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Abstract

Background: Postpartum hemorrhage (PPH) remains a leading cause of maternal mortality
worldwide. Traditional methods of estimating blood loss and monitoring vital signs often
delay intervention. The Shock Index (Sl), calculated as heart rate divided by systolic blood
pressure, is a potential early indicator of hemodynamic instability in PPH.Aim was
to evaluate the role of Sl and other vital signs like mean arterial pressure (MAP), pulse
pressure (PP) and diastolic blood pressure (DBP) in predicting adverse maternal outcomes
following PPH.

Methods: This prospective observational study included 70 women with PPH at a tertiary
care hospital. Monitoring occurred at 15, 30 and 60 minutes postpartum. Blood loss was
measured gravimetrically. SI thresholds and vital signs were analyzed to assess their
correlation with blood loss severity and maternal outcomes.

Results: SBP, DBP and MAP showed significant declines with increasing blood loss. SI
values rose consistently, with higher thresholds correlating with adverse outcomes. An SI >1
was linked to the need for operative interventions, while an SI >1.3 indicated ICU admissions
and increased morbidity. AMTSL reduced PPH incidence but required strict adherence to
protocols.

Conclusion: Sl is a reliable and cost-effective tool for early identification of hemodynamic
instability in PPH. It aids in timely interventions, especially in resource-limited settings.
Standardizing Sl in clinical practice can improve maternal outcomes. Future studies should
validate these findings across diverse settings and populations.

Keywords: Postpartum hemorrhage, Shock Index, Maternal outcomes, Systolic blood
pressure, Diastolic blood pressure, Mean arterial pressure, Hemodynamic instability
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Introduction

Postpartum hemorrhage (PPH) remains a leading cause of maternal mortality worldwide,
responsible for approximately 70,000 deaths annually. In India, PPH accounts for about 38%
of maternal deaths, underscoring the urgent need for timely diagnosis and effective
management. Recent statistics indicate that approximately 14 million women experience PPH
each year, highlighting the critical nature of this issue in maternal health care. Despite
advances in medical interventions, the persistent incidence of PPH reflects systemic
challenges, including inadequate training, poor adherence to protocols and limited access to
essential medications.Traditional methods of estimating blood loss during childbirth are often
inaccurate, leading to delays in intervention. Monitoring vital signs such as systolic blood
pressure (SBP) and heart rate (HR) is essential in assessing haemodynamic status. However,
physiological adaptations during pregnancy can mask early signs of hypovolemia,
complicating the timely detection of haemodynamic instability. [1-3]

The Shock Index (SI), calculated as the ratio of HR to SBP, has emerged as a valuable tool in
this context. Studies have demonstrated that an SI threshold of >0.9 is associated with an
increased risk of adverse outcomes in women with PPH, indicating the need for urgent
intervention. This metric offers a simple, non-invasive means to identify patients at risk,
facilitating prompt and appropriate care. [4,5]

This study aims to monitor SI and conventional vital signsMean Arterial Pressure (MAP),
Pulse Pressure (PP) and Diastolic Blood Pressure (DBP)within the first 60 minutes following
PPH. The aim is to establish Sl thresholds that predict adverse maternal outcomes, thereby
aiding in the early identification of patients who require referral to higherlevel care facilities
or immediate intervention, regardless of the setting.

Materials and Methods

This prospective observational study at a tertiary care hospital included 70 women with
postpartum haemorrhage (PPH). Strict preventive protocols like Active Management of the
Third Stage of Labour (AMTSL) and efficient resuscitative measures influenced the smaller
sample size. Women aged 19-34 years, with a gestational age of 37-42 weeks and blood loss
>500 mL (vaginal delivery) or >1000 mL (cesarean delivery), were included. Exclusion
criteria covered age <19 or >35 years, gestational age outside the range, hemorrhagic
disorders and complications like placenta previa. Postpartum monitoring occurred at 15, 30
and 60 minutes, assessing shock index (SI, HR/SBP >0.7), pulse, blood pressure and SpO2.
Blood loss was measured gravimetrically: for cesareans, it included mop weight differences
and suctioned blood volume; for vaginal deliveries, only mop weight differences. Amniotic
fluid and pre-placental blood loss were excluded. Vital signs were systematically recorded,
with elevated Sl values prompting immediate observation and management, ensuring timely
intervention.

Results
Table 1: Trends in Systolic Blood Pressure (SBP) Across Different Blood Loss Groups
and Time Intervals

Time Interval Blood Loss <1000 Blood Loss 1001- Blood Loss >1500
(minutes) ml 1500 ml ml
15 120 110 100
30 110 100 90
45 115 105 95
60 118 108 98
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Systolic blood pressure (SBP) decreases as blood loss increases, indicating that patients with
severe blood loss experience more significant drops in SBP. At 15 minutes, SBP is highest in
the group with <1000 ml blood loss (120 mmHg) and lowest in the group with >1500 ml
blood loss (100 mmHg). Over time, SBP drops further in all groups by 30 minutes, stabilising
slightly by 45 and 60 minutes. These patterns suggest that as haemorrhage progresses, SBP
responds to blood loss severity and subsequent interventions.

