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Abstract 
Objective: To assess the diagnostic capacity of bedside capillary lactate 
(CLact), capillary Haemoglobin (CHb), and shock index (SI) for severe post-
partum haemorrhage (SPPH > 2000 ml) at diagnosis, 15 minutes and 30 mi-
nutes later. Method: A cohort study was carried out in a reference hospital in 
San Luis Potosi, Mexico from February 2020 to March 2021, and included 
sixty women in vaginal labor or c-section who presented PPH (≥500 ml in 
labor or ≥1000 ml in c-section) measured by the gravimetric method. CLact, 
SI, and CHb concentrations were analyzed at diagnosis of PPH, 15 minutes, 
and 30 minutes. Patients who presented total blood loss of >2000 ml were 
considered SPPH. A T-test or Wilcox test was performed to compare the 
groups of non-severe and severe. Sensitivity, specificity, and performance 
were calculated by A Receiver Operating Curve. Results: A CLact measure-
ment at 30 minutes was significantly different between the non-severe and 
severe groups (4.0 + 1.9 vs 4.8 + 1.15 P-value 0.001, with an optimal cut point 
of 4.3 mmol/dl at AUC 0.75, sensitivity 0.85, and specificity of 0.62. With a 
cut-point of 1.17, an AUC of 0.76, sensitivity of 0.43, and specificity of 0.98, 
SI at diagnosis was significantly different between the non-severe and severe 
groups (0.70 + 0.20 vs. 0.90 + 0.38 P-value 0.0228). Conclusion: SI is an early 
sign of SPPH; CLact can significantly identify SPPH after 30 minutes. 
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1. Introduction 

Postpartum haemorrhage is the leading cause of maternal mortality and mor-
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bidity in the world accounting for approximately 10% of all births and the most 
common form of obstetric haemorrhage, which traditionally has been defined as 
a blood loss greater than 500 ml after vaginal delivery or 1000 ml after caesarean 
section [1]. In 2017 the American College of Gynecology and Obstetrics (ACOG) 
published a recent definition as a cumulative blood loss greater than or equal to 
1000 ml or a blood loss accompanied by signs or symptoms of hypovolemia 
within 24 hours of the delivery regardless of the route of birth [1]. Some institu-
tion still considers the traditional definition as appropriate [2]. In most devel-
oping countries, maternal mortality, and morbidity due to obstetric haemorr-
hage are caused by difficulties in early identification of the causes and lack of 
timely and adequate treatment. During the medical management of these cases, 
it is of great importance the early recognition of patients with severe cases o may 
develop severe haemorrhage [3] [4]. For this reason, Obstetricians need to have 
reliable bedside clinical and biochemical tools to identify patients at risk of a 
critical condition if they are not provided immediate resuscitation. The schemes 
studied for this purpose include non-capillary schemes such as the shock index, 
venous serum lactate and Haemoglobin levels. Some studies reported the com-
bination of these schemes to be useful but not studied at the capillary level for 
bedside use [5]. It is well established that SI correlates with SPPH and is a good 
predictor for transfusion and complications in patients with hypovolemic shock. 
[5] [6] [7] [8] [9] but it is also known that the vital signs are dynamic states, 
which means they can rapidly change over a short time, and the physiological 
changes during pregnancy may make vital signs not reliable for the early identi-
fication of severe haemorrhage as they are lately modified [10], the calculation of 
SI involves the use of vital signs (heart rate divided by systolic blood pressure), 
for this reason, we investigate whether the SI is consistently useful over time as 
an indicator for SPPH.  

On other hand, venous serum lactate has been used as a biochemical marker 
to guide fluid recusation in patients with postpartum haemorrhage and it has 
also been established as an indicator of severe postpartum haemorrhage [5] [11]. 
The clinical use of portable devices to measure capillary lactate seems to be an 
easy and quick way to detect lactate compared to conventional venous laborato-
ry testing. Acuttrend Lactate® (AL) is a portable device for measuring capillary 
lactate, its reliability was compared versus the EBIO plus analyzer as a gold 
standard showed to have good reliability for intra, inter-analyzers, and between 
test strips (ICC r = 0.999) at different lactate concentrations; coefficient of varia-
tion reported between 1.8% and 3.3% [12] Capillary hemodynamics may vary in 
time for its establishment compared to venous dynamics as it involves micro-
circulation. For this reason, it is genuine to investigate whether the capillary lac-
tate can also be an early predictor of SPPH within the first 30 minutes from the 
diagnosis of PPH. Haemoglobin concentration is one of the criteria for transfu-
sion.  

