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A B S T R A C T   

The uterus is a highly innervated organ, and during labor, this innervation is at its highest level. Oxytocinergic 
fibers play an important role in labor and delivery and, in particular, the Lower Uterine Segment, cervix, and 
fundus are all controlled by motor neurofibers. Oxytocin is a neurohormone that acts on receptors located on the 
membrane of the smooth cells of the myometrium. During the stages of labor and delivery, its binding causes 
myofibers to contract, which enables the fundus of the uterus to act as a mediator. The aim of this study was to 
investigate the presence of oxytocinergic fibers in prolonged and non-prolonged dystocic delivery in a cohort of 
90 patients, evaluated during the first and second stages of labor. Myometrial tissue samples were collected and 
evaluated by electron microscopy, in order to quantify differences in neurofibers concentrations between the 
investigated and control cohorts of patients. The authors of this experiment showed that the concentration of 
oxytocinergic fibers differs between non-prolonged and prolonged dystocic delivery. In particular, in prolonged 
dystocic delivery, compared to non-prolonged dystocic delivery, there is a lower amount of oxytocin fiber. The 
increase in oxytocin appeared to be ineffective in patients who experienced prolonged dystocic delivery, since 
the dystocic labor ended as a result of the altered presence of oxytocinergic fibers detected in this group of 
patients.   

1. Introduction 

The Gravid Uterus (GU) represents an organ richly innerved by 
neurofibers (Ncs) and during labor and delivery, this innervation is at its 
highest level. The uterine innervation is by Ncs and Neurotransmitters 
(Nts) in the fundus, body and cervix with different anatomical distri-
butions of NCS in these three anatomical areas. In fact, Di Tommaso 

et al. demonstrated in non-pregnant uterus that the cervix shows a wide 
innervation, with a large amount of Ncs than the corpus of the uterus 
[1]. Furthermore, this study revealed in the cervix, a high rate of 
enkephalinergic and oxytocinergic fibers and a smaller amount of 
adrenergic, dopaminergic, serotoninergic, SP-positive, CIP-positive, 
prolactinergic and polypeptide growth protein fibers. Although Di 
Tommaso et al. detected a greater amount of enkephalinergic and 
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oxytocinergic fibers, they were unable to show that these peacemakers 
existed in non-pregnant uteruses. However, these authors showed the 
high concentration of Ncs enkephalinergic and OXT fibers in corre-
spondence of internal uterine orifice (IUO). The isthmus of the uterus is 
an upper third of the cervix of the uterus and it is the portion that sep-
arates the cervix from the uterine body [2]. The uterine isthmus is a 
canal that in non-pregnant uterus has a length of 5–7 mm. The upper 
limit of the isthmus is a narrowing, called the anatomical orifice of 
Aschoff, the upper limit that cannot be circumscribed and called the 
histological IUO. In pregnant uterus, isthmus plays a very important role 
because it participates in the lower uterine segment (LUS) formation. 
The LUS is an anatomical entity developing during pregnancy and 
reaching the maximum size during childbirth. It disappears after the 
placental delivery. The LUS was anatomically described as the thin 
lower part of the uterus at full term of pregnancy, located between the 
body and the cervix of the uterus. The shape of the LUS is similar to a cap 
opened in the top and, in the lower part, LUS is connected to the cervix. 
The LUS at term of pregnancy has a posterior wall, two lateral walls and 
a wider and more convex anterior wall of 9–10 cm. 

