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Abstract
Abstract

Objective: To determine the normal range of shock index (SI), blood pressure (BP), mean arterial pressure
(MAP) and heart rate (HR) among postpartum women and to compare shock index with the normal range
in the current literature.

Methods: This is a prospective cohort study evaluating vital signs collected at one hour of delivery in
women with normal blood loss delivered in Abakaliki, Nigeria. 

Results: The median (95% reference range) was 120 (100 - 155.8) for systolic BP, 70 (60 - 94) for diastolic
BP, 90 (66.5 - 116.6) for MAP, 82 (65 - 102) for HR, and 0.69 (0.48 - 0.89) for SI. The upper limit of SI of
0.89 in this study did support the current literature suggesting a threshold of 0.9 as upper limit of normal.
However, the lower limit of SI of 0.48 in this study corresponds to the lower limit of 0.5 for non-obstetric
population. Over half (56%) of the study cohorts maintained shock index values within the normal range
(0.5 - 0.7) for non-obstetric population. 

Conclusion: Although haemodynamic changes of pregnancy widens the range of shock index in obstetric
population, 56% of the participants maintained normal shock index within the reference range for non-
obstetric population. We recommend that the normal obstetric shock index range of 0.7 - 0.9 in current
literature be changed to 0.5 - 0.9 to accommodate this lower threshold. 

Synopsis
We recommend that the normal obstetric shock index range of 0.7 - 0.9 in current literature be changed to
0.5 - 0.9 to accommodate the lower threshold in this study.

Introduction
About 295, 000 women died during and following pregnancy and childbirth in 2017 and 94% of these
deaths occurred in low-resource settings [1]. Nigeria contributes nearly 20% of global maternal deaths [2].
Nigeria's maternal mortality ratio is over 800 maternal deaths per 100, 000 live births and most of these
deaths are preventable [2]

Studies have shown that failures by healthcare providers to immediately recognise and act on signs of
life-threatening conditions may have contributed to potentially avoidable direct maternal deaths [3]
Therefore routine measurement of vital signs in all pregnant and postpartum women to aid early
recognition of compromise is recommended [3]. Of the direct causes of maternal mortality, obstetric
haemorrhage is the leading cause of maternal death with the majority occurring during labour, delivery
and the immediate postpartum period [4]. All major causes of maternal death are associated with
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changes in vital signs, including blood pressure (BP) and heart rate (HR). Failure to recognise
deterioration contributes to many of these avoidable deaths.

An important part of the clinical assessment of postpartum haemorrhage is an accurate estimation of
blood loss. Visual estimation frequently used in clinical practice has been shown to underestimates blood
loss; therefore, vital signs of systolic blood pressure (SBP) and heart rate (HR) are used to determine
haemodynamic stability [5]. Thresholds of these signs are integrated into obstetric early-warning systems
[6], however, physiological compensatory mechanisms of pregnancy and postpartum may mask
decompensation until late in hypovolaemic shock [7]. In out-of-facility deliveries as seen in many
developing countries, shock is commonly not identified until maternal loss of consciousness when it is
too late for referral [8].

Shock Index (SI), the ratio of heart rate to systolic blood pressure, has been proposed as an earlier marker
of compromise than conventional vital signs in non-pregnant populations [8]. It has been studied in
nonspecific shock [9], trauma [10], and sepsis [11]. The normal SI range is 0.5–0.7 for healthy adults, and
an SI of >0.9 has been associated with increased mortality [12] In an obstetric population SI has also
been proposed as a reliable marker of compromise. Despite this, the normal ranges of SI and
conventional vital signs in the immediate postpartum period (i.e. within one hour of delivery) have not yet
been adequately defined. To date, only few obstetric studies have defined normal SI, as 0.7–0.9 [12,13]
None of these studies were done in resource-limited countries.

Therefore, the objectives of this study were to determine the normal range of obstetric SI, blood pressure
(BP), mean arterial pressure (MAP) and heart rate (HR) at one hour of birth in women with normal blood
loss and to compare it with the normal range in the current literature, in order to enable subsequent
exploration of its use as an early warning system to identify the deteriorating postpartum woman in
resource-limited settings.