Recently, the use of optical noninvasive real-time capillary Haemoglobin 
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monitoring is becoming popular in surgery and suggested to be used as a guide 
for transfusions [13], It is reported that women without PPH, the mean Hb de-
crease is approximately 1 g/dl, while a 2 g/dl to 3 g/dl decreases are commonly 
observed in women with occult PPH or overt PPH, respectively [14]. But this 
drop of Haemoglobin is neither described in terms of time nor in capillary level. 
Early drop of capillary Haemoglobin is not yet established as a predictor of 
SPHH in terms of its change with time considering the phenomenon of the redi-
stribution for this reason we aim at investigating the cut point of bedside capil-
lary Haemoglobin drop as an indicator for severe haemorrhage at the diagnosis, 
15 min and within first 30 minutes time intervals after diagnosis. HemoCue is a 
portable device which provides reliable measurements, especially within the 
critical 6 - 10 g/dL range, with red compared with standard laboratory test mean 
difference of 0.54 (0.52 - 0.81) [15]. 

With the aim of getting the clinical bedside tools, we investigated the use of 
bedside and minimally invasive protocols by measuring capillary lactate and 
Haemoglobin with Acuttrend® Lactate and HemoCue® respectively. Accuracy 
and Reliability of the devices Acuttrend® Lactate and HemoCue®, were pre-
viously reported in different studies. As a point of care that allows a quick dy-
namic evaluation accompanied by a clinical marker, we also integrated the shock 
index (SI). 

2. Method 

A prospective cohort study was carried out from February 2020 to March 2021 
in which were included pregnant women with postpartum haemorrhage (≥500 
ml in labor or ≥1000 ml in c-section, Institutional definition of postpartum 
haemorrhage) in a reference hospital in San Luis Potosi Mexico (Hospital Cen-
tral Dr Ignacio Morones Prieto). The study obtained approval from the Institu-
tional Ethical Committee (Registration number CONBIOETICA 93-19). 

We included Pregnant patients in labor or cesarean section with postpartum 
haemorrhage, without conditions that might elevate lactate concentration such 
as eclampsia, leukemia, lymphoma, and solid tumors, poorly controlled diabetes, 
liver failure, and ingestion of antiretroviral drugs and biguanides, confirmed 
sepsis or diagnosed with severe shock or documented anemia at the beginning of 
the study, Patients who decided to withdraw the consent or to leave the study 
were eliminated. Bleeding volume was calculated by the gravimetric method as 
described here, blood-Stained Surgical Gauzes from delivery or c-section were 
weighed, and its dry weight was subtracted from the total blood-stained weight. 
Blood weight (g) was converted into blood volume (ml) using the accepted ap-
proximation of blood density of 1 g = 1 mL. At the diagnosis of postpartum 
haemorrhage (≥500 ml in labor or ≥1000 ml in c-section, Institutional definition 
of postpartum haemorrhage), Capillary lactate and Haemoglobin were deter-
mined by bedside equipment Acuttrend plus©, and Shock index was calculated 
as the heart rate (HR) divided by systolic blood pressure (SBP). These parame-
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ters were also measured at 15 and 30 minutes after the diagnosis. At the end of 
the obstetric event the patients with total blood loss of >2000 were considered 
SPPH. 

3. Statistical Analysis 

Statistical analysis was performed using Statistical program R 3.6 version and R 
Studio 1.4.1717, version. The sample size was calculated by r package 
(“MKmisc”), with command power, diagnostic, test, for diagnostic test with sen-
sitivity of 0.95, specificity of 95 Significant level = 0.05, delta = 0.1, power = 0.8 
as suggested by Cohen. The sample size required was 68 patients. We considered 
appropriate including with 60 patients as it does not alter the statistical power. 
The distribution of continuous data was assessed by Shapiro-Wilk’s test, a com-
parison of capillary Haemoglobin, lactate, and shock index values between se-
vere and non-severe haemorrhage groups was done by t-Test in case of normal 
distribution and Wilcox test for non-normal distribution data. A Receiver Oper-
ating Curve analysis was done to determine cut points by Youden’s index me-
thod, Sensitivity, specificity, and performance of each test at 0, 15, and 30 mi-
nutes from the diagnosis.  