1.1. The upper and lower uterine segment anatomy and innervation 

The upper limit is not clearly delimited because of the size of the LUS, 
which is subject to variation for the parity, for the size of the fetus, 
placenta, amniotic fluid, and abnormal labor. Some authors considered a 
transient and positionally variable ring of muscle contraction, as the 
upper limit of the LUS. When this muscular ring becomes pathological, it 
is called Bandl’s ring. Between the lower uterine segment (LUS) and the 
upper uterine segment (UUS), the Bandl’s ring demonstrates a shift in 
the uterine wall’s thickness. The Bandl’s ring in dystocic and prolonged 
dystocic labor (PDL) can be associated to LUS overdistension, called 
uterine “sacculation” or “marsupialization”, showing an “hourglass 
uterus” appearance. Some studies, performed by Scanner Electron mi-
croscopy (SEM) and Fluorescence Microscopy (FM), revealed in the Post 
Cesarean Uterine Scar (PCUS) e presence of SP, VIP neurofibers. Pres-
ence of Nts and of Ncs in PCUS demonstrated the LUS innervation [3]. 
The LUS contains many Ncs, as showed by Malvasi et al. [4]. They 
demonstrated that in prolonged dystocic delivery (PDD), the LUS 
over-distension caused important anatomical changes in the myometrial 
innervation, with LUS and UUS modifications [4]. The LUS structural 
modifications during labor, especially in PDL, included different 
anatomical elements, as collagen, muscles, and vessels [5]. The impact 
of dystocia and the tensile characteristics and changes of the LUS in 
previous caesarean scars were documented by Buhimschi et al. [6]. 
Malvasi et al. revealed that in the PDD there is a morphometric reduc-
tion of adrenergic fibers, evaluated by SEM and FM [7], and of enke-
phalinergic neurofibers in comparison to non-progressive dystocic labor 
(NPDD) [8]. This study investigated, by SEM and FM, the presence of 
oxytocinergic Nfc in NPDD and PDD during cesarean section (CS). Two 
groups performed a labor without induction by prostaglandin, but by 
oxytocin, because the PG could alter the quantification of oxytocin 
(OXT) fibers. The OXT neurofibers are the parasympatic and ortho-
sympatic sensitive and motor (afferent and efferent) postganglionic 
neurofibers. 

1.2. The uterine innervation 

The uterus is richly innervated by parasympatic and orthosympatic 
fibers. The parasympatic component is mediated by the pelvic nerve, the 
orthosympatic innervation is represented by mesenteric inferior and 
hypogastric ganglions [9]. The pregangliar fibers that start form uterus 
go through the pelvic, hypogastric and aortic plexus and end in the 
spinal ganglions T10–11-12 [10]. The fibers start from vagina, cervix 
and LUS following the pudendal nerve and pelvic nerve, ending in the 
S2-S3-S4 ganglions. Uterus innervations are organized in the 
uterus-vaginal plexus in two peduncles: the cervix-isthmic peduncle and 

the uterine corpus peduncle. The motor fibers of uterine corpus belong 
to the orthosympatic system [11]. The motor fibers of the LUS and those 
of the superior portion of vagina belong to the parasympatic system 
[12]. During the labor, the uterine fundus plays a pacemaker role, with 
contractions involving LUS and cervix [13]. The oxytocinergic fibers 
play an important role in labor and delivery, particularly with 
motor-neurofibers that from UPS caused contractions also in LUS and in 
cervix (Fig. 1). 

The aim of this study was to investigate the presence of oxytocinergic 
fibers in prolonged and non-prolonged dystocic labor, in a cohort of 
pregnants evaluated during the first and second stages of labor. This 
study did not investigate OXT neurotransmitters and OXT receptors, but 
focused on the OXT neurofibers detection and their quantification, by 
morphometric OXT neurofibers evaluation in the LUS. 

Fig. 1. Gravid uterine innervation representation. In the drawing the pregnant 
uterus in labor is divided into three parts: UUS, LUS and cervix. The usual ring 
of muscle contraction is situated between UUS and LUS (perhaps a pacemaker 
site). The pregangliar fibers that start form uterus, go through the pelvic, hy-
pogastric, and aortic plexus and end in the spinal ganglions T10–11-12 (blue 
light line). The fibers start from vagina, cervix and LUS, and follow the pu-
dendal nerve, pelvic nerve and end in the S2-S3-S4 ganglions (purple lines). The 
peduncle of the cervico-isthmic nerve receives fibers from the hypogastric 
ganglion and forms the Lee-Frankenauser ganglion on the posterior portion of 
the cervix and LUS, which regulates sensory and motor innervation especially of 
the lower part of the uterus. 
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2. Results 

