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Abstract

Background: Postpartum haemorrhage (PPH) is often complicated by impaired coagulation. We aimed to determine
whether the level of ionised calcium (Ca®"), an essential coagulation co-factor, at diagnosis of PPH is associated with
bleeding severity.

Methods: This was a retrospective cohort study of women diagnosed with PPH during vaginal delivery between January
2009 and April 2020. Ca?* levels at PPH diagnosis were compared between women who progressed to severe PPH (primary
outcome) and those with less severe bleeding. Severe PPH was defined by transfusion of >2 blood units, arterial em-
bolisation or emergency surgery, admission to ICU, or death. Associations between other variables (e.g. fibrinogen
concentration) and bleeding severity were also assessed.

Results: For 436 patients included in the analysis, hypocalcaemia was more common among patients with severe PPH
(51.5% vus 10.6%, P<0.001). In a multivariable logistic regression model, Ca?* and fibrinogen were the only parameters
independently associated with PPH severity with odds ratios of 1.14 for each 10 mg dl~* decrease in fibrinogen (95%
confidence interval [CI], 1.05—1.24; P=0.002) and 1.97 for each 0.1 mmol L~! decrease in Ca?" (95% CI, 1.25—3.1; P=0.003).
The performance of Ca?" or fibrinogen was not significantly different (area under the curve [AUC]=0.79 [95% CI,
0.75-0.83] us AUC=0.86 [95% CI, 0.82—0.9]; P=0.09). The addition of Ca?" to fibrinogen improved the model, leading to AUC
of 0.9 (95% ClI, 0.86—0.93), P=0.03.

Conclusions: Ca?* level at the time of diagnosis of PPH was associated with risk of severe bleeding. Ca?" monitoring may
facilitate identification and treatment of high-risk patients.
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Editor’s key points

e Postpartum haemorrhage (PPH) is the leading cause of
maternal morbidity and mortality.

e Coagulation plays an important role in postpartum
haemostasis and uterine tone, and ionised calcium is a
key coagulation cofactor.

e In this retrospective, single-centre cohort study of
women diagnosed with PPH, hypocalcaemia was
associated with severe PPH.

o In a multivariable logistic regression model, Ca®" and
fibrinogen were the only parameters independently
associated with PPH.

e Thus, Ca®", as a standalone parameter or when com-
bined with fibrinogen level, can aid in identifying
women with high-risk PPH.

Postpartum haemorrhage (PPH) is the leading cause of
maternal morbidity and mortality worldwide with an inci-
dence ranging from 3% to 8% of all deliveries."? Studies indi-
cate arising incidence of PPH in high-income countries.! Rapid
diagnosis, risk stratification, and management of women at
high risk improve maternal prognosis.® Uterine atony and
placental abnormalities account for the majority of cases.*
Numerous other risk factors for PPH have been identified
and extensively studied. However, in the majority of cases, it is
still an unpredictable emergency with a variable course.’
There is an increasing interest in the primary and secondary
coagulation alterations that occur during major PPH, as it is
clear that coagulation plays an important role in postpartum
haemostasis in the setting of haemorrhage.”’

Calcium is an essential co-factor in the coagulation cascade
and hypocalcaemia is independently associated with reduced
in vitro clot strength in bleeding patients.®'° Recent studies in
trauma casualties showed that admission hypocalcaemia is
common and is associated with adverse outcomes. Some
studies suggested that calcium may play a role in uterine
contraction.'? The roles of calcium in uterine tone and coag-
ulation suggest that it may be a meaningful biological marker
in PPH. We hypothesised that ionised calcium (Ca®") level at
diagnosis of PPH may serve as an early biological marker and
accurately predict women at risk of severe bleeding.

Methods
Study design and data sources

This retrospective, single-centre cohort study included
women diagnosed with PPH from January 1, 2009 through April
31, 2020 in the maternity department of Rambam Health Care
Campus (RHCC), a 1000-bed tertiary academic hospital serving
more than 2 million residents located in Haifa, Israel.

