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Analysis of the diagnostic role of
fibrin-related markers in
perioperative venous
thromboembolism

Min Wei', Yongjiang Pan', Zheng Qin, Lihua Chen, Liping Zhao*
and Debin Zhong*

Medical Laboratory Department, The First People’s Hospital of Nanning, Nanning, China

Objectives: To investigate the diagnostic role of fibrin-related markers in the
perioperative venous thromboembolism (VTE).

Methods: A total of 100 high-risk perioperative patients, identified using the
Caprini thrombosis risk assessment model [46 with deep vein thrombosis
(DVT) and 54 with pulmonary embolism (PE)], were included as study subjects.
Additionally, 50 healthy volunteers undergoing medical checkups during the
same period served as controls. The levels of D-dimer, fibrin monomer (FM)
and fibrin degradation products (FDP) were compared between patients and
the control group across different time points. Additionally, the influence of
various factors on these biomarkers was assessed. Furthermore, the diagnostic
value of fibrin-related markers in perioperative VTE among surgical patients
was analyzed.

Results: The levels of D-dimer, FM and FDP on postoperative days 1, 3 and 7
were significantly lower than those on the day before surgery, showing a
sequential decline over the postoperative period (p <0.05). The levels of these
three markers were significantly higher in the PE group than in the DVT group,
and higher in the DVT group than in the control group (p<0.05). No
significant differences were observed in these markers based on gender, age
or disease conditions (p > 0.05). Additionally, ROC curve analysis indicated that
FM detection alone had good diagnostic value, with an AUC of 0.835 and a
sensitivity of 88.34%. And joint detection (D-dimer, FM, FDP) provided superior
diagnostic performance.

Conclusion: The combination of D-dimer, FM, FDP and Caprini scores may
enhance the diagnostic accuracy of VTE in the perioperative period. If all four
indicators are not readily available, monitoring FM levels alone can provide
valuable diagnostic insight.

KEYWORDS

venous thromboembolism, fibrin-related markers, perioperative period, diagnosis,
surgery

1 Introduction

Venous thromboembolism (VTE) is a prevalent clinical condition associated with
significant morbidity and has become an increasingly common peripheral vascular
disease. Epidemiological data indicate that approximately 2.5 million cases of VTE are
diagnosed worldwide each year, with at least 0.1% of affected patients succumbing to
PE (1, 2). Only 20% of patients with suspected VTE receive a confirmed diagnosis
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(3). VTE is primarily caused by cancer, surgery and other
conditions associated with Virchow’s triad: endothelial injury,
venous stasis, and hypercoagulability (4). Surgery can act as a
VTE risk factor, depending on the type of surgery and patient
factors (5, 6). Although advancements in surgical techniques,
early ambulation and pharmacologic prophylaxis have reduced
postoperative VTE rates (7), VIE remains a leading cause of
preventable death in perioperative patients. Therefore, early
detection and diagnosis of VTE are critical for patient’s
prognosis and treatment. VIE diagnosis in surgical patients
generally follows a stepwise process including clinical pretest
probability, D-dimer testing and imaging confirmation (3, 8).
However, imaging is not always necessary, as it is time-
consuming, costly, and carries risks such as radiation exposure
(9). While D-dimer is a sensitive marker which excluds VTE
when negative (10, 11), it lacks specificity, as various conditions
(such as surgery, cancer and cardiovascular diseases) can elevate
its levels. Both FDP and D-dimer levels rise due to secondary
fibrinolysis in VTE, making the combined detection of both
biomarkers useful for diagnosis (12). The diagnosis of DVT
appears to be more accurate when both FM and D-dimer
than
individually (13-15). And the Caprini score remains one of the

concentrations are assessed in combination, rather

most widely used VTE risk assessment tools for surgical
(16). This
framework by evaluating the role of fibrin-related markers

patients study expanded on this diagnostic
(D-dimer, FM, FDP) with Caprini score in perioperative VTE.
We hypothesized that

(D-dimer, FM and FDP) with Caprini score can improve the

combining fibrin-related markers

diagnostic accuracy of VTE in the perioperative period.

