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Abstract

Pulmonary embolism (PE) is the most common form of pulmonary thrombo-
embolism and ranks among the leading causes of cardiovascular mortality
worldwide. Alongside aortic dissection and acute myocardial infarction, PE is
classified as one of the three major life-threatening acute cardiovascular con-
ditions. Its global incidence has been steadily rising, and despite advances in
diagnosis and treatment, the mortality rate remains substantial. The patho-
genesis of PE is multifactorial and closely intertwined with inflammatory pro-
cesses. Inflammatory mediators contribute significantly to disease develop-
ment by promoting thrombus formation, inducing vascular endothelial dys-
function, and fostering a hypercoagulable state. Recent advancements in im-
munological and hematological assays have enabled the use of whole blood
inflammatory markers as valuable tools for evaluating disease risk, predicting
prognosis, and monitoring therapeutic response in PE patients. Growing re-
search interest has focused on the clinical relevance of systemic inflammation
indices such as the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lym-
phocyte ratio (PLR), particularly their associations with clinical outcomes in
PE. However, these markers still exhibit limitations in sensitivity and specific-
ity, necessitating further validation, standardization, and context-specific ap-
plication. This article reviews recent progress in the study of whole blood in-
flammatory indicators in pulmonary embolism, assesses their potential clini-
cal utility and current limitations, and outlines future directions for mecha-
nistic investigations and clinical translation, with the aim of supporting early
diagnosis and individualized management strategies for PE.
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1. Preface

Pulmonary embolism (PE) is a clinical condition defined by the obstruction of the
pulmonary artery or its branches by emboli of varying origin, resulting in symp-
toms such as dyspnea, chest pain, hypoxemia, and, in severe cases, hemodynamic
instability. Pulmonary thromboembolism (PTE), fat embolism syndrome, amni-
otic fluid embolism, air embolism, tumor embolism, and other forms of embolism
pose significant threats to patients’ life and health [1]. Among them, Acute pul-
monary embolism (APE) is the most common form of pulmonary embolism and
one of the common causes of cardiovascular death worldwide. Together with aor-
tic dissection and acute myocardial infarction, it is known as one of the three ma-
jor critical conditions of cardiovascular disease. The annual incidence rate is about
1 to 3 percent in Western countries; In the United States, there are approximately
600,000 to 700,000 new cases of PE each year [2]. There is a lack of multi-regional
and multicenter epidemiological data in our country. PE is a serious clinical dis-
ease whose diagnosis and treatment are challenging. The disease changes rapidly,
and the clinical manifestations vary greatly, which can be asymptomatic, atypical,
or progressive within a few weeks, or present as sudden dyspnea, chest pain, syn-
cope, and hemoptysis, which are similar to many other diseases [3]. Such as aortic
dissection, acute coronary syndrome, etc., often lead to misdiagnosis and missed
diagnosis [3]. Autopsy data from patients [4] show that the clinical missed diag-
nosis rate of pulmonary embolism is as high as 67%, the false positive rate is about
63%, and the correct diagnosis rate is only 9%. At present, the clinical diagnosis
of PE mainly relies on imaging and laboratory tests. Digital subtraction angi-
ography (DSA) of the pulmonary artery is the “gold standard” for diagnosing PE,
but it is complex to operate, risky, and costly, and requires a high level of technical
skills [5]. Other commonly used imaging methods include Computed Tomographic
Pulmonary Angiography (CTPA), SPECT/CT pulmonary perfusion imaging, mag-
netic resonance pulmonary angiography, etc. These imaging methods have disad-
vantages such as slow timeliness and cumbersome operation in the early identifi-
cation of PE [6], making them difficult to be widely used in clinical practice. The
current methods prevent PE from being identified and diagnosed at an early stage.
Therefore, some simple, accessible, low-cost markers are needed to quickly iden-
tify, diagnose, and intervene in people with PE.

Recent studies have shown that systemic inflammatory responses play a signif-
icant role in the occurrence and development of pulmonary embolism. Inflamma-
tion is not only one of the causes of pulmonary embolism, but also has a signifi-

cant impact on the progression and prognosis of the disease. The inflammatory
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response promotes thrombosis and embolic events by activating immune cells and
releasing cytokines and procoagulant factors [7]. For example, C-reactive protein
(CRP), a classic inflammatory marker, is closely associated with short-term mor-
tality in patients with pulmonary embolism, and an increase in its level suggests a
worsening inflammatory state and a poor prognosis [7]. In addition, platelet acti-
vation-related indicators such as p-selectin are also associated with right ventric-
ular dysfunction and the risk of recurrence in patients with pulmonary embolism,
suggesting a complex interaction [7] between inflammation and the mechanism
of thrombosis.

