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hypovolemic shock in non-ICU settings: a prospective
observational study
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Summary

Background Septic shock and hypovolemic shock are life-threatening illnesses that necessitate immediate recognition
and intervention, as they can result in deadly consequences. While the underlying processes may vary, both entities
can exhibit hypotension and organ dysfunction. No studies have been conducted on bedside testing to differentiate
between these illnesses. Lactate measurement has been established as a viable option for early detection of septic
shock. However, its role in diagnosing hypovolemic shock has yet to be evaluated. The aim of the study was to
investigate alterations in lactate levels among diarrheal patients with septic shock and hypovolemic shock
following the administration of first fluid resuscitation.

Methods We conducted a prospective observational study in critically ill diarrheal adults aged >18 years in the
emergency ward in Dhaka Hospital of icddr,b from 21st October 2021 to 31st May 2023 (total 19 months). The
enrollment process was operational between 8:30 AM and 5:00 PM. Diarrheal adults with a diagnosis of sepsis with
shock featured with poor peripheral perfusion (characterized by cold periphery and weak or absent pulse and
capillary refill time >3 s) or hypotension (characterized by mean arterial pressure <65 mm-Hg) were enrolled as
cases and consecutive diarrheal patients without any obvious features of sepsis with hypovolemic shock (due to
severe dehydration) comprised the comparison group. POC lactate test was done at hours 0, 1st and 6th by StatStrip
Lactate meters (Nova Biomedical, US) to all enrolled patients. For comparison of POC lactate levels, we used paired
t-test for comparing the lactate samples drawn at hour 0, hour 1 and 6 with the septic shock and hypovolemic shock
group. Odds ratio (OR) and their 95% confidence intervals (CIs) were used to demonstrate the strength of asso-
ciation. The study was registered at Clinicaltrials.gov (NCT05108467) and received institutional ethical approval
(PR-21097).

Findings Of 435 patients, 135 had septic shock and 141 had hypovolemic shock, rest 41 patient responded with fluid
bolus. 25% (34/135) of the people in the septic shock group died whereas there is no mortality in the hypovolemic
shock group. The number of patients visiting from outside Dhaka city had more septic shock than from inside were
higher in comparison with (55% vs. 28%; p < 0.001). Statistically significant difference was observed between septic
shock and hypovolemic shock group for a median POC lactate in 0, 1st and 6th hours with an OR of 1.07 (95% CI:
0.99, 1.17; p = 0.039); 1.48, (95% CI: 1.28, 1.70; p < 0.001) and 2.36 (95% CI: 1.85, 3.00; p < 0.001), respectively. The
gradient of 1st to 2nd sample between septic shock and hypovolemic shock was found to be significantly different
(OR: 0.74, 95% CI: 0.64, 0.85; p < 0.001).

Interpretation POC lactate test can detect septic shock by differentiating hypovolemic shock in diarrheal patients. By
providing quick, reliable and accurate result this test can help clinicians quickly diagnose and treat time-sensitive
condition, like septic shock.
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Research in context

Evidence before this study

Our comprehensive search on PubMed and Web of Science,
encompassed publications from resource-limited contexts in
English from January 1, 2000, to June 30, 2021. To identify
relevant research regarding the role of lactate in septic shock
in diarrheal patients, we used the keywords (“Lactate” OR
“Serum Lactate” OR “Plasma Lactate”) AND (“Septic shock”
OR “Sepsis” OR “Septicemia” OR “Septicaemia”) AND (“Adult”
OR “Age >18 years”) AND (“Diarrhea” OR “Acute watery
diarrhea” OR "“Severe diarrhea” OR “Diarrheal diseases”). We
also conducted a systematic search using the keywords
(“Lactate” OR “Serum Lactate” OR “Plasma Lactate”) AND
("hypovolemic shock” OR “severe dehydration” OR
“Hypovolemia” AND (“Adult” OR “Age >18 years”) AND
("Diarrhea” OR “Acute watery diarrhea” OR “Severe diarrhea”
OR “Diarrheal diseases”). Multiple studies have documented
the significance of serum lactate or plasma lactate in
diagnosing septic shock and using lactate-guided fluid bolus
in intensive care units. Nevertheless, there is a lack of data on
the use of lactate in septic shock patients with diarrhea or
diarrheal patients diagnosed with septic shock in diarrheal
settings by lactate. We conducted additional research on
papers that report serum or plasma lactate levels in cases of
acute dehydration and the subsequent changes observed with
rapid rehydration through intravenous fluid administration.
Our investigation revealed a need for more research in this
area and highlighted a gap in the study of the role of lactate
in hypovolemic dehydration.

