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The clinical value of fibrinogen and thromboelastography
in the predictive assessment of the progression of persistent
postpartum hemorrhage
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ABSTRACT

This study aims to explore the value of fibrinogen (FIB) and thromboelastography in evaluating persistent postpartum hem-
orrhage. A total of 130 parturients were divided into the control group (non-persistent postpartum hemorrhage, n=83) and the
observation group (persistent postpartum hemorrhage, n=47), and the observation group was further divided into the mild bleed-
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ing group (n=30) and the severe bleeding group (n=17). FIB
and D-dimer (D-D) were measured by an automatic coagu-
lation analyzer, and the coagulation reaction time and coag-
ulation time were measured by thromboelastography. FIB
was decreased, while D-D levels, R value, and K value were
increased in the observation group and the severe bleeding
group (p<0.05). FIB was negatively correlated with the R
and K values (r=-0.957, -0.921), while D-D was positively
correlated with them (r=0.943, 0.968). Receiver operating
characteristic curve analysis showed that the areas under the
curve of FIB, D-D, R value, and K value were 0.861, 0.892,
0.943, and 0.976, respectively (p<0.05). FIB and thromboe-
lastography parameters are related to the severity of persist-
ent postpartum hemorrhage.

Introduction

Postpartum hemorrhage is a serious complication in the
field of obstetrics and gynecology; it is one of the major
causes of maternal death and serious health problems
worldwide.! Although the progress of medical technology
and the improvement of nursing level in recent years have
been helpful to reduce the risk of postpartum hemorrhage,
in some cases, especially persistent postpartum hemor-
rhage, it is still a problem worthy of attention.>* Persistent
postpartum hemorrhage is defined as postpartum hemor-
rhage for more than 24 hours. Although its incidence is rel-
atively low, its severity and influence should not be
underestimated. Persistent postpartum hemorrhage may
lead to excessive blood loss in the maternal body, and then
lead to hypovolemic shock, endangering maternal life.> In
addition to directly endangering maternal life, persistent
postpartum hemorrhage will also lead to the disorder of co-
agulation function in blood vessels, which will increase the
risk of maternal coagulation-related complications, such as
thromboembolism.” Therefore, it is very important to pre-
dict and intervene in the progress of persistent postpartum
hemorrhage as soon as possible to ensure maternal health.
Fibrinogen (FIB) and thromboelastography (TEG) are two
important indexes commonly used to evaluate coagulation
function. FIB is a coagulation factor that is very important
for the formation of thrombosis.® TEG is a comprehensive
method to evaluate the process of blood coagulation and

[Italian Journal of Medicine 2025; 19:2109]



fibrinolysis. By measuring the coagulation parameters at
different stages, the state of coagulation function can be un-
derstood more comprehensively.”!?

In recent years, more and more studies have begun to
pay attention to the potential value of FIB and TEG in pre-
dicting postpartum hemorrhage.!" These studies mainly
focus on analyzing the relationship between these indicators
and postpartum hemorrhage, and their clinical significance
in predicting the progress of postpartum hemorrhage at an
early stage. However, the current research on the prediction
of persistent postpartum hemorrhage, especially the predic-
tion of progress, is still relatively limited. Therefore, this
study aimed to explore the clinical value of FIB and TEG
in predicting the progress of persistent postpartum hemor-
rhage. We collected a certain amount of maternal data and
analyzed different coagulation indexes, especially the meas-
urement of FIB and TEG parameters, to evaluate the rela-
tionship between them and the progress of persistent
postpartum hemorrhage. Through this study, we hoped to
further understand the role of these indicators in the patho-
genesis of postpartum hemorrhage and provide a more sci-
entific basis for the prediction and intervention of
postpartum hemorrhage.

Patient selection criteria

From January 2021 to December 2022, 130 pregnant
women who completed delivery in the Department of Ob-
stetrics and Gynecology of our hospital were recruited as
the research objects.!> The age of pregnant women ranged
from 21 to 40 years old, with an average age of 28.43+4.49
years. According to related clinical symptoms and diagnos-
tic criteria of persistent postpartum hemorrhage, pregnant
women were divided into a control group (non-persistent
postpartum hemorrhage, n=83) and an observation group
(persistent postpartum hemorrhage, n=47), and the obser-
vation group was divided into a mild hemorrhage group
(n=30) and a severe hemorrhage group (n=17) according to
the amount of hemorrhage. All invalids were informed of
the protocol when they were enrolled in the study and
signed informed consent.

