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Abstract
Introduction Centhaquine  (Lyfaquin®) showed significant safety and efficacy in preclinical and clinical phase I and II studies.
Methods A prospective, multicentric, randomized phase III study was conducted in patients with hypovolemic shock, sys-
tolic blood pressure (SBP) ≤ 90 mmHg, and blood lactate levels ≥ 2 mmol/L. Patients were randomized in a 2:1 ratio to the 
centhaquine group (n = 71) or the control (saline) group (n = 34). Every patient received standard of care (SOC) and was 
followed for 28 days. The study drug (normal saline or centhaquine 0.01 mg/kg) was administered in 100 mL of normal saline 
infusion over 1 h. The primary objectives were to determine changes (mean through 48 h) in SBP, diastolic blood pressure 
(DBP), blood lactate levels, and base deficit. The secondary objectives included the amount of fluids, blood products, and 
vasopressors administered in the first 48 h, duration of hospital stay, time in intensive care units, time on ventilator support, 
change in acute respiratory distress syndrome (ARDS), multiple organ dysfunction syndrome (MODS), and the proportion 
of patients with 28-day all-cause mortality.
Results The demographics of patients and baseline vitals in both groups were comparable. The cause of hypovolemic shock 
was trauma in 29.4 and 47.1% of control group and centhaquine group patients, respectively, and gastroenteritis in 44.1 and 
29.4%, respectively. Shock index (SI) and quick sequential organ failure assessment at baseline were similar in the two groups. 
An equal amount of fluids and blood products were administered in both groups during the first 48 h of resuscitation. A lesser 
amount of vasopressors was needed in the first 48 h of resuscitation in the centhaquine group. An increase in SBP from base-
line was consistently higher up to 48 h (12.9% increase in area under the curve from 0 to 48 h [AUC 0–48]) in the centhaquine 
group than in the control group. A significant increase in pulse pressure (48.1% increase in AUC 0–48) in the centhaquine 
group compared with the control group suggests improved stroke volume due to centhaquine. The SI was significantly lower 
in the centhaquine group from 1 h (p = 0.032) to 4 h (p = 0.049) of resuscitation. Resuscitation with centhaquine resulted 
in a significantly greater number of patients with improved blood lactate (control 46.9%; centhaquine 69.3%; p = 0.03) and 
the base deficit (control 43.7%; centhaquine 69.8%; p = 0.01) than in the control group. ARDS and MODS improved with 
centhaquine, and an 8.8% absolute reduction in 28-day all-cause mortality was observed in the centhaquine group.
Conclusion Centhaquine is an efficacious resuscitative agent for treating hypovolemic shock. The efficacy of centhaquine 
in distributive shock is being explored.
Trial Registration Clinical Trials Registry, India; ctri.icmr.org.in, CTRI/2019/01/017196; clinicaltrials.gov, NCT04045327.

Extended author information available on the last page of the article

1 Introduction

Severe blood or fluid loss due to trauma, gastrointestinal 
bleeding, major surgery, postpartum hemorrhage, diarrhea, 
or vomiting can cause hypovolemic shock [1, 2]. About 
1.9 million people worldwide die because of hemorrhagic 

shock every year [3], most dying within the first 6 h [4]. The 
main features of hypovolemic shock include hypotension, 
increased blood lactate levels, and base deficit. Hypovolemia 
decreases cardiac preload to a critical level, causing a dra-
matic drop in cardiac output that results in low tissue blood 
perfusion, ultimately leading to multiple organ dysfunction 
and death. Across the world, patients in intensive care units 
(ICUs) are resuscitated with fluid therapy to restore blood 
volume and tissue blood perfusion [5]. Although the goal is 
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Key Points 

A multicentric randomized controlled trial was con-
ducted to evaluate the efficacy of centhaquine in 105 
patients with hypovolemic shock.

Patients were randomized 2:1 to receive centhaquine or 
saline. Centhaquine was administered at a dose of 0.01 
mg/kg in 100 mL saline and infused over 1 h. The con-
trol group received 100 mL of saline over a 1-h infusion.

Centhaquine increased cardiac preload and decreased 
cardiac afterload to augment cardiac output during 
resuscitation.

Centhaquine improved blood pressure and shock index, 
reduced blood lactate levels, and improved base deficit. 
Acute respiratory distress syndrome and multiple organ 
dysfunction syndrome improved with centhaquine.

An 8.8% absolute reduction in 28-day all-cause mortality 
was observed in the centhaquine group. There were no 
drug-related adverse events in the study.

replacement for whole blood is the use of blood products in a 
balanced ratio of 1:1:1 for units of plasma to platelets to red 
blood cells [25, 26]. Vasopressors are the only pharmacolog-
ical agents available for resuscitation [27, 28] and are associ-
ated with arrhythmias, fluid extravasation, and ischemia [29, 
30]. The current standard of care (SOC) is inadequate and is 
based on resuscitative agents developed more than 5 decades 
ago; a need remains for novel resuscitative agents [31].

