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ORIGINAL ARTICLE

Effects of an in situ instructional design based postpartum hemorrhage
simulation training on patient outcomes: an uncontrolled before-and-
after study

Brena Carvalho Pinto de Meloa,b,c , Cees P. M. Van der Vleutenb , Arno M. M. Muijtjensb ,
Ana Rodrigues Falboc,d,e , Leila Katza,e and Jeroen J. G. Van Merri€enboerb

aCentro de Atenç~ao, �a Mulher, Instituto de Medicina Integral Prof Fernando Figueira (IMIP), Recife, Brazil; bFaculty of Health,
Medicine and Life Sciences, School of Health Professions Education, Maastricht University, Maastricht, The Netherlands; cMedical
Course, Faculdade Pernambucana de Sa�ude (FPS), Recife, Brazil; dFaculty Development Coordination, Faculdade Pernambucana de
Sa�ude (FPS), Recife, Brazil; ePrograma de P�os-Graduaç~ao, Recife, Brazil

ABSTRACT
Objective: To compare postpartum hemorrhage (PPH) patient outcomes before and after an in
situ instructional design based PPH simulation attended by obstetrics and gynecology
(OBGYN) residents.
Methods: This uncontrolled before-and-after study was conducted in Recife, Brazil including all
1388 women delivering from June to August 2012 and all 1357 delivering from June to August
2013. The 36 OBGYN residents were divided into13 teams of two or three participants and were
trained through ID based PPH simulation training with the following eight steps: (1) prior know-
ledge activation, (2) video demonstration, (3) dual-coding PPH protocol discussion—an image
association during the training, (4) training scenario # 1, (5) debriefing, (6) training scenario # 2
with immediate feedback, (7) training scenario # 3, and (8) debriefing with self-assessment. The
training scenarios had an increasing level of complexity. The main goal of the training was the
adequate management of PPH and situational awareness improvement—the ability to antici-
pate, recognize, and intercept unfolding error chains. The primary patient outcomes rates used
for the before and after comparison were therapeutic uterotonics use within 24 h of birth and
blood transfusion. Secondary outcomes were therapeutic oxytocin mean dosage IU within 24h
of birth, postpartum Hb < 6 g/dL, among others. Chi-square test was used for categorical varia-
bles comparison and independent t-test for continuous variables.
Results: PPH rates were 100 (7.2% of 2012 deliveries) and 80 cases (5.9% of 2013 deliveries),
respectively. Comparison of primary post- and pre-simulation outcomes revealed no significant
differences. However, in the comparison for therapeutic oxytocin mean dosage IU within 24h of
birth, there was an increase found after the simulation (15.98 ± 7.4 versus 25.1 ±12.3; p < .001).
For all other outcome measures, there were no statistical differences.
Conclusions: In situ ID based PPH simulation leads to an increase in the mean dosage of oxyto-
cin after training, in selected cases. This may indicate better situational awareness when manag-
ing women with PPH.
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Introduction

Postpartum hemorrhage (PPH) is widely adopted as a
training content for obstetrics emergencies simulation
since most of its related deaths are attributed to
delays in recognition and management [1,2]. PPH
simulation training should aim, therefore, to optimally
manage postpartum bleeding in women by improving
birth attendants’ situational awareness (ability to per-
ceive, comprehend and project a situation) [3] and
complex learning skills (integration of knowledge,
skills, and attitude) [4]. Strong evidence of the impact

of simulation on patient outcomes is, however, still
lacking [5,6].

Assessing the impact of simulation on patient out-
comes is considered the ultimate level in assessing
training effectiveness. According to the Kirkpatrick
training evaluation model, there are four levels of
measured effects: learner’s reaction, learning, transfer
of learning (applying what was learned in the work-
place), and results (patient outcomes) [7]. Search for
evidence regarding simulation effectiveness has
recently broadened to include the impact on transfer
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of learning and patient outcomes (Levels 3 &4), after
initially focusing on learners’ reaction and learning
(Levels 1 &2) [8–11]. The current inconsistency of find-
ings on simulation patient outcome studies, however,
may be attributed to wide variation in reporting of
training design and outcomes [11,12].

