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Highlights
» First comparison of the effect of constant rate pumping of norepinephrine and
phenylephrine on prethrombotic response in the maternal postoperative period.

» Norepinephrine infusion did not exacerbate maternal postoperative
hypercoagulability, which demonstrates the safety of norepinephrine.

» Norepinephrine elevated maternal postoperative coagulation molecules relative to
phenylephrine.

Data statement
We undertake that all data involved in this study are available on request.

Abstract

Background: Venous thromboembolism (VTE) is one of the most common and
serious complications of cesarean section in parturients. Norepinephrine (NE) has
been shown to activate coagulation. The aim of this study was to compare the effect
of a fixed-rate prophylactic norepinephrine infusion and a fixed-rate prophylactic
phenylephrine (PHE) infusion under spinal anesthesia for caesarean section on the
prethrombotic response.

Materials and methods: Sixty-six women undergoing cesarean section under spinal
anesthesia were randomly assigned to the NE group or PHE group, starting

simultaneously with the administration of the subarachnoid solution, a “study drug”
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solution containing either NE or PHE was pumped intravenously at a constant rate of
15 ml/h until the end of the operation. Plasma coagulation factor VIII activity (FVIII:
C), Fibrinogen, and D-dimer levels were measured in blood samples obtained on
admission to the operating theatre and at the end of the procedure.

Results: Compared with preoperative levels, there were no significant differences in
postoperative fibrinogen and D-dimer levels in the NE group, except for a decrease in
FVIIL: C levels (p = 0.003). However, postoperative levels of FVIII: C (p = 0.009),
fibrinogen (p = 0.035) and D-dimer (p = 0.025) were increased in the NE group
compared with postoperative levels in the PHE group.

Conclusions: NE does not affect the maternal prethrombotic response and can be
safely used in cesarean sections. Compared with PHE infusion, NE infusion increased
the level of coagulation molecules, suggesting that NE maybe more beneficial for
women with high intraoperative bleeding requiring hemostasis.

Keywords: Prothrombotic response; Cesarean section; Phenylephrine;

Norepinephrine; Spinal anesthesia
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Introduction

Venous thromboembolism (VTE) is the third leading cause of death worldwide and
accounts for approximately 12% of all deaths [1]. The risk of VTE increases during
pregnancy and puerperium [2, 3]. The prevalence of VTE is as high as 2% [4]. VTE
poses a significant threat to maternal life [5], and is responsible for 10% of
pregnancy-related deaths in the United States [6]. Cesarean section further increases
the risk of postpartum thrombosis [7, 8].

Spinal anesthesia causes systemic vasodilation and redistribution of blood
between the core and periphery, leading to a decrease in blood pressure. To counteract
this effect, vasoactive drugs such as norepinephrine (NE) and phenylephrine (PHE)
are often administered during cesarean section [9-11]. As an alpha-agonist, PHE is a
potent, fast-acting vasopressor that better maintains the fetal acid-base status and has
replaced ephedrine as the vasopressor of choice for cesarean section [12]. In addition,
prophylactic infusion of phenylephrine during cesarean section under spinal
anesthesia significantly increased maternal body temperature and reduced the
incidence of shivering [13]. However, PHE administration is more prone to reflex
bradycardia and decreased cardiac output due to its unique pharmacological
mechanisms [14]. In comparison, NE also possesses weaker B-adrenoceptor agonist
activity, which counteracts the stress-reflex decrease in heart rate and cardiac output
commonly seen during unopposed stimulation of vascular a-adrenoceptors, which
may maintain maternal haemodynamic stability [15], and neonatal safety aspects [16,
17]. An increasing number of studies have focused on exploring the possibility of
replacing PHE with NE.

Coagulation molecules FVIII: C, Fibrinogen, and D-dimer, are closely associated
with VTE [18-20]. It has been observed that short, low-dose infusions of NE can lead
to elevated levels of FVIII: C, Fibrinogen, and D-dimer, suggesting that NE promotes
blood coagulation [21]. which increases the risk of developing VTE. However,
whether measuring NE-induced changes in coagulation in the laboratory can predict
the risk of maternal VTE has not yet been investigated. Therefore, it is critical to

ensure that NE does not induce a prothrombotic state in puerperal patients before
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recommending general clinical use.

The aim of this double-blind, randomized, controlled trial was to compare the
effect of fixed-rate infusion of NE with that of PHE on the prethrombotic response in
women undergoing cesarean section under spinal anesthesia, to assess the safety of
the use of NE and PHE in cesarean section and to provide guidance on the use of

these drugs in clinical practice.