2 Data and methods
2.1 Clinical data

From January 2020 to December 2021, a total of 100
perioperative patients at high risk for VTE (Caprini score 3-4)
were enrolled from the First People’s Hospital of Nanning City.
All VTE patients met the clinical diagnostic criteria, with DVT
confirmed by venography and ultrasound, and PE confirmed by
CT venography. Patients were required to be aged 20 years or
older, and informed consent was obtained from their families.
Patients with severe organ dysfunction, those who were pregnant
or lactating, and those with incomplete data were excluded.
Among the 100 patients, 54 were male and 46 were female, with
51 patients aged >60 years and 49 aged <60 years. The cohort
included 46 cases of DVT, designated as the DVT group, and 54
cases of PE, designated as the PE group. Additionally, 50 healthy
volunteers undergoing routine physical examinations during the
same period were included as the control group, comprising 27
males and 23 females, with 22 aged >60 years and 28 aged <60
years. No significant differences were observed between the
patient and control groups (p>0.05). This study was approved
by the hospital’s ethics committee.
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2.2 Research method

For all subjects, 5 ml of fasting venous blood was collected and
then centrifuged at 3,000 rpm/min for 15 min using a centrifuge
with a radius of 10 cm to separate the plasma. The levels of
D-dimer, FM and FDP in the plasma were subsequently
measured using the French Stago fully automated coagulation
analyzer and its associated reagent kit. Testing procedures strictly
adhered to the step-by-step instructions provided in the reagent
kit manual. All the samples were analyzed by STA-Evolution
(Stago, France) using STA-R series reagents according to the
manufacturer protocol.

2.3 Observation indicators

The levels of D-dimer, FM and FDP were compared across
different perioperative periods and among different groups.
Additionally, the impact of various factors on these biomarkers
was analyzed to assess their diagnostic value for venous
thromboembolism in perioperative period.

2.4 Statistical methods

The data were analyzed using SPSS 23.0 software. Quantitative
data are presented as mean + standard deviation (X + s), and
comparisons were performed using the t-test. Comparison
among multiple groups was conducted using analysis of variance
(ANOVA), with the F value calculated. The diagnostic role of
fibrin-related biomarkers in the perioperative period of VTE was
assessed using ROC curve analysis. A p value of less than 0.05
was considered statistically significant.

3 Results

3.1 Comparison of levels of D-dimer, FM
and FDP at different periods in patients

The levels of D-dimer, FM and FDP in patients at different
time points showed statistically significant differences (p <0.05).
The levels of these markers on postoperative days 1, 3 and 7
were lower than those on preoperative day 1, with levels on
postoperative days 3 and 7 being lower than those on
postoperative day 1. Furthermore, the levels on postoperative day
7 were lower than those on postoperative day 3 (p <0.05), as
shown in Table 1.

3.2 Comparison of the levels of D-dimer,
FM and FDP at different time periods in
each group

The levels of D-dimer, FM and FDP in the PE group at
different time periods are higher than those in the DVT group
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TABLE 1 Comparison of D-dimer, FM and FDP levels in patients at different time periods (mean+s).

Number of cases D-dimer (mg/L) FM (mg/L) FDP (mg/L)
Pre-op day 1 100 191 +0.35 11.58 + 0.61 23.52+ 4.60
Post-op day 1 100 1.70 +0.33* 9.21+0.45% 20.08 +3.57*
Post-op day 3 100 1.03 +0.24% ** 7.94 41330 % 14.39 + 4,120 **
Post-op day 7 100 0,68+ 0.19% ¥+ oox 420+ 1.08% #+ oo 6.79 +0.83% +r oo
F value - 24314 59.827 114261
P value - 0 0 0

Compared with preoperative 1 day, *P < 0.05; compared with postoperative 1 day, **P <0.05; compared with postoperative 3 days, ***P < 0.05.

TABLE 2 Comparison of the impact of different factors on the levels of
D-dimer, FM and FDP in patients.

Factor Number D-dimer FM FDP
of cases (mg/L) (mg/L) (mg/L)

Gender

Male 54 2.03+0.51 1139+035 | 2536+3.19

Female 46 2.06 +0.47 1132+040 | 2540+322

Age

>60 51 2.12+0.38 11.28 +0.51 25.32+4.08

<60 49 2,09 +0.50 11.31+047 | 2530+3.53

Body mass index

>20 43 2.19+0.36 1097 +0.62 | 2541 +4.11

<20 57 220+0.26 1123+058 | 2539+3.76

and the control group, with the DVT group also showing higher
than the group (p<0.05), as
supplemental tables (Supplementary Table S1).

levels control shown in

3.3 Comparison of the impact of different
factors on the levels of D-dimer, FM and
FDP in patients

No significant differences were observed in the influence of
gender, age, and disease conditions on the levels of D-dimer, FM
and FDP in patients (p >0.05), as shown in Table 2.