4. Results 

We included 60 patients, 27 (45%) cesarean section y 33 (55%) vaginal delivery. 
Of all Patients, 18 (30%) were classified as severe and 42 (70%) as non-severe. 
(See Patients flow diagram). General mean blood loss was 1194.92 + 627.67 ml. 
Non severe 983.52 + 354.64 ml and severe group 2392.77 + 469.48 ml. The most 
common cause of SPPH was uterine atony 29 (48.05%), Other general characte-
ristics of the study groups are shown in Table 1. SI at the diagnosis was signifi-
cantly differentiate between severe from non-severe group (0.70 + 0.20 vs. 0.90 + 
0.38 P-value 0.0228) (Table 2). Its cut point of 1.17 has shown good perfor-
mance with AUC of 0.76, sensitivity of 0.43 and specificity of 0.98 (Figure 2). 
The same as SI at 30 minutes (0.70 + 0.27 vs. 0.90 + 0.55 P 0.0228) (Table 2 & 
Figure 1). Capillary lactate only at 30 min was able to differentiate non-severe 
from severe group (4.0 + 1.90 vs. 4.8 + 1.15 p < 0.001*). Its cut points of 4.30 
mmol/dl at 30 min showed good performance (AUC 0.75), with sensitivity 0.85, 
specificity 0.62. Whereas at the diagnosis offers unsatisfactory performance 
(AUC 0.46) 5.50 mmol/dl, Specificity 0.62, Sensitivity 0.8 and at 15 min also had 
the same performance (0.46) 5.5 mmol/dl, AUC 0.46, Sensitivity 0.73 specificity 
0.43 (Table 2 & Figure 2).  

Capillary Haemoglobin was not able to differentiate group of severe from 
non-severe group as early as 30 minutes. Generally had unsatisfactory perfor-
mance and showed unstable changes (positive and negative values see graph 1). 
Cut points of but 9.60 mg/dl at 30 min had satisfactory (AUC 0.62) with a speci-
ficity of 0.71 and sensitivity of 0.58, although 8.40 mg/dl at 15 min was more 
sensitive (Sensitivity 0.90, specificity 0.42) had unsatisfactory performance (AUC 
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0.56), the same performance was obtained with 9.4 at the diagnosis (AUC 0.58), 
sensitivity 0.69 specificity 0.57 (Table 1 & Figure 3, Figure 4). 

 
Table 1. General characteristics of the study groups.  

VARIABLE TOTAL NON-SEVERE PPH SEVERE PPH P VALUE 

 
N = 60 

Mean ± SD 
Median ± IQR 

n = 42 
Mean ± SD 

Median ± IQR 

n = 19 
Mean ± SD 

Median ± IQR 
 

Gestational Age (Weeks) 38.70 ± 2.10 38.5 ± 2.84 38.7 ± 1.97 0.8441 t 

Crystalloids (ml) 2061 ± 781 2537.14 ± 795.50 1999.21 ± 513.00 0.0355*w 

Maternal Age (years) 25.0 ± 6.00 32.0 ± 7. 90 24 ± 5.70 0.4261 t 

Cesarean 27 (45.03%) 18 (43.67%) 9 (47.02%) 0.5804 x 

Hypertensive desorders 8 (13.33%) 6 (14.32%) 2 (10.33%) 0.8909 x 

Gestacional Diabetes 11 (18.45%) 3 (7.08%) 8 (42.89%) 0.3670 x 

Multiple gestation 3 (5.06%) 1 (2.67%) 2 (10.09%) 0.2001 x 

Total Blood loss (ml) 1194.92 ± 627.67 983.52 ± 354.64 2392.77 ± 469.48 <0.001 *t 

Causes of PPH     

Atony 29 (48.05%) 17 (40.34%) 9 (49.03%) 

0.8918 x Retention 13 (22.04%) 5 (11.54%) 8 (42.23%) 

Trauma 18 (30.34%) 7 (15.43%) 11 (58.43%) 

w—wilcox test for non-normal data, t—T test for normal data, IC: Shock index. X: Chisq test. Lact: Capillary lactate. Hb: Hemog-
lobin Dx: Diagnosis. *—statistically significant. 
 