A total of 136 patients enrolled, only 90 completed this study. The 
remaining 46 women were lost during the study for different reason: 20 
refused to undergo LUS biopsy, 17 patients underwent urgent CS at night 
(there was no histology laboratory available) and 9 pregnant women 
subsequently refused to continue the study. The patients were homo-
genously subdivided in two groups as follows: 44 NPDD group 1 as 
women scheduled for CS in dystocic labor and 46 women in group 2, as 
submitted to CS for PDD. The mean age of the pregnant patients was 
similar in both groups, so no statistical differences were found for the 
mean BMI, gestational age of delivery, and birthweight for both groups 
(Table 1). The histologic samples examined to quantify the distribution 
of OXT nerve fibers demonstrated a different concentration of OXT fi-
bers between NPDD and PDD delivery. In particular, a significant and 
notable reduction concentration of OXT fibers in LUS of patient with 
PDD (10 + - 2.4) in comparison with patients of CS in NPDD (17 + − 5.7) 
where identify by FM evaluations. All these results are reported in  
Table 2 and Fig. 2. 

3. Discussion 

OXT was the first neurohormone and neuropeptide biochemically 
described and synthesized [14]. OXT has effects on the central [15] and 
autonomic nervous system [16,17]. The OXT is a neurohormone and 
neurotransmitter that plays an important role in delivery. The OXT and 
the vasopressin neuropeptides have a similar biochemical structure and 
represent an integrated neurohormone system [18]. 

Estradiol and progesterone have an impact in the oxytocin receptor’s 
function [19]. These steroids receptors, as OXT receptors, act on the 
myometrial contractility at term of pregnancy [20,21]. There is a cor-
relation between OXT and endogenous prostaglandin F2 alpha in labor 
[22], particularly this prostaglandin acts on the Upper Uterine Segment 
(UPS) and the LUS [23]. 

The literature reports several studies about the relationship with 
synthetic OXT augmentation and normal and abnormal labor duration. 
Many studies have been published on dystocic labor and oxytocin 
augmentation. The PDD and oxytocin augmentation have been less 
investigated [24,25]. 

The myometrium, frequently containing blood vessels, is where the 
post-ganglionic sympathetic and parasympathetic nerve fibers termi-
nate. These fibers have varicosities at their extremities (containing 
synaptic vesicle) from which they produce Nts and a significant amount 
of OXT during labor and delivery. The functions of the UPS and of the 
LUS are coordinated during pregnancy and particularly during labor and 
in normal delivery. The uterus may take on the shape and size necessary 
to hold and move the fetus thanks to the smooth muscle’s structure, 
which allows for contractions. 

Myometrial muscle cells communicate with gap junctions, which 
synchronize myometrial function through conduction of electrophysio-
logical signals during labor, as a single smooth unit. Several electro-
physiological behaviors were observed in uterine smooth muscle cells, 
such as action potentials (spikes with a smooth plateau, spikes with an 

oscillatory plateau, and bursts of spikes). The action potential with 
oscillatory plateau resembles the electrophysiological response recorded 
in hair cell [26,27]. Recently, a model approach was used to understand 
the ionic currents dynamic during the excitability of uterine smooth 
muscle by using Huxley and Hodgkin models that is able to understand 
the role of ion channels [28]. Further, by using modeling the effects of 
the estradiol (via reduction in calcium and potassium selective channel 
conductance), oxytocin (via an increase in intracellular calcium release) 
and the tocolytic nifedipine (via a block of L-type calcium channels 
currents) on action potentials and contractions are also reproduced [29], 
indicating the pivotal role of ion channel in labor and delivery. Oxytocin 
acts by binding to specific receptors present on the membrane of smooth 
myocytes, activating a cascade of intracellular signals that prolong 
cytosolic calcium and modifies the ion channel activity [30]. 

