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Abstract

The development of clear approaches to the assessment, resuscitation, treatment and monitoring of the four case scenarios are

presented as algorithms, based on available evidence. They need to be field tested, and adapted for Artificial intelligence and

different settings. Further research is needed around multimodal sequential care package of care for PPH, conservative surgical

measures, resuscitation in LMICs, and the psychological impact of PPH on women.

Methods

We developed algorithms for four case scenarios, based on findings of a rapid review on third stage abnor-
malities, identification of the most common deviations, severity of related complications or clinical outcomes,
and discussion with the WHO technical working group. These were as follows: Approach to Postpartum
haemorrhage (PPH) after vaginal delivery, Diagnosis and management of uterine atony, Diagnosis and man-
agement of genital tract trauma, Diagnosis and management of retained placenta. A detailed description of
the methodology used for the development of the algorithms is provided in Chapter 2

Search strategies The search was directed at research databases (Cochrane, Medline and CINAHL) for
evidence based information on the identification and management of third stage abnormalities in low-resource
settings, with a focus on PPH. In addition, international and national guidance documents were identified and
reviewed (FIGO, RCOG, NICE, ACOG, SA-NCCEMD, ANZCOG, SOGC). Published systematic reviews
were also searched and identified. The search was limited to English language literature. Where high quality
evidence was lacking, individual trials and some case series were examined.

The literature review was guided by the hierarchy of evidence and prioritised WHO guidelines followed by
other international or national guidelines using GRADE methodology. In the absence of guidelines on a case
scenario, a combination of existing studies and expert opinion was used to determine key points for consid-
eration in the algorithm. The highest level of evidence found was used to support the decisions along the
management pathway, in the order of up-to-date systematic review (with meta-analyses), up-to-date system-
atic review (without meta-analyses), any available systematic review, validated decision rules, randomized
controlled trials, non-randomized controlled trials, observations studies, and consensus documents.

Population and Setting The algorithms were developed to cover the assessment and management of
pregnant women with singleton, term pregnancies considered to be low risk, who developed third stage
abnormalities after vaginal delivery. Health facilities in low-and middle-income countries were the priority.
However, the algorithms are applicable to any health care setting, and possible adaptations that may be
required were acknowledged. The target users for these algorithms are skilled health personnel providing
care during childbirth working alone or as part of teams, particularly midwives, clinical officers or equivalent,
non-specialized clinicians (i.e. clinicians without specialist training in obstetrics but who also provide care
for women in labour), and specialists.
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Development of the Algorithms After collating the evidence, a selection process for inclusion of the
evidence in the algorithm took place. Selection was based on relevance of the evidence to the key decision
points and severity of the condition targeted by an intervention. The selection also accounted for the
strength of evidence and applicability and feasibility in a LMIC context. If there were inconsistencies among
guidelines, the most up-to-date guidelines and evidence were reviewed and used to inform consultation with
experts. A list of inconsistencies was discussed at the WHO Technical Working Group meeting and a
consensus reached on evidence for the algorithm. Algorithms were structured to cover criteria that should
be used to suspect a deviation from normal third stage of labour, initial assessment, probable causes and
potential differential diagnosis, further assessments to reach the most probable diagnosis, and management
of the condition. Draw.io, an open source diagramming software, was used to construct the algorithm in a
flowchart format. The online software facilitated remote working on SELMA by the WHO Technical Working
Group. The algorithm was composed of standardised but variable shaped boxes, representing either a clinical
state, decision point, action task, or link to a different algorithm. Each box was numbered and joined to
other boxes via arrows, to orientate the reader to the direction of flow. The numbers also corresponded
to a table of evidence, showing the evidence source for the action and decision points. They algorithms
underwent internal peer review by the WHO Technical Working Group and revisions where needed.

Results

Search results

A flow chart of the literature search process and results are shown in the Supplementary material (s1)

(a) International and national guidelines.

NICE16,43, FIGO17, RCOG18, WHO19, ACOG20 and South African Confidential Enquiry into Maternal
Death guidelines (SA-NCCEMD)35 guidelines based on evidence and on expert opinion, were all reviewed
and shared a common approach: identifying the problem (PPH), calling for assistance, resuscitation and
monitoring, identifying the cause of bleeding and initial treatment measures. The RCOG and ACOG guide-
lines in particular, gave detailed guidance on assessing blood loss and resuscitation measures, including use
of blood products.

(b) Research databases and systematic reviews

After exclusions, 13 Cochrane reviews , 19 Medline publications and 9 CINAHL publications were identified.
Some of these reviews referred to all four algorithms and some to specific ones.

(c) Other evidence.

