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Intrapartum ultrasound during prolonged second stage of labor: a diagnostic tool suggested 
for operative delivery to reduce complications. 
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Abstract 
Diagnosis and management of prolonged second stage of labor and its complications is difficult and often poses 
a dilemma to the treating obstetrician regarding timing and type of intervention. Nowadays, the diagnosis of dys-
tocic prolonged second stage of labor is largely based on digital evaluation of cervical dilatation and fetal head 
station and position, resulting inaccurate and subjective. Moreover, the problem of timing of delivery for nullipa-
ra during dystocic labor and labor analgesia is clinically unsolved, as well as questioned since many years. Thus, 
labor management is largely based upon clinical and not instrumental findings. Women in dystocic labor require, 
often, operative delivery, after many hours of pain during labor. Accurate assessment of fetal head position and 
station is crucial in clinical decision-making during the second stage of labor and the fetal station was misinter-
preted as lower than it really was in 15–22% of cases. Misdiagnosis or failure to correctly identify the fetal head 
position and station is one of the causes of failed instrumental delivery and subsequently of higher rate of neona-
tal morbidity. Intrapartum ultrasound also distinguishes patients destined for spontaneous vaginal delivery from 
those to submit to operative delivery. The intrapartum US is an adjunctive tool for labor ward obstetricians in 
the management of prolonged second stage and dystocia. It is a more objective and reliable tool than digital ex-
amination, and may give the obstetrician a more accurate perspective before making crucial clinical decisions re-
garding the chances of a successful vaginal delivery, and may lower the rate of failed instrumental delivery and its 
associated morbidity. 
 
Keywords: Intrapartum ultrasound, prolonged second stage of labor, operative delivery, obstructed labor, dysto-
cia, vacuum extractor, cesarean section. 
 

Introduction 
 
The philosophy of labor is based on two im-
portant queries: when and how to deliver. The 
answer to these two questions seems apparently 
simple but, on the contrary, it is extremely 
complex and abstruse. On the one hand there is 
the pregnant, full of anxiety and uncertainty 
about what will happen, on the other there is 
the fetus that must pass through the uterus that 
pushes it, the birth canal. In between there are 
dozens and dozens of variables and risk factors, 
for a sudden and unexpected modification of 

labor, while staying cognizant of monitoring 
safety and preventing harm. 
The second stage of labor begins, basing on 
FIGO guidelines, from full dilatation of the 
cervix up to the birth of the singleton baby or 
the last baby in a multiple pregnancy (FIGO 
Safe Motherhood and Newborn Health 
(SMNH) Committee 2012, 111–16). At the start 
of the second stage, the fetal presenting part 
may or may not be fully engaged (meaning that 
the widest diameter has passed through the pel-
vic brim), and the woman may or may not have 
the urge to push (FIGO Safe Motherhood and 
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Newborn Health (SMNH) Committee 2012, 
111–16) 
Second stage may get unduly prolonged be-
cause of cephalopelvic disproportion (CPD), 
abnormal fetal position, and poor expulsive ef-
forts resulting from conduction analgesia, seda-
tion or maternal exhaustion. Many clinical fac-
tors can influence the progress of the second 
stage of labor.  
These factors include maternal characteristics, 
such as age, parity, the size and shape of the 
pelvis, height and weight, uterine contractile 
forces, soft tissue resistance, expulsion effort, as 
well as presence of medical/obstetric condi-
tions, including hypertensive disorders or 
pregestational/gestational diabetes mellitus. Fe-
tal characteristics include birth weight, fetal oc-
ciput position/degree of flexion, and station at 
complete cervical dilation (Cheng and Caughey 
2017, 547–66) 
Prolonged second stage of labor is generally as-
sociated with several maternal and perinatal 
complications, including: increased operative 
vaginal delivery (OVD), cesarean section (CS), 
third- and fourth-degree perineal tear, cervical 
injury (with increased risk of preterm delivery in 
the subsequent pregnancy), post-partum hem-
orrhage (PPH) and chorioamnionitis. Neonatal 
complications include low 5-minute APGAR 
score, admission to the Neonatal Intensive Care 
Unit, birth trauma and birth depression (Cheng 
and Caughey 2017, 547–66; FIGO Safe Moth-
erhood and Newborn Health (SMNH) Com-
mittee 2012, 111–16) 
In management of a second stage of labor, 
there is a large evidence that digital obstetric 
examination does not provide an accurate as-
sessment of the descend and position of the fe-
tal head during the first and the second stage of 
labor (Malvasi et al. 2014, 520–26).  
Investigations showed that digital obstetric ex-
amination during labor and delivery frequently 
fails to identify the correct fetal position in a 
high proportion of cases and ultrasonography 
in labor may play an important role in labor and 
delivery management (Sherer et al. 2002, 258–
63; Sherer et al. 2002, 264–68) 
Recent studies using intrapartum ultrasound 
(IU) have described objective measures of pro-
gression of the fetal head during labor, with a 
reduced error in diagnosis of fetal head position 
and progression (Malvasi et al. 2016, 2408–13) 

