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Objective: To investigate the characteristics of coagulation indicators, such as C-reactive
protein (CRP), antithrombin (AT), and fibrinogen (FB) in patients with pulmonary throm-
boembolism (PTE) and their relationship with PTE.

Methods: The clinical characteristics, CRP, AT, FB, plasma D-dimer (D-D) and platelet
(PLT) counts, and blood coagulation indicators of 433 patients with PTE diagnosed by
computed tomographic pulmonary angiography (CTPA) were comprehensively analyzed,
and the relevant clinical significance was discussed.

Results: The total incidence of PTE was 1.60% (433/270,983 cases), and the age group with
the highest incidence was over 60 years old. D-D increased in 412 (95.2%) patients. PLT was
normal in 331 (76.4%) cases, but decreased in 53 (12.3%) cases and increased in 49 (11.3%)
cases. CRP increased in 76.0% (288/379 cases) and was normal in 24.0% (91/379 cases). AT
decreased in 109 (25.2%) cases and FB increased in 102 (23.6%) cases. There were no
significant changes in other coagulation indexes. CRP was positively correlated with PLT and
FB (r = 0.1026, t = 2.0118, P < 0.05, and r = 0.5360, t = 12.2963, P < 0.01, respectively).
CRP was negatively correlated with AT (r = —0.2005, t = 4.0100, P < 0.01).

Conclusion: The incidence of PTE was higher in hospitalized patients. Most patients with
PTE have increased CRP and FB and decreased AT, and these levels may be related to the
occurrence of PTE.

Keywords: pulmonary thromboembolism, C-reactive protein, antithrombin, fibrinogen,
D-dimer, platelets

Introduction

Venous thromboembolism (VTE), including pulmonary thromboembolism (PTE)
and deep venous thrombosis (DVT), has a serious impact on patients’ quality of life
and can even cause disability and life-threatening complications.' In recent years,
there has been an increasing trend of VTE. PTE and DVT are different manifesta-
tions of the disease process in other parts of the body at various stages of the
disease. The majority of PTE thrombosis comes from DVT. In clinical practice,
PTE is acute and severe with high mortality.>* Therefore, it is of great significance
to study the pathogenesis, changes in clinical and laboratory indicators, which can
be easily determined by simple and easy measurement, and effective prevention and
treatment measures of PTE."” The importance of several clinical and laboratory
variables has been proved in PTE patients.® In addition, elevated levels of
biochemical markers such as troponin, brain natriuretic peptide (BNP), NT-
proBNP, H-FABP (heart type fatty acid binding protein), myoglobin, and white
blood cell (WBC) count have been shown to predict adverse events. It is vital to
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decrease patient mortality and morbidity rates by immedi-
ate initiation of anticoagulation and/or thrombolytic ther-
apy, especially in relatively stable patients,” so new risk
markers are being investigated. In this paper, the clinical
coagulation indexes and hematological characteristics of
433 cases of PTE were comprehensively analyzed, and the
relationship between the occurrence and development of
PTE was discussed. This study aimed to evaluate the
prognostic role of hematological changes in PTE.

Materials and Methods

Patients’ Characteristics

From January 1, 2015, to December 31, 2019, a total of
270,983 patients were discharged from our hospital,
including 433 patients with PTE (excluding repeated hos-
pitalization of the same patient). There were 259 males
and 174 females, aged 18.0-96.0 years old, with an aver-
age age of 71.3 years. A total of 28 healthy subjects were
selected as the control group, with 18 males and 10
females, aged 28-43 years with an average age of 38.5
years. This study was conducted with approval from the
Ethics Committee of Taicang Hospital of Soochow
University (No. 2021-KY-156), the signed informed con-
sent requirement was waved. This study was conducted in
accordance with the declaration of Helsinki.

