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PART 3

Women with postpartum
haemorrhage:
when and what to transfuse?
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Fluid resuscitation during persistent
postpartum haemorrhage and maternal
outcome: a nationwide cohort study
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Abstract

Objective To determine the association between increasing volumes of crystalloids and colloids
administered before transfusion of packed red blood cells in women with persistent postpartum

haemorrhage and adverse maternal outcomes.

Study Design Retrospective cohort study in the Netherlands. Women with persistent postpartum
haemorrhage and known clear fluids volume for resuscitation were included. Women who received
<2L of clear fluids were the reference group. We determined the effect of every additional litre of
clear fluids on total blood loss, severe maternal morbidity and mortality. Results were adjusted for

patient and bleeding characteristics.

Results Of the 883 included women, 199 received <2L of clear fluids. Median blood loss for the
reference group was 2.9L (interquartile range 2.2 to 3.4). Adjusted mean difference in blood loss
compared with the reference group was 0.2L (95% confidence interval -0.1 to 0.5) for women in
the >2 to <3L, 0.4L (0.1 to 0.7) for the >3 to <4L category, 0.6L (0.5 to 0.7) for the >4 to <5L category,
and 1.9L (1.5 to 2.3) for the >5 to <7L category. Adjusted odds ratios for adverse maternal outcomes
were 1.0 (0.7 to 1.6), 1.2 (0.8 t0 1.9), 1.8 (1.1 to 3.1) and 4.4 (2.6 to 7.5) for women in the 2 to <3L
category, >3 to <4L, >4 to <5L, and >5 to <7L volume categories respectively. Results were similar in

strata of different severities of bleeding.

Conclusion Clear fluids volume >4L was independently associated with adverse maternal outcome
in women with persistent postpartum haemorrhage.

Key words Blood transfusion, crystalloid solutions, colloids, postpartum haemorrhage, resuscitation
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Introduction

Almost 20% of maternal deaths worldwide are due to postpartum haemorrhage,
the leading cause of maternal death and morbidity.>?> Following childbirth,
women are at risk of postpartum haemorrhage, and when postpartum
haemorrhage is refractory to first-line therapy, it may deteriorate to severe
haemorrhage.* Management of postpartum haemorrhage consists of obstetric
and haemostatic interventions to stop bleeding, and fluid resuscitation to

prevent and treat haemorrhagic shock.?

During fluid resuscitation, infusion of crystalloids and colloids precedes
transfusion of red blood cells. Red-cell transfusion during ongoing haemorrhage
not only maintains circulating blood volume and tissue oxygenation, but may
also support haemostasis by improving coagulation.*® Obviously, red-cell
transfusions are also associated with adverse effects including transfusion
reactions and transfusion-related acute lung injury.'*'2 And, fluid resuscitation
with crystalloids and colloids may worsen maternal outcomes by causing
dilution of clotting factors and platelets.’**> Moreover, colloid fluids have
been associated with dysfunction of clotting factors.’*? The effects of fluid
resuscitation on patient outcomes have been studied in patients with major

trauma or surgery, but not in women with postpartum haemorrhage.®?-%

Because of the potential adverse effects of both red-cell transfusion and
fluid resuscitation with crystalloids and colloids, timing of switch from fluid
resuscitation to resuscitation with packed red blood cells in women with
severe postpartum haemorrhage should be carefully balanced. Nonetheless,
it is unknown which volumes of crystalloids and colloids potentially worsen

maternal outcomes, and therefore, justify switching to red-cell transfusion.

We set out to describe the association between increasing volumes of clear
fluids administered before transfusion of packed red blood cells in women with

severe postpartum haemorrhage and adverse maternal outcomes.
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Materials and Methods

Patients

We used the TeMpOH-1 (Transfusion strategies in women during Major
Obstetric Haemorrhage) study, a nationwide, retrospective cohort study on
transfusion strategies in women with major obstetric haemorrhage in the
Netherlands. The cohort comprised consecutive women from 61 hospitals
who, from 1 January 2011 to 1 January 2013, received either 24 units of red
blood cells or a multicomponent blood transfusion within 24 hours following
birth because of postpartum haemorrhage (21000 mL blood loss). Women
were selected from transfusion databases and birth registries of participating
hospitals. For the present analysis we selected all women with persistent
postpartum haemorrhage.>*®

Persistent postpartum haemorrhage was defined as postpartum
haemorrhage refractory to first-line measures to control bleeding.® This
definition is a pragmatic definition of severe postpartum haemorrhage that
considers haemorrhage as severe as soon as initial measures fail to stop
haemorrhage. With this definition we selected only women with ongoing
postpartum haemorrhage, irresponsive to initial therapy. First-line therapies
were uterine massage, continuous intravenous oxytocin, misoprostol,
methylergometrine, manual placenta removal and inspection of genital tract
and uterine cavity as first-line therapy in case of uterine atony, retained placenta,
genital tract trauma, placenta previa or placental abruption as primary cause
of postpartum haemorrhage. If a woman had multiple causes of postpartum
haemorrhage, three authors (DH, KB, JvdB) determined primary cause by
carefully reviewing the haemorrhage and discussion until consensus. Women
with clinically abnormally invasive placenta as primary cause of postpartum
haemorrhage, a surgical cause (including uterine rupture) or a congenital or
acquired coagulation disorder were regarded as having persistent postpartum
haemorrhage irrespective of the firstly applied therapy, as these complex

haemorrhages require a series of therapeutic measures to control bleeding.