Table 2. Behavior of capilary lactate, shock index and capilarry hemoglobin. 

VARIABLE 
TOTAL 

MEAN ± SD 
MEDIA ± IQR 

NON-SEVERE PPH 
MEAN ± SD 

MEDIA ± IQR 

SEVERE PPH 
MEAN ± SD 

MEDIA ± IQR 
P VALUE 

S1 at Dx 0.70 ± 0.30 0.70 ± 0.20 0.90 ± 0.38 0.0228* w 

SI at 15 min 0.70 ± 0.22 0.70 ± 0.20 0.80 ± 0.23 0.1717 w 

SI at 30 min 0.70 ± 0.20 0.70 ± 0.27 0.90 ± 0.55 0.0228* w 

Lactate Dx (mmol/dl) 4.80 ± 2.68 4.8 ± 2.60 5.6 ± 3.30 0.7645 w 

Lactate 15 min (mmol/dl) 4.40 ± 2.58 4.4 ± 2.80 4.5 ± 2.40 0.9174w 

Lactate 30 min (mmol/dl) 4.10 ± 2.58 4.0 ± 1.90 4.8 ± 1.15 <0.001* w 

Hb at Dx (mg/dl) 10.38 ± 2.13 10.43 ± 2.16 9.98 ± 1.84 0.5738 t 

Hb 15 min (mg/dl) 10.37 ± 1.74 10.43 ± 2.30 9.91 ± 4.35 0.5897 t 

Hb 30 (mg/dl) 9.74 ± 1.70 9.83 ± 1.70 9.10 ± 1.57 0.2915 t 

Hb Change 15 min (mg/dl) 0.45 ± 1.65 0.3 ± 1.92 0.07 ± 2.21 0.4267 w 

Hb change 30 min (mg/dl) 0.55 ± 2.25 1.3 ± 1.85 0.5 ± 2.25 0.6204 w 

w—wilcox test for non-normal data, t—T test for normal data, IC: Shock index. Lact: Capillary lactate. Hb: Hemoglobin Dx: Di-
agnosis. *—statistically significant. 
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Figure 1. Patientes flow diagram. 

 

 
Figure 2. Receiver operating curve: cut points for capillary lactate at 0-, 15- and 30-minutes 
post diagnosis of PPH. 

 

 
Figure 3. Receiver operating curve: cut points for SI at 0-, 15- and 30-minutes post diagnosis of 
PPH. 
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Figure 4. Receiver operating curve: cut points for capillary hemoglobin at 0-, 15- and 30- 
minutes post-diagnosis of PPH. 

