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Abstract 

Background  Emergency caesarean section (ECS) is an effective method for rapid termination of pregnancy 
and for saving maternal and foetal life in emergencies. Experts recommend that the interval from decision of opera-
tion to the decision to delivery interval (DDI) should be shortened as much as possible. Studies have shown 
that improving communication skills among staff by performing simulation drills shortens DDI, thus reducing 
the occurrence of adverse obstetric events and protecting maternal and child safety. In situ simulation (ISS) train-
ing is a simulation-based training approach for clinical team members conducted in a real-world clinical setting. In 
August 2020, Anhui Maternal and Child Health Hospital began ISS training on the rapid obstetric response team (RRT) 
in our hospital area for emergency caesarean section. This study aimed to investigate the effect of implementing 
in situ simulation training for emergency caesarean section on maternal and child outcomes by comparing maternal 
and child-related data on emergency caesarean section in two hospital areas.

Methods  Data on cases of emergency caesarean delivery implemented in two hospital districts from August 2020 
to August 2022 were collected: 19 in the untrained group and 26 in the training group. The two groups were com-
pared concerning the interval from the decision of operation to the decision to delivery interval (DDI), the interval 
from the decision of operation to the initiation of skin incision, the interval from skin incision to the decision to deliv-
ery interval, and the neonatal situation.

Results  Primary outcome comparison: The training group had a significantly shorter interval between the DDI 
compared to the untrained group (8.14 ± 3.13 vs. 11.03 ± 3.52, P = 0.006). Secondary outcomes comparison: The train-
ing group had a significantly shorter interval between the decision to cut skin compared to the untrained group 
(6.45 ± 2.21 vs. 9.95 ± 4.02, P = 0.001). However, there was no significant difference in the interval between cutting skin 
and infant delivery between the two groups (2.24 ± 0.08 vs. 2.18 ± 0.13, P > 0.05). Additionally, the Apgar score at 1 min 
after birth was higher in the training group compared to the untrained group (7.29 ± 2.38 vs. 6.04 ± 1.46, P < 0.05).

Conclusions  The DDI for emergency caesarean section procedures can be significantly shortened, and neona-
tal Apgar scores at 1 min improved by implementing in situ simulation training for emergency caesarean section 
in obstetric rapid response teams. In situ simulation training is an effective tool for training in emergency caesarean 
section procedures and is worth promoting.

*Correspondence:
Yin Wang
393153144@qq.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12909-023-04772-6&domain=pdf


Page 2 of 7Wang et al. BMC Medical Education          (2023) 23:781 

Keywords  In situ simulation training, Obstetric rapid response team, Emergency caesarean section, Decision delivery 
interval, Maternal and infant outcomes

Background
Emergency caesarean section (ECS) is an effective 
method for rapid termination of pregnancy and for sav-
ing maternal and foetal life in emergencies. Emergency 
cesarean sections are frequently associated with high 
maternal and neonatal mortality rates [1].

As a measure of standard of care, the decision-to-
delivery interval of emergency caesareans has become an 
important determinant of perinatal outcomes [2]. Experts 
recommend that the interval from decision of operation 
to the decision to delivery interval (DDI) should be short-
ened as much as possible [3]. According to the American 
College of Obstetricians and Gynecologists, the interval 
between the decision to perform a caesarean section and 
delivery of the fetus should not exceed 30 min [4].

Studies have shown that improving communication 
skills among staff by performing simulation drills short-
ens DDI [5, 6], thus reducing the occurrence of adverse 
obstetric events and protecting maternal and child safety 
[7]. In situ simulation (ISS) training is defined as “simu-
lating in the actual patient care setting or environment so 
as to achieve an extremely realistic level of fidelity” [8]. It 
is a simulation-based training approach for clinical team 
members conducted in a real-world clinical setting [8]. 
As well as improving the performance of new hospital 
units and protocols, in-situ simulation has been shown 
to be highly effective for identifying and correcting latent 
safety threats [9].