The Algorithms for PPH devised by the South African Confidential Enquiry into Maternal Deaths are
included. 35 Relevant articles and research on resuscitation and shock are included.44,45,46

Some individual Randomised Controlled trials (e.g. CHAMPION, WOMAN)22,34 and some case series
related to PPH management are also included. 31,32

Algorithms were found in the FIGO17, RCOG18 and SA-NCCEMD35 publications; all are consistent with
the PPH algorithm being presented.

Four case scenarios for Third stage abnormalities

Analysis of the evidence and guidance documents on third stage abnormalities enabled the topic to be
sub-divided into 4 case scenarios and Algorithms were developed for each. These were as follows:

1. Approach to PPH after vaginal delivery
2. Diagnosis and management of uterine atony
3. Diagnosis and management of genital tract trauma
4. Diagnosis and management of retained placenta

2
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Each of the four algorithms are led into from the management of third stage of labour algorithm in chapter
3. In addition, algorithm one links to two, three and four.

The themes of (i) maternal assessment of the third stage condition and haemodynamic stability reflected by
vital signs (ii) resuscitation and (iii) treatment of the condition, are the basis of all four Algorithms.

The four algorithms are shown in Figures 1 to 4, accompanied by a brief description with reference sources.
More detailed evidence summaries for the action boxes in each algorithm can be found in the Supplementary
materials (s2).

Algorithm 1: Approach to PPH after vaginal delivery (Figure 1).

Thirteen Cochrane reviews were identified that dealt with management of PPH: the Mousa review (2014)14

was most relevant for an overall approach to PPH, three referred to uterine atony14,21,33, five for genital
tract trauma48,49,50,51,53 and five for retained placenta.36,37,38,39,41 The ten trials in the Mousa review dealt
with medical management of PPH and acknowledged the lack of evidence for the sequence of interven-
tions and surgical measures. The Mousa review did not cover resuscitation. International and national
guidance documents were mostly used to develop the directives for monitoring, resuscitation and treatment
sequences.16,17,18,19,20,35,43,46

The most frequently used definition of PPH after vaginal delivery is loss of 500mls blood or more. This
appears in the Mousa review and is corroborated in the Meher review15 on core outcomes. However, given
inaccuracies in routine estimation of blood loss, subjective indicators of blood loss (‘brisk bleeding’) and de-
terioration of vital signs (SBP<100mmHg and Pulse >110 bpm) are also described for identifying PPH. Due
to the urgency of PPH management, maternal assessment of haemodynamic status, initial resuscitation and
immediate measures to stop the bleeding must occur simultaneously (box 2) and be repeated with increased
intensification until the problem is resolved. Emphasis is placed on diagnosing the cause of the bleeding. A
diagnosis of retained placenta links to Algorithm 4. Current evidence indicates that initial treatment for PPH
should include uterine massage, oxytocin and tranexamic acid. Refractory PPH involves further maternal
assessment and examination for persistent uterine atony, genital tract tears, retained placental fragments,
and less commonly coagulopathy from amniotic fluid embolism and uterine inversion. Initial resuscitation
is with crystalloid solutions followed by blood products, the nature of which will depend on whether the
hospital has an onsite blood bank or group specific blood in an emergency fridge. Coagulopathy may result
from excessive blood loss from any cause. In tertiary centres it can be managed according to point of care
or haematology results. In a district hospital management is formulaic relying on either fresh frozen plasma
or fresh dried plasma which can be stored on site as a pharmacy item.

Algorithm 2: Uterine atony (Figure 2).

Three Cochrane reviews were relevant. The Mousa review (2014)14; included ten trials which dealt with
medical management of PPH and acknowledged the lack of evidence for the sequence of interventions and
surgical measures. The other review by Shakur (2018)33 was on anti-fibrinolytic drugs. Given the lack of high-
level evidence on the treatment of PPH from uterine atony, an important review on uterotonics for prevention
of PPH was considered (Gallos,2018)21; it was deemed reasonable to infer efficacy for treatment from efficacy
for prevention. As previously described, international and national guidance documents15,16,17,18,19,20,43,
RCTs on individual treatments22,34 and case series were all used to construct this algorithm. Three articles
on temporising management for women who need emergency referral which include Non-pneumatic Anti-
shock Garment (NASG), uterine tourniquet and Balloon Tamponade (BT) were also referenced24, 29,31,32, as
well as the Algorithms for PPH devised by the South African Confidential Enquiry into Maternal Deaths.
28,35

