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Clinical utility of Shock Index in the Early Detection of Adverse Outcomes In Postpartum

Hemorrhage.

ABSTRACT

Background: Postpartum hemorrhage is a major cause of maternal morbidity and
mortality. Shock Index (SI), defined as heart rate (HR) divided by systolic blood pressure

(SBP), is emerging as a valuable early predictor of hemodynamic instability.

Objective: This study evaluates the role of Sl in predicting adverse maternal outcomes,

including ICU admission, need for transfusion, and surgical intervention.

Materials and Methods: A prospective cohort study was conducted from March 2023 to
March 2024at Dr.B.R.A.M Hospital, Raipur, involving 65 patients diagnosed with PPH.
Sl was measured at 15-minute intervals for 1 hour post-delivery. The primary outcomes

included ICU admission, blood transfusion, and surgical intervention.

Results: SI>1.1 was significantly associated with increased ICU admissions (40%), need
for massive transfusion (68%), and surgical interventions (55%). ROC curve analysis
demonstrated an area under the curve (AUC) of 0.80, indicating strong predictive value of
Sl

Conclusion: Sl is an effective tool for early detection of hemodynamic instability in PPH
and should be integrated into obstetric early warning systems for better maternal

outcomes.

Keywords: Shock Index, Postpartum Hemorrhage, Maternal Mortality, Hemodynamic

Instability, Obstetric Emergencies.

INTRODUCTION

The maternal mortality ratio (MMR) in India has declined to 97 per 100,000 live births
for the period 2018-2020, down from 130 in 2014-2016, according to the SRS report.[1]



27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

However, this remains above the Sustainable Development Goal (SDG) 3.1 target of
reducing global MMR to below 70 per 100,000 live births by 2030.[2]

Postpartum hemorrhage (PPH), defined as blood loss >500 mL after vaginal delivery or
>1000 mL after cesarean section, remains a leading cause of maternal mortality and
morbidity globally.[3,4] The World Health Organization reports that PPH affects
approximately 14 million women annually, leading to around 70,000 deaths
worldwide.[5]

The causes of PPH are classified into the “Four Ts”: tone (uterine atony), trauma, tissue
(retained placenta), and thrombin (coagulopathies), with uterine atony being the most

common etiology.[6]

Prompt recognition and management of PPH are crucial. However, conventional methods
of estimating blood loss, such as visual assessment, are often inaccurate, leading to

diagnostic delays and suboptimal intervention.[7,8] In response, there has been increasing
interest in objective tools like the Shock Index (SI), calculated as the ratio of heart rate to

systolic blood pressure, to assess hemodynamic instability.[9]

In healthy adults, normal Sl ranges from 0.5 to 0.7, while in pregnant women, due to
physiological changes, it ranges from 0.7 to 0.9.[10,11] Elevated Sl values have been
shown to correlate with greater blood loss, hemodynamic compromise, and increased risk
of adverse maternal outcomes in PPH.[12,13] Unlike individual vital signs that may
remain deceptively normal, Sl offers a more sensitive marker of early

decompensation.[9,14]

This study aims to evaluate the role of shock index in assessing adverse maternal
outcomes in postpartum hemorrhage and to determine its clinical utility in comparison to
traditional assessment methods. By identifying Sl thresholds predictive of poor outcomes,
this research seeks to support more timely and effective interventions in PPH, thereby

contributing to improved maternal health outcomes.
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OBJECTIVE
Primary objective - To study the role of shock index in assessing the adverse maternal

outcomes in postpartum hemorrhage.

Secondary objective — To correlate shock index with visual estimation of blood loss in

women with postpartum hemorrhage.

MATERIALS AND METHODOLOGY
Study Design & Setting

A prospective cohort study was conducted in the Department of Obstetrics and
Gynaecology at Dr. B.R.A.M Hospital, Raipur, from March 2023- March 2024. The study
included pregnant women diagnosed with postpartum hemorrhage (PPH), and their
hemodynamic parameters were continuously monitored to evaluate the predictive utility
of

Shock Index in determining adverse maternal outcomes.

Inclusion criteria

Women who delivered after 28 weeks of gestation.

Patients diagnosed with PPH based on visual blood loss >=500mL in vaginal delivery and
>=1000 mL in LSCS.