Women with unknown total volume of resuscitation fluids and women in
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whom fluid resuscitation with clear fluids was started after a red-cell transfusion
were excluded.

Approval and a waiver of informed consent was obtained from the Medical
Ethics Research Committee of the Leiden University Medical Center (P12.273),
and from the institutional review board of each study centre. The study was
registered in the Netherlands Trial Registry (NTR 4079).

Data collection

In the Netherlands, the course and management of obstetric emergencies
are carefully recorded in medical files facilitating reconstruction of obstetric
emergencies for different purposes. Detailed information concerning
pregnancy, birth and course of bleeding was gathered retrospectively from
routinely collected medical information. Comprehensive chart reviews were
performed by well-trained medical students and research nurses. We checked
all data for completeness and inconsistencies, and whenever necessary, on-site
chart review was repeated.

Data included mode of birth, primary cause of haemorrhage, total volume
crystalloids and colloids and time of administration, consecutive estimates of
blood loss and time of estimations, blood pressure and heart rate and time
of measurements, time of transfusions and time of obstetric and haemostatic

interventions to control bleeding.

Outcomes
Women were followed until end of bleeding. Outcome parameters were total
blood loss and adverse maternal outcome. Adverse maternal outcome was
a composite of maternal mortality and severe maternal morbidity, with the
latter defined as hysterectomy, arterial embolisation, or intensive care unit
admission.
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Clear fluids

Volume of clear fluids consisted of total volume of crystalloids and total
volume of colloids administered prior to transfusion of red cells. During the
study period, both crystalloid and colloid fluids were used in the Netherlands
as resuscitation fluids in women with postpartum haemorrhage, at the treating
physician’s discretion.

We categorized women into predefined groups according to volume of
clear fluids. Women who received <2L of clear fluids formed the reference
category, and we determined the effect of every additional litre of clear fluids
on maternal outcome: >2 to <3L of clear fluids, >3 to <4L, >4 to <5L, and, >5 to

<7L. We excluded women with total volume of clear fluids > 7L.

Baseline blood loss, bleeding rate and signs of haemorrhagic shock

As the first obstetric intervention to control bleeding generally occurs
simultaneously with the start of fluid resuscitation we defined baseline as
the moment of diagnosis of persistent postpartum haemorrhage (figure S1).2
Depending on the patients’ and bleeding characteristics, this first obstetric
intervention is usually employed between 500 and 1000 mL of blood loss.
For women with abnormally invasive placenta, surgical cause or coagulation
disorder as primary cause of postpartum haemorrhage, baseline was set at
time of birth.

To enable adjustment for severity of haemorrhage we quantified three
variables at baseline: volume of blood loss, rate of bleeding and presence of
haemorrhagic shock. Volume of blood loss during postpartum haemorrhage
had been measured regularly during haemorrhage by weighing all gauzes,
cloths and surgical swabs and suction into canisters. We estimated volume of
blood loss at baseline with linear interpolations between observed volumes of
blood loss. Rate of bleeding at baseline was calculated by dividing the volume
of blood loss between the two nearest observed measurements by the time
between those measurements. Haemorrhagic shock was considered present
with one measurement of systolic blood pressure <90 mmHg and/or a heart
rate 2120 bpm birth.?”
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Statistical analyses

We used regression analyses to quantify the association between volume
of clear fluids and total blood loss, maternal mortality and severe maternal
morbidity. Multivariable models adjusted for the predefined potential
confounders preeclampsia (yes/no), mode of birth (vaginal/caesarean),
primary cause of haemorrhage (categories: uterine atony, retained placenta,
abnormally invasive placenta, other), baseline blood loss (categories: <1.0L,
>1.0 to <2.0L, >2.0L), baseline bleeding rate (<1.0 L/hr., 21 to <2L/hr., 22 L/hr.),

and signs of haemorrhagic shock at baseline (yes/no).

Missing data in confounding variables were imputed using multiple
imputation to minimize the risk of bias because of these missing data.?®
We included confounding variables, outcome parameters and parameters
associated with the missing variables as predictive variables in the imputation

models.

To assess whether our findings were robust we performed the following
sensitivity analyses: analyses with categorization of women in quintiles of
clear fluids volume, analyses among women with high volumes of blood loss,
high bleeding rates and with signs of haemorrhagic shock present at baseline,
analyses after excluding women in whom the need of red blood cells transfusion
could have been predicted prior to onset of haemorrhage (i.e. women with
abnormally invasive placenta), and analyses after excluding women that were
treated with neuraxial blockade during labour, as in the Netherlands vascular
loading with crystalloids prior to neuraxial blockade is common practice. For all
sensitivity analyses we adjusted for the same confounding variables as in the

main analyses.

