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Abstract
The pathology of urticaria is complex. Recently, researchers have widely focused on the role that the coagulation/fibrinolysis 
system plays in the pathology of urticaria. The potential of coagulation/fibrinolysis biomarkers as disease severity or treat-
ment response biomarkers remains uncertain, lacking comprehensive analysis in previous studies. Hence, we performed a 
scoping review to thoroughly analyze coagulation/fibrinolysis biomarkers that may predict disease progression and treatment 
response of urticaria. Data from 71 studies showed that chronic spontaneous urticaria (CSU) was the most-studied subtype 
(39 articles), with D-dimers being the most researched marker (56 articles). Twenty-one biomarkers were investigated, and 
ten biomarkers were significantly correlated with disease severity. Specifically, D-dimers (26 articles) and prothrombin frag-
ment 1 + 2 (F1+2) (12 articles) plasma levels increased with exacerbation and decreased with remission. Biomarkers such as 
D-dimer also correlated significantly with inflammatory cytokines and complement, suggesting interactions among coagula-
tion, immunity, and inflammation in the pathology of urticaria. While these biomarkers may predict treatment response, more 
evidence is needed. Additionally, anticoagulants such as warfarin, heparin sodium and tranexamic acid have been proved 
effective for urticaria. This review emphasizes that some coagulation/fibrinolysis biomarkers (such as D-dimer and F1+2) 
may be not only indicators of disease status but also potential predictors of treatment response. It aims to assist researchers 
and practitioners in gaining a better understanding of the close relationships among coagulation/fibrinolysis biomarkers, the 
condition of urticaria (especially chronic urticaria, CU), and its prognosis. It also provides new directions for future research 
on exploring treatment methods via the coagulation/fibrinolysis pathways.
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Introduction

Urticaria, characterized by hives, angioedema, or both, is 
an inflammatory skin disorder [1]. It is also recognized as a 
mast cell-driven disease associated with histamine and other 
inflammatory mediators [2] and is more commonly diag-
nosed in women [3]. The high recurrence rate and bother-
some symptoms, such as itching and hives, may cause severe 
negative impact on patients’ quality of life [4]. Although it is 
most often a self-limited disease, effectively treating patients 
with refractory urticaria remains a tremendous challenge. Its 
pathogenesis has not been fully elucidated and is a topic of 
debate. Exploring its underlying pathological mechanisms is 
conducive to better managing urticaria. Urticaria, especially 
chronic urticaria (CU) and its subtype chronic spontaneous 
urticaria (CSU), is frequently associated with autoimmun-
ity and inflammatory responses [5–12]. A suspected link 
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between urticaria and coagulation cascade activation also 
exists. Recent researches indicate a multifaceted patho-
physiology, involving the immune system, the inflamma-
tory response and the coagulation/fibrinolysis process [13, 
14]. Skin immune cells not only produce pro-inflammatory 
cytokines, but also promote the over-expression of coagula-
tion factors, such as tissue factor (TF) [15, 16]. The intricate 
interactions between the coagulation/fibrinolysis system and 
the immune system exacerbate the inflammatory response 
of urticaria and also increase the complexity of this disease 
[16], but the causal relationship among the three systems 
needed to be supported by stronger evidence.

Asero, R [17] found that patients with a negative autolo-
gous serum skin test (ASST) may be positive in the autolo-
gous plasma skin test (APST) and the positive rate of APST 
in CSU patients is much higher than that of ASST. The 
plasma component in APST is rich and contains factors 
such as thrombin, which suggests that abnormal activation 
of the coagulation system may be related to the pathogenesis 
of CSU [17]. However, another study [18] also found that 
APST and ASST results are mainly unaffected by coagu-
lation abnormalities (like thrombin generation), implying 
thrombin may not directly be involved in skin autoreactivity. 
Studies on APST/ASST in CSU showed conflicting results, 
needing further research. The degranulation of skin mast 
cells in urticaria has been reported to be linked to elevated 
plasma levels of thrombin, and thrombin-induced activation 
of mast cells is contingent upon Ca2⁺ [19–21]. Coagulation 
factors may activate mast cells via multiple pathways. For 
instance, in the skin of patients with CSU, TF activates coag-
ulation factors, then activates mast cells through protease-
activated receptors 2 (PAR-2), and can also induce thrombin 
production to trigger mast cell degranulation, giving rise to 
the symptoms of urticaria [14]. Some researchers [22, 23] 
also have evaluated the relationship between coagulation 
cascade and urticaria by measuring coagulation/fibrinoly-
sis products. For example, higher plasma levels of D-dimer 
and Prothrombin fragment 1 + 2 (F1+2) might be associated 
with the severity of the disease, which implied that the exog-
enous coagulation and fibrinolysis system might be activated 
[24, 25]. In addition, previous studies have provided evi-
dence that dipyridamole, heparin sodium, and warfarin can 
be effective for CU [26–28]. Nevertheless, currently, the 
literature regarding the association between urticaria and 
coagulation/fibrinolysis is confined to a few isolated studies, 
limited case collections, and a few reviews of pathological 
mechanisms. Furthermore, these reviews concerning urti-
caria and coagulation were all founded on restricted search 
biomarkers, leading to generally small patient populations. 
Hence, there are still uncertainties regarding the potential 
utility of coagulation/fibrinolysis biomarkers as bioactive 
markers to gauge the disease severity, and treatment respon-
siveness in urticaria.