3.4 Analysis of the diagnostic role of
fibrinrelated markers in the perioperative
venous thromboembolism

According to the ROC curve analysis, in addition to the joint
detection (the level of D-dimer, FM and FDP) and FM detection
alone also demonstrated good diagnostic value, with an AUC of
0.835 and a sensitivity of 88.34%, as shown in Table 3.

4 Discussion

In clinical practice, VTE is a common cardiovascular
complication and its clinical manifestations are usually lacking in
specificity. Symptoms such as fever, difficulty breathing, lower
limb swelling or fainting are frequently observed, but the
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condition is typically insidious and complex. Relying solely on
symptoms makes it difficult to establish a clear diagnosis,
increasing the likelihood of missed or incorrect diagnoses
(17-19). Therefore, early diagnosis and differentiation of VTE
clinical symptoms are crucial for improving patient prognosis.
The results of this study show that the levels of D-dimer, FM
and FDP in patients at different time points were statistically
(p<0.05). The these
postoperative days 1, 3, and 7 were lower than those on

significant levels of markers on
preoperative day 1, and the levels on postoperative days 3 and 7
were lower than those on postoperative day 1. Additionally, the
levels on postoperative day 7 were lower than those on
postoperative day 3 (p <0.05). These findings indicate that the
levels of D-dimer, FM, and FDP in VTE patients peaked on
preoperative day 1 and then progressively decreased, reaching
their lowest levels on postoperative day 7. Furthermore, the study
found that the levels of D-dimer, FM, and FDP in the PE group
were higher than those in the DVT group and the control group,
with the DVT group showing higher levels than the control
group (p <0.05). This suggested that the expression of D-dimer,
FM and FDP was significantly elevated in the thrombosis patient
population, likely due to the
mechanisms associated with these markers.

underlying  physiological
D-dimer is an
indirect marker of fibrinolysis and fibrin turnover, reflecting both
As a
soluble fibrin degradation product, it results from the breakdown

hemostatic abnormalities and intravascular thrombosis.

of thrombi via fibrinolysis. However, D-dimer lacks specificity, as
its levels can be elevated in conditions such as inflammation and
infection. Despite this, it remains a valuable marker for
coagulation and fibrinolysis activation particularly in ruling out
VTE (8, 20). In our study, elevated preoperative D-dimer levels
were observed likely due to the high VTE risk as indicated by
the Caprini score. Factors such as advanced age, obesity, and
comorbidities (like cancer, COPD, infection) may induce
systemic inflammation and increased fibrin activity, leading to
elevated D-dimer levels. These factors should be considered when
interpreting preoperative D-dimer results, as they can raise levels
independently of thrombus formation. The diagnostic process for
suspected venous thromboembolism involves a stepwise approach
that includes the evaluation of clinical pretest probability,
D-dimer testing and imaging. Ideally, this work-up should be
completed within 24 h of presentation. The goal is to identify
patients who require anticoagulation therapy (to confirm VTE)
and those in whom imaging and anticoagulation can be safely
omitted (to exclude VTE). The combination of clinical pretest
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TABLE 3 Analysis of the diagnostic role of fibrin-related markers in perioperative venous thromboembolism.

hem __AUC___Semsitiuty __Youden ___index ___Cutoff value

D-dimer 0.632 82.49 79.76
M 0.829 88.27 85.44
FDP 0.704 79.56 81.29
Caprini score 0.829 88.27 85.44
Combined four items 0.917 95.29 83.16

10.3389/fsurg.2025.1530576

95%Cl
0.623 2.03 mg/L 0.418-0.827
0.737 11.94 g/L 0.705-0.874
0.609 25.38 mg/L 0.627-0.913
0.737 5 points 0.705-0.874
0.785 - 0.790-0.998