METHODS

Trial design and participants

This was an investigator-initiated, randomized clinical trial involving 66 patients who
underwent cesarean section under spinal anesthesia. The study protocol was approved
by the Institutional Ethics Committee of XXX Hospital (ID: XXX). The protocol was
registered at ClinicalTrials.gov (trial registration number XXX), took place in
compliance with the Helsinki Declaration and its design was in accordance with the
Consolidated Standards of Reporting Clinical Trials (CONSORT) [22].This study
focused on women who underwent cesarean section with spinal anesthesia at XXX
hospital between November 2023 and April 2024. At the preoperative visit, eligible
women were assessed and evaluated. After obtaining written informed consent from
each participant, 66 American Society of Anesthesiologists (ASA) II non-term
uncomplicated pregnancies with normal blood pressure, scheduled for cesarean
section, were enrolled. Exclusion criteria included inability or refusal to provide
informed consent, age less than 18 years, allergy to phenylephrine or norepinephrine,
known fetal anomalies, mesenteric or peripheral vascular thrombosis, renal
impairment, and current use of monoamine oxidase inhibitors or tricyclic
antidepressants. All the participants provided informed consent. Participants have the
right to decide to withdraw at any time. And in the event of an adverse reaction, the
anesthesiologist and the obstetrician/gynecologist will jointly assess the situation and
decide whether to withdraw or to continue the study. The subjects were randomly
assigned to receive either PHE or NE treatment in a 1:1 ratio using the SPSS software

(version V.16.0). The grouping information was marked on the paper pieces and
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placed in sequentially numbered envelopes. Both patients and anesthetists were
blinded to the allocation.
Procedures

PHE (100pg/mL) and NE (8pug/mL) were prepared by using uninvolved
assistants. Intravenous access was secured using an 18G intravenous catheter. A rapid
intravenous infusion of 5 ml/kg lactated Ringer's solution was started within 15 min
before surgery and continued at a rate of 6 ml/kg/h. The ambient temperature of the
operating theatre was 22-24°C. In the lateral decubitus position, 1.0% ropivacaine
hydrochloride 1.5 ml was administered intrathecally into the La-L3 or L3-L4
intervertebral space. The left side of the laboring woman was kept in a 15-degree
supine position to move the uterus to the left side. The “study drug” (containing NE or
PHE) was prepared by a nurse not involved in the analysis and then administered
intravenously at a rate of 15 ml/h starting with the intrathecal injection of local
anesthetic until the end of the procedure. The level of midline sensory block was
verified by puncture with a blunt-tipped needle, and the maximum sensory level was
usually achieved within 20 min of spinal anesthesia. Blood was collected twice, on
entering the operating theatre and immediately after surgery, and centrifuged to obtain
the plasma.

In this study, infusion of the “study drug” was stopped if hypertension [systolic
blood pressure (SAP) > 120% of baseline] was present. If hypotension was present
(SAP < 80% of baseline), ephedrine 5 mg was administered intravenously. Drug
infusion was discontinued if bradycardia (heart rate < 60 bpm), normal blood pressure
(SAP between 80% and 120% of the baseline), or hypertension was present. If the
heart rate was less than 55 bpm with hypotension (SAP < 80% of baseline) or the

absolute heart rate was less than 50 bpm, give 0.5 mg intravenous atropine.

Data collection
Preoperative data included maternal preoperative age, weight, height, gestation,
singleton or twin fetuses, and baseline levels of the preoperative coagulation

molecules FVIII: C activity, Fibrinogen, and D-dimer.
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Postoperative data include total fluid volume, bleeding volume, urine output,
surgical time, and postoperative levels of the coagulation molecules FVIII: C activity,
Fibrinogen, and D-dimer.

Outcomes

The study's main objective was to measure the absolute changes in coagulation
molecules FVIIIL: C, fibrinogen, and D-dimer from baseline. Other parameters
assessed included total fluid volume, bleeding, urine output, and operative time.
Coagulation molecules FVIII: C activity, Fibrinogen, and D-dimer in plasma were
tested using an ELISA kit (RF-149, RF5343, and RF4744). All ELISA kits were

purchased from Shanghai Ruifan Biological Technology.