Inflammatory markers based on complete blood cell counts, such as neutrophil
counts and their associated ratios, have become a research hotspot in recent years.
Neutrophils, as important effector cells of the body’s inflammatory response, re-
flect immune activation and inflammatory status. Studies have found that neutro-
phil levels are significantly elevated in patients with acute pulmonary embolism
and are closely associated with disease risk stratification. Specifically, neutrophil
levels were significantly higher in patients at moderate to high risk of acute pul-
monary embolism than in those at low risk, and were positively correlated with
indicators such as the pulmonary embolism severity score (PESI) [8], high-sensi-
tivity C-reactive protein, and D-dimer. Statistical analysis further indicated that
neutrophils were an independent risk factor for medium-high risk acute pulmo-
nary embolism, with diagnostic value superior to pulmonary artery occlusion in-
dex and D-dimer, showing a strong dual effect of inflammatory and thrombotic
markers [8].

Blood cell-related ratio indicators such as the neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and systemic immune inflammation
index (SII) have also received extensive attention. Large-scale clinical data analysis
shows significant value in predicting 30-day all-cause mortality in patients with
pulmonary embolism. High NLR levels are significantly associated with a higher
risk of death and can effectively distinguish patients with a lower risk of death,
even among those with low-risk pulmonary embolism. Similarly, PLR and SII also
showed some predictive potential [9], but NLR’s predictive power was more prom-
inent [9]. The advantage of these indicators is that they are derived from routine
blood tests, are easy to test, and have a low cost, showing good prospects for clin-
ical application.

In summary, whole blood inflammatory indicators—simple yet effective mark-
ers reflecting systemic inflammatory and immune status—play a crucial role in
risk stratification and prognostic evaluation in patients with pulmonary embo-
lism. These biomarkers not only facilitate early identification of high-risk individ-
uals but also support the development of individualized therapeutic strategies. Fu-
ture integration of conventional clinical scoring systems with comprehensive in-
flammatory profiling holds promise for enhancing diagnostic precision and opti-
mizing treatment outcomes, thereby contributing to reduced morbidity and mor-

tality associated with pulmonary embolism.
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2. Types of Inflammatory Markers and Their Clinical
Significance

Inflammatory markers are crucial indicators for assessing the body’s inflamma-
tory status, particularly in the pathogenesis and prognosis evaluation of pulmo-
nary embolism (PE). Commonly measured in whole blood tests, these markers
provide valuable insights into disease progression and patient outcomes.

Elevated levels of C-reactive protein (CRP), a well-established marker of the
acute-phase inflammatory response, are commonly indicative of systemic inflam-
mation. Numerous studies have demonstrated that increased serum CRP levels in
patients with pulmonary embolism are significantly associated with greater dis-
ease severity and an elevated risk of adverse outcomes. For example, a retrospec-
tive study showed that the risk of adverse outcomes in patients increased signifi-
cantly when CRP levels exceeded 124 mg/dL, while CRP, as an independent pre-
dictor, has important clinical significance for the prognosis assessment of patients
with pulmonary embolism [10]. In addition, the elevated CRP may also reflect the
inflammatory state caused by co-infection, which is particularly common in pa-
tients with pulmonary embolism. Infection not only exacerbates the inflammatory
response but also significantly increases the mortality rate of patients [10]. White
blood cell count (WBC), as a direct indicator of the inflammatory response, usu-
ally goes hand in hand with the onset of acute inflammation or infection. Changes
in white blood cell count and its subsets are particularly important in patients with
pulmonary embolism. Studies have shown that the white blood cell and neutrophil
counts in patients with pulmonary embolism are significantly elevated and are
closely associated [11] with the risk stratification of the disease. The dynamic
changes in white blood cells not only indicate an active state of inflammation, but
may also be involved in pathological processes such as thrombosis and vascular
endothelial injury, thereby influencing the progression of the disease.