Monitoring and resuscitation together with medical measures to arrest bleeding from uterine atony are
sequenced in the algorithm. Recommended medications (oxytocin, Syntometrine, misoprostol, Carboprost
and TXA) are given and alternatives indicated in the situation of specific contraindications, lack of cold chain
and stock-outs of medications.16,17,18,19,20,21,22,23,35,43 Heat stable carbetocin was not included as treatment,
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because most of the evidence to date on its use is for prevention. 34

For surgical interventions, laparotomy with uterine compression sutures, balloon tamponade and uterine
artery ligation can be performed with appropriately trained non-specialist doctors at district hospital level;
with hysterectomy being a last resort where the skill is available. However, the evidence for the timing and
nature of surgical interventions is mostly from expert opinion or based on case series which are included as
the evidence. 24,25,26,27,28Most evidence for success of balloon tamponade, which is widely used, is based
on case reports but two recent RCTs suggest lack of efficacy and increased risk of adverse outcomes. 25,30

Balloon tamponade is included in the algorithm pending more research with the proviso that it should
be a temporising rather than therapeutic measure and abandoned if it fails to control bleeding within 20
minutes. Hysterectomy is a life-saving procedure for intractable uterine atony, but the skill is unlikely to
be available at district hospital level where non specialists supervise maternity. 27,28,35 In this situation,
temporising methods (BT, Uterine tourniquet and NASG)24,31,32, advice from a specialist and referral to
more specialised care are necessary.

Algorithm 3: Genital tract trauma (Figure 3).

There were 30 Cochrane reviews, involving 185 trials. Most of the trials focused on prevention of perineal
tears and management of second stage labour. One was the Mousa 2014 PPH overview 14, four were on
surgical repair 48,49,50,51, and one on the use of prophylactic antibiotics. 53

Guidance documents (NICE16,43, FIGO17, RCOG18, WHO19, and ACOG20 guidelines) based on evidence
and expert opinion, were all reviewed. They all give guidance on the management of perineal tears. There
is additional RCOG guidance53 on the management of third- and fourth-degree perineal tears and WHO
recommendations on use of tranexamic acid. 23 Guidance on diagnosis and management of uterine rupture
was from case reports and expert opinion.27,28,35

Genital tract trauma can be identified on routine inspection after vaginal delivery as described in the third
stage algorithm or can be actively looked for in cases of refractory PPH not responding to initial management
measures. The site of trauma can be perineum (first-, second-, third- and fourth-degree tears), vaginal and
cervical tears, vulval and vaginal haematomas, and uterine rupture. Diagnosis of perineal and vaginal tears
and haematoma can be made in labour ward, but complex high vaginal and cervical tears may require exam-
ination with appropriate analgesia or anaesthesia. Uterine rupture can be diagnosed by uterine exploration
and confirmed by laparotomy.

Genital tract trauma associated with PPH requires all the monitoring and resuscitation interventions de-
scribed in case scenario 1, with intensification of both when there is haemodynamic instability.

Vaginal, simple cervical, and first- or second-degree perineal tears can be sutured in labour ward with local
analgesia. 48Complex high vaginal, cervical and third-degree tears require repair with good visualisation for
their extent, and appropriate analgesia or anaesthesia in an operating theatre.

Third- and fourth-degree tears are specialised procedures. Cochrane reviews and guidance on the surgical
technique indicates no difference between overlapping and end to end techniques. 48, 49, 50 ,51, 52, 53 At district
hospital, the appropriate skill is often not available, and the patient would need to have vaginal packing to
control any bleeding and referral to a specialised centre. There is also evidence for antibiotic cover in these
patients. 53

Suspected uterine rupture requires a laparotomy and may be amenable to surgical repair.27,28,35 Extensive
ruptures especially with uterine artery involvement need a hysterectomy. The skill for this is not usually
available at a district hospital so temporising measures will need to be performed and urgent referral to
the next level of care with the appropriate skill. Case series with the uterine tourniquet technique31 shows
that it reduces blood loss during transfer, and a cluster randomised controlled trial of the NASG shows a
non-significant reduction in recovery from shock.32

Algorithm 4. Retained placenta/placental products (Figure 4).

4
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There were 18 Cochrane reviews, involving 166 trials. Most of the trials focused on AMTSL and prevention
of PPH, rather than management. Five were identified that dealt with management of retained placenta.
One was the Mousa 2014 PPH overview 14 which indicates there is minimal evidence on surgical proce-
dures, and the Chongsomchai review which recommends prophylactic antibiotics after manual removal of
placenta (MROP).41 Three were on treatments found to be ineffective; intraumbilical vein oxytocin36,37,
nitroglycerine38 and prostaglandins.39

NICE6,43, FIGO17, RCOG18, WHO19, ACOG20 and SA-NCCEMD35guidelines based on evidence and expert
opinion, were all reviewed. NICE provides the definition of prolonged third stage of labour. They all give
guidance on the management of retained placenta by manual removal of placenta (MROP) which is a skilled
procedure.

