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Objective: To discuss the application value of the plan–do–check–act (PDCA) cycle in shortening the decision to delivery interval
(DDI) time.
Methods: A total of 106 DDI cases from the Ningbo Women and Children’s Hospital (China) from January 2019 to December 2020 were
selected as the subjects of this study. The causes for the prolongation of DDI were analyzed and protocols were developed. Through
continuous summaries and improvement, a standardized process was established to direct clinical application, ie, the PDCA cycle.
Results: The DDI was shortened from 14.26 min in 2019 to 12.18 min in 2020 and the neonatal asphyxia rate significantly decreased
from 34.69% in 2019 to 12.50% in 2020 (P < 0.05).
Conclusion: The PDCA cycle management mode effectively shortened the DDI time and reduced the neonatal asphyxia rate, without
increasing adverse maternal outcomes.
Keywords: PDCA cycle, emergency C-delivery, DDI, neonatal, asphyxia

Introduction
For acutely and critically ill pregnant women, performing a Cesarean (C)-delivery for the rapid termination of
a pregnancy is an effective approach when it comes to saving the lives of both the mother and the fetus and improving
the maternal and infant prognosis. The American College of Obstetricians and Gynecologists (ACOG, 1989) suggests
that an emergency C-delivery and the decision to delivery interval (DDI) time should not exceed 30 minutes.1 In an
exceptional emergency, when conducting an immediate C-delivery to save the lives of the mother and the fetus, the DDI
should be equal to or less than 5 minutes.2 Shortening the DDI time has always been a major concern in the obstetrics
department of our hospital. It is, however, difficult for conventional management methods to achieve success in this
regard because DDI time involves numerous links.

In recent years, some studies have proposed applying the Plan-Do-Check-Act (PDCA) cycle management in various
types of surgical management, where it plays a positive role in the nursing management of the diagnosis and treatment of
various diseases.3,4 The PDCA cycle, also known as the Daiming cycle, is an effective way to solve problems and
implement solutions.5 Four consecutive stages characterize it: (I) Plan: find, describe, and dissect problems; (II) Do:
study and discuss effective countermeasures; (III) Check: test the specific implementation effect of protocols

and analyze whether there are methods and measures for improvement; (IV) Act: specifically apply the scheme to
clinical practice. Therefore, the purpose of this experiment is to study whether good results can be obtained by applying
PDCA cycle to shorten DDI time.

Materials and Methods
General Materials
A retrospective studymethodwas adopted for the current research. A total of 106DDI cases were selected from our hospital from
January 2019 to December 2020 as the study subjects. Cause analysis, causal factor analysis, and root cause analysis were
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conducted for the prolongation of DDI time. Additionally, relevant protocols were developed. Through continued summaries and
improvement implementation, a standardized process was established to direct the clinical practice. This study was conducted in
accordance with the declaration of Helsinki and approved by the Ethics Committee of Ningbo Women and Children’s Hospital.
Written informed consent was obtained from all participants.

Study Methods
Planning
In 2019, our hospital had an average DDI time of 14.40minutes, a neonatal asphyxia rate of 34%, a DDI of more than 30minutes
for 4% of the selected cases, and a 5-minute C-delivery rate of only 8.33% in the delivery room. Through investigation and
authentication, brainstorming discussions were conducted to analyze the factors impacting DDI time; a process study on DDI
prolongation cases was also again conducted. The subsequently derived causes were made into a fishbone diagram (Figure 1).

Through a demonstration via Plato analysis, three aspects were identified as major causes, ie, a defective process,
a lack of first-aid experience, and poor cooperation among departments (as shown in Figure 2).

We set a target to shorten the emergency DDI time to within 30 minutes and the DDI in the delivery room to
within 5 minutes. Improvement measures were developed for the major causes. Multi-disciplinary cooperation was
carried out among the obstetrics emergency department, the obstetrics ward, the delivery room, the anesthesiology
department, the operating room, the neonatology department, the laboratory department, the blood transfusion
department, the B-ultrasound room, and the fetal heart-rate monitoring room. The different team members worked
together on the development of countermeasures for the causes shown in Figure 1, monthly continuous monitoring,
and towards the continued improvement of quality.