probability and D-dimer testing is useful for excluding VTE;
however, imaging is necessary to definitively confirm the
diagnosis (9). Our study highlighted the potential of combining
fibrin-related biomarkers (D-dimer, FM and FDP) with the
Caprini score in diagnosing perioperative VTE. While D-dimer
has long been recognized as a sensitive biomarker for VTE, its
lack of specificity remains a limitation, as elevated levels can be
observed in various clinical conditions including surgery, cancer,
and cardiovascular diseases (10). Hasegawa et al. reported that
FM as a fibrin monomer differs from D-dimer, which is better at
reflecting the early stage of thrombus formation. As a precursor
in thrombus production, FM is upstream of fibrin degradation
products and represents the initial stage of fibrin clot formation
during hemostasis. It is formed when thrombin acts on
fibrinogen, cleaving it into two peptides and providing valuable
feedback on the condition of VTE patient (21-24). Based on the
literature reviewed, the diagnosis of DVT seems to be more
accurate when both FM and D-dimer concentrations are used in
combination rather than when assessed individually (13-15).
FDP is an important indicator of hyperfibrinolysis in the body.
Their levels increase during primary or secondary fibrinolysis,
and in conditions of high blood coagulation or the occurrence of
VTE, the levels further rise, which can serve as a prognostic
marker (25). FDP level has been shown to correlate with a
higher incidence of VTE in patients with gastric and cervical
cancers (26, 27). Jiao et al. conducted an analysis of 488 patients
with spinal fractures and found that plasma FDP levels
>5.19 mg/L are a significant risk factor for VTE (28).
Furthermore, a study of 569 patients with femoral and pelvic
fractures confirmed that elevated FDP levels are associated with a
higher incidence of VTE in the perioperative period (29).
Therefore, it can be concluded that FDP is a key factor in the
development of VTE. Patients with sepsis had significantly
higher levels of d-dimer and FPD activity compared with healthy
controls, and FM had less studied in sepsis (30). Plasma levels of
FDP, D-dimer, and FM are elevated in patients with
disseminated intravascular coagulation (DIC). The combination
of FM, D-dimer, and FDP has become the gold standard for
DIC diagnosis, as recognized by the International Society on
Thrombosis and Hemostasis (ISTH). In patients with malignant
tumors, a hypercoagulable state is often present, typically
accompanied by coagulation and fibrinolysis abnormalities. These
patients frequently exhibit elevated plasma D-dimer and FDP
levels, which may be closely associated with tumor infiltration.
Higher levels of D-dimer and FDP are generally correlated with
poorer prognosis in cancer patients (10, 15, 20, 31, 32). A study
examining normal pregnancy and early DIC stages found that
D-dimer levels increase progressively with gestational age, while
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FM remains relatively stable during the second and third
trimesters. In the early stages of DIC, FM levels significantly rise,
and dynamic monitoring of FM may aid in the early detection of
DIC (15, 33). Additionally, a study including 120 chronic kidney
disease (CKD) patients (stages 2-5), first-time hemodialysis (HD)
patients, and maintenance HD patients revealed significantly
higher levels of prothrombin complex and D-dimer in CKD
patients compared to the healthy population, with the elevated
D-dimer levels being particularly pronounced in HD patients
(34). Anticoagulant drugs are the most commonly used oral
anticoagulant drugs in clinical practice, and both of them can
reduce D-dimer levels. It is the anticoagulant effect of the drugs
that reduces the activation of the coagulation system and the
fibrinolytic system, which indirectly leads to a decrease in the
D-dimer level (35). Our findings are consistent with previous
studies, which also highlighted the role of fibrin-related
biomarkers in VTE diagnosis and extended these findings by
incorporating FM and FDP into the diagnostic approach. After
surgery, as the patient’s clinical symptoms improved, the levels of
D-dimer, FM and FDP gradually decreased. The levels in the PE
group were significantly higher compared to those in the DVT
group. Furthermore, this study found no significant influence of
gender, age, or disease conditions on the levels of D-dimer, FM
and FDP in patients (p>0.05), suggesting that the changes in
these markers were not correlated with the patients’ gender, age,
or disease conditions. This lack of correlation could be attributed
to the fact that thrombosis status is not closely related to these
characteristics, and may instead reflect differences in disease
characteristics and other factors. Finally, according to the ROC
curve analysis, in addition to joint detection, FM detection alone
demonstrated significant diagnostic value, with an AUC of 0.835
and 88.34% sensitivity. This indicates that while the combination
of D-dimer, FM, FDP and Caprini score may provide better
diagnostic accuracy for surgical perioperative VTE, FM detection
alone also may offer valuable diagnostic insights. In practice, the
comprehensive application of these four indicators can effectively
reduce the risk of missed or insufficient diagnoses, providing a
more accurate reflection of the patient’s condition. If clinical
results for all four indicators are not available in a timely
manner, monitoring FM levels in advance can still yield
significant diagnostic value, thereby serving as a useful adjunct in
clinical diagnosis and treatment (36, 37). The combination of
D-dimer with FM and FDP could enhance diagnostic accuracy,
particularly when clinical symptoms are ambiguous or when
other conditions may interfere with interpretation. By integrating
biomarkers with the Caprini score, we offered a more objective
and quantifiable diagnostic approach compared to solely relying
on clinical evaluation or individual biomarker testing. In
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addition, the use of clinical pre-test probability assessments
alongside D-dimer testing has proven effective in ruling out
VTE, the definitive diagnosis still requires imaging confirmation
(3, 8). The integration of fibrin-related biomarkers with clinical
evaluation can further reduce unnecessary imaging, which is
costly, time-consuming and associated with risks such as
radiation exposure and contrast-induced nephropathy (9). This is
particularly critical in the perioperative setting where timely and
safe diagnosis is crucial for perioperative patient management.
Although the traditional diagnostic imaging remains the gold
standard for VTE diagnosis, minimizing unnecessary imaging by
incorporating clinical assessments with biomarkers like FM and
D-dimer offers significant potential for enhancing patient care.
Our findings may highlight specific biomarkers (D-dimer, FM,
and FDP) that could enhance early diagnosis and help clinical
decision-making. By incorporating these markers, we hope to
reduce unnecessary imaging and ultimately improve patient
This
diagnostic workflows, which ultimately can reduce healthcare