Simulation training ultimately aims to improve
patient outcomes and should prioritize instructional
effectiveness with the use of instructional design
guidelines [13]. ID guidelines derive from sound learn-
ing theories and propose the use of instructional fea-
tures such as authenticity, variability, increasing
complexity, and feedback for optimal complex learn-
ing and training effectiveness [4,14,15]. Systematic
reviews of the use of such features in simulations
have corroborated their effectiveness and demon-
strated that these are still not widely used [16,17].

Proper PPH management requires early recognition
and prompt bleeding control (i.e. adequate situational
awareness) and minimizes complications such as
blood transfusions, hysterectomy, near-miss maternal
mortality, or maternal death [2,3,18]. It requires coord-
ination of constitutively different skills (e.g. communi-
cation, drug management) as other obstetric
emergencies [2]. These characteristics reinforce PPH
value as subject for simulation. Of the wide variety of
reported PPH outcomes, those presented most com-
mon are uterotonics administration and/or blood
transfusion rates [11,18].

In this current study, we aim to compare outcomes
of women presenting with PPH at a tertiary teaching
hospital maternity before and after an in situ ID based
PPH simulation training offered to obstetrics and
gynecology (OBGYN) residents.

Materials and methods

This uncontrolled before-and-after study compared
PPH patient outcome data for one sample before in
situ ID based PPH simulation training (June to August
2012) and another after (June to August 2013). Data
were collected from all women whose births were
assisted at the Instituto de Medicina Integral Prof
Fernando Figueira (IMIP), a tertiary teaching hospital
in Recife, Northeast of Brazil with a 6000/year delivery
rate maternity.

All women whose labours were assisted at IMIP
during data collection were considered eligible for
inclusion. Women were excluded from the study
when, after assistance, their pregnancies were reclassi-
fied as <20 weeks (late abortion). Figure 1 presents a
flow chart of participants’ data collection.

The ID based PPH simulation training was offered
to all 45 of the hospital’s OBGYN residents, during
their off-duty hours, in situ (at actual hospital facilities).
Thirty-six residents, from all 3 years of the residency
program, attended the training, an 80% attendance
rate. During each of the two half-day-long in situ
simulation sessions scheduled for the first two week-
ends of June 2013, two groups of two or three
OBGYN residents’ teams were trained.

The in situ ID-based simulation was designed for a
postgraduate audience to address adequate PPH man-
agement and its complex learning demands. It con-
tained multiple steps and the three authentic training
scenarios were presented in a simple-to-complex
sequence (from uncomplicated retained placenta to
unresponsive hypotonic uterus leading to hemo-
dynamic instability). Two debriefings sessions provided
the team with video recordings and a self-assessment
stage. Scenarios included a standardized patient, a
standardized nurse, and a part-task pelvis simulator
(EVA Simulador P�os-Parto; ProDelphus, Olinda, Brazil).
The simulation overall learning objective was to
achieve complex learning regarding promptly and
adequately managing postpartum bleeding according
to the PPH guideline presented, covering tasks involv-
ing skills, knowledge, and attitudes (SKA). The multiple
tasks were classified into subscales: communication,
teamwork, vital signs, venous access, laboratory evalu-
ation, and drug, mechanical, and surgical management
(the latter solely by verbal indication). Further design
details may be consulted elsewhere [19,20].

The main outcome measures selected were thera-
peutic uterotonic use within-24 h-of-birth and blood
transfusion. Secondary outcome measures included
therapeutic uterotonic dosages and rates per drug
(oxytocin, misoprostol and ergotamine), within and
beyond 24 h-of-birth, and other severity-related PPH
outcomes such as: hemoglobin levels <6 g/dL, B-
Lynch suture, uterine artery embolization, hysterec-
tomy, renal insufficiency (as registered on patient
records), obstetric ICU admission, mechanical ventila-
tion, hospital length of stay after birth, near-miss
maternal mortality, and maternal death. These out-
comes were selected through a Delphi panel of
OBGYN experts which rated PPH most relevant man-
agement outcomes as described in related systematic
reviews [21]. The list of outcomes measures in increas-
ing complexity order (least to most complex) is pro-
vided in Appendix 1.