Admission criteria

Maintaining a normal pregnancy and successful deliv-
ery. Maternal women with complete clinical data. Pregnant
women who had not found fetal abnormalities during pre-
natal examination. Pregnant women with 37-42 weeks. Ac-
cording to the clinical symptoms and the statistical results
of blood measurement, it was preliminarily judged that the
parturient in the observation group had or was suspected of
persistent postpartum hemorrhage, was willing to partici-
pate in research, and was able to abide by the research pro-
gram procedures.

Exclusion criteria

Patients with known coagulation system diseases or he-
morrhagic diseases. Patients with premature delivery or
other abnormal pregnancy. Patients with high-risk delivery
complications (such as preeclampsia, placental abruption,
etc.). Patients who had received anticoagulant therapy. Pa-
tients who had received whole blood or platelet transfu-
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sions. Patients with other serious basic diseases, such as se-
vere heart disease and kidney disease.

Materials and Methods

Blood transfusion support therapy

The components of the patient’s transfusion include
suspended red blood cells and fresh frozen whole blood.
The suspended red blood cells transfused by the patient are
>8 U. After transfusing 8 U of suspended red blood cells,
800 mL of fresh frozen Whole blood should be matched.
Suspended red blood cells: fresh frozen whole blood was
infused at a ratio of 1:1,>1:1, and<1:1. During the infusion
process, the patient’s coagulation function and blood rou-
tine indicators were monitored every 2 hours, and the trans-
fusion treatment plan was adjusted in a timely manner
based on the examination results. When FIB is less than
1.0g-L", 10 U cryoprecipitate is infused. When the platelet
count (PLT) is less than 50x10°/L, one therapeutic dose of
PLT is collected by the infusion machine. If necessary, FIB
and prothrombin complex are given to correct coagulation
function and prevent DIC. During the process of infusing
blood components, close attention should be paid to the pa-
tient’s basic vital signs, bleeding situation, tolerance, and
the occurrence of adverse reactions such as transfusion re-
actions. The data collection time for PPH is set after PPH
and before transfusion.

Blood sample collection and index detection
of surgical techniques

The collection of blood samples used sodium citrate
tubes. In the morning of the second day after the operation,
blood samples were collected from two groups of women.
The horizontals of FIB and D-dimer (D-D) were tested by
the CS-5100 automatic hemagglutination instrument. The
reaction time (R) and coagulation time (K) were measured
by the LEPV-8800 thromboelastometer (Aeroflex Corpo-
ration, Plainview, NY, USA).

Analysis of measurement results

The reaction time, coagulation time, FIB, and D-D lev-
els of patients with persistent postpartum hemorrhage (the
amount of bleeding within 24 hours after delivery >600
mL) and non-persistent hemorrhage were measured. Pa-
tients with persistent bleeding were divided into the severe
bleeding group (n=17, the amount of bleeding within 24
hours after delivery >900 mL) and the mild bleeding group
(n=30, the amount of bleeding within 24 hours after deliv-
ery 1900 mL). By drawing diagnostic receiver operator
characteristic (ROC) curves of FIB, D-D, reaction time, and
clotting time in women with persistent bleeding, coagula-
tion and TEG indicators were calculated to predict the area
under the curve (AUC) of persistent bleeding.

Statistical analysis

SPSS22.0 (IBM, Armonk, NY, USA) statistical soft-
ware was used to analyze the research data. The measure-
ment data were expressed as mean + standard deviation. A
t-test was used for data with normal distribution or uniform
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variance, and an approximate z-test was used for data with
uneven variance. An F-test was used to compare the differ-
ences between groups. Chi-square test was used to compare
the differences in counting data between groups. GraphPad
Prism 8 software was used to draw graphs. A p-value <0.05
meant the difference was statistically significant.