A substantial amount of blood pooled on the venous side 
can be returned to the heart and shifted towards the arte-
rial side for better tissue perfusion and oxygenation. Stimu-
lation of α2B adrenergic receptors, located on the smooth 
muscle cells [32], produced dose-dependent constriction 
of human veins [33]. Centhaquine is a novel first-in-class 
resuscitative agent that acts on α2B adrenergic receptors to 
produce venous constriction and increase venous return to 
the heart, resulting in increased cardiac output [34, 35]. It 
also has little action on α2A adrenergic receptors to reduce 
sympathetic drive and decrease systemic vascular resistance 
[36], contributing to improved tissue blood perfusion. The 
mechanism of action of centhaquine makes it an ideal can-
didate for the treatment of patients with hypovolemic shock. 
Enhancing tissue blood perfusion is a significant advan-
tage in reducing resuscitation volume and preventing fluid 
extravasation. Centhaquine has no action on beta-adrenergic 
receptors, which diminishes the possibility of arrhythmias. 
The safety and efficacy of centhaquine were evaluated exten-
sively in preclinical models [37–41], healthy volunteers [42], 
and patients [34]. Centhaquine was safe and effective in a 
phase II study and significantly improved blood lactate lev-
els, base deficit, and blood pressure [34, 42]. Based on these 
highly encouraging data, we undertook a phase III study, the 
results of which are described here.

2  Methods

2.1  Trial Design

This was a prospective, multicenter, randomized, placebo-
controlled, double-blinded phase III clinical study of 
centhaquine in patients with hypovolemic shock receiving 
the best SOC. Centhaquine was found to be efficacious in a 
phase II study, with statistically significant improvements in 
blood lactate levels (p = 0.0012), base deficit (p < 0.0001), 
and blood pressure (p < 0.0001) and a trend towards reduced 
mortality [34]. Therefore, in consultation and agreement 
with regulatory authorities, patients were randomized in a 
2:1 ratio either to receive centhaquine 0.01 mg/kg by intra-
venous infusion along with SOC or to receive SOC plus 
saline. The study duration for an individual patient was 28 
days, including two study visits: visit 1 on day 1 included 

to increase the intravascular circulating volume, fluid tends 
to move out into the extravascular space. An ideal resuscita-
tion fluid should rapidly and effectively increase intravas-
cular volume with sustained effect and minimal third space 
losses [2].

Numerous attempts have been made to develop an effec-
tive resuscitative agent, without success. Agents that could 
decrease metabolic activity to reduce oxygen demand have 
been studied. Histone deacetylase inhibitors [6, 7], hydrogen 
sulfide and its donor [8, 9], mitochondria-targeted hydrogen 
sulfide donor AP39 [10], formulations consisting of d-beta-
hydroxybutyrate and melatonin [11], and other hibernation-
based approaches have been tried [12], but none has shown 
any promise clinically. Hemoglobin-based blood substitutes 
(oxygen carriers) were developed as resuscitative agents. 
Diaspirin crosslinked hemoglobin was found to be effec-
tive in animal models of hemorrhagic shock [13, 14] but 
failed in phase III clinical trials [15, 16]. Polymerized hemo-
globins effective in experimental models [17, 18] were not 
successful clinically [19–21]. Numerous other approaches 
to developing hemoglobin-based resuscitative agents [22] 
have been unsuccessful [23]. Efforts to develop a pharmaco-
logical resuscitative agent have met with failure, and much 
of the research and development interest in this area has 
diminished.

Advancement has been limited to damage-control resus-
citation to restore intravascular volume, prevent dilutional 
coagulopathy, and preserve tissue oxygenation [24]. An ideal 
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screening, randomization, baseline measurements, and treat-
ment, and visit 2 was at the end of the study (day 28 + 7).

2.2  Regulatory Oversight

The study was conducted in compliance with the Harmoni-
sation of Technical Requirements for Registration of Phar-
maceuticals for Human Use Guideline for Good Clinical 
Practice (ICH-GCP), the Helsinki declaration, and local 
regulatory requirements. The study protocol (PMZ-2010/
CT-3.1/2018) dated July 16, 2018, was approved by the 
Drugs Controller General of India (DCGI), Directorate 
General of Health Services, Ministry of Health and Family 
Welfare, Government of India (DCGI CT NOC. No. CT/
ND/66/2018). Furthermore, each institutional ethics com-
mittee reviewed and approved the study protocol before 
initiating patient enrolment. The trial was registered at the 
Clinical Trials Registry, India (CTRI/2019/01/017196), and 
the United States National Library of Medicine, ClinicalTri-
als.gov (NCT04045327). Each site’s ethics committee was 
informed of any protocol deviation, amendment, subject 
exclusion or withdrawal, and serious adverse events (SAEs) 
(details of participating sites are provided in Table 1 in the 
electronic supplementary material [ESM]).