Do
Process Improvement

Simplifying the Surgical Process. As conventional surgical steps before the delivery of a newborn can take a long time to
complete, the routine surgical disinfection was replaced by directly applying disinfectant within the disinfection area. After

Figure 1 Fishbone diagram of cause.
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disinfection was complete, the assistants washed their hands and directly spread surgical drapes and covered the incision site with
surgical film. The operating rooms were equipped with simplified DDI operation kits that included disposable scalpels, curved
forceps, a wire retractor, as well as gauze, to rapidly begin the operation for delivery of the newborn.
Improving DDI Time First-Aid Processes at Different Start Places. Processes are improved separately at different DDI
starting places, including in the emergency area, in non-emergency areas, in the ultrasound department, the delivery
room, the fetal heart-rate monitoring room, and in the ward.
Establishing a Special DDI Team and Standardizing Its Working Processes. A 24-hour duty system and a system of
personal responsibility were adopted. The DDI specialists were assigned and equipped with mobile phones. Special
operating rooms and surgical patient elevators were set out. In the case of an emergency, if the surgeon and operating
room nurses were not in position after the arrival of a patient in the operating room, the outpatient obstetrician or the
emergency obstetrician and maternity assistants would immediately wash their hands, perform disinfection and spread
the surgical drapes, and then begin the procedure. They would be substituted once the surgeon and operating room nurses
were in position or after the delivery of the newborn if necessary. If an emergency C-delivery indication was reported in
the delivery process, the most senior doctor or the second-line duty doctor in the delivery room would provide the
relevant instructions. The medical care personnel in the delivery room were required to instantly transfer the pregnant
woman to an operating room of the delivery room and concurrently complete preoperative preparation and inspection. If
necessary, a C-delivery would be performed by the physician in the delivery room, who may be replaced following the
arrival of the surgeon of the relevant inpatient area or the surgeon on a night shift in the operating room, provided that the
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Figure 2 Proportions of causes.
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mother and the newborn were safe. The anesthesiology department and the perinatal department would be contacted to
immediately rush to the operating room of the delivery room.

Continued enhancement of first-aid experience.
Establishing a Critically-Ill Pregnant and Postpartum Patient Emergency Treatment Team. To further enhance disease
assessment and emergency treatment, senior doctors with clinical first-aid experience and command capabilities were selected
from the obstetrics department as the frontline doctors for the emergency treatment of pregnant women and to organize other
personnel in the creation of an emergency treatment team. The second-line obstetrician on duty on the same day served as
the second-line doctor for the emergency treatment of pregnant women and also as the general director of emergency treatment.
Carrying Out a Variety of Training. To improve the clinical first-aid capabilities of obstetricians, we continually carry out
a variety of training in the form of, eg, obstetrical safety meetings, discussions on intractable and critical cases in obstetrics,
discussions on neonatal asphyxia cases, teaching emergency C-delivery processes, emergency obstetrician training and
assessment, informing on various updated obstetrics guidelines, theoretical training and assessment about fundamental
theories, knowledge and the skills of obstetrics, neonatal resuscitation training, and electric defibrillation and assessment.

Following the start of the DDI time for each case, a quality control form must be completed, summarized, and
analyzed. The first contact doctor was responsible for whole-process tracking and for completing the form by recording
the time taken to complete each process, the intraoperative conditions, and fetal prognosis. The department head was
responsible for corresponding checks, giving appropriate advice, and delivering rectification requirements if needed. The
general department head was responsible for creating the relevant reviews. Finally, the DDI special team held regular
discussions, created summaries, and filed the relevant data.

