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Background: Detecting the changes of coagulation function in the early stage of postpartum hemorrhage
(PPH), which is the leading cause of maternal death, is the key to treatment this serious disease, however,
there is less effective assessment methods. Thrombomodulin (TM), thrombin-antithrombin complex (TAT),
plasmin-o2-plasmininhibitor complex (PIC), and tissue plasminogen activator-inhibitor complex (t-PAIC)
are the new direct indicators for coagulation and fibrinolysis, and considered sensitive molecular markers
of the fibrinolytic system changing. The aim of this study was to investigate the changes of these 4 new
indicators in the early stage of PPH.

Methods: We retrospectively reviewed the new coagulate indicators, TM, TAT, PIC, and t-PAIC, obtained
from PPH patients at Guangzhou Women and Children’s Medical Center from January 2021 to July 2021.
According to the amount of blood loss, the patients were divided into 3 groups: Mild group (blood loss
<1,500 mL, n=17), Severe group (blood loss >1,500 mL, n=24); another 12 women who did not experience
PPH were selected as the Normal group (n=12). The four indicators were measured at the time of PPH
happened, or immediately when baby was born in the Normal group, and evaluated for the prediction of PPH.
Results: The t-PAIC level of the Severe group was significantly lower than the other 2 groups (Normal
group vs. Mild group vs. Severe group: 13.9+2.0 vs. 9.4+1.8 vs. 7.5+0.9, P=0.020), and the PIC level was the
highest (Normal group vs. Mild group vs. Severe group: 1.1x0.2 vs. 2.7+0.8 vs. 2.920.6, P=0.012). There was
no significant difference in TM and TAT among the 3 groups. The odds ratio (OR) value of t-PAIC was 0.822,
95% confidence interval (CI): 0.697-0.970, P=0.020. The area under the curve (AUC) of PIC was 0.5, and
t-PAIC was 0.775, the cut-off point was 6.295, the specificity was 75%, and the sensitivity was 75%.
Conclusions: With the increasing of blood loss, t-PAIC decreased gradually, and is associated with severe
PPH. This indicator may be a new predictor of PPH, and should be used in the early period of PPH for

treatment.
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Introduction

Postpartum hemorrhage (PPH) is one of the most serious
complications in obstetrics. It is the leading cause of maternal
death in both developing and developed countries (1), and
leads to severe anemia requiring blood transfusion, and
adverse pregnancy outcomes such as like disseminated
intravascular coagulopathy (DIC), hysterectomy, multisystem
organ failure, and maternal death (2). Despite a dramatic
reduction in maternal deaths from PPH, severe PPH (sPPH)
incidence has generally shown an increasing trend from 2016
and has consistently remained at a high level over the recent
2 years in China (3).

The activation of the coagulation cascade is one of the
elements required to control PPH. Physiologically, at the
end of pregnancy, women are in a hyper-coagulable state,
with increased levels of procoagulants [fibrinogen (F)V, FVII,
FVIII, FIX, FX, FXII, vWE and FIB] in plasma, especially
during the peripartum period (4,5). This hyper-coagulability
can help to minimize blood loss during the delivery.
Hemostatic impairment is a common cause of PPH. When
PPH occurs, the blood loss is accompanied by substantial
consumption of clotting substances, which can lead to
coagulation dysfunction, even DIC. Coagulation impairment
make it more difficult to hemostasis, therefore, detection
and treatment at the early stage of PPH is very important.
The standard coagulation test cannot assess the body’s
ability to form a clot; it focuses almost exclusively on plasma
factors, which are not suitable to assess clinical coagulopathy,
especially in bleeding patients (4). Some researches
suggested that the fibrinogen less than 2 g/L was associated
with severity of bleeding (6,7), however, due to the detection
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method, fibrinogen deficiency during hemorrhage is often
delayed, at least 60 min (8). Thromboelastography (TEG)
is mainly used to assess general coagulation and fibrinolysis
status to guide blood transfusion in PPH patients (9),
but its effect in the prediction of hemorrhage and blood-
transfusion is limited (10).