Smith et al. reported that in order to improve the synchronous con-
tractions for labor, the uterine muscle works as voltage oscillator that 
becomes increasingly coupled by gap junctions till the end of pregnancy 
[31]. These muscle junctions increase in number prior to labor. This is 
regulated by estrogen, progesterone, and prostaglandin. Many studies in 
animals and humans show that a single action potential does not travel 
distances greater than a few centimeters [32]. The contractions of the 
smooth cells through myosin and actine machinery are regulated by a 
pathway that involves voltage-gated Ca2 + channels [33]. The de-
polarizations determine an activation of voltage-gated Ca2 + channels 
and trigger the vesicles exocytosis with releases OXT and OXT-receptor 
activation on the smooth cells (Fig. 3). 

The OXT-receptors belong to the G-protein coupled receptor family; 
the binding of oxytocin to receptors of uterine smooth cells determines 
the uterine contractions by starting the phospholipase C pathway that 
results in the production of 1,2-diacylglicerol and inositol 1,4,5-triphos-
phate, which activates calcium from intracellular stock [34]. 

Although there are many studies about the uterine pacemaker, in-
teractions between the uterine environment and ion channel activity are 
not still clear [35,36]. 

During labor, the simultaneous contractions of uterine muscle cells 
increase intrauterine pressure for the cervix dilatation. The contraction 
of the larger area results in a raised intrauterine pressure. This process 
causes myocyte depolarization in other parts of the uterus, generating 
synchronous activity and more force in triggered recruited into the 
contraction [31]. Conversely, Andersen et al. demonstrated that 
abnormal uterine contractions may result from pacemaker in unusual 
locations (mid-uterus), but further studies must be necessary to clarify 
the mechanism [37]. It is suggestive to think that the absence of coor-
dination between UPS and LUS in the prolonged and obstructed labor 
could determine the presence of the Bandl’s ring [38]. The second stage 
of labor is characterized by the full cervical dilatation until the child-
birth [39]. However, there is not a unanimous consensus for the pro-
longed labor definition and duration. 

In fact, Zipori et al. report that increasing the second stage more than 
an hour in nulliparous and multiparous, decreased the CS and increased 
maternal and fetal complications [40]. 

The ACOG guidelines define a prolonged second stage as more than 
2 h without or 3 h with epidural analgesia or neuraxial labor analgesia 
(NLA) in nulliparous women, and 1 h without, or 2 h with epidural in 
multiparous women [41]. The second stage is defined as the stage when 

Table 1 
Demographic characteristics of two groups.  

Demographic characteristics of two groups  

CS in patients with non- 
prolonged labor 

CS in patients with 
prolonged labor > 3 h 

COHORTS GROUP − 1 = 44 GROUP-2 = 46 
AGE (YEARS) 32.6 ± 4.5 33.2 ± 3.7 
BMI (kg/m*2) 26.5 ± 6.1 27.3 ± 58 
GESTATIONAL AGE 

(WEEKS þ DAY) 
40 ± 3.4 40 ± 2.6 

BIRTH WEIGHT (gr) 3890 ± 278 3920 ± 239  

Table 2 
Evaluation of OXT nerve fibers in the LUS of NPDD and PDD of pregnant 
patients.  

EVALUATION OF OXYTOCIN (OXT) NERVE FIBERS IN LUS IN PATIENTS WITH 
NON-PROLONGED LABOR (<3 h) AND IN PATIENTS WITH PROLONGED 
LABOR (>3 h) OF SECOND LABOR STAGE 

GROUP-1 = 44 GROUP-2 = 46 
NERVE FIBER DENSITY CONTAINIG OXYTOCIN IN IMMUNOREACTIVITY 

WITHIN SPECIMENS OF HUMAN LOWER UTERINE SEGMENT (LUS) 
17 ± 5.7 10 ± 2.4  
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the cervical dilatation is full. However, the second stage diagnosis must 
include the fetal head position at ischial spine at level zero according the 
ACOG classification. The diagnosis of fetal head (FH) position in the 
birth canal is performed by traditional vaginal digital examination (VE) 
and recently by intrapartum ultrasound (IU) also. The diagnosis of 
second stage based only on cervical dilatation is incomplete and requires 
the diagnosis of FH in the birth canal. Moreover, the IU improves the 
diagnosis of FH malposition and malrotation in comparison to VE. The 
diagnosis of FH position is possible by the application of the angle of 
progression (AOP): an angle of at least 120 degrees measured during the 
second stage of labor was associated with subsequent possible sponta-
neous vaginal delivery [42]. In fact, Dupuis et al. demonstrated that with 
VE, errors occurred in 50% to 88% of cases for residents and in 36% to 
80% of cases for attending physicians, depending on the position [43]. 