Prolonged second stage may be managed by 
oxytocin augmentation, instrumental delivery or 
caesarean section and the safe use of vacuum 
extractor (VE) and forceps during OVD as-
sumed the use of IU for the correct determina-
tion of the fetal head position and appropriate 
application of the instrument (Gustapane, Mal-
vasi and Tinelli 2018, 540–41).  
The use of IU is of fundamental importance for 
a safe OVD and can help in the prediction of 
whether a vaginal delivery would be successful, 
since scientific evidences suggested that IU may 
play an important role in the prediction of the 
time of onset and the progress of labor (Chor, 
Poon and Leung 2019, 31–37; Barak et al. 2018, 
9–14; Choi et al. 2016, 3988–92) 
The modern obstetric management of second 
stage is an ongoing challenge to reduce rates of 
emergency cesarean deliveries and to avoid ad-
verse maternal and neonatal outcomes, since 
spontaneous parts are reduced and maternal 
and fetal complications are increased. 
Thus, we performed a literature analysis to as-
sess the impact of IU on management of pro-
longed second stage of labor, to assess its utility 
for operative delivery and if it can reduce com-
plications. 
 
Literature analysis 
 
The safe balance between maternal and neona-
tal benefits and risks during the prolonged sec-
ond stage of labor has been hindered by a lack 
of high-quality, prospective studies. The length 
of the second stage of labor was primarily de-
fined as the duration between complete cervical 
dilation and delivery of the fetus. According to 
American College of Obstetricians and Gyne-
cologists (ACOG) Practice Bulletin No. 49 on 
Dystocia and Augmentation of Labor, a pro-
longed second stage was defined as more than 2 
hours without epidural or 3 hours with epidural 
analgesia in nulliparous women, and 1 hour 
without, or 2 hours with epidural analgesia for 
multiparous women (American College of Ob-
stetrics and Gynecology Committee on Practice 
Bulletins-Obstetrics 2003, 1445–54) The addi-
tional hour allotted for labor with epidural an-
esthesia appeared to be based on the mean ef-
fect of epidural (Albers 1999, 114–19; Albers, 
Schiff and Gorwoda 1996, 355–59) 