Patients with normal baseline hemodynamic parameters before labor.
Exclusion criteria

Antepartum hemorrhage

Pre-existing maternal heart disease or severe anaemia (<7gm/dL).
Pregnancy induced hypertension, preeclampsia, eclampsia

Patients with pre-existing coagulopathies.

Methodology

Immediately after delivery blood loss estimation was done using blood collected
in drapes, fixed size mops of 45*45cm, swabs of 10*10cm, perianal pads which
when fully soaked amounted to a blood loss of approximately 350ml, 60ml and

100ml respectively. Blood loss estimation in case of caesarean section was done
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using fixed size mops, kidney tray and suction machine. A full kidney tray
amounted to a blood loss of approximately 500ml whereas a partially filled tray

amounted to a blood loss of approximately 250ml.

Baseline vitals were recorded at the time of admission. Thereafter as soon as
postpartum haemorrhage was anticipated by visual estimation of blood loss
study participants were subjected to BP and HR measurement every 15
minutes for 1 hour postpartum. Shock index was evaluated by dividing heart
rate by systolic blood pressure. The highest Sl that was recorded was selected
for further analysis. Active management of third stage of labor was routinely

performed.

Pre specified potential confounding factors included age, gestational age at
delivery, height, weight, BMI, parity, mode of delivery, type of anaesthesia and
use of oxytocin for AMTSL.

The following outcome measures were recorded: need for ICU care, need for
blood and blood products transfusion, need for operative intervention, acute

renal failure, surgical site infection and maternal mortality.

RESULT

The present study aimed to assess the role of Shock Index (SI) in predicting adverse
maternal outcomes in postpartum hemorrhage (PPH). The average age of participants was
24.97 years, with most being unbooked cases. The mean gestational age was 38.52 weeks,
and the average BMI was 24.65. Most deliveries were vaginal (58.46%), followed by
LSCS (38.46%) and VBAC (3.08%). The primary cause of PPH was uterine atony (60%).

The mean shock index was 1.26 (range 1.0-1.81).
A strong positive correlation was found between Sl and blood loss (r = 0.88), with an
average loss of 902.92 + 340 mL.



120

121
122

123
124

125
126
127
128
129
130
131
132
133
134

135
136

Table 1:Association of Shock Index and Blood Loss

Median Range p-value
Shock Index Mean Blood (25th—
Range Loss (mL) 75th
percentile)
643.07 + 600 (550—
0.9to<1.2 500-1050 <0.0001
148.62 800)
940.34 900 (850—
1.2to<1.5 600-1550
197.08 1000)
1.5t0<1.7 1300 1100-2000
1408.33 £
(1262.5—
316.89
1450)
>1.7 1587.5 % 1600 1350-1800
184.28 (1537.5-
1650)

Significant adverse outcomes included ICU admission (52.31%), transfusion (64.62%),
operative intervention (69.23%), acute renal failure (23.08%), severe anemia (50.77%),
and maternal mortality (6.15%). The mean Sl associated with ICU admission was 1.4 +
0.18, ventilatory support 1.63 + 0.16, inotropic support 1.55 + 0.17, and mortality 1.73 +
0.06.

Table2: Association of Shock Index with Adverse Maternal Outcomes



Outcome Median Range P-value
Shock Index (25th—
(Mean £ SD) 75th
percentile)
Need for ICU 1.11+£0.09 1-1.4 <0.0001
1.08 (1.045—-
Admission -
1.165)
No
Need for ICU 1.4+0.18 1.33 (1.282—- 1.19-1.81
Admission - 1.5)
Yes
Ventilatory 1.21+0.15 1.2 (1.08- 1-1.61 <0.0001
Support - No 1.31)
Ventilatory 1.63+0.16 1.69 (1.48- 1.42-1.81
Support - Yes 1.73)
Inotropic 1.19+0.14 1.19 (1.08- 1-1.6 <0.0001
Support - No 1.292)
Inotropic 1.55+0.17 1.5(1.42- 1.28-1.81
Support - Yes 1.72)
Transfusion 1.07 £ 0.06 1.06 (1.03- 1-1.26 <0.0001
Required - No 1.1)
Transfusion 1.37+0.18 1.31(1.22- 1.1-1.81
Required - Yes 1.468)
Operative 1.09 £0.09 1.08 (1.04—- 1-1.4 <0.0001
Intervention - 1.105)
No
Operative 1.34+£0.2 1.31(1.21- 1-1.81
Intervention - 1.46)