Taking all these into consideration, we performed a com-
prehensive scoping review to reveal the relation between 
coagulation/fibrinolysis biomarkers and disease severity, and 
to assess whether these biomarkers can predict treatment 
response in patients with urticaria. We also aim to map all 
anticoagulants for urticaria, in order to gain a deeper under-
standing of their application scenarios and usage details. 
This study will improve our understanding of the immuno-
logical, inflammatory, and coagulation mechanisms driving 
urticaria, offer insights into treatment response prediction, 
and guide more targeted therapeutic interventions, thereby 
optimizing patients’ care.

Methods

Search Strategy

A search was performed in Pubmed, Web of Science, 
Embase, and Cochrane from inception to  November 1, 
2024, and was limited to the English language, according 
to Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses extension for Scoping Reviews methodology 
(according to PRISMA-ScR [29]; see  Supplementary 
Table  1). The detailed search strategy was available 
in Supplementary Text 1.

Eligibility Criteria

Population, Intervention, Outcomes

We included studies that met the following criteria: patients 
with urticaria, without any age restriction or type specification, 
in which coagulation/fibrinolysis biomarkers were measured 
or anticoagulants were used as intervening drugs.

Study Types

We included observational studies and interventional studies. 
Animal studies, conference abstracts, reviews, and editorials 
were excluded.

Selection About Sources of Evidence

Titles and abstracts were screened by two reviewers. All 
potentially relevant references were retrieved in full-text and 
independently assessed by two reviewers. Any disagreements 
were resolved by consensus or through discussion with a 
third reviewer.
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Data Extraction and Cataloging

Two reviewers independently charted the data from each 
source of evidence in a standardized fashion for aggre-
gated analysis. Standard data elements included: study type 
(observational studies and interventional studies), countries, 
journals, population of patients, sex composition, age, coag-
ulation/fibrinolysis biomarkers, and anticoagulants.

Synthesis Methods

For some continuity data, meta-analysis was performed 
using R 4.1.3 “meta” package 6.1.0. In a qualitative 
approach, we organized the content of the studies themati-
cally, and reviewed how clinical coagulation/fibrinolysis 
biomarkers associated with urticaria. For the basic infor-
mation data, GraphPad Prism 8 was used to perform simple 
quantitative analyses and visualize the number of authors, 
countries, and Journal Citation Reports (JCR) categories. 
In addition, VOS viewer (version 1.6.16, Leiden University 

Center for Science and Technology Studies, Leiden, Neth-
erlands) was used in this study to draw co-occurrence maps 
of the authors and keywords.

Results

Study Characteristics

Search Results

A total of 1813 records were identified. After eliminat-
ing duplicate documents, 1,307 remained. Following title/
abstract screening, only 176 studies were left. Subsequently, 
after screening for literature types, 79 full-text articles were 
left for eligibility assessment. Finally, 71 studies [17, 19, 
24, 26–28, 30–94] were included in the scoping review. The 
detailed flowchart of the literature search is shown in Fig. 1. 
The characteristics of the included studies and the baseline 
characteristics of the patients are detailed in Tables 1 and 2.

Fig. 1   Study flowchart. Subscript: PRISMA diagram of the literature search
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Research Types and Population Characteristics

Among these studies, 84.5% were observational studies, while 
the remaining 15.5% were interventional studies. The collective 
population across the 71 studies totaled 5606 patients, predomi-
nantly female (65%) and middle-aged (40.42 years) (Table 3).

Analysis of Countries and Authors

These studies were conducted in 24 countries from 1988 
to 2024. Figure 2A presented the top 10 prolific countries, 
with Italy leading in publication volume with 19 articles, 
followed by Poland with 7 articles. Besides, the team of 
Asero, R. emerged as the most prolific, contributing with 
12 articles, followed by Cugno, M., Kasperska-Zajac, A., 
and Kolkhir, P. (all two articles) (Fig. 2B). Meanwhile, 
a co-occurrence map shown that the node of “Asero, R.” 
had a high degree, indicating that the author had collabo-
rative relationships with many other authors and may be a 
key figure in this field (Fig. 2C). The cooperation network 
among authors was rather complex. The network formed 
by red lines had a wide coverage, indicating that the coop-
eration among this group of authors is quite common.