Thrombomodulin (TM), thrombin-antithrombin
complex (TAT), plasmin-o2-plasmininhibitor complex
(PIC), and tissue plasminogen activator-inhibitor complex
(t-PAIC) are new indicators which directly reflect the
fibrinolysis and the activity of the endothelial system. TM
is a kind of type I transmembrane glycoprotein expressed
on the luminal surface of endothelial cells (11). It can
capture thrombin and activates protein C, which along
with protein S degrades factors Va and VIIIa (12). TAT is
generated following the deactivation of thrombin and it is
regarded as a responsive biomarker for thrombin formation
and coagulation activation (12,13). PIC is a marker for the
activation of fibrinolysis, and reflects the degree of plasmin
activation (14). t-PAIC is formed by plasminogen activator
inhibitor-1 (PAI-1) and tissue plasminogen activator (t-
PA), bound at a 1:1 concentration. An increase in the
t-PAIC complex means an increase in the concentration
of t-PA in the blood, which can be considered a molecular
marker of the fibrinolytic system or vascular endothelial cell
damage (15).

Currently, there is still no accurate, effective, and highly
sensitive indicators to evaluate the changes of coagulation
function in the early stage of PPH. These new four
coagulation indicators reflect changes of the elements
related to the hemostasis, so we hypothesized that in the
early stage of PPH, these 4 new indicators of clotting
function have already changed, and may predict the severity
of PPH. In this study, we retrospectively analyzed the
changes of these 4 new indicators in patients with PPH
and discussed their application in predicting PPH. We
present the following article in accordance with the STARD
reporting checklist (available at https://atm.amegroups.
com/article/view/10.21037/atm-22-5221/rc).

Methods
Patients

As described in Figure 1, a total 41 patients who were
diagnosed PPH were enrolled in this study. The eligibility
criteria were as follows: (I) patients diagnosed PPH
according to the diagnostic criterion in the American
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Figure 1 Flow chart of study population. PPH, postpartum hemorrhage.

College of Obstetricians and Gynecologists (ACOG) PPH
guideline: vaginal delivery blood loss >500 mL, cesarean
delivery >1,000 mL within 24 hours (16); (II) PPH patients
who immediately accepted testing of the new coagulator
indicators when the PPH just happened. All the cases
happened in the first hour of postpartum. According to
the blood loss, the patients were divided into 3 groups:
Mild group (blood loss 500-1,500 mL, n=17), Severe
group (blood loss >1,500 mL, n=24), and Normal group
(blood loss <500 mL, n=12). Concurrently, another 12
normal pregnant women without PPH were enrolled in
this study according to the same day and the same midwifes
or cesarean section operators as the patients, and these 4
indicators were tested immediately when the baby was born.
The exclusion criteria were as follows: (I) preterm labor; (IT)
patients complicated with abnormal coagulation function
before delivery; (III) patients who received interventional
embolization of uterine artery therapy; (IV) comorbidity of
liver disorders, kidney disorders, hematological disorders,
malignancy, familial thromboembolism, autoimmune
disorders, and serious systemic bacterial or viral infections;
and (V) refusal to undergo testing of these indicators. The
maternal and fetal demographic characteristics, postpartum
complications, maternal age, gestational age, and maternal
basic diseases were also included. All participants signed
an informed consent form. This research was approved
by institutional ethics board of Guangzhou Women and
Children’s Medical Center (No. 215A01). The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Sample collection and measurement of coagulation

markers

The blood samples [2.0 mL, Becton, Dickinson, and
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Co. (BD) Vacutainer with sodium citrate anticoagulant,
Shanghai, China] were collected at the point of the
PPH having just occurred, before blood transfusion
or tranexamic acid was used. In the normal group, the
blood samples were collected within 1 hour after delivery.
Within the 30 minutes of sample collection, blood sample
was centrifugated at 3,000 g for 10 minutes. Then, TM,
TAT, PIC, and t-PAIC levels were tested immediately
via qualitative chemiluminescence enzyme immunoassay
performed on an automatic chemiluminescence analyzer
(Wondfo FC-302; Wondfo Biotech, Guangzhou, China)
in line with product’s instructions (Wondfo TM Assay
Kit, China; Wondfo t-PAIC Assay Kit, China; Wondfo
TAT Assay Kit, China; Wondfo PIC Assay Kit, China). All
results were processed by the Wondfo FC-302 automated
chemiluminescence immune detection system. Before
detection, the coagulation analyzer was calibrated in line
with the manufacturer’s instructions. Quality control was
conducted every day to make sure the precision of analyzer.