Yes




ARF - No 1.2+0.17 1.18 (1.08— 1-1.81 <0.0001
1.288)
1.42 (1.32—
ARF - Yes 1.46£0.19 1.2-1.76
1.64)
Dialysis - No 1.25+0.19 1.22 (1.09- 1-1.81 0.0006
1.325)
1.74 (1.73-
Dialysis - Yes 1.74 £0.03 1.72-1.76
1.75)
Surgical Site 1.25+0.21 1.21(1.08- 1-1.81 0.167
Infection - No 1.33)
Surgical Site 1.4+0.17 1.39 (1.295- 1.22-1.61
Infection - Yes 1.498)
Severe 1.11+£0.09 1-1.28 <0.0001
1.09 (1.048-
Anemia -
1.185)
No
Severe 1.41+0.18 1.34 (1.3-1.5) 1.1-1.81
Anemia -
Yes
Maternal 1.23+0.17 1.21 (1.08- 1-1.76 <0.0001
Mortality - 1.32)
Alive
Maternal 1.73 £0.06 1.67-1.81
1.72 (1.708-
Mortality -
1.742)
Died
137
138
139 ROC analysis showed excellent predictive power: AUC values were 0.958 for ICU
140 admission, 0.978 for transfusion, 0.896 for operative intervention, 0.864 for acute renal
141 failure, and 0.988 for maternal mortality (all p < 0.05).

142
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149 Table3:ROC Curve Summary Table

150

Outcome

AUC

Cut-off Value

Interpretation

ICU Admission

0.958

>1.18

Excellent
discrimination. High
accuracy for
identifying patients

needing ICU care.

Ventilatory Support

0.966

>1.4

Outstanding
discrimination. Very
high sensitivity and

specificity.

Inotropic Support

0.944

>1.4

Excellent
discrimination.
Strong predictive

value.

Transfusion

Requirement

0.978

>1.18

Outstanding
discrimination. Most
accurate among all

outcomes evaluated.

Operative Intervention

0.896

>1.12

Very good
discrimination. Slightly

lower but still reliable.




Acute Renal Failure

(ARF)

0.864 >1.3 Good discrimination.
Moderate predictive

capacity.

Need for Dialysis

0.98 >1.67 Outstanding
discrimination. Very
high accuracy despite

small sample size.

Surgical Site Infection

0.752 >1.21 Fair discrimination.
Predictive power is

weaker here.
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Compiled ROC Curves of Shock Index for Adverse Maternal Outcomes

s ICU Admission (AUC = 0.958)
h P —— Ventilatory Support (AUC = 0.966)
3 Inotropic Support (AUC = 0.944)
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Operative Intervention (AUC = 0.896)
ARF (AUC = 0.864)
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Figurel:Compiled ROC curves of Shock Index for Adverse Maternal Outcomes
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Sl was categorized into four ranges (0.9-<1.2, 1.2-<1.5, 1.5-<1.7, >1.7), with a stepwise

increase in the frequency and severity of adverse outcomes across higher Sl ranges. ICU

admissions, transfusion needs, operative interventions, renal complications, mortality, and

hospital stay duration increased with rising Sl value

Table 4:Association of Maternal Outcomes with Shock Index Ranges

0.9to 1.2 to 21.7 (n=4) P-value
Maternal 1.5to<1.7

<1.2 <1.5
Outcome (n=6)

(n=26) (n=29)
Need for 1(3.85%) 23 6 (100%) 4 (100%) <0.0001
ICU (79.31%)
Admission
Ventilatory 0 (0%) 2 (6.90%) 2 (33.33%) 4 (100%) <0.0001
Support
Inotropic 0 (0%) 5 4 (66.67%) 4 (100%) <0.0001
Support (17.24%)
Intervention (30.77%) (93.10%)

9

ARF 0 (0%) (31.03%) 3 (50%) 3 (75%) <0.0001
Dialysis 0 (0%) 0 (0%) 0 (0%) 2 (50%) 0.003
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Surgical Site 0 (0%) 3 1(16.67%) 0 (0%) 0.223
Infection (10.34%)

Maternal 0 (0%) 0 (0%) 1(16.67%) 3(75%) <0.0001
Mortality

Table5:Correlation of Shock Index with SBP,DBP,PR and MAP

Variable Correlation P-value
Coefficient

Systolic Blood -0.404 .001

Pressure

(SBP)

Diastolic Blood -0.270 0.030

Pressure (DBP)

Pulse Rate (PR) 0.380 .002

Mean Arterial -0.372 .002

Pressure

A weak positive correlation was observed between Sl and pulse rate (r = 0.38), and

negative correlations were noted with systolic BP (r = -0.404), diastolic BP (r = -0.27),
and MAP (r = -0.372).