Analysis of Journals, Type of Disease, and Keywords

The 71 articles were published in 33 journals. The most 
productive journal was Allergy (seven articles), and nearly 
50% of the included articles were published in high-quality 
journals (Fig. 3A). In addition, CSU is the most researched 
subtype (39 articles), followed by CU (16 articles), chronic 
inducible urticaria (CIU) (7 articles), and non-chronic urti-
caria (9 articles). “D-dimer,” “chronic spontaneous urti-
caria,” “urticaria,” “disease activity,” and “coagulation” 
were the most prominent keywords (Fig. 3B).

Coagulation/Fibrinolysis Biomarkers Were 
Predictive Markers of Urticaria Severity

Coagulation/Fibrinolysis Biomarkers Related to Urticaria

In total, 21 biomarkers involved in the coagulation/fibrinoly-
sis system were investigated in the included articles (Tables 1 

and 2). D-dimer was the most investigated biomarker, which 
was evaluated in 56 studies. F1+2 was evaluated in 12 stud-
ies, prothrombin time (PT) in 8 studies; activated partial 
thromboplastin time (APTT) in 7 studies; platelet counts 
(PLT), fibrinogen, and thrombin–activated factor VII (FIIa) 
in 4 studies; TF, mean platelet volume (MPV), activated 
factor XII (FIIa), international normalized ratio (INR), and 
thrombin–antithrombin complex (TAT) in 3 studies; comple-
ment component 3 (C3), soluble fibrin monomer complex 
(SFMC), and Antithrombin III (AT III), and fibrin degra-
dation products (FDP) in 2 studies; Plasma protein C/S, 
activated factor II (FIIa), high molecular weight kininogen 
(HMWK), and tissue-type plasminogen activator(t-PA) in 1 
study (Table 4).

A total of 47.6% (1014/2132) of urticaria cases were 
ASST positive, and 66.9% (328/490) of cases were APST 
positive. In 60% (24/40) of the urticaria cases, ASST was 
negative, while APST was positive. In 69.1% (105/152) of 
the urticaria cases, both the ASST and APST were positive. 
39.5% (826/2089) of cases had angioedema (Table 4).

D‑Dimer and F1+2Plasma Levels Were Upregulated 
in Patients with Urticaria

First, the included studies [24, 35, 51, 53, 62, 81] (n = 256) 
were analyzed for the baseline D-dimer levels of both 
patients and healthy controls. Four records were obser-
vational studies, and two records were non-randomized 
controlled trials. CSU [51, 53, 62, 81], CU [24], and 
delayed pressure urticaria (DPU) [35] were included in 
this analysis. Overall, when compared with healthy con-
trols, plasma levels of D-dimer were significantly higher 
among patients (MD 255.82; 95% CI [85.00 to 426.64] ng/
mL) (Fig. 4A). However, there was significant heterogene-
ity among different studies. In over half of the studies, the 
D-dimer levels of patients were within the normal thresh-
old (< 500 ng/mL). Among the included studies, baseline 
D-dimer plasma levels were higher than 500 ng/mL in two 
observational studies [35, 51]. To further explore D-dimer 
levels in patients with urticaria, a single-arm meta-analysis 
was conducted, including 16 studies (n = 1359) [24, 35, 37, 
50, 51, 53, 62, 69, 71, 72, 74, 80–83]. For D-dimer, the 
pooled MD was 628.38 (95% CI [437.67 to 819.08] ng/

Table 3   Urticaria patients demographics

n the number of patients

Variable Cases report Case–control study Cohort study Cross-sectional study Interventional study Combined dataset

Patients, (n) 19 2031 2448 410 698 5606
Male, n (%) 8 (42.1) 633 (31.2) 987 (40.3) 136 (33.2) 197 (28.2) 1961 (35)
Female, n (%) 11 (57.9) 1398 (68.7) 1461 (59.7) 274 (66.8) 501 (71.8) 3645 (65)
Age (y), mean 38.7 40.3 39.1 43.5 40.5 40.4
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Fig. 2   Number of publications: A Top 10 prolific countries; B Top 10 prolific authors; C Co-occurrence map of authors
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mL), and D-dimer plasma levels surpassed upper limit of 
normal values (500 ng/mL) in the majority of the included 
studies (56.3%) (Fig. 4B) [35, 37, 50, 51, 69, 71, 72, 82].

Second, compared with healthy controls, F1+2 levels 
were significantly elevated in patients with CSU [53], and 
CU [24, 26, 84] (1.61, 95% CI [0.43 to 2.80] nmol/L) 
(Fig.  4C). Furthermore, F1+2 levels in three studies 

[24, 53, 84] were higher than the normal F1+2 values 
(< 0.229 nmol/L).