Further improvement of cooperation among departments.
The Continued Improvement of Processes in Other Departments. An emergency C-delivery requires multi-disciplinary
team cooperation involving the anesthesiology, obstetrics, and neonatology departments, operating room nurses, and
obstetric nurses. We aim to implement continuous improvements in the relevant processes related to medical technology,
blood transfusion, and laboratory departments, as well as in the operating rooms. All the departments are in close contact
with one another via specialized first-aid personnel and telephones. Team members are well-trained and cooperate well.
Conducting Periodic Multi-Department First-Aid Drills. Emergency treatment drills are organized in turn in the
obstetrics department, operating room, delivery room, and perinatal department on a quarterly basis. An emergency
C-delivery drill is carried out once a month in the delivery room. An emergency C-delivery DDI drill is carried out once
every quarter in the emergency and B-ultrasound areas.
Strengthening Critical Value Management. To avoid a delay in the start of DDI time caused by the failure to assign a doctor to
whom the B-ultrasound room reports critical values, potential critical values must be reported to the doctor ordering the test or
using a DDI-related phone line.

Check
We carried out monthly monitoring and statistical work, created summaries and evaluations regularly, and refined the cause
analysis and improvement measures. We classified the start places further into two categories as follows: 1) The start of DDI
procedures in the outpatient and emergency departments and wards; 2) the start of DDI procedures in the delivery room.

Statistical Methods
All data were incorporated into the SPSS Statistics 22.0 software for statistical analysis. The measurement data were
expressed as (x� s), and two independent sample t-tests were performed. The enumeration data were expressed as
a percentage (%), and a comparison was made by chi-square test or using Fisher’s exact probability method; P < 0.05
indicated a statistically significant difference.

Comparison of the DDI Time and Neonatal Asphyxia Rate
The DDI time was shorter in 2020 (12.18 min) than in 2019 (14.40 min); the neonatal asphyxia rate significantly
decreased from 34.00% to 12.50%, indicating a statistically significant difference (P < 0.05). No severe neonatal
asphyxia or a DDI > 30 min was reported in the DDI cases of 2020 (see Table 1).
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A Comparison of Emergency C-Delivery Initiated in the Delivery Room
The operating room of an emergency C-delivery is in the delivery room; therefore, an emergency C-delivery that is
initiated in the delivery room has an obvious advantage in terms of the DDI time.

The number of cases with a DDI duration below 5 min was 2 (8.72%) in 2019, and there were 6 cases (23.53%) in
2020, indicating that shortcomings remained. Compared with 2019, 2020 saw an obvious reduction in the DDI duration
and the time from the start of the DDI process to the start of an operation; this indicated a statistical significance (P <
0.05). There was also a decrease in the time from the start of an operation to the delivery of a newborn, the mean value of
mild neonatal asphyxia, and the mean value of severe neonatal asphyxia; however, no statistical significance was
indicated for these aspects. The 5-minute C-delivery rate increased but the average DDI duration was 8.47 min (still
above 5 min), indicating that continual improvement remained necessary (see Table 2).

Act
All links with performing a C-delivery were optimized and DDI-related processes were established and continually
improved to effectively shorten the DDI time for an emergency C-delivery.

Multi-disciplinary collaboration was strengthened in an ongoing manner to effect a continuous decrease in DDI time
in our hospital. As the DDI was shortened, the neonatal asphyxia rate decreased continually and the incidence of adverse
maternal outcomes did not increase, thereby ensuring the safety of the mother and the newborn.

Results
Comparison of the DDI Time and the Neonatal Asphyxia Rate
The PDCA cycle management enabled the DDI to be shorter in 2020 (12.18 min) than in 2019 (14.40 min). The neonatal
asphyxia rate significantly decreased from 34.00% to 12.50% (P < 0.05).

Surgical Indication
The main surgical indications of DDI cases in 2020 were fetal distress and placental abruption, accounting for 92.86%.
Placental abruption is the main surgical indication of emergency C-delivery initiated in the emergency and ward, and
fetal distress is the main indication of those initiated in the delivery room (see Figures 3 and 4).

Table 1 DDI and Neonatal Asphyxia Rate

Year n DDI Time (Min) Proportion of Severe
Neonatal Asphyxia (%)

Proportion of Mild
Neonatal Asphyxia (%)

Neonatal
Asphyxia Rate
(%)

Proportion of
DDI >30 Min (%)

2019 50 14.40±5 7.22 10.00 24.00 34.00 4%

2020 56 12.18±5.76 0 12.50 12.50 0
P value 0.048 0.021 0.123 0.008 0.220

Abbreviation: DDI, decision to delivery interval.