DISCUSSION

The study titled “Clinical Utility of Shock Index in the Early Detection of Adverse

Outcomes in Postpartum Hemorrhage” was conducted at Pt. J.N.M Medical College

Raipur (C.G) from March 2023 to March 2024.

Postpartum hemorrhage (PPH) remains a major cause of maternal mortality, especially in

low-resource settings where early recognition is challenging. Shock Index (SI)—the ratio
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of heart rate to systolic blood pressure—is emerging as a simple, cost-effective tool for
early identification of hemodynamic instability in PPH.

This study aimed to assess the role of Sl in predicting adverse maternal outcomes in PPH

patients, evaluating its correlation with clinical parameters such as ICU admission, need

for transfusion, operative interventions, and maternal mortality.

Descriptive statistics of Shock Index

The shock index (SI) in our study demonstrated a mean value of 1.26, ranging from 1 to
1.81, indicating variability in patients’ physiological responses to shock. El Ayadi et al.
(2016) reported a comparable median Sl of 1.3. The primary utility of Sl lies in its ability
to detect hemodynamic instability earlier than conventional vital signs, identifying

significant blood loss and hypovolemia before overt hypotension develops.

Association between Shock Index and Blood Loss

In non-pregnant individuals, an Sl of 1.0 typically corresponds to a blood loss of 750—
1500 mL.[51] In obstetric settings, massive hemorrhage is defined as blood loss >2000
mL or >30% of blood volume.®®SI values differ between pregnant and non-pregnant
women due to physiological changes. Literature indicates that a 10—-30% blood loss in
pregnant women correlates with an Sl of ~1.0, while in non-pregnant women, a similar Sl
reflects a 15-20% loss.“"*@In our study, Sl strongly correlated with blood loss (r = 0.88,
p < 0.0001), with the highest blood loss observed in the SI >1.7 group (1587.5 + 184.28
mL). These findings are consistent with studies by Dziadosz et al. (2020), Sanchez et al.
(2023), and Talbot et al. (2023), all of which reported a positive association between Sl
and hemorrhage severity. However, contrasting studies by Huang et al. (2022) and Ushida
et al. (2021) found weaker correlations, suggesting that SI alone may not always reliably

quantify blood loss.



213 Association of Shock Index with Adverse Maternal Outcomes

214 Operative Intervention

215

216 In our study, the mean SI among patients requiring operative intervention was
217 significantly elevated at 1.34 + 0.2, compared to 1.09 * 0.09 in those managed
218 medically. Among surgical procedures, the mean SI progressively increased
219 with the severity of intervention: vaginal tear repair (1.13), uterine artery
220 ligation (1.32), uterine compression sutures (1.44), uterine artery

221 embolisation (1.51), and hysterectomy (1.63).

222

223 An SI cut-off of >1.12 predicted the need for operative intervention with

224 91.11% sensitivity, 85% specificity. Similar findings were reported by Nathan
225 etal. (2019), where SI measured after PPH diagnosis predicted emergency
226 hysterectomy risk. SI <0.9 indicated low risk (2% underwent hysterectomy),
227 0.9-1.69 moderate risk (14.7%), and =1.7 high risk (28.6%). El Ayadi et al.
228 (2016) reported an SI of 1.35 (95% CI; 60% specificity) for hysterectomy,
229 which was lower than our study’s mean SI of 1.63 £0.12. Chaudhary et al.

230 (2020) reported a slightly higher mean SI (1.58 +0.51) for surgical

231 intervention.

232

233 Our findings on SI cut-off values were consistent with Agarwal et al. (2021),
234 who reported thresholds >1 for interventions: hysterectomy >1.32 (90.91%
235 sensitivity, 89.74% specificity), vaginal /cervical tear repair >1.32 (75%,

236 78.41%), internal artery ligation >1.3 (90%, 77.78%), and compression

237 sutures >1.24 (100%, 58.76%). Studies by Sakshi Agarwal et al. (2023) and
238 Kohn et al. (2017) also reported comparable SI values (21.1 and 21.14) with
239 moderate sensitivity and specificity.