D‑Dimer and Disease Activity May Be Correlated

Coagulation/fibrinolysis biomarkers were often used to 
assess disease activity in patients with urticaria. D-dimer, 26 

Fig. 3   A The JCR partition of literature; B Co-occurrence map of keywords



	 Clinical Reviews in Allergy & Immunology           (2025) 68:25    25   Page 26 of 36

studies suggested a statistically significant positive correla-
tion with disease severity (Table 5). In other words, the more 
severe the symptoms of urticaria, the higher the D-dimer 
levels. Meanwhile, coagulation/fibrinolysis biomarkers such 
as D-dimer levels have also been confirmed to be positively 
correlated with F1+2 levels [37], C-reactive protein (CRP) 
[58] and interleukin 6 (IL-6) [58], which suggested that 
the coagulation system, immune system and inflammatory 
response may interact with each other in the pathology of 
CU to accelerate the advancement of the disease condition 
(Table 6). However, 5 studies reported negative correlations 
among D-dimer values and the Chronic Urticaria Quality 
of Life Questionnaire (CU-Q2oL), total immunoglobulin E 
(IgE), and Urticaria Activity Score 7 (UAS7) [40, 41, 67, 
71, 76]. These contradictions could stem from variations 
in urticaria subtypes, the sample size, and other factors. 

Specifically, D-dimer levels were more likely to be elevated 
in patients with CSU/CU with nonresponsive to antihista-
mines/omalizumab than in other types of urticaria. In addi-
tion, the detection methods affected the results. For instance, 
by latex agglutination immunoassay, plasma from only 2 
of 21 (10%) patients contained increased D-dimer levels, 
but by enzyme-linked immunosorbent assay (ELISA), the 
D-dimer levels were elevated in 8 of 37 (22%) patients [24]. 
Currently, ELISA stands as the most widely used measure-
ment modality.

F1+2 and Disease Activity May Be Correlated

Six studies had also shown a positive relationship between 
urticaria severity and F1+2 levels (Table 5). Significant cor-
relations between F1+2 and other coagulation/fibrinolysis 

Table 4   Clinical characteristics

n the number of patients. N the total number of patients. No the number of literatures
Abbreviations are the same as those in Table 1

Variable Cases report Case–control study Cohort study Cross-sectional study Interventional study Combined dataset

ASST+,
n/N (%)

6/7 (85.7) 161/205 (78.5) 590/1506 (39.2) 223/335 (66.6) 34/79(43) 1014/2132 (47.6)

APST+,
n/N (%)

5/5 (100) /369 (68) — 8/57 (14.1) 64/64 (100) 328/490 (66.9)

ASST-, APST+

n/N (%)
1/5 (20) 23/35 (65.7) — — — 24/40 (60)

ASST+, APST+

n/N (%)
4/4 (100) 93/140 (97.6) — 8/8(100) — 105/152 (69.1)

Angioedema+,
n/N (%)

4/7 (57.1) — 813/2048 (39.7) — 9/34 (26.5) 826/2089 (39.5)

D-dimer, No 6 23 15 2 10 56
F1+2, No 1 9 — 1 1 12
FVIIa, No — 4 — — — 4
FXIIa, No 1 2 — — —
TAT, No 1 3 1 — — 5
AT III, No — 2 1 — — 3
FDP, No — 2 — — — 2
HMWK, No — 1 — — — 1
t-PA, No — 1 — — — 1
SFMC, No — 2 1 — — 3
APTT, No 1 5 — — — 6
PT, No 1 4 1 — 1 7
TF, No 3 — — — 3
Platelet counts, No — 1 — — — 1
Plasma protein C, No — 1 — — — 1
Fibrinogen, No — 3 1 — 2 6
MPV, No — 2 1 — — 3
PLT, No — 1 1 — — 2
C3, No — 4 — — 1 4
TNR, No 1 1 — — 1 3
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Fig. 4   Forest plots. A Pooled results of plasma levels of D-dimer; B Pooled results of plasma levels of D-dimer (single-arm meta-analysis); C 
Pooled results of plasma levels of F1+2

Table 5   The relationship between coagulation/fibrinolysis biomarkers and the severity of urticaria

Abbreviations are the same as those in Table 1

Severity of urticaria D-dimer, No F1+2, No FVIIa, No TAT, No FDP, No HMWK, No t-PA, No APTT, No SFMC, No

Positive correlation 26 6 2 3 1 1 1 0 1
Negative correlation 5 — — — — — — 1 —
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biomarkers also were found. For example, FVIIa [24], 
D-dimer [43], and F1+2 levels were significantly correlated 
(Table 6).

Other Coagulation/Fibrinolysis Biomarkers and Disease 
Activity May Be Correlated

FDP [34, 37], TAT [32, 41, 95], HMWK [19], and FVIIa 
[51, 53] plasma levels were significantly correlated with the 
disease activity of patients with urticaria (Table 5). Moreover, 
TF was described upregulated in the lesioned skin of patients 
with CU and CSU [24, 42, 68]. Furthermore, compared to 
healthy individuals, a statistically significant increase in 
APTT [81, 85], PT [85], thrombin time (TT) [85], and PLT 
[81] were found in patients with CSU. Conversely, another 
study found no difference in PT, APTT, and fibrinogen levels 
between children with CSU and healthy children [86]. Lastly, 
no significant difference was found on FXIIa plasma levels in 
patients with CSU compared to the healthy participants [53].