Results

Patients

We assessed 270,101 deliveries during the study period. A total of 1391 women
(0.51%) received a transfusion of at least four units of packed red blood cells or
a multicomponent blood transfusion, and 1260 (0.47%) women were classified
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as having persistent postpartum haemorrhage (figure 1). A total of 377 women
were excluded due to incomplete data on volume of crystalloids and colloids
(n = 340), start of administration of clear fluids after start of packed red blood

cells transfusion (n = 10), or clear fluids volume > 7L (n = 27).

All 883 women received a combination of crystalloids and colloids for
resuscitation. Median volume of crystalloids was 2.0L (interquartile range, IQR
1.0 to 3.0), and of colloids 1.0L (1.0 to 1.5).

Baseline characteristics of the women are depicted in table 1. Pregnancy was
complicated by preeclampsia in 13.6% of women, 20.6% of women underwent
a caesarean section, and postpartum haemorrhage was predominantly caused
by uterine atony (58.8%). At baseline, median blood loss and bleeding rate
were 0.9L (0.2 to 1.6) and 1.2 L/hr. (0.6 to 2.4) (table 2). Signs of haemorrhagic
shock at baseline were present in 32.1% of women, with missing data in 219
women (24.8%). Median time from baseline until the first red-cell transfusion
was 100 minutes (50-170), similarly distributed across all clear fluids volume
categories (table 2).

Baseline characteristics of women excluded due to incomplete data on clear
fluids volume were similar to characteristics of included women (tables S1 to
S2).

Total blood loss

Median blood loss for all women was 3.0L (IQR 2.5 to 4.0L), and for women that
received <2L of clear fluids 2.9L (2.2 to 3.4). Adjusted mean difference in blood
loss compared with the reference group was +0.2L (Cl -0.1 to 0.5) for women
in the >2 to <3L category, +0.4L (0.1 to 0.7) for the >3 to <4L category, +0.6L (0.5
to 0.7) for the >4 to <5L category, and +1.9L (1.5 to 2.3) for the highest volume
of clear fluids category (table 3).

Adverse maternal outcome
Four maternal deaths were observed in the 883 women. Arterial embolization
was performed in 109 women (12.3%), and hysterectomy in 36 women (4.1%).

Admission to an intensive care unit was necessary in 239 women (27.1%).
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Adverse maternal outcome occurred in 32.5% of the study population (n=287).

Table 3 presents the association between volumes of clear fluids, consisting
of crystalloid and colloid fluids, and adverse maternal outcome. Women who
received >4L of crystalloids and colloids suffered more adverse maternal
outcomes than women in the reference group. Odds ratios (OR) for adverse
maternal outcome after adjustment for confounding were for women in the
>2 to <3L clear fluids category 1.0 (Cl 0.7 to 1.6), for the >3 to <4L clear fluids
category 1.2 (0.8 to 1.9), for the >4 to <5L clear fluids category 1.8 (1.1 to 3.1)
and for the >5 to <7L clear fluids category 4.4 (2.6 to 7.5)(figure 2).

Sensitivity analyses
Sensitivity analyses showed similar adjusted mean differences in blood loss
from the reference group and similar odds ratios for adverse maternal outcome
(tables S3 to S12).

Comment

Principal findings

In this multicentre cohort study among 883 consecutive women with persistent
postpartum haemorrhage, resuscitation with >4L clear fluids was associated
with subsequent bleeding and accompanying adverse maternal outcome. This

association was observed within all strata of severity of bleeding.

Current knowledge

The Royal College of Obstetricians and Gynaecologists recommends crystalloids
and colloids up to 3.5L before start of blood transfusion.?® Thus far, this
recommendation was based on expert opinion and not supported by clinical
guantitative evidence.

Tothe best of our knowledge thisisthe first study reporting on the association
between high volumes of clear fluids and subsequent adverse maternal
outcome among women with severe postpartum haemorrhage. Previous
studies showed that haemodilution can lead to impaired thrombin generation

and fibrin clot formation, which has been called dilutional coagulopathy.'#1®
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The effects of volumes of fluid resuscitation have been studied in non-
pregnant trauma patients with massive haemorrhage. Results of these
studies are conflicting, and consequently, there is no consensus for trauma
patients.?*#?3% Fluid volumes of 20L were administered, fluid resuscitation
was guided by systolic blood pressures and haematocrit levels, and pregnancy
was generally an exclusion criterion. A recent observational study compared
crystalloid resuscitation <2L in 1282 trauma patients with uncontrolled
haemorrhage with crystalloid resuscitation >2L in 289 patients.3! Adjusted
mortality was almost 2-fold higher in the high-volume patients compared
with the low-volume patients. The alterations in coagulation due to pregnancy

hamper translation of the results of these studies to postpartum haemorrhage.

Strengths and limitations

In this large cohort of consecutive women with persistent postpartum
haemorrhage, we included women at risk of haemodilution due to
resuscitation with clear fluids. To achieve this we defined persistent postpartum
haemorrhage as recently proposed by an international expert panel.® This
enabled identification of women truly at risk of progression from mild to severe
haemorrhage, morbidity and mortality. Refractoriness to first-line therapy is
also a clear and recognizable transition point in management of women with
postpartum haemorrhage, and thus, findings of this study have direct clinical

relevance for the management of women with postpartum haemorrhage.