The neutrophil-to-lymphocyte ratio (NLR), as a more refined indicator, can
comprehensively reflect the inflammatory burden and immune status of the body.
In recent years, NLR has been widely used in the assessment of inflammation and
prognosis in various diseases, and its value in pulmonary embolism has gradually
been recognized. Studies have found that patients with pulmonary embolism who
have a higher NLR typically have a poorer prognosis, accompanied by higher mor-
tality and complication rates [12] [13]. In addition, composite indicators such as
the Systemic immune Inflammation Index (SII) and the systemic Inflammatory
Response Index (SIRI) have been proven to have independent predictive value
[11] [12] [14] in diseases such as heart failure, sepsis and pulmonary embolism by
combining neutrophil, lymphocyte, monocyte and platelet counts, which further
enhance the ability to assess inflammatory status. The platelet-to-lymphocyte ra-
tio (PLR), as another important indicator of inflammation, reflects the activation
status of platelets and changes in immune function. In patients with pulmonary
embolism, elevated PLR is associated with the severity of the disease and poor

prognosis, and when combined with other inflammatory markers, it can improve
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the accuracy [14] [15] of prediction. Although the ratio of monocytes to lympho-
cytes (MLR) is less frequently mentioned in isolation, multiple studies have shown
that it is closely associated [14] [16] with inflammatory response and disease prog-
nosis. Studies have shown significant increases in indicators such as the neutro-
phil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and systemic
immune inflammation index (SII) in patients with acute pulmonary embolism.
These indicators were positively correlated with the severity of the disease and short-
term and long-term mortality. Specifically, a retrospective cohort study showed that
elevated NLR levels in patients with acute pulmonary embolism were significantly
associated with an increased risk of 30-day and 1-year death. The study also found
that short-term mortality in patients was nearly 13 times higher than that in the
baseline group when NLR values exceeded 6. In addition, PLR and C-reactive pro-
tein (CRP) as inflammatory indicators also showed some predictive value in pa-
tients with pulmonary embolism, but their independent predictive power was not
as significant as that of NLR [17]-[19].

The thrombosis mechanism in pulmonary embolism involves the activation of
immune cells and the release of pro-inflammatory factors, which induce endothelial
cells to express adhesion molecules and reduce nitric oxide bioavailability, thereby
impairing endothelial barrier function and promoting a procoagulant state. Con-
currently, inflammation enhances tissue factor release, platelet activation, and neu-
trophil extracellular trap formation, directly driving thrombosis through phospha-
tidylserine exposure and activation of the coagulation cascade. Moreover, inflam-
mation and the coagulation system engage in a positive feedback loop, further ex-
acerbating vascular dysfunction and thrombus formation. Collectively, these find-
ings indicate that systemic inflammatory markers are key contributors to the de-

velopment of pulmonary embolism.

3. Application of Whole Blood Inflammatory Markers in the
Risk Assessment of Pulmonary Embolism

The role and predictive value of different inflammatory indicators in the occur-
rence, severity, and prognosis of pulmonary embolism can be analyzed through
retrospective studies and prospective cohort studies.

In some retrospective studies, researchers typically collected clinical and labor-
atory data from patients previously diagnosed with acute pulmonary embolism
(APE) to assess the correlation between inflammatory indicators such as systemic
immune inflammation index (SII), neutrophil-lymphocyte ratio (NLR), platelet-
lymphocyte ratio (PLR), and the risk and severity of PE. For example, a retrospec-
tive study of 442 patients with acute pulmonary embolism (APE) found that SII
levels gradually increased with the severity of pulmonary embolism from non-
giant to giant, and SII was an independent predictor of high-risk PE [20], showing
high sensitivity and specificity [21] Another retrospective study, which included
138 patients and compared the PE group with the non-PE control group, found
that inflammatory indicators such as CRP, white blood cell count, SII, and NLR
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were significantly elevated in the PE group and significantly decreased after throm-
bolytic therapy, suggesting their potential value [22] in treatment monitoring and
prognosis assessment.

In prospective cohort studies, emphasizing time series data collection and dy-
namic monitoring can more accurately assess the changing trends of inflamma-
tory indicators and their predictive power for PE risk. For example, a study in-
volving 223 patients with pulmonary embolism grouped patients by the C-reactive
protein/albumin ratio (CRP/Alb) showed that this ratio was not only associated
with short-term mortality but also could independently predict late death, demon-
strating its potential value [23] as an inflammatory prognostic score. Furthermore,
another study involving 234 patients with pulmonary embolism found that, in ac-
cordance with the European Society of Cardiology (ESC) guidelines, inflamma-
tory indicators such as the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lym-
phocyte ratio (PLR), and systemic inflammation index (SII) were significantly asso-
ciated with high-risk pulmonary embolism. These indicators play an auxiliary role
[11] in risk stratification.