In August 2020, Anhui Maternal and Child Health Hos-
pital began ISS training on the rapid obstetric response 
team (RRT) in our hospital area for emergency caesar-
ean section. This study aimed to investigate the effect of 
implementing in  situ simulation training for emergency 
caesarean section on maternal and child outcomes by 
comparing maternal and child-related data on emergency 
caesarean section in two hospital areas.

Methods
Clinical data
Our facility consists of two hospital districts located in 
different parts of the urban area, specifically referred to 
as our headquarters and western districts. The two dis-
tricts exhibit similarities in terms of their size, facilities, 
and staffing. Since August 2020, regular in-situ simula-
tion training for emergency cesarean section has been 
conducted for the obstetric Rapid Response Team (RRT) 
in our headquarters, whereas such training has not been 

organized in western districts. The training group con-
sisted of emergency cesarean sections performed in 
the delivery room of our headquarters, while the non-
training group comprised emergency cesarean sections 
performed in the delivery room of the western districts. 
According to guidelines established by our institutional 
system, indications for initiating an emergency cesarean 
section in the delivery room include umbilical cord pro-
lapse, severe fetal distress, uterine rupture, placenta pre-
via bleeding, amniotic fluid embolism, and other acute 
and critical situations that pose an imminent threat to the 
well-being of the mother and child. Prolonged decelera-
tion lasting more than 5 min was defined as severe fetal 
distress [10]. The 24-h-duty staff in the delivery rooms of 
the two hospital areas included two first-line doctors, one 
general obstetric resident, one anaesthetist, one anaes-
thetic nurse, and one midwife (6–10). Paediatricians and 
second- and third-line physicians were on duty for 24 h 
in the hospital. In situ simulation training for emergency 
caesarean section on RRT for obstetrics in our hospital 
district has been organised regularly since August 2020. 
All cases in which ECs were implemented in the operat-
ing room of the delivery room of two hospitals from Sep-
tember 2020 to August 2022 were collected, resulting in 
a total of 47 cases, including 19 cases in the untrained 
group of the western hospital and 26 cases in the train-
ing group of our hospital area. Considering that the effect 
of training may not immediately affect clinical outcomes, 
2 cases in the month of training initiation (August 2020) 
were not included in the study.

In situ simulation training process
Upfront preparation
The medical office coordinated and established a simu-
lation exercise team, and the director of the birthing 
center acted as the leader. Lectures were organised before 
simulation training to introduce knowledge related to 
emergency caesarean section procedures and in  situ 
simulation training, including the delivery room environ-
ment, indications for emergency caesarean section pro-
cedures, and surgical process considerations. Training 
rounds occur semiannually. Each round lasted 4 weeks, 
began at 4 pm three weeks into the training period, and 
was completed by 3 sets of personnel each time. Train-
ing set: delivery room. Participating trainers: obstetri-
cians, midwives, anaesthesiologists, and neonatologists 
of all shifts, divided into 12 groups, each containing 
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one second-line physician (repeated grouping by ten 
attending and above physicians), one total obstetric stay 
(repeated grouping by two attending and above physi-
cians), two residents, three midwives, one anaesthesi-
ologist (repeated grouping by ten anaesthesiologists), 
one anaesthesia nurse (two anaesthesia nurses repeated 
grouping) and one neonatologist (four paediatricians 
repeated grouping). Attend to the individual roles and 
tasks of the personnel. All enrollees were required to par-
ticipate in at least one in situ simulation training session. 
The team leader commanded and timed and third-line 
physicians (four obstetric ward directors) observed and 
hosted posttraining discussions and comments.

Implementation process
A prolapsed cord was used as the subject for the sce-
nario. A high-fidelity simulation was accomplished using 
a mannequin with a fetus and varying fetal heart tones 
to mimic a prolapsed cord. The first responder was the 
midwife, who noted the cord prolapse. The actual alarm 
bells on the unit were used to alert the other partici-
pants. Obstetricians, anesthetists, and pediatricians all 
responded, took on their usual roles, and performed their 
respective tasks. This included applying pressure on the 
fetal head, communicating with the family, initiating gen-
eral anesthesia, beginning surgery, and resuscitation of 
the newborn.

