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Background
In 2015, for every 100,000 children born alive, 216 women died 

worldwide due to maternal causes.1 It is well known that pregnancy 
complications (preeclampsia/eclampsia, hemorrhage and sepsis), 
along with a chain of events cause delays in the care of obstetric 
emergencies and lead to death.2,3 The greatest evidence on delays 
comes from descriptive studies carried out with pregnant women 
or their relatives.4 The studies that aim to specify the perceptions of 
specialists in charge of treating obstetric emergencies on the care of 
maternal complications are scarce.5,6 The three-delay model has been 
applied to the study of the non-medical causes of maternal deaths. 
It considers the analysis of the reasons that lead to a fatal outcome 
from a sociocultural perspective and from the angle of the access to 
obstetric emergency care. The first delay is attributed to the failure 
in recognizing the complications and looking for help; the second 
delay is due to the difficulty in finding a means of transportation to 
a hospital where the obstetric complication can be treated, and the 
third delay refers to the untimely treatment once the hospital has been 
reached.3 This chain of events ultimately leads to maternal death, 
and all the information gathered on the process comes from non-
expert people who do not work health personnel. There is evidence 
on the importance of considering the specialists’ opinion in the face 
of complex problems which could not be managed with classical 
statistical methods.7−9 The perception of the specialists in charge of 
treating the obstetric emergencies allows to have comprehensive 
information that complements the knowledge obtained at a 
community level. The elicitation technique with a panel of experts 
has been used to extract information that is difficult to get due to its 
complexity, but that can be useful in terms of health-related decision-

making processes.10−15 Since the issue of maternal death is related 
to multiple factors,16−18 the elicitation technique to extract a priori 
knowledge from gyneco-obstetricians (GOs) in charge of treating 
obstetric emergencies was applied in this study. The goal was to build 
a probabilistic model through a probability tree to estimate the global 
risk of maternal death due to delays. The perceptions on delays in the 
care of obstetric emergencies and their transformation in probabilities 
of death due to maternal complication is a measurable model of the 
global risk of maternal death in the state of Yucatan.

Methods
The participants in the study were specialized physicians who 

were experienced in taking care of pregnant women with obstetric 
complications. By means of a letter, GOs from the main health sector 
hospitals with the highest coverage of obstetric emergency care in 
Yucatan were invited to participate. The physicians had been working 
for at least five years; they had ongoing medical updating; they had 
basic knowledge of probability and statistics, and they were familiar 
with the procedures for treating pregnant women with obstetric 
complications, as well as with the referral and counter-referral 
mechanisms in place when the patients are sent from other localizations 
within the state. They were also willing to analyze the care procedures 
for pregnant women since the onset of the complication, the search 
for help and transportation, the arrival to the hospital and the final 
outcome (discharge or death). Furthermore, since the participating 
GOs were in charge of treating patients in public as well as in private 
institutions, both sectors in the state were duly represented. The 
sample consisted of four GOs (two women and two men) who were 
from one of the main referral hospitals in the state.
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Abstract

Background: Delays in care of obstetric emergency exist. Studies involving specialists 
in charge of treating obstetric emergencies to get to know their perceptions on the care 
of maternal complications are scarce. There is evidence on the importance of taking 
into account the opinion of specialists in the face of complex problems, where the 
necessary information is difficult to come by with classical statistical methods. 

Objective: To estimate the global risk of maternal death due to delays. 

Methods: Elicitation technique with a panel of experts was used to elicit probabilities 
of delays regarding the care of the pregnant women with obstetric complications by 
means of Bayesian statistics. Four gyneco-obstetricians conformed the sample. 

Results: The global risk of maternal death due to delays was 54%. The final count of 
the global impact of mortality with the three-delay model in a real-life scenario was 
that 12.7% of the women with obstetric complication would die due to the presence 
of the three delays. 

Conclusion: The global risk of death for delays in obstetric emergency care, obtained 
from the GOs’, should be taken into account for decision-makers, in order to promote 
strategies to prevent delays and thus contribute to the reduction of maternal mortality. 