The NLA is another condition that modifies the second labor stage 
duration in comparison to labor without NLA and it has an impact on 
delivery outcome [44]. During NLA, cervical dilatation occurs before the 
descent of FH due to the effects of analgesic drugs. The employed 
analgesic drugs, determine a fast full cervical dilatation, but the descent 
and the internal rotation of FH happened later [45]. During the PDD, 
after following ACOG [46] and NICE guidelines, it is advisable to stop 
the analgesic drugs administration and proceed with the delivery to 
avoid medical-legal problems [47]. In the last year, the application of IU 
in delivery ward and in delivery room have changed the dystocia 
diagnosis in comparison to the traditional vaginal digital examination, 
especially in delivery with fetal malposition and malrotation [48]. The 
PDD can request the operative vaginal delivery (OVD) [49]. 

The IU improves the diagnosis of the FH malposition and 

Fig. 2. The image shows a drawing and a ultrasonographic sectional photo of the LUS and FH in dystocic delivery. On the left, non-prolonged dystocic delivery is 
showed by transabdominal longitudinal ultrasonographic section of fetal head in OPP (the green curve indicates the LUS). On the right, prolonged dystocic delivery is 
showed by the transabdominal longitudinal scan of FH in OPP and posterior asynclitism (the red line represents the LUS in overdistension). At the top of the photo, 
there is the corresponding SEM of the LUS in NPDD (at the top of the left) and of PDD (at the top of the right) taken with the SEM. Over the SEM image, there are the 
photos of oxytocinergic fibers of the same LUS section, respectively, on the left in the NPDD (green arrow and the green line of the box) and on the right in PDD (red 
arrow and red line of the box) obtained by FM. One can see the oxytocinergic fibers examined in the specimens of LUS in PDD are less than those in NPDD. 
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malrotation, therefore it is used before the application of VE to avoid 
vacuum failure [50] and reduce complications. The OXT augmentation 
in PDD can cause complications, especially fetal distress. 

Verspyck et al. showed that early amniotomy and high doses of OXT 
may both increase the risk of fetal heart rate abnormalities [51]. 
Drummond et al. reported that OXT is the most commonly drug used in 
labor, and it has been associated with claim of malpractice outcome 
complicated by induction of augmentation of OXT [52]. The absence of 
international criteria of dystocia does not permit the confirmation of 
OXT augmentation and dystocia and it represents an open question in 
fetal and maternal complications [24]. 

In fact, Selin et al. affirmed that OXT augmentation is one of the 
consequence of dystocia [53]. Bernitz et al. supported the use of protocol 
of OXT augmentation in low-risk nulliparous without dystocia to reduce 
CS and OVD [54]. Haggsgard claimed that the OXT infusion has a role in 
the dystocia and in the delivery [55] and Ekelin argues the ambiguity of 
OXT use [56]. Gaudernack recommended that the caution use of syn-
thetic OXT augmentation avoids the dystocia [57], Rossen et al. affirmed 
that the judicious use of OXT augmentation reduces the emergency CS 
[58] and Steer et al. claimed that the OXT should not be used, since the 
risks are more than the benefits [59]. 