Coagulation/Fibrinolysis Biomarkers, as Predictors 
of the Treatment Response in Urticaria, Still Require 
Support from More Evidence

As the activation of the coagulation cascade played a role 
in the pathophysiology of urticaria, we explored the poten-
tial use of coagulation/fibrinolysis biomarkers as predictors 
of treatment response. Notably, four studies demonstrated a 
significant decrease in plasma D-dimer concentration after 
omalizumab therapy [48, 63, 72, 96]. In addition, omali-
zumab non-responders tended to exhibit higher D-dimer 
plasma levels [56, 59, 63, 96]. However, some studies reached 
an opposite conclusion [59, 64]. Asero, R [64] investigated 
161 adult patients with severe CSU and found that there was 
no clear trend in baseline D-dimer levels among the different 
response groups to omalizumab, which implied that it cannot 
be used to predict the response to omalizumab.

Besides, a few studies explored the predictive role of 
D-dimer on the efficacy of other drugs. Cyclosporine non/
low-responders [87] and H1-antihistamines (sgAHs) non/low-
responders [38, 54, 72, 97] had significantly higher baseline 
D-dimer levels than responders. Furthermore, in the subgroup 
of patients with urticaria who underwent a longer course of 
glucocorticoid (GCS) treatment, the concentration of D-dimer 
was significantly higher than that in patients with a shorter 
GCS treatment duration [82]. However, two studies also found 

that D-dimer levels showed no significant correlation with the 
response to cyclosporine [52] and autologous whole-blood 
injection (AWBI) intervention [55]. Researchers also hold the 
view that D-dimer was not considered useful as a prognostic 
factor [91], and did not seem to increase their sensitivity in 
detecting higher disease activity of urticaria [94].

Anticoagulants Showed Promising Results as a New 
Therapeutic Option for Urticaria

Some studies [28, 46, 60] have shown the potential efficacy of 
anticoagulants in relieving the symptoms of urticaria, especially 
in severe CSU/CU that were unresponsive to antihistamines/
omalizumab. Predominantly, these findings came from case 
reports (n = 6), with fewer clinical intervention studies (n = 4). 
These case reports revealed the potential beneficial effects of 
warfarin [28, 30], heparin sodium [27], and tranexamic acid 
[44, 60] in various urticaria types, including CU, CIU, CSU, 
and NSAID-induced urticaria [84]. Besides, several anticoagu-
lant intervention studies have confirmed reduced F1+2, TAT, 
and D-dimer levels following treatment with tranexamic acid 
[38], acenocoumarol [32], warfarin [46], and dipyridamole 
[26]. However, current research also has found that in a severe 
CSU case refractory to omalizumab, high D-dimer levels 
decreased only after the disease was remitted by cyclosporine 
treatment, not by anticoagulation drugs [75].

Discussion

Summary of Findings

This scoping review provides a comprehensive analysis of 
the relationship between coagulation/fibrinolysis biomark-
ers and disease progression, predictors of the treatment 
response, as well as the efficacy of anticoagulants in patients 
with urticaria, especially those with CU (Fig. 5).

Coagulation/Fibrinolysis System 
and Immune‑Inflammatory Responses Combine 
in the Pathogenesis of Urticaria

This review emphasizes the involvement of the coagula-
tion/fibrinolysis system in urticaria pathogenesis. Patients 
with urticaria, especially those with CU, typically exhibit 

Table 6   The relationship between coagulation/fibrinolysis markers and other factors

Abbreviations are the same as those in Table 1

Positive correlation F1+2, No CRP, No FVIIa, No IL-6 Positive correlation D-dimer, No VEGF, No FVIIa, No

D-dimer 1 1 1 1 F1+2 1 1 1
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higher levels of coagulation/fibrinolysis biomarkers than 
healthy controls, indicating an activated coagulation/
fibrinolysis system [35, 51, 98, 99]. Notably, the APST 
positive rate (66.9%) in urticaria patients is significantly 
higher than the ASST positive rate (47.6%), and in 60% 
of patients, APST is positive while ASST is negative, sug-
gesting plasma coagulation factors’ role. Meanwhile, stud-
ies have shown a positive correlation between coagulation/
fibrinolysis biomarkers and immune inflammatory factors 
like CRP [61] and IL-6 [58], indicating crosstalk among 
immunity, inflammation, and the coagulation/fibrinolysis 
system. In urticaria development, the link between the 
coagulation/fibrinolysis system and urticaria is extremely 
close and complex, involving multiple mechanisms.

