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Objectives To compare the predictive value of the shock index (SI)

with conventional vital signs in postpartum haemorrhage (PPH),
and to establish ‘alert’ thresholds for use in low-resource settings.
Design Retrospective cohort study.
Setting UK tertiary centre.
Population Women with PPH ≥1500 ml (n = 233).
Methods Systolic blood pressure (BP), diastolic BP, mean arterial

pressure, pulse pressure, heart rate (HR) and SI (HR/systolic BP)
were measured within the first hour following PPH. Values
measured at the time of highest SI were selected for analysis. The
area under the receiver operating characteristic curve (AUROC)
for each parameter, used to predict admission to an intensive care
unit and other adverse outcomes, was calculated. Sensitivity,
specificity and negative/positive predictive values determined
thresholds of the best predictor.
Main outcome measures Intensive care unit (ICU) admission,

Results Shock index has the highest AUROC to predict ICU
admissions (0.75 for SI [95% CI 0.63–0.87] compared with 0.64
[95% CI 0.44–0.83] for systolic BP). SI compared favourably for
other outcomes: SI ≥0.9 had 100% sensitivity (95% CI 73.5–100)
and 43.4% specificity (95% CI 36.8–50.3), and SI ≥1.7 had 25.0%
sensitivity (95% CI 5.5–57.2) and 97.7% specificity (CI 94.8–99.3),
for predicting ICU admission.
Conclusions Shock index compared favourably with conventional

vital signs in predicting ICU admission and other outcomes in
PPH, even after adjusting for confounding; SI <0.9 provides
reassurance, whereas SI ≥1.7 indicates a need for urgent attention.
In low-resource settings this simple parameter could improve
outcomes. It was not possible to adjust for resuscitative measures
administered following vital sign measurement that may have
influenced the outcome.
Keywords Hypovolaemic shock, postpartum haemorrhage, shock

index.

blood transfusion ≥4 iu, haemoglobin level <7 g/dl, and invasive
surgical procedures.
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Introduction
Globally, postpartum haemorrhage (PPH) remains the
leading cause of maternal deaths,1 99% of which occur in
low- and middle-income countries (LMICs).2 Most deaths
and severe morbidities occur because of delayed and/or
substandard care in the diagnosis and management of hypovolaemic shock.3–7 In LMICs, where women often deliver
outside facilities, with unskilled or no attendants, mortality
rates are higher and delays are longer because of transportation and referral difficulties. Once a woman reaches a
tertiary facility, deaths occur as a result of poor recognition, and inadequate equipment and training. The keys to
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reducing haemorrhage-related adverse maternal outcomes
are early recognition, prompt intervention, and timely
referral.
A critical component of the clinical assessment of PPH,
defined as blood loss ≥500 ml,8 is an accurate estimation
of blood loss. Visual estimation frequently underestimates
blood loss;9 therefore, vital signs of systolic blood pressure
(SBP) and heart rate (HR) are used to determine haemodynamic stability. Thresholds of these signs are integrated
into obstetric early-warning systems (EWS) (e.g. the
‘Obstetric Early Warning Chart’ used in the UK);10 however, physiological compensatory mechanisms of pregnancy
and postpartum may mask decompensation until late in
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hypovolaemic shock, as has been reported in ruptured
ectopic pregnancies.11,12 In out-of-facility deliveries shock
is commonly not identified until maternal loss of consciousness, too late for referral.
The shock index (SI), HR/SBP, has been proposed as an
earlier marker of compromise than conventional vital signs
in non-pregnant populations.13 It has been studied in nonspecific shock,14–16 trauma,17–23 and sepsis.14,24 The normal
SI range is 0.5–0.7 for healthy adults,14,25 and an SI of >0.9
has been associated with increased mortality.16,21,22 In an
obstetric population SI has also been proposed as a reliable
marker of compromise.26 There are currently three studies
assessing the value of SI in ruptured ectopic pregnancy.27–
30
In neither of two studies on PPH were predictive thresholds for clinical practice assessed.31,32
We have designed, validated, and are evaluating a handheld semi-automated BP device (Microlife 3AS1-2) for use
in pregnancy, specifically in LMIC settings,33 that incorporates a traffic-light warning system for both hypertension
and shock. This study aimed to determine the vital sign
that best predicts adverse maternal outcomes following
PPH, and to develop two threshold points: ‘amber’, indicating the need for referral to a higher level care facility;
and ‘red’, to identify patients who require urgent action,
regardless of the setting.