Table 2: Changes in Diastolic Blood Pressure (DBP) in Relation to Blood Loss Groups
and Time Intervals

Time Interval Blood Loss <1000 Blood Loss 1001- Blood Loss >1500
(minutes) ml 1500 ml ml
15 80 70 60
30 70 60 50
45 75 65 55
60 78 68 58

Diastolic blood pressure (DBP) shows a similar trend to SBP. It is highest in the group with
<1000 ml blood loss at all time intervals (80 mmHg at 15 minutes) and lowest in the >1500
ml group (60 mmHg at 15 minutes). Between 15 and 30 minutes, DBP drops significantly in
all groups, reflecting the acute impact of blood loss. By 45 and 60 minutes, DBP starts to
recover slightly in all groups, suggesting the effect of physiological compensation or medical
intervention.

Table 3: Mean Arterial Pressure (MAP) Variations Across Blood Loss Groups and Time
Intervals

Time Interval Blood Loss <1000 Blood Loss 1001- Blood Loss >1500
(minutes) mi 1500 ml ml
15 93 83 73
30 83 73 63
45 88 78 68
60 91 81 71

Mean arterial pressure (MAP), which represents the average pressure in the arteries,
decreases with increasing blood loss. At 15 minutes, MAP is highest in the <1000 ml group
(93 mmHg) and lowest in the >1500 ml group (73 mmHg). At 30 minutes, MAP drops
further, with the largest decline in the >1500 ml group, indicating greater circulatory
compromise. From 45 to 60 minutes, MAP improves slightly in all groups, reflecting possible
stabilisation due to interventions like fluid resuscitation or blood transfusion.

Table 4: Stability of Pulse Pressure (PP) Across Blood Loss Groups and Time Intervals

Time Interval Blood Loss <1000 Blood Loss 1001- Blood Loss >1500
(minutes) mi 1500 ml ml
15 40 40 40
30 40 40 40
45 40 40 40
60 40 40 40

Pulse pressure (PP), the difference between systolic and diastolic blood pressure, remains
constant at 40 mmHg across all groups and time intervals. This constancy suggests that while
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SBP and DBP decrease with blood loss, their proportional decline maintains a steady PP. This
may indicate that PP is not an immediate indicator of blood loss severity in postpartum

haemorrhage.
Table 5: Shock Index (SI) Trends in Different Blood Loss Groups Over Time
Time Interval Blood Loss <1000 Blood Loss 1001- Blood Loss >1500
(minutes) ml 1500 ml ml

15 0.6 0.7 0.8
30 0.8 0.9 1.0
45 0.7 0.8 0.9
60 0.65 0.75 0.85

Shock index (SI), the ratio of heart rate to systolic blood pressure, increases with blood loss.
At 15 minutes, Sl is lowest in the <1000 ml group (0.6) and highest in the >1500 ml group
(0.8). By 30 minutes, Sl peaks in all groups, with the >1500 ml group reaching a value of 1.0,
indicating significant cardiovascular stress. By 45 and 60 minutes, Sl decreases slightly,
reflecting stabilisation or intervention. This trend highlights SI as a potential marker for
identifying patients requiring urgent care.

Figure 1: Comparison of SBP, DBP and MAP at 30 Minutes
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Discussion

The study showed significant trends in vital signs, including shock index (SI), systolic blood
pressure (SBP), diastolic blood pressure (DBP) and mean arterial pressure (MAP) related to
blood loss severity. As blood loss increased, SI values rose, indicating greater haemodynamic
compromise. SBP, DBP and MAP consistently declined with higher blood loss. This reflects
the physiological impact of haemorrhage and highlights a strong correlation between blood
loss severity and changes in vital signs. These findings underline the importance of
monitoring these parameters for effective management of postpartum haemorrhage (PPH).
The Shock Index (SI), calculated as heart rate divided by SBP, is a reliable early indicator of
haemodynamic instability in PPH. In healthy adults, SI typically ranges from 0.5 to 0.7.
Elevated Sl can signal hypovolemia and impending shock before noticeable blood pressure
changes, allowing timely intervention. A study by Nathan et al. found SI >0.9 predicted
adverse outcomes in PPH better than traditional vital signs. [6] Butt et al. reported Sl of 1.42
had 90% specificity and 80% sensitivity for predicting maternal death. [7] These studies
show Sl is a simple, non-invasive tool that helps detect patients at risk, enabling early and
effective interventions.