outcomes. approach could also help streamline the
costs and improve patient outcomes.

However, there are several limitations in our study. First, as a
single-center study with a small sample size, the generalizability of
our findings may be limited. While the results are promising,
larger and multi-center studies are needed to validate and confirm
these findings in diverse populations and various healthcare
settings. Moreover, although we controlled for key variables, other
factors such as the type of surgery, medications and underlying
health conditions could influence biomarker levels. Future research
should investigate how these variables might affect the utility of
biomarkers in diagnosing VTE. Another limitation is the lack of
stratification by surgery type and VTE severity. Stratifying patients
based on these factors could provide valuable insights into how
the performance of biomarkers varies in different surgical contexts
and in relation to the severity of VTE.

In conclusion, the combination of D-dimer, FM, FDP and
Caprini score can enhance the diagnostic accuracy of VTE in
the perioperative period. If the results for all four indicators
are not readily available, monitoring FM levels in advance
can still provide valuable diagnostic information and improve
diagnostic outcomes.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by First People’s
Hospital of Nanning (2020-054-01). The studies were conducted in
with  the
requirements. The participants provided their written informed

accordance local legislation and institutional

consent to participate in this study.

Frontiers in Surgery

10.3389/fsurg.2025.1530576

Author contributions

MW: Conceptualization, Writing - original draft. YP:
Conceptualization, Data curation, Resources, Writing - original

draft. ZQ: Project administration, Supervision, Validation,
Writing - original draft. LC: Data curation, Project
administration, Resources, Writing - original draft. LZ:

Conceptualization, Supervision, Writing - review & editing. DZ:
Conceptualization, Supervision, Writing — review & editing.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. The clinical
value of fibrinogen related biomarkers in the diagnosis of
venous thromboembolism during the perioperative period of
surgery, zc20203012.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Correction Note

This article has been corrected with minor changes. These
changes do not impact the scientific content of the article.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fsurg.2025.

1530576/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fsurg.2025.1530576/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fsurg.2025.1530576/full#supplementary-material
https://doi.org/10.3389/fsurg.2025.1530576
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Wei et al.

References

1. Zhao BN, Dong CX, Kang J, Ge X, Zhang J, Wang M, et al. Risk factors of
multiple myeloma complicated with venous thromboembolism. Chin ] Exp
Hematol. (2023) 31(4):1100-7. doi: 10.19746/j.cnki.issn.1009-2137.2023.04.026

2. LI X. Diagnosis, treatment and D-dimer detection of venous thromboembolic
disease. Chin J Vasc Surg. (2013) 5(001):11-3. doi: 10.3969/j.issn.1674-7429.2013.01.005

3. Patel H, Sun H, Hussain AN, Vakde T. Advances in the diagnosis of venous
thromboembolism: a literature review. Diagnostics (Basel). (2020) 10(6):365. doi: 10.
3390/diagnostics10060365