Methods
Data from a large prospective observational study of
women with PPH over a 1-year period (women giving
birth between 1 August 2008 and 31 July 2009) at a UK
tertiary referral centre were used to identify all women with
blood loss of 1500 ml or more,34 as approved by the South
East multicentre research ethics committee. All BP and HR
values recorded within the first hour following recognition
of PPH were included in the analysis (measured using the
BP devices available on the wards). SI, mean arterial pressure (MAP), and pulse pressure (PP) were calculated from
these values. For each woman, values measured at the time
of the highest SI were selected for analysis.
Adverse clinical outcomes evaluated included admission
to an intensive care unit (ICU), blood transfusion ≥4 iu,
haemoglobin level <7 g/dl (lowest prior to discharge), and
invasive surgical interventions to staunch bleeding (haemostatic uterine suturing, uterine tear repair, uterine artery
embolization, internal iliac artery clamping, bilateral ligation of internal iliac arteries, aortic artery clamping, hysterectomy, and laparotomy).
Data analysis was conducted using STATA 11.2 (StataCorp,
College Station, Texas, USA). For SI, HR, SBP, diastolic BP
(DBP), MAP, and PP, the area under the receiver operating
characteristic curve (AUROC) values and 95% confidence
intervals were calculated and compared for each outcome.35
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The best vital signs parameter was selected for further
analysis, according to the AUROC values achieved across
the outcomes.
Four potential thresholds (two lower thresholds and two
higher thresholds) of the best vital sign parameter were
selected for further analysis to determine their predictive values. Owing to the nature of the data set, different methods
were used to determine the lower and upper thresholds to
test (as the data set comprises only high-risk women with
blood loss ≥ 1500 ml, the majority had at least one adverse
outcome). The two lower thresholds were selected based on
recommendations of both thresholds in previous studies and
the rates of false-negative results for ICU admission and
other outcomes below each threshold.14,25,31,32 The upper
two thresholds were derived from the centiles of 95%, 98%,
and 99% specificity of each of the four outcomes.
Sensitivities, specificities, and positive and negative predictive values were calculated for each of the four thresholds. Appropriate lower and higher thresholds were selected
based on their performance in predicting ICU admission:
the lower threshold selected was based on a maintained
high sensitivity with a clinically practical specificity; the
higher threshold selected was based on a high positive predictive value without compromising the negative predictive
value. Differences were considered statistically significant at
P < 0.05.
For each adverse outcome, logistic regression methods
were used to determine which potential confounding factors were related significantly to outcome. The pre-specified
potential confounding factors included age at delivery,
body mass index (BMI), height, weight, parity, hypertension in pregnancy, anaemia, pyrexia in labour, mode of
delivery, spinal and epidural use, and syntometrine for the
management of the third stage. The effect of adjusting for
these confounding factors on the relationship between SI
thresholds was then assessed.
Resuscitative measures (e.g. intravenous rehydration or
administration of uterotonics) were typically administered
after the predictive variable (the highest SI within the first
hour following recognition of PPH) had been measured, in
reaction to the clinical assessment, which may have included
a change in vital sigs (pulse or BP). These measures were
therefore considered as an intermediate step in the causal
pathway, directly influencing outcome, and therefore were
not treated as confounding factors in the statistical analysis
of the relationship between SI and obstetric outcome.
Clinicians were blinded to the SI value, and therefore we
can be sure that patients were treated on the basis of conventional vital signs and clinical assessment only. Given
that all women were treated in an obstetric tertiary unit,
we have assumed that all received resuscitation; we were
thus unable to analyse the prediction of outcome in the
absence of resuscitative measures.
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Results
A cohort of 243 women were identified with
PPH ≥1500 ml, ten of whom were excluded for incomplete
documentation of vital signs, resulting in a total analytic
sample of 233 women (Figure 1). Patient characteristics are
shown in Table 1. The median (interquartile range) time
from PPH recognition to time of highest SI was 15 minutes (4–32 minutes). The median values (interquartile
ranges) for each vital sign parameter are SI 0.95 (0.80–
1.15), HR 102 (89–118 bpm), SBP 105 (95–120 mmHg),
DBP 63 (50–75 mmHg), MAP 77 (66–90 mmHg), and
PP 44 (35–50 mmHg).
Table 2 shows the performance of each vital sign parameter in predicting each of the four adverse clinical outcomes. For ICU admission, SI had the highest AUROC
value at 0.75 (0.63–0.76), which was significantly higher
than for SBP (P = 0.023), DBP (P = 0.010), MAP
(P = 0.022), and PP (P = 0.001), yet not significantly
higher than HR (P = 0.812). For blood transfusion ≥ 4 iu,
SI had the highest AUROC of 0.67, which was significantly
higher than for HR (P = 0.032), yet not significantly higher
than SBP (P = 0.809), DBP (P = 0.292), MAP (P = 0.402),
and PP (P = 0.094). For haemoglobin levels of < 7 g/dl, all
predictors had similarly poor AUROC values. HR performed significantly worse than SI (P = 0.008), and performed worse than chance. For invasive surgical