Data regarding women’s age, parity, gestational
age, mode of delivery, newborn birth weight, and
prophylactic oxytocin administration were collected
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from all women included in the study. PPH outcomes
measures were collected for those women identified
as PPH cases, using a specific chart. All skilled birth
attendants were trained for data collection and made
aware when data collection was under way by
daily rounds.

During data collection, women’s patient records
were provided with additional flow chart which was
inserted immediately before the maternity hospital’s
regular labour and delivery flow chart. All women
admitted either in labour or for expectant manage-
ment were monitored for delivery. The team of profes-
sional birth attendants during each of the maternity
hospital’s two 12-h daily shifts is composed by four
OBGYN medical residents, three OBGYN medical con-
sultants, and one obstetric nurse. All deliveries are
assisted by at least one of these professionals, with
the participation of at least one medical OBGYN resi-
dent. These are the first responders to the low-risk
births assisted by nurses. A PPH case triggers a call.
High-risk births are initially assisted by the medical
OBGYN residents. Medical consultants are available to
supervise residents’ deliveries assistance and/or cesar-
ean sections.

Upon delivery, the birth attendant registered at the
additional flow chart whether the women presented
PPH, after collecting their data collection consent,
while also producing routine paper work, typically
1 hour after delivery. The hospital adopted criteria for
identifying PPH is based on traditional definition—
cumulative blood loss of greater than or equal to
1000mL or blood loss accompanied by signs or symp-
toms of hypovolemia—as assessed by the birth
attendant. Women were monitored throughout their
hospital stay for continuous blood loss. In the event of
PPH occurring later than 1 hour after birth, i.e. after
registration of birth records, maternity personnel were
urged, during daily rounds, to register the incident on
the PPH data collection flow chart. Patients’ records of
all women included in the study were reviewed upon
hospital discharge for data collection inconsistencies.

Women were also monitored if admitted to the
obstetric intensive care unit. This unit is a referral cen-
ter for severe obstetrics patients from throughout the
region and case severity vary widely, from single need
for vigilance cases to more complex cases, with need
for advanced life support. The prevalence of

Figure 1. Data collection flow chart.
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preeclampsia in the locality is high and women need-
ing magnesium sulfate are admitted for vigilance.

Women’s delivery assistance during data collection
was not modified for any reason, with a naturalistic
observation of their management for the full length of
their hospital stay. Data were collected in the same
months of 2012 and 2013 to avoid potential seasonal-
ity bias and no change was therefore expected regard-
ing PPH rates and the focus was on analyzing
outcome measures. This current study was approved
by the IMIP’s ethics committee on 17 March 2012
under the number CAE:0034.0.099.000-11.

Data were analyzed using SPSS version 23 (IBM,
Armonk, NY, USA). Patient data and outcomes fre-
quency measures were aggregated per year of occur-
rence, and between-year differences (i.e. post- versus
pre-simulation outcomes) were also investigated. The
chi-square test was used for all categorical variables
comparisons and Fisher’s exact test used when neces-
sary. An independent t-test was conducted to com-
pare the means of continuous variables and the
Mann–Whitney test was applied for discrete variables.

Results

During data collection, 2759 women were assisted for
delivery at IMIP. Fourteen were excluded for gesta-
tional age < 20 weeks (late abortions). Of all 2745
women who delivered during data collection period,
1388 were in 2012 and 1357 in 2013, with PPH rates
of 100 cases (7.2% of deliveries) and 80 cases (5.9%),
respectively. Analysis of demographic and clinical data
revealed no statistically significant differences between
women presenting with PPH before and after simula-
tion (Table 1).

Differences found between the main pre- and post-
in situ ID based PPH simulation outcomes of

therapeutic uterotonic rates within-24 h-of-birth of 67/
100 (67%) and 47/80 (58.8%) (p ¼ .254) and blood
transfusion rates of 29/100 (29%) and 24/79 (30%) (p
¼ .768) respectively were not statistically significant.