Postsimulation site evaluation and discussion
After on-site evaluation and discussion after simulation, 
the team members fill in the satisfaction questionnaire on 
site. The satisfaction questionnaire was designed and pre-
pared by ourselves in combination with the actual situ-
ation of the hospital after consulting the literature [11], 
and the content put forward 6 questions centering on the 
simulated training:① Whether the training objectives 
are clear; ② Whether the training scenarios are related 
to clinical practice;③ whether the established learning 
objectives have been achieved;④ Whether the knowl-
edge gained from this training can influence their clini-
cal practice;⑤ Whether this training has enhanced their 
confidence in treating patients in crisis;⑥ Whether this 
training has given you more new knowledge and skills. 
Participants were asked how much they agreed with this 
question using a 5-point Likert scale (strongly agree, 
agree, fair, disagree, strongly disagree). After the comple-
tion of the questionnaire collection, on-site discussion 
was conducted. First, team members made self-evalua-
tion and reflected on their own and team performance. 
Then, third-line doctors made comments, including the 

operation completion degree, cooperation degree and 
DDI of each member. Finally, the improvement contents 
were proposed.

Outcome measures
Primary outcomes: DDI; Secondary outcomes: train-
ees’ satisfaction with the training, demographics of 
both groups, decision to incision interval, incision to 
fetal delivery interval, indications for cesarean sec-
tion, operation time, intraoperative bleeding, neonatal 
birth weight, 1 min Apgar score, 5 min Apgar score and 
length of patient stay.

Statistical methods
The data were statistically analysed by IBM SPSS 23.0 
software, and the data were measured as mean ± stand-
ard deviation. Normally distributed data were com-
pared by t test, and nonnormally distributed data were 
compared by rank sum test. Count data were compared 
with χ2 or Fisher’s exact test. P < 0.05 was considered 
statistically significant.

Results
Trainee satisfaction with training effectiveness
A total of 92 individuals participated in the training, and 
92 questionnaires were distributed in total, with a recov-
ery rate of 100%. The results showed that 100% of the 
trainees believed that the training objectives were clear 
and the training scenarios were relevant to clinical prac-
tice, 97.83% believed that they met the established learn-
ing objectives and believed that the knowledge gained 
from this training could affect their own clinical practice, 
95.65% believed that the training enhanced their con-
fidence in treating patients in the event of a crisis, and 
98.91% believed that they benefited significantly (Table 1).

Comparison of demographics between the two groups
The untrained group with 19 cases accounted for 1.32% 
(19/1440) of caesarean deliveries in delivery rooms 
during the same period, and the trained group with 26 
cases accounted for 1.37% (26/1900) of caesarean deliv-
eries in delivery rooms during the same period. The 
demographics of the two groups were compared, and 
there was no significant difference (P > 0.05) (Table 2).

DDI comparison between the two groups
The interval between the DDI and decision to cut the 
skin was significantly shorter in the training group 
than in the untrained group (P < 0.05), and the interval 
between cutting the skin and foetal delivery was not 
significantly different between the two groups (P > 0.05) 
(Table 3).
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Comparison of Surgery, neonatal condition and length 
of hospital stay between the two groups
There were no significant differences between the two 
groups in the indication for surgery, operation time, 
blood loss, neonatal birth weight and length of hospi-
tal stay (P > 0.05). The Apgar scores at one minute of 
neonatal birth were higher in the training group than 
in the untrained group, with statistically significant 
differences (P < 0.05). There was no statistically signifi-
cant difference observed in the incidence of new-borns 
with a 5-minute Apgar score below 7 between the two 
groups (Table 4).