Added value of this study
Our research demonstrates the notable efficacy of point of
care lactate testing in distinguishing between fluid-

Introduction

In high diarrhea burden settings, diarrheal infections
can be life-threatening if hypovolemic shock due to se-
vere dehydration and septic shock cannot be distin-
guished quickly.! Vibrio cholerae, ETEC, Rotavirus, and
Shigella cause acute watery diarrhea in adults in devel-
oping countries.” These organisms can enter the
bloodstream and generate malregulated immune re-
sponses that cause sepsis, septic shock, and irreparable
organ damage.** Septic shock is defined as a subset of
sepsis in which underlying circulatory and cellular/
metabolic abnormalities are profound enough to sub-
stantially increase mortality.”® The Sepsis-3 criteria by
Third International Consensus Definition for septic
shock identify septic shock patients having persistent
hypotension and serum lactate level >2 mmol/L’

unresponsive septic shock in people with diarrheal disease and
hypovolemic shock caused by severe dehydration. Our study is
the first to examine blood lactate levels in adult patients with
diarrhea. We focused on identifying the key distinctions
between fluid-responsive hypovolemic shock and fluid-
unresponsive septic shock. This differentiation is vital in
reducing the hazards linked to unwarranted volume
substitution in individuals who do not respond to hydration.
The results of our study show that point of care (POC) blood
lactate measurement has the ability to distinguish between
septic and hypovolemic shock, providing a useful method for
early identification. Early detection of septic shock with point
of care lactate tests enables critical care clinicians, particularly
in the emergency room, to promptly and effectively intervene
in the treatment of very ill patients experiencing diarrhea and
low blood pressure. In situations with low resources, where
there is a high prevalence of diarrheal disorders, this method
can greatly enhance patient outcomes by optimizing fluid
management and minimizing the negative effects of incorrect
treatments.

Implications of all the available evidence

In diarrheal settings, septic shock presents a significant
mortality risk. Due to its overlapping clinical characteristics
with hypovolemic shock, immediate detection and care are
necessary to prevent the deadly effects of multi-organ
dysfunction. The results of this study concerning the use of
point of care lactate testing at admission and subsequent
change in lactate gradient after the initial hour of fluid
administration have the potential to greatly enhance the
treatment of septic shock and decrease mortality rates in low-
middle income countries.

However, clinical features like altered mentation,
hypoperfusion and hypotension are overlapping with
the features of hypovolemic shock due to severe dehy-
dration make the diagnosis of septic shock difficult® in
settings with high diarrhea prevalence.

Global burden of sepsis is more than 31.5 million
every year with an estimated 5.3 million deaths.’
Approximately 85% of sepsis cases and sepsis-related
deaths worldwide occurred in developing countries.”'
Report from the largest database on diarrheal disease
in the world, belonged to the International Centre for
Diarrheal Disease Research, Bangladesh (icddr,b), 69%
of diarrheal adults progressed to septic shock from se-
vere sepsis.'” Without timely identification and inter-
vention, septic shock may proceed to organ failure and
death.”
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Widespread tissue hypoperfusion in the body trig-
gered anaerobic metabolism and overproduction of
lactate as a by-product. Besides persisting hypotension
with a mean arterial pressure of below 65 mm-Hg,
blood lactate over 2 mmol/L is current recommended
indicator of septic shock.”" There are paucity of litera-
ture describing the temporal relation of lactate with
dehydration and their similarity or dissimilarity with
septic shock. Based on this important aspect, our study
objective was to explore the changes in point of care
(POC) lactate levels in adult diarrheal patients with
septic shock and hypovolemic shock after initial fluid
resuscitation and thus differentiating them from septic
shock and hypovolemic shock.

Methods

Study site & settings

The study was conducted in Dhaka Hospital of icddr,b,
which serves over 200,000 diarrheal patients free of cost
every year.'* Being a free of cost hospital, the vast ma-
jority of the patients come from poor socioeconomic
backgrounds. Patients residing in the peri-urban area of
Dhaka frequently seek treatment for diarrhea at this
facility due to convenient communication. The hospital
usually experiences two seasonal peaks of patients every
year. During a large diarrheal epidemic in 2018, this
hospital had saved between an estimated 12,523 and
17,265 lives."* Although this is a diarrheal hospital, pa-
tients often come with other associated illnesses, like
pneumonia, malnutrition, sepsis, septic shock and
electrolyte imbalances and also with comorbidities like
diabetes, hypertension, cardiovascular diseases, asthma,
malignancy. The hospital has dedicated doctors, nurses,
and support staff who engage in patient service from
entry to discharge. Soon after admission, the hospital
triage nurses obtain a brief medical history and quickly
assess the patients, focusing on the severity and
complexity of their diarrhea and dehydration and other
health problems. Thereafter, emergency physician
reassesses them and triage them and starts resuscitation
if required or send them to appropriate words like
general ward or intensive care unit (ICU). Patients are
transferred to the ICU if deemed necessary with pres-
ence of septic shock, impaired consciousness, convul-
sion, severe pneumonia with hypoxaemia, respiratory
failure, or require cardio-pulmonary resuscitation. More
details of the activity in the study site have been
described elsewhere."

Study design and participants

We conducted a prospective observational study in
critically ill diarrheal adults aged >18 years in the
emergency ward in Dhaka Hospital of icddr,b from 21st
October 2021 to 31st May 2023 (total 19 months). The
enrollment process was operational between 8:30 AM
and 5:00 PM. Diarrheal adults with a diagnosis of sepsis
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with shock featured with poor peripheral perfusion
(characterized by cold periphery and weak or absent
pulse and capillary refill time >3 s) or hypotension
(characterized by mean arterial pressure <65 mm-Hg)®
were enrolled as cases and consecutive age and sex
matched diarrheal patients with hypovolemic shock (due
to severe dehydration) but without any obvious features
of sepsis comprised the comparison group [Fig. 1].