2.3  Patient Population

Patients were screened for study eligibility according to the 
following inclusion criteria: (1) aged ≥ 18 years, (2) systolic 
blood pressure (SBP) ≤ 90 mmHg, (3) blood lactate levels 
≥ 2 mmol/L, and (4) receiving SOC in a hospital or ICU 
setting. SOC generally included airway maintenance, fluid 
resuscitation with crystalloids/colloids, blood products, and 
vasopressors according to the treatment guidelines in the 
local hospital setting. Exclusion criteria were as follows: (1) 
female patients with current pregnancy (patients with post-
partum hemorrhage were included); (2) patients participat-
ing in other clinical trials; (3) patients with a life-threatening 
systemic disease, such as terminal stage cancer or AIDS, or 
needing organ support due to chronic kidney failure, liver 
failure, or decompensated heart failure.

2.4  Consent

The patients included in this study were in a state of life-
threatening shock. For patients who were not fit to give con-
sent themselves at the time of treatment initiation, informed 
consent was provided by their legally authorized representa-
tive (LAR). The investigator informed the patient or a LAR 
verbally and in writing of the details of the study relevant 
to a decision about whether to participate in the study. The 

informed consent form included all the elements required 
as per the ICH-GCP recommendations and schedule Y. The 
informed consent forms, in English and regional languages, 
were approved by the respective ethics committees and the 
DCGI. The entire consent process was recorded audiovisu-
ally, labeled, and stored securely at the study site. Per regula-
tory requirements, medical confidentiality and data protec-
tion were ensured, and the investigator stored the signed 
informed consent forms.

2.5  Randomization and Blinding

An interactive web response system (IWRS) containing ran-
domization codes was used to randomize eligible patients 
to the treatment groups. The patient and all relevant per-
sonnel involved with the study’s conduct and interpreta-
tion (including investigator, investigational site personnel, 
and the sponsor or designee’s staff) were blinded to the 
study drug (centhaquine/normal saline) and the randomiza-
tion codes. The dispensing activity was carried out by an 
unblinded pharmacist independent of the monitoring team. 
The pharmacist signed an undertaking to not disclose the 
study treatments to the study team. The biostatistician and 
the unblinded pharmacist were independent of the study 
team. The final randomization list was held in strict con-
fidence and was accessible only to authorized people until 
study completion. Treatment unblinding was not necessary 
for any of the patients enrolled in this study, but emergency 
unblinding was possible through the IWRS. As per study 
protocol, the investigator or their designee was permitted to 
unblind the code if medically needed. The date, time, and 
reason for any emergency unblinding were to be recorded 
in that patient’s medical record, and any adverse event (AE) 
or SAE that required unblinding of the treatment was to be 
recorded and reported as specified in the protocol. Each 
patient was monitored closely throughout their hospitaliza-
tion and followed until discharge from randomization. The 
investigator assessed each patient for safety and efficacy 
parameters over 28 days from randomization.

2.6  Treatment

At baseline, various demographic data (age, sex, body 
weight, body mass index), chest X-ray, electrocardiogram 
(ECG), and vital signs were recorded. Baseline blood tests 
included hematology, blood lactate, base deficit, serum 
chemistry, and liver and kidney function tests. The patient’s 
physical examination, medical history, concomitant illness, 
concomitant medications, initial shock index (SI), quick 
sequential organ failure assessment (qSOFA), Glasgow 
Coma Scale (GCS), and acute respiratory distress syndrome 
(ARDS) were noted. SI, defined as heart rate divided by 
SBP, has a normal range of 0.5–0.7 in healthy subjects. SI ≥ 
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1.0 has been associated with significantly poorer outcomes 
[43, 44]. SI in conjunction with qSOFA provide a good 
prediction of likely outcomes [43, 45–47]. The study drug 
(centhaquine citrate 1.0 mg in a 10 mL vial) was manu-
factured by Pharmazz India Private Limited at Gufic Bio-
sciences Limited and was supplied to the investigators at the 
participating sites. Patients who met the eligibility criteria 
were randomized 2:1 to the centhaquine group or the con-
trol group, respectively. All patients in both groups received 
the SOC (airway maintenance, fluid resuscitation with crys-
talloids/colloids, blood products, and/or vasopressors) for 
hypovolemic shock throughout the study according to local 
institutional standard practice. Centhaquine or normal saline 
was administered intravenously after randomization, and all 
patients continued receiving SOC for hypovolemic shock. 
Patients in the centhaquine group received centhaquine 0.01 
mg/kg body weight as an intravenous infusion over 1 h in 
100 mL normal saline. The next dose of centhaquine was 
administered if SBP fell below or remained below 90 mmHg 
but not within 4 h of the previous dose, and the total number 
of doses did not exceed three per day. If needed, centhaquine 
was continued for 2 days postrandomization. A minimum of 
one dose and a maximum of six doses of centhaquine were 
administered within the first 48 h postrandomization. An 
equal volume of normal saline (100 mL) was administered 
as an intravenous infusion over 1 h postrandomization in 
the control group. Specific intravenous treatments and dose 
selection were based on preclinical proof-of-concept studies 
conducted in our laboratory [37–41]. The maximum toler-
ated dose of centhaquine was 0.1 mg/kg, as established in 
the safety and tolerability phase I study [42].