Study Methods

The VTE network of our hospital provided all relevant
medical records collected through the medical record center
for the data of hospitalized VTE patients discharged from
our hospital from January 1, 2015, to December 31, 2019.
We reviewed ultrasounds or computed tomographic pulmon-
ary angiography (CTPA), plasma D-dimer (D-D), C-reactive
protein (CRP), antithrombin III (AT-III, referred to as AT),
fibrinogen (FB), hemoglobin (Hb), and white blood cell
(WBC) and platelet (PLT) counts. Finally, these 433 cases
of PTE were included in this study.

The following information was recorded: medical
record number, name, gender, age, inpatient department,
primary disease, inducing factors, occurrence location,
preventive measures, related test results, treatments, and
prognosis.

Statistical Methods

Normally distributed variables were expressed as mean + SD
and were compared using a Student’s #-test. Categorical vari-
ables were expressed in percentages and compared using the

o test. All P-values were two-tailed, and values less than 0.05
were considered statistically significant. Analyses were carried
out using SPSS software (version 23.0).

Results

Incidence and Clinical Features

From 2015 to 2019, the total number of discharged cases
was 270,983, with 433 (1.60%) cases of PTE, including
350 cases of simple PTE (80.80%) and 83 cases of PTE
combined with DVT (19.2%). There were 15 patients
(3.5%) younger than 40 years old and 362 (83.6%) older
than 60. According to each department, at the time of the
first occurrence of PTE, the non-surgical departments
(360/145,491, 0.25%) had significantly more cases than
the surgical departments (73/125,492, 0.06%) (x° =
151.29, P < 0.001).

In 122 cases, PTE occurred in the bilateral pulmonary
artery, the right pulmonary artery in 184 cases, and the left
pulmonary artery trunk in 127 cases. The primary reasons
for hospitalization were malignant tumors in 106 cases, 87
had traumatic fractures, 69 had operations, and 101 were
infection-related. Second, most of them had coronary heart
disease, cerebral infarction, or kidney disease, and a few
had immune thrombocytopenia, systemic lupus erythemato-
sus, or pesticide poisoning. There were 183 smokers, 251
patients with hypertension, 198 with diabetes mellitus, and
130 had hypertension combined with diabetes. The main
predisposing factors are immobilization or bed rest due to
disease, hypercoagulant state and catheterization, etc. Most
patients have multiple predisposing or high-risk factors at
the same time. The prognosis of patients with PTE is
generally good as long as they receive timely diagnosis
and treatment. In this group, 352 (81.29%) patients were
cured or improved, 73 (16.86%) deteriorated or were offer
to leave the hospital, and 8 (1.85%) died (Table 1).

Results of Plasma D-D

At the time of onset, D-D was 230.00-80,000.00 pg/L. It
was increased in 412 cases, normal in 20, and there was no
record in one case. Among the 20 normal cases, the level
of D-D in 13 cases were higher at the onset of PTE.

Results of Plasma CRP

The CRP was recorded in 379 cases. Fifty-four cases had no
CRP records. The levels of CRP ranged from 0.3-813.2 mg/L.
Two hundred eighty-eight cases had elevated CRP
(>10.0 mg/L), and 91 had normal CRP (0.1-10.0 mg/L).
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Table | The Characteristics of 433 PTE Patients

Items Classification Cases (n)
Gender Male 259
Female 174
Age <40 15
46-60 56
>60 362
Pulmonary artery Bilateral 122
Right 184
Left 127
Smoking Yes 183
No 250
Hypertension Yes 251
No 182
Diabetes Yes 198
No 235
Hypertension & Yes 130
Diabetes No 303
Prognosis Healed 352
Unhealed 73
Death 8

Results of Plasma AT, FB, and Other

Coagulation Indicators

The results of AT, FB, prothrombin time (PT), activated
partial thromboplastin time (APTT), thrombin time (TT),
and international normalized ratio (INR) are shown in
Table 2.