240

241 ICU Admission

242
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The mean SI among patients requiring ICU admission was 1.32 * 0.15,
significantly higher than 1.11 + 0.09 in non-ICU patients. A cut-off value of
>1.18 demonstrated 100% sensitivity, 80.65% specificity. These values are
consistent with previous reports. El Ayadi et al. identified a threshold of 1.35,
Chaudhary et al. noted 1.23, and Sakshi Agarwal et al. reported 1.32 as
predictive of ICU admission. Our findings reaffirm that Sl is a strong predictor

of ICU-level care in PPH.

Nathan et al. (2019) demonstrated increasing ICU admission rates with rising
SI: 25.5% (S1<0.9), 48.3% (S1 0.9-1.69), and 78.6% (SI 21.7). El Ayadi et al.
(2016) reported a higher mean SI of 1.35 for ICU admission, while Chaudhary
et al. (2020) found a mean SI of 1.23 *+ 0.35—both comparable to our findings.
Sakshi Agarwal et al. (2023) reported a cut-off SI 21.1 (sensitivity 97.62%,
specificity 93.41%), similar to Koch et al. (2019) who found SI >1 predictive of
ICU admission. Agarwal et al. (2021) and El Ayadi et al. (2016) reported higher
thresholds of >1.3 and 21.4, with the latter showing 70.5% sensitivity and
74.8% specificity. Nathan et al. (2015) suggested an even lower threshold of SI
=0.9.

Inotropic and Ventilatory Support

Patients who required ventilatory support had a mean SI of 1.63 + 0.16. An SI
cut-off of >1.4 predicted ventilatory requirement with 100% sensitivity,

89.47% specificity

Sakshi Agarwal et al. similarly found high SI (mean 1.34) in ventilated patients,
with high sensitivity and specificity. Our results further confirm that elevated
Sl is a reliable marker for identifying patients who may require respiratory

support. Inotropic Support
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The mean Sl in patients needing inotropic support was 1.55 + 0.17. A cut-off of
>1.4 yielded 84.62% sensitivity, 94.23% specificity. Similar to the findings of
the current study Agarwal et al. 2021 established cut-off thresholds of shock
index (SI) to predict the need for ICU admission with ventilatory support and
ICU admission with inotropic support. The values were >1.34 (sensitivity:
95.45%; specificity: 92.31%) and >1.446 (sensitivity: 91.67%; specificity:
93.18%) respectively.

The close alignment across studies enhances the external validity of our

results.

Blood and Blood Products Transfusion

The mean SI among those receiving transfusions was 1.37 = 0.18, compared to
1.07 £ 0.06 in non-transfused patients. Among women with Hb <7 g/dL, the
mean Sl rose to 1.41 + 0.18. An SI cut-off of >1.18 predicted transfusion need
with 92.86% sensitivity, 95.65% specificity.

Nathan et al. (2019) reported rising transfusion requirements with increasing
SI: 25.5% (S1 <0.9), 37.1% (S1 0.9-1.69), and 71.4% (SI 21.7). In contrast, our
study showed fewer transfusions in the SI range 0.9-<1.2, with a mean of 2.61
+ 2.31 units. El Ayadi et al. (2016) and Kwon H et al. (2024) found mean Sls of
1.35 and 1.22, respectively, for predicting massive transfusion—findings
comparable to ours.

Chaudhary et al. (2020) reported a lower mean SI (1.15 + 0.41), possibly due to
inclusion of hypertensive and anaemic patients. Studies by Le Bas et al. (2013),
Agarwal et al. (2023), and Kwon H et al. (2024) consistently identified SI >1-
1.1 as predictive of massive transfusion, with high sensitivity and specificity.
Koch et al. (2019) also supported SI >1 as a marker of morbidity.

Higher thresholds were reported by Guerrero-De Leén et al. (2018), Kohn et al.
(2017), and Agarwal et al. (2021), with SI >1.32-1.4 predicting 24 to 210 units
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of transfusion with strong diagnostic accuracy. Despite variations, most studies

affirm SI >1 as a reliable predictor of transfusion need.

