT (Table 10). Hosmer and Lemeshow test for good-
ness of fit showed p value of 0.210 which indicated
that the model was well calibrated (Table 11). Finally,
the formulae from logistic regression were made
(Figure 6).

Table 5 Statistical Comparison of Obtained AUCs

Discussion

The role of inflammation in DVT has been demonstrated in
many studies. Neutrophils are thought to mediate the patho-
genesis of DVT.***! The initiation of thrombus formation
involves an inflammatory process which induces activation
of endothelial cells, platelets, and leukocytes.'®*' Activated
endothelial cells express P-selectin, an adhesion molecule
that mediates the attachment of leukocytes and platelets.
Additionally, pro-inflammatory cytokines are secreted by
the endothelium to recruit innate immune cells, particularly
neutrophils and monocytes. Those cells, especially neutro-
phils, are abundantly found in early thrombi, forming clus-

the endothelium.?*2>2¢

ters or layers adjacent to
Attachment of neutrophils to the endothelium is then fol-
lowed by platelet adhesion. Finally, neutrophils may propa-
gate thrombus formation through neutrophil extracellular
traps (NETs).2%?2° NETs are released as a response to
cellular damage and inflammatory stimuli.>® Other function
of NETs is to enhance coagulation by recruiting factor XIla
and cleave tissue factor pathway inhibitor, an inhibitor of
coagulation. Additionally, binding of NETs to fibrin and
von Willebrand Factor (VWF) leads to recruitment of plate-

lets and red blood cells to the site of thrombus

formation.*°
Test Result Pairs AUC Difference P-value Neutrophil-lymphocyte ratio (NLR), a non-speciﬁc
NLR and D-Dimer 22% 0.684 inflammatory marker represents the relationship between
NLR and NLR + D-Dimer Combination 3.5% 0262 neutrophils and lymphocytes in inflammation.'**2°
D-Dimer and NLR * B-Dimer Combination > ooy Higher NLR indicates high neutrophil count and low
320 https: Journal of Blood Medicine 2021:12
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Table 6 Sensitivity and Specificity of NLR and D-Dimer in Low Probability and High Probability Groups

Low Probability

High Probability

Sensitivity (%)

Specificity (%)

Sensitivity (%) Specificity (%)

D-Dimer 60.0 76.7
NLR 65.0 67.4

738 538
69.0 61.5%

Table 7 Univariate Analysis of Variables

Table 10 Best Model of Multivariate Analysis

Variables Odds Ratio P value
NLR = 5.12 4.089 (1.898-8.813) 0.000
NLR <5.12 Reference

D-Dimer (>500 ng/dL) 5.658 (2.562—-12.495) 0.000
D-Dimer (<500 ng/dL Reference

Age > 60 years 0.542 (0.251-1.172) 0.120
Age < 60 years Reference

Male 0.709 (0.343-1.463) 0.352
Female Reference

Malignancies Comorbidity 1.500 (0.647-3.480) 0.345
No Malignancies Comorbidity Reference

Table 8 Step | of Multivariate Analysis with Interaction Variable

Variables Odds Ratio Coefficient P value
NLR 2 5.12 5.506 (1.367-22.185) 1.706 0.016
NLR <5.12 Reference

D-Dimer (>500 ng/dL) 9.434 (2.240-39.729) 2.244 0.002
D-Dimer (<500 ng/dL Reference

Age > 60 years 0.483 (0.103-2.255) -0.728 0.355
Age < 60 years Reference

D-Dimer by NLR Interaction 0.200 (0.035-1.162) —1.608 0.073
D-Dimer by Age Interaction 1.049 (0.171-6.425) 0.048 0.959
NLR by Age Interaction 1.194 (0.190-7.516) 0.177 0.850
Constant 0317 —1.150 0.011

Table 9 Step 4 of Multivariate Analysis with Interaction Variable

Variables Odds Ratio Coefficient P value
NLR 2 5.12 5.500 (1.664—18.182) 1.705 0.001
NLR <5.12 Reference

D-Dimer (>500 ng/dL) 9.600 (2.681-35.207) 2262 0.001
D-Dimer (<500 ng/dL Reference

D-Dimer by NLR interaction 0.213 (0.023-1.204) —1.544 0.080
Constant 0.250 —-1.386 0.000