Statistical analysis

All data analysis was performed using SPSS 26.0 software
(IBM Corp., Armonk, NY, USA). One-way analysis
of variance (ANOVA) and Welch test was utilized for
calculating the differences among 3 groups. Logistic
regression analysis and receiver operating curve (ROC)
analysis were carried out to measure the best serum index
for PPH. A P value <0.05 was considered to indicate
significance.

Results
General characteristics

Totals of 41 PPH cases and 12 normal cases were included
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Table 1 Demographic characteristics of the patients
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Characteristics

PPH group

Normal group

Maternal age, y (mean + SD)
Parity, n (%)

Nulliparous

Multiparous
Fetus, n (%)

1

2
BMI, kg/m’ (mean + SD)
Delivery week, w (mean + SD)
Delivery method

Vaginal delivery, n (%)

Cesarean section, n (%)
Bleeding volume (mean + SD)
Blood transfusion, n (%)
DIC, n (%)
Previa placenta, n (%)
Accreta placenta, n (%)
Hypertension disorders, n (%)

Neonatal weight, g (mean + SD)

33.2+4.6

7(7/41,17.1)
34 (34/41, 82.9)

38 (38/41, 92.7)
3(3/41,7.3)
26.6+5.5
37.8+2.8

11 (11/41, 26.8)
30 (30/41, 73.2)
2,128+1,346
30 (30/41, 73.2)
3(3/41,7.3)
13 (13/41, 31.7)
9 (9/41,30.0)
4(4/41,9.8)
3,120+912

30.2+5.6

6 (6/12, 50.0)
6 (6/12, 50.0)

12 (12/12, 100)
0
24.3+2.2
38.1+3.1

7 (7/12, 58.3)
5 (5/12, 41.7)
403+103
0

0

0

0

0
3,036+817

PPH, postpartum hemorrhage; BMI, body mass index; DIC, disseminated intravascular coagulopathy.

in the study. As described in Table 1, the average age of
PPH group cases was 33.2+4.6 years, and the gestational
age at delivery was 37.8+2.8 weeks; 73.2% (30/41) of cases
underwent cesarean deliveries. The average blood loss of
the PPH group was 2,128+1,346 mL; sPPH (>1,500 mL)
was recorded in 58.5% of cases (24/41), and DIC occurred
in 3 cases. The average blood loss of the Normal group was
403+103 mL.

The different general clinical characteristics among 3
groups

We divided the PPH patients into 2 groups, according to
the bleeding volumes: Severe group (>1,500 mL, n=24), and
Mild group (<1,500 mL, n=17). After comparison with the
Normal group (n=12), no statistically significant differences
among the 3 groups were observed in terms of maternal
age, gestational age, body mass index (BMI), and neonatal
weight (Table 2).

© Annals of Translational Medicine. All rights reserved.

The differences of TM, TAT, PIC, and t-PAIC among 3
groups

At the time of hemorrhage, we evaluated TM, TAT, PIC, and
t-PAIC among the 3 groups. Significant differences in t-PAIC
were observed among the 3 groups, as follows: 9.4+1.8 vs.
7.5£0.9 vs. 13.9+2.0 in the Mild, Severe, and Normal groups,
respectively (P=0.020); and PIC value were 2.7+0.8 vs. 2.9+0.6
vs. 1.1£0.2 (P=0.012); the other indicators: TM and TAT
were not significantly different among the 3 groups (Zable 3).