Materials And Methods
Study setting: This study was conducted from April 1 to July 31, 2019 at the labour ward and the theater
complex of the Alex Ekwueme Federal University Teaching Hospital (formerly known as Federal Teaching
Hospital) Abakaliki is a tertiary hospital within Abakaliki, Ebonyi state, Nigeria. The hospital manages
about 4500 deliveries annually and receives referral from all parts of the state and neighboring states of
Benue, Enugu, Cross River and Abia as well as any part of the country. Department of Obstetrics and
Gynaecology is 1 of the 10 clinical departments in the hospital, it has ten teams with each comprising
consultants, senior registrars, registrars, senior house officers and house officers. The department runs
gynaecological clinics, preconception, antenatal, intrapartum, and postnatal services.

Study design: This is a prospective cohort study of consenting pregnant women at term who had normal
blood loss at delivery. Pregnant women attending antenatal care in the facility were informed about the
study during antenatal period by the researchers. The study cohorts were women who presented in labour,
being induced or scheduled for caesarean section.
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Sample size calculation: The sample size was calculated by taking variability of proportion of 20% from
the average of 300 women per month who deliver in the facility. Using Open Epi software package for the
determination of sample size and design effect of 1.5 at error margin of 5%, the final minimum sample
size was calculated as 203 at 95% confidence interval. After considering 10% drop out rate for any
unpredictable events, the final required sample size was 223.3. However, 225 women were recruited for
the study.

Study criteria: The study included women with term pregnancy whose estimated blood loss at delivery
were within normal limit. Normal blood loss in this study was defined as estimated blood loss < 500 ml.
In addition, women with medical complications such as anaemia (Haemoglobin < 10 g/dl) and
hypertensive disorders (systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90
mmHg with or without proteinuria) were included in the study.

Measurement of blood loss: Blood loss at caesarean section was calculated through weighing of swabs
and drapes. For participants who had vaginal delivery, once the umbilical cord was clamped and cut, a
weighted impermeable leather drape measuring 60 cm by 45 cm was placed under the woman’s buttocks
for blood collection. Blood was collected for 1 hour. Then the drape was gently pulled out of the woman’s
buttocks after the client has lifted up her buttock. The drape was folded and the folded part was held in
place with office pins to prevent spillage of blood. The drape with the blood was then weighed by a digital
scale, with the weight recorded in grams and then converted to volume (milliliters) after the weight of the
drape was subtracted assuming 1g is equivalent to 1 milliliter.

Measurement of vital signs: Participants who met the inclusion criteria had their vital signs measured at
1 hour following delivery using automated device with digital display. The mean arterial pressure and
shock index were calculated. This device was validated for use in pregnancy so as to minimise user error
and improve accuracy.

Data collection: A specially-designed proforma was used to collect information on socio-demographic
variables, obstetric characteristics, mode of delivery, estimated blood loss, blood pressure, heart rate,
mean arterial pressure and shock index.

Statistical analysis: The data were analysed using SPSS Version 22.0 (IBM Corp, Armonk, New York,
USA). Data were presented as mean (standard deviation) or as a percentage with range, as appropriate.
Median, lower and upper quartiles and 95% reference ranges with their 90% confidence intervals were
calculated for blood pressure, heart rate, mean arterial pressure and shock index. Using linear regression
analysis, the association of these vital signs with predefined demographic and obstetric factors were
evaluated. A p-value <0.05 was considered statistically significant.

Ethical consideration: The approval for the study was obtained from the Research and Ethics Committee
of the Alex Ekwueme Federal University Teaching Hospital, Abakaliki. The study was carried out as per
the guidelines given in Declaration of Helsinski 2013.
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Results
Two hundred and twenty-five women participated in this study. However, one hundred and eighty-one
(181) women whose blood loss at delivery were within normal limit were included in the analysis.

The socio-demographic and obstetric characteristics of the study participants are shown in Table 1. The
age of the participants ranged from 15 to 44 years. The mean age was 30.19 ± 5.2. Majority (67.9%) of
the participants fall within the age range of 25 - 34 years. Mean parity was 1.79 ± 1.9. Five (2.8%)
participants had multiple pregnancy whereas 176 (97.2%) of the cohorts had singleton gestation. Thirty-
six (19.9%) women had hypertensive disorders of pregnancy. Ninety-four (51.9%) women had vaginal
delivery whereas 87 (48.1%) were delivered by caesarean section. Three (1.6%) participants had anaemia
(heamoglobin concentration < 10 g/dl) at delivery. The median (interquartile range) blood loss of the
cohorts was 300 (200-400) ml.

