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Objective: To investigate the relationship between neutrophil/lymphocyte ratio, C-reactive
protein/albumin ratio, plasma D-dimer and prognosis in patients with pulmonary throm-
boembolism, and to evaluate the risk of death.

Methods: We retrospectively analyzed peripheral hematology and coagulation-related indi-
cators of 362 pulmonary thromboembolism patients and 32 normal people, and the differ-
ences between the patients and control group and between good and poor prognosis groups
were compared. And we analyzed and compared separate detection and combined detection
of neutrophil/lymphocyte ratio, C-reactive protein/albumin ratio and D-dimer on the effi-
ciency of risk of death in patients.

Results: (O Neutrophil/lymphocyte ratio of pulmonary thromboembolism patients was
8.96+1.94, significantly higher than that of control group 1.76+0.53 (+=2.4281, P<0.05).
C-reactive protein/albumin ratio was 2.13+2.08, significantly higher than 0.03+£0.01 in
control group (#=20.7736, P<0.01). D-dimer was 9.69+8.61mg/L, significantly higher
than 0.20+0.11mg/L in control group (+=3.0066, P<0.01). @ Hemoglobin, lymphocyte,
albumin and lymphocyte/monocyte ratio in patients with good prognosis were signifi-
cantly lower than those in poor prognosis group, while white blood cell, C-creative
protein, neutrophil, C-reactive protein/albumin ratio, neutrophil/lymphocyte ratio and
D-dimer were significantly lower than those in poor prognosis group (P all <0.05). ®
Regression analysis showed that neutrophil/lymphocyte ratio (P=0.007), C-reactive
protein/albumin ratio (P=0.010) and D-dimer (P=0.003) were independent prognostic
factors for pulmonary thromboembolism. #) In assessing the risk of death of patients,
D-dimer alone had the highest sensitivity (93.1%), and C-reactive protein/albumin ratio
alone had the highest specificity (68.8%). The combined detection of these three
indicators had higher sensitivity (86.2%) and higher specificity (67.6%) at the same
time. (® The area under receiver operating characteristic curve for combined detection
of neutrophil/lymphocyte ratio, C-reactive protein/albumin ratio and D-dimer was the
largest (up to 0.821).

Conclusion: Patients with pulmonary thromboembolism highly expressed in neutrophil/
lymphocyte ratio, C-reactive protein/albumin ratio and D-dimer. The combined detection of
these three indicators can improve the assessment efficacy of the risk of death in patients
with pulmonary thromboembolism.
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Introduction

Pulmonary thromboembolism (PTE) is a deep venous throm-
botic disease that seriously affects the lives of patients. CT
pulmonary angiography (CTPA) examination, V/Q scintigra-
phy and magnetic resonance pulmonary angiography (MRPA)
are important clinical diagnostic tools. In addition, PTE may
indicate a high level of plasma D-dimer (D-D), but contrarily,
a high level of D-D does not equal PTE. In other words, the
low level of D-D, to some extent, means that PTE can be
excluded." Neutrophil/lymphocyte ratio (NLR) is one of the
important indicators reflecting the state of inflammation and
immune function of the body,” * which is manifested in the
increase in neutrophil (NE) and/or decrease in lymphocyte
(LY) in inflammatory response. Recent studies have confirmed
that NLR is closely related to the occurrence and development
of thrombotic diseases.””’ C-reactive protein (CRP) is also an
important indicator of inflammatory response. Recently, it has
been found that CRP to albumin (ALB) ratio (C-reactive
protein/Albumin ratio, CAR) is important in judging the prog-
nosis of malignant tumors,®'" but research reports on NLR,
CAR and D-D for thrombotic disease prognosis are rare.
Therefore, this study retrospectively analyzed the characteris-
tics of hematology and coagulation indicators in 362 patients
with PTE, and explored the clinical value of combined detec-
tion of NLR, CAR and D-D for the evaluation of prognosis
and death risk of PTE patients.

Materials and Methods

Materials

From January 1, 2015 to December 31, 2019, there were
270,983 discharged patients in our hospital, among which
433 patients were confirmed as PTE mainly through
CTPA. And there were 362 cases with complete informa-
tion and clear prognostic record, including 214 males and
148 females, aged 18-93 years with an average age of 71.2
years old. Tumor embolism, amniotic fluid embolism, fat
embolism and other non-venous thromboembolism were
excluded. The medical record number, name, gender, age,
inpatient department, primary disease(s), inducing factor-
(s), occurrence location(s), preventive measure(s), relevant
examination result(s), treatment method(s) and prognosis
of all cases were collected. By the way, all patients’
laboratory parameters were measured at the time point of
diagnosis. And 32 healthy subjects were selected as the
control group, including 19 males and 13 females, aged
29-51 years.