Andrea Tinelli, Yanyan Ma, Xuelian Gao, Antonio Malvasi 

45 

Subsequently, there were other literature data 
about the duration of the second stage of labor; 
recent recommendations often include longer 
durations in some cases, that is, that manage-
ment is individualized depending on progress 
of labor, epidural analgesia, fetal position and 
interventions (Cheng and Caughey 2017, 547–
66) 
An obstetric care consensus in 2014, on the 
safe prevention of primary CS, the ACOG and 
the Society for Maternal Fetal Medicine 
(SMFM) allow an additional 1 hour of extended 
pushing in the second stage of labor for nullipa-
rous and multiparous women before diagnosing 
second-stage arrest (Caughey et al. 2014, 179–
93)  
The extended second-stage labor represents a 
promising approach for balancing maternal and 
fetal risks, while working to reduce the rate of 
primary CS; nevertheless, the literature data are 
not yet sufficient to demonstrate the benefit of 
reducing CSs compared to maternal and fetal 
complications that may arise after a prolonged 
second stage of labor. 
We searched on PubMed/Medline, Scopus, 
Google Scholar, EMBASE, the Cochrane Da-
tabase, and a previous review the following key 
words: prolonged second stage of labor, intra-
partum ultrasound, dystocia, operative delivery, 
vacuum extractor, cesarean sections and com-
plications, to identify relevant articles published 
from 2000 and 2019 and to find the conclu-
sions to our queries.  
 
Intrapartum ultrasound in labor 
 
The literature analysis has amply demonstrated 
that, in the case of prolonged labor, the IU is 
much more reliable than the vaginal visit in the 
obstetric diagnosis of situation, position and fe-
tal progression. 
Studies largely demonstrated the major diagnos-
tic accuracy of IU to diagnose, during labor, the 
fetal head position (Sherer et al. 2002, 258–63; 
Sherer et al. 2002, 264–68), station (Dupuis et 
al. 2005, 193–97) and internal rotation (Ghi et 
al. 2009, 331–36; Malvasi et al. 2016, 2408–13) 
in the maternal pelvis, in comparison of tradi-
tional digital vaginal examination. 
Similarly, different trials report the superior di-
agnostic value of IU in the malpositions (Bel-
lussi et al. 2017, 633–41) and malrotations, 

(Simkin 2010, 61–71) during dystocic labor and 
delivery, especially in Occiput Posterior Posi-
tion (OPP) (Bellussi et al. 2017, 633–41) and 
asynclitism (Simkin 2010, 61–71). 
Moreover, the use of US did not have any nega-
tive impact on neonatal morbidity and mortali-
ty, basing on literature data. 
 
Intrapartum ultrasound in prolonged sec-
ond stage of labor 
 
Abnormal descent pattern leads to prolongation 
of the second stage of labor. This abnormal de-
scent is of two types: protracted descent and 
arrest of descent. Protracted descent is defined 
as descent of presenting part by less than 2cm 
per hour for multiparous women, and less than 
1cm per hour for primiparous women. The ar-
rest of descent is defined as no descent of the 
presenting part for more than one hour. Both 
may be an indicator of obstructed labor that 
needs an accurate IU diagnosis and a prompt 
intervention by OVD or CS. Nevertheless, pro-
longed attempts at VE are associated with neo-
natal morbidity and maternal trauma, especially 
so if the procedure is unsuccessful and an ur-
gent CS is performed.  
Moreover, important potential complications 
arising in the prolonged second stage of labor 
are fetal hypoxia and acidemia leading to “birth 
asphyxia,” failure of the presenting part to ro-
tate or descend appropriately leading to ob-
structed labor, and worsening or new manifes-
tations of maternal hypertension leading to ec-
lampsia (Sandström et al. 2017, 236–42).  
Maternal complications after a prolonged sec-
ond stage of labor are: infections, urinary reten-
tion, hematomas or ruptured sutures, especially 
in the early postpartum period; pregnants with 
pre-existing cardiac disease or severe anemia 
may be at risk of heart failure during the pro-
longed second stage, owing to the additional 
circulatory demands of active pushing (Steph-
ansson et al. 2016, 608–16) 
When patients have a delay or prolongation of 
the second stage, a prompt and thorough clini-
cal assessment by IU should be recommended, 
to rule out full bladder, malposition or/and 
malpresentation of the fetal head, apart the in-
adequate uterine activity, poor pushing effort, 
all signs of obstructed labor. 
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Thus, the IU can accurately determine fetal 
head position, station and progression in deliv-
ery canal, during the second stage of labor, and 
it can be of great help in the management of 
prolonged second stage of labor. 
An urgent CS during prolonged second stage of 
labor, “especially for a deeply engaged head” 
can be a nightmare for all obstetricians, since it 
can lead complications including: bladder injury 
while opening up of abdomen, difficulty in de-
livery of head, lateral extension of the angle 
causing broad ligament hematoma, tear of low-
er uterine segment (LUS) & downward exten-
sion of scar that may involve bladder, difficulty 
in tracing retracted LUS after surgery for which 
one may take a stay suture earlier, accidental in-
cision over vagina, PPH, puerperal infection 
and later fistula formation and pelvic organ 
prolapse (POP). 
Delivery of a deeply impacted head may pose a 
problem even during caesarean section. 
 