Table 2 Comparison of DDI Started in Delivery Room in 2019 and 2020

Time n DDI Duration
(Min)

Time from the
Start of DDI to the
Start of Operation

Time from the
Start of Operation
to the Delivery of
Baby

DDI ≤ 5 min Proportion
of Severe
Neonatal
Asphyxia

Proportion
of Mild
Neonatal
Asphyxia

2019 24 11.21±5.34 8.33±4.78 2.88±1.26 8.33% 12.50% 25.00%

2020 25 8.47±3.73 5.94±2.99 2.53±1.77 24.00% 0 16.00%

P value 0.048 0.049 0.469 0.273 0.496 0.669

Abbreviation: DDI, decision to delivery interval.
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Discussion
The DDI Process and Its Indications
The DDI process originated in 1988. According to a survey in the United States at the time, almost all hospitals were
capable of performing emergency C-delivery within 30 minutes.6 This rule was subsequently adopted by the ACOG and
the American Academy of Pediatrics.1,7 However, DDIs are not always the same; eg, in Germany, it is suggested that the
DDI time be shortened to 20 min.8 The Findberg Hospital in the US proposed the concept of a 5-minute emergency
C-delivery in the delivery room in 2013. The 5-minute C-delivery was introduced in China by the “No Pain Labor &
Delivery – Global Health Initiative” project group. It is required when the maternal and fetal conditions suddenly become
adverse in anodyne labor and are paramount for saving maternal and fetal lives.2 In this study, following improvements,
no cases with a DDI of more than 30 minutes were recorded in 2020 but there was an increase in the proportion of
5-minute C-delivery. A shorter DDI time contributed to an obvious decrease in the neonatal asphyxia rate.

Figure 3 Indications of C-delivery with DDI start in outpatient and emergency departments and wards.

Figure 4 Indications of C-delivery with DDI start in the delivery room.
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Lucas et al conducted a study with obstetricians and anesthetists in 2000, in which C-delivery were classified into four
grades according to their degree of urgency. Among them, Category 1 represented an immediate threat to the life of the
mother or the fetus. Category 2 represented a maternal or fetal compromise that was not immediately life-threatening.9

The DDI was required to be within 30 minutes for Category 1 and within 75 minutes for Category 2. The perinatal
outcomes of an emergency C-delivery, particularly a Category 1 C-delivery, were worse than those for an elective
C-delivery.10 This was mainly related to the disease. Fetal distress has always been a primary indicator of category 1 and
2 C-delivery.10 In this study, the main surgical indication was also fetal distress. Other indications included those posing
an immediate threat to the lives of mothers and fetuses, eg, severe placental abruption, umbilical cord prolapse, uterine
rupture, massive bleeding from the placenta previa, and bleeding due to rupture of the vasa previa.11,12

A perimortem C-delivery, which is also a type of emergency C-delivery, is performed mainly to save the life of the
pregnant woman. It should be started within 4 minutes after sudden cardiac arrest and delivery of the newborn should be
finished within 5 min. Performing a C-delivery for a woman suffering sudden cardiac arrest can effectively improve the
hemodynamic state; as such, the DDI time should preferably be shorter.13

The Significance of DDI
The DDI is an effective method for saving the lives of high-risk perinatal infants and improving early neonatal
outcomes.14 A study conducted by Lv et al showed that, compared to the control group, the 5-minute C-delivery
group had a lower proportion of newborn infants with an Apgar score below 7 at 1 min and higher umbilical artery pH
values.15 The DDI management protocol has bearing on the improvement of early neonatal outcomes.14 A study
conducted by Wong et al found that an emergency C-delivery delivery was essential in the case of umbilical cord
prolapse accompanied by fetal bradycardia because the bradycardia-to-delivery interval was significantly correlated with
the umbilical artery pH value.16 In the case of perinatal hypoxia, oxytocia cannot systematically prevent the occurrence
of ischemic encephalopathy; however, a shorter DDI time can reduce the incidence of newborn infants.