Results

General data analysis

According to the general data of pregnant women, the
average age of the control group was 28.75+4.33 years old,
the average body mass index (BMI) was 23.18+1.95 kg/m?,
the average pregnancy cycle was 39.35+1.74 weeks, and
the average number of births was 1.26+0.35, including 8
cases of gestational diabetes and 3 cases of gestational hy-
pertension. The average age of the observation group was
29.56+5.18 years old, the average BMI was 23.65+2.02
kg/m?, the average pregnancy cycle was 39.26+1.85 weeks,
and the average number of births was 1.3140.32, including
5 cases of gestational diabetes mellitus and 1 case of gesta-
tional hypertension. There was no distinguish in general in-
formation between the two groups (p>0.05) (Table 1).

Comparison of maternal coagulation indicators

The levels of FIB and D-D were tested by an automatic
hemagglutination instrument. The level of FIB in the ob-

Table 1. General data analysis.

Control group

Observation group

servation group was lower than control group (p<0.05), and
the level of D-D in the observation group was higher than
control group (p<0.05) (Table 2).

Comparison of maternal thromboelastography
indicators

The reaction time and coagulation time of pregnant
women in both groups were detected by the thromboelas-
tometer. Coagulation time and reaction time in the obser-
vation group were longer than control group (p<0.05)
(Figure 1 and Table 3).
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Figure 1. Comparison of maternal thromboelastography in-
dicators.

T-value/y* value

(n=83) (n=47)
Age (years) 28.75+4.33 29.56+5.18 4117 0.552
Body mass index (kg/m?) 23.18+1.95 23.6542.02 3.206 0.135
Pregnancy cycle (weeks) 39.35+1.74 39.26+1.85 2.547 0.116
Birth order (times) 1.26+0.35 1.31+0.32 1.002 0.267
Gestational diabetes (%) 8(9.63%) 5(10.63%) 3.578 0.515
Pregnancy induced hypertension (%) 3(3.61%) 1(2.12%) 2.449 0.403

Table 2. Comparison of coagulation indexes of pregnant and lying-in women.

Groups Fibrinogen (g/L) D-dimer (mg/L)
Control group (n=83) 5.34+0.58 0.87+0.06
Observation group (n=47) 2.77+0.36 1.2440.15
T-value 14.228 9.305

p 0.001 0.002

Table 3. Comparison of maternal thromboelastography indicators.

Reaction time (min)

Coagulation time (min)

Control group (n=83) 4.74+0.36 1.88+0.15
Observation group (n=47) 6.35+0.54 4.63+0.37
T-value 11.651 13.446
p 0.001 0.001
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Comparison of coagulation indexes
and thromboelastography indexes of
pregnant women with persistent bleeding

The levels of FIB and D-D, reaction time, and coagu-
lation time of pregnant women with persistent bleeding
were detected by an automatic hemagglutination instrument
and a thromboelastometer. The level of D-D in the severe
bleeding group was higher than in the mild bleeding group
(p<0.05), and the level of FIB in the severe bleeding group
was lower than in the mild bleeding group (p<0.05). The
coagulation time and reaction time in the severe bleeding
group were longer than those in the mild bleeding group
(p<0.05) (Table 4).

The correlation between coagulation index
and thromboelastography index in women
with persistent bleeding

Data analysis showed that FIB was negatively corre-
lated with reaction time (r=-0.957, p<0.001) and coagula-
tion time (r=-0.921, p<0.001). D-D was positively
correlated with reaction time (r=0.943, p<0.001) and coag-
ulation time (R=0.968, p<0.001) (Supplementary Table 1).

The predictive value of coagulation
and thromboelastography indexes for
persistent bleeding

The AUC of coagulation and TEG indexes was calcu-
lated by the ROC curve. The results showed that the diag-
nostic AUC of FIB, D-D, reaction time and coagulation
time were 0.861 [95% confidence interval (CI) 0.632-0.975,
p<0.05] and 0.892 (95% CI 0.615-0.883, p<0.05), 0.943
(95% C10.916-1.157, p<0.05), 0.976 (95% CI 0.963-1.204,
p<0.05), respectively (Supplementary Figure 1 and Supple-
mentary Table 2).