Intrapartum ultrasound and operative de-
livery 
 
Generally, misdiagnosis or failure to correctly 
identify the fetal head position and station is 
one of the causes of failed instrumental delivery 
and subsequently of higher rate of neonatal 
morbidity (Ben-Haroush et al. 2007, 308.e1-
308.e5; Murphy et al. 2001, 1203–7; Hiraizumi 
et al. 2012, 280–83).  
The VE and forceps are useful tools for con-
duction of vaginal delivery in prolonged second 
stage, to shorten and reduce the effects of the 
second stage of labor on maternal/fetal condi-
tions. Literature data report a failure rate of 
4%–8% for instrumental delivery, especially 
among women with risk factors such as obesity, 
fetal occipital-posterior position, and mid-cavity 
delivery (Bhide et al. 2007, 541–45; Aiken et al. 
2014, 796–803; Murphy et al. 2001, 1203–7) 
The US has been suggested as a more objective 
and reliable tool than digital vaginal examina-
tion for assessing fetal head position and station 
as well as in predicting the success of labor 
(Ghi et al. 2018, 128–39)  
Barak et al (Barak et al. 2018, 9–14) evaluated 
the impact of IU on VE attempts. They 
demonstrated that among women who also had 
an intrapartum US as part of the clinical deci-
sion-making process, during the second stage of 

labor, there was a trend toward a lower rate of 
failed VE (although not reaching a statistical 
significance), with lower rate of CS, higher rate 
of vaginal deliveries, and without significant dif-
ferences in neonatal outcome. Authors reported 
also that in the “+US” group, the CS rate was 
lower than in the “no-US” group. 
In addition, Duckelmann et (Dückelmann et al. 
2012, 484–88) evaluated the impact of IU on 
decision making for VE application, in a cohort 
of women with a prolonged second stage of la-
bor; authors showed that by using intrapartum 
US, they were able to lower the CS rate without 
increasing maternal and neonatal morbidity. 
This study concluded that the use of intrapar-
tum US can also lower the rate of failed VE at-
tempts. 
Sainz et al (Sainz et al. 2016, 1348–52) evaluat-
ed the predictive capacity of intrapartum trans-
perineal ultrasound (ITU) in prolonged second 
stage of labor, to predict cases of failure in fetal 
extraction in operative deliveries by VE. They 
evaluated the following IU parameters: Angle 
of Progression (AoP), Progression Distance 
(PD) and head direction (HD). In the trans-
verse plane, midline angle (MLA) and head-
perineum distance (HPD) were assessed. The 
VEs were classified as easy (three or less vacu-
um pulls), difficult (more than three vacuum 
pulls) or impossible (delivery completed by ce-
sarean section or CS). In the results, authors 
observed that the presence of an AoP with 
pushing <105°, a PD <25 mm, a "head-down" 
direction and a >45° MLA are very unfavorable 
ITU parameters which can be used to identify 
cases of high risk of fetal extraction failure in 
vacuum-assisted deliveries. Thus, ITU can help 
differentiate easy (3 pulls or less), hard (more 
than 3 pulls), or impossible (CS was needed) 
VE trials and that it is possible to identify high 
risk cases for failed VE by using some TPUS 
parameters. 
Chan et al (Chan et al. 2019, 192–98) evaluated 
patients in prolonged second stage of labor, 
measuring the AoP by ITU before, indicating 
an instrumental delivery or CS. Authors con-
cluded that AoP predicted approximately 80% 
of successful OVD performed for prolonged 
second stage of labor. This study’ observation 
was not surprising given that the AoP is known 
to widen as the fetal head descends along the 
birth canal, suggesting that a lowered fetal head 
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position in the pelvis might have favored vagi-
nal delivery. The study also found that median 
AoP during contraction with pushing was 20°–
30° wider than median AoP at rest, which im-
plied the presence of fetal head descent with 
maternal pushing. 
Several studies have suggested that an AoP of 
120° was associated with successful vaginal de-
livery (Sainz et al. 2016, 1348–52; Chan et al. 
2019, 192–98; Barbera et al. 2009, 313–19; 
Kalache et al. 2009, 326–30; Sainz et al. 2015, 
2041–47) but other studies suggested that AoP 
cutoff values of 105°–145.5° were associated 
with difficult or failed instrumental delivery 
(Ghi et al. 2013, 430–35; Cuerva et al. 2014, 
687–92; Bultez et al. 2016, 86–91)  
 