Results of Hematological Indicators

The indicators of Hb, WBC, and PLT are shown in
Table 3. Hb was normal in 275 patients, decreased in
152, and 6 had increased levels. PLT was normal in 328
patients, 53 had decreased levels, and it increased in 52.
WBC was normal in 293 patients, decreased in 35, and
increased in 105.

Correlation Analysis

Correlation Analysis Between CRP and PLT, D-D, AT,
and FB

CRP was positively correlated with PLT and FB (r =
0.1026, t = 2.0118, P < 0.05, and r = 0.5360, t =
12.2936, P < 0.001, respectively), and negatively corre-
lated with AT (r = —0.2005, t = 4.0100, P < 0.01). There
was no correlation between CRP and D-D (r = 0.0791, t =
1.5510, P > 0.05).

Correlation Analysis Between AT, FB, PLT, and D-D
FB was positively correlated with PLT (r = 0.2110, t =
4.2200, P < 0.01) but had no correlation with D-D (r = —
0.0658, P > 0.05). AT had no correlation with PLT and
D-D (r = 0.0798 and r = 0.0066, respectively, P > 0.05
for all).

Discussion

Vascular endothelial injury, slow blood flow rate, and
a hypercoagulable state are the three main factors of
thrombosis, which are more likely to occur in patients
with diabetes, hypertension, malignant tumors, and other
primary diseases.! Surgery and targeted therapy can also
increase the risk of VTE."? The annual incidence of PTE
in the United States is 1.17%, and the incidence reported
in China of hospitalized patients is 1.45%.> In this study,
the incidence is 1.60%, which is the same as in previous
studies. In this research, the common sites of embolism,
clinical manifestations, and prognosis of patients with PTE
were consistent with those reported in the literature.'™ It
has been reported that the mortality rate of untreated
patients is as high as 25.0-30.0%.*> Therefore, attention
should be paid to PTE in clinical practice. D-D was
increased in 95.2% of the patients. Although D-D was
lower than normal at the occurrence of PTE in a few
patients, the level was significantly higher than at admis-
sion, indicating that dynamic observation of the changes in
D-D was of particular significance for the diagnosis of
PTE."’ In addition, there was no correlation between

Table 2 Detection Results of Coagulation Indexes in 433 PTE Patients

Items PT (Sec) APTT (Sec) TT (Sec) AT (Sec) FB (Sec) INR (Sec)

Range 10.0-91.6 16.3-78.9 13.6-26.0 33.0-156.0 0.4-6.0 0.80—4.00

Mean value 13.8+£9.6 30.8+9.7 17.8+5.1 85.9+28.6 3.47+1.28 1.16£0.55

Decrease(n) 0 0 2 109 3 |

Normal(n) 396 397 413 318 328 412

Rise(n) 37 36 18 6 102 20

Normal reference value 9.6-14.3 23.3-325 14.0-21.0 75.0-130.0 1.7-4.1 0.85-1.25
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Dove!


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

Wu et al

Dove

Table 3 The Results of Hematological Indexes in 433 PTE Patients and Control Group

Items PTE (n=433) Control Group (n=28) t
Hb(g/L) 93.32+56.51 138.20£9.66 3.2362%*
RDW-CV (%) 10.73+6.39 12.66+0.37 1.2071
WBC(x 10%/L) 6.63+6.03 5.68+1.53 0.6089
N(x10%/L) 5.11+4.55 3.24£1.18 1.4489

L (x10%1L) 0.88+0.83 1.94+0.46 5.0237%*
M(* 10%/L) 0.44+0.43 0.29+0.28 1.3286
PLT (x10°/L) 193.26+90.23 237.63+38.61 1.1233
MPV(fl) 8.28+4.68 10.48+0.90 1.8553
PSD(%) 9.93+5.91 12.44+1.93 1.6929
P-LCR(%) 24.13+15.18 28.4617.69 1.1344

Notes: **P < 0.01, the rest are p > 0.05.