intervention, SI and HR had the highest AUROCs, but no
predictor performed better than chance. SI was selected as
the most consistently useful of all the predictors, as it performed well across most outcomes. Appropriate lower and
higher thresholds of SI were then determined, according to
predictive performance.
To establish a potential lower threshold we selected
SI ≥0.7, as no woman in our data set with an SI <0.7 (e.g.
80 HR/110 SBP) was admitted to ICU and an SI of 0.7 has
been identified in the literature as the upper limit of normal SI in a non-pregnant population.14,25 As an alternative
lower threshold we selected SI ≥0.9 (e.g. 101 HR/100 SBP),
an SI value below which no woman in our data set was
admitted to ICU, as the suggested upper limit of normal
immediately postpartum.32 Of the 233 women included in
the study, there were 202 (86.7%) with SI ≥0.7 and 137
(58.8%) with SI ≥0.9. The utility of SI ≥0.7 and SI ≥0.9 as
early predictors of adverse outcome are shown in Table 3.
To establish potential higher thresholds of SI, we identified values that would exclude most women without admission to ICU using the 95%, 98%, and 99% centiles to
ensure high specificity (Table 4). Cut-off points of SI ≥1.5
(e.g. 112 HR/74 SBP) and SI ≥1.7 (e.g. 116 HR/78 SBP)
were selected, and the performance of these as predictors
of the selected outcomes is shown in Table 5. Of the 233
women included, there were 16 (6.9%) with SI ≥1.5 and
eight (3.4%) with SI ≥1.7.

Figure 1. Flow diagram of the Surveillance and treatment of PPH data set and women included in the current analysis (EBL, estimated blood loss).
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Table 1. Patient characteristics
Characteristics

Total number of patients
(n = 233)

Mean age at delivery, years
(SD)
Mean BMI (SD)
Parity at trial entry (n)
P0
P1
P2
P≥3
Mode of delivery (n)
Vaginal delivery
Caesarean delivery
Mean blood loss, ml (SD)

32.2 (5.9)
26.5 (5.8)
54.4%
22.7%
12%
10.7%

(n
(n
(n
(n

=
=
=
=

127)
53)
28)
25)

58.4% (n = 136)
41.6% (n = 97)
2199 (1251)

The effect of adjusting for confounding factors on the relationship between SI thresholds and outcome was assessed,
using logistic regression methods. For the relationship
between ICU admission and SI ≥0.9, it was necessary to use
exact logistic regression methods, as no woman admitted to
an ICU had SI <0.9.36 In general, changes were marginal, and
significance tests were unaffected; however, when using
SI ≥1.7 to predict major surgical intervention, after adjusting
for emergency caesarean section, the odds ratio was reduced
from 7.2 to 6.0, with the P-value moving from 0.025 to 0.064.