4. Panchagnula N, Brasher WP. Hyperglycemia and venous thromboembolism.
Diagnostics (Basel). (2024) 14(17):1994. doi: 10.3390/diagnostics14171994

5. Stevens SM, Woller SC, Kreuziger LB, Bounameaux H, Doerschug K, Geersing GJ,
et al. Antithrombotic therapy for VTE disease: second update of the CHEST guideline
and expert panel report. Chest. (2021) 160(6):¢545-608. doi: 10.1016/j.chest.2021.
07.055

6. Douketis JD, Spyropoulos AC, Murad MH, Arcelus JI, Dager WE, Dunn AS, et al.
Perioperative management of antithrombotic therapy: an American college of chest
physicians clinical practice guideline. Chest. (2022) 162(5):¢207-43. doi: 10.1016/j.
chest.2022.07.025

7. Duffett L. Deep venous thrombosis. Ann Intern Med. (2022) 175(9):1TC129-44.
doi: 10.7326/A1TC202209200

8. Kakkos SK, Gohel M, Baekgaard N, Bauersachs R, Bellmunt-Montoya S, Black
SA, et al. Editor’s choice—European society for vascular surgery (ESVS) 2021
clinical practice guidelines on the management of venous thrombosis. Eur | Vasc
Endovasc Surg. (2021) 61(1):9-82. doi: 10.1016/j.€jvs.2020.09.023

9. Khan F, Tritschler T, Kahn SR, Rodger MA. Venous thromboembolism. Lancet.
(2021) 398(10294):64-77. doi: 10.1016/S0140-6736(20)32658-1

10. Franchini M, Focosi D, Pezzo MP, Mannucci PM. How we manage a high
D-dimer. Haematologica. (2024) 109(4):1035-45. doi: 10.3324/haematol.2023.283966

11. Liederman Z, Chan N, Bhagirath V. Current challenges in diagnosis of venous
thromboembolism. J Clin Med. (2020) 9(11):3509. doi: 10.3390/jcm9113509

12. Ezaki M, Wada H, Ichikawa Y, Ikeda N, Shiraki K, Yamamoto A, et al. Plasma
soluble fibrin is useful for the diagnosis of thrombotic diseases. J Clin Med. (2023)
12(7):2597. doi: 10.3390/jcm12072597

13. Schutgens RE, Haas FJ, Agterof MJ, Vos M, Biesma DH. The role of fibrin
monomers in optimizing the diagnostic work-up of deep vein thrombosis. Thromb
Haemost. (2007) 97(5):807-13. doi: 10.1160/TH06-04-0222

14. Dopsaj V, Bogavac-Stanojevic N, Vasic D, Vukosavljevic D, Martinovic J, Kotur-
Stevuljevic J, et al. Excluding deep venous thrombosis in symptomatic outpatients: is
fibrin monomer aid to D-dimer analysis? Blood Coagul Fibrinolysis. (2009)
20(7):546-51. doi: 10.1097/MBC.0b013e32832e0605

15. Refaai MA, Riley P, Mardovina T, Bell PD. The clinical significance of fibrin
monomers. Thromb Haemost. (2018) 118(11):1856-66. doi: 10.1055/s-0038-1673684

16. Xiong W, Cheng Y, Zhao Y. Risk scores in venous thromboembolism guidelines
of ESC, ACCP, and ASH: an updated review. Clin Appl Thromb Hemost. (2024)
30:10760296241263856. doi: 10.1177/10760296241263856

17. Watanabe H, Kikkawa I, Madoiwa S, Sekiya H, Hayasaka S, Sakata Y. Changes in
blood coagulation-fibrinolysis markers by pneumatic tourniquet during total knee
joint arthroplasty with venous thromboembolism. ] Arthroplasty. (2014)
29(3):569-73. doi: 10.1016/j.arth.2013.08.011

18. Lu Y, Lu JL, Li W, Ji L. The impact of graded nursing based on the Caprini risk
assessment scale on the prevention of VTE in elderly lung cancer patients. J Qilu Nurs.
(2023) 29(17):75-8. doi: 10.3969/j.issn.1006-7256.2023.17.021

19. Watanabe H, Madoiwa S, Sekiya H, Nagahama Y, Matsuura S, Kariya Y, et al.
Predictive  blood coagulation markers for early diagnosis of venous
thromboembolism after total knee joint replacement. Thromb Res. (2011) 128(6):
e137-43. doi: 10.1016/j.thromres.2011.07.030