The study was approved by the Institutional Review Board
at RHCC (approval number RMB-0093-20). The need for written
informed consent was waived because of the specific study
design (see below). Data were analysed anonymously.

Data analysed in this study were retrieved from Prome-
theus, the RHCC integrated electronic medical records system.
Data were collected from patient files using MDClone (Beer-
Sheba, Israel), recently used in other studies.'>'* MDClone
extracts data from electronic medical records, including pa-
tients’ hospitalisations, coded diagnoses, medications, surgi-
cal and other procedures, laboratory tests, patient

characteristics, and administrative information. The data are
presented in an anonymous and standardised format. The
system allows retrieval of a wide range of variables in a
defined time frame around an index event.*

Participants

The study population included all consecutive women who
delivered vaginally and developed PPH according to discharge
diagnosis (ICD-10 [International Statistical Classification of
Diseases and Related Health Problems, 10th revision] code
072.1) during the study period. Each woman was counted only
once (first delivery during the study period). Per hospital pro-
tocol, PPH was defined as uterine bleeding, visually estimated
by a treating physician as >500 ml of blood.

In RHCC, all women admitted to the delivery room are
routinely tested for blood type and crossmatch is performed. A
complete blood count is also carried out at admission. When
PPH is diagnosed additional laboratory tests are performed, at
the discretion of the attending physician, including a coagu-
lation profile, repeat blood count, renal function, electrolytes,
and arterial or venous blood gases (including ionised calcium).
In concordance with current international and local guide-
lines, all women are treated with uterotonic agents (usually
oxytocin) when PPH was diagnosed. Tranexamic acid was
administrated when initial medical therapy failed, at the
discretion of the attending physician.’

Patients were included in the final analysis if they had Ca®*
measurements performed before any blood product trans-
fusion to avoid confounding by a possible effect of citrate,
which is used as an anticoagulant in stored blood products, on
plasma Ca’?*. We also excluded patients treated with ante-
partum anticoagulants.

Outcome measures and variables

The primary outcome of this study was the occurrence of se-
vere PPH. We defined severe PPH as requiring at least one of
the following: (1) ICU admission, (2) transfusion of two or more
blood product units (either fresh frozen plasma or red blood
cells), (3) need for an urgent haemostatic intervention (surgical
or angiographic), or (4) death during the index admission.

Although risk factors for development of PPH have been
well identified and studied, the risk factors for bleeding
aggravation are vague. We selected candidate variables as
potential risk factors for severe PPH based on literature review
and clinical plausibility.>®!® Candidate variables included the
following (information was retrieved from electronic medical
records using the MDClone system):

1. Basic characteristics: age, BMI, parity, multiple pregnancies.

2. Pregnancy complications: diabetes mellitus (DM) and hy-
pertension (HTN).

3. Antepartum drug therapy: low-molecular-weight heparins
and aspirin.

4. Laboratory profile at admission: haemoglobin (Hb) and
platelet count.

5. Laboratory tests performed at diagnosis of PPH: pH, lactate,
Ca?", fibrinogen level, prothrombin time (PT), and partial
thromboplastin time (PTT), platelet count, and Hb.

6. Interventions: vacuum extraction, number of blood prod-
ucts (red blood cells [RBCs] and fresh frozen plasma [FFP],
the primary plasma used in RHCC) transfused (identified by
blood bank records), ICU admission (according to
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administrative information), urgent surgical intervention
(hysterectomy, surgical arterial ligation, or uterine repair)
or angiographic embolisation (censored by operative and
angiography reports, respectively).

Haematological values were measured using the Advia 120
Hematology Analyzer (Siemens Healthcare Diagnostics,
Deerfield, IL, USA). PT, PTT, and fibrinogen were measured
using the BCS XP System (Siemens Healthcare Diagnostics).
Blood gas analysis (pH, lactate, and Ca?*) was performed using
GEM 3500 blood gas analyser (Instrumentation Laboratories,
Bedford, MA, USA). The analyser reports Ca?" values normal-
ised to a pH of 7.4.