Discussion
Main findings
The SI identifies women at risk of adverse outcome secondary to PPH and compares favourably with conventional
vital signs. For ICU admission, SI and HR were significantly better predictors than all other vital signs. For blood

transfusion ≥4 iu, SI had the highest AUROC value, performing significantly better than HR. Conventional vital
signs have been shown to be late markers of haemodynamic compromise in non-obstetric and obstetric populations.
Monitoring postpartum women with SI may help tailor
treatment decisions and reduce adverse events, through
timely resuscitation and referral.
In non-pregnant populations, normal SI has been suggested as 0.5–0.7,14,25 and SI ≥0.9 corresponds with
increased mortality and morbidity.16,21,22 The haemodynamic changes of pregnancy and postpartum may delay the
recognition of hypovolaemia. Thresholds must be derived
from obstetric populations and be validated for PPH. To
date, only one small obstetric study has defined normal SI,
as 0.7–0.9, consistent with our findings.32
Our study is the first to evaluate the predictive ability of
SI in PPH according to multiple clinical outcomes. We
tested the performance of the upper limits of SI ≥0.7 and
SI ≥0.9 (Tables 4 and 5). For most outcomes (excluding
haemoglobin <7 g/dl), SI ≥ 0.9 was the superior predictor
and thus may be a valuable threshold in LMICs, where
mortality is highest and often related to delays in complication recognition, transportation, and level of care of the
facility. A threshold of SI ≥0.9 should be tested to alert
community healthcare providers (HCPs) of the need for
urgent transfer, e.g. as an ‘amber’ trigger within the BP
device traffic-light EWS.
Centile specificity analysis generated two potential SI
thresholds indicating a high risk of adverse events: SI ≥1.5
and SI ≥1.7. For all outcomes (excluding haemoglobin <7 g/dl), SI ≥1.7 was the superior predictor: i.e. with
similar sensitivities but improved specificity. This second
threshold of SI ≥1.7 could be tested as the ‘red’ trigger
within the EWS to identify the most seriously ill patients,
even in higher-level facilities, where deaths occur because
of delayed shock recognition.3 The utility of SI may have

Table 2. AUROC values (95% confidence interval) of performance of vital sign parameters to predict adverse clinical outcome among women
with PPH
Vital sign

Adverse clinical outcome
ICU admission

SI
HR
SBP
DBP
MAP
PP

0.75
0.73
0.64
0.63
0.64
0.54

(0.63–0.87)
(0.64–0.83)
(0.44–0.83)
(0.45–0.82)
(0.44–0.83)
(0.40–0.69)

Blood
transfusion ≥4iu
0.67
0.59
0.66
0.63
0.64
0.59

(0.58–0.76)
(0.50–0.68)
(0.56–0.76)
(0.54–0.72)
(0.55–0.73)
(0.50–0.68)

Haemoglobin
<7 g/dl
0.56
0.46
0.61
0.53
0.55
0.63

(0.47–0.64)
(0.37–0.55)
(0.52–0.69)
(0.45–0.62)
(0.47–0.64)
(0.54–0.72)

Invasive surgical
intervention
0.62
0.63
0.55
0.57
0.56
0.48

(0.45–0.79)
(0.46–0.80)
(0.40–0.75)
(0.36–0.77)
(0.35–0.60)
(0.35–0.60)

DBP, diastolic blood pressure; HR, heart rate; MAP, mean arterial pressure; PP, pulse pressure; SBP, systolic blood pressure; SI, shock index.
In bold: highest two AUROC values for each outcome.
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Table 3. Performance of SI ≥0.7 and SI ≥0.9 in predicting adverse clinical outcomes among women with PPH
Outcomes

Sensitivity (95% CI)

ICU admission
SI ≥ 0.7
100.0% (73.5–100.0)
SI ≥ 0.9
100.0% (73.5–100.0)
Blood transfusion ≥ 4 iu
SI ≥ 0.7
92.5% (79.6–98.4)
SI ≥ 0.9
80.0% (64.4–90.9)
Haemoglobin < 7 g/dl
SI ≥ 0.7
93.9% (83.1–98.7)
SI ≥ 0.9
65.3% (50.4–78.3)
Invasive surgical intervention
SI ≥ 0.7
91.7% (61.5–99.8)
SI ≥ 0.9
83.3% (51.6–97.9)

Specificity
(95% CI)

Positive
predictive
value (95% CI)

Negative predictive
value (95% CI)

Prevalence
(%)

14.5% (10.1–19.8)
43.4% (36.8–50.3)

6.0% (3.1–10.2)
8.8% (4.6–14.8)

100.0% (89.1–100.0)
100.0% (96.2–100.0)