Discussion and Conclusions

Postpartum hemorrhage refers to the situation that
which the vaginal bleeding of the parturient exceeds 500
mL (or the bleeding exceeds 1000 mL within 2 hours after
the end of labor) within 24 hours after delivery due to in-
sufficient uterine contraction, torn cervix or perineum, in-
complete endometrial stripping, and other reasons. It is one
of the major reasons that threaten maternal life. Postpartum
hemorrhage is a common but serious complication in ob-
stetrics and gynecology, which poses a threat to maternal
and neonatal health.'>15
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The results showed that the level of FIB in the obser-
vation group was lower than in the control group, which
may reflect the weakening of platelet function and blood
clot formation during postpartum persistent bleeding. FIB,
as a key coagulation protein, is very important for main-
taining normal coagulation function.'® The abnormal reduc-
tion may lead to a decrease in thrombosis ability, thus
increasing the risk of postpartum hemorrhage.!” However,
the increase in maternal D-D level in the observation group
may reflect the disorder of postpartum coagulation and the
enhancement of thrombolysis. D-D is a product of fibrin
degradation, and its rise may indicate abnormal degradation
of fibrin and abnormal activation of the coagulation system.
These results further highlight the important role of FIB and
D-D in postpartum hemorrhage. The role of these indexes
in postpartum hemorrhage is further discussed. The abnor-
mal changes of FIB and D-D may be related to the disorder
of the coagulation system. Factors such as poor postpartum
uterine contraction and insufficient uterine wound contrac-
tion may lead to uncontrollable bleeding, which may lead
to disorders of coagulation function.'® The increase of D-D
may be due to the abnormal degradation of fibrin, which
leads to the formation of fibrin polymer, thus activating the
process of thrombosis and dissolution. These changes may
further affect platelet aggregation and thrombin activation,
leading to the aggravation of postpartum hemorrhage.

Further analysis found that the coagulation time and re-
action time of the observation group were longer than those
of the control group, indicating that the coagulation func-
tion of the observation group was impaired. These findings
provided a deeper understanding of the study, revealing the
close relationship between FIB, D-D, coagulation time, and
reaction time and the severity of persistent postpartum hem-
orrhage. The discovery of this correlation had important
guiding significance in clinical practice, which was helpful
to more accurately evaluate the risk of maternal bleeding
and formulate individualized intervention strategies. The
coagulation time and reaction time of the observation group
were longer than those of the control group, suggesting that
the coagulation function of the observation group was ob-
viously impaired. This may be related to the dysfunction of
the coagulation system caused by postpartum hemorrhage.
In the process of postpartum hemorrhage, the blood vessels
of the uterine wound need to be closed by coagulation, and
the impairment of coagulation function may lead to a de-
crease in platelet aggregation and vasoconstriction, which
will further aggravate the bleeding situation.'* In terms of
severity, the level of D-D rose, the level of FIB reduced,
and the coagulation time and reaction time prolonged in the
severe bleeding group, which further supported that these
indexes were related to the severity of bleeding. The in-
crease of D-D may be due to the abnormal degradation of

Table 4. Comparison of coagulation indexes and thromboelastography indexes in women with persistent bleeding.

Groups Fibrinogen D-dimer Reaction time Coagulation time
(g/L) (mg/L) (min) (min)

Mild bleeding group (n=30) 5.57+0.60 1.03+0.08 5.49+0.43 3.52+0.36

Severe bleeding group (n=17) 2.15+0.22 1.46+0.13 7.03£0.61 5.25+0.44

T-value 9.251 14.706 14.622 11.419

p 0.004 0.001 0.001 0.001
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fibrin caused by bleeding, thus activating the thrombolysis
process. The decrease in FIB level may lead to a decrease
in thrombosis ability, while the prolongation of coagulation
time and reaction time further shows the disorder of coag-
ulation function. The consistency of these results reveals
the importance of these indicators in evaluating the severity
of persistent postpartum hemorrhage. Further discussion on
the relationship between these indicators and the severity
of postpartum hemorrhage will help clinicians to identify
high-risk parturients more accurately and take early inter-
vention measures. In actual clinical practice, these indica-
tors can be used as a powerful tool to predict the severity
of postpartum hemorrhage and help doctors quickly judge
the condition of the parturient and make appropriate treat-
ment plans. In addition, these results also provide clues for
further study on the pathogenesis of postpartum hemor-
rhage, which is helpful to deeply understand the role of co-
agulation dysfunction in postpartum hemorrhage.