We carefully adjusted our results for confounding. One of the most important
confounders in research on management of postpartum haemorrhage is
severity of haemorrhage. We adjusted for cause of haemorrhage, blood loss,
bleeding rate and signs of haemorrhagic shock at baseline as proxies for severity
of haemorrhage. Yet, we cannot rule out residual confounding. However,
given that sensitivity analyses among women in the worst clinical condition
at start of fluid resuscitation showed similar results, we feel confident to infer
that resuscitation with >4L clear fluids before start of red cell transfusion does
not seem to be beneficial for these women. In contrast, it may worsen clinical

outcome of women with persistent postpartum haemorrhage. Moreover, red-
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cell transfusions were initiated in similar timeframes across all five clear fluids
volume categories, indicating similar severity of postpartum haemorrhage

between groups at baseline.

Colloid fluids are expected to have a different effect on maternal outcomes
because of their additional association with impaired coagulation.®?’
Unfortunately, stratification based on type of clear fluid was not possible in our

study.

To optimise adjustment for confounding we aimed to collect sequential
information on blood loss and vital signs at relevant time points during ongoing
postpartum haemorrhage, and cautiously reconstructed the course of bleeding
in every woman. Loss to follow up did not occur because information from
start till end of bleeding was available for all women, including all interventions
and outcomes. As expected, we had missing data on signs of haemorrhagic
shock in almost 25% of women, distributed across all categories of clear fluids
volume. These missing values were imputed by using all available data on
blood pressures and heart rates throughout the bleeds. It has been shown that
multiple imputation is a better solution than complete case analysis in case of

missing data.3?

Inthe Netherlands, there is a 24/7 availability of arterial embolisation in most
hospitals, and this intervention is performed before resorting to hysterectomy.

This may explain our relatively high embolisation and low hysterectomy rate.

Clinical implications

Our findings suggest that fluid resuscitation with clear fluids becomes clinically
relevant in women with persistent postpartum haemorrhage when clear fluids
volume exceeds 4L, within all strata of severity of bleeding. Consequently,
clinicians should switch to red-cell transfusion before reaching this 4L limit
of clear fluids in women with ongoing postpartum haemorrhage, in order to

prevent adverse maternal outcome associated with high clear fluids volume.

119



Authors’ contributions

DH, KB, JZ, JR, JJZ and JvdB were responsible for study concept and design. DH
monitored data collection for the whole trial, wrote the statistical analysis plan,
cleaned and analysed the data. RM collected data and helped development of
the data collection tool. DH and JvdB drafted and revised the paper. KB, JZ, JR
and JJZ critically reviewed the manuscript and approved the final version. All
authors had full access to the data and take responsibility for the integrity of
the data and the accuracy of the data analyses.

Data statement
The datasets used and/or analysed during the current study are available from

the corresponding author on reasonable request.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Role of the funding source
None.

Acknowledgements

Wewouldliketothankall 61 participating hospitals and the Dutch Consortiumfor
Healthcare Evaluation and Research in Obstetrics and Gynaecology - NVOG
Consortium 2.0, medical students R.M. Loeff, R.J. van Goeverden, B. Eijlers, A.
Hillebrand, S.E. Spelmink, T.J. Beunder, V. Harskamp, M. Wind, M.D. Koning,
R.A. Cramer, A. Veenstra, S.M. Smith and E.E. Ensing, datamanagers C.J. van
Brussel-de Groot and O. Zouitni, research nurses C. Kolster-Bijdevaate, M.S.
Bourgonje-Verhart, C.E. Bleeker-Taborh and E. Roos-van Milligen for their
contributions to the TeMpOH-1 study.

120



References

1. Say L, Chou D, Gemmill A, et al. Global

causes of maternal death: a WHO systematic anal-
ysis. The Lancet Global health 2014;2:e323-33.

2. Zwart JJ, Dijk PD, van Roosmalen J. Peri-
partum hysterectomy and arterial embolization for
major obstetric hemorrhage: a 2-year nationwide
cohort study in the Netherlands. American journal
of obstetrics and gynecology 2010;202:150.e1-7.

3. Abdul-Kadir R, McLintock C, Ducloy AS,
et al. Evaluation and management of postpartum
hemorrhage: consensus from an international
expert panel. Transfusion 2014;54:1756-68.

4, Aarts PA, van den Broek SA, Prins GW,
Kuiken GD, Sixma JJ, Heethaar RM. Blood platelets
are concentrated near the wall and red blood cells,
in the center in flowing blood. Arteriosclerosis
(Dallas, Tex) 1988;8:819-24.

5. Litvinov RI, Weisel JW. Role of red blood
cells in haemostasis and thrombosis. ISBT science
series 2017;12:176-83.

6. Peyrou V, Lormeau JC, Herault JP, Gaich
C, Pfliegger AM, Herbert JM. Contribution of eryth-
rocytes to thrombin generation in whole blood.
Thrombosis and haemostasis 1999;81:400-6.

7. Reimers RC, Sutera SP, Joist JH. Potentia-
tion by red blood cells of shear-induced platelet
aggregation: relative importance of chemical and
physical mechanisms. Blood 1984;64:1200-6.