5.1
5.1

15.2% (10.5–21.3)
45.0% (37.7–52.4)

18.8% (13.6–24.9)
23.5% (16.7–31.6)

90.6% (75.0–98.0)
91.4% (83.8–96.2)

17.5
17.5

15.4% (10.5–21.5)
42.3% (35.0–49.8)

23.0% (17.4–29.5)
23.4% (16.6–31.3)

90.3% (74.2–98.0)
81.9% (72.6–89.1)

26.9
26.9

14.0% (9.7–19.3)
42.5% (35.9–49.3)

5.5% (2.8–9.6)
7.3% (3.6–13.0)

96.9% (83.8–99.9)
97.9% (92.7–99.7)

5.1
5.1

Table 4. The 95%, 98%, and 99% specificities of SI according to adverse outcome among women with PPH
Outcomes

95% specificity
(95% CI)

98% specificity
(95% CI)

99% specificity
(95% CI)

ICU admission
Blood transfusion ≥4 iu
Haemoglobin < 7 g/dl
Invasive surgical
intervention

1.52
1.51
1.59
1.55

1.74
1.69
1.88
1.76

1.84
1.79
2.01
1.90

(1.39–1.70)
(1.38–1.67)
(1.41–1.83)
(1.40–1.73)

(1.57–2.00)
(1.54–2.04)
(1.63–2.05)
(1.59–2.01)

n (prevalence,%)

(1.69–2.05)
(1.62–2.05)
(1.74–2.05)
(1.71–20.5)

12
40
49
12

(5.15)
(17.47)
(21.21)
(5.15)

Table 5. Performance of SI ≥1.5 and SI ≥1.7 in predicting adverse clinical outcomes among women with PPH
Outcomes

Sensitivity
(95% CI)

ICU admission
SI ≥ 1.5
25.0% (5.49–57.2)
SI ≥ 1.7
25.0% (5.5–57.2)
Blood transfusion ≥4 iu
SI ≥ 1.5
10.0% (2.8–23.7)
SI ≥ 1.7
10.0% (2.8–23.7)
Haemoglobin <7 g/dl
SI ≥ 1.5
8.2% (2.3–19.6)
SI ≥ 1.7
4.1% (0.5–14.0)
Invasive surgical intervention
SI ≥ 1.5
16.7% (2.1–48.4)
SI ≥ 1.7
16.7% (2.1–48.4)

Specificity
(95% CI)

Positive predictive value
(95% CI)

Negative predictive value (95%
CI)

Prevalence
(%)

94.1% (90.2–96.8)
97.7% (94.8–99.3)

18.8% (4.05–45.6)
37.5% (8.5–75.5)

95.9% (92.3–98.1)
96.0% (92.5–98.2)

5.1
5.1

94.2% (89.8–97.1)
98.4% (95.4–99.7)

26.7% (7.8–55.1)
57.1% (18.4–90.1)

83.2% (77.5–87.9)
83.8% (78.3–88.4)

17.5
17.5

93.4% (88.8–96.5)
96.7% (93.0–98.8)

25.0% (7.3–52.4)
25.0% (3.2–65.1)

79.1% (73.0–84.3)
78.9% (73.0–84.1)

26.9
26.9

93.7% (89.6–96.5)
97.3% (94.2–99.0)

12.5% (1.6–38.3)
25.0% (3.2–65.1)

95.4% (91.7–97.8)
95.6% (92.0–97.8)