Discussion
 In theory, ameliorating DDIs and shortening the 
time that a foetus is subjected to acute stress should 
improve outcomes. The standard of 30  min for DDI is 
routine practice [12]. Control of DDI within 5  min is 

recommended for moribund caesarean Sect. [13]. How-
ever, studies exploring the relationship between DDIs 
and maternal and foetal outcomes were conflicting. Some 
studies showed that shortening DDIs in the ECS could 
improve early neonatal outcomes [14] while other studies 
concluded that the neonatal outcomes were not necessar-
ily adversely affected when DDIs exceeded 30 min [15]. In 
this study, along with the obvious shortening of the DDI, 
the Apgar scores of newborns at 1 min after birth in the 
training group were higher than those in the untrained 
group, affirming the importance of shortening the DDI. 
In addition, the DDI of cases in this study, whether in 
the untrained or trained group, was significantly shorter 
than in other studies [16]. This may be related to the fact 
that members of the ECS team at our institution are on 
call 24 h, midwives act directly as instrument nurses, and 
the surgeon (both attending physicians and second-line 
physicians) are skilled and can control the skin incision 

Table 1  Trainee satisfaction with training

Strongly agree
n(%)

Agree
n(%)

General
n(%)

disagree
n(%)

Strongly disagree
n(%)

The goals of training are clear 92 (100.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.000

Training scenarios and relevance to clinical practice 92 (100.00 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

The established study objectives were met 90 (97.83) 2 (2.17) 0 (0.00) 0 (0.00) 0 (0.00)

The knowledge gained from this training can influence one’s 
own clinical practice

90 (97.83) 2 (2.17) 0 (0.00) 0 (0.00) 0 (0.00)

This training enhanced one’s own confidence in treating 
patients in the event of a crisis

88 (95.65) 4 (4.35) 0 (0.00) 0 (0.00) 0 (0.00)

Training lets yourself harvest more new knowledge and skills 91 (98.91) 1 (1.09) 0 (0.00) 0 (0.00) 0 (0.00)

Table 2  Comparison of demographics between the two groups

Group Untrained group Training group t Value P Value
(n=19) (n=26)

Years (years) 24.1 ± 3.8 26.4 ± 5.1 -1.656 0.105

BMI(kg/m2) 27.2 ± 3.1 26.3 ± 2.2 1.140 0.260

Gestational weeks (wk) 37.1 ± 3.8 37.0 ± 4.6 0.077 0.939

Gravidity 2.3 ± 1.3 2.2 ± 1.1 0.279 0.782

Parity 1.2 ± 1.1 1.0 ± 0.7 0.745 0.460

Table 3  Comparison of the DDI between the two groups

Group Untrained group Training group t value P Value
(n=19) (n=26)

DDI(min) 11.03 ± 3.52 8.14 ± 3.13 2.903 0.006

Decision to cut skin interval (min) 9.95 ± 4.02 6.45 ± 2.21 3.742 0.001

Interval between skin resection and infant 
delivery (min)

2.18 ± 0.13 2.24 ± 0.08 -1.913 0.062
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to infant delivery interval to within 3 min. It may also be 
related to the indication for surgery when implement-
ing ECs, the absence of a scarred uterus in the study, and 
other cases of significantly lower DDI [5].