In this study, the Pearson correlation coefficient was used
to analyze the correlation between FIB and reaction time and
coagulation time. It was found that FIB was negatively cor-
related with these two indexes, while D-D was positively cor-
related with them. FIB was negatively correlated with
reaction time and coagulation time, which meant that the de-
crease in FIB level was related to the extension of coagula-
tion time. FIB is an important precursor to form fibrin clots
during coagulation, and coagulation time is an important pa-
rameter to measure coagulation function.?'”> The decrease of
FIB may mean that the ability of blood to form fibrin clots is
weakened during coagulation, which may lead to the prolon-
gation of coagulation time. This may be because in the case
of persistent postpartum hemorrhage, a large amount of FIB
is consumed, which affects the coagulation system. Secondly,
D-D is positively correlated with reaction time and coagula-
tion time, which means that the increase in D-D level is re-
lated to the extension of coagulation time. D-D is the product
of fibrinolysis, and its increase may reflect the abnormal
degradation of fibrin and the process of thrombolysis.*** The
prolonged coagulation time may be related to the dysfunction
of the coagulation system, which leads to the prolonged co-
agulation time of blood.?*?” This positive correlation may be
due to the accelerated degradation of fibrin in the case of
postpartum hemorrhage, which leads to an increase in D-D
level, and also affects the normal function of the coagulation
system, leading to the extension of coagulation time. The
consistency of these results strengthens the role of FIB, D-
D, coagulation time, and reaction time in postpartum coagu-
lation function.?®3! The relationship between these indexes
reveals that the function of the maternal coagulation system
may be affected by many factors, including the decrease of
FIB level and the increase of D-D level. Further research can
explore the relationship between these changes and the mech-
anism of postpartum hemorrhage and provide a more accu-
rate basis for clinical intervention.*>3

By calculating the ROC curve, the predictive value of
FIB, D-D, reaction time, and coagulation time for persistent
postpartum hemorrhage was evaluated. The results show
that the diagnostic AUC of these indexes is high, which
shows that they have certain clinical value in predicting per-
sistent postpartum hemorrhage. The high diagnostic AUC
value shows that these indexes have high accuracy and dis-
crimination in predicting persistent postpartum hemorrhage.
This means that these indicators can distinguish the possi-
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bility of persistent postpartum hemorrhage to a certain ex-
tent and provide clinicians with an auxiliary judgment tool.
Specifically, the high AUC values of FIB, D-D, reaction
time, and coagulation time indicate that they may have good
application potential in the diagnosis of postpartum coagu-
lation dysfunction. These results have important clinical
significance for early diagnosis and intervention of post-
partum hemorrhage. Once the abnormal changes of these
coagulation indexes occur in the parturient, doctors can take
measures earlier to reduce or avoid the risk of persistent
postpartum hemorrhage. For example, for pregnant women
with high D-D level and prolonged coagulation time, more
active intervention measures, such as infusion of coagula-
tion factors or other appropriate treatments, can be consid-
ered to prevent further aggravation of bleeding.

This study has some limitations. Specifically, blood
samples were collected the day after the intervention. This
timing arrangement means that the measured values may,
at least to some extent, be influenced by ongoing bleeding
events, rather than merely representing predictive factors
for their occurrence. Therefore, the results of this excellent
study seem to provide more information about the risk of
postpartum hemorrhage progression rather than its early
prediction. In this regard, future studies that can obtain co-
agulation data either before the onset of bleeding or imme-
diately after it begins would be highly valuable.

To sum up, our results emphasize the importance of FIB
and TEG in predicting persistent postpartum hemorrhage.
These indexes have potential clinical application value in
evaluating maternal coagulation function and bleeding risk.
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