5.1
5.1

greatest impact in low-resource settings; however, HCPs
may not have access to technology enabling SI calculation.
In these circumstances, by identifying when HR exceeds
SBP, it should be understood that SI >1 indicates a need
for intervention.
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Strengths and limitations
This large study evaluated SI compared with conventional
vital signs in PPH, according to four robust outcomes. In
contrast, previous obstetric studies used blood transfusion
only.31,32 This study evaluated the predictive value of SI
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and conventional vital signs using AUROC values, sensitivity, specificity and positive/negative predictive values,
whereas the previous study evaluated SI according to mean
values and percentages of women requiring blood transfusion.32
Vital signs measured at the time of highest SI were
selected for analysis. These time points varied between
cases, but all occurred within 1 hour of PPH recognition
and allowed for contemporaneous comparison. Vital sign
values are dynamic and change in response to therapeutic
intervention. It is unlikely that analysing multiple measurements would alter the superiority of one predictor over the
other; however, it would allow for the investigation of SI
response to treatment. We recommend studies using multiple SI measurements over time for monitoring the effectiveness of resuscitation.
After adjusting for potential confounding factors and
controlling for emergency caesarean section, SI is of marginally less use as a predictor of major surgical intervention. Emergency caesarean section is not independent of
receiving invasive surgical intervention, which may explain
this relationship. In general, however, adjusting for confounding factors did not affect our conclusions. Resuscitative measures were administered following highest SI
measurement, and therefore do not independently confound the relationship between SI and outcome; rather,
they lie on the causal pathway. Despite this, resuscitative
measures are likely to impact on subsequent outcome,
which may limit the significance of our results, particularly in settings where resuscitation is suboptimal or
unavailable. We have related our prognostic variable to
outcome (following the PROGRESS series recommendations). Theoretically, the optimal evaluation of SI thresholds should be in the absence of care, so that the risk
difference can be assessed,37 although this is neither feasible nor ethical.
Although acute anaemia is not indicative of bleeding,
we felt that haemoglobin <7 g/dl (lowest prior to discharge) was an appropriate medium-term outcome representing morbidity. Values may be affected by
resuscitation, however: for example, after blood transfusion. Thus, we also included the outcome of blood transfusion ≥4 iu. In our setting, this may explain why
haemoglobin <7 g/dl was not predicted as well as the
other outcomes.
The SI has the potential to guide the diagnosis and management of all types of shock in obstetrics, including antepartum haemorrhage and sepsis. This study has only
evaluated SI in PPH and replication is required.38 Research
should also focus on determining whether SI cut-off points
alter depending on the type of shock and the stage of pregnancy.
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Interpretation
Obstetric haemorrhage remains the single most important
cause of maternal deaths worldwide. A healthy woman can
lose up to 30% of her blood volume before SBP decreases,
leading to an assumption of haemodynamic stability and
delay in care.39 The UK Confidential Enquiries into Maternal Deaths highlighted this lack of recognition of abnormal
vital signs in the majority of women who died secondary
to PPH.3
It seems that SI is the most consistently useful outcome
predictor, and could aid in the earlier recognition of haemodynamic compromise, prior to changes in HR or BP
alone. We propose a threshold of SI ≥0.9 for identifying
women requiring urgent high-level care. This is higher than
the upper limit of normal in non-pregnant populations,
reflecting the haemodynamic changes of pregnancy and the
postpartum period.
In LMICs, 52% of pregnancies are complicated by anaemia, the majority of which is caused by iron deficiency,
malaria, and HIV infection, compared with 20% of pregnancies in high-income countries (HICs).40 We therefore
recommend evaluating SI in LMIC settings. Firstly, the
tachycardic response to anaemia will raise the upper limit
of normal SI. Secondly, as smaller volumes of blood loss
can result in haemodynamic compromise, estimated blood
loss becomes a less reliable assessment tool and SI may be
a more useful marker of compromise.
In our study, abnormal SI was derived from women
treated in a well-resourced tertiary centre, where resuscitation is initiated promptly and threshold for blood transfusion and ICU admission may be lower than in other
settings. Severe compromise and deteriorating vital signs
are often rapidly reversed, giving lower SI values. In
low-resourced departments experiencing resuscitation
delays, SI may be inherently higher. Future studies should
consider the impact of clinical context on outcome.38
Thresholds of SI should be evaluated in LMICs, considering the differing baseline health of women and resources
available. Our group is currently conducting a prospective
observational study assessing the predictive ability of these
SI thresholds in women cared for in resource-poor environments.

Conclusion
In women with PPH, SI is a consistently strong predictor
of adverse clinical outcomes, even after adjusting for confounding factors. We propose thresholds of SI ≥0.9 for
indicating the need for referral to a higher-level facility and
SI ≥1.7 for indicating the need for urgent intervention,
with the aim of promptly identifying and managing obstetric shock to reduce maternal adverse events in resource--
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poor settings. It was not possible to adjust for resuscitative
measures administered following vital sign measurement
but influencing outcome. Research should now focus on
prospective validation in LMICs, where the burden is highest and the potential for improvement greatest.
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