In addition, some studies have focused on the dynamic changes of inflamma-
tory markers in patients with pulmonary embolism (PE) during treatment and
their predictive ability for treatment response. For example, changes in inflamma-
tory markers before and after thrombolytic therapy can reflect the therapeutic ef-
fect and the degree [22] of disease activity; Another study showed that an increase
in the neutrophil-to-lymphocyte ratio (NLR) was significantly associated with
medium-high risk acute pulmonary embolism (APE), and its diagnostic value in

risk stratification was superior to that of traditional indicators [8].

Biomarker Cut-Off Value AUC Sensitivity Specificity
Neutrophil Count >7.0 x 10°/L - - -
C-Reactive Protein (CRP) >41.4 mg/L 0.896 90.5% 77.6%
Neutrophil-to-Lymphocyte Ratio (NLR) 5.71 0.78 74.65% 72.13%
Systemic Immune-Inflammation Index (SII) 1161 0.957 91% 90%
Platelet-to-Lymphocyte Ratio (PLR) 256.6 0.693 53.6% 82.2%

Note: 1) Cut-off values and performance metrics are context-dependent (e.g., mortality prediction vs. severity stratification). 2)

AUC values indicate overall diagnostic/prognostic accuracy (0.5 = no discrimination, 1.0 = perfect discrimination). 3) CRP and
NLR show higher sensitivity, while SIT demonstrates balanced sensitivity and specificity for severe PE. 4) Neutrophil count data are
limited to specific populations (e.g., COVID-19) and lack comprehensive AUC metrics.

4. The Relationship between Whole Blood Inflammatory
Markers and the Prognosis of Pulmonary Embolism

4.1. Relationship between NLR and Prognosis of Pulmonary
Embolism

The neutrophil-to-lymphocyte ratio (NLR), as an indicator reflecting the inflam-

matory state of the body, has shown significant value in the prognosis assessment
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of patients with acute pulmonary embolism (APE) in recent years. Studies have
shown that elevated NLR is significantly associated with short-term and long-term
mortality in patients with APE and can serve as an independent prognostic indi-
cator. In the case of a large retrospective study involving 2072 hospitalized pa-
tients with acute pulmonary embolism, the group with an NLR higher than the
median (5.12) at admission had an adjusted odds ratio (aOR) of 2.82 for 30-day
mortality risk and a 95% confidence interval (CI) of 2.14 - 3.70. The one-year
mortality risk aOR was 2.51, and the 95%CI was 2.04 - 3.08, both indicating a
higher risk of death. In addition, the predictive power of NLR for mortality risk
remained significant in tumor-free and hemodynamically stable subgroup anal-
yses, suggesting its wide applicability [24].

The increase of NLR reflects an active inflammatory response, and inflamma-
tion plays an important role in the pathogenesis of pulmonary embolism. Mech-
anistically, the increase in NLR reflects an immune imbalance of enhanced neu-
trophil-mediated inflammatory response and reduced lymphocyte count, which
may lead to impaired right ventricular function of the pulmonary artery, thereby
exacerbating the condition. Studies have shown that elevated NLR is significantly
associated with the severity and poor prognosis of acute pulmonary embolism
(APE). For example, an NLR > 5.46 can predict all-cause mortality (sensitivity
75.0%, specificity 66.9%) [25]. The study also found that NLR was associated with
the severity of pulmonary embolism, and patients with elevated NLR often pre-
sented with hemodynamic instability, impaired right heart function, and higher
simplified pulmonary embolism severity Index (sPESI) scores [26].

Clinically, NLR, as a simple, economical, and easily accessible hematological
indicator, has been shown to be of practical value in risk stratification and prog-
nosis assessment for patients with pulmonary embolism. Patients with high NLR
need to be vigilant about the risk of death in the short term and may require more
aggressive monitoring and treatment strategies. In addition, dynamic changes in
NLR are also used for follow-up and efficacy evaluation to further guide clinical

decision-making [24].