Figures 1-5 show the histogram distribution with superimposed normal distribution curve of shock index
and other vital signs in this cohort. Shock index showed normal distribution in this study unlike
conventional vital signs, hence the use of median for the analysis.

The median and 95% reference ranges for the vital signs are shown in Table 2. The median (95%
reference range) was 120 (100.0 - 155.8) for systolic BP, 70 (60.0 - 94.0) for diastolic BP, 90 (66.5 - 116.6)
for MAP, 82 (65 - 102) for HR, and 0.69 (0.48 - 0.89) for SI.

Linear logistic regression analysis showed significant association between shock index and hypertensive
disorders of pregnancy (p < 0.001) (Table 3). Shock index decreased by 0.1 with a unit increase in blood
pressure, mainly due to rise in systolic BP rather than decrease in HR, equating to median SI decreasing
from 0.69 to 0.59. No other factors were significantly associated with SI in the linear regression model.

Hypertensive disorders of pregnancy (p < 0.001) and multiple gestation (p = 0.023) were significantly
associated with systolic blood pressure in the regression analysis (Table 4). Systolic blood pressure
increased by 19 mmHg in the study cohorts with multiple gestation, equating to median systolic BP rising
from 120 mmHg to 139 mmHg. There were no other factors significantly associated with systolic BP in
the regression analysis.

There were significant association between age (p = 0.029), multiple pregnancy (p = 0.005) and
hypertensive disorders of pregnancy (p < 0.001) and diastolic BP (Table 5). Diastolic BP increased by 0.3
with a unit change in maternal age, equating to median diastolic BP rising from 70 mmHg to 73mmHg.

In this study, no other sociodemographic and clinical factors were significantly associated with heart rate
except hypertensive disorders of pregnancy (p = 0.001) (Table 6). The heart rate increased by 6 with a
unit rise in blood pressure, which translates to a change in median heart rate from 82 bpm to 88 bpm.

Like diastolic BP, MAP was significantly associated with maternal age (p = 0.027), multiple gestation (p =
0.003) and hypertensive disorders of pregnancy (p < 0.001) (Table 7). No other factors was associated
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with MAP in these cohorts.

Discussion
This study prospectively evaluated the normal range of BP, HR, MAP and SI at the first hour of delivery.
This study is unique in that it is the first study to prospectively determine the normal range of shock index
and other vital signs in the immediate postpartum period. Previous studies evaluating normal ranges of
shock index were either retrospective studies or secondary analysis of prospective observational studies
[12-14] and some have used time points beyond the first hour despite the World Health Organization
recommendation on the need for adequate monitoring of postpartum women to commence within the
first hour of birth [15]. In addition, this is the first study to evaluate normal ranges of shock index in a low-
resource setting as values from other studies were derived from women in high income countries.

In the maternity units worldwide, monitoring of vital signs is used routinely to evaluate the
haemodynamic status of postpartum women following delivery. It is important to define normal ranges of
shock index and conventional vital signs in the immediate postpartum period as pregnant and recently
pregnant women may decompensate relatively late following haemorrhage and sepsis compared to other
adults due to haemodynamic changes associated with pregnancy. This is particularly necessary in a
resource-limited settings like Nigeria where most deliveries occur in remote areas with limited birth
attendants. Therefore, defining normal range of shock index for our postpartum women population would
assist in early detection of deteriorating women after delivery for urgent referral to higher healthcare
facility for necessary intervention.

In this study, the lower 95% reference range for systolic BP (100mHg) corresponds with the lower limit of
systolic BP (100 mmHg) and the upper 95% reference range for HR (102 bpm) corresponds with the upper
limit of HR (100 bpm) for the recognition of shock on the currently recommended MEOWS chart. Also, the
upper 95% reference ranges for systolic and diastolic BP (155 mmHg and 94 mmHg, respectively)
correspond well with the early warning chart hypertensive triggers (150 mmHg and 90 mmHg). This
finding is similar to the findings of study done in London by Nathan, et al in which 90% reference range
was used in the analysis [12] This suggests that the range of conventional vital signs in the immediate
postpartum period are similar across wide range of different population of postpartum women whether
either 90% or 95% reference range is used in the analysis. 