2.7  Data and Safety Monitoring Board

A data and safety monitoring board (DSMB) was convened, 
and its responsibilities were determined before study ini-
tiation. The members included a senior practicing physi-
cian with extensive experience in critical care medicine, a 
biostatistician, and a clinical pharmacologist. The DSMB 
was independent of the study investigators and the sponsor. 
The DSMB had access to SAEs and any other AEs that the 
investigator or the medical monitor considered important. 
The DSMB reviewed the study data on safety and critical 
efficacy endpoints at predetermined intervals.

2.8  Safety Evaluation

All patients who received treatment were included in the 
safety analysis. The study investigator assessed safety dur-
ing the treatment period and during the follow-up period 
post-treatment based on AEs, physical examination, vital 
signs [heart rate, SBP and diastolic blood pressure (DBP), 
body temperature, and respiratory rate], ECG, and clinical 

laboratory parameters as per protocol. A variety of biochem-
ical tests, serum chemistry tests, hematological variables, 
coagulation variables, urine output, and organ function tests 
such as kidney and liver function tests were assessed. AEs 
that occurred or worsened during or after treatment were 
recorded. All AEs were coded by system organ class and 
preferred term using the latest version of the International 
Conference on Harmonisation Medical Dictionary for Regu-
latory Activities. All patients were followed-up for safety 
assessment to the end of the study on day 28.

2.9  Efficacy Assessments

This study’s primary objectives were to determine (1) 
change in SBP and DBP, (2) change in blood lactate levels, 
and (3) change in the base deficit. For all these endpoints, 
changes were mean through 48 h. The study’s key secondary 
objectives included the proportion of patients with 28-day 
all-cause mortality. The amount of fluids, blood products, 
and vasopressors administered in the first 48 h; the dura-
tion of hospital stay; time in ICU; time on ventilator sup-
port; and ARDS and multiple organ dysfunction syndrome 
(MODS) were recorded. An area under the curve from 0 to 
48 h (AUC 0–48) was calculated for the mean differences in 
SBP, DBP, and pulse pressure from baseline as an integrated 
measurement to assess the cumulative effect of resuscita-
tion. ARDS and MODS were determined using established 
methods [48–50].

2.10  Sample Size and Statistical Analysis

The sample size was calculated according to the results of 
our phase II trial (CTRI/2017/03/008184, NCT04056065) 
[34]. In the phase II study, SBP in the centhaquine group 
improved from 87.3 mmHg at baseline to 121.4 mmHg 
(39.5% increase) at 48 h of resuscitation, whereas, in the 
control group, SBP improved from 90.4 mmHg at base-
line to 108.8 mmHg (25.4% increase) at 48 h of resuscita-
tion. The statistical power of the phase II study was 80%. 
Centhaquine proved efficacious in a phase II study, with 
statistically significant improvements in blood lactate lev-
els (p = 0.0012), base deficit (p < 0.0001), and blood pres-
sure (p < 0.0001), and a trend towards reduced mortality. 
Therefore, in consultation and agreement with regulatory 
authorities, patients were randomized in a 2:1 ratio to the 
centhaquine group (SOC + centhaquine) or to the control 
group (SOC + saline) in the phase III study. Given that 
variable hospital practices resulted in some differences 
in the SOC, the power was set to 80% to minimize vari-
ability, the enrolment ratio was 2:1, and the significance 
level (alpha) used was 0.05. To achieve this, we estimated 
that a sample size of 69 patients (46 in the centhaquine 
group and 23 in the control group) was enough to achieve 
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a power of 80% when the level of significance alpha was 
0.05. We increased the study power to 90% with the alpha 
at 0.05 because of the complex etiology of hypovolemic 
shock and the effort required to conduct this trial in the 
critical care setting with a novel investigational agent. We 
needed approximately 84 patients (56 in the centhaquine 
group and 28 in the control group) to keep the power of 
the study at > 90%, alpha, 0.05. Considering a discontinu-
ation rate of 20%, we planned enrolment of 105 patients 
(70 in the centhaquine group and 35 in the control group) 
in this study. The results of the trial are presented as mean 
± standard error of the mean (SEM). The unpaired t test 
(two-tailed) with Welch’s correction was used to analyze 
two sets of data with unequal variances to compare the 
continuous and discrete variables at baseline and follow-
ups. Parametric analysis was carried out using one-way 
analysis of variance without assuming equal variances 
with normal probabilistic distribution, and Tukey’s 
multiple comparisons test estimated the significance of 
differences. Group comparison was carried out using a 
Chi-squared test. The Baptista–Pike method was used to 
calculate odds ratios (ORs). p values < 0.05 were consid-
ered significant at the 95% confidence level and < 0.10 
at the 90% confidence level. Demographic variables and 
patient characteristics were summarized descriptively by 
treatment assignments. Demographic variables include 
age, sex, weight, and body mass index. Variables meas-
ured on a continuous scale, such as the patient’s age at the 
time of enrolment, the number of nonmissing observations 
(n), mean, and SEM, were tabulated by treatment assign-
ments. All available data were used in the analyses. Each 
group was summarized individually. Data not available 

were assessed as “missing values”, and the observed popu-
lation only were evaluated. The statistical analysis was 
processed with GraphPad Prism 9.0.2 (GraphPad, San 
Diego, CA, USA).