Statistical analysis
Our previous research (unpublished) showed that the difference in postoperative and
preoperative between groups were -48.82 + 29.66 (PHE, FVIII: C) vs. -22.45 £ 40.96
(NE, FVIII: C); -0.45 £ 0.19 (PHE, Fibrinogen) vs. -0.32 & 0.14 (NE, Fibrinogen); -
1.220 = 0.39 (PHE, D-dimer) vs. -0.93 + 0.33 (NE, D-dimer), respectively. The trial
sample size was calculated using a significance level (a) of 0.05, a power of 80%, and
accounting for a 10% dropout rate. The corresponding sample sizes were calculated as
33, 33, and 30 cases in each group, with a maximum total sample size of 66. The
Gpower software version 3.1 (USA) was used to estimate the sample size for this trial.
SPSS 14 software (USA) was used for data analysis. Chi square or Fisher's exact
test was applied to analyze categorical variables expressed in proportion and
percentage. The Shapiro—Wilk test was used to test normality. Quantitative indicators
were expressed as mean + standard deviation and analyzed using an independent
sample t test or Mann—Whitney U test, according to data distribution. The condition

for a significant difference was P < 0.05.

Result
The study approached 66 parturients who were presenting for cesarean section,

divided into two groups: NE (N = 33) and PHE (N = 33). All patient data was
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analyzed according to their assigned group. All patients completed the study without
any serious complications or withdrawals. Figure. 1 depicts the flow chart of the
study, including parturient enrollment, allocation, follow-up, and analysis.

The subjects’ characteristics are shown in Table 1. There were no significant
differences in the general characteristics of the two groups, including age, weight,
height, and gestation, singleton, twin, total fluid intake, bleeding volume, urine
volume, and surgical time.

Preoperative details are shown in Table 2. There was no statistically significant
difference between the two groups of patients in the preoperative prothrombotic
molecules: D-dimer baseline (p = 0.764), Fibrinogen baseline (p = 0.914), and FVIII:
C baseline (p = 0.140).

Figure. 2 shows the preoperative and postoperative levels of coagulation
molecules in the two groups. Postoperative levels of D-dimer (p = 0.001), Fibrinogen
(p =0.006) and FVIII: C activity (p = 0.000) were reduced by PHE infusion compared
to preoperative levels in the PHE group. NE infusion reduced postoperative FVIII: C
activity compared to preoperative levels (p = 0.003), but had no significant effect on
D-dimer (p = 0.282), and Fibrinogen (p = 0.666) levels.

Figure. 3 shows the absolute coagulation molecules in response to two vasoactive
drug infusions. NE increased the levels of D-dimer (p = 0.025), Fibrinogen (p =
0.034), and FVIIL: C activity (p = 0.009) than those in the PHE group.

Discussion

This randomized controlled trial indicated that a fixed dose of prophylactic NE
infusion did not affect the maternal prethrombotic status during cesarean section,
confirming the safety of NE in this setting. However, PHE infusion significantly
reduced maternal coagulation status after cesarean section compared to baseline or
NE infusion. The results will inform the selection of maternal vasoactive drugs for
cesarean sections. Specifically, PHE may be more effective in reducing postoperative
maternal hypercoagulability, whereas NE may be more suitable for maternal

procedures involving heavy bleeding that require hemostasis.
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Catecholamine infusion induces fibrinolysis and platelet activation [23]. Specifically,
NE has been shown to activate platelet factor 3 [24], promote platelet Fibrinogen
receptor expression [25], enhance the platelet release response [26], and ultimately
induce platelet aggregation [27]. Activated platelets, then, promote the release of
FVIII from alpha granules into the plasma [28]. Platelet factor 3 is a source of
procoagulant phospholipids that are exposed on the surface of activated platelets. It
converts prothrombin to thrombin, which in turn enhances FVIII: C and converts
Fibrinogen to cross-linked fibrin. Fibrin degradation leads to elevated plasma D-dimer
levels indicating coagulation activation [29]. A positive correlation was found
between the plasma levels of NE and D-dimer in healthy patients [30]. Although the
changes in coagulation molecules before and after surgery were small, the effect sizes
were large according to convention. Therefore, the observed prothrombotic changes
could be clinically relevant, particularly in terms of triggering VTE. The use of
continuous NE and PHE infusion to predict the risk of VTE has not been previously
studied.

The results of the study were somewhat unexpected, as we predicted that
administration of NE or PHE at a fixed rate would result in an increase or no change
in maternal coagulation molecules, respectively, compared to preoperative baseline
levels. However, the results showed that maternal coagulation molecules remained
unchanged in the NE group (except for FVIII: C activity) and decreased in the PHE
group compared with the preoperative baseline levels. Postoperatively, maternal
hypercoagulability improved, which may be due to transient hemodilution caused by
intraoperative bleeding and fluid infusion, resulting in lower levels of coagulation
molecules. In conclusion, this clinical study confirmed the safety of NE in cesarean
sections from a coagulation perspective. However, it is worth noting that NE
significantly increased the levels of coagulation molecules compared with PHE,
which is in line with our expectations. This study provides a valuable guide for the
selection of vasoactive agents based on maternal coagulation status and bleeding
during cesarean section.