The entry point for admission to the hospital is acute
watery diarrhea defined by loose or watery stool >3
times over 24 h period.® Patients presenting with severe
dehydration assessed by the admitting doctor were
enrolled as a comparison control group. Patients having
emergency condition that might require urgent referral
within an hour of admission, malignancy and on
chemotherapy or radiotherapy, or life-threatening con-
ditions requiring cardiopulmonary resuscitation on
arrival were excluded from the study.

Procedures
Third International Consensus Definitions for Sepsis
and Septic Shock (Sepsis-3)° was followed to identify
clinical sepsis, by the presence of signs and symptoms
of both inflammation and infection. Key clinical features
include hyperthermia (temp >38.5 °C) or hypothermia
(temp <35 °C), tachycardia, plus either bounding pulses
or, altered mental status or, hypoxemia in the absence of
pneumonia or, abnormal WBC count (>12,000 x 109/L
or <4 x 109/L) or band and neutrophil ratio >0.1) or,
increased serum lactate level >2 mmol/L.>¢

If sepsis induced hypotension (MAP<65 mm Hg in
adults) was persisting despite adequate fluid resuscita-
tion, or having a serum lactate level greater than
2 mmol/L persisting after fluid resuscitation, the con-
dition was defined as septic shock.® Severe dehydration
was defined as presence of at least two of the following
signs: i) general appearance (lethargy or unconscious),
ii) skin pinch (goes back very slowly), iii) sunken eyes,
iv) thirst (unable to drink or drink poorly), and vi) radial
pulse (absent or uncountable).''®

Point of care lactate measurement was performed at
hour 0 (baseline), 1st hour and 6th hour using venous
blood with handheld device named “StatStrip” lactate
from nova biomedicals.” The detection range was
0.7-20.0 mmol/L and a result turnover time was 13 s.
This POC device requires 0.6 micro/litres of whole
blood/capillary blood. The device uses single-use test
strips containing an enzyme-coated electrode. A 12-h
routine calibration was carried out for quality assur-
ance. This is a handheld device designed for measuring
lactate levels in whole blood, serum, and plasma.”® The
supplier did not participate in any research activity
except providing the device. We evaluated lactate for
20% of study participant to compare with the POC
lactate and to validate the POC lactate device we are
using in our study population (Supplementary
Table S1).
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Total ad mission-85536
Total screening (suspected septic
shock) (1=294)

Exclusion (n=118)
Immediate cardiac resuscitation (n=6)
Non-consent (1¥4)

Eligble for enrolment (1=176)

l

Cancer patients under chemotherapies (n=4)
Immediate Referral to tertiary hosp. (n=23)
Admitted beyond enrollment hour (n=69)
Cardiogenic shock (1r=12)

A 4

v v
. . Hypovolemic Shock
Fluid responsive (not Not fluid responsive and ( '-\ge’pand sex matched)
enrolled) enrolled (Case) (Comparison)
v v v
Non-shock Septic shock Hypovolemic shock
(r=41) (r=135) (r=141)

Fig. 1: Point of care (POC) lactate study profile showing participant enroliment.

Correction of dehydration was done following hospital
protocol.” Patients diagnosed as septic shock has been
immediately shifted to the ICU for appropriate resusci-
tation, which included broad-spectrum antibiotic therapy,
intravenous fluids, inotropes, oxygen therapy, frequent
monitoring, and nutritional support. Mechanical ventila-
tion was used for the management of those with respi-
ratory failure. After quick ICU resuscitation, the on-duty
physician assessed all the patients, including taking the
medical history and thorough clinical examinations."
Arterial oxygen saturation (SpO,) was measured using a
portable pulse oximeter (Handheld Vital Signs Monitors -
NT1D, Solaris medical technology, Inc., USA), and blood
glucose was estimated using bedside Accu Chek Active
(Roche Diagnostics GmbH, Mannheim, Germany).
Those with hypoxaemia received O, supplementation
through a nasal cannula (if requirement of oxygen was
up to 5 L/min) or face mask (requiring oxygen from 6 to
9 L/min) or non-rebreather mask (for those who required
>10-15 L/min). Appropriate broad-spectrum antibiotics
(IV third-generation cephalosporins plus gentamicin) and
metronidazole were administered within 1st hour of
admission. Appropriate feeding (nothing by mouth
with maintenance fluid for patients with septic shock)

was provided as and when required. The goal was to
achieve good peripheral perfusion with a MAP of
>65 mm Hg and/or urine output >0.5 ml/kg/hour. The
amount of stool output was closely monitored upon
arrival and afterward and matched with iv or oral fluid, as
appropriate."

For routine patient care, a complete blood count,
serum electrolyte, serum creatinine, C-reactive protein,
blood C/S, random blood sugar, and other relevant in-
vestigations according to clinical requirement were sent.
A chest radiogram was done using a mobile X-ray
machine for suspected pneumonia.