Another problem with the use of OXT in labor is the correlation with 
NLA and, especially, the CSE that could determine the bradycardia and 
uterine hypertonus. In fact, during CSE for pain management the rapid 
onset may produce a transient unbalance of maternal catecholamine 
level, leading to uterine hyperactivity and fetal heart rate (FHR) ab-
normalities [60]. In fact, Abrado et al. reported that CSE is associated 
with significantly greater rate of FHR abnormalities, related to the 
hypertonus of the uterus compared to epidural analgesia [61]. 
Furthermore, Van de Velde et al. connected the FHR with CSE [62] at 
dosage of analgesia drugs, observing that FHR abnormalities are 
frequent after administration of 7.5 μg. of intrathecal sufentanyl 
compared to other NLA [63]. Besides, in some cases, OXT augmentation 
determines maternal hypotension and consequent FHR abnormalities 
[64]. 

Another controversial issue is the inappropriate OXT augmentation 

in labor, that although infrequent, it can cause uterine rupture (UR) in 
scarred and rarely non scarred uterus [65]. Nabhan and Boulvain rec-
ommended the appropriate OXT augmentation use in PDD [66]. Zhang 
et al. reported the risk of UR in TOLAC with OXT augmentation [67], 
while Dekker et al. shown a similar risk in repeated CS after OXT in-
duction of labor [68]. Nevertheless, Weimar et al. claimed that the risk 
of UR is associated with a low Bishop score and the onset of OXT 
administration [69]. On the other hand, OXT alone presents a low risk of 
UR in repeated CS in comparison to the association with PG [70] and 
several authors observed that the endogenous and exogenous PG 
modified biochemistry of the scar and increased the UR risk in repeated 
CS compared to the augmentation of OXT [71]. 

Although rare, the primary UR is possible, and it shows high 
morbidity [72]. Iqbal et al. showed that the sequential use of PG and 
OXT augmentation in labor are important risk factors of UR in scarred 
but also in non-scarred uterus [73]. Other authors underlined the 
importance of careful uterine contraction monitoring and judicious 
control of OXT infusion rate of unscarred uterus to present the UR [74]. 
Also reported cases of UR in primigravida with non-scarred uterus 
during obstructed labor (OL) represent an obstetric condition of UR risk, 
especially in multiparous women [75]. Walsh et al. discussed the 
importance of surveillance in primiparous, to avoid complications in 
rare but catastrophic unscarred uterus [76]. 

The administration of synthetic OXT in labor and the controversial 
use in case of maternal-fetal complications have increased the ligation, 
the liability and consequent claims [77]. Miller et al. proposed the 
standardization of exogenous OXT administration to prevent litigation 
in case of excessive uterine contractility, fetal oxygenation alterations 
and adverse outcomes [78]. Moreover, Vitner et al. reported a purpose 
of checklist OXT administration use in labor [79]. Stalnaker et al. dis-
cussed the importance of synthetic OXT inappropriate use and the risk 
factor, fetal complications and claim [80] and other researchers re-
ported the same aspects about synthetic OXT augmentation, complica-
tions and litigation, liability and claim [81]. 

To reduce abnormalities, the obstetric literature suggests low OXT 
doses or OXT discontinue administration. In fact, Saccone G. et al. re-
ported that the discontinue use of OXT reduces the HFR distress [82]. 

The literature reports the alterations of collagen and Nc in the in 
patients with dystocic labor and CS [83,84]. In PDD, as recommended by 
ACOG guidelines, it is advisable after the diagnosis of dystocia to sus-
pend PDD and carry out the delivery [85]. In this study, the patients 
were not induced with prostaglandin but with OXT. In patients with PDD 
the OXT augmentation appears useless, since the dystocic labor did not 
proceed. In PDL and even more in obstructed labor (OL), the OXT 
augmentation can cause fetal distress and if neglected can determine UR. 

Based on the results of our study and the literature, it is possible to 
speculate the results in current obstetrical practice. After having 
confirmed that the diagnosis of dystocia by IU caused by malposition 
and malrotation of FH and after waiting for the second stage of labor 
according to ACOG guidelines, it is advisable, in our opinion, to proceed 
with the delivery. Otherwise, the delay in the dystocic labor could be 
determined fetal and maternal complications and possible litigation, 
liability and claim [86]. The management of labor shared 
decision-making regarding to proceed with expectant management or 
OVD or CS after weighing risks and benefits of each chance. Moreover, 
the decision to extend the duration of labor is currently personalized for 
each patient and fetus and should be agreed, depending on the indi-
vidual circumstance. In fact, the term “judicious” is often used in some 
studies of OXT administration in absence of international guidelines 
indicating a personalized use of OXT augmentation. 