© 2018 Rodríguez-Angulo et al. This is an open access article distributed under the terms of the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and build upon your work non-commercially.
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The aim of the study was explained before the elicitation process. 
The physicians were also told how their participation would be useful 
to determine the probability of delays in the case of pregnant women, 
which would in turn support the decision-making processes in order 
to improve care for patients. The participants were asked to sign a 
voluntary consent to participate in the panel. The starting point of 
reflection and conversation with the GOs was the analysis of the care 
procedures for pregnant women valid at the time of the study, taking 
as a reference point the Official Mexican Norm NOM-SSA2-1993.19 
The care procedures described by the GOs were illustrated with 
graphics and figures with support of PowerPoint presentations. 

The knowledge elicitation technique with a panel of experts 
was used to elicit probabilities of delays regarding the care of the 
pregnant women with obstetric complications by means of Bayesian 
statistics.20 The method was adapted to the participants’ context and 
a facilitator, experienced in group management and knowledgeable 
about probability and statistics, guided the dialogue to elicit what the 
participants knew. The construction of the probabilistic model was 
carried out in four stages: 

a.	 Creation of the probability elicitation instrument, which was 
adapted to the scenarios of the first, second and third delays. It was 
used to extract the a priori knowledge on the average of the delays 
resulting from the GOs’ combination of probabilities. 

b.	Probability simulation exercise through which the participants 
were reminded what probabilities are and how they are estimated. 
It also allowed the facilitators to identify doubts and clear them up 
in a timely manner 

c.	 Identification of probabilities of delay, first independently and then 
in a combined way. 

d.	Construction of the probability tree, with all the possible 
combinations of delays in order to determine the global risk of 
delay. 

Through the elicitation process, the probabilities of delays were 
independently identified first. In other words, the probability of having 
experienced the first, second or third delay was specified initially. 
Next, the probability of death of each of the possible combinations 
was determined. To elicit the probability of death due to delays, the 
question was: What is the probability of death of pregnant women 
with some kind of complication? At the end of the process, the median 
and its ranges were determined for the first, second and third delays. 
Using Excel, tables including the question asked to the experts, the 
upper range of probability, the lower range of probability, the highest 
probability (median), and the specific probabilities of each delay were 
built. The probabilities of death that were elicited were represented on 
a probability tree. 

The procedure used to estimate the probabilities of dying, using 
TreeAge Pro 12,21 consisted in a rollback calculation, where the 
probabilities are added and multiplied by all the possible combinations 
of delays. The probability tree was presented to the specialists, who 
analyzed whether those probabilities represented what they had 
expressed. Duration of each session was maximum four hours. When 
time ran out before the session was concluded, another session was 
scheduled with each specialist. An elicitation process was carried 
with each specialist. When these sessions were done, the group was 
gathered to allow the discussion of experiences and to get feedback 
on the information given at the individual sessions. The goal was to 

arrive at a consensus regarding the distribution of the probabilities 
elicited. 

Finally, the global probability of death due to delays in patients 
with obstetric complications was obtained. The distribution of the 
impact of that probability in a real-life scenario of death and survival 
among pregnant women that have been exposed to all the possible 
combinations regarding delays in the care of obstetric complications 
was also determined. 

Results
The age ranged of the GOs was from 36-70 years, two of them 

had more than thirty years on service. The elicited probabilities of 
experimenting any delay due to obstetric complication were 0.391 
(39.1%) for the first delay, 0.602 (60.2%) for the second delay, and 
0.599 (59.9%) for the third delay. The highest elicited probabilities 
of death due to delays were obtained when the three delays were 
combined (0.90 [90%]) and when the first and third delays were 
combined (0.75 [75%]), but not the second. The probability of global 
death for pregnant women when probabilities of death and survival 
were combined was 0.54 (54%) (Figure 1).

Table 1 summarizes the probabilities of dying, extracted from 
Figure 1 (rectangles to the right of the circular nodes, located to the 
right of the tree) corresponding to the three-delay model. The highest 
probabilities of death (marked in bold) occur when the pregnant 
woman is exposed to the three delays (0.90), to the first and third 
delays (0.75), to the first and second delays (0.68), and to the second 
and third delays (0.55). In other words, the highest probabilities of 
death occur in the presence of the three delays or with the combination 
of two of them. The probability of death is higher in the case of the 
third delay alone (48%), compared to suffering from the second delay 
alone (40%) or only the first delay (22%). It is noteworthy that the first 
delay is present in the three highest probabilities of mortality.