Statistical methods

Sample size: There was a lack of published research on
the lactate levels in patients having hypovolemic shock
and the subsequent changes of these levels over a period
of time. Hence, it is necessary to do a posthoc analysis to
determine the trial’s statistical power after 18 months of
patient enrolment. In the posthoc analysis, we focused
on the median difference of POC lactate levels between
the septic shock group (0.55) and the hypovolemic shock
group (1.55) at time points 0 h and 1st hour, respec-
tively. The calculated sample size of 251 participants
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(117 with septic shock and 134 with hypovolemic shock)
was determined. This sample size was enrolled over a
period of one and a half years and provides a power of
above 90%, which is considered sufficient for this
research. Ultimately, prior to obtaining approval to dis-
continue the enrollment process from the Institutional
Review Board, an additional 25 patients had already
been enrolled.

Data entry, cleaning and data management were
done in SPSS (Statistical Package for the Social
Sciences-version 20.0 Windows) (SPSS, Chicago, IL).
Statistical analysis was performed in STATA (Stata Sta-
tistical Software: Release 15, College Station, Texas
77,845, USA: Stata Corp LLC). Normally distributed
continuous variables were presented by means, standard
deviations, and skewed continuous variables were re-
ported as median and interquartile range. The normality
of the continuous variables were tested by histogram,
Quantile-Quantile plot, and boxplot. Then, we did the
Shapiro—Wilk test. Categorical variables were reported
by frequencies and percentages. The chi-square test was
used to compare the socio-biological, clinical, and labo-
ratory parameters among patients with septic shock and
hypovolemic shock. To identify the strength of the as-
sociation of high lactate levels with septic shock in
diarrheal adults, initially, a simple logistic regression
model was built, and then a multiple logistic regression
analysis model identified factors independently associ-
ated with septic shock after controlling for the relevant
confounding variables. The odds ratio (OR) and their
95% confidence intervals (CIs) were used to demon-
strate the strength of the association. We performed the
Mann—Whitney U test for this nonparametric statistical
data analysis to determine the difference between the
two independent groups. For statistically significant, a p
value was set <0.05. For outcome, septic shock and
hypovolemic shock in socio-biological parameter
adjusted variables were age, sex, resident, housing
condition, and monthly family income (BDT); for clin-
ical parameter adjusted variables were acute watery
diarrhea, fever, cough, respiratory distress, hyperten-
sion, and diabetes mellitus; and for laboratory param-
eter adjusted variables were hemoglobin, hematocrit,
total WBC count, different leucocyte count, platelet, C-
reactive protein and serum creatinine. For visualization
of some statistical analysis we used bar chart, line graph
and receiver operating characteristics (ROC) curve. We
did receiver operating characteristics (ROC) curve anal-
ysis with sensitivity and specificity tests to find the cut-
off value of the maiden POC lactate which could
determine the requirement of inotrope after fluid bolus
with a given certainty.

Ethical considerations

The study received ethical approval from the Institu-
tional Review Board of icddr,b (PR-21097, version 3.0,
dated 04-10-2021). The study was registered at the NIH
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clinical trial registry on 17-11-2021 (NCT05108467).
Before enrollment into the study, written informed
consent was obtained from the participants. Participa-
tion was voluntary, and non-participation did not
hamper the standard hospital management. The
informed consent was translated in the local language
for understanding.

Role of funding source

This project has been organized by icddr,b in cooperation
with the development partners and the Government of
the People’s Republic of Bangladesh. Global Affairs
Canada granted funding for this entire study (GR-01686).
Funders had no role in study design, data collection, data
analysis, interpretation, writing of the report.

Results

During the 19 months of the study period a total of
85,536 patients over 18 years were admitted with acute
watery diarrhea. We screened 294 patients, of whom,
176 patients were eligible. Among them, 41 patients
showed restoration of MAP after administering the
bolus fluid and no longer qualified as septic shock.
Finally, 135 patients comprised the septic shock group,
and consecutively, 141 patients were enrolled in the
hypovolemic shock group for comparison. In the septic
shock group 25% (34/135) of the patient died, whereas
patients with hypovolemic shock (0/141) were all dis-
charged alive. Fig. 1 illustrated the enrollment pathway
from screening to development of septic shock. The
exclusion criteria from the screened 294 patients were
listed in the Supplementary Table S2.

During the study period, 294 adult diarrheal patients
with sepsis and septic shock were admitted to the Dhaka
Hospital. Among them, 69 patients were admitted
during the night shift. Due to resource constraints, the
study team only followed those suspected patients
admitted during the day shift from 8 AM to 5 PM. We
excluded 49 patients (required urgent referral 23, known
case of cancer or on chemotherapy 4, require cardio-
pulmonary resuscitation 6, cardiogenic shock 12 and
no consent 4) and finally followed 176 patients for their
clinical outcome. Among these 225 patients, 135 were
finally labeled as septic shock, and we included them in
this analysis as cases. The remaining 41 patients’ blood
pressure was restored by fluid bolus and did not qualify
the criteria of septic shock, they were exempted from the
analysis.