4.2. Comparison of Other Inflammatory Markers

In the prognostic assessment of pulmonary embolism (PE), in addition to whole
blood inflammatory markers, inflammatory and coagulation-related markers such
as C-reactive protein (CRP) and D-dimer have also been extensively studied. These
indicators have their own strengths and limitations in different studies, and a com-
prehensive analysis can help improve the accuracy of prognosis judgment for pa-
tients with pulmonary embolism.

First, CRP, as a classic acute-phase response protein, has elevated levels that
reflect the inflammatory state of the body. In recent years, the CRP/ albumin ratio
(CRP/ALD ratio) has been used as a prognostic scoring indicator based on inflam-
mation. In a retrospective study involving 223 patients with acute pulmonary em-

bolism, the CRP/AIb ratio was confirmed as an independent risk factor for pre-
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dicting 30-day and long-term mortality in patients. The study showed that pa-
tients with a higher CRP/Alb ratio were not only older but also had higher levels
of myocardial injury markers (such as troponin) and higher simplified pulmonary
embolism severity index (sPESI) scores, all of which suggest a more severe condi-
tion. Another study found that the CRP/AIb ratio outperformed CRP or albumin
levels alone in ROC curve analysis for death prediction, demonstrating its ad-
vantage [23].

D-dimer, as a fibrin degradation product, is a sensitive marker for thrombosis
and dissolution and is often used in the diagnosis and disease monitoring of pul-
monary embolism. The combination of systemic inflammatory markers can sig-
nificantly improve the efficacy of prognosis assessment for patients with pulmo-
nary embolism, especially in risk stratification and mortality prediction. One study
found that both NLR and D-dimer were significantly elevated in the poor prog-
nosis group (P<0.05), and both were independent risk factors for death. The com-
bined detection had a predictive sensitivity of 86.2% and specificity of 67.6% for
the risk of death, and the area under the curve (AUC) was significantly higher
than that of a single indicator [27]. Therefore, the dynamic changes of D-dimer in
patients with pulmonary embolism and its combined application with inflamma-
tory indicators are of great significance for assessing the severity and prognosis of
the disease.

In addition, indicators such as the platelet-to-lymphocyte ratio (PLR) and sys-
temic immune inflammation index (SII) have also been of concern in recent years.
Elevated PLR is associated with all-cause mortality within 30 days in patients with
acute pulmonary embolism. Studies suggest that PLR > 176 is an independent risk
factor for major adverse cardiovascular events (OR = 1.003). However, in multi-
variable models, the predictive power of PLR may be lower than that of NLR [28].

5.Effects of Treatment on Whole Blood Inflammatory Markers
5.1. The Effect of Thrombolytic Therapy

Thrombolytic therapy serves as a critical intervention for pulmonary embolism
(PE), especially in high-risk and intermediate-high-risk patients, not only allevi-
ating clinical symptoms and improving hemodynamic stability but also being
closely linked to dynamic alterations in systemic and local inflammatory markers.
The fluctuations in these inflammatory indicators before and after thrombolysis
reflect the body’s response to treatment and provide valuable insights into prog-
nostic trajectories, thereby offering significant support for clinical decision-mak-
ing.

First, multiple studies have demonstrated that thrombolytic therapy signifi-
cantly improves hemodynamic status and right ventricular function in patients
with pulmonary embolism, as evidenced by reduced pulmonary artery pressure,
decreased right ventricular afterload, and increased blood oxygen saturation. For
instance, a retrospective analysis of 148 PE patients with pulmonary hypertension

revealed that following thrombolytic therapy, respiratory rate, heart rate, and par-
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tial pressure of carbon dioxide (PaCO,) significantly declined, while partial pres-
sure of oxygen (PaO,) and oxygen saturation (SaO,) markedly increased. Addi-
tionally, mean pulmonary artery pressure (MPAP) and right ventricular end-di-
astolic diameter (RVEDD) showed significant improvement, indicating that throm-
bolytic therapy effectively alleviates pulmonary vascular obstruction and reduces
right heart strain [29].