Table 1 Probabilities of death for pregnant women with obstetric complication 
with the three-delay model

Probability Delay 1 Delay 2 Delay 3

0.9 √ √ √

0.75 √ - √

0.68 √ √ -

0.55 - √ √

0.48 - - √

0.4 - √ -

0.22 √ - -

0.12 - - -

Final impact of delays
Probabilities of death:

i.	 The final count of the global impact of mortality (54%) with the 
three-delay model in a real-life scenario was that 12.7% (first 
rectangle to the right) of the women with obstetric complication 
would die due to the presence of the three delays; whereas only 
1.4% of the women suffering from the three delays would survive 
(Table 2). 
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ii.	 About 6.4% (third rectangle to the right) of deaths corresponds 
to pregnant women that suffered from the first and second delays 
whereas 3.1% (fourth rectangle to the right) of the pregnant women 
with the same background survived. The final impact of the third 
delay when the previous two have been present is immense: 12.7% 
of dead women compared to 6.4% (when the third delay is absent). 
In other words, there are twice as many deaths in the presence of 
the third delay. 

iii.	 7% of the dead women would have suffered from the third and first 
delays, but not from the second; and only 2.3% of the survivors 
would have the same background. On the other hand, 1.4% of the 
dead women would have suffered from the first delay, and 4.8% of 
the survivors would have suffered only from the first one. When 
comparing the final probability of death among those women who 
suffered from the first and third delay, but not the second (7%), 
with those that only suffered from the first delay (1.4%), mortality 
was five times higher among the former than among the latter.

iv.	 12.1% of the dead women had suffered from the third and second 
delays, and 9.9% would survive with the same background. 

However, 5.9% of the dead women had suffered only from the 
second delay; whereas 8.8% of the survivors would have likewise 
suffered only from the second delay. Mortality increased 2.05 
times due to the fact of having suffered from two delays (third 
and second), compared to the cases that only suffered from the 
second one. 

v.	 Death in 6.9% corresponded to those women who suffered only 
from the third delay; whereas 7.6% corresponded to the survivors 
in the same condition. However, only 1.2% of the women would 
be dead without any delay (in other words, a thousand pregnant 
women with some kind of complication would be necessary in 
order for 12 deaths to occur in the absence of all the delays), and 
8.5% of the women who did not suffer from any delay would 
survive.

vi.	 Ultimately, when comparing mortality in the final scenario, the 
probability of death in the presence of the three delays (12.7%) 
(First rectangle to the right of the terminal nodes), decreased 10.58 
times (to 1.2%) when the delays were absent (last rectangle to the 
right of the terminal nodes). 

Figure 1 Probability tree of the three-delay model regarding the care of pregnant women with obstetric complications.

Probabilities of survival 
a.	 In terms of survival, when comparing the branch with the three 

delays (1.4) (second upper branch of the tree) with the branch 
without any delay (8.5) (last lower branch of the tree), survival 
turned out to be 6.07 times higher in the absence of delays, than in 
the presence of the three delays together (Table 2). 

b.	 In this scenario, it can be observed that the probability of survival 
is 3.1% in the presence of the first and second delays, but not the 
third. In the presence of the third delay, but not the first and the 
second, the probability of survival is 7.6%, that is to say, 2.45 
times more compared with the women who did not suffer from the 
third delay, but suffered from the first and second.

c.	 If we compare the 2.3% survival probability in the presence of the 
first and third delays but not the second, with the 8.8% survival 
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probability in the sole presence of the second delay, there is a 3.82 
increase in the probability of survival when only the second delay 
is present. 

d.	 Survival is higher (9.9%) when the first delay is absent, even 
though the second and third are present, compared to survival when 
only suffering from the first delay (4.8%). Then, the probability of 
survival increases 2.06 times in the absence of the first delay. 