The reduced number of patients evaluated in our trial for the high 
cost of FM antibodies was the limit of this study. Further studies are 
being necessary to evaluate the alterations of LUS innervation in the 
PDD and in particularly OXT-neurofibers alterations and the possible 
consequences in the successive delivery. There are some guidelines 
about the use of OXT in labor, for example the European Guidelines 

Fig. 3. The figure shows the OXT innervation mechanism of the smooth cell (in 
red color on the left). The smooth cell receives from the varicosities of post- 
ganglionic fibers (yellow color on the right). The OXT is produced by exocy-
tosis of synaptic vesicles that contain OXT neurotransmitters in purple. OXT 
reaches the receptors on the membrane of smooth cells and stimulates the 
contraction of myofibers red grid, located in the smooth cells. 
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[87], but there are not international guidelines for OXT augmentation in 
dystocic and prolonged labor. The OXT may cause possible maternal 
complications, among these last one the pelvic floor hematoma [88] 
during OXT augmentation, according for Alòs-Pereñíguez [89] require 
an informed consent for OXT administration. Other studies are required 
to determine the alterations of OXT innervation in the uterus with OXT 
administration in PDD, therefore it is advisable a judicious use of OXT 
infusion in PDD, especially in scarred uterus [26,90] to avoid compli-
cations and medico-legal litigation [91–93]. 

4. Materials and methods 

A total of 960 nulliparous patients of the Department of Obstetrics 
and Gynecology of two University-affiliated Hospitals were evaluated, 
from December 2020 to December 2021. The inclusion criteria for 
pregnant women at initial labor were patients with a single pregnancy at 
term, fetus in cephalic presentation, and no complications in pregnancy. 
The exclusion enrolment criteria were pregnant women with any pre-
vious gynecologic surgery and any of the following problems experi-
enced during pregnancy: macrosomia, infections, anticoagulation 
therapy, pre-eclampsia, HELLP syndrome, ruptured membranes for 
more than 36 h, placenta previa, and other placental pathologies. A total 
of 158 women were assessed and declared eligible to participate in the 
study. Among them, 136 women provided informed consent and were 
enrolled, after an ultrasound evaluation on initial labor. All enrolled 
patients signed informed consent before inclusion in this study, as 
approved by the local institutional research board committee. All of 
these patients underwent evaluations involving membrane rupture and 
oxytocin administration without the use of active labor management. 
Starting from 3 to 4 cm of cervical dilatation and fetal head at ischial 
spine station − 1 or lower, patients were assessed by ultrasonography 
(Aloka instrument SSD 2000 MultiView, Tokyo, Japan and GE Health-
care instrument, Voluson 730 Expert, Chalfont St. Giles, United 
Kingdom), both equipped by a multifrequency convex transabdominal 
transducer. All women were also examined by digital examinations 
(DE), at intervals of 45–90 min in the first, and of 15–30 min in the 
second stage. All women were followed until delivery. These pregnant 
women were submitted to intrapartum transabdominal sonography 
(ITAS) assessment for detection of head position in the first and second 
stage of labor, to detect either the persistent occiput posterior position 
(POPP) or the translation from anterior to posterior fetal head position. 
The fetal US landmark to detect the occiput posterior position (OPP) was 
the single fetal orbit, with “face to pubes” opposed on the presented fetal 
head side. All pregnant women with PDL were patients in spontaneous 
labor and in neuraxial labor analgesia (LNA). The LNA was administered 
with a low dose of combined spinal-epidural (CSE) analgesia. The CSE 
technique consisted of the needle-through-needle technique in inter-
vertebral space (L3-L4) (Espocan®-, B. Braun, Italia). The spinal needle 
“Spinocan” 27 G was used through the Tuohy needle of 18 G. After that 
cerebrospinal fluid exited from the needle, a mixture of ropivacaine 
0.02% with 0.25 µg⋅mL− 1 of Sufentanil (5 mL) was administered in the 
spinal space. The mixture of ropivacaine 0.07–0.15% (dilution of drugs 
depends on the stage, position, and station of the head) with 
0.3 µg⋅mL− 1 of Sufentanil (10–15 mL) was administered in epidural 
space. Top-ups were repeated every two hours and when the pain started 
again until full dilatation was reached. Starting from 5 cm of cervical 
dilatation, an oxytocin infusion was administered by 20 UI synthetic 
oxytocin (Syntocinon ®) in 500 mL Hydrosaline solution, at 4 mUI/min. 
The oxytocin augmentation was monitored in continuous cardiotocog-
raphy (CTG) to detect the normal or abnormal fetal heart rate (FHR). A 
group with 44 patients showed dystocia, FHR alterations and not reas-
suring CTG; therefore, it has been suspended OXT augmentation and the 
CS was performed. A group with PDD did not present CTG abnormalities 
that permits prolonged labor over three hours following ACOG guide-
lines, but the persistence of FH malposition-malrotation, diagnosed by 
intrapartum ultrasound (IU), was the indication for CS. According to 