Variables Odds Ratio Coefficient P value

NLR = 5.12 2.636 (1.144-6.076) 0.969 0.023

NLR <5.12 Reference

D-Dimer (>500 ng/dL) 4.175 (1.810-9.633) 1.429 0.001

D-Dimer (<500 ng/dL Reference

Constant 0.336 —1.089 0.001
Table |11 Hosmer and Lemeshow Test

Chi-Squared Df P-value

3.120 2 0.210

lymphocyte count. The rise of neutrophil count represents
a systemic inflammatory process while the decrease of
lymphocytes shows ongoing stress inflicted by the
disease.!” Hence, we aimed to evaluate the role of NLR

to diagnose DVT.

Baseline Characteristics

Baseline characteristics showed that the median of NLR is
higher in DVT-positive group than in non-DVT group
(7.45 versus 3.35). Thrombus development is associated
with inflammation and recruitment of leukocytes.>*>
Hence, the difference of median NLR in this study is in
concordance with the pathophysiology described pre-
viously, where there is an increase of neutrophils due to
inflammation. NLR levels therefore correlate with higher
level of inflammation. The mean age of the patients was
above 50 years old which is in the age range when DVT
occurs.

Y=0a+piX1+ + BiXi

Y =-1.089 + (0.969 x NLR) + (1.429 x D-Dimer)

Figure 6 Logistic regression formulae obtained from best model of multivariate
analysis for odds ratios of having DVT.

Journal of Blood Medicine 2021:12

321

Dove:


https://www.dovepress.com
https://www.dovepress.com

Rinaldi et al

Dove

ROC Curve Analysis

We conducted ROC analysis to obtain the AUC value for
NLR, D-Dimer, and NLR + D-Dimer with the results of
72.6%, 70.4%, and 76.1% respectively. AUC value of
above 70% is considered moderately good for diagnosis.
As a result, NLR, D-Dimer, and NLR + D-Dimer combi-
nation are good modalities to help diagnose DVT. Of
interest is a similar AUC value of NLR with D-Dimer in
this study.

D-Dimer is already a well-established marker for
thrombosis. D-dimer is a fibrin degradation product
which acts as a marker of endogenous thrombus
fibrinolysis.'® Therefore, elevated D-dimer levels can indi-
cate the presence of thrombus.>* Meanwhile, NLR repre-
that
propagates thrombus formation.”® Our study showed that
the addition of NLR to D-Dimer increased the AUC by
5.7% when compared to D-Dimer only (76.1% versus

sents the inflammatory process initiates and

70.4%). This difference is statistically significant as
shown by AUC difference analysis (Table 5). Hence, the
addition of NLR increased the diagnostic value of
D-Dimer, and NLR therefore may be used as a marker to
supplement D-Dimer in diagnosing DVT. NLR is also
a laboratory parameter which is easy to obtain in
a clinical setting. However, despite the promising result,
this needs to be confirmed and evaluated in a clinical
setting as the values may be different clinically.

Sensitivity and Specificity Analysis

In our study, the optimal cut-off value for NLR was 5.12.
This cutoff had sensitivity of 67.7% and specificity of
67.9% in differentiating subjects with and without DVT.
Meanwhile, the NPV and PPV for NLR were 64.91% and
68.85%, respectively. This study also found that D-dimer
had sensitivity of 69.4%, specificity of 71.4%, PPV of
72.88%, and NPV of 67.79%. Meanwhile, the NLR +
D-dimer combination had sensitivity of 66.1% and speci-
ficity of 72.6%.

The cutoff of 5.12 for NLR in this study is different to
other studies. For example, in a study by Ferroni et al,
which consisted of 810 cancer patients undergoing che-
motherapy and aimed to analyze the prognostic value of
NLR to predict VTE events yielded a cut-off value of >3
with AUC 55%, sensitivity 59%, and specificity 57%.*
Using that cut-off value, NLR could predict the occurrence
of symptomatic VTE with HR 2.5 (95% CI 1.0-6.4,
p=0,06). The study by Ferroni et al showed lower

sensitivity and specificity of NLR with lower cut-off
value compared with the findings in our study.*> Another
example was shown in a case-control study by Bakirci
et al, which evaluated the relationship between NLR and
venous thromboembolism (VTE) consisting of DVT and
pulmonary embolism (PE)."* The study showed NLR with
a cut-off value of 1.84 with sensitivity of 88.2% and
specificity of 67.6%.