Inflammatory markers such as C-reactive protein (CRP) and interleukin-6 (IL-
6) showed significant changes before and after thrombolytic therapy, and their
levels were closely related to the therapeutic effect. The study further pointed out
that PaCO, < 35 mmHg, D-dimer (D-D) > 11mg/L, IL-6 > 24 pg/mL, and CRP 2
16 mg/L were all independent risk factors for ineffective thrombolytic therapy,
suggesting that the strength of the inflammatory response affects thrombolytic ef-
ficacy and patient prognosis [29] to some extent. This suggests that early moni-
toring of these inflammatory markers in clinical practice helps to adjust treatment
plans in a timely manner and optimize individualized treatment strategies.

In addition, the choice of thrombolytic therapy also affects changes in inflam-
matory indicators and clinical outcomes. Catheter-assisted thrombolysis (CDT)
shows an advantage over systemic thrombolysis (ST) in reducing in-hospital mor-
tality and recurrent PE, and both have comparable bleeding risks. A national co-
hort study involving 145 patients in the CDT group and 1158 patients in the sys-
temic thrombolysis group indicated that the in-hospital mortality rate in the CDT
group was significantly lower than that in the ST group (12.7% vs 21.4%), and
both the 1-year all-cause mortality rate and the risk of recurrent PE were lower,
suggesting that local thrombolysis is more effective in removing thrombi, reduc-
ing inflammation and cardiac burden [30]. Another study also supports that CDT
can significantly reduce in-hospital mortality and the incidence of shock, although

it may prolong the length of hospital stay; however, overall safety is good [31].

5.2. Potential Role of Anti-Inflammatory Treatment

In recent years, the potential role of anti-inflammatory treatment in patients with
pulmonary embolism (PE) has attracted increasing attention. Studies have shown
that the inflammatory response not only plays a significant role in the occurrence
and development of pulmonary embolism, but also affects the prognosis of pa-
tients. Therefore, anti-inflammatory treatment is expected to improve clinical
outcomes for patients with pulmonary embolism.

First, anti-inflammatory treatment has shown significant effects against infec-
tion-related pulmonary vascular inflammation. In the case of a 57-year-old female
patient who was diagnosed with pulmonary embolism and later confirmed to have
granulomatous pulmonary angiitis caused by Mycobacterium goodii. PET-CT mon-
itoring showed significant improvement in inflammation in the patient after more
than 12 months of anti-inflammatory and anti-mycobacterial treatment, suggest-
ing the effectiveness [32] of anti-inflammatory treatment in infectious vasculitis

with pulmonary embolism. In addition, the tuberculosis-associated hypercoagu-
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lable state suggests that anti-inflammatory treatment may reduce the risk of throm-
bosis by alleviating systemic inflammation. Relevant studies have highlighted the
auxiliary role [33] of anti-inflammatory therapies (such as vitamin D, non-steroi-
dal anti-inflammatory drugs, corticosteroids, and antiplatelet drugs) in tubercu-
losis with thrombosis.

Secondly, studies on COVID-19-related pulmonary embolism have revealed
the potential of anti-inflammatory treatment. In patients with severe COVID-19,
the use of dexamethasone significantly reduced the peaks of inflammatory mark-
ers such as C-reactive protein (CRP) and D-dimer levels, while the incidence of
pulmonary embolism was significantly reduced (4.4% versus 20.0%), suggesting
that the anti-inflammatory effect may inhibit the formation of immune thrombi,
thereby improving the prognosis [34] of patients. In addition, PET/CT showed a
significant reduction in lung inflammation in patients with post-COVID-19 lung
disease after receiving anti-inflammatory and anti-fibrotic treatments (such as
methylprednisolone and pirfenidone), with improved clinical symptoms and in-
flammatory biomarkers, further supporting the application value [35] of anti-in-
flammatory treatment in lung inflammation and thrombosis.

Furthermore, the role of anti-inflammatory treatment in pulmonary embolism
associated with non-infectious autoimmune diseases has also attracted attention.
For example, in patients with systemic lupus erythematosus (SLE) complicated
with antiphospholipid syndrome, anti-inflammatory immunomodulatory treat-
ments such as corticosteroids and hydroxychloroquine after pulmonary embolism
can help control disease activity and reduce thrombus recurrence [36]. Similar
situations also occur in patients with rheumatoid arthritis who develop deep vein
thrombosis and pulmonary embolism during high-dose glucocorticoid treatment,
suggesting the need to balance the dual effects [37] of inducing inflammation and

relieving inflammation in anti-inflammatory treatment.