8. Santos MT, Valles J, Marcus AJ, et al.
Enhancement of platelet reactivity and modula-
tion of eicosanoid production by intact erythro-
cytes. A new approach to platelet activation and
recruitment. The Journal of clinical investigation
1991;87:571-80.

9. Turitto VT, Weiss HJ. Red blood cells:

their dual role in thrombus formation. Science

(New York, NY) 1980;207:541-3.

10. Valles J, Santos MT, Aznar J, et al. Eryth-
rocytes metabolically enhance collagen-induced
platelet responsiveness via increased thromboxane
production, adenosine diphosphate release, and
recruitment. Blood 1991;78:154-62.

11. Carson JL, Triulzi DJ, Ness PM. Indications
for and Adverse Effects of Red-Cell Transfusion. The
New England journal of medicine 2017;377:1261-
72.

12. Delaney M, Wendel S, Bercovitz RS,
et al. Transfusion reactions: prevention, diag-
nosis, and treatment. Lancet (London, England)
2016;388:2825-36.

13.
Tanaka KA. Haemodilution-induced profibrinolytic

Bolliger D, Szlam F, Levy JH, Molinaro RJ,

state is mitigated by fresh-frozen plasma: implica-
tions for early haemostatic intervention in massive
haemorrhage. BrJAnaesth 2010;104:318-25.

14. Schols SE, Feijge MA, Lance MD, et al.
Effects of plasma dilution on tissue-factor-induced
thrombin generation and thromboelastography:
partly compensating role of platelets. Transfusion
2008;48:2384-94.

15. Schols SE, Lance MD, Feijge MA, et al.
Impaired thrombin generation and fibrin clot for-
mation in patients with dilutional coagulopathy
during major surgery. Thrombosis and haemostasis
2010;103:318-28.

16.

physiology and treatment of coagulopathy in mas-

Bolliger D, Gorlinger K, Tanaka KA. Patho-

sive hemorrhage and hemodilution. Anesthesiol-
ogy 2010;113:1205-19.

17.
effects of plasma expanders on coagulation. Sem-
inThrombHemost 2007;33:810-5.

Levi M, Jonge E. Clinical relevance of the

121



18.
and colloids in remote damage control resuscita-
tion? Shock (Augusta, Ga) 2014;41 Suppl 1:47-50.

Medby C. Is there a place for crystalloids

19.

Effect of perioperative crystalloid or colloid fluid

Rasmussen KC, Secher NH, Pedersen T.

therapy on hemorrhage, coagulation competence,
and outcome: A systematic review and stratified
meta-analysis. Medicine 2016;95:e4498.

20. Skhirtladze K, Base EM, Lassnigg A, et al.
Comparison of the effects of albumin 5%, hydroxy-
ethyl starch 130/0.4 6%, and Ringer’s lactate on
blood loss and coagulation after cardiac surgery.
British journal of anaesthesia 2014;112:255-64.

21. Choi PT, Yip G, Quinonez LG, Cook DJ.
Crystalloids vs. colloids in fluid resuscitation: a sys-
tematic review. Critical care medicine 1999;27:200-
10.

22. Duke MD, Guidry C, Guice J, et al. Re-
strictive fluid resuscitation in combination with
damage control resuscitation: time for adapta-
tion. The journal of trauma and acute care surgery
2012;73:674-8.

23. Morrison CA, Carrick MM, Norman MA,
et al. Hypotensive resuscitation strategy reduces
transfusion requirements and severe postoperative
coagulopathy in trauma patients with hemorrhagic
shock: preliminary results of a randomized con-
trolled trial. The Journal of trauma 2011;70:652-
63.

24,

M. Permissive hypotension versus conventional

Tran A, Yates J, Lau A, Lampron J, Matar

resuscitation strategies in adult trauma patients
with hemorrhagic shock: A systematic review
and meta-analysis of randomized controlled tri-
als. The journal of trauma and acute care surgery
2018;84:802-8.

25. Wang CH, Hsieh WH, Chou HC, et al.
Liberal versus restricted fluid resuscitation strate-

gies in trauma patients: a systematic review and

meta-analysis of randomized controlled trials and
observational studies*. Critical care medicine
2014;42:954-61.

26.

T, et al. The effect of tranexamic acid on blood loss

Gillissen A, Henriquez D, van den Akker

and maternal outcome in the treatment of persis-
tent postpartum hemorrhage: A nationwide retro-
spective cohort study. PloS one 2017;12:e0187555.

27.

pregnancy complications. The WHO near-miss

Evaluating the quality of care for severe

approach for maternal health. 2011. (Accessed
January 10, 2018, at Availabel at: http://www.

who.int/reproductivehealth/publications/monitor-
ing/9789241502221/en/.)

28. I INVALID CITATION !!1[28, 29].

29.
and management (Green-top guideline no. 52).
2016. (Accessed January 10, 2018, at Availabel at:_
https://www.rcog.org.uk/en/guidelines-research-

Postpartum haemorrhage, prevention

services/guidelines/gtg52/.)

30.

Timing and volume of fluid administration for

Kwan |, Bunn F, Chinnock P, Roberts I.

patients with bleeding. The Cochrane database of
systematic reviews 2014:Cd002245.