The design of this study was unique in that it standardized the administration of
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NE and PHE. Both drugs were administered at a constant infusion rate, which allowed
for double-blinding and simplified the infusion protocol by eliminating the need to
calculate the infusion rate based on the patient's weight. Furthermore, the dose and
infusion schedule were chosen to be consistent with a previous randomized, stepwise
dose-response study with a 13:1 potency ratio for NE and PHE (8 mg NE equivalent
to 100 mg PHE) [31].

This study investigated whether there are differences in FVIII: C, Fibrinogen, and
D-dimer levels, three coagulation molecules that show a prothrombotic response and
are relevant for VTE risk, due to the infusion of NE and PHE. The results shed more
light on the complex and poorly understood interplay between vasoactive drugs and
the hemostatic system with its numerous molecules and activation involved. There are
two limitations to this study, one of which is that although we reassured the women
before the operation to reduce their anxiety and fear, we did not assess their levels of
anxiety and fear prior to surgery. Fear and anxiety lead to the excitation of the NE
transmission system and an increase in blood NE concentrations [32]. However, the
effect of endogenous NE can be largely ignored when compared to exogenous NE,
especially when considering the implementation of double blinding. Secondly, we did
not screen pregnant women for inherited thrombophilia, mainly because the American
Society of Hematology 2023 guidelines for management of VTE recommend that
thrombophilia testing is not necessary except in a few specific cases [33]. And, given
the low prevalence and randomised subgroups, the absence of screening may not have
had an impact on the conclusions of this study.

VTE is a multi-causal disease affected by a variety of acquired and inherited risk
factors. Hereditary thrombophilia is a syndrome in which severe thrombosis may
occur in people younger than 40 years of age and includes mutations in factor V
Leiden (FVL) and plasminogen G20210A (PT20210A), as well as defects in
antithrombin (AT), protein C (PC), and protein S (PS) [34]. When women with a
history of thrombosis become pregnant, thrombosis may occur during pregnancy or
after delivery [35, 36]. For example, antiphospholipid syndrome (APS) deficiency can

lead to a 20% increased risk of thromboembolic complications during pregnancy [37].
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While antithrombin, a natural anticoagulant, inactivates thrombin, factor Xa and, to a
lesser extent, other coagulation factors (e.g. IXa factors), the deficiency of which
promotes VTE [38]. Acquired thrombophilia, including surgery, trauma, inactivity,
hospitalisation, and hyperandrogenic status, are the most important determinants of
VTE risk, as they usually carry a greater prognostic weight than hereditary
thrombophilia [39]. Considering the complex etiology of VTE and the
pharmacological mechanisms of NE, the conclusions of this study do not necessarily

apply to women in labour with a combination of acquired or hereditary thrombophilia.
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Legend to Figure 2
FVIII: C activity (A), Fibrinogen (B), and D-dimer (C) reactivity to substance

infusion. Values are means + SD. *p < 0.05; **p < 0.01; ns, no significance.
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D-dimer (A), Fibrinogen (B), and FVIII: C (C) reactivity to substance infusion.
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Table 1 Characteristics of subjects who completed the study.

Norepinephrine Phenylephrine P value

group group group

(n=33) (n=33) comparison
Age (yr) 31.6 (4.4) 32.7(3.4) 0.278
Weight (kg) 74.7 (11.63742) 73.6 (10.4) 0.701
Height (cm) 160.0 (4.3) 159.3 (4.6) 0.508
Gestation (weeks) 38.7 (1.2) 38.8 (1.0 0.620
Singleton 32 (97%) 32 (97%) >0.050
Twin 1 (3%) 1 (3%) >0.050
Total fluid intake 824.2 (155.7) 827.3 (156.2) 0.938
(ml)
Bleeding volume 345.5 (124.6) 353.0 (96.0) 0.783
(ml)
Urine volume (ml) 195.5 (98.7) 200 (74.0) 0.833
surgical time (min) 60.7 (14.9) 60.6 (14.3) 0.987

Values were mean (standard deviation) or number (%).
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Table 2. Baseline measures and infusion-induced changes in coagulation

molecules.
Norepinephrine ~ Phenylephrine Trial
group (n=33) group (n=33) differences
D-dimer baseline
1.83 (0.60) 1.88 (0.67) 0.764
(ng/ml)
Fibrinogen baseline (g/1) 230.6 (69.23)  228.7 (73.85) 0914
FVIII: C baseline (pg/ml) 1.60 (0.29) 1.72 (0.37) 0.140

Values are given as mean (standard deviation).