In PPH, haemodynamic parameters like SBP, DBP and MAP change significantly with blood
loss volume. [8] As haemorrhage worsens, SBP and DBP decrease due to reduced cardiac
output and systemic vascular resistance. MAP also falls, indicating lower perfusion pressure.
These changes are clinically important as they show the body’s compensatory mechanisms
during haemorrhage and help assess blood loss severity. Understanding these patterns is key
to guiding resuscitation and ensuring adequate tissue perfusion in PPH. [9,10]

Timely interventions are essential to stabilize patients with PPH. Administering uterotonic
agents, starting fluid resuscitation and blood transfusion when needed are critical steps.
Delays in recognizing or managing PPH increase maternal morbidity and mortality. [10]
Shields et al. demonstrated that standardized PPH protocols, including early detection and
quick interventions, significantly reduce severe maternal morbidity. [11] The World Health
Organization (WHO) also emphasizes the importance of early management in preventing
adverse outcomes. These findings reinforce that prompt action improves patient outcomes
and saves lives.

Accurately measuring blood loss is vital in PPH management. The gravimetric method,
which weighs blood-soaked materials, is commonly used and more accurate than visual
estimation. Studies show visual estimation underestimates blood loss by about 30%, while the
gravimetric method provides better precision. However, it has limitations, including potential
inaccuracies from retained amniotic fluid and the need for careful collection and weighing.
Despite these issues, it remains a reliable tool for clinical decision-making. It helps assess
blood loss objectively and supports timely interventions in PPH management.

Our findings align with previous studies on SI’s predictive role in PPH. An SI above 1 was
linked to operative interventions and an Sl above 1.3 correlated with ICU admissions and
higher morbidity. [15] Nathan et al. found SI >0.9 had 100% sensitivity and 43.4% specificity
for ICU admission, with higher Sl thresholds indicating greater urgency. [6,11] Agarwal et al.
reported similar associations, supporting SI’s role as a marker for haemodynamic instability
in PPH. Some studies, like Chaudhary et al., suggested different thresholds, such as SI >0.9
for referral and >1.1 for intervention in tertiary care settings. [16] These variations may
reflect differences in study populations, settings and protocols. Overall, our study supports
using Sl to identify PPH patients at risk. However, optimal thresholds may vary, requiring
tailored assessment and management.

Managing PPH in tertiary care settings has unique challenges, even with advanced resources.
Delays in recognizing and treating haemorrhage often worsen outcomes. Implementing
standardized protocols reduces delays and improves maternal outcomes. [17] Preventive
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measures like Active Management of the Third Stage of Labour (AMTSL) significantly lower
PPH risk. AMTSL involves giving uterotonic drugs, controlled cord traction and uterine
massage after delivery. Studies show AMTSL, especially with oxytocin, reduces severe PPH
and blood transfusions. [18,19] However, factors like staff training, protocol adherence and
drug availability affect its effectiveness. In some cases PPH still occurs due to underlying
causes, needing immediate management. [20,21] Addressing delays, ensuring adherence to
protocols and improving training are key to better outcomes in PPH.

Our findings show SI’s critical role in detecting and managing PPH, especially in resource-
limited settings. Elevated Sl values indicate haemodynamic instability, helping healthcare
providers identify at-risk patients early. This enables timely referrals and interventions,
improving maternal outcomes. Using Sl in routine practice enhances early detection,
especially in low-resource areas where delays in managing PPH can increase risks. Sl is cost-
effective, easy to use and standardizes PPH severity assessment. Its integration into clinical
workflows can improve management strategies and outcomes across different healthcare
settings.

This study had some limitations. The small sample size may limit statistical power and
generalizability. Conducting the study in a well-equipped tertiary care center with routine
AMTSL use may not reflect outcomes in less-resourced settings. Exclusion criteria like age
restrictions and preexisting conditions also narrow applicability. Future research should
include larger, more diverse populations across varied healthcare settings. Exploring
additional markers for adverse outcomes and validating Sl in different environments can help
develop universally applicable protocols for PPH management.

Conclusion

This study highlights the critical role of the Shock Index (SI) as an early and reliable
predictor of adverse maternal outcomes in postpartum hemorrhage (PPH). SlI, along with
other vital signs like systolic blood pressure (SBP), diastolic blood pressure (DBP) and mean
arterial pressure (MAP), demonstrated significant trends correlating with blood loss severity.
SI’s non-invasive and cost-effective nature makes it a valuable tool for timely risk
identification and intervention, particularly in resource-constrained settings. Preventive
measures like Active Management of the Third Stage of Labour (AMTSL) remain essential
but require consistent implementation. Despite limitations like small sample size and specific
study settings, the findings emphasize the importance of incorporating Sl into routine clinical
practice to improve maternal outcomes. Future research should focus on validating these
findings across diverse settings and populations.
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