20. Johnson ED, Schell JC, Rodgers GM. The D-dimer assay. Am ] Hematol. (2019)
94(7):833-9. doi: 10.1002/ajh.25482

Frontiers in Surgery

06

10.3389/fsurg.2025.1530576

21. Hasegawa M, Wada H, Miyazaki S, Yamaguchi T, Wakabayashi H, Fujimoto N,
et al. The evaluation of fibrin-related markers for diagnosing or predicting acute or
subclinical venous thromboembolism in patients undergoing major orthopedic
surgery. Clin Appl Thromb Hemost. (2018) 24(1):107-14. doi: 10.1177/
1076029616674824

22. Li B, Yang X. The predictive effect of thrombotic markers on the incidence of
deep vein thrombosis in lower limbs of cancer patients. Lab Med Clin. (2017) 14
(4):579-81. doi: 10.3969/j.issn.1672-9455.2017.04.051

23. Iwamoto T, Hatayama Y, Namba H, Kojima N, Horie T, Yamashita N, et al.
Fibrin monomer complex as a potential thrombosis marker related to venous
thromboembolism risk in pregnant women. Ann Clin Biochem. (2023)
60(4):279-85. doi: 10.1177/00045632231160667

24. Grossman KB, Arya R, Peixoto AB, Akolekar R, Staboulidou I, Nicolaides KH.
Maternal and pregnancy characteristics affect plasma fibrin monomer complexes and
D-dimer reference ranges for venous thromboembolism in pregnancy. Am J Obstet
Gynecol. (2016) 215(4):466.e1-8. doi: 10.1016/j.aj0g.2016.05.013

25. Wang Q, Wu S, Yang Y, Wang M, Chen L, An Y, et al. Correlation between
coagulation function indexes and tumor markers and ‘their diagnostic value for
venous thromboembolism and distant metastasis in patients with non-small cell
lung cancer. Pract ] Cardiac Cerebr Pneumal Vasc Dis. (2022) 30(10):40-6. doi: 10.
12114/j.issn.1008-5971.2022.00.238

26. Chen Y, Li X, Yuan L, Yuan Y, Xu Q, Hu Z, et al. Development and validation of
a nomogram for predicting venous thromboembolism risk in post-surgery patients
with cervical cancer. World J Surg Oncol. (2024) 22(1):354. doi: 10.1186/s12957-
024-03649-2

27.JiY, Qin Y, Tan Q, Qiu Y, Han S, Qi X. Development of a chemiluminescence
assay for tissue plasminogen activator inhibitor complex and its applicability to gastric
cancer. BMC Biotechnol. (2024) 24(1):30. doi: 10.1186/s12896-024-00850-9

28. Jiao Y, Mu X. Coagulation parameters correlate to venous thromboembolism
occurrence during the perioperative period in patients with spinal fractures.
J Orthop Surg Res. (2023) 18(1):928. doi: 10.1186/s13018-023-04407-y

29. Wu L, Cheng B. Analysis of perioperative risk factors for deep vein thrombosis
in patients with femoral and pelvic fractures. ] Orthop Surg Res. (2020) 15(1):597.
doi: 10.1186/s13018-020-02131-5

30. Kudo D, Goto T, Uchimido R, Hayakawa M, Yamakawa K, Abe T, et al.
Coagulation ~ phenotypes in sepsis and effects of recombinant human
thrombomodulin: an analysis of three multicentre observational studies. Crit Care.
(2021) 25(1):114. doi: 10.1186/s13054-021-03541-5

31. Wada T, Gando S. Phenotypes of disseminated intravascular coagulation.
Thromb Haemost. (2024) 124(3):181-91. doi: 10.1055/a-2165-1142

32. Lippi G, Mullier F, Favaloro EJ. D-dimer: old dogmas, new (COVID-19) tricks.
Clin Chem Lab Med. (2023) 61(5):841-50. doi: 10.1515/cclm-2022-0633

33. Fu M, Liu J, Xing J, Dai Y, Ding Y, Dong K, et al. Reference intervals for
coagulation parameters in non-pregnant and pregnant women. Sci Rep. (2022)
12(1):1519. doi: 10.1038/541598-022-05429-y