Review articles on balloon tamponade are included.24,25,30 References for Algorithm 2 are referred to for use
of uterotonics and laparotomy procedures.

Retained placenta is diagnosed if it is not expelled within 30 mins of delivery of the baby if AMTSL was
employed or one hour for passive management. 14,16,17,18,19,20,43 It may be detached and lying at the cervical
os or in the vagina, it may be still attached, and rarely but more seriously it can be abnormally adherent.
The location can be ascertained by vaginal examination or by ultrasound if the skill is available. Despite
placental delivery there can be residual placental fragments /products which may cause PPH or uterine
sepsis.

The retained placenta algorithm (figure 4) may be entered from the approach to PPH algorithm (figure 1)
when bleeding; or the third stage algorithm if it occurs without bleeding

Retained placenta associated with PPH requires all the monitoring and resuscitation interventions described
in Algorithm 1, with intensification of both when there is haemodynamic instability.

Management of retained placenta requires removal which can be by repeat controlled cord traction (CCT),
or manual removal from the vagina, both of which can be performed in labour ward by a midwife or general
doctor.16,17,18,19,29,35,43 When the placenta is still attached, a full manual removal of placenta (MROP) is
required without delay, preferably in the operating theatre; or in labour ward with adequate analgesia,
followed by a five-day course of broad-spectrum antibiotic. 41

MROP may be followed by PPH from placental site bleeding and uterine atony, the management of which
follows the treatment in case scenario 2; with sequential uterotonics and TXA, followed by balloon tampon-
ade. Similarly, laparotomy and further surgical measures are required, as already described for algorithm 2,
if medical and BT fails to control the bleeding. 16,17,18,19,20,26,27,28,35,43

If MROP is complicated due to morbid adherence, it may require uterine curettage under ultrasound, spe-
cialist advice and assistance if available; and laparotomy for conservative surgical measures or hysterectomy,
if the skill is available.

Discussion

Main findings

The algorithm for third stage abnormalities is led into from the Normal third stage management algorithm
in chapter 3. It was subdivided into four interlinked algorithms: an approach to PPH after vaginal delivery,
uterine atony, genital tract trauma and retained placenta/placental products. Key themes running through
each algorithm were maternal assessment, monitoring and resuscitation, and treatment, all of which need to
be intensified with worsening haemodynamic status.

Strenghts and limitations

The strengths of the process were the design of a detailed algorithm with a systematic standardised method-
ology using the best available evidence, which can be adapted to Artificial Intelligence. Previous algorithms

5
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(SA, RCOG, FIGO) have broad channels of action lists but do not indicate exactly when and in what
circumstances a particular action should be taken.

The challenges and limitations in the algorithm development process includes the lack of evidence for specific
components and over-reliance on guidance / expert opinion as sources. In particular, there was a lack of
evidence for ordering of interventions and a comprehensive package of care for PPH. These issues were
partially resolved by discussions within the SELMA group and peer review.

Interpretation

It is anticipated that these algorithms will guide practice in managing third stage abnormalities, in particular
PPH, and ensure the correct approach is followed and important details are not neglected. Adapting them
to mobile phone technology with a built-in advice system from higher levels of care should strengthen the
use of the algorithms. Further developments of this process should recognise the need to (a) incorporate
referral systems into the algorithms since maternity care in LMICs is organised around levels of care5,
starting at community based facilities (Primary level care), referral hospitals (Secondary level care) and
regional/academic hospitals (Tertiary level care), and (b) consider management of third stage abnormalities
following birth at home or in primary care clinics which was not considered in the present work. This will
depend on the developement of appropriate content for these settings and the availability of adequate mobile
network coverage and device access to care providers. It is important that the algorithms are field tested with
feedback from users, to identify problems of interpretation, feasibility and other barriers to impemenation

Conclusion

This composite PPH algorithm arising from the third stage algorithm, is designed to enable early iden-
tification of the 4 case scenarios (PPH after NVD, Uterine atony, Genital tract trauma and Retained
placenta/plancental products) and facilitate clear approaches to assessment, monitoring, resuscitation and
treatment. There is a need for field testing their applicability in the settings they were developed for, with
further content development so that clinical practice may be improved. Further research is needed around the
evaluation of a sequential multi modal package of care for PPH, conservative surgical measures, resuscitation
in low resource settings and the psychological impact of PPH for women.
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