The Extrinsic Coagulation Pathway Triggered by TF has Been 
Proven to be Involved in the Pathogenesis of Urticaria  TF, 
originating from eosinophils in urticaria inflammatory skin 
lesions [42, 100] or induced by IL-6 and tumor necrosis fac-
tor alpha (TNF-α) [101, 102], triggers the extrinsic coagula-
tion cascade in the skin and induces degranulation of skin 

mast cells in urticaria [24, 103]. Specifically, TF combines 
with factor VII (FVII) in the presence of Ca2⁺ to form the 
TF-FVIIa complex [103]. The complex of TF-FVIIa con-
verts FX to Xa by calcium, which would form the prothrom-
binase complex with activated factor V (FVa), prothrombin 
factor II (FII), thereby generating FIIa [104]. During the 
production of FIIa, F1+2 is generated, and an increase in 
its level indicates the activation of the coagulation system. 
Some studies [24, 26, 84] have confirmed that the F1+2 
level in the serum of urticaria patients is significantly ele-
vated. Meanwhile, animal studies have shown that FIIa can 
increase vascular permeability [105] and induce mast cell 
degranulation via PAR-1 during inflammation [106, 107]. 
TF-FVa and FVa-FXa complexes act via PAR-2, leading to 
mast cell degranulation [108, 109]. In addition, the expres-
sion of PAR-2 in mast cells at the lesional sites of urticaria 
is upregulated [109]. In turn, activated coagulation factors 
(FVIIa, FXa, FIIa) trigger intracellular activation via PARs, 
induce pro-inflammatory mediators, and initiate an inflam-
matory response [110, 111]. Plasma levels of F1+2, TAT, 
and FVIIa are significantly increased in CU patients [17, 

Fig. 5   The relationship between coagulation/fibrinolysis biomark-
ers and the pathology of urticaria as well as anticoagulant drugs.① 
Eosinophils or pro-inflammatory cytokines elevate TF levels in urti-
caria skin; ② Vascular endothelial cells secrete VEGF, raising TF 
levels in urticaria skin; ③ The extrinsic coagulation cascade is acti-
vated; ④ Multiple coagulation-related pathways lead to mast cell 
degranulation; ⑤ Fibrinolysis system is activated; ⑥ Fibrin activates 
the complement system; ⑦ Skin inflammatory reactions or substances 
released during mast cell degranulation can lead to urticaria or angi-
oedema; ⑧ D-dimer as a predictor of the treatment response; ⑨ Anti-

coagulant or anti-fibrinolysis therapy for urticaria.  Abbreviations: 
F1+2, Prothrombin fragment 1+2; FVIIa, activated factor VII; FVa, 
activated factor V; FXa, activated factor X; TF, Tissue factor; FDP, 
Fibrin degradation products; TAT, thrombin–antithrombin complex; 
PAR-1, protease-activated receptors 1; PAR-2, protease-activated 
receptors 2; IL-6, interleukin 6; TNF-α, tumor necrosis factor alpha; 
t-PA, Tissue-type plasminogen activator; VEGF, Vascular Endothe-
lial Growth Factor; C5aR, C5a Receptor; VECs, Vascular endothelial 
cells 
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41, 51], without elevated FXIIa [24, 53], further suggesting 
that the generation of thrombin in CU patients occurs and 
only the extrinsic coagulation pathway is involved in the 
pathogenesis of CU.

The Activated Fibrinolysis System Might be Involved in 
the Pathological Mechanism of Urticaria  Moreover, FIIa 
can convert fibrinogen into fibrin. Fibrin can promote the 
occurrence of inflammatory responses through Toll—like 
receptor 4 (TLR-4). At the same time, FIIa can further 
affect the activities of t—PA and u—PA by regulating plas-
minogen activator inhibitor—1 (PAI-1), thus regulating the 
fibrinolysis process. Fibrin degradation during fibrinolysis 
produces D-dimer. Increased D-dimer and decreased t-PA 
concentrations also suggest the activation of fibrinolysis 
[19, 43]. Multiple studies [35, 37, 50, 51, 69, 71, 72, 82] 
have found that D-dimer is significantly increased in the 
serum of patients with urticaria, especially those with CU. 
Researchers have also confirmed that HMWK is elevated 
and t-PA is decreased in patients with CU [19]. In addi-
tion, the immune-inflammatory response in urticaria also 
promotes fibrin formation and fibrinolysis, resulting in 
elevating D-dimer plasma levels [41]. This significant cor-
relation has been confirmed among IL-6, CRP, and D-dimer 
in CSU [58], which further indicates the potential interplay 
between fibrinolysis system and inflammatory response in 
CSU. Coagulation/fibrinolysis biomarkers such as D-dimer 
and F1 + 2 can, to some extent, also reflect the severity of 
urticaria, especially CU. This suggests their potential value 
in assessing the disease state and guiding further research 
into urticaria pathophysiology and treatment strategies.