At RHCC, Ca®" is routinely reported as part of venous and
arterial blood gas analysis. There is a good correlation between
arterial and venous samples.'” The normal range for Ca" in
our laboratory is 1.16—1.31 mmol L™1. Hypocalcaemia was
defined as Ca?*<1.16 mmol L1, Low fibrinogen was defined as
<200 mg d1-1.8

Statistical analysis

Patient characteristics were summarised with descriptive
statistics. Mean (standard deviation [sp]) and median (inter-
quartile range [IQR]) were used for description of normally and
non-normally distributed quantitative variables, respectively.
Distribution normality was determined using histograms.
Normally distributed values were compared using indepen-
dent samples Student’s t-test, whereas the Mann—Whitney U-
test was used for non-normally distributed covariates. The 2
test was used to analyse the differences between categorical
variables.

Univariable analysis was performed to assess candidate
variables as risk factors for severe PPH; associations between
potential risk factors and outcome were quantified by OR and
95% confidence interval (CI). Multivariable forward stepwise
logistic regression was performed to assess the relationship
between patient characteristics and the occurrence of severe
PPH. Variables were selected as candidates for multivariable
analysis based on the level of significance of the bivariate as-
sociation (P<0.1). Ca?* and fibrinogen were included in the
univariable analysis both as continuous and binary variables.
Model discrimination was measured using receiver operating
characteristics (ROC) derived area under the curve (AUC).
AUCs were compared as described,'® with the higher P-value
presented. Multicollinearity between Ca”" and all other inde-
pendent variables was assessed using variance inflation factor
(VIF), with VIF >5 considered suggestive for multicollinearity.?’
The negative predictive value for development of severe PPH
was calculated using Bayes’ theorem (Ca?* and fibrinogen
were used as binary variables for this purpose). Missing data
were handled using list-wise deletion. All available data were
used for graph generation.

We used all available data from our databases within the
study time frame. To place the available sample size in
context, we estimated sample size using the ROC curve
(Hanley and McNeil approach).?’ Although limited by an
inconsistency of severe PPH definition and inclusion criteria in
previous studies, sample size was determined with an ex-
pected AUC of Ca" of 0.7 and an expected incidence of severe
PPH of 20% (among patients who developed PPH).>?? With a
power of 80%, type 1 error rate of 5% (two-sided), and 10%
missing data rates, the calculated sample size was 103
patients.

Data analysis was conducted with SPSS version 25.0 (IBM
Corp, Armonk, NY, USA), MedCalc for Windows, version 15.0
(MedCalc Software, Ostend, Belgium), and Microsoft Excel
version 14.0 (Microsoft Corporation, Redmond, WA, USA).

Results

During the study period, there were 25 550 vaginal deliveries at
the RHCC, with 1032 (4%) complicated by PPH. A total of 596
patients were excluded from the analyses: Ca?* measurement
was not available for 571 patients, 11 patients were on chronic
anticoagulants, and for additional 14 patients Ca?* was
measured only after administration of blood products (Fig. 1).
The baseline clinical and laboratory characteristics of the 436
included patients, and those of the women not included in the
analysis because of lack of Ca?" measurement, are shown in
Supplementary Table S1. Women for whom Ca”" levels were
not measured required less blood product transfusion and ICU
admissions.

Of the 406 included patients, 68 (15.6%) had severe PPH.
Among patients with severe PPH, 64 (94.1%) required

Vaginal deliveries during the
study period
(n=25 550)

Deliveries complicated by PPH
(n=1032)

No Ca2*
measurement
(n=571)*

Ca?* measured
(n=461)

Ca2* measured
after blood
transfusion (n=14)

On chronic AC
treatment
(n=11)

Patients included in the analysis
(n=436)

Severe PPH
(n=68)

Non-severe PPH
(n=386)

Fig 1. Flowchart of study population. *Thirteen of these 571
patients received antepartum anticoagulation. PPH, postpartum
haemorrhage; Ca®*, ionised calcium; AC, anticoagulants.
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Table 1 Clinical and laboratory characteristics of 436 women included in the study in relation to outcome. 'Odds ratio for 0.1 increase
in pH. *Coagulation profile values were available for 367 (84.2%) patients. /0dds ratio for each 10 mg dl~* decrease in fibrinogen. ‘Odds
ratio for each 0.1 mmol L~ decrease in Ca?". IQR, inter-quartile range; OR, odds ratio; PT, prothrombin time; PTT, partial thrombo-

plastin time.