D-D and CRP, AT, and FB, indicating that D-D had little
relationship with inflammatory and coagulation factors,
indicating it was not the cause of PTE but
a manifestation after the occurrence of PTE.

In the study, as many as 76.0% of patients had elevated
CRP, suggesting that it may be related to the occurrence of
PTE. Some studies believe that CRP is related to arterial
thrombosis, while its relationship with VTE is not clear."’
But more evidence shows that CRP is associated with
PTE. In this study, AT decreased in 25.2% of patients
and FB increased in 23.6%, while PT, APTT, TT, and
INR had no significant changes, which suggested that AT
and FB were related to the occurrence of PTE. Further
analysis showed that AT was negatively correlated with
CRP, while FB was positively correlated, indicating that an
increase of CRP led to a decrease of AT and an increase of
FB, which further supported that AT and FB were among
the causes of PTE. It has been reported that inflammation-
stimulating factor CRP and tumor necrosis factor o
(TNFa) in immune diseases, like autoantibodies IgM, can
promote blood coagulation, leading to elevated levels of
a blood coagulation factor and the formation of DVT'?
Asakuraet al also showed that CRP, TNFa, and IL-6 sti-
mulated an increase of coagulation factors, such as FB, in
inflammatory diseases, resulting in the formation of
DVT."? Elevated CRP levels promote the transformation
of FB into fibrin, which leads to an increase in fibrin
levels, blood viscosity, and DVT.'"* Esmon et al confirmed
that elevated IL-6 and CRP resulted in increased PLT, FB,
and decreased AT."> Zhang et al studied 182 patients with
type 2 diabetes mellitus and found that IL-6, CRP, and FB
with microvascular complications were higher than those
without thrombus. CRP was positively correlated with
FB.'® The results of the above literature are consistent

with this study. It can be seen that decreased AT and
increased FB caused by increased CRP are important
factors leading to PTE occurrence.

As for the PLT count, 12.2% of patients had reduced
levels, and 12.0% had increased levels, with varying var-
iations, which may be related to the different inflammatory
states of the patients. PLT is generally considered to be
reduced in severe infections and elevated in chronic infec-
tions, such as tuberculosis, osteomyelitis, or subacute bac-
terial endocarditis (SBE). Previous studies showed that
PLT decreased in 2/3 of the patients with bacterial sepsis
and significantly decreased in 1/3 of the patients (<30.0 x
10” L)."” This data shows that PLT has a low correlation
with CRP, and previous studies'® also indicate that CRP
can promote the increase of PLT. In addition, PLT is also
positively correlated with FB, which suggests that changes
in PLT are related to inflammation, and an increase of the
PLT count is associated with the occurrence of PTE. Of
course, patients with reduced PLT count may also develop
PTE, and it has been proven that reduced PLT cannot
prevent the occurrence of PTE."” In the study, five patients
with immune thrombocytopenia had PLT counts below
80.0 x 10%L, and the lowest one was 28.0 x 10%/L,
indicating that PTE could also occur in patients with
decreased PLT.

The levels of Hb and WBC vary. In this study, the Hb
of patients with PTE was significantly lower than the
control group (P < 0.01), which was related to the increase
of CRP. Our previous studies have confirmed that elevated
IL-6 and CRP lead to increased expression of Hepcidin
and lead to poor utilization of iron, and finally,
anemia.'®'? Although the WBC, neutrophil, and monocyte
counts were higher than in the control group, there was no
statistical significance. According to this study and
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previous studies, the changes of Hb and WBC are not the
causes of PTE. The actual relationship between the
changes of lymphocytes and PTE still needs to be studied
further.

In conclusion, patients with PTE have specific abnor-
mal characteristic changes in coagulation and hematologi-
cal indicators. Elevated CRP was found to cause a series
of changes, such as decreased AT, increased FB and PLT,
and is closely related to PTE occurrence. It is worth
further study in the future.
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