The relationship between severe PPH and these 4 new
indicators

We conducted logistic regression analysis to evaluate the
relationship between PPH and these 4 new indicators. As
shown in Tuble 4, the odds ratio (OR) value of t-PAIC was
0.822, 95% confidence interval (CI) 0.697 to 0.970, P=0.020
(Table 4).
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Table 2 The basic clinical characteristics among 3 groups
Characteristics Mild group (n=17), mean + SD  Severe group (n=24), mean + SD Normal group (n=12), mean + SD P value
Maternal age, y 33.5+5.6 33.1+£3.9 29.8+5.7 0.119
BMI, kg/m? 27.0+£2.9 26.3+6.6 24.2+2.2 0.331
Delivery week, w 38.4+2.0 37.4+3.2 38.2+3.3 0.525
Neonatal weight, g 3,096+601 3,142+1,017 3,010+847 0.919
BMI, body mass index.
Table 3 The differences of TM, TAT, PIC, and t-PAIC among 3 groups
Variables Mild group (n=17), mean + SD  Severe group (n=24), mean + SD Normal group (n=12), mean + SD P value
™ 7.7£0.5 7.5+0.3 7.4+0.8 0.887
TAT 13.5+2.7 18.4+4.9 12.4+41 0.676
PIC 2.7+0.8 2.9+0.6 1.1+0.2 0.012
t-PAIC 9.4+1.8 7.5+0.9 13.9+2.0 0.020

TM, thrombomodulin; TAT, thrombin-antithrombin complex; PIC, a2-plasmin inhibitor-plasmin complex; t-PAIC, tissue plasminogen

activator-inhibitor complex.

Table 4 Univariate logistic regression analyses for these four
indicators associated with PPH

Variables OR (95% ClI) P value
™ 1.172 (0.778-1.767) 0.448
TAT 0.983 (0.907-1.065) 0.680
PIC 2.077 (0.829-5.205) 0.119
t-PAIC 0.822 (0.697-0.970) 0.020

PPH, postpartum hemorrhage; TM, thrombomodulin; TAT,
thrombin-antithrombin complex; PIC, a2-plasmin inhibitor-
plasmin complex; t-PAIC, tissue plasminogen activator-inhibitor
complex; OR, odds ratio; Cl, confidence interval.

Finally, we analyzed the cut-off-point of these 4
indicators to predict sPPH (bleeding volume >1,500 mL).
As described by the ROC curve in Figure 2, t-PAIC was the
most effective predictor of sSPPH, with an area under the
curve (AUC) was 0.775, P=0.024. The Youden’s index was
0.50, the cut-off point was 6.295, the specificity was 75%,
and the sensitivity was 75%.

Discussion

In this study, we evaluated the association between PPH
and the 4 new coagulation indicators: TM, TAT, PIC,
and t-PAIC. The results of this study suggested that

© Annals of Translational Medicine. All rights reserved.
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Figure 2 Receiver operating characteristic analysis for
disseminated intravascular coagulation. TM, thrombomodulin;
AUQ, area under the curve; TAT, thrombin-antithrombin complex;
t-PAIC, tissue plasminogen activator-inhibitor complex; PIC, a2-

plasmin inhibitor-plasmin complex.

as the volume of blood loss increased, the level of PIC
increased but that of t-PAIC decreased. There was the
association between the decreased level of t-PAIC and
sPPH. It appeared that TM and TAT were not related with
the occurrence of PPH. t-PAIC may be one of the new
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indicators to reveal early hyperfibrinolysis.

Normal pregnancy is associated with changes in
hemostasis, including an increase of clotting factors
and decrease of fibrinolytic activity and anticoagulants.
Fibrinogen, FVII, FVIII, FIX, FX, and FXII levels are
raised in the pregnancy and attain the highest levels at full
term. At the same time, the circulating levels of free protein
S and protein C are decreased in this process (17,18).
Moreover, the circulating thrombin-activatable fibrinolysis
inhibitor (TAFI) level is also raised in the third trimester of
pregnancy (17). In pregnancy, the systemic level of t-PA is
increased, but its activity reduced due to the enhancement
of fibrinolysis inhibitors (19). Following the increasing level
of plasminogen, the a2-antiplasmin level is reduced (20);
at the same time, the circulating levels of PAI-1 and PAI-
2 are increased (21). All of these changes contribute
to a prothrombotic state; the clotting system takes to
prothrombotic direction to prevent PPH.