Physiologic changes of pregnancy leads to considerable haemodynamic adjustment in pregnant women
[16]. Following the delivery of the placenta, auto-transfusion results in increase in cardiac output up to
80% above pre-pregnancy values [16]. It is in this haemodynamic adjustment in the immediate
postpartum period that haemorrhage is most prevalent. Compensatory mechanisms can mask
hypovolaemia and leads to little or no changes in conventional vital signs [17] This often leads to late
detection of haemodynamic decompensation in postpartum women by healthcare providers leading to
maternal morbidity and mortality as highlighted in the UK Confidential Enquiries into Maternal Deaths [3].
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Shock index, first proposed as an early marker of haemodynamic instability in non-obstetric shock, has
been studied extensively in non-specific shock, trauma, and sepsis as an earlier identifier of circulatory
shock than conventional vital signs [18]. In a non-obstetric population the normal range has been defined
and validated as 0.5 to 0.7, with a SI >0.9 indicating increased risk of mortality and morbidity [12,13]. In
pregnancy, studies have suggested different normal ranges with 0.7 - 0.9 commonly cited in literature
[8,12] This range of shock index was derived from a study done by Le Bas, et al in which the mean SI was
0.74 with a range of 0.4 - 1.1 [13]. Nathan, et al reported a range of 0.52 - 0.89 in a secondary analysis of
a prospective observational study of normal range of shock index in a London hospital [12]. In this study
cohorts, the median shock index of 0.69 and 95% reference range of 0.48 - 0.89 supported the previous
studies in which 0.9 is the upper limit of normal for postpartum women. This upper limit of 0.9 is higher
than the upper limit of normal of 0.7 in non-obstetric population. The difference is due to the
haemodynamic changes of pregnancy and delivery, mainly an increase in resting HR, which is often
further increased during the immediate postpartum period owing to the stress of delivery. However, the
lower limit of shock index of 0.48 in this study and that of previous study by Nathan, et al (0.52) [12]
correspond to the lower limit of 0.5 for non-obstetric population. Although haemodynamic changes of
pregnancy widens the normal shock index range, significant number (n=101) of the participants
maintained normal shock index within the reference range for non-obstetric population. The implication
of shock index value lower than the lower limit currently used for obstetric population is still uncertain in
clinical practice.

Socio-demographic and clinical interventions impacting on the haemodynamic physiology of pregnancy
influence vital signs. In our maternity unit, active management of the third stage is routine and
uterotonics are routinely administered as the newborn is delivered to prevent postpartum haemorrhage. In
this study, oxytocin alone was used in the management of third stage so as to ensure uniformity.
Ergometrine was avoided because it is usually contraindicated in those with hypertension, owing to its
hypertensive effects. Therefore, effect of oxytocin on the vital signs was not tested in the linear logistic
regression analysis even though it causes hypotension and tachycardia. In women receiving either
epidural or spinal analgesia or anaesthesia, blood pressure can be reduced due to sympathetic block [19]
Use of epidural analgesia is not routine in our maternity unit and analgesia in labour is achieved with
either parenteral pentazocine or tramadol and none of the study participants received epidural analgesia.
All the study cohorts that had caesarean section were given spinal anaesthesia. The effect of spinal
anaesthesia on shock index was not factored in the regression analysis. Nathan, et al in their study
showed that spinal anaesthetic use was not associated with a change in SI [12]. Although statistically
significant, hypertensive disorders of pregnancy still maintain SI within normal range in this study. Also,
maternal anaemia at the time of delivery did not have effect on the SI in this study. Previous study have
shown that maternal hypertension and anaemia have little influence on SI in postpartum women [12].
Unlike blood pressure, pulse rate and mean arterial pressure that were significantly affected by maternal
demographic and obstetric characteristics, these factors have no effect on shock index in this study
cohorts. Therefore, SI does not need to be altered in the presence or absence of these factors.
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The strength of this study is that it is the first prospective study to determine the reference ranges of
shock index and other conventional vital signs at one hour postpartum in women with normal blood loss
at delivery in low resource setting to aid timely intervention in deteriorating postpartum women. However,
the limitation of the study is that the participants were of Igbo ethnicity and the mono-ethnic nature of the
cohorts may limit the generalisability of the findings of this study. In addition, one point assessment was
done in this study. The authors recommend that serial measurement of shock index at intervals
postpartum should be done in future studies to determine whether shock index values varies significant
in women with normal blood loss at delivery.