Shortening DDIs is challenging in practical situations. 
A skilled and well-trained obstetric RRT is needed, and 
team members include obstetrics, anaesthesiology, neo-
natologists, midwives, anaesthesia nurses, and other 
staff [16]. However, ECS is a rare clinical event, and 
ECS in our hospital accounts for only 1.41% (47/3340) 
of transferred caesarean deliveries in the delivery room 
during the same period. It is not realistic to rely on the 
cumulative experience of RRT in obstetrics in clinical 
practice. Research has shown that simulation training is 
an effective tool in crisis resource management teach-
ing; can improve team confidence, behaviour, and task 
knowledge; and can effectively prevent errors [17]. ISS 
training was conducted in a real-world clinical setting. 
Studies have confirmed that ISS training of the ECS for 
obstetric RRT can reduce the interval time from diagno-
sis to admission to the operating room [16, 18] as well 
as DDI [16, 19] and increase the proportion of cases 
achieving the target time (within 30 min) [20, 21]. In this 
study, it was similarly found that after training, the DDI 
was significantly shorter, and the reason for the shorter 
DDI was attributed to the shorter interval from the deci-
sion to skin cutting, confirming the effectiveness of ISS 
training. ISS training is an effective tool for ECS train-
ing. The first is the high compliance of the participating 
personnel, and studies have shown that trainees believe 
such simulation is more realistic and are therefore more 
willing to participate [22]. Second, ISS training not only 
improves teamwork and clinical practice but also helps 
identify barriers that exist in real-life scenarios. Ham-
man et  al. [23] found from 40 field simulations that 

personnel did not know enough about the identification 
of items, and it was difficult to find the required drugs 
and equipment during actual operation. Postidenti-
fication targeted design solutions and interventions, 
resulting in increased work productivity, which non-ISS 
training cannot do. Then, other health care workers in 
the field who are not involved in ISS training can act as 
observers and have the opportunity to improve team-
work skills by observing the simulation and participating 
in debriefing, even if they are not involved in the simula-
tion in person [24].

Limitations
Our study has some limitations that we would like to 
highlight: first of all the diagnosis of neonatal asphyxia 
could not be established with the detection of umbilical 
artery pH because of conditional limitations, and the lack 
of long-term follow-up results precluded drawing results 
on long-term neonatal outcomes such as the incidence of 
cerebral palsy. Moreover, the interval from the appear-
ance of an abnormal condition to the decision to perform 
ECS is strongly associated with foetal prognosis [25], but 
this time is not constant and depends on the decision-
making ability of the obstetrician, which seems to be a 
major but difficult limitation to avoid.

Conclusions
In conclusion, the DDI for emergency caesarean section 
procedures can be significantly shortened, and neonatal 
Apgar scores at 1 min improved by implementing in situ 
simulation training for emergency caesarean section in 
obstetric rapid response teams, which is highly recog-
nised by the trainees. In  situ simulation training is an 
effective tool for training in emergency caesarean section 
procedures and is worth promoting.

Table 4  Comparison of surgery, neonatal condition and length of hospital stay between the two groups

a  The minimum theoretical frequency of indications for caesarean delivery, 0.4222222, < 1, was statistically tested using Fisher’s exact probability

Group Untrained group Training group t/χ2-Value P Value
(n=19) (n=26)

Indications for caesarean section a foetal distress 7(36.8%) 9(34.6%) 1.000

Umbilical cord prolapse 10(52.6%) 14(53.9%)

Abruptio placenta 2(10.6%) 2(7.7%)

Negligible transverse position 0(0%) 1(3.8%)

Operative time(min) 53.1 ± 11.3 52.1 ± 11.7 0.287 0.775

Blood loss(ml) 435 ± 130.1 415 ± 89.6 0.611 0.544

birth weight(g) 3401.7 ± 300.1 3389 ± 320.3 0.135 0.893

Apgar score at 1 min 6.04 ± 1.46 7.29 ± 2.38 2.204 0.049

5-minute Apgar score < 7 1(5.0%) 2(7.7%) 0.134 0.714

Length of hospital stay 6.17 ± 2.31 7.05 ± 2.27 -1.275 0.209
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Abbreviations
ECS	� Emergency caesarean section
DDI	� Decision to delivery interval
RRT​	� Rapid obstetric response team
ISS	� In situ simulation

Acknowledgements
We would like to thank the patients who participated in this study.

Authors’ contributions
Conceptualization, Y.W,X.C.; formal analysis, Y.W,X.C.; investigation D.L, X.W,C.Z.; 
data curation, Y.W,X.C.; writing—original draft preparation Y.W,X.C.; supervision 
Y.W,X.C; project administration, Y.W,X.C.; All authors have read and agreed to 
the published version of the manuscript.