This study was conducted in accordance with the
Declaration of Helsinki. It was discussed and approved
by the Ethics Committee of Taicang Hospital affiliated
with Soochow University, and written informed consent
was signed with relevant personnel. And we confirmed
that the data was anonymized or maintained with
confidentiality.

Research Methods

According to the data of hospitalized venous thrombus
embolism (VTE) cases discharged from our hospital from
January 1, 2015 to December 31, 2019 provided by the
hospital VTE network, all relevant medical records were
reviewed through the medical record center of the hospital,
and ultrasonography or CTPA, D-D, CRP, prothrombin time
(PT), thrombin time (TT), antithrombin III (AT-III, AT),
fibrinogen (FB) and international normalized ratio (INR),
as well as hemoglobin (Hb), white blood cell (WBC), NE,
LY, monocyte (MO) and platelet (PLT) counts.

Grouping Methods

We divided the prognosis into four types based on the
patient’s post-treatment survival status, and classified
cured and improved patients as good prognosis group (a
total of 298 cases, 82.32%), classified deteriorated and
dead patients as poor prognosis group (a total of 64
cases, 17.68%) for comparative analysis. As shown in
Table 1, hematological, rheumatic and tumor diseases in
the poor prognosis group (35 cases, 54.69%) were signifi-
cantly more than those in the good prognosis group (67

Table | General Data of 362 PTE Patients

Good Poor X2
Prognosis Prognosis
Group Group
(n=298) (n=64)
Gender Male 175 39 0.11
Female 123 25
Age <60 47 12 0.34
>60 251 52
Diabetes Yes 141 27 0.09
No 157 37
Hypertension Yes 172 38 0.36
No 126 26
Diseases of hemopathy, Yes 67 35 26.99*
rheumatism and tumor No 231 29

Notes: *P=0.000, the rest are P >0.05.

9220 "

Dove!

International Journal of General Medicine 2021:14


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

Dove

Shan et al

cases, 22.48%) (X*=26.99, P=0.000). Other elements such
as gender, age, diabetes and hypertension had no signifi-
cant correlation with the prognosis of PTE patients.

Statistical Analysis

SPSS23.0 software was used for statistical analysis.
Measurement data were compared between the two groups
using ¢ test, counting data were compared using Chi-square
test, and Pearson correlation analysis. Binary logistic regres-
sion analysis was used to analyze whether and how much the
elevation of NLR, CAR, and D-D contribute to the death of
PTE patients. Receiver operating characteristic curve (ROC)
was used to analyze the diagnostic value of NLR, CAR, and
D-D for the risk of death in patients with PTE. P<0.05 was
considered as statistically significant difference.

Results
NLR, CAR, and D-D Test results of PTE

Patients and Control Group

Results of NLR and other inflammatory indicators in 362
PTE patients compared with the normal control group are
shown in Table 2.

Table 3 shows the comparative analysis results of speci-
fic hematological indexes, inflammatory indexes and coagu-
lation indexes of PTE patients with good prognosis and poor
prognosis. It can be seen from Table 3 that Hb, LY, ALB and
lymphocyte/monocyte ratio (LMR) levels in the good prog-
nosis group were higher than those in the poor prognosis
group. WBC, NE, CAR, CRP, NLR and D-D values were
significantly lower than those in the poor prognosis group.
For other indexes, including systemic immune inflammation
index (SI) and platelet/lymphocyte ratio (PLR), the differ-
ences between the two groups had no statistical significance.

Correlation Analysis

Considering that the comparison results of Hb, WBC,
NE, LY, CAR, CRP, ALB, NLR, LMR and D-D values
were statistically significant between good and poor

Table 2 Comparison of NLR, CAR, and D-D Indicators Between
PTE Patients and Control Group

Inflammatory PTE Group Control t
Biomarkers (n=362) Group (n=32)

NLR 8.96+1.94 1.76+0.53 2.4281%
CAR 2.13£2.08 0.03+0.01 20.7736**
D-D (mg/L) 9.69+8.61 0.20+0.11 3.0066**

Notes: *P <0.05, **P <0.01.

prognosis groups of PTE patients, and CRP and ALB
had constituted a new indicator (CAR); therefore, the
correlations between CAR, NLR, D-D and Hb and other
indicators were analyzed simultaneously. Specific results
are shown in Table 4.

Logistic Analysis Results of Various

Indicators of PTE Patients

We took NLR, CAR, D-D, gender and age as covariates,
and death as dependent variable, and then conducted
a binary logistic regression analysis. Results showed that
high levels of NLR, D-D and CAR could increase the
death rate of PTE patients, which also meant NLR,
D-D and CAR were independent prognostic factors of
PTE death. Specific results are shown in Table 5.