3  Results

3.1  Patient Enrolment and Demographics

This study was conducted in 14 emergency rooms/ICUs 
across India (Table 1 in the ESM). All the centers had 
emergency medical facilities and uniform SOC for the 
management of patients in hypovolemic shock. Patients 
in hypovolemic shock due to blood loss or fluid loss 
resulting in a drop in SBP ≤ 90 mmHg and an increase 
in lactate level ≥ 2 mmol/L were included. All patients 
continued to receive standard shock treatment. A total 
of 197 patients were assessed, and 105 patients met the 
eligibility criteria and were enrolled in the study: 71 to 
the centhaquine group and 34 to the control group. In the 
centhaquine group, one patient withdrew consent and two 
were excluded by the investigator (one patient each was 
diagnosed with fulminant tuberculosis and refractory sep-
tic shock). In total, 34 patients (22 male and 12 female) in 
the control group and 68 patients (41 male and 27 female) 
in the centhaquine group completed the study (Fig. 1). The 
average age of patients was 36.5 years in the control group 
and 42.8 years in the centhaquine group (Table 1). The 
difference in age (6.3 ± 3.6) between the two groups indi-
cated that the average age was higher in the centhaquine 
group than in the control group.

Fig. 1  Patient enrolment, rand-
omization, and trial completion
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3.2  Patient Assessment at the Time of Inclusion

The history of hypertension, diabetes, renal and hepatic 
disorders, and other medical conditions was similar in both 
groups (Table 1). However, trauma was the predominant 

cause of hypovolemic shock in 47.1% of those in the 
centhaquine group but 29.4% of those in the control group 
(p = 0.08). On the other hand, gastroenteritis was the lead-
ing cause of hypovolemic shock for 44.1% of those in the 
control group and 29.4% of those in the centhaquine group 

Table 1  Baseline characteristics of patients

Data are presented as n (%) or mean ± standard error of the mean
paO2 partial pressure of oxygen, pCO2 partial pressure of carbon dioxide, pH power of hydrogen, qSOFA quick sequential organ failure assess-
ment

Characteristics Control (N = 34) Centhaquine (N = 68)

Age (years) 36.50 ± 2.81 42.81 ± 2.31
Body weight (kg) 56.74 ± 1.62 58.90 ± 1.37
Body mass index (kg/m2) 21.56 ± 0.59 22.72 ± 0.51
Sex
 Men 22 (64.71) 41 (60.29)
 Women 12 (35.29) 27 (39.71)

Medical history
 Hypertension 3 (8.82) 1 (1.47)
 Diabetes 4 (11.76) 3 (4.41)
 Renal disorders 1 (2.94) 3 (4.41)
 Respiratory disease 1 (2.94) 2 (2.94)
 Ischemic heart disease – 1 (1.47)
 Liver fibrosis 1 (2.94) –
 Hepatitis 1 (2.94) –
 Preeclampsia – 1 (2.94)

Reason for hypovolemic shock
 Trauma 10 (29.41) 32 (47.06)
 Postsurgery 5 (14.71) 3 (4.41)
 Postpartum hemorrhage 2 (5.88) 6 (8.82)
 Vaginal bleeding 2 (5.88) 7 (10.29)
 Gastroenteritis 15 (44.12) 20 (29.41)