As for secondary outcomes comparison, a statistic-
ally significant difference was found for per drug
therapeutic uterotonic use within-24 h-of-birth, with an
increase in the mean dose of therapeutic oxytocin in
IUs (15.98 ± 7.4 versus 25.1 ± 12.3; p < .001) after simu-
lation (Table 2).

The increase in misoprostol use rate (14/100 (14%)
versus 19/80 (23.8%); p ¼ .093) and the mean dose in
mg within 24 h (592 ± 261.54 versus 736 ± 164; p ¼
.084) and the decrease in the number of near-miss
cases (8/100 (8%) versus 3/78 (3.8%); p ¼ .352) and Hb
< 6 g/dL (23/99 (23%) versus 10/76 (12.5%); p ¼ .091)
after training were not statistically significant.
Obstetric ICU admission rate was similar before and
after training (24/99 (24%) versus 19/79 (23.8%); p ¼
.976). As for the additional secondary outcomes, abso-
lute rates were small and similar before and after
simulation. There were no uterine artery embolizations
or maternal deaths (Table 2).

Discussion

Our comparative study of uncontrolled before-and-
after patient outcomes of an in situ ID based PPH
simulation found similar rates for the main outcomes:
rates of use of therapeutic uterotonic within-24-h-of-
birth and blood transfusion. However, a statistically
significant increase was found in the mean dose of
oxytocin within-24-h-of-birth after training.

With regard to other secondary outcomes, there
was an increased misoprostol mean dose and usage
rate within-24-h-of-birth after simulation, a smaller
number of Hb < 6 g/dL and fewer near-miss maternal

Table 1. Demographic and clinical characteristics of women presenting with postpartum hemorrhage (PPH) at a teaching hos-
pital in June, July and August 2012/2013 before and after an in situ instructional design based postpartum hemorrhage simula-
tion training.

2012 2013
Total

1388 deliveries Valid cases 1357 deliveries Valid cases p Value

PPH intrapartum (up to 1 h after birth) N (%) 63 (63%) 100 45 (56.3%) 79 .412c

PPH postpartum (>1 h after birth) N (%) 46 (46%) 100 37 (46.3%) 80 .973c

Age Mean (±SD) 25.16 ± 6.4 100 25.92 ± 7.6 80 .467a

Gesta Median (IQR) 1,5 (1–3) 98 2 (1–3) 79 .72b

Para Median (IQR) 0 (0–1) 98 1 (0–2) 80 .42b

Prophylactic oxytocin N (%) 82 (82%) 100 64 (80%) 80 .733c

Cesarean N (%) 37 (37%) 99 32 (40%) 80 .720c

Neonatal Birth Weight Mean (±SD) 2488.89 ± 1123.55 99 2642.75 ± 1022.97 80 .345a

Admission in Labour N (%) 45 (45%) 98 35 (43.8%) 78 .890c

Induced Labour N (%) 40 (40%) 98 25 (31.3%) 79 .208c

Preterm on admission N (%) 45 (45%) 100 32 (41%) 78 .595c

Obs1: a: t-test; b: Mann–Whitney U test; c: Pearson Chi-Square tests.
Obs2: Each variable was calculated based on the number of valid cases (missing cases excluded).
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mortality cases. Such differences were not statistically
significant, however, as for other outcome measure-
ments. Analyzed women’s demographic and clinical
data and PPH rates were similar.

Our study main strengths are stated in its main
goal of exploring the impact on patient outcomes of
an in situ PPH simulation designed based on ID guide-
lines. Attention should first be drawn to the simulation
careful instructional design, which aimed to optimize
training effectiveness and was based on sound evi-
dence regarding instruction [14,19]. The multiple ID
features adopted (such as authentic multiple scenarios
and easy-to-complex progression) and the in situ simu-
lation using both a part-task simulator and simulated
patient promoted the complex learning required for
PPH management by postgraduates [14,15,22].
Second, investigation of patient outcomes
(Kirkpatrick’s level 4) has long been recognized as
essential however complex and subject to system
issues [9,11,18].