Death Risk Assessment of PTE Patients
by NLR, CAR and D-D Respectively and

in Combination

When assessing the death risk of pulmonary thromboembo-
lism patients, D-dimer alone had the highest sensitivity
(93.1%), but the lowest specificity (39.6%), and CAR alone
had the highest specificity (68.8%), but lower sensitivity
(72.4%). The combined detection of NLR, CAR and
D-D significantly improved the diagnostic efficacy of PTE
death risk, with the higher sensitivity (86.2%) and specificity
(67.6%) at the same time. Specific results are shown in Table 6
and Figure 1.

Discussion

The study found that the inflammatory indicators of NLR,
CAR and D-D in PTE patients were significantly higher than
those in the control group, and the NLR, CAR and D-D of PTE
patients in the poor prognosis group were also significantly
higher than those in the good prognosis group, indicating that
PTE patients did have significant inflammatory responses and
hypercoagulability trend during the occurrence and develop-
ment of PTE. Considering that PLR and SII were not statisti-
cally significant between the good and poor prognosis groups,
that CRP and albumin constituted a new indicator (CAR), and
that LMR and NLR had duplicated parameters, we selected
NLR, CAR and D-D without repeated parameters to study the
prognosis and death risk of PTE.

The importance of D-D in thrombotic diseases has been
widely recognized, and it is associated with pulmonary
thromboembolism, acute myocardial infarction, cerebral
infarction and other thrombotic diseases.'? In this study,
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Table 3 Comparison of Indicators of PTE Patients Between Good Prognosis Group and Poor Prognosis Group

Project Comparative Good Prognosis Group | Poor Prognosis Group t
Indicators (n=298) (n=64)
|. Comparison of Hb(g/L) 122.18+22.13 111.73+£28.26 3.2410%*
hematological indexes MCV(fL) 91.33+6.98 89.5818.16 1.7643
WBC(x 10%/L) 8.14£4.70 11.28+8.58 4.0583**
NE(x 10%/L) 6.34+4.60 9.08+6.67 3.9567**
LY(x10%/L) 1.19+0.58 1.01+0.57 2.2512*
MO(x 10%/L) 0.57+£0.42 0.66+0.39 1.5625
PLT(x10%/L) 198.93+88.13 187.97+112.80 0.8563
2. Comparison of CAR 1.88x1.64 3.27+3.10 3.6978**
inflammatory indicators CRP(mg/L) 61.67+35.44 93.51+77.88 2.7459**
ALB(g/L) 35.41+4.73 30.64+5.31 7.1568%*
NLR 8.37£2.03 11.68x11.18 2.0215*
LMR 2.63%1.96 2.00£1.52 2.4175*
PLR 227.14+194.51 244.98+217.27 0.6517
Sl 1764.68+1268.27 2103.88+1190.2671 1.1280
3. D-D and coagulation PT(s) 13.91+6.36 14.16+3.70 0.2863
indicators TT(s) 18.03+4.11 14.16+3.70 1.038I
APTT(s) 31.50£14.41 31.27+8.53 0.1162
AT (%) 86.34+17.31 83.72+21.74 0.9887
FB(g/L) 3.54%1.22 3.74x1.32 1.1038
INR 1.18+0.56 1.22+0.32 0.5263
D-D(mg/L) 9.51+9.38 15.1546.94 5.291 I**
Notes: *P <0.05, **P <0.01, the rest are P >0.05.
Table 4 Correlation Between CAR and Hb, NLR and Other Indicators
CAR NLR D-D
r t r t r t
Hb —-0.2195 4.3039%* —0.0851 1.6087 —-0.1237 2.3652*
WBC 0.3083 6.1660%* 0.5334 11.9574%* 0.1985 3.8395%*
NE 0.3576 7.9467+* 0.6894 18.047 I+* 0.1611 3.8395%*
LY —-0.1014 1.9500 -0.4519 9.6354 0.0746 1.4102
LMR —-0.2195 4.3039%* —0.3068 6.1360%* -0.1212 2.3174*
D-D 0.0975 1.8609 0.1065 2.0324 — —
NLR 0.1754 3.3796** — — — —
Notes: *P <0.05, **P <0.01, the rest are P >0.05.“—"is the same or repeated.
Table 5 Logistic Regression Analysis Results of NLR, D-D and CAR
Variables B SE Wals P OR (95% CI)
NLR 1.225 0.455 7.259 0.007 3.404(1.396-8.299)
D-D 1.943 0.754 6.633 0.010 6.977(1.591-30.604)
CAR 1.346 0.454 8.807 0.003 3.842(1.579-9.347)
Age —0.400 0.524 0.583 0.445 0.670(0.240—1.873)
Gender 0.286 0.435 0.432 0511 1.331(0.567-3.121)
9222 https: International Journal of General Medicine 2021:14
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Table 6 Risk Assessment of Death in Patients with PTE by NLR, CAR and D-D, Respectively, and in Combination
Project AUC (95% CI) Youden Sensitivity (%) Specificity (%) Cut-Off
NLR 0.698(0.600-0.797) 0.397 72.4 67.3 7.54
D-D 0.664(0.579-0.749) 0.327 93.1 39.6 3.89
CAR 0.706(0.607-0.804) 0.412 72.4 68.8 1.95
NLR+D-D+CAR 0.821(0.747-0.895) 0.538 86.2 67.6 NLR=7.54
D-D=3.89
CAR=1.95