Clinical factors
 Systolic blood pressure (mmHg) 83.62 ± 1.48 83.52 ± 1.13
 Diastolic blood pressure (mmHg) 53.00 ± 1.47 55.82 ± 1.21
 Heart rate (beats/min) 115.15 ± 3.32 107.76 ± 2.61
 Shock index 1.39 ± 0.05 1.32 ± 0.05
 qSOFA 1.82 ± 0.12 1.91 ± 0.08
 Respiratory rate (breaths/min) 24.88 ± 1.32 24.00 ± 0.86
 Body temperature (°C) 36.76 ± 0.07 36.80 ± 0.06
 Blood lactate (mmol/L) 4.13 ± 0.40 4.50 ± 0.29
 Base deficit (mmol/L) −7.36 ± 1.07 −7.58 ± 0.56
 Hemoglobin (g/dL) 10.41 ± 0.47 9.64 ± 0.35
 Hematocrit (%) 31.90 ± 1.56 29.48 ± 1.09
 Creatinine (mg/dL) 1.28 ± 0.13 1.22 ± 0.08
 Glomerular filtration rate (mL/min/1.73  m2) 78.84 ± 5.42 77.41 ± 4.30
 Glasgow Coma Scale 14.29 ± 0.31 13.40 ± 0.42
 Acute respiratory distress syndrome 0.15 ± 0.05 0.18 ± 0.04
 pH 7.32 ± 0.02 7.34 ± 0.01
 pCO2 (mmHg) 33.65 ± 1.36 31.98 ± 0.90
 paO2 (mmHg) 117.04 ± 9.39 113.48 ± 5.62
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(p = 0.14). Other reasons for hypovolemic shock, such 
as postsurgical blood loss, postpartum hemorrhage, and 
vaginal bleeding, did not differ between the groups. The 
percentage of patients needing surgical intervention dur-
ing hospitalization was 26.47% in the control group and 
33.82% in the centhaquine group (p = 0.45). The baseline 
clinical parameters blood pressure, heart rate, respiratory 
rate, base deficit, and body temperature were similar in 
both groups (Table 1). Blood lactate level was 4.1 ± 0.4 
mmol/L in the control group and 4.5 ± 0.2 mmol/L in the 
centhaquine group. Hemoglobin level was slightly lower in 
the centhaquine group (9.6 ± 0.3 g/dL) than in the control 
group (10.4 ± 0.4 g/dL); similarly, hematocrit was a lit-
tle lower in the centhaquine group (29.5 ± 1.1%) than in 
the control group (31.9 ± 1.6%) (Table 1). The difference 
between the mean hemoglobin (− 0.76 ± 0.59) and hema-
tocrit levels (− 2.41 ± 1.89) between the groups suggested 
that blood loss was slightly higher in the centhaquine 
group than in the control group. SI and qSOFA at baseline 
were similar in the two groups: The SI was 1.39 ± 0.05 
in the control group and 1.32 ± 0.05 in the centhaquine 
group (p = 0.292), and the qSOFA score was 1.82 ± 0.12 
in the control group and 1.91 ± 0.08 in the centhaquine 
group (p = 0.541). Creatinine levels and glomerular filtra-
tion rates were similar in the two groups. GCS at baseline 
was 14.29 ± 0.31 in the control group and 13.40 ± 0.42 
in the centhaquine group. ARDS at baseline was simi-
lar between the two groups. The total volume of fluids 
(crystalloids, colloids) administered before randomization 
was comparable between the groups. The total blood and 
blood products administered before randomization was 
0.05 ± 0.04 L in the control group and 0.12 ± 0.04 L in the 
centhaquine group. The amount of vasopressors admin-
istered before randomization was similar in both groups 
(Table 2). Tables 2 and 3 in the ESM provide details on the 
cause of hypovolemic shock for individual patients in the 
control and centhaquine groups, respectively.

3.3  Total Fluids, Blood and Blood Products, 
and Vasopressors

After randomization, the number of doses of study drug 
administered averaged 1.47 ± 0.19 per patient in the control 
group and 1.27 ± 0.03 per patient in the centhaquine group 
(p = 0.36) during 48 h of resuscitation (Table 2). Following 
randomization, the total amount of fluids administered in 
48 h was 4.61 ± 0.30 L in the centhaquine group and 4.65 
± 0.37 L in the control group (Fig. 2 and Table 2). The 
amount of blood and blood products infused during the first 
24 and 48 h was similar in both groups (Table 2 and Fig. 2). 
A total cumulative dose of vasopressors administered in 
48 h in the control group (4.40 ± 2.41 mg) appeared to be 
higher than in the centhaquine group (2.76 ± 1.28 mg); this Ta

bl
e 

2 
 S

ta
nd

ar
d 

tre
at

m
en

t a
dm

in
ist

er
ed

 to
 p

at
ie

nt
s b

ef
or

e 
ra

nd
om

iz
at

io
n 

an
d 

du
rin

g 
th

e 
fir

st 
24

 a
nd

 4
8 

h 
of

 re
su

sc
ita

tio
n

Th
e 

flu
id

s a
dm

in
ist

er
ed

 to
 th

e 
pa

tie
nt

s w
er

e 
cr

ys
ta

llo
id

s (
no

rm
al

 sa
lin

e,
 d

ex
tro

se
, s

od
iu

m
 b

ic
ar

bo
na

te
, P

la
sm

aL
yt

e,
 a

nd
 la

ct
at

ed
 ri

ng
er

) a
nd

 c
ol

lo
id

s (
al

bu
m

in
, H

ae
m

ac
ce

l, 
an

d 
G

el
of

us
in

e)
. T

he
 

va
so

pr
es

so
rs

 u
se

d 
w

er
e 

ad
re

na
lin

e 
(e

pi
ne

ph
rin

e)
, n

or
ad

re
na

lin
e 

(n
or

ep
in

ep
hr

in
e)

, a
nd

 v
as

op
re

ss
in

FF
P 

fr
es

h 
fro

ze
n 

pl
as

m
a,

 R
BC

 re
d 

bl
oo

d 
ce

lls

G
ro

up
Fl

ui
ds

 (L
)

B
lo

od
 p

ro
du

ct
s (

L)
Va

so
pr

es
so

rs
 (m

g)

C
ry

st
al

lo
id

s
C

ol
lo

id
s

To
ta

l v
ol

um
e

B
lo

od
Pa

ck
ed

 R
B

C
FF

P
Pl

at
el

et
s

C
ry

op
re

ci
pi

ta
te

To
ta

l v
ol

um
e

To
ta

l d
os

e

Pr
ed

os
e 

(b
ef

or
e 

ra
nd

om
iz

at
io

n)
C

on
tro

l
0.