In conclusion, the upper limit of obstetric shock index of 0.89 in well postpartum women in this study
cohorts did support the current literature suggesting a threshold of 0.9 as upper limit of normal. However,
the lower limit of shock index of 0.48 in this study corresponds to the lower limit of 0.5 for non-obstetric
population. The authors recommend a change of obstetric shock index normal range from 0.7 - 0.9 to 0.5
- 0.9 to accommodate this lower threshold. This expanded range of obstetric shock index (0.5 - 0.9)
should be used to monitor postpartum women in all settings.   
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Tables
Table 1: Study cohorts characteristics (N=181) 

 
Characteristics

 
Frequency (%)

 Age (years)                                              

15-24 20 (11.05)

25-34 123 (67.96)

  35-44 38 (20.99)

Mean age (years) ± SD 30.19 ± 5.2

Parity  

0-1 99 (54.7)

2-3 55 (30.39)

4-5 17 (9.39)

6-7 7 (3.87)

8-9 3 (1.66)

Mean parity ± SD 1.79 ± 1.9

Mean BMI (kg/m2) ± SD 27.48 ± 5.5

Singleton pregnancy 176 (97.2)

Multiple pregnancy 5 (2.8)

Vaginal (including instrumental) delivery 94 (51.93)

Caesarean section 87 (48.07)

Hypertensive disorders of pregnancy 36 (19.89)

Anaemia (Hb<10g/dl) at delivery 3 (1.66)

Median [IQR] blood loss, ml 300 [200-400]

 

 

Table 2: Median, lower and upper quartile and 95% reference ranges for systolic blood pressure, diastolic blood pressure, mean arterial pressure,

heart rate and shock index

Variable

 

Median (IQR)

 

95% Reference range

 

Lower limit (90%CI)

 

Upper limit (90%CI) 

Heart rate (bpm) 82 (80 - 90) 65 (63 - 67) 102 (100.6 - 104.6)

Systolic BP (mmHg) 120 (110 - 130) 100 (99.8 - 102) 155.8 (152.3 - 159.4)

DiastolicBP (mmHg) 70 (70 - 80) 60 (59.8 - 60.6) 94 (92.1 - 96.6)

Mean arterial pressure (mmHg)  90 (83.3 - 96.7) 66.5 (63.8 - 69.2) 116.6 (113.9 - 119.3)

Shock index 0.69 (0.63 - 0.75) 0.48 (0.46 - 0.5) 0.89 (0.87 - 0.9)
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IQR = Interquartile range, CI = Confidence interval

 

Table 3: Linear regression analysis showing association between shock index and demographic and obstetric characteristics

Variables   Coefficient Standard error t 95% CI P-value

Age(years) -0.002 0.001 -1.599 -0.005 - 0.001 0.112

Parity 0.005 0.004 1.174 -0.003 - 0.013 0.242

Weight(Kg) -0.003 0.003 -0.972 -0.008 - 0.003 0.332

Height(meters) 0.269 0.287 0.938 -0.297 - 0.836 0.349

BMI(kg/m2) 0.006 0.007  0.886 -0.008 - 0.020 0.377

Anaemia(<10g/dl) -0.011 0.061 -0.180 -0.132 - 0.110  0.858

Multiple gestation -0.078 0.076 -1.028 -0.228 - 0.072  0.305

Singleton pregnancy 0.002 0.078 0.028 -0.152 - 0.157 0.978

Hypertensive disorders -0.106 0.018 -5.742 -0.142 - (-0.069) <0.001

Mode of delivery -0.027 0.015 -1.877 -0.056 - 0.001 0.062

 

Table 4: Linear regression analysis showing association between systolic blood pressure and demographic and obstetric characteristics