31.
10-Year trend in crystalloid resuscitation: Reduced

Harada MY, Ko A, Barmparas G, et al.

volume and lower mortality. International journal
of surgery (London, England) 2017;38:78-82.

32.

et al. Missing covariate data in medical research:

Janssen KJ, Donders AR, Harrell FE, Jr.,

to impute is better than to ignore. JClinEpidemiol
2010;63:721-7.

122



'sJapJosip uone|ndeod palinboe Jo |enusduod pue uondnuge [eyuade|d ‘elnaid eyuadeld sspnpoul 4 "A10331ed 9JUIBYBY

(o)t (82) € (60) T (T1)€ (0 v +3y10
(92)8 (99) 2 (r'8) LT (L's) st (s2)s |ea18uns
(£'s)9 (99) 2 (T'8) LT (z6) ve (T'st) 0€ ejuade|d aniseaul Ajlewouqy
(L9) L (o91) LT (Ly1) 1€ (£'81) 6% (912) €V ejuade|d paulelay
(0'6L) €8 (6°29) L (z'89) ¥v1T (€'59) LT (8'85) LTT Auoje auuain
(%) "ou — a3eyiowaey Jo asne)
- (60T (60)C (ot (01)2 umouun
(9'87) 0€ (£T2) €T (T'91) vE (8'6T) 2§ (902) v ueaJesae)
(r'TL)sL (ree)es (6728) SLT (8'6£) 60T (r'8£) 9ST |euigen
(%) "ou — ymiq Jo 3poN
(€€T) T (£5)9 (T2) st (T'T1) 62 (9°€1) L2 (%) "ou — e1sdwedaald
(zst) ot (0z1) 8T (€'€T) 82 (8'6T) TS (9722) v umouwyun
(rrn) e (eTn)er (5'6) 0T (8'8) €T (578) LT W/ 062
(0'02) 12 (6°LT) 6T (Ly1) 1€ (s'6T) TS (T°LT) ¥E W/ 0€ 03 5=
(€'€5) 95 (8°€S) LS (9729) teT (6'T5) 9€T (8'T5) TOT W/8% 52>
(%) ‘ou—1ng
(6'T2) €€ (L12) €T (v°8¢2) 09 (rze) v8 (1°8¢2) 95 umouyun/13yio
(r'82) ¢8 (€'82) €8 (9712) 15T (6°29) 8LT (67TL) €VT ueiseane)
(%) "ou — Aydruyia
] i ) - (s0) T umouyun
(£¢2) L2 (v'L2) 62 (£€2) 05 (8'v2) 59 (1°82) 95 siedh ge 2
(€evL) 8L (92L) 1L (€'92) 191 (z'sz) L6t (r'1L) et siedh g >
(%) ‘ou— 98y
(s0T =N) (90T =N) (TT2=N) (z9z2=N) (66T = N)
L5 0} §< BWIN|OA spInyy Jea|) 1S5 0} p< SWN|OA spiny Jea|y 15 0} €< BWN|OA spInyy Jea|y 1€S 0} Z< WN|OA spInyy Jea|) +125 dWN|OA spinyy 4e3) JusuaeIRy)

98eysiowaey wniiedisod juaisisiad Yyim usawom papnjaul jo sousualdeseyd Adueusaad pue siydesSowaq °T 3jqeL

123



(T°21) 6T
(8'vv) LY
(1°8€) O

(0z-sT)ST
(Sv-0v)0v

(0'6T) 0T
(€'v€) 9¢
(£°9v) 67

(€'v€) 9¢
(£'97) 8¢
(0'6€) T

(€'vT) ST
(r'ze) ve
(€7€5) 95

(s0T =N)

745 0} S< dWN|OA spinyy Je3|)

(60) T
(6'8T) 0T
(0'05) €5
(zog) ze

(ST-0T)S'T
(s'e-0€) 0°€

(5's2) L2
(9°0v) €
(0've) 9

(9'6€) 2
(8'6T) TC
(9'0v) €V

(0'91) LT
(€'82) o€
(£'sS) 65

(90T = N)

1S5 01 < dWIN|OA spiInyy ae3|d)

‘98eysiowaey wnyuedisod jualsisiad Jo sisoudelp Jo awl Se pauysp sem aul|aseq 1 ‘A10891e 92UDID)9Y

(602
(6'02) vv
(£'15) 60T
(s'92) 95

(ST-0T)S°T
(0'e-07) 5T

(£'€2) 05
(€'1€) 99
(0'sv) s6

(T'se) v
(5'92) 95
(v'8e) 18

(r'11) v
(v'Le) 6L
(z'18) 80T

(t1z=N)

IS 03 €< SWN|OA spinyy Je3|)

(v'v2) ¥9
(e'Lv) ver
(z8z) s

(S1-0T)0°T
(0z-sT) ST

(L'€T) 29
(z0€) 6£
(zov) T2t

(zog) 6L
(6'22) 09
(6'9v) €2T

(€'sT) OF
(v'62) LL
(€'55) S¥T

(z9z=N)

€S 0} Z< AWN[OA spiny Jea|)