Binding of TM with thrombin can reduce the activity
of thrombin and enhance the activity of protein C (12).
TAT depends on ATIIL, and indicates the activation of the
coagulation system (22). PIC reflects the balance of the
fibrinolysis and anti-fibrinolysis system and the rise of PIC
level can indicate the activation of plasmin (23). Therefore,
the new 4 indicators also change during pregnancy. Wu ez al.
analyzed the changes of TAT, TM, t-PAIC, and PIC during
pregnancy among healthy Chinese women. They discovered
that TAT, TM, and t-PAIC levels were raised gradually from
trimester 1 to trimester 3, while the PIC level remained
stable during pregnancy (24). We used these 4 items to
evaluate the effect of PPH on coagulation function and
found that PIC and t-PAIC changed in both PPH groups.
These results suggest that the fibrinolytic system changes at
the early stage of PPH. In some previous studies, detailed
below, these 4 items were used to forecast the possibility of
early thrombosis of the patients. Mei ez 4/. found that TAT,
PIC, t-PAIC, and TM could serve as effectively diagnostic
and prognostic biomarkers of DIC in some human diseases,
and the combination of these 4 biomarkers showed better
efficacy (25). Jin et al. suggested that in corona virus
disease 2019 (COVID-19) patients, these 4 indicators were
associated with the disease severity, and t-PAIC was an
independent risk factor for death of patients (26).

Due to t-PAIC can reflect the balance of fibrinolysis
by t-PA and de-fibrinolysis by PAI-1, it can be applied
for assessing fibrinolytic dysfunction (27). Thus,
t-PAIC was considered as the key marker of fibrinolytic
system, suggesting thrombus progression. In venous

© Annals of Translational Medicine. All rights reserved.
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thromboembolism (VTE) (28) and acute myocardial
infarction (29), t-PAIC is a risk index of thrombosis. In
addition, t-PAIC is of important value in the diagnosis of
DIC (25). In our study, t-PAIC decreased with the severity
of the bleeding, and was associated with the severity of
PPH; it can be used to predict the occurrence of PPH. As
the PPH occurs in the state of fibrinolytic hyperactivity,
t-PAIC decreased with the increase of bleeding with
the consumption of coagulation factors. These results
confirmed that during PPH, fibrinolytic hyperactivity is one
of the earliest manifestations and is related to the degree of
hemorrhage. A study reported that following management
of other risk factors, every 1 g/L decrease of fibrinogen can
lead to a 26-fold increase of sPPH (6).

As a key component of coagulation, fibrinogen is the
main factor affecting the final stage of clot formation,
and participate in the initiation of intrinsic and extrinsic
coagulation pathways. Currently, the pathogenesis of the
decrease of fibrinogen in PPH remains unclear, only know
that it may be related to the blood loss, which will deplete
coagulation factors, and reduce the levels of factors involving
in coagulation activation (20). The routine laboratory
parameters for testing PPH and coagulation changes,
include hemoglobin, prothrombin time (PT), activated
partial thromboplastin time (APTT), thrombin time (TT),
fibrinogen (Fbg), which cover the coagulation and fibrinolysis
systems. However, detection the levels of these parameters
usually need greater than or equal to 2 hours, that cannot
detect the early stage of PPH and thrombosis, and insensitive
to pre-thrombotic state and pre-DIC. The new indicators
PIC and t-PAIC have more advantages in these areas.

There were some limitations in this study. It was a
retrospective study; we excluded the PPH patients who
had been treated with uterine artery interventional
embolization; and the population of the study was relatively
small, so the PPH cutoff point of t-PAIC was only 0.775.
Under normal conditions, t-PAIC level reaches its peak at 8
a.m. in the morning and reduced in the evening. The level
of t-PAIC in our research was detected under emergency
condition, which may have had a little affect the value of
t-PAIC. In this study, we have not yet conducted clinical
validation of this cut-off value, in future, we will execute a
prospective cohort study to explore the applications of these
4 parameters.

Conclusions

In conclusion, fibrinolytic hyperactivity is one of the early
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characteristics of PPH. T-PAIC and fibrinogen levels
decreased progressively with the increasing blood loss, and
t-PAIC should be used to predict the severity of PPH when
PPH occurs at the early stage.