Gilboa et al (Gilboa et al. 2015, 399–404) eval-
uated, in a prospective study, different so-
nographic methods for the prediction of the 
difficulty and the success of OVD in pregnants 
with prolonged second stage of delivery with 
cephalic presentation. The investigated parame-
ters were the following: head station, passage of 
the biparietal diameter (BPD) of the infrapubic 
line (IPL), percentage of head after the IPL, 
head circumference after IPL were all correlat-
ed with the difficulty of OVD. When the dis-
tance between the widest diameter of the head 

and the IPL is < 1.2 cm, there is a 90 % proba-
bility of success of OVD. When that distance is 

> 3.3 cm, there is 90 % probability of cesarean 
section. When the percentage of head beyond 

the IPL was > 54 %, there was 90 % probability 
of successful OVD. 
Authors concluded that ITU was useful in the 
prediction of the difficulty and the success of 
OVD. The higher the extent of head that 
passed the IPL, the less difficult the OVD and 
the greater the success rate of the OVD. 
Kahrs et al (Kahrs et al. 2017, 69.e1-69.e10) 
evaluated, in a prospective cohort investigation 
on 222 pregnants, if ultrasound measurements 
of fetal position and station can predict dura-
tion of VE, mode of delivery, and fetal out-
come in nulliparous women with prolonged 
second stage of labor. 
The duration of VE was shorter in women with 
HPD ≤ 25 mm (log rank test <0.01). The esti-
mated median duration in women with HPD ≤ 
25 mm was 6.0 (95% confidence interval, 5.2-
6.8) minutes vs 8.0 (95% confidence interval, 