We also enrolled age and sex-matched 141 patients of
hypovolemic shock during the study period and
included them as control.

The demographic characteristics of the study partic-
ipants revealed (Table 1) that patients with septic shock
were older than patients having hypovolemic shock
(47.1 years vs. 44.6 years). Females had more prepon-
derance of septic shock, n = 72 (53.3%) and males had
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Background characteristics Septic shock; n = 135 (%) Hypovolemic shock; p value Unadjusted OR (95% CI) p value Adjusted OR (95% Cl)
n = 141 (%)
Age (Mean = SD) 47.13 + 15.08 44.64 + 13.98 0.156 1.01 (0.99-1.03) 0.282 1.01 (0.99-1.03)
Sex
Male 63 (46.67) 76 (53.90) Reference Reference
Female 72 (53.33) 65 (46.10) 0.230 134 (0.83-2.14) 0.947 1.02 (0.61-1.70)
Resident
Inside Dhaka City 70 (51.85) 94 (66.67) Reference Reference
Outside Dhaka City 65 (48.15) 47 (3333) 0.013 1.86 (1.14-3.02) 0.238 138 (0.81-2.34)
Housing condition
Shared urban house or slum 90 (66.67) 124 (87.94) Reference Reference
Separate urban or village settlement 45 (33.33) 17 (12.06) 0.000 3.65 (1.96-6.78) 0.001 2.98 (1.53-5.81)
Monthly family income (BDT)
<12,000 49 (36.30) 76 (53.90) Reference Reference
>12,000 86 (63.70) 65 (46.10) 0.003 2.05 (1.27-3.32) 0.013 1.90 (1.15-3.14)

The bolded figures represents statistical significance of <0.05 p value.

Table 1: Socio-biological characteristics of adults with septic shock and hypovolemic shock.

more hypovolemic shock, n = 76 (53.9%). When the
living arrangement is compared among the patients,
shared urban or village settlement were two times odds
of developing septic shock than those lived in shared
urban house or slum (Table 1). Patients from wealthy
household were more likely to have septic shock
compared to those belongs to less wealthy family
(Table 1).

Frequency of acute watery diarrhea was 123 (91%)
and 141 (100%) in septic shock and hypovolemic shock
group, respectively (Table 2). Patients from hypovolemic
shock experienced more vomiting than those with septic
shock (98% vs. 83%, p = 0.001). In the multivariate
analysis, presence of cough and diabetes mellitus were
significantly associated with septic shock compared to
hypovolemic shock (Table 2). Patients with hypovolemic
shock had higher hemoglobin; total WBC count; and
platelet counts compared to the patients with septic
shock (Table 3). Compared to the hypovolemic shock,
patients with septic shock had significantly higher band-
neutrophil (%) and C-reactive protein. Patients in septic

shock group had significantly higher creatinine
compared to patients in hypovolemic shock group
(Tables 3 and 4).

In Fig. 2, two-line graphs portrayed the level of POC
lactate in septic shock and hypovolemic shock at three
different time point with their temporal trend. At enrol-
ment (0 Hour), median (IQR) POC Lactate was 5.2 (3.7,
7.2) mmol/L and 4.5 (3.3, 6.9) mmol/L in septic shock
group and hypovolemic shock group respectively and the
difference was statistically significant (p = 0.039).

The significant difference also persisted for 1st hour
[median (IQR) POC Lactate was 4.6 (3.4, 6.1) m moL/1
and 3.0 (2.2, 4.3) mmol/L in septic shock group and
hypovolemic shock group respectively, p < 0.001] and
6th hour [median (IQR) POC Lactate was 4.0 (2.9, 6.3)
mmol/L and 2.1 (1.4, 3.1) mmol/L in septic shock group
and hypovolemic shock group respectively, p < 0.001]
(Fig. 2).

The Fig. 3 is a composite bar graph where the
gradient of median value of POC lactate in two adjacent
time points were shown. For example, the red bar

Associated conditions at enrollment Septic shock; n = 135 (%) Hypovolemic shock; Unadjusted OR (95% Cl) p value Adjusted OR (95% Cl) p value
n = 141 (%)
Acute watery diarrhoea 123 (91.11) 141 (100) - - - -
Vomiting 112 (82.96) 138 (97.87) 0.11 (0.03-0.36) 0.000 0.11 (0.03-0.40) 0.001
Fever 123 (91.11) 0 (0) - - - -
Cough 11 (8.15) 1(0.71) 12.42 (1.58-97.57) 0.017 11.37 (1.40-92.19) 0.023
Respiratory distress 16 (11.85) 0 (0) - - - -
Hypertension 22 (16.30) 9 (6.38) 2.86 (1.26-6.45) 0.012 2.05 (0.82-5.12) 0.124
Diabetes mellitus 23 (17.04) 8 (5.67) 3.41 (1.47-7.93) 0.004 2.55 (1.00-6.48) 0.050
The bolded figures represents statistical significance of <0.05 p value.
Table 2: Clinical conditions of the study participants at enrollment.
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missed either for immediate referral or death.