Maternal Morbidity

Patients who experienced significant maternal morbidity had a mean SI of
1.34 + 0.21, significantly higher than 1.10 + 0.09 in those without morbidity. An
SI cut-off of >1.14 predicted maternal morbidity with 88% sensitivity, 88.57%

specificity.

El Ayadi et al. (2016) reported an SI of 1.57 (95% CI; 80% specificity) for
predicting severe end-organ damage, aligning with our findings. Chaudhary et
al. (2020) also found a comparable mean SI of 1.47 + 0.84 in patients with
MODS. Similarly, Agarwal et al. (2021) identified an SI >1.3 as predictive of
MODS (sensitivity 95%, specificity 88.75%), and El Ayadi et al. (2016) noted a
cut-off of 21.4 for end-organ damage with 80.6% sensitivity and 71.4%
specificity.

Maternal Mortality

Among the four maternal deaths in our cohort, the mean SI was markedly
elevated at 1.71 * 0.11. While our sample size for mortality is small, the high SI
reinforces previous evidence linking very high SI to fatal outcomes.

Nathan et al. (2019) reported increasing mortality with rising SI: 0% for SI
<0.9, 4.3% for SI 0.9-1.69, and 7.1% for SI 21.7. El Ayadi et al. (2016) found a
mean SI of 1.58 (95% CI; 80% specificity) for maternal mortality, aligning with
our study. Chaudhary et al. (2020) and Liu et al. (2012) reported lower SI
values of 1.39 + 0.85 and 1.3 respectively. Agarwal et al. (2021) and El Ayadi et
al. (2016) reported mortality cut-off SI values of >1.65 and =1.7, both

comparable with our findings.
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Area under the curve value of Shock Index to predict adverse maternal outcome

In our study, the Shock Index (S1) demonstrated excellent predictive performance for
multiple adverse outcomes, with AUC values of 0.958 for ICU admission, 0.978 for blood
product transfusion, and 0.896 for operative intervention. Additionally, AUC values for
surgical site infection (0.752), acute renal failure (0.864), and maternal mortality (0.988)
were statistically significant, reinforcing Sl as a robust predictor in postpartum

hemorrhage.

Our results are consistent with Agarwal et al. (2021), who reported AUROC values of
0.95 and 0.98 for ICU admissions requiring inotropic and ventilatory support,
respectively, 0.91 for blood product transfusion and operative intervention, and 0.99 for
maternal mortality. Similarly, Lee et al. (2019) and Kwon H et al. (2024) reported AUCs
of 0.815 and 0.829, respectively, for predicting massive transfusion, which align closely

with our findings.

M. Chaudhary et al. (2020) found lower AUC values: ICU admission (0.8), operative
intervention (0.8), maternal death (0.9), and blood transfusion (0.68). The variation may
stem from their inclusion of patients with pregnancy-induced hypertension and severe

anaemia— conditions that can distort Sl interpretation due to altered hemodynamics.

Nathan et al. (2019) also reported lower AUCs: ICU admission (0.68), hysterectomy
(0.79), transfusion >4 units (0.65), and maternal mortality (0.86). Despite the variability, a
consistent trend is evident across all studies—an elevated Sl is strongly associated with

adverse maternal outcomes.

Clinical significance of Shock Index thresholds

The normal Shock Index (SI) range in healthy pregnant women is 0.7-0.9. An SI >0.9 has
been associated with adverse outcomes including ICU admission, significant blood loss,

surgical intervention, and increased morbidity and mortality (21, 33). Nathan et al. (2019)



364
365
366
367
368

369
370
371

372
373
374
375
376
377
378

379
380
381
382
383
384

385
386
387
388

389
390
391
392
393

found that SI <0.9 offered reassurance, while SI >1.7 indicated urgent need for
intervention. Similarly, EI-Ayadi et al. (2016) suggested SI >0.9 for referral, >1.4 for
urgent tertiary care, and >1.7 for high risk of maternal complications. Our study identified
a slightly lower SI threshold of >1.1 to predict adverse outcomes, which may be attributed

to population differences, anaemia prevalence, and study design.

Comparable findings were reported by Kohn et al. (2017), where SI >1.14 predicted PPH
with 93% specificity. Guerrero-De Leon et al. (2018) also found SI >1.0 to be predictive

of severe outcomes, recommending care at tertiary centers for such patients.