Non-severe postpartum  Severe postpartum OR P value
haemorrhage (n=368) haemorrhage (n=68) (95% CI)

Age, yr (IQR) 29.5 (26.3—33.7) 30.8 (28.2—35.1) 1.06 (1.01-1.11) 0.025
Pregestational BMI, kg m~2 (IQR) 28.5 (25.65—31.6) 29.95 (25.75—33.35) 1.05 (0.95—1.17) 0.35
Gestational age at delivery, weeks (IQR) 40 (38—41) 39 (37.5—40) 0.94 (0.86—1.04) 0.27
Parity, n (IQR) 2 (1-3) 3 (1.5-3.5) 1.71 (1.19-2.46) 0.005
Multiple pregnancy, n (%) 18 (4.9) 4 (5.9 1.22 (0.4-3.71) 0.74
Vacuum extraction, n (%) 116 (31.5) 12 (17.6) 0.47 (0.24—0.9) 0.016
Complications of pregnancy

Diabetes mellitus, n (%) 6 (1.6) 0(0) - -

Hypertension, n (%) 9(2.4) 2(2.9) - -

Aspirin treatment, n (%) 1(0.3) 1(1.5) — —
Laboratory at admission

Haemoglobin, g dI~* (IQR) 12.3 (11.3-13.1) 11.75 (10.75—12.75) 0.77 (0.64—0.92) 0.005

Platelet count, 103 ul~* (IQR) 194 (159.5—235.5) 195 (163—235) 1(0.99-1) 0.92
Laboratory values at postpartum

haemorrhage diagnosis

pH, (IQR) 7.29 (7.22—7.34) 7.34 (7.28—7.39) 1.95 (1.4—2.72)" <0.001

Lactate, mmol L~ (IQR) 3.9 (2.4-5.6) 2.9 (1.63—4.38) 0.9 (0.79—1.02) 0.07

Fibrinogen, mg dl~* (IQR)* 384 (319.75—444) 214 (151—284) 1.16 (1.12—1.2)" <0.001

Low fibrinogen (<200 mg d1™Y), n (%)} 14 (4.6) 30 (48.4) 19.49 (9.37—40.51)  <0.001

PT, s (IQR)! 10.5 (10—11.2) 10.4 (9.8—11) 1.11 (0.91—1.35) 0.3

PTT, s (IQR)! 26.7 (24.8—28.65) 28.6 (25.8—33.4) 1.11 (1.05-1.17) <0.001

Haemoglobin, g di~* (IQR) 10.85 (9.7—12.4) 10.1 (9.45—12) 0.88 (0.71—1.07) 0.2

Platelet count, 10% ul~? (IQR) 187 (147—236.25) 211 (172—231) 1.01 (0.99—-1.01) 0.31

Ionised calcium, mmol L~ (IQR) 1.44 (1.36—1.5) 1.15 (1.05—1.36) 1.72 (1.49—1.99)° <0.001

Hypocalcaemia (Ca?* <1.16 mmol L™Y), n (%) 39 (10.6) 35 (51.5) 8.94 (5.01-15.97) <0.001

Statistically significant p-values (p < 0.05) are in bold and italicized.