34. Pivalizza PJ, Pivalizza EG. “Evaluation of novel coagulation and platelet function
assays in patients with chronic kidney disease”: comment. ] Thromb Haemost. (2022)
20(8):1934. doi: 10.1111/jth.15771

35. Pishgahi M, Ghane Fard S, Lak Tabriz R, Karimi Toudeshki K, Talebi Z. The
effects of 3-month rosuvastatin adjuvant therapy on post thrombotic syndrome
following deep vein thrombosis; a randomized clinical trial. Arch Acad Emerg Med.
(2023) 11(1):e43. doi: 10.22037/aaem.v11i1.1972

36. Xian BCHNZ. Construction of a novel risk assessment model for cancer related
venous thromboembolism based on Caprini model. ] Med Res. (2023) 52(8):62-8+93.
doi: 10.11969/j.issn.1673-548X.2023.08.013

37. Takeshima M, Ishikawa H, Ogasawara M, Komatsu M, Fujiwara D, Itoh Y, et al.
The usefulness of the combination of D-dimer and soluble fibrin monomer complex
for diagnosis of venous thromboembolism in psychiatric practice: a prospective study.
Vasc Health Risk Manag. (2021) 17:239. doi: 10.2147/VHRM.S307689

frontiersin.org


https://doi.org/10.19746/j.cnki.issn.1009-2137.2023.04.026
https://doi.org/10.3969/j.issn.1674-7429.2013.01.005
https://doi.org/10.3390/diagnostics10060365
https://doi.org/10.3390/diagnostics10060365
https://doi.org/10.3390/diagnostics14171994
https://doi.org/10.1016/j.chest.2021.07.�055
https://doi.org/10.1016/j.chest.2021.07.�055
https://doi.org/10.1016/j.chest.2022.07.025
https://doi.org/10.1016/j.chest.2022.07.025
https://doi.org/10.7326/AITC202209200
https://doi.org/10.1016/j.ejvs.2020.09.023
https://doi.org/10.1016/S0140-6736(20)32658-1
https://doi.org/10.3324/haematol.2023.283966
https://doi.org/10.3390/jcm9113509
https://doi.org/10.3390/jcm12072597
https://doi.org/10.1160/TH06-04-0222
https://doi.org/10.1097/MBC.0b013e32832e0605
https://doi.org/10.1055/s-0038-1673684
https://doi.org/10.1177/10760296241263856
https://doi.org/10.1016/j.arth.2013.08.011
https://doi.org/10.3969/j.issn.1006-7256.2023.17.021
https://doi.org/10.1016/j.thromres.2011.07.030
https://doi.org/10.1002/ajh.25482
https://doi.org/10.1177/1076029616674824
https://doi.org/10.1177/1076029616674824
https://doi.org/10.3969/j.issn.1672-9455.2017.04.051
https://doi.org/10.1177/00045632231160667
https://doi.org/10.1016/j.ajog.2016.05.013
https://doi.org/10.12114/j.issn.1008-5971.2022.00.238
https://doi.org/10.12114/j.issn.1008-5971.2022.00.238
https://doi.org/10.1186/s12957-024-03649-2
https://doi.org/10.1186/s12957-024-03649-2
https://doi.org/10.1186/s12896-024-00850-9
https://doi.org/10.1186/s13018-023-04407-y
https://doi.org/10.1186/s13018-020-02131-5
https://doi.org/10.1186/s13054-021-03541-5
https://doi.org/10.1055/a-2165-1142
https://doi.org/10.1515/cclm-2022-0633
https://doi.org/10.1038/s41598-022-05429-y
https://doi.org/10.1111/jth.15771
https://doi.org/10.22037/aaem.v11i1.1972
https://doi.org/10.11969/j.issn.1673-548X.2023.08.013
https://doi.org/10.2147/VHRM.S307689
https://doi.org/10.3389/fsurg.2025.1530576
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Analysis of the diagnostic role of fibrin-related markers in perioperative venous thromboembolism
	Introduction
	Data and methods
	Clinical data
	Research method
	Observation indicators
	Statistical methods

	Results
	Comparison of levels of D-dimer, FM and FDP at different periods in patients
	Comparison of the levels of D-dimer, FM and FDP at different time periods in each group
	Comparison of the impact of different factors on the levels of D-dimer, FM and FDP in patients
	Analysis of the diagnostic role of fibrinrelated markers in the perioperative venous thromboembolism

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Correction Note
	Publisher's note
	Supplementary material
	References