(5€) L
(9's2) 18
(L'sv) 16
(1's2) 05

(01-50)0'T
(0'1-5°0)0'T

(z'0€) 09
(9'82) LS
(z1v) 28

(sT) €
(9'22) 5§
(9'22) 5§
(zev) 98

(sT)€
(T11) 22
(z'ee) 99
(e'vS) 80T

(66T =N)

+1Z5 dWN|OA spiny Jed|)

umouun
sinoy €2
sinoy €> 0} 1=
oy T >

(%) ou - s||92 POO|q PaJ JO UN 1SIY [UN BUI|ISEQY WO dWIL

Sp1ojjod
spioj|eisAi)

uelpaw “1— piny Jea|d jo adA|

umouyun
SaA
OoN

(%) ou — yaulaseq e yooys d18eyliowaey Jo susis

umowjun
/10T
44/10'2> 01012
44107 >

(%) "ou — yaulaseq 1e ajel Suipas|g

umouun
10°¢=
10C>010'T<
0T>

(%) "ou — yauljaseq 1e sso| poojg

snusuaPeIRY)

uonelIsnsal piny jo sjielap pue aSeyaiowaey wnyedysod jualsisiad jo sisouSelp jo awn je sonsIdeIRYD SUIpaa)g 1 d|qeL

124



0TS-£S S2|ge1 Ul UMOYS s}nsal |Ind , "3|q1ssod juaied 4ad syujodpua sjduniA 4

‘(ou/saA) auljaseq 1e yo0ys di3eyiiowaey Jo sudis ‘(4y/7 Zz “4y/1 7> 01 TZ “1y/] T>) suleseq 1e a1ed Suipas|q ‘(10°zZ “10°2> 01 0°'TZ “10°
, , , ! ! I | ! 107>,
aul|aseq 1e sso| poo|q ‘(4ay10 Jo ‘ejuade|d aAiseAul Ajjewaouge ‘ejuaded paulelal ‘Auole suliain) aSeyiowaey Jo asned Alewid ‘(ueasesaed/jeuiden) yuiq Jo apow ‘(ou/sah) eisdwe|daaud :u0) umum::o,qN

‘oljed SPPO SAJ0UIP YO ‘Hun aJed

SAISUBIU| SIIOUBP NI {|BAIIUI IUBPYUOD %G6 SAI0UIP | %S6 ‘@8uel a|nienbiaiul sa10uap YOI

(LsT0127) 8'S
(cyT 01 ET) LS
9e=N
(1710187 6'S
(50T 0387) ¥'S
¥9=N
(58018°T)6°€
(180187 LY
67=N

(20197 vy
(L0322 vy
(s'6v) 28
(s'62) TE
(et et
(6'1)C
(0'19) ¥9
(€7015T) 6T
(rz01971)0C
(zsors€) oy
(soT =N)

L5 0} §< 3WIN|OA spInyy Jea|)

(r's0160) T'T
(0sor60)TT
er=N
(z901sT)T°E
(65019T)0°€
€9=N
(€€0190) ¥'T
(62010T) LT
Lr=N

(T€01TT)8T
(6201TT)8T
(0'e€) s¢
(zer) vT
(8'€) v
(£'8€) ¥
(£:00150) 90
(0T 0120) 90
(0v 0122 v
(90T = N)

1SS 0} $< SWIN|OA spIny Jea|)

(Lzorg0) Tt
(szors0)TT
99=N
(9z0180)v'T
(ezorz0) €T
0€T=N
(Fzorgo)zt
(610380)TT
€0T =N

(610380)TT
(8T032°0)TT
(Tve) 1s
(6°0T) €T
(€v)6

(6'82) 19
(Loort0) 0
(8003 1°0) 70
(0vorsz)oe

(t12=N)

b5 0} €< dWIN|OA spIny Je3|d

(zzorvo)ot
(6T 0311°0) 60

(sT011°0) 80
(9T0190)0T
LTT=N

(9T 03120 0T
(sT0120)0T
(0T2) 58
(z'6) vT
(o)L
(7o) T
(€'92) 69
(s0011°0-) 20
(s0011°0-) 20
(seo1€T)0E
(z9z=N)

€S 0} Z< SWN|OA SpInjy Je3|)

(12 %S6) YO paisnipy
(12 %56) 4O apn1d
LS=N (I8Z=N) auljasoq v juasaid yo0ys 21boyriowany fo subis

o -

T (12 %S6) HO passnipy
T (1D %S6) 40 apn1d
0TT=N (905 = N) 4y/1T 2 210. buipaa|q auljasng
T (12 %56) HO passnipy
T (12 %56) 4O apnId
88=N (v0v = N) 1T Z ss0] poojq auljaspg
$S98BY1I0WDRY BI2ATS JSOW Y3 YUM USWOM uj sasAjeue Ajanisuas jo Alewwng
T (12 %56) HO parsnipy
T (19 %S6) ¥O apn1d
(T'€2) 9y (%) "ou — uoissiwpe-nd|
(5'8) LT (%) “Ou — uonezIOqUIS [eLIBY
(s1)€ (%) “0u — Aw03031935AH
(so)t (%) “Ou — Ayijeriow [eusale N
(1'92) 28 1(%) "0U — 3WO2INO [BUIBIRW BSIBAPY
Jal (1D %S6) dnoJ8 92uaiajal W) 3dUBIAYIP uBaW paisnipy
Jal (1D %56) dnous 9ouaJa)aJ WOI SIUIBYIP UBSIA
(reorzz)6e 1 (4OI) $50] PoO|q [e303 UBIPANI
(66T=N)
IZ5 SWIN|OA spiny Je3|) awonnQ

S3W023IN0 |eUII}EW PUE SSO| POO|q [BI0L *€ J|qeL

125



Figure 1. Overview of included women and clear fluids volume categories.