transfusion of two or more blood product units (FFP, RBC, or
both), 20 (29.4%) were admitted to the ICU, one (1.5%) required
hysterectomy, and two (2.9%) underwent angiographic em-
bolisation. Four or more blood products were transfused in 35
(51.5%) of cases. One woman died during hospitalisation as a
result of massive bleeding complications. Baseline clinical and
laboratory characteristics and coagulation profile and blood
gas analysis at PPH diagnosis in relation to outcome are pre-
sented in Table 1. Hypocalcaemia (Ca?* <1.16 mmol L7}
occurred in 74 (17%) patients, and 20 (4.6%) had Ca?" <1 mmol
L1, Fifty-one percent of patients were in the severe bleeding
group with hypocalcaemia at diagnosis of PPH compared with
10.6% in the non-severe PPH group (P<0.001). Among 74
women with hypocalcaemia at diagnosis of PPH, 35 (47.3%)
developed severe PPH compared with 33 of 362 (9.1%) women
with normal Ca%" (P<0.001).

In a multivariable logistic regression model, fibrinogen and
Ca?* concentrations were the only parameters independently
associated with severity of PPH with an odds ratio (OR) of 1.14
for each 10 mg d1~? decrease in fibrinogen (95% CI, 1.05—1.24;
P=0.002) and 1.97 for each 0.1 mmol L~ ! decrease in Ca?" (95%
CI, 1.25—3.1; P=0.003). Results of the multivariable analysis are
presented in Table 2. Relationships between fibrinogen, Ca*
and clinical outcome are shown in Figure 2.

The performance of Ca?* or fibrinogen in predicting severe
bleeding was not significantly different (AUC=0.79 [95% CI,
0.75—0.83] us AUC=0.86 [95% ClI, 0.82—0.9] P=0.09). Addition of
Ca?* to fibrinogen slightly improved the accuracy of fibrin-
ogen, leading to an AUC of 0.9 (95% CI, 0.86—0.93; P=0.03)

(Fig. 3).

Normal Ca?* level (>1.16 mmol LY had a negative pre-
dictive value of 90.9% (95% CI, 87.5—93.7) for development of
severe PPH. The negative predictive value of fibrinogen >200
mg dl~! was 90.1% (95% CI, 86.3—93.1).

Discussion

Our findings show that, among high-risk patients with PPH (for
whom blood gas analysis was requested), low Ca’" at PPH
diagnosis was associated with a higher risk for severe bleeding
independently of other laboratory and clinical indicators.
Thus, Ca’", as a standalone parameter or when combined with

Table 2 Results of multivariable logistic regression analysis.
f0dds ratio for 0.1 increase in pH. As all VIF values were <5
(maximal VIF was 2.87), we confirmed the absence of multi-
collinearity. OR, odds ratio; CI, confidence interval; PTT, par-
tial thromboplastin time; VIF, variance inflation factor.

OR (95% CI) P-value
Age, yr 0.99 (0.86—1.13)  0.90
Parity, n 0.94 (0.53—-1.67) 0.83
Vacuum extraction, n 0.35 (0.02—7.19)  0.50
Haemoglobin, gdl™* 0.88 (0.55—1.4) 0.60
pH' 0.31 (0.09-1.06)  0.06
Lactate, mmol L! 0.64 (0.37—-1.09)  0.10
Fibrinogen,’ mg d1-* 1.14 (1.05-1.24)  0.002
PTT, s 1.01 (0.9-1.13) 0.87
Ionised calcium,’ mmol L~? 1.97 (1.25-3.1) 0.003

Statistically significant p-values (p < 0.05) are in bold and italicized.
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fibrinogen level, can aid in identifying women with high-risk
PPH.

PPH is a major cause of preventable peripartum mortality. As
much as 70—-93% of these deaths are deemed preventable.?*?*
Rapid diagnosis and early multidisciplinary management can
improve maternal prognosis.?” Most cases of PPH are caused by
uterine atony, placental abnormalities, and genital tract
trauma.’® However, rapidly developing coagulopathy can
contribute to the magnitude and duration of bleeding.” Admin-
istration of tranexamic acid was shown to reduce mortality and
blood loss.?” A decrease in fibrinogen level is the first sign of
impaired coagulation during PPH and an important predictor for
severe bleeding when measured at PPH diagnosis.>® Low
fibrinogen levels during the early phase of PPH predict multiple
blood transfusions, need for surgical and angiographic in-
terventions, admission to the ICU, and death.>*?® It is unclear
whether this relationship is associative or causative.?®