American College Obstetrics and Gynecology (ACOG) guidelines, labor 
is defined as prolonged labor when it lasts more than 4 h with neuraxial 
labor analgesia (NLA). The PDL was recorded when the duration of the 
second stage exceeded 4 h, according to International Guidelines, and 
showed an angle of progression ≤ 97◦. The PL for the occiput posterior 
position (OPP), the asynclitism, or the occiput transverse position (OTP) 
was diagnosed through vaginal examination (VE) and IU. The OPP was 
diagnosed by the face-to-pubis sign and orbit-to-pubis sign. The asyn-
clitism was diagnosed by the squint sign with TAU with translabial ul-
trasound (TLU) and asymmetric midline sign. All patients showing a PDL 
underwent a CS, according to traditional obstetric criteria. The control 
group was composed of patients set to undergo CS for dystocia and non- 
reassuring CTG, under LNA, by CSE. These patients of the control group, 
undergoing non-urgent CS, were pregnant women with a singleton fetus 
in a cephalic presentation to undergo CS, for previous at-term CS, 
scheduled after an ultrasonographic diagnosis of breech or transverse 
presentation, multiple pregnancies, and women wishing to have a CS for 
personal reasons. All patients, before CS, received a prophylactic anti-
biotic administration of 2 gr of Cefazolin intravenously. The surgical 
technique was a modified Stark’ CS. The uterine incision was trans-
versally on the LUS after bladder flap detachment. After fetus extraction, 
the placenta was delivered spontaneously, and the uterus was exteri-
orized. The surgeons sampled four serial consecutive full-thickness 
sections of 5 mm depth (with the inclusion of the myometrial layer) 
on the LUS, with the scissors for morphological analysis. Samples 
included the full thickness of the cervical wall, taken from each LUS 
using sterile scissors: two samples of approximately 5 mm depth were 
obtained from the upper and two from the lower edge. The specimens 
were immediately transferred, in a container filled with dry ice, to the 
laboratory, where samples were washed by immersion in cold 
Krebs–Ringer’s solution and assayed with immunofluorescent tech-
niques to detect OXT-positive nerve fibers. All data were collected and 
recorded in a database, successively analyzed by an independent 
reviewer. 

5. Conclusions 

This study shows an altered presence of oxytocin fibers in PDD over 
four hours, which represent an experimental proof of the LUS innerva-
tion and modification. In fact, during PDD the mechanical over-
distension of LUS by FH can determine vascular alterations, ischemia 
and inflammation. It suggests that in PDD, OXT does not have the same 
effects on the LUS compared to NPDD, being oxytocinergic fibers 
modified and reduced in number. They will need further studies on the 
innervation and functionality of smooth cells in the PDL to establish 
whether oxytocin augmentation determines more advantages or more 
disadvantages. 
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