Data collection during the same 3 months of two
consecutive years may also be regarded as a study
strength by minimizing seasonality bias. In addition,
producing such detailed analyses of PPH outcomes,
with no formal research funding, in the impoverished
Northeast region of Brazil, posed a substan-
tial challenge.

Our findings are in keeping with the already antici-
pated complexity of findings of patient outcomes’
simulation studies [6,23,24]. In spite of not providing a
large set of statistically significant differences, some of
the findings indicate a positive influence of the pre-
sented simulation design on PPH outcome.

Some of the outcome variables examined may be
susceptible to a more straightforward interpretation of
training effect, in view of the immediate cause/effect
relation. One example is the use of therapeutic utero-
tonic use, which promptly reflects residents’ decisions
and actions. We highlight the PPH simulation training
was designed to train the residents, who were always
present at all deliveries. Other outcomes measure-
ments are more subject to systems’ issues and bias
since they are proxy variables for PPH clinical severity.

For instance, analysis showed prevalence of 24-h-
therapeutic uterotonic use to be similar before and
after simulation. However, the lower therapeutic usage
rate and increased mean 24 h oxytocin dosage after
simulation clearly point to a more intensive oxytocin
administration in selected cases. Furthermore,
increased mean dose of oxytocin (25.1 ± 12.3 IU) sug-
gests improved ongoing vigilance of bleeding woman
after simulation, since such dosages are administered
on an iterative basis. These findings indicate increased
situational awareness. An increase in uterotonics rates

Table 2. Postpartum hemorrhage women clinical outcomes comparison before and after in situ instructional design based post-
partum hemorrhage simulation training at a teaching hospital.

2012 2013

p ValueValid cases Valid cases

Main Outcomes
Therapeutic Uterotonics Use within 24 h of birth N (%) 67 (67%) 100 47 (58.8%) 80 .254c

Blood Transfusion N (%) 29 (29%) 98 24 (30%) 79 .768c

Secondary outcomes
Per drug therapeutic uterotonics within 24 h of birth N (%)

Oxytocin N (%) 67 (67%) 100 46 (57.5%) 80 .190c

Mean dose IU Mean (±SD) 15.98 (±7.4) 66 25.1 (±12.3) 46 <.001a

Misoprostol N (%) 14 (14%) 100 19 (23.8%) 80 .093c

Mean dose mg Mean (±SD) 592 (±261.54) 14 736.84 (±164) 19 .084a

Ergot N (%) 5 (5%) 100 0 (0%) 80
�1

Mean dose mg Mean (±SD) 0.280 (±0.17) 5 NA 0 NA
Therapeutic Uterotonics After 24 h of birth N (%) 2 (2%) 100 2 (2.5%) 80 1.000�
Oxytocin N (%) 2 (2%) 100 2 (2.5%) 79 1.000�
Dose IU Mean (±SD) 25 (±0) 2 15 (±7.1) 2

�1

Misoprostol N (%) 1 (1%) 100 0 (0%) 80 1.000�
Dose mg Mean (±SD) 800 (-) 1 NA 0 NA
Ergot N (%) 0 (0%) 100 0 (0%) 79 NA
Dose mg (Mean dose) NA 0 NA NA
Hb < 6 g/dL N (%) 23 (23%) 100 10 (12.5%) 80 .070c

B-Lynch Suture N (%) 0 (0%) 100 1 (1.3%) 80 .444c
�

Hysterectomy N (%) 2 (2%) 100 2 (2.5%) 80 1.000c
�

Renal Insufficiency N (%) 4 (4%) 100 2 (2.5%) 80 .694c
�

Obstetric ICU Admission N (%) 25 (25%) 100 20 (25%) 80 1.000c

Mechanical Ventilation N (%) 3 (3%) 100 5 (6.3%) 80 .469c
�

Hospital Length of Stay after Birth Median (IQR) 3 (2–5) 100 3 (2–5) 80 .284b

Near-miss maternal mortality N (%) 8 (8%) 100 3 (3.8%) 80 .350c
�

Obs1: a: t-test; b: Mann–Whitney U test; c: Pearson Chi-Square tests; c�: Fishers Exact Test; NA: not applicable; �,1: comparison not conducted due to
small sample.
Obs2: Each variable calculated based on the number of valid cases (missing cases excluded).
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after simulation has been previously described. This
study’s divergent goal of training healthcare person-
nel, including unskilled birth attendants, for basic
delivery skills and only initial PPH management, how-
ever, hinders further comparisons with our find-
ings [11].