Inconsistent and even opposing conclusions have nonetheless been proposed. For example, a DDI below 30 minutes was
not always associated with good neonatal outcomes.10 A study conducted by Brandt et al suggested that the duration of DDI
time had no impact on the incidence of adverse neonatal outcomes.17 Another study indicated that the Apgar scores of
newborn infants after an immediate C-delivery were lower than those in the control group and that the operation had specific
adverse impacts on the newborn infants.14 However, such results may be associated with specific classifications of
“C-delivery” or caused by specific diseases. These results may also be obtained if intrauterine fetal resuscitation had been
performed concurrently with active preparation for a C-delivery after fetal distress was discovered. Moreover, the maternal
anxiety arising from the decision to perform an emergency C-delivery may lead to an increase in the catecholamine
concentration and, accordingly, the reduction of placental perfusion, causing transient acidosis of the newborn infant.10

The bulk of existing literature suggests that the DDI time does not cause an increase in maternal complications. For
example, the comparison of postpartum hemorrhage, adjacent organ damage, blood transfusion, endometritis, pelvic
abscess, transfer to the intensive care unit after an operation, incision infection and postoperative pyrexia incidence,
perioperative bleeding, and length of stay suggested that the differences were of no statistical significance.14,15 However,
oxytocia may increase the maternal risks,10 eg, increased blood loss and high hospitalization costs.14

How to Shorten the DDI Time
The main factors influencing the DDI time include the level of practice of obstetricians, the optimization of clinical
procedures, multi-disciplinary team collaboration (including obstetrics, anesthesiology, nursing, and perinatal depart-
ments), anesthesia speed and method, as well as operating room conditions. In addition, the physical condition of the
pregnant woman is also an influencing factor. For example, an obese pregnant woman and a scarred uterus will lead to
the prolongation of DDI time.18 Understanding the impacts of DDI time can help to accelerate the DDI reduction
process.17 Measures such as continuous training and optimization can be implemented to shorten the DDI time for an
emergency C-delivery. The unnecessary delay of an operation may occur if the obstetrician and the anesthetist disagree
about aspects of the operation; therefore, a unified judgment criterion and good multi-disciplinary communication are
required. Based on the study conducted by Le Mitouard et al, in the case of an emergency, a color-code protocol may be
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adopted, with orange representing the delivery of the fetus within 30 min and red representing delivery within 15 min.
This method can shorten the DDI without influencing neonatal outcomes.19 To shorten the DDI time, methods such as
establishing the operating room within the delivery room and implementing attention-grabbing labels in the emergency
operating room have also been adopted in some hospitals. The DDI time can be minimized by strengthening the training
related to the emergency C-delivery process. Periodic simulated training is an important management mode in obstetrics
for improving maternal and fetal outcomes and reducing the complications arising from an emergency C-delivery.20,21

Many quality issues have occurred due to dangerous factors within weak links. In the PDCA cycle, scientific
procedures are adopted, various management techniques and methods are comprehensively utilized, continual improve-
ment is made through process optimization, and the anti-risk capability of the system has been enhanced, thereby
contributing to the radical improvement of service, treatment, and hospital management levels. It is a scientific and
standard management method for effectively discovering the root causes of problems, establishing targeted treatment
measures, effectively evaluating their execution, and providing continuous feedback. The PDCA cycle advocates the
notion of continual improvement, team-based operation, and data-guided decision-making to continually improve
specific programs and processes.

The limitations of this study are as follows: Although the DDI time in this study has decreased, the proportion of
5-minute C-delivery has increased. However, the relationship between the two is not clarified in this paper. We will study
it in later experiments. In addition, the DDI team may have different DDI time results due to the different level of
doctors, which cannot be ruled out.

In this paper, multiple measures, including simplifying the surgical process, simplifying the operation, improving the
first-aid process, and standardizing the working processes of a special DDI team, were presented, and the PDCA cycle
was applied. These methods can effectively shorten the DDI time and reduce the neonatal asphyxia rate without
increasing maternal complications, and are, accordingly, worth disseminating.
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