Acknowledgments

We thank Dr. Yunpu Tan, Department of neonatal surgery,
Guangzhou Women and Children’s Medical Center,
Guangzhou Medical University for his assistance in the data
and statistical analysis of this manuscript.

Funding: This study was supported by Guangzhou Women
and Children’s Medical Center Foundation (No. 5001-
1600007).

Footnote

Reporting Checklist: The authors have completed the STARD
reporting checklist. Available at https://atm.amegroups.
com/article/view/10.21037/atm-22-5221/rc

Data Sharing Statement: Available at https://atm.amegroups.
com/article/view/10.21037/atm-22-5221/dss

Conflicts of Interest: All authors have completed the
ICMJE uniform disclosure form (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-5221/coif).
The authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. All patients who
participated in this study signed an informed consent form,
and this study was approved by institutional ethics board of
Guangzhou Women and Children’s Medical Center (No.
215A01). The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

© Annals of Translational Medicine. All rights reserved.

Page 7 of 8

References

1. Say L, Chou D, Gemmill A, et al. Global causes of
maternal death: a WHO systematic analysis. Lancet Glob
Health 2014;2:¢323-33.

2. Bienstock JL, Eke AC, Hueppchen NA. Postpartum
Hemorrhage. N Engl ] Med 2021;384:1635-45.

3. Shi HE Chen L, Wang XX, et al. Incidence and trend of
severe postpartum hemorrhage between 2016 and 2019 in
China. Zhonghua Fu Chan Ke Za Zhi 2021;56:451-7.

4. Katz D, Beilin Y. Disorders of coagulation in pregnancy.
Br J Anaesth 2015;115 Suppl 2:1i75-88.

5. Lefkou E, Parmar K, Mamopoulos A, et al. Peripartum
Haemostatic Changes in Women in Labour. Blood
2008;112:5475.

6. Charbit B, Mandelbrot L, Samain E, et al. The decrease of
fibrinogen is an early predictor of the severity of postpartum
hemorrhage. ] Thromb Haemost 2007;5:266-73.

7. Gillissen A, van den Akker T, Caram-Deelder C, et al.
Coagulation parameters during the course of severe
postpartum hemor- rhage: a nationwide retrospective
cohort study. Blood Adv 2018;2:2433-42.

8. Toulon P, Ozier Y, Ankri A, et al. Point-of-care versus
central laboratory coagulation testing during haemorrhagic
surgery. A multicenter study. Thromb Haemost
2009;101:394-401.

9. Amgalan A, Allen T, Othman M, et al. Systematic review
of viscoelastic testing (TEG/ROTEM) in obstetrics and
recommendations from the women's SSC of the ISTH. J
Thromb Haemost 2020;18:1813-38.

10. Da Luz LT, Nascimento B, Shankarakutty AK, et al.
Effect of thromboelastography (TEG®) and rotational
thromboelastometry (ROTEM®) on diagnosis of
coagulopathy, transfusion guidance and mortality
in trauma: descriptive systematic review. Crit Care
2014;18:518.

11. Loghmani H, Conway EM. Exploring traditional
and nontraditional roles for thrombomodulin. Blood
2018;132:148-58.

12. McNamara H, Mallaiah S. Managing coagulopathy
following PPH. Best Pract Res Clin Obstet Gynaecol
2019;61:106-20.

13. Joly B, Barbay V, Borg JY, et al. Comparison of markers
of coagulation activation and thrombin generation test in
uncomplicated pregnancies. Thromb Res 2013;132:386-91.

14. Hayashi M, Fukasawa I, Inaba N. Thrombin-antithrombin
complex and alpha-plasmin inhibitor-plasmin complex

levels in singleton and twin pregnancies. Int J Clin Pract

Ann Transl Med 2022;10(23):1273 | https://dx.doi.org/10.21037/atm-22-5221


https://atm.amegroups.com/article/view/10.21037/atm-22-5221/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-5221/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-5221/dss
https://atm.amegroups.com/article/view/10.21037/atm-22-5221/dss
https://atm.amegroups.com/article/view/10.21037/atm-22-5221/coif
https://atm.amegroups.com/article/view/10.21037/atm-22-5221/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

Page 8 of 8

15.