5. Discussion 

Results of this study have shown the capacity of shock index, capillary lactate in 
identifying severe postpartum haemorrhage defined as blood loss of more than 
2000 ml. Additionally, reports an optimal moment for analysis of these parame-
ters. Shock index is defined as the heart rate divided by systolic blood pressure, 
has been studied in patients e at risk of or experiencing shock from a variety of 
causes such as trauma, myocardial infarction, haemorrhage, pulmonary embol-
ism, sepsis, and obstetric haemorrhage. Schroll R. Et al reported Shock Index ≥ 1 
had a sensitivity of 67.7% (95% CI 49.5% - 82.6%) and specificity of 81.3% (95% 
CI 78.0% - 84.3%) for predicting massive transfusion in trauma patients. In ob-
stetrics, Nathan et al reported that 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 in 
postpartum haemorrhage [13]. Welsh et al reported SI de 0.9 as a good predictor 
of necessity for transfusion in postpartum haemorrhage [14]. Most of these stu-
dies which investigated the clinical application of SI have not determined an op-
timal moment for its determination. This study determined that the value of the 
shock index, dynamically evaluated, at the time of diagnosis, and 30 minutes af-
ter diagnosis, allows early identification of those patients who present massive 
bleeding with the sensitivity of 0.43 and specificity of 0.98 and 0.64 sensitivity 
and specificity 0.7 respectively. Our study’s cut point did not differ much from 
other studies. Generally, we recommend considering SI > 1 as the predictor of 
adverse effects in most of the clinical scenarios independent of the moment of its 
determination. At initial phases of shock, the compensatory mechanism of the 
cardiovascular system responds by increasing the heart rate, increasing myocar-
dial contractility, and constricting peripheral blood vessels as a result of the 
direct stimulation via the sympathetic system this compensatory mechanism 
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maintains the stable blood pressure and elevated heart rate, these mechanisms 
make the shock index an early indicator of severe haemorrhage. Serum lactate 
has been studied as a strong biochemical marker of tissue hypoperfusion in ob-
stetric haemorrhage; increased lactate concentration may indicate hypovolemic 
shock before traditional markers such as hemoglobin concentrations, and vital 
signs in pregnant women. Previously it was reported that venous lactate of 2.6 
mmol/dl at the diagnosis of postpartum haemorrhage may be a good predictor 
for severe haemorrhage (sensitivity of 0.85 and specificity was 0.76) [10]. We 
found that at the capillary level the cut point of 4.3 mmol/dl at 30 min had good 
performance (AUC 0.75), with sensitivity 0.85, specificity 0.62 AUC 0.75. At the 
diagnosis and 15 min we obtained higher cut points but with low performance. 
High cut points for capillary lactate compared to venous lactate may be due to 
multifactorial effects including lactate detection methods and compensatory 
mechanisms of peripheric blood constriction to guarantee blood flow to vital 
organs. There are portable lactate analyzers that require 15 - 50 μL of blood and 
take approximately 60 seconds to process which makes it easier for the bedside 
monitoring by capillary lactate. Putting into practice our results, the bedside se-
rum capillary lactate as a point-of-care test can differentiate the severe group 
from non-severe to allow quick during lactate-guided recusation and probably 
reduce risk of thrombophlebitis that may result from venous sampling capillary 
hemoglobin was not statistically significant in differentiating between patients 
with severe bleeding. Had unstable changes (i.e., with negative and positive val-
ues) may explain that the capillary hemodynamics y phenomena de redistribu-
tions of hemoglobin affect the hemoglobin concentration at this level. we found 
that a capillary hemoglobin value of 8.4 at 15 minutes has a sensitivity of 90% 
and specificity of 42% for identification of patients who are at risk of reaching a 
critical condition if immediate resuscitation is not provided, and thus assist in 
the rapid and objective recognition of patients with severe postpartum hae-
morrhage (those who require massive transfusion during the immediate phase of 
resuscitation, including fluids and blood products) since patients with haemorr-
hage obstetrics requiring blood transfusion are a significant cause of maternal 
morbidity in our setting. 

The limitation of this study is that it was carried out in a tertiary level hos-
pital where there is the availability of human resources and materials to combat 
severe haemorrhage for this reason very few patients may present complications 
such as coagulopathy and needs for intensive care unit admission, for this rea-
son, we cannot tell the exact risk those complications using our capillary scheme. 
On another side, one of its advantages is that the materials needed to obtain 
these results are portable devices that can be easily obtained in the market, and 
thus low resourced facilities can obtain them for their patient monitoring. 
Changes in capillary hemoglobin have shown to be inconsistent since had both 
positive and negative values which indicate instability of capillary dynamics that 
confirms the real nature of the hemoglobin redistribution. 

Shock index and capillary Lactate may be reliable bedside clinical tools to 
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identify patients with severe haemorrhage. Shock index is an early clinical de-
tector of severe postpartum haemorrhage as early as at diagnosis, whereas lactate 
gains its value at 30 minutes post-diagnosis. Capillary hemoglobin was not able 
to differentiate the severe from non-severe as early as the first 30 min. 

6. Conclusion 

Although the vital signs changes delay in identifying severe cases, SI is still an 
early sign of SPPH; CLact can significantly identify SPPH after 30 minutes proba-
bly due to different capillary hemodynamics compared to venous. Finally, capillary 
hemoglobin is not an early detector of SPPH probably due to the mechanism of 
hemoglobin redistribution. These three bedside markers may be combinedly 
used to optimize the diagnosis and management of SPPH. More studies are re-
quired in different populations to increase the external validity of these results. 
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