RBC denotes packed red blood cells, PPH denotes postpartum haemorrhage.
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Figure 2. Adjusted odd ratios for adverse maternal outcome plotted against clear fluids vol-
ume categories.

Adjustments for preeclampsia, mode of birth, primary cause of haemorrhage, baseline blood
loss, bleeding rate and signs of haemorrhagic shock. OR denotes odds ratio, Cl denotes
confidence interval.

*Reference category

Adjusted OR (95% Cl) for
adverse maternal outcome
'S
[

2-. I I

1
<2L >2-<3L >3-<4L >4-<5L >5-<7L

Clear fluids volume
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Figure S1. Definition of persistent postpartum haemorrhage and study baseline.
Persistent postpartum haemorrhage is defined as postpartum haemorrhage refrac-
tory to first-line uterotonic or surgical therapy to control bleeding, depending on
primary cause of haemorrhage. Time of diagnosis of persistent postpartum haemor-
rhage is regarded as study baseline. PPH denotes postpartum haemorrhage.

Delivery: Initial treatment unsuccessful: End of bleeding
Active management of PERSISTENT PPH > 1000 mL
third stage of labour Start volume resuscitation and
interventions to stop
haemorrhage

2" and 3™ line obstetric interventions
500-1000 mL blood loss: PPH and haemostatic interventions to control

Start 1* line therapy T bleeding

BASELINE
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Table S1. Demographic and pregnancy characteristics of patients excluded due to
incomplete data on clear fluids volume, compared to included patients

Characteristic

Age —no. (%)
< 35 years
> 35 years

Unknown
Ethnicity — no. (%)

Caucasian

Other/unknown
BMI - no. (%)

<25 kg/m?
>25 to 30 kg/m?
>30 kg/m?

Unknown
Preeclampsia — no. (%)

Mode of delivery — no. (%)
Vaginal
Caesarean

Unknown

Cause of haemorrhage — no.
(%)

Uterine atony

Retained placenta
Abnormally invasive placenta
Surgical

Othert

Included patients with persistent PPH

(N =883)

655 (74.2)
227 (25.7)

1(0.1)

637 (72.1)

246 (27.9)

484 (54.8)
156 (17.7)
84 (9.5)

159 (18.0)
91(10.3)

697 (78.9)
180 (20.4)

6(0.7)

587 (66.5)
147 (16.6)
84 (9.5)
52 (5.9)

13 (1.5)

Excluded patients with persistent PPH

(N=377)

254 (67.4)

123 (32.6)

266 (70.6)

111 (29.4)

201 (53.3)
66 (17.5)
32(8.5)

78 (20.7)
36 (9.5)

270 (71.6)
105 (27.9)

2(0.5)

218 (57.8)
72 (19.1)
29 (7.7)
40 (10.6)

18 (4.8)

PPH: postpartum haemorrhage.

T Includes placenta previa, placental abruption and congenital or acquired coagulation disorders.
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Table S2. Bleeding characteristics of patients excluded due to incomplete data on clear
fluids volume, compared to included patients

Characteristic

Blood loss at baseline* — no. (%)
<1.0L
>1.0 to <2.0L
22.0L

Unknown

Bleeding rate at baseline* — no. (%)
<1.0L/hr.
>1.0to<2.0L/hr.
22.0L/hr.

Unknown

Signs of haemorrhagic shock at baseline* — no. (%)
No
Yes

Unknown

Type of clear fluid — median (interquartile range)
Crystalloids

Colloids

Time from baseline till first unit of red blood cells
(hrs.)

<1 hour
1to 3 hours
23 hours

Unknown

Included patients with
persistent PPH

(N=883)

476 (53.9)
286 (32.4)
118 (13.4)

3(0.3)

374 (42.4)
220 (24.9)
286 (32.4)

3(0.3)

328 (37.1)
337(38.2)

218 (24.7)

2.0(1.0-3.0)

1.0 (1.0-1.5)

252 (28.5)
424 (48.0)
197 (22.3)

10(1.1)

Excluded patients with
persistent PPH

(N=377)

207 (54.9)
116 (30.8)

54 (14.3)

182 (48.3)
89 (23.6)
105 (27.9)

1(0.3)

119 (31.6)
115 (30.5)

143 (37.9)

Unknown

Unknown

128 (34.0)
131 (34.7)
98 (26.0)

20(5.3)

PPH: postpartum haemorrhage.

* Baseline was defined as time of diagnosis of persistent postpartum haemorrhage.
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