16.

17.

18.

19.

20.

21.

22.

23.

2006;60:1244-9.

Liu Z, Liu C, Zhong M, et al. Changes in Coagulation and
Fibrinolysis in Post-Cesarean Section Parturients Treated
With Low Molecular Weight Heparin. Clin Appl Thromb
Hemost 2020;26:1076029620978809.

Committee on Practice Bulletins-Obstetrics. Practice
Bulletin No. 183: Postpartum Hemorrhage. Obstet
Gynecol 2017;130:¢168-86.

Thornton P, Douglas J. Coagulation in pregnancy. Best
Pract Res Clin Obstet Gynaecol 2010;24:339-52.

Ku DH, Arkel YS, Paidas MP, et al. Circulating levels

of inflammatory cytokines (IL-1 beta and TNF-alpha),
resistance to activated protein C, thrombin and fibrin
generation in uncomplicated pregnancies. Thromb
Haemost 2003;90:1074-9.

Ishii A, Yamada S, Yamada R, et al. t-PA activity in
peripheral blood obtained from pregnant women. J Perinat
Med 1994;22:113-7.

Hibbs SP, Roberts I, Shakur-Still H, et al. Post-partum
haemorrhage and tranexamic acid: a global issue. Br J
Haematol 2018;180:799-807.

Kjellberg U, Andersson NE, Rosén S, et al. APC resistance
and other haemostatic variables during pregnancy and
puerperium. Thromb Haemost 1999;81:527-31.

Azhar A, Singh P, Rashid Q, et al. Antiangiogenic function
of antithrombin is dependent on its conformational
variation: implication for other serpins. Protein Pept Lett
2013;20:403-11.

Asakura H, Ontachi Y, Mizutani T, et al. An enhanced

Cite this article as: Wang L, Zhong J, Xiao D, Huang W,
Zheng Z, Jiang Y. Thrombomodulin (TM), thrombin-
antithrombin complex (TAT), plasmin-02-plasmininhibitor
complex (PIC), and tissue plasminogen activator-inhibitor
complex (t-PAIC) assessment of fibrinolytic activity in
postpartum hemorrhage: a retrospective comparative cohort
study. Ann Transl Med 2022;10(23):1273. doi: 10.21037/atm-
22-5221

© Annals of Translational Medicine. All rights reserved.

24.

25.

26.

27.

28.

29.

Wang et al. Assessment of fibrinolytic activity in PPH

fibrinolysis prevents the development of multiple organ
failure in disseminated intravascular coagulation in spite
of much activation of blood coagulation. Crit Care Med
2001;29:1164-8.

WuY, Qiao Y, Zhang Y, et al. Trimester-specific reference
intervals of TAT, TM, tPAI-C and PIC for healthy Chinese
pregnant women. ] Obstet Gynaecol Res 2021;47:368-74.
Mei H, Jiang Y, Luo L, et al. Evaluation the combined
diagnostic value of TAT, PIC, tPAIC, and sTM in
disseminated intravascular coagulation: A multi-

center prospective observational study. Thromb Res
2019;173:20-26.

Jin X, Duan Y, Bao T; et al. The values of coagulation
function in COVID-19 patients. PLoS One
2020;15:€0241329.

Philips M, Juul AG, Thorsen S. Human endothelial cells
produce a plasminogen activator inhibitor and a tissue-
type plasminogen activator-inhibitor complex. Biochim
Biophys Acta 1984;802:99-110.

Zhou K, Zhang J, Zheng ZR, et al. Diagnostic and
Prognostic Value of TAT, PIC, TM, and t-PAIC in
Malignant Tumor Patients With Venous Thrombosis. Clin
Appl Thromb Hemost 2020;26:1076029620971041.
Nordenhem A, Leander K, Hallqvist J, et al. The complex
between tPA and PAI-1: risk factor for myocardial
infarction as studied in the SHEEP project. Thromb Res
2005;116:223-32.

(English Language Editor: ]. Jones)

Ann Transl Med 2022;10(23):1273 | https://dx.doi.org/10.21037/atm-22-5221