Lab reports Total count Septic shock; Hypovolemic shock; Unadjusted p value Adjusted OR (95% Cl) p value
(n = 276) n =135 n=141 OR (95% CI)

Hemoglobin level (Mean + SD) (gm/dl) 273 12.25 + 2.30 14.24 + 218 0.67 (0.59-0.76)  0.000 0.51 (0.12-2.12) 0.358
Hematocrit (%) (Mean + SD) 273 37.74 £ 6.67 43.89 + 6.38 0.86 (0.82-0.90) 0.000 1.21 (0.74-1.96) 0.447
Total WBC count; Median (IQR) (*“10°/L) 273 13.16 (8.55, 17.53) 16.88 (13.39, 19.98) 0.96 (0.92-0.99) 0.013 118 (1.03-1.35) 0.018
Different Leucocyte count

Neutrophil (%) (Mean + SD) 273 56.41 + 17.49 81.46 + 10.71 0.89 (0.87-0.91)  0.000 0.96 (0.87-1.07) 0.488
Lymphocyte (%); Median (IQR) 273 1230 (8.0, 18.30) 5.90 (4.10, 8.05) 132 (1.23-1.43)  0.000 133 (1.06-1.67) 0.014
Band Neutrophil (%); Median (IQR) 273 23.0 (15.0, 30.0) 10 (6.0, 15.0) 112 (1.08-116)  0.000 1.02 (0.89-1.16) 0.781
Platelet; (Mean + SD) (*10°/L) 272 203.55 & 75.92 307.61 + 85.81 0.98 (0.98-0.99)  0.000 0.98 (0.97-0.99) 0.004
CRP; Median (IQR) (mg/dl) 237° 17.42 (11.77, 27.10)  0.98 (0.37, 2.26) 144 (131-159)  0.000 118 (1.05-1.33) 0.004
Serum creatinine; (Mean + SD) (pmol/L) 274 266.31 + 117.68 179.15 + 77.96 1.01 (1.00-1.01) 0.000 1.00 (0.99-1.01) 0.780

The bolded figures represents statistical significance of <0.05 p value. *100 and 137 blood samples were tested for CRP from Septic shock group and hypovolemic shock group respectively. The rest were

Table 3: Comparison of baseline laboratory parameters between patients with septic shock and with hypovolemic shock.

The bolded figures represents statistical significance of <0.05 p value.

Cutoff point Sensitivity % (95% Cl) Specificity % (95% Cl) LR+ LR- Correctly classified (%) PPV% (95% Cl) NPV% (95% Cl)

3.8 75.56 (69.21-81.90) 46.34 (38.97-53.71) 139 0.55 67.84 82.26 (76.61-87.90) 36.54 (29.42-43.65)
3.9 74.81 (68.40-81.23) 53.66 (46.29-61.03) 1.59 0.49 69.01 84.17 (78.77-89.56) 39.29 (32.07-46.50)
4.0 71.11 (64.41-77.81) 53.66 (46.29-61.03) 151 0.56 66.08 83.48 (77.99-88.96) 36.07 (28.97-43.16)

Table 4: Cut off point of Point of lactate at enrolment require inotrope.

(septic shock) of gradient I represented the median
value of POC lactate done in hour 0 and hour 1 and
similarly the blue bar (hypovolemic shock) of gradient I
represented the median value of POC lactate done in
hour 0 and hour 1. Both gradient I and II showed p
value < 0.001 and gradient III is p = 0.022.

For septic shock group, difference between 1st and
2nd POC lactate was (5.1-4.6 = 0.5) 0.5 and for hypo-
volemic shock group, difference between 1st and 2nd
POC lactate was (4.5-3.0 = 1.5) 1.5. Therefore, the

calculated gradient was compared between septic shock
and hypovolemic shock group and it revealed an OR:
0.74, 95% CI: 0.64, 0.85; p < 0.001. Similarly, the other
two gradients were also statistically significant over
subsequent time points. These changes indicated that
POC lactate dropped more among the patients in
hypovolemic shock group than among the patients in
septic shock group and it was statistically significant.
Fig. 4 indicated that, POC lactate at enrolment had a
predictive capacity of detecting inotrope requirement.

6.0
52(3.7,12)
A 46(34.6.1)
= 0 P=0039
= 40(29.6.3)
3 40 - P<0.001
Z 45(33.6.9
; 3.0 P<0.001
e 3
o
(=2
g 20
g 2.1(14,3.1)
s 1.0
0.0
0 hour 1st hour 6th hour
==p==Sep tic Shock =s=Hypovolemic Shock

Fig. 2: Comparison of point of care (POC) lactate tests in 0 h, 1st hour and 6th hour between patients with septic shock and hypovolemic shock.
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Fig. 3: Comparison of point of care (POC) lactate gradients at different time points between patients with septic shock and hypovolemic shock.
Gradient I: Red bar and Blue bar correspond with difference of POC lactate values between 0 h and 1st hour in septic shock group and
hypovolemic shock group respectively. Gradient II: Red bar and Blue bar correspond with difference of POC lactate values between 1st hour
and 3rd hour in septic shock group and hypovolemic shock group respectively. Gradient Ill: Red bar and Blue bar correspond with difference of
POC lactate values between 2 nd h and 3rd hour in septic shock group and hypovolemic shock group respectively.