7.1-8.9) minutes in women with HPD >25 mm. 
The HPD was associated with spontaneous de-
livery with area under the curve 83% (95% con-
fidence interval, 77-89%) and associated with 
CS with area under the curve 83% (95% confi-
dence interval, 74-92%). In women with HPD 
≤35 mm, 7/181 (3.9%) were delivered by CS vs 
9/41 (22.0%) in women with HPD >35 mm (P 
<.01). Ultrasound-assessed position was occi-
put anterior in 73%. Only 3/138 (2.2%) fetuses 
in occiput anterior position and HPD ≤35 mm 
vs 6/17 (35.3%) with non-occiput anterior po-
sition and HPD >35 mm was delivered by CS. 
Umbilical cord arterial pH <7.10 occurred in 
2/144 (1.4%) women with head-perineum dis-
tance ≤35 mm compared to 8/40 (20.0%) with 
HPD >35 mm (P < .01). They concluded that 
IU has the potential to predict labor outcome in 
women with prolonged second stage of labor. 
Zipori et al (Zipori et al. 2019, 191.e1-191.e7) 
recently changed their approach to labor dysto-
cia, as recommended by ACOG/SMFM 
(Caughey et al. 2014, 179–93), extending the 
length of prolonged second stage of labor; they 
significantly decreased the primary CS rate, in 
both nulliparous and multiparous women. 
However, this practice of extending the second 
stage of labor was associated with a small rise in 
OVD among nulliparous women, as well as 
with increases in other immediate maternal 
complications, specifically, higher rates of PPH 
and of third- or fourth-degree perineal lacera-
tions. In assessing the neonatal complications, 
they noticed a higher rate of low umbilical ar-
tery cord pH in period II, but the early neuro-
logical outcome did not change. Authors con-
cluded that in a prolonged second stage of la-
bor, a CS can be done in all cases of doubt in 
order to prevent failed OVD, but a reduced 
rate of failed VE/forceps will be accompanied 
by an increased emergent CS rate. Thus, the 
benefits of safe prevention of primary CS, by 
extending the duration allowed for the second 
stage of labor, must be weighed against the po-
tential adverse maternal and neonatal outcomes. 
Muraca et al (Muraca et al. 2017, E764–72) in-
vestigated the effect OVD at mid-pelvis to re-
duce the CS rate, trying to quantify severe peri-
natal and maternal morbidity and mortality as-
sociated with attempted mid-pelvic OVD on 
more of 180000 pregnants. Among women 
with dystocia and prolonged second stage of 
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labor, mid-pelvic OVD was associated with 
higher rates of severe perinatal morbidity and 
mortality compared with CSs, especially with 
higher rates of severe birth trauma. Rates of se-
vere maternal morbidity and mortality were not 
significantly different after OVD, although 
rates of obstetric trauma were higher. 
Authors concluded that mid-pelvic OVD was 
associated with higher rates of severe birth 
trauma and obstetric trauma, whereas overall 
rates of severe perinatal and maternal morbidity 
and mortality vary by indication and operative 
instruments. 
 
Conclusions 
 
During a prolonged second stage of labor, as-
sessments of the balance of risks and benefits 
between mid-pelvic OVD and CS have tended 
to favor the latter option in recent decades to 
reduce maternal neonatal complications (Sand-
ström et al. 2017, 236–42; Shmueli et al. 2017, 
886–89; Altman et al. 2015, 1209–15; Salman et 
al. 2017, 1145–50; Stephansson et al. 2016, 
608–16) and this has contributed to a rising rate 
of CS worldwide (Zizza et al. 2011, 161–73; 
Boerma et al. 2018, 1341–48)  
Diagnosing and managing of a prolonged sec-
ond stage of labor is challenging, and prolonged 
second stage diagnoses will affect 10% to 14% 
of nulliparous and 3% to 3.5% of multiparous 
women (Cheng and Caughey 2015, 227–40)  
Currently, the decision to perform OVD is tra-
ditionally based on subjective assessment by 
digital vaginal examination and clinical expertise 
and there is currently no method of objectively 
quantifying the likelihood of successful delivery.  
The routine uses of IU or ITU should be en-
couraged during labor and in delivery room 
since there is large scientific evidence that digi-
tal obstetric examination either for the determi-
nation of fetal head position during labor or in 
the descent of the head in the birth canal is not 
accurate and IU is effective and feasible for a 
correct diagnosis (Tinelli, Di Renzo and Malvasi 
2015, 310–11; Malvasi et al. 2015, 1890–94; 
Gustapane, Malvasi and Tinelli 2018, 540–41)  
Moreover, for the successful and safe use of 
OVD, the correct determination of the fetal 
head position and appropriate application of 
the instrument by IU or ITU can reduce also 
the medical legal liability for VE failure or ma-

ternal and neonatal complications (Malvasi et al. 
2018, 1108–9; Eggermont 2015, 87–95)  
In fact, the IU demonstrated, also in such case, 
its great utility and precision in indicate, indi-
rectly, the correct placement of the vacuum cup 
on the flexing point and placement of the for-
ceps blades parallel to the sagittal suture. 
Both features are associated with high success 
rate and reduction in maternal and fetal mor-
bidity, since OVD is an integral part of obstet-
ric care and is indicated for prolonged second 
stage of labor or fetal compromise or to short-
en the second stage of labor for maternal indi-
cations. 
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