The Coagulation Cascade, Vascular Endothelial Cells, and the 
Complement System may Jointly Participate in the Patholog‑
ical Mechanism of Urticaria  Vascular endothelial cells play a 
crucial role in the early stage of urticaria onset. After being 
stimulated by vascular endothelial growth factor (VEGF) 
and other factors, vascular endothelial cells will express a 
large amount of TF on their surface and produce activated 
coagulation factors such as FIIa. FIIa and FXa can also 
induce endothelial cell gap formation via PAR-1, disrupt 
the vascular endothelial barrier, increase vascular permeabil-
ity, and cause plasma leakage, triggering the inflammatory 
reaction and urticaria symptoms like skin edema and wheals 
[112]. Researcher has also found that the level of VEGF was 
significantly higher in CU patients than in normal subjects 
[39]. Additionally, mast cells express C5a receptors. As an 
activated complement product, C5a activates macrophages, 
neutrophils, mast cells, triggering inflammatory-substance 
release and promoting inflammation. FIIa can convert C5 
into C5a, and the latter induces the release of histamine from 
skin mast cells and peripheral blood basophils through the 
C5a receptor (without the involvement of antigens and IgE), 

thereby promoting the occurrence and development of urti-
caria symptoms [25, 112]. Meanwhile, FIIa participates in 
the interaction between the coagulation and complement 
systems, affecting the pathological process of CSU [25, 
112]. Research has confirmed that the levels of C5a and C4 
in patients with CU are significantly higher than those in 
healthy controls [19]. Therefore, the coagulation cascade, 
vascular endothelial cells, and the complement system are 
closely linked in urticaria pathology. But the exact mecha-
nism remains unclear and requires further study.

In conclusion, the interplay of immunity, inflammation, 
and coagulation/fibrinolysis in urticaria may amplify its 
inflammation, yet the causal links among these three systems 
lack strong evidence. Future research may validate their clinical 
utility and explore targeted therapies based on these insights.

Coagulation/Fibrinolysis Markers as Predictors 
of the Treatment Response

Regarding predictors, nonresponse or low-response to 
antihistamines, omalizumab and cyclosporine can be pre-
dicted by some coagulation/fibrinolysis biomarkers, such as 
D-dimer, albeit with unknown sensitivity. A series of stud-
ies have found that D-dimer levels have shown a dramatic 
decrease in patients with CIU/CSU after omalizumab or 
cyclosporine treatment [52, 59, 62, 96]. Although elevated 
plasma levels of D-dimer lack specificity, the identification 
of D-dimer may play a pivotal role in evaluating the treat-
ment effectiveness or the disease exacerbation. However, 
current studies on other coagulation/fibrinolysis predic-
tors lack a robust and unified conclusion on this predic-
tive aspect. Future studies should focus on establishing the 
sensitivity and specificity of these biomarkers in predicting 
treatment responses.

Prospects for Anticoagulants and Anti‑Fibrinolysis Therapy

The activation of coagulation/fibrinolysis may provide the 
rationale for an anticoagulant and antifibrinolytic therapy in 
patients with severe urticaria or special subtypes of urticaria 
[99]. Anticoagulants have been infrequently used in urticaria 
treatment, primarily reported in case reports of refractory 
cases. Chua and Gibbs first reported the effectiveness of hep-
arin sodium as a treatment for CU [27], and heparin sodium 
can turn apparently positive ASST negative [45]. Magen and 
Chikovani successfully treated angioedema after omalizumab 
injections in a patient with CSU using tranexamic acid [60], 
which is an antifibrinolytic agent. Some researchers reported 
that warfarin, a competitive inhibitor of vitamin K, was effec-
tive in patients with CIU [30, 113]. Khalaf et al. found that the 
desloratadine combined with dipyridamole, which is a plate-
let adhesion inhibitor, is more effective for patients with CU 
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[26]. It has been speculated that suppressing inflammation is 
the one of reasons this anticoagulant/ antifibrinolytic therapy 
works [38]. It is worth noting that most of the current findings 
were based on short-term clinical observations. It needs to be 
investigated, whether anticoagulant therapy could be the one 
of the solutions to the current dilemma of urticaria treatment.

Comparison with Other Literature Findings

This scoping review is the first of its kind to comprehen-
sively and extensively analyze the published coagulation/
fibrinolysis biomarkers and their association with anticoagu-
lant use in urticaria, especially CU, thus setting it apart from 
previous literature in this field. While previous reviews have 
delved into this research area, the review uniquely has con-
solidated and expanded upon these findings, encompassing 
a broader range of relevant studies. Regarding the pathologi-
cal mechanisms, researchers posited that the coagulation/
fibrinolysis system contributed to the pathogenesis of urti-
caria [99, 114]. Yanase et al. [103] suggested that activating 
the extrinsic coagulation pathway may induce degranulation 
of skin mast cells and edema. Regarding disease severity 
prediction, Kolkhir et al. [115] found a significant associa-
tion between CSU activity and blood levels of D-dimer and 
F1+2. Another review [116] also found that thrombin genera-
tion and fibrinolysis were increased during exacerbations of 
urticaria and angioedema, with the biomarker levels decreas-
ing to normal during remission. In terms of predictors of 
treatment response, some reviews found that D-dimers were 
robust predictors of a poor or no response to sgAHs [117, 
118] and were associated with better responses to cyclo-
sporine [119]. Most reviews supported that coagulation 
activation contributed to the pathophysiology of urticaria, 
especially CU and CSU, and it may predict drug responses, 
conforming to our results. Previous researches were mostly 
qualitative analysis or cases summaries. Our study quanti-
fies coagulation/fibrinolysis biomarkers-urticaria-severity 
links, comprehensively analyzes the efficacy-predictive role 
of existing biomarkers and the types of anticoagulants used, 
and offers a relatively precise overview of the field.