Variables Coefficient Standard error t 95% CI P-value

Age(years) 0.231 0.231 1.481 -0.077 - 0.540 0.140

Parity -0.286 0.446 -0.642 -1.166 - 0.593 0.522

Weight(Kg) -0.142 0.314 -0.451 -0.761 - 0.478 0.652

Height(meters) -0.225 31.645 -0.007 -62.69 - 62.24 0.994

BMI(kg/m2) 0.431 0.789 0.547 -1.125 - 1.988 0.585

Anaemia(<10g/dl) 3.577 6.753  0.530 -9.753 - 16.907  0.597

Multiple gestation 19.225  8.375 2.295 2.692 - 35.757  0.023

Singleton pregnancy 7.803 8.630 0.904 -9.233 - 24.838  0.367

Hypertensive disorders 31.640  2.031 15.576 27.630 - 35.650 <0.001

Mode of delivery 2.419 1.605 1.507 -0.750 - 5.588  0.134

 

 

Table 5: Linear regression analysis showing association between diastolic blood pressure and demographic and obstetric characteristics
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Variables Coefficient Standard error t 95% CI P-value

Age(years) 0.285 0.129 2.204 0.03 - 0.54 0.029

Parity -0.629 0.368 -1.707 -1.356 - 0.098 0.090

Weight(Kg) -0.096 0.259 -0.371 -0.608 - 0.416 0.711

Height(meters) -7.755 26.162 -0.296 -59.39-43.889 0.767

BMI(kg/m2) 0.102 0.652 0.156 -1.186 - 1.389 0.876

Anaemia(<10g/dl) 9.741 5.583 1.745 -1.279-20.761 0.083

Multiple gestation 19.643 6.924 2.837 5.975 - 33.311 0.005

Singleton pregnancy 11.763 7.135 1.649 -2.321-25.846 0.101

Hypertensive disorders 19.921 1.679 11.863  16.60 - 23.23 <0.001

Mode of delivery -1.520 1.327 -1.145 -4.140 - 1.100  0.254


 
 
 
 
 
 


 

Table 6: Linear regression analysis showing association between heart rate and demographic and obstetric characteristics

Variables Coefficient Standard error t 95% CI P-value

Age(years) -0.124 0.141 -0.875 -0.403 - 0.155 0.383

Parity 0.441 0.403 1.095 -0.354 - 1.237 0.275

Weight(Kg) -0.359 0.284 -1.266 -0.920 - 0.201 0.207

Height(meters) 28.624 28.625 1.000 -27.88 - 85.12 0.319

BMI(kg/m2) 0.975 0.713 1.367 -0.433 - 2.384 0.173

Anaemia(<10g/dl) 0.100 6.108 0.016 -11.95 - 12.15 0.987

Multiple gestation 0.400 7.576 0.053 -14.55 - 15.35 0.958

Singleton pregnancy 3.746 7.806 0.480 -11.66 - 19.15  0.632

Hypertensive disorders 6.408 1.837 3.488 2.781-10.035 0.001

Mode of delivery -1.359 1.452 -0.936 -4.22 - 1.507 0.351


 
 
 
 
 
 


 

Table 7: Linear regression analysis showing association between mean arterial pressure and demographic and obstetric characteristics
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Variables Coefficient Standard error t 95% CI P-value

Age(years) 0.272 0.122 2.238 0.032 - 0.513 0.027

Parity -0.538 0.347 -1.551 -1.224 - 0.147 0.123

Weight(Kg) -0.108 0.245 -0.443 -0.591 - 0.374 0.659

Height(meters) -5.424 24.654 -0.220 -54.09 - 43.24 0.826

BMI(kg/m2) 0.207 0.614 0.337 -1.006 - 1.420 0.736

Anaemia(<10g/dl) 7.705 5.261 1.465 -2.68 - 18.09 0.145

Multiple gestation 19.442 6.525 2.980 6.561 - 32.322 0.003

Singleton pregnancy 10.496 6.724 1.561 -2.776 - 23.768 0.120

Hypertensive disorders 23.774 1.583  15.023 20.65 - 26.898 <0.001

Mode of delivery -0.138 1.251 -0.110 -2.607 - 2.331  0.912

Figures

Figure 1
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Histogram of distribution of shock index values with superimposed normal distribution curve.

Figure 2

Histogram of distribution of systolic blood pressure values with superimposed normal distribution curve.
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Figure 3

Histogram of distribution of diastolic blood pressure values with superimposed normal distribution curve.
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Figure 4

Histogram of distribution of heart rate values with superimposed normal distribution curve.
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Figure 5

Histogram of distribution of mean arterial pressure values with superimposed normal distribution curve.