Funding
This research was funded by Anhui Province Maternity and Child Health 
Hospital.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethical Review Board of Anhui Province 
Maternity and Child Health Hospital (YYLL2021-2-3-07-02) and was conducted 
according to the principles of the Declaration of Helsinki. Written informed 
consent was obtained from the patient after an explanation of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Obstetrics and Gynecology, Anhui Province Maternity 
and Child Health Hospital, Hefei, China. 2 Anhui, China. 

Received: 1 March 2023   Accepted: 13 October 2023

References
	1.	 Hughes NJ, Namagembe I, Nakimuli A, Sekikubo M, Moffett A, Patient CJ, 

Aiken CE. Decision-to-delivery interval of emergency cesarean section 
in Uganda: a retrospective cohort study. BMC Pregnancy Childbirth. 
2020;20(1):324. https://​doi.​org/​10.​1186/​s12884-​020-​03010-x.

	2.	 Oppong SA, Tuuli MG, Seffah JD, Adanu RM. Is there a safe limit of delay 
for emergency caesarean section in Ghana? Results of analysis of early 
perinatal outcome. Ghana Med J. 2014;48(1):24–30. https://​doi.​org/​10.​
4314/​gmj.​v48i1.4.

	3.	 Khumalo M, Leonard T, Scribante J, Perrie H. A retrospective review of 
decision to delivery time interval for foetal distress at a Central Hospital. 
Int J Womens Health. 2022;14:1723–32. https://​doi.​org/​10.​2147/​ijwh.​
S3825​18.

	4.	 Proctor-Brown LA, Cheong SH, Diel de Amorim M. Impact of decision to 
delivery time of fetal mortality in canine caesarean section in a referral 
population. Veterinary Med Sci. 2019;5(3):336–44. https://​doi.​org/​10.​
1002/​vms3.​163.

	5.	 Weiner E, Bar J, Fainstein N, Ben-Haroush A, Sadan O, Golan A, Kovo M. 
The effect of a program to shorten the decision-to-delivery interval for 
emergent cesarean section on maternal and neonatal outcome. Am J 
Obstet Gynecol. 2014;210(3):224.e221-226. https://​doi.​org/​10.​1016/j.​ajog.​
2014.​01.​007.

	6.	 Lipman SS, Carvalho B, Cohen SE, Druzin ML, Daniels K. Response times 
for emergency cesarean delivery: use of simulation drills to assess and 

improve obstetric team performance. J Perinatol. 2013;33(4):259–63. 
https://​doi.​org/​10.​1038/​jp.​2012.​98.

	7.	 Cox T, Seymour N, Stefanidis D. Moving the needle: simulation’s impact 
on patient outcomes. Surg Clin North Am. 2015;95(4):827–38. https://​doi.​
org/​10.​1016/j.​suc.​2015.​03.​005.

	8.	 Wang CJ, Lin SY, Tsai SH, Shan YS. Implications of long-term low-fidelity 
in situ simulation in acute care and association with a reduction in 
unexpected cardiac arrests: a retrospective research study. PLoS One. 
2019;14(3):e0213789. https://​doi.​org/​10.​1371/​journ​al.​pone.​02137​89.

	9.	 Munzer BW, Bassin BS, Peterson WJ, Tucker RV, Doan J, Harvey C, Sefa N, 
Hsu CH. In-situ simulation use for rapid implementation and process 
improvement of COVID-19 airway management. Western J Emerg Med. 
2020;21(6):99–106. https://​doi.​org/​10.​5811/​westj​em.​2020.7.​48159.

	10.	 Practice bulletin no. 116: management of intrapartum fetal heart rate 
tracings. Obstet Gynecol. 2010;116(5):1232–1240. https://​doi.​org/​10.​
1097/​AOG.​0b013​e3182​004fa9.