the D-D level of poor prognosis PTE patients’ group was
significantly higher than that of the control group and good
prognosis group, which was consistent with the above lit-
erature results.'> Based on Halaby R and other research
results,’ our study also showed that D-D was an independent
prognostic indicator of PTE (P=0.010). ROC curve showed
that the sensitivity of D-D alone in the death risk assessment
of PTE was the highest (93.1%), but its specificity was very
low (39.6%), which was consistent with the results of
Bounds and Kok."? Therefore, it is necessary to explore
new prognostic indicators for PTE or combine several indi-
cators to improve the specificity of risk assessment of death.

The Hb level of PTE patients was lower than that of the
control group, which was consistent with our previous
research results.'* Inflammation can cause the high expression
of Hepcidin, which leads to the failure of the body to use iron
and causes anemia in patients. The levels of WBC and NE in
the poor prognosis group were significantly higher than those
in good prognosis group, while LY was significantly lower
than those in good prognosis group, which also indicated that

PTE patients had abnormal inflammatory response and

ROC curve

Source of curve

CRP/ALB
—NLR+DD+CAR
Reference line

0.6+

Sensitivity

0.4+

00 T T T T
(1] 02 04 06 08 10

1-Specificity

Figure | Risk assessment results of NLR, CAR and D-D tests separately and in
combination for PTE patients.

immune function. And that may explain why both NLR and
CAR in patients were significantly higher than those in the
control group, which was consistent with the results reported
in the literature.”* NE releases inflammasome, a small mole-
cule that participates in the formation of extracellular bacter-
icidal substances of NE, releases protease and interacts with
platelets to promote thrombosis, indicating a close relation-
ship between inflammation and thrombosis."> Kapoor® and
Manfredi et al’ all confirmed that NLR is closely related to
thrombotic diseases. In this study, NLR alone was also an
independent prognostic factor for PTE (P=0.007), and the
sensitivity to assess the risk of death was 72.4%, slightly
lower than D-D, but the specificity was significantly higher
than D-D (67.3%). This result is basically consistent with that

1.'® Therefore, it is of certain value for the

of Cavus et a
evaluation of prognosis of PTE to a certain extent.

CRP is also an important indicator of inflammatory
response, and recent studies® ' have found that CRP is asso-
ciated with the prognosis of solid tumors, especially CAR
combined with nutritional indicator ALB has stronger speci-
ficity. However, no study has been reported on the prognosis
of PTE, and this study showed that CAR alone was also an
independent prognostic factor of PTE (P=0.03). The sensitiv-
ity was 72.4%, slightly lower than D-D but consistent with
NLR, and the specificity of CAR was the highest (68.8%).

ROC curve results showed that combined detection of
NLR, D-D and CAR significantly improved the diagnostic
efficacy of PTE death risk, with the higher sensitivity
(86.2%) and specificity (67.6%) at the same time. And it
showed the largest area under the AUC curve (0.821) and
the highest Youden (0.528), which represents the highest
diagnostic value. It is suggested that the combined test of
these three indicators can make up for the deficiency of
a single indicator in the assessment of the death risk of
PTE patients, and reflect the occurrence, development and
progression degree from different aspects. Therefore, it has
a good prediction significance for the risk of death, which
is conducive to better clinical guidance.
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However, this study was a retrospective and single-center
study, and only analyzed the relationship between hematol-
ogy and coagulation indicators and prognosis, without
including the underlying diseases and primary diseases of
PTE as well as other influencing factors. Besides, the control
group was much smaller and younger than the PTE group.
Therefore, this result may have limitations and bias. We will
further conduct necessary prospective validation, or expand
the number of cases and control group, unify the diagnostic
criteria and parameter indicators, and strictly apply the inclu-
sion and exclusion criteria of patients in our further study, in
order to clarify the relationship between NLR, D-D and CAR
and the prognosis of PTE, as well as its true significance for
the risk assessment of death.

Conclusion

Patients with pulmonary thromboembolism highly
expressed of neutrophil/lymphocyte ratio, C-reactive pro-
tein/albumin ratio and D-dimer. The increase in NLR,
D-D, and CAR were independent prognostic factors of
PTE death. The combined detection of these three indica-
tors can improve the assessment efficacy of the risk of

death in patients with pulmonary thromboembolism.
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