Potential Applications and Implications of These 
Findings in Urticaria Diagnosis and Intervention

This review may provide some guidance for clinicians and 
patients regarding the potential applications of coagula-
tion/fibrinolysis biomarkers in formulating diagnostic and 
treatment plans for urticaria, especially CU. Through the 
detection of related biomarkers, such as D-dimers, physi-
cians may be able to determine the patient’s condition at 
an early stage and develop a more individualized treatment 
plan. There is a possibility that identifying patients with 
drug-resistant urticaria and facilitate the implementation of 

stratified medication could potentially be extended. Finally, 
standardized anticoagul ant and antifibrinolytic therapies 
may potentially open new avenues in the treatment of urti-
caria, especially CU. However, this requires further verifica-
tion through future studies.

Future Directions for Research

The coagulation/fibrinolysis biomarkers in literature identified 
in this review may provide new directions for future clinical 
and mechanism research. This scoping review underscores the 
existing unmet clinical needs in urticaria while highlighting the 
insufficiency of mechanistic studies exploring the involvement 
of the coagulation/fibrinolysis system in the disease progression. 
To address these gaps, urgent steps are warranted. First, exist-
ing studies in anticoagulants are mostly observational; there-
fore, gaps in the current literature suggest that there is an urgent 
need for high-quality RCTs to prove their effectiveness. Second, 
potential confounding factors such as the individual differences 
among patients with different types of urticaria in clinical prac-
tice still need to be carefully considered. Relevant studies may 
focus on a specific type of urticaria to generalize the research 
findings. Third, the specific effect of biomarkers in predicting 
drug response needs further substantiation. Fourth, further evi-
dence is needed to elucidate the relationship between refractory 
urticaria and the coagulation/fibrinolysis system. This may be 
a new therapeutic target for refractory urticaria. Furthermore, 
whether abnormalities in coagulation/fibrinolysis biomarkers 
can explain urticaria resistance is worth exploring.

Limitations

The following study limitations are acknowledged. (1) Our 
review covered diverse urticaria types and age groups, causing 
inter-study heterogeneity that could veil subgroup-specific trends. 
(2) Quantitative subgroup analyses have not been applied accord-
ing to different types of urticaria. Different types of urticaria vary 
widely in coagulation biomarkers. (3) All three meta—analyses 
had substantial heterogeneity. Diverse study designs and urticaria 
subtypes likely contributed to result variance. Also, bias risk was 
present in most studies, so results need cautious interpretation. 
(4) Different biomarker detection methods were used. Even 
after value normalization, they may bias results. Each method 
has pros and cons. Appropriate methods should be chosen per 
situation, with strict quality control and verification for accurate 
results. (5) Hematological or inflammatory diseases can skew 
coagulation/fibrinolysis biomarkers and such cases should be 
excluded in our study. After examining the inclusion and exclu-
sion criteria for urticaria patients in 71 included studies, none 
of the studies mentioned whether the included urticaria patients 
had hematological diseases or other inflammatory diseases, nor 
did they clearly exclude urticaria patients with high coagula-
tion/fibrinolysis markers caused by such diseases. In studies 
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involving anticoagulant drugs, only patients at risk of bleeding 
were excluded. Hence, we can’t tell if biomarker changes relate 
to urticaria or underlying hematological diseases. Most inflam-
matory diseases have coagulation biomarkers abnormalities [16]. 
And it is hard to tell if coagulation/fibrinolysis biomarkers are 
due to urticaria or inflammatory diseases. Future studies should 
exclude urticaria patients with these comorbidities.

Conclusions

This scoping review of urticaria and coagulation/fibrinolysis 
system is a starting point to summarize research in this area, 
generate hypotheses, and direct future research. Two critical 
points were revealed: positive correlations between the coagu-
lation/fibrinolysis biomarkers levels (D-dimers [26 articles] 
and F1+2 [12 articles]) and disease severity were confirmed; 
coagulation/fibrinolysis biomarkers may hold predictive value 
for treatment response (D-dimers). However, these results 
were mostly derived from observational studies, all of which 
need to be supported by more rigorous research evidence. 
Furthermore, although the field of pharmacological treatment 
of urticaria, especially CU, is ripe, the coagulation/fibrinolysis 
system shows promise as a new therapeutic target for urticaria.
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