	11.	 Rajakumar C, Garber A, Rao PM, Rousseau G, Dumitrascu GA, Posner GD. 
Umbilical cord prolapse in a labouring patient: a multidisciplinary and 
interprofessional simulation scenario. Cureus. 2017;9(9):e1692. https://​doi.​
org/​10.​7759/​cureus.​1692.

	12.	 Gupta S, Naithani U, Madhanmohan C, Singh A, Reddy P, Gupta A. Evalu-
ation of decision-to-delivery interval in emergency cesarean section: a 
1-year prospective audit in a tertiary care hospital. J Anaesthesiol Clin 
Pharmacol. 2017;33(1):64–70. https://​doi.​org/​10.​4103/​0970-​9185.​202197.

	13.	 Jeejeebhoy FM, Zelop CM, Windrim R, Carvalho JC, Dorian P, Morrison LJ. 
Management of cardiac arrest in pregnancy: a systematic review. Resuscita-
tion. 2011;82(7):801–9. https://​doi.​org/​10.​1016/j.​resus​citat​ion.​2011.​01.​028.

	14.	 Pulman KJ, Tohidi M, Pudwell J, Davies GA. Emergency caesarean section 
in obese parturients: is a 30-Minute decision-to-incision interval feasible? 
J Obstet Gynecol Can. 2015;37(11):988–94. https://​doi.​org/​10.​1016/​
s1701-​2163(16)​30048-2.

	15.	 Dupuis O. Decision-to-incision times and maternal and infant outcomes. 
Obstet Gynecol. 2006;108(5):1297–8. https://​doi.​org/​10.​1097/​01.​Aog.​
00002​44985.​03231.​21. (author reply 1298).

	16.	 Iitani Y, Tsuda H, Ito Y, Moriyama Y, Nakano T, Imai K, Kotani T, Kikkawa F. 
Simulation training is useful for shortening the decision-to-delivery inter-
val in cases of emergent cesarean section. J Matern Fetal Neonatal Med. 
2018;31(23):3128–32. https://​doi.​org/​10.​1080/​14767​058.​2017.​13651​26.

	17.	 Satin AJ. Simulation in obstetrics. Obstet Gynecol. 2018;132(1):199–209. 
https://​doi.​org/​10.​1097/​aog00​00000​00000​2682.

	18.	 Marzano D, Smith R, Mhyre JM, Seagull FJ, Curran D, Behrmann S, 
Priessnitz K, Hammoud M. Evaluation of a simulation-based curricu-
lum for implementing a new clinical protocol. Int J Gynaecol Obstet. 
2016;135(3):333–7. https://​doi.​org/​10.​1016/j.​ijgo.​2016.​06.​022.

	19.	 Siassakos D, Hasafa Z, Sibanda T, Fox R, Donald F, Winter C, Draycott T. 
Retrospective cohort study of diagnosis-delivery interval with umbilical 
cord prolapse: the effect of team training. BJOG. 2009;116(8):1089–96. 
https://​doi.​org/​10.​1111/j.​1471-​0528.​2009.​02179.x.

	20.	 Fransen AF, van de Ven J, Merién AE, de Wit-Zuurendonk LD, Houterman 
S, Mol BW, Oei SG. Effect of obstetric team training on team perfor-
mance and medical technical skills: a randomised controlled trial. BJOG. 
2012;119(11):1387–93. https://​doi.​org/​10.​1111/j.​1471-​0528.​2012.​03436.x.

	21.	 Fuhrmann L, Pedersen TH, Atke A, Møller AM, Østergaard D. Multidisci-
plinary team training reduces the decision-to-delivery interval for emer-
gency caesarean section. Acta Anaesthesiol Scand. 2015;59(10):1287–95. 
https://​doi.​org/​10.​1111/​aas.​12572.

	22.	 Sørensen JL, Østergaard D, LeBlanc V, Ottesen B, Konge L, Dieckmann 
P, Van der Vleuten C. Design of simulation-based medical education 
and advantages and disadvantages of in situ simulation versus off-site 
simulation. BMC Med Educ. 2017;17(1):20. https://​doi.​org/​10.​1186/​
s12909-​016-​0838-3.