6. Future Research Directions and Challenges
6.1. Exploration of Novel Inflammatory Markers

In addition to the above indicators, the application value of novel inflammatory
markers in pulmonary embolism is also worth exploring to improve the ability to
diagnose and evaluate the prognosis of pulmonary embolism. Vascular endothe-
lial growth factor (VEGF) and tumor necrosis factor-a (TNF-a), as typical inflam-
matory and vascular regulators, have shown potential application value in the
pathophysiological process of pulmonary embolism.

First, VEGEF, as a key angiogenic factor, is involved in regulating the prolifera-
tion of vascular endothelial cells and vascular permeability, and its role in pulmo-
nary embolism is mainly reflected in promoting local vascular repair and neovas-
cularization of emboli. Studies have shown elevated levels of VEGF in the plasma
of patients with pulmonary embolism, which may reflect the body’s response
mechanism to vascular injury under ischemic and hypoxic conditions. In addi-

tion, the dynamic changes of VEGF are closely related to vascular remodeling and
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blood flow recovery after pulmonary embolism, suggesting potential biomarker
value [29] in disease progression and prognosis judgment.

Secondly, TNF-q, as an important pro-inflammatory cytokine, also plays a sig-
nificant role in the inflammatory response of pulmonary embolism. TNF-a not
only activates endothelial cells, promotes platelet aggregation and white blood cell
adhesion, but also induces the release of various inflammatory mediators, exacer-
bates local vascular inflammation, and microenvironment destruction. Especially
in the context of COVID-19-associated pulmonary embolism, TNF-a levels are
significantly elevated due to virus-induced cytokine storm, further activating the
coagulation system and vascular endothelial damage and promoting thrombosis
[38] [39]. This suggests that TNF-a is not only an important driver of inflamma-
tory progression in pulmonary embolism, but may also be a potential target for
anti-inflammatory treatment and risk assessment.

In addition, the VEGF family—particularly VEGF-A and VEGF-D—plays a
dual role in PE. First, it contributes to pathological processes involving angiogen-
esis and endothelial barrier disruption. VEGEF-A is highly expressed in conditions
such as chronic obstructive pulmonary disease (COPD) and acute lung injury,
where it is associated with airway inflammation and vascular remodeling. Its ex-
pression levels are negatively correlated with lung function decline, including re-
ductions in FEV1 [40]. In the context of PE, elevated VEGF-A may exacerbate
right ventricular afterload and promote pulmonary edema by increasing vascular
permeability and facilitating inflammatory cell infiltration. Second, the VEGF
family also participates in protective mechanisms. Recent studies have shown that
VEGE-D exerts protective effects via the VEGFR2 signaling pathway. In experi-
mental models of acute lung injury, administration of exogenous VEGF-D signif-
icantly reduces vascular permeability, attenuates leukocyte infiltration, and sup-
presses the expression of pro-inflammatory cytokines such as TNF-a and IL-6,
thereby preserving pulmonary vascular barrier integrity [41]. These findings sug-
gest that VEGF-D may represent a promising therapeutic target for pulmonary

vascular injury associated with PE.

6.2. Individualized Application of Markers

However, relying solely on a single inflammatory indicator is difficult to meet the
demands of precision medicine. The core of individualized application lies in
combining inflammatory indicators with the patient’s specific physiological char-
acteristics, pathological state, and clinical background. Through this combination,
more precise risk assessment and more scientific treatment strategy formulation
can be achieved.

First, the individual characteristics of different patients, such as age, gender,
comorbidities, and past medical history, have a significant impact on the interpre-
tation of inflammatory indicators. Specifically, there are significant differences in
the risk of thromboembolism and related inflammatory states between diabetic

patients and the general population. Based on a large retrospective cohort study
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in Taiwan region, researchers first analyzed the impact of relevant clinical factors
and then constructed a risk prediction model for venous thromboembolism (VTE)
based on clinical factors such as age, hospitalization status, hypertension, and
chronic kidney disease, confirming that the integration of individual clinical in-
formation and biomarkers can significantly improve the accuracy [42] of predic-
tion. Venous thromboembolism includes pulmonary embolism. Therefore, in the
application of inflammatory indicators for pulmonary embolism, multi-dimen-
sional clinical characteristics of patients must be considered to achieve stratified
risk management.