Our verified similar blood transfusion rates before
and after simulation may be explained by the number
of severe PPH cases being insufficient to demonstrate
such differences. A number of findings, nevertheless,
support such our interpretations. For instance, the
number of women with Hb < 6 g/dL was small after
simulation and although not statistically significant,
suggests the positive influence of the simulation on
patient outcomes. Inclusion of a larger number of
patients may have revealed a significant difference.
Likewise, there were few cases of other severe PPH
complications, such as hysterectomy, and no maternal
deaths were registered.

Comparison of our detailed findings is hampered
by the wide diversity of usually single PPH outcomes
described by similar studies. Even the PPH definitions
vary widely: from minor blood losses (<1000mL with
no hypovolemia signs) to PPH related near-miss
maternal mortality (blood transfusion > 4 packed
cells) [6,24]. Divergence in such studies can also be
found with regards to learning objectives, study popu-
lation, settings, trainees’ profile, and training design.
The latter is often scarcely described and poor learn-
ing outcomes have been reported [6,19,24]. These
findings further support our interpretations of the
positive influence of our simulation design on patient
outcomes, which may be also reinforced by our previ-
ously reported positive learning and transfer of learn-
ing outcomes [19,20].

The observed similar PPH rates before and after
simulation was expected since the simulation was
designed to teach the complex demands of PPH and
not labour assistance. Further detailed comparisons
are, again, hampered by PPH criteria variety in simula-
tion studies [11,12,24]. Such divergences could be fur-
ther minimized by adopting simulation reporting
guidelines [12].

Our study only included women whose deliveries
were assisted at IMIP due to the need for proper
records regarding initial PPH management and such
single-center study design may be pointed out as a
study limitation. It should be valued as an exploratory
analysis but future studies should include multiple
centers, in clusters, preferably in a stepped wedged
approach [5,25]. Such a study design involves random
and sequential crossover of clusters from control to

intervention until all clusters provide the simulation
[25]. The simulation design should also be adapted to
include multiprofessional training for PPH manage-
ment, roles which are already included in the simula-
tion scripts [5]. Residents’ limited attendance rate may
be overcome by mandatory participation strat-
egies [6,24].

In conclusion, in situ ID-based PPH simulation train-
ing may lead to better situational awareness and bet-
ter management of postpartum bleeding women.
Effective simulation training should be designed using
ID guidelines as a way of meeting the complex learn-
ing demands of proper PPH management. Future
studies should be designed for multiprofessional train-
ing and include multiple units, in clusters, preferably
in a stepped wedge approach.
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Appendix 1

List of outcomes measures in increasing complexity order (least to most complex).

Table A1. Demographic and clinical characteristics of women presenting with postpartum hemorrhage at a teaching hospital in
June, July and August 2012/2013 before and after an in situ instructional design based postpartum hemorrhage simula-
tion training.
Main outcomes
1st Therapeutic uterotonic use within-24h-of-birth
2nd Blood transfusion
Secondary outcomes
1st Therapeutic uterotonic dosages and rates per drug (oxytocin, misoprostol, and ergotamine), within 24 h-of-birth
2nd Therapeutic uterotonic dosages and rates per drug (oxytocin, misoprostol, and ergotamine) beyond 24 h-of-birth
3rd Hospital length of stay after birth (in number of days)a

4th Hemoglobin levels < 6 g/dL
5th B-Lynch suture
6th Uterine artery embolization
7th Hysterectomy
8th Obstetric ICU admission
9th Renal insufficiency
10th Mechanical ventilation
11th Near-miss maternal mortality
12th Maternal death

ICU: Intensive care unit a: cut-off points for analysis were 3 and 5 days.
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