Calcium plays an essential role in the coagulation cascade,
platelet aggregation, regulation of vasomotor tone, and cardiac
function. Direct point of care measurement of Ca?* is widely
available in most emergency departments, operating theatres,
and ICUs as a feature of nearly all blood gas analysers. Hypo-
calcaemia is common in critically ill and trauma patients.'%?
However, its pathogenesis and association with disease
severity and outcomes are poorly defined.’® Citrate toxicity may
explain hypocalcaemia during massive transfusion, and intra-
venous colloid (but not crystalloid) induced haemodilution can
lead to hypocalcaemia.®*° Other proposed mechanisms include
increased sympathetic activity, altered sensitivity, and
impaired parathyroid function, end-organ resistance to para-
thyroid hormone, altered vitamin D synthesis and action, all
induced by pro-inflammatory cytokines.%3?

Studies in trauma casualties have shown that up to 56% of
severely injured casualties are hypocalcaemic on arrival to the
emergency department,'**! and low Ca®" was associated with
higher mortality and increased need for blood products. Once
trauma patients begin to receive blood products, the incidence
of hypocalcaemia and its severity increase.’° Hypocalcaemia
is common in critically ill patients. It correlates with Acute
Physiology and Chronic Health Evaluation II (APACHE II) score
and, if it persists, may be associated with increased
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Fig 2. The relationships between fibrinogen, ionised calcium,
and clinical outcome. Low fibrinogen was defined as fibrinogen
<200 mg dl~! and low Ca?* was defined as Ca®" <1.16 mmol L.
Ca”*, ionised calcium; PPH, postpartum haemorrhage.
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Fig 3. Receiver operating characteristic (ROC) curves of fibrin-
ogen, ionised calcium, and combination of both for the predic-
tion of severe postpartum haemorrhage. The areas under the
curve (AUGs) for Ca?t and fibrinogen were not significantly
different (AUC=0.79 [95% CI, 0.75—0.83] vs AUC=0.86 [95% ClI,
0.82—0.9]; P=0.09). Combination of Ca?' and fibrinogen per-
formed slightly better than fibrinogen alone with an AUC of 0.9
(95% ClI, 0.86—0.93; P=0.03). CI, confidence interval.

mortality.>? Calcium replacement was not shown to improve
outcomes in this population, suggesting that the relationship
between outcomes and hypocalcaemia may not be causal.*>*
No studies have evaluated the effect of hypocalcaemia
correction in trauma casualties.

Studies on healthy volunteers showed that Ca?* level >0.56
mmol L~ is unlikely to cause significant coagulation abnor-
malities in vitro.>* Ho and Yip®’ showed a concentration-
dependent association between Ca’* level and in vitro clot
strength measured by thromboelastography in patients at risk
of bleeding or with active bleeding. Vasudeva and colleagues®’
described an association between Ca?" and coagulopathy
among critically injured adults without prior transfusion of
any blood products. However, both studies could not exclude
the possibility that hypocalcaemia may be a marker for other
causes of decreased clot strength. To the best of our knowl-
edge, no studies have evaluated the in vitro effect of Ca?* in
bleeding or critically ill patients.

Most blood gas analysers report Ca?* normalised to a pH of
7.4. Acidosis decreases protein binding, resulting in increased
free calcium. For each 0.1 decrease in pH, Ca’" increases by
~0.05 mmol L™1.2 We speculated that the influence of hypo-
calcaemia may be more important during the early stages of
bleeding before overt metabolic acidosis develops leading to
Ca?* increase. However, in patients with severe acidosis or
alkalosis, Ca?" measurement should be interpreted with
caution (especially when calcium replacement is considered)
as over- or underestimation can occur.