76
 ±

 0
.1

5
0.

04
4 

±
 0

.0
2

0.
81

 ±
 0

.1
7

–
0.

03
3 

±
 0

.0
2

0.
02

1 
±

 0
.0

21
–

–
0.

05
1 

±
 0

.0
4

0.
23

 ±
 −

0.
12

C
en

th
aq

ui
ne

0.
75

 ±
 0

.0
9

0.
05

7 
±

 0
.0

2
0.

80
 ±

 0
.1

1
0.

03
1 

±
 0

.0
21

0.
07

2 
±

 0
.0

2
0.

00
8 

±
 0

.0
08

–
0.

01
1 

±
 0

.0
11

0.
12

0 
±

 0
.0

4
0.

37
 ±

 0
.1

7
Po

std
os

e 
(fi

rs
t 2

4 
h 

of
 re

su
sc

ita
tio

n)
C

on
tro

l
2.

86
 ±

 0
.2

7
0.

07
9 

±
 0

.0
4

2.
94

 ±
 0

.3
1

0.
06

1 
±

 0
.0

33
0.

11
3 

±
 0

.0
4

0.
07

9 
±

 0
.0

56
–

–
0.

25
4 

±
 0

.0
9

3.
83

 ±
 2

.3
1

C
en

th
aq

ui
ne

2.
77

 ±
 0

.2
0

0.
03

2 
±

 0
.0

2
2.

79
 ±

 0
.2

3
0.

00
5 

±
 0

.0
05

0.
18

1 
±

 0
.0

4
0.

05
4 

±
 0

.0
27

0.
00

93
 ±

 0
.0

06
–

0.
24

9 
±

 0
.0

7
2.

26
 ±

 1
.2

0
Po

std
os

e 
(fi

rs
t 4

8 
h 

of
 re

su
sc

ita
tio

n)
C

on
tro

l
4.

58
 ±

 0
.3

7
0.

07
9 

±
 0

.0
4

4.
65

 ±
 0

.3
7

0.
07

4 
±

 0
.0

43
0.

16
2 

±
 0

.0
5

0.
13

6 
±

 0
.0

78
0.

01
0 

±
 0

.0
10

–
0.

38
2 

±
 0

.1
4

4.
40

 ±
 2

.4
1

C
en

th
aq

ui
ne

4.
57

 ±
 0

.2
9

0.
03

8 
±

 0
.0

2
4.

61
 ±

 0
.3

0
0.

00
5 

±
 0

.0
05

0.
25

9 
±

 0
.0

5
0.

05
4 

±
 0

.0
27

0.
00

93
 ±

 0
.0

06
–

0.
32

8 
±

 0
.0

8
2.

76
 ±

 1
.2

8



1086 A. Gulati et al.

difference was not statistically significant (p = 0.55; Fig. 2 
and Table 2). Table 2 shows the types of vasopressors used, 
although mostly norepinephrine was used. During the first 
48 h of resuscitation, urine output was similar in both groups 
(Fig. 2). Table 4 in the ESM details the pharmacological 
treatment provided to patients in the control and centhaquine 
groups, with both groups receiving comparatively similar 
pharmacological agents.

3.4  Time in Hospital, in the Intensive Care Unit, 
and on the Ventilator

The duration of hospital stay was 6.9 ± 1.4 and 8.7 ± 1.2 
days for the control and centhaquine groups, respectively. 
Patients in the centhaquine group stayed in the hospital 
for 1.7 ± 1.8 days longer than the patients in the control 
group. Duration of stay in the ICU was 2.2 ± 0.4 days and 

2.9 ± 0.7 days for the control and centhaquine groups, 
respectively. Patients in the centhaquine group stayed 0.7 
± 0.8 (p = 0.38) days longer in the ICU than those in the 
control group. Although hospital stays for patients in the 
centhaquine group were longer than for those in the con-
trol group, the duration of time in the ICU was no longer 
than that for the control group. The percentage of time 
patients spent in the ICU was similar: 46.6 ± 7.9% in the 
control group and 46.0 ± 5.7% in the centhaquine group 
(p = 0.95). Time on the ventilator was 0.08 ± 0.05 days in 
the control group and 0.86 ± 0.5 days in the centhaquine 
group.