These different cutoffs may be explained by several
factors. The first example of the study by Ferroni et al was
a prognostic study to predict VTE occurrence which
differs from this study where the aim was to diagnose
VTE.*®> The other example is the study by Bakirci et al
which included both DVT and PE, in which PE had a more
acute setting than DVT which may have produced lower
NLR ratio and influenced the results.'* Additionally, the
study excluded subjects with comorbidities such as malig-
nancies, inflammatory diseases, rheumatic, antiphospholi-
pid syndrome, chronic kidney disease, and liver disease
while most of the subjects in our study had those
could

conditions."®> The inclusion of comorbidities

increase inflammatory conditions, thus increasing the all-

subjects median of NLR value in our study.?>3*33%

Sensitivity and Specificity of NLR Based

on DVT Probability

In subjects with low probability of DVT based on Wells
score, NLR had higher sensitivity than D-Dimer (65%
versus 60%). In contrast, for subjects with high probability
of DVT, NLR had higher specificity than D-Dimer (69.2%
versus 53.8%). Due to better sensitivity of NLR in low
probability group, NLR may be more effective as addi-
tional screening in low probability group. Additionally,
NLR is easily accessible and does not require specific
assay, thus enabling rapid evaluation of symptomatic
patients suspected of having DVT and reducing the need
to perform USG in low probability patients.>’ Therefore,
NLR might be better than D-dimer to correctly diagnose
DVT in patients with low probability. Finally, in patients
with high probability of DVT, the higher specificity of
NLR can be useful to exclude patients without DVT.

Multivariate Analysis

Various comorbidities presented in this study were asso-
ciated with an increase in NLR, resulting in the possibi-
lities of comorbidities as a confounding factor,?>-*3¢-3%

We first conducted univariate logistic regression of

3 2 2 https:

Dove!

Journal of Blood Medicine 2021:12


https://www.dovepress.com
https://www.dovepress.com

Dove

Rinaldi et al

malignancies, age, and gender, however, malignancies and
gender had p value above 0.25 (Table 8). Hence, they were
not statistically significant and were not selected for multi-
variate analysis. Additionally, this also meant that malig-
nancies did not affect the relationship of DVT and NLR in
this study. Other comorbidities beside malignancies were
not analyzed due to lack of sufficient high number of
subjects with “non-malignancies” comorbidities.

The lack of correlation between malignancies and DVT
is in contrast with Wells score where malignancies have
positive correlation with DVT. The difference can be
explained due to this study being designed as a diagnostic
study with the aim to analyze value of NLR and D-Dimer for
DVT diagnosis instead of finding variables associated with
DVT. Furthermore, sample size calculations for variables
such as malignancies were not conducted.

In multivariate analysis, we also included interaction
between the variables. In the first model, only NLR,
D-dimer, and D-dimer by NLR interaction were left as
variables. However, D-dimer by NLR interaction had
p value above 0.05 and was eliminated from the model
due to being statistically insignificant. Final model showed
that only NLR and D-dimer were the significant variables
in this study (Table 10). Hosmer and Lemeshow test of the
final model showed p value of 0.210, which concluded that
the final model had good calibration.

Study Limitations

This study used a relatively small sample size of 118
patients. Hence, the result of this study requires further
confirmation from prospective studies with higher sample
size to evaluate and confirm the diagnostic value of NLR
in DVT. In addition, the effect of additional comorbidities
other than malignancies on the results could not be studied
here. Finally, this study did not specify whether the DVT
was proximal or distal, while the location of DVT may be
associated with higher NLR.'**” Therefore, other factors
that may influence NLR such as the location of DVT
should also be considered and analyzed in future studies.

Conclusion

The diagnostic value of NLR was comparable with
D-dimer in DVT subjects with unilateral limb edema. In
subjects with low probability of DVT, NLR had higher
sensitivity compared to D-dimer. NLR wvalue is much
easier to obtain and does not require specific assay.
Therefore, NLR was shown to be a useful complementary

diagnostic tool for D-dimer to exclude DVT, especially in
low clinical probability patients.
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