The best cutoff point of POC lactate at enrollment was ~ Table S3). The area under the receiver operating charac-
3.9 mmol/L for requirement of inotrope with a sensitivity ~ teristics (ROC) curve was 66% (95% CI: 51.7-71.9). 0-
of 74.81% and specificity of 53.66% (Supplementary  hour POC lactate correctly classified 69% of cases with

<
o
=
i
Eu
"S-
%
o
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(=1
p=g
T T T T T
0.0 02 0.5 0.7 10
1-Specificity
—®— POC Lactate (0 hour) ROC area: 0.66
—— CRP (mg/dl) ROC area: 0.44
Factors Cut Area under Sensitivity Specificity P value
point | region (AUR) (%) (%)
(95% CT)
Point of Care 39 0.66 (052-072) 74.81 53.66 0.001
Lactate (0 hour)
CRP (mg/dl) 9.5 0.44 (0.32-0.56) 8741 21.95 0.139

Fig. 4: Area under the Receiver Operating Characteristics (ROC) curve demonstrating the association of point of care (POC) lactate and C-
reaction protein (CRP) with requirement of inotropes in septic shock at 0 h.
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—@— POC Lactate (0 hour) ROC area: 0.60

——— CRP (mg/dl) ROC area: 0.97
Factors Cut point Area under region Sensitivity Specificity P value

(AUR) (95% CT) (%) (%)

Point of Care Lactate (0 hour) 48 0.60 (0.50-0.64) 57.04 % 56.74 % 0.022
CRP (mg/dl) 54 0.97 (0.94-0.99) 94.07% 91.49% 0.000

Fig. 5: Area under the Receiver Operating Characteristics (ROC) curve demonstrating the association of point of care (POC) lactate and C-
reaction protein (CRP) in 0 h between septic shock and hypovolemic shock.

a positive predictive value (PPV) 84.17% and negative
predictive value (NPV) 39.29%. (Supplementary
Table S3). Alternatively, the best cutoff point of C-reac-
tive protein (CRP) at enrollment was 9.5 mg/dl for pre-
dicting the requirement of inotrope with a sensitivity of
87.41% and specificity of 21.95% (Supplementary Table
S4). The area under the ROC curve was 44% which is
not statistically significant (Fig. 4).

Fig. 5 showed the role of POC lactate and CRP in 0 h
to detect septic shock or hypovolemic shock. The best
cutoff point of POC lactate at enrollment was 4.8 mmol/
L for predicting septic shock (sensitivity 57.04%; speci-
ficity 56.74%; p = 0.022). On the other hand, the best
cutoff level of CRP at enrollment was 5.4 mg/dl for
predicting the septic shock (sensitivity 94.07%; speci-
ficity 91.49%; p < 0.0001). The area under the ROC
curve was 97% (95% CI: 94.0-99.0). Which is highly
statistically significant (Fig. 5).

Discussion

To our knowledge, this is the first study on adults pa-
tients having diarrhea where we explored the differences
in blood lactate between patients having fluid-responsive
hypovolemic shock (hypovolemic) or and fluid-
unresponsive septic shock.” In effort of minimizing
the harmful effect of unnecessary volume replacement

www.thelancet.com Vol 30 November, 2024

in fluid-unresponsive patients with diarrheal illness, our
study demonstrates that point of care blood lactate tests
that can differentiate septic shock from hypovolemic
shock in diarrheal patients. Thus, early detection of
septic shock by POC lactate tests would empower the
critical care physicians, especially at Emergency
department, to ignite appropriate care for the sickest
patients having diarrhea and hypotension, in high
diarrhea burden resource-limited settings.

Our study observed a high burden of septic shock
among adults presenting with diarrhea and other co-
morbid illness. A previous study from the same site
reported that among 8863 adults with diarrhea and
varying degrees of dehydration admitted into ICU, 240
developed septic shock." Despite the adaptation of
validated dehydration clinical assessment methods,"
diarrheal patients presenting with a nonpalpable pulse,
unrecordable blood pressure, and delayed capillary refill
time often mislead emergency response physicians and
they baffle to differentiate severe dehydration from se-
vere sepsis or septic shock.®

This study showed a novel finding that POC lactate
was equally elevated in severe dehydration and septic
shock at the beginning of treatment. However, after
initial fluid resuscitation it decreased to a greater degree
in hypovolemic shock than in septic shock patients,
thereby helping the clinician to continue fluid for the
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hypovolemic shock patients though they might have
several signs of sepsis and to follow sepsis bundle for
patients having diarrhea and septic shock. Research
indicated that the dehydration, diagnosed following
WHO-defined assessment, is successfully managed
following acute watery diarrhea in resource-limited set-
tings, and no laboratory testing is required for uncom-
plicated diarrheal patients,” but the point of care lactate
test has been proven to detect associated sepsis and
septic shock in those settings that may help to avert fatal
outcome.'' Moreover, this test has been adopted to guide
fluid therapy in critical care settings.?"** Although, our
study is not designed to evaluate the mortality benefit of
POC lactate test in diarhoeal adults, future intervention
trial by introducing the POC lactate test in a high-
diarrhea burden setting may contribute to reduce mor-
tality by early identification and subsequent prompt
treatment of septic shock.