e.	 When the first delay was present, but not the second nor the third, 
women survived less (4.8%) than those who suffered from the 
second delay, but not from the first and the third (8.8%), and less 
than those who suffered from the third delay, but not from the 
second and first (7.6%). The survival of women who suffered from 
the first and second delays but not the third (3.1%) was lower than 
the survival of those who suffered from the first delay but not from 
the second or the third (4.8%). This means, that the probabilities 
as the delays occur have an impact on the final scenario, as was 
observed in the case of suffering from the second delay, which was 
more probable (60.2%) than not suffering from it (39.8%). This 
affected the probability of survival: 32.5% vs 77.5%, respectively. 
Survival was also higher among those women who suffered from 
the second and third delays but not from the first (9.9%) and 
among those who suffered from the third delay but not from the 
second or the third (7.6%). 

f.	 When comparing survival in this scenario, there would be more 
survivors in the presence of the second delay alone (8.8%), than 
with the third (7.6%) or the first (4.8%). This has to do with the 
frequency with which the second delay occurs, although mortality 
related to it is two times that of the first delay.

Table 2 Final scenario of death and survival percentages with the three-delay 
model

% Death % Survival 1st D 2nd D 3rd D

12.7 1.4 √ √ √

6.4 3.1 √ √ -

7 2.3 √ - √

1.4 4.8 √ - -

12.1 9.9 - √ √

5.9 8.8 - √ -

6.9 7.6 - - √

1.2 8.5 - - -

Total: 54% Total: 46%      

Discussion
The elicitation technique with a panel of experts allows defining 

the global risk of death due to delays in the treatment of pregnant 
women with obstetric complications. Although every day the number 
of studies using this technique increases,13,22,23 we did not find any 
other study where the technique was applied to elicit the probabilities 
of delay regarding maternal mortality. Therefore, our results set a 
precedent for the use of the methodology in future studies related 
to this complex issue, as well as in other research topics for which 
information is not available due to lack of studies, to its high costs, 
or because information is difficult to reproduce owing to health or 
environmental risks.

The construction of the probability tree regarding death due to 

delays in the care of pregnant women with obstetrical complications 
allows identifying the magnitude of the harm to which women are 
exposed. It was demonstrated that the more delays occur in the 
process, the greater the risk of death is. The model combined all the 
possible situations that pregnant women with obstetric complications 
can undergo, whether they are exposed to delays (single or combined) 
or not. It is noteworthy that the third delay, alone or combined, 
appeared in three of the four highest probabilities of death. The 
probability of death of pregnant women with obstetric complications 
increased as the delay is prolonged. The presence of the third delay 
in three out of the four highest probabilities implies acknowledging 
the responsibility of health system about implementing measures that 
improve the quality of care for obstetric complications in hospitals. 
This also implies the revision of the referral and counter-referral 
system of women, since many of them come from the state’s inner 
municipalities, where there are not enough resources to treat the 
emergency. This situation prevails as one of the strong barriers to 
timely care of obstetric complications.24

The presence of the first delay along with the third resulted in 
a high probability of death (75%). In the year 2012 in Yucatan, the 
combination of these two delays resulted in a lower percentage (67%) 
of deaths due to maternal cause in six southern state municipalities.25 
In that same study, gender-related conditions were present, such as 
the lack of decision-making power of the pregnant women regarding 
who should take care of their deliveries. In 89% of the cases, their 
mothers or mothers-in-law made the decisions. In another study 
carried out in Yucatan, the existence of communities with deeply 
ingrained traditions was shown: Women have been socialized to do 
only what their husband’s say.26 Therefore, it is necessary that the 
causes underlying the first delay should be considered to implement 
strategic prevention measures. The focus would not only be to raise 
awareness of the alarm signs of the main maternal complications, 
but also to acknowledge the importance of reproductive rights and 
gender equality in order to reduce the delays once the complication 
has occurred.

It is necessary to continue engaging specialists to participate in 
futures studies to address the issue of maternal mortality in Yucatan. 
Their experience translated into probabilities, reflect the magnitude of 
the harm, thus reinforcing the results of the qualitative studies.24 It will 
also be necessary to revise the public policies implemented to prevent 
maternal mortality in Yucatan and to propose strategies to improve the 
quality of obstetric emergency care. The goal is to reduce delays and 
increase the survival probability of patients. 

Conclusion
The global risk of death for delays in obstetric emergency care, 

obtained from the GOs’, should be taken into account by decision-
makers, in order to promote strategies to prevent them and thus 
contribute to the reduction of maternal mortality in Yucatan.
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