We stratified Sl into four categories: 0.9—<1.2, 1.2-<1.5, 1.5-<1.7, and >1.7. A stepwise
increase in adverse outcomes was noted across these groups. For instance, transfusion
was needed in 15.38% of patients with SI 0.9-<1.2, versus 96.55%, 100%, and 100% in
the higher ranges, respectively. Operative intervention rose from 30.77% to 100% across
these Sl brackets. No acute renal failure was noted below Sl 1.2, but increased
substantially in higher groups—up to 75% in SI >1.7. Maternal mortality occurred

exclusively in the >1.7 SI group.

Length of hospital stay also correlated with Sl: the longest durations were observed in the
>1.5 groups (mean 7.5 days), versus 2.77 days in SI <1.2. These findings mirror those of
Nathan et al. (2019), who reported rising rates of transfusion, ICU admission, and
hysterectomy with increasing Sl. In their study, no mortality occurred in SI <0.9, while
7.1% mortality was reported for SI >1.7. Nathan et al. (2015) also established SI >0.9 as a

reliable threshold for ICU admission and >1.7 as a critical alert trigger.

Collectively, these results reaffirm Sl as a sensitive early marker of hypovolemia. Unlike
conventional vital signs, which may initially remain stable due to compensatory
mechanisms, Sl captures the critical rise in heart rate alongside stable or declining SBP,

providing a more reliable early indicator of clinical deterioration.

Overall, rising Sl is a clear marker of worsening clinical status in PPH. Sustained
elevation reflects ongoing hypovolemia, tissue hypoperfusion, and risk of MODS. Vital
organs such as the kidneys and brain are particularly susceptible to ischemic injury in this
state. Hemorrhage-induced coagulopathy further complicates management and increases

the likelihood of adverse maternal outcomes.
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Correlation of Shock Index with vital signs

Our study categorized patients based on Sl ranges and found the following mean values:
S10.9-<1.2: SBP 98.48 mmHg, DBP 59 mmHg, PR 106 bpm, MAP 72.64 mmHg

SI 1.2—<1.5: SBP 92 mmHg, DBP 58 mmHg, PR 120 bpm, MAP 65.6 mmHg

SI 1.5-<1.7: SBP 84 mmHg, DBP 56.3 mmHg, PR 135 bpm, MAP 65 mmHg

SI>1.7: SBP 78 mmHg, DBP 52 mmHg, PR 138 bpm, MAP 61 mmHg

We observed that while pulse rate and diastolic blood pressure changed in accordance
with Sl, other parameters such as SBP and MAP remained relatively stable until Sl

reached >1.5.
These findings align with El Ayadi et al. (2019), who noted that at ST >1.4, PR increased

to 112 bpm and SBP dropped to 80 mmHg, and at SI 1.7, PR reached 130 bpm with SBP
70 mmHg.

CLINICAL IMPLICATIONS

Our findings support integrating Sl into obstetric early warning systems (EWS) for PPH
management. Key applications include:

Early Recognition & Triage:

Women with SI>1.1 should receive immediate hemodynamic monitoring and blood cross
matching.

SI >1.3 should prompt early ICU transfer consideration.

Blood Transfusion Protocols:

SI>1.1 correlates strongly with the need for transfusion, suggesting Sl can be used to
guide blood product administration before overt hypovolemia develops.

Surgical Preparedness:

SI>1.3 may predict surgical intervention, allowing teams to mobilize resources for

emergency hysterectomy or B-Lynch suture placement.
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Strengths

Prospective design reduced recall bias and improved data accuracy.

Obijective blood loss estimation was also incorporated along with visual estimation of

blood loss.

Standardized SI measurements at multiple time points, ensuring dynamic monitoring of

hemodynamic changes.

Limitations

Single center study: Findings may not be generalizable to different populations.

Small sample size (n=65): A larger multicenter study would improve statistical power.

CONCLUSION

The Shock Index is a valuable, cost-effective, and early predictor of adverse maternal
outcomes in postpartum hemorrhage. By incorporating Sl into standard clinical protocols,
healthcare providers can improve early detection, reduce delays in intervention, and
ultimately enhance maternal survival. Further multicenter studies are warranted to

establish universal Sl thresholds tailored to diverse populations.
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