Metabolic acidosis occurs in both severe dehydration
and septic shock, expressed with intertwining clinical
features, like abnormal mentation, tachycardia, tachyp-
nea, hypotension, and poor peripheral perfusion.'"'**
Despite having protocolized recommendations for the
management of both severe dehydration and septic
shock, a quick bedside tool is essential for physicians’
decision-making on rationalizing fluid therapy and the
timely introduction of life-saving inotropes. In anaerobic
conditions, blood lactate is elevated in both septic and
hypovolemic shock. Prior to our study, we did not have
any satisfactory tool to differentiate septic shock from
hypovolemic shock derived from severe dehydrating
diarrhoea such as in cholera or other cholera like ill-
nesses. Importantly, our study resolved this issue as it
revealed that after correction of severe dehydration, the
lactate level rapidly decreases, in contrast with fluid
bolus in septic shock, which is highly sensitive and
specific.

We observed higher haemoglobin (HDb), total leuco-
cyte count (TLC) and platelet (PLT) in patients having
hypovolemic shock possibly due to hemoconcentra-
tion.”” In acute diarrhea, due to losing water through
stool and became hypovolemic, this hypovolemia causes
hemoconcentration and in addition, blood cells those
are staying near the endothelium come to the central
circulation with an overall effect reflected as high Hb,
TLC and platelet in hypovolemic shock. On the contrary,
we observed more band neutrophil in septic shock
group. Bands are immature neutrophil. To fight infec-
tion, initially the existing leucocyte come forward,
however, when they are used up, body tries to contained
the infection, to assist the activity, bone marrow sup-
plies more leucocyte and as a consequence, we often
find more immature band neutrophil in blood in patient
having diarrhea and septic shock** CRP is also an
important inflammatory marker, higher level in septic
shock compared to hypovolemic shock reflects the
exaggerate effort of our body to fight the battle against

pathogens in septic shock. Again, creatinine reflects
renal response to fluid status and infection. In hypo-
volemic shock, there is increased probability of pre-renal
kidney injury where as in diarrhea and septic shock,
both fluid loss and infection poses insult to the kidney
and kidney in response fails to work efficiently as a
result, creatinine goes up and we observed higher
creatinine both in hypovolemic shock and septic shock,
however, higher value incase septic shock. From
admission to 6 h follow up, mean/median POC lactate
declined for the study participants. We also followed the
gradient of fall in POC lactate from one time point to
another time point and also between the groups. For, all
the three gradients, values are lower for hypovolemic
shock than for septic shock. It demonstrates mean/
median POC lactate value decreases both in hypo-
volemic and septic shock, however, the decrease is
lesser in septic shock group then in hypovolemic shock
group. In hypovolemic shock, where fluid resuscitation
restores cardiac circulation and thereby peripheral
perfusion as well as renal perfusion, the decline in POC
lactate is conceivable. Whereas in septic shock, the
interplay is quite complex, initial fluid resuscitation
though improves circulation, widespread endothelial
injury, influences of circulating cytokines make the
response transient with subsequent deterioration of the
clinical condition unless other definitive goal directed
therapy is not approached in a timely manner.

Limitation

The results of this study impart crucial evidence sup-
porting the use of the POC lactate test to distinguish
between septic shock and hypovolemic shock in patients
with diarrhea. However, it is important to acknowledge
and highlight certain limitations. Firstly, it should be
noted that the study was conducted in a specialized
hospital for diarrheal diseases, which means that the
findings may not be applicable to a non-diarrheal situ-
ation. Furthermore, the absence of gold standard di-
agnostics, such as invasive hemodynamic monitoring
through central venous pressure or point of care ultra-
sonography, hinders the ability to distinguish between
septic shock and hypovolemic shock. Ultimately, the
level of lactate can differ greatly among individuals
owing to variations in lactate kinetics, which may affect
the precision of point of care (POC) lactate measure-
ments in both circumstances. Moreover, we could not
analyze all the patients’ data, especially the laboratory
data mentioned in the footnote of Table 3, as those pa-
tients either expired or were referred to a different fa-
cility for specialized care. Finally, the post-hoc analysis
for sample size might involve with circularity issues and
conditional assumptions.

Despite these limitations, elevated POC lactate levels
in severe dehydration in the absence of septic shock and
sharp drop of lactate with adequate rehydration are the
noblest findings of our observational study, which
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warrant further scientific exploration prior a potential
translation to clinical practice in achieving better patient
care.

In conclusion, the results of our data suggest that the
POC lactate test can detect septic shock differentiating
from hypovolemic shock in diarrheal patients having
variable levels of dehydration. However, no specific cut-
off value is found to be highly sensitive as well as spe-
cific in differentiating septic shock from hypovolemic
shock. Furthermore, the gradient of the POC lactate test
may be a better predictor than a single measurement in
differentiating septic shock from hypovolemic shock.
The POC lactate test can also predict worse hospital
outcomes, and that may be considered as a proof of
concept for future intervention trial to have the mortality
benefit.
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