	23.	 Hamman WR, Beaudin-Seiler BM, Beaubien JM, Gullickson AM, Gross AC, 
Orizondo-Korotko K, Fuqua W, Lammers R. Using in situ simulation to 
identify and resolve latent environmental threats to patient safety: case 
study involving a labor and delivery ward. J Patient Saf. 2009;5(3):184–7. 
https://​doi.​org/​10.​1097/​PTS.​0b013​e3181​b35e6c.

	24.	 Lai A, Haligua A, Dylan Bould M, Everett T, Gale M, Pigford AA, Boet S. 
Learning crisis resource management: practicing versus an observational 
role in simulation training - a randomized controlled trial. Anaesth Crit 
care pain Med. 2016;35(4):275–81. https://​doi.​org/​10.​1016/j.​accpm.​2015.​
10.​010.

https://doi.org/10.1186/s12884-020-03010-x
https://doi.org/10.4314/gmj.v48i1.4
https://doi.org/10.4314/gmj.v48i1.4
https://doi.org/10.2147/ijwh.S382518
https://doi.org/10.2147/ijwh.S382518
https://doi.org/10.1002/vms3.163
https://doi.org/10.1002/vms3.163
https://doi.org/10.1016/j.ajog.2014.01.007
https://doi.org/10.1016/j.ajog.2014.01.007
https://doi.org/10.1038/jp.2012.98
https://doi.org/10.1016/j.suc.2015.03.005
https://doi.org/10.1016/j.suc.2015.03.005
https://doi.org/10.1371/journal.pone.0213789
https://doi.org/10.5811/westjem.2020.7.48159
https://doi.org/10.1097/AOG.0b013e3182004fa9
https://doi.org/10.1097/AOG.0b013e3182004fa9
https://doi.org/10.7759/cureus.1692
https://doi.org/10.7759/cureus.1692
https://doi.org/10.4103/0970-9185.202197
https://doi.org/10.1016/j.resuscitation.2011.01.028
https://doi.org/10.1016/s1701-2163(16)30048-2
https://doi.org/10.1016/s1701-2163(16)30048-2
https://doi.org/10.1097/01.Aog.0000244985.03231.21
https://doi.org/10.1097/01.Aog.0000244985.03231.21
https://doi.org/10.1080/14767058.2017.1365126
https://doi.org/10.1097/aog0000000000002682
https://doi.org/10.1016/j.ijgo.2016.06.022
https://doi.org/10.1111/j.1471-0528.2009.02179.x
https://doi.org/10.1111/j.1471-0528.2012.03436.x
https://doi.org/10.1111/aas.12572
https://doi.org/10.1186/s12909-016-0838-3
https://doi.org/10.1186/s12909-016-0838-3
https://doi.org/10.1097/PTS.0b013e3181b35e6c
https://doi.org/10.1016/j.accpm.2015.10.010
https://doi.org/10.1016/j.accpm.2015.10.010


Page 7 of 7Wang et al. BMC Medical Education          (2023) 23:781 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	25.	 Kotarski J, Bobiński M. Decision-to-delivery interval (DDI) for emer-
gency cesarean sections in Polish healthcare system. Ginekol Pol. 
2014;85(6):451–5. https://​doi.​org/​10.​17772/​gp/​1752.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.17772/gp/1752

	Effect of in situ simulation training for emergency caesarean section on maternal and infant outcomes
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Clinical data
	In situ simulation training process
	Upfront preparation

	Implementation process
	Postsimulation site evaluation and discussion
	Outcome measures
	Statistical methods

	Results
	Trainee satisfaction with training effectiveness
	Comparison of demographics between the two groups
	DDI comparison between the two groups
	Comparison of Surgery, neonatal condition and length of hospital stay between the two groups

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