Although some alterations in calcium homeostasis take
place during pregnancy, the level of Ca?* remains stable dur-
ing gestation and within the reference interval for non-
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pregnant women.>® Ca?" may have a role in uterine contrac-

tion. In an in vitro study, normocalcaemia was associated with
superior oxytocin-induced contractility, compared with
contraction produced by oxytocin in uterine tissue with
abnormal Ca?". The differences vanished in myometrium
pretreated with oxytocin.’' In another trial, when oxytocin
was combined with calcium chloride after Caesarean delivery,
no changes in uterine tone or blood loss were recorded.?®
However, a recent study suggests that a higher dose of cal-
cium chloride (1 g) reduced the incidence of uterine atony in
high-risk patients.*” If true, a dose-dependent effect of Ca%* on
uterine tone may serve as an additional therapeutic target in
PPH treatment.

We found that even mild hypocalcaemia during the initial
stages of PPH is associated with increased risk for the devel-
opment of severe PPH. The predictive ability of Ca?* measured
at diagnosis of PPH and before any blood transfusion is com-
parable with that of fibrinogen, a well-established prognostic
factor. In contrast to standard laboratory coagulation tests
that are time-consuming, with turnaround times above 60
min, and point-of-care technologies, such as thromboelas-
tography and rotational thromboelastometry (ROTEM®),
which are not widely available, measurement of Ca?* can be
accomplished within minutes.”® Ca?* measurement may be
used independently or in addition to fibrinogen during the
initial resuscitation and risk stratification. Patients with low
fibrinogen and low Ca?* levels have an especially high risk for
adverse outcomes and should be monitored closely with
preparations made for possible massive transfusion or an
advanced surgical or angiographic intervention.

No study has assessed the benefits of early hypocalcaemia
correction in the obstetric population. Our study could not
determine whether the relationship between severe PPH and
Ca?" level is causative or represents a correlation as it was not
designed to address the role of Ca?" in PPH. Our study has
several additional limitations. First, we included only women
for whom Ca?* was measured (44% of patients with PPH during
the study period). Women for whom blood gas analysis was
not performed are likely to have had milder bleeding reflected
by lower rates of blood transfusion and ICU admission. Sec-
ond, in this retrospective study, the identification of subjects
with PPH relied on ICD-10 diagnostic coding at discharge.
Although in our cohort the prevalence of PPH was 4%, which is
comparable with reported estimates, it is possible that some
women with PPH did not receive appropriate coding.?® Studies
regarding the accuracy of ICD-10 coding for PPH diagnosis are
limited and revealed conflicting results.?®*° No studies were
conducted in the Israeli healthcare system. Third, the decision
to transfuse RBC is mainly based on clinical judgment and
visual estimation of blood loss, making standardisation chal-
lenging.’> Fourth, the definition of severe PPH is variable,
especially regarding the amount of blood transfused (ranging
from 1 to 4 RBC units), making it difficult to compare our
findings to the findings of others.>’ Fifth, the cause of PPH,
which may affect bleeding severity, and exact uterotonic and
antifibrinolytic treatments were not included in the analysis.
Women at RHCC are routinely treated with uterotonic agents
as the first-line treatment when PPH is diagnosed, and tra-
nexamic acid is administrated when the initial medical ther-
apy fails at the discretion of the attending physician.’
However, the exact timing and prevalence of these therapies
were not included in the analysis and may influence the re-
sults. Sixth, the prevalence of DM and HTN in our cohort was
low, limiting the ability to evaluate their effect on our results

and the extrapolation of our findings to populations of women
with higher rates of comorbidities.

Conclusions

Ionised Ca?* levels at the time of PPH diagnosis is a marker of
the risk of severe bleeding. Identification of hypocalcaemia
may facilitate rapid identification of high-risk patients
requiring rapid multidisciplinary obstetric and medical man-
agement. This marker may be particularly useful as it is
rapidly determined by blood gas analysis. The results of our
study suggest the need to perform a randomised controlled
trial that would assess the effect of calcium supplements on

the clinical course of women with PPH and reduced serum

Ca?*. Additional studies that look at uterine atony and coa-
gulopathy in conjunction with low Ca?* are also warranted.
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