Secondly, the combined detection strategy of multiple indicators is an im-
portant direction for individualized applications. A single inflammatory indica-
tor, such as D-dimer, is highly sensitive but lacks specificity, and it is difficult to
use independently as a basis for diagnosis or prognosis. The latest research shows
that multi-marker combinations that combine multiple mechanisms, such as co-
agulation, platelet activation, and endothelial function, can more comprehen-
sively reflect the pathophysiological process of thrombosis, thereby improving the
accuracy [43] of diagnosis and risk stratification. For example, the combination
of C-reactive protein (CRP), neutrophil-lymphocyte ratio (NLR), and other in-
flammatory factors can lead to individualized treatment plans for different inflam-
matory states and types of immune responses.

In addition, dynamic monitoring of inflammatory markers plays a crucial role
in individualized treatment. Inflammatory status changes as the disease progresses
and treatment varies, so real-time tracking of inflammatory indicators such as IL-
6 and IL-8 can help doctors adjust treatment plans in a timely manner and avoid
overtreatment or potential risk omissions [44]. Combining the patient’s genetic
background, lifestyle, and comorbidities can further enhance the interpretation
and application of inflammatory indicators, thereby achieving precise individual-

ized management [45].

7. Summary and Outlook

Whole blood inflammatory markers, being simple, cost-effective, and readily ac-
cessible biomarkers, can effectively reflect the body’s inflammatory status and are
closely linked to the pathogenesis of pulmonary embolism. Their use in risk strat-
ification and prognostic evaluation of pulmonary embolism (PE) aids in assessing
disease severity and predicting patient outcomes, thereby providing valuable sup-
port for clinical decision-making. Whole blood inflammatory markers, being sim-
ple, cost-effective, and readily accessible biomarkers, can effectively reflect the
body’s inflammatory status and are closely linked to the pathogenesis of pulmo-
nary embolism. Their use in risk stratification and prognostic evaluation of pul-
monary embolism (PE) aids in assessing disease severity and predicting patient
outcomes, thereby providing valuable support for clinical decision-making.
Although numerous studies have confirmed the potential value of these inflam-

matory indicators, inconsistent findings across studies—attributable to variations

DOI: 10.4236/jbm.2025.1310026

314 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.1310026

S.B. Weietal.

in study design, patient populations, and measurement methodologies—have hin-
dered the development of standardized clinical guidelines. Future large-scale, pro-
spective, and multicenter trials are essential to validate the reliability and specific-
ity of these markers across diverse patient groups and to define their precise roles
and optimal thresholds in risk stratification and prognostic evaluation. Further-
more, integrating inflammatory indicators with established risk scoring systems,
such as PESI and sPESI, may enhance comprehensive risk assessment and im-
prove the accuracy of clinical outcome prediction.

In clinical practice, how to balance the viewpoints reflected by different re-
search results and rationally apply whole blood inflammatory indicators has be-
come an important challenge at present. On the one hand, it is necessary to rec-
ognize the value of these indicators as auxiliary tools and avoid over-reliance on a
single indicator so as not to overlook the overall clinical situation; On the other
hand, it is also necessary to pay attention to its limitations and potential interfer-
ing factors such as infections and chronic inflammatory states, which may affect
the accuracy of the indicators. Therefore, a scientific assessment and precise man-
agement of patients with PE can only be achieved through a comprehensive anal-
ysis of clinical manifestations, imaging results, and inflammatory indicators.

Although numerous retrospective and small-scale studies have preliminarily
demonstrated the potential value of these inflammatory markers, variability in
study design, patient populations, and measurement methodologies has led to in-
consistent findings, hindering the development of standardized clinical guide-
lines. This underscores the need for large-scale, prospective, multicenter trials to
validate the consistency and specificity of these markers across diverse patient co-
horts and to define their precise roles and optimal thresholds in risk stratification
and prognostic evaluation. Furthermore, integrating inflammatory markers with
established risk scoring systems—such as PESI and sPESI—may enhance compre-
hensive risk assessment and improve the accuracy of clinical outcome prediction.

Opverall, whole blood inflammatory markers have demonstrated considerable
potential in evaluating the risk and prognosis of PE, exhibiting significant clinical
relevance. Future advancements will depend on multidisciplinary collaboration,
integration of emerging technologies, and big data analytics to further elucidate
the biological mechanisms and clinical utility of these markers. Such efforts are
expected to enhance diagnostic accuracy and therapeutic strategies for patients

with PE and advance the development of precision medicine in this domain.
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