3.5  Systemic Hemodynamics

In the initial hours of resuscitation, SBP increased more sig-
nificantly in the centhaquine group than in the control group 
(Fig. 3). The mean difference in SBP from baseline was 
3.6 mmHg (p = 0.95) in the control group and 5.6 mmHg 
(p = 0.02) in the centhaquine group at 15 minutes of resusci-
tation and 6.3 mmHg (p = 0.09) and 8.6 mmHg (p < 0.0001), 
respectively, at 30 minutes of resuscitation. The increase in 
SBP from baseline was greater in the centhaquine group than 
in the control group at 1, 12, 24, and 48 h of resuscitation. 
The mean difference in SBP from baseline was 11.0 mmHg 
in the control group and 15.2 mmHg in the centhaquine 
group at 1 h of resuscitation, 23.9 and 26.4 mmHg, respec-
tively, at 12 h, and 27.6 and 32.0 mmHg, respectively, at 
24 h. The SBP at 48 h after resuscitation was 116.6 ± 1.6 
and 119.8 ± 1.8 mmHg in the control and centhaquine 
groups, respectively (Fig. 3 and Table 3). The number of 
patients with SBP > 90 mmHg at 12 h of resuscitation was 
higher in the centhaquine (96.9%) group than in the con-
trol (87.5%) group. At 24 h of resuscitation, the number of 
patients with SBP ≥ 110 mmHg was significantly higher 
in the centhaquine (79.7%) group than in the control group 
(60.6%; Chi-squared test, OR 2.55; 95% confidence interval 
[CI] 1.03–6.39; p = 0.04). An SBP ≥ 120 mmHg at 48 h of 
resuscitation was recorded for 46.9 and 56.2% of patients in 
the control and centhaquine groups, respectively (Fig. 3). 

The increase in DBP was similar in both groups (Fig. 4). 
The mean difference in DBP from baseline was 4.6 mmHg 
in the control group and 3.9 mmHg in the centhaquine group 
at 15 minutes and 5.6 and 5.7 mmHg, respectively, at 30 
minutes. The increase in DBP from baseline was similar in 
both groups at 1, 12, 24, and 48 h of resuscitation. The mean 
difference in DBP from baseline was 8.8 and 7.8 mmHg 
in the control and centhaquine groups, respectively, at 1 h 
of resuscitation, 15.6 and 15.1 mmHg, respectively, at 12 
h, 16.7 and 16.5 mmHg, respectively, at 24 h, and 74.6 ± 
1.3 and 76.5 ± 0.9 mmHg, respectively, at 48 h (Fig. 4). 
The percentage of patients with DBP > 65 mmHg at 12 h 
of resuscitation was 72.3% in the centhaquine group and 

Fig. 2  Total volume of fluid, blood products, and vasopressors 
administered during the first 48 h in the control and centhaquine 
groups. Total urine output in the first 48 h in the control and 
centhaquine groups. Data are presented as mean ± standard error



1087Randomized Trial of Centhaquine for Hypovolemic Shock

60.6% in the control group. At 24 h of resuscitation, the 
percentage of patients with DBP ≥ 70 mmHg was signifi-
cantly higher in the centhaquine (76.6%) group than in the 
control (51.5%) group (Chi-squared test, OR 3.07; 95% CI 
1.21–7.27; p = 0.01). A DBP ≥ 80 mmHg at 48 h of resus-
citation was recorded in 31.2 and 50.0% of patients in the 
control and centhaquine groups, respectively (Fig. 4).

Pulse pressure in the initial hours of resuscitation was 
more significantly increased with centhaquine than in 
the control group. The mean difference in pulse pressure 
from baseline was −0.7 and 1.9 mmHg in the control and 
centhaquine groups, respectively, at 15 minutes of resus-
citation, 0.8 and 2.9 mmHg, respectively, at 30 minutes, 
2.6 mmHg (p = 0.98) and 5.8 mmHg (p = 0.001), respec-
tively, at 45 minutes, 2.2 mmHg (p = 0.99) and 7.5 mmHg 
(p < 0.0001), respectively, at 60 minutes, and 5.5 mmHg 
(p = 0.07) and 8.6 mmHg (p < 0.0001), respectively, at 90 
min. An increase in pulse pressure from a baseline of 30.6 ± 
1.2 to 42.1 ± 1.1 mmHg (an increase of 11.0 mmHg) at 48 h 

of resuscitation was observed in the control group, whereas 
it increased from a baseline of 28.4 ± 1.0 to 43.3 ± 1.4 
mmHg (increase of 14.7 mmHg) in the centhaquine group.

The AUC 0–48 of the mean difference in SBP, DBP, and 
pulse pressure from baseline to various time intervals 
from baseline to 48 h was determined (Fig. 5). The AUC 
0–48 for SBP was 709.6 in the control group and 801.8 in 
the centhaquine group, indicating a 12.9% increase for 
centhaquine over that in the control group. The AUC 
0–48 for DBP was 464.9 in the control group and 430.3 in 
the centhaquine group, indicating a decrease of 7.4% for 
centhaquine over the control group. The AUC 0–48 for pulse 
pressure was 245.1 in the control group and 363.1 in the 
centhaquine group, an increase of 48.1% for centhaquine 
over the control group (Fig. 5).

A decrease in heart rate was observed in both groups. 
Heart rate decreased from a baseline of 114.6 ± 3.1 to 88.4 
± 3.9 beats/minute on day 2 of resuscitation in the control 
group and from a baseline of 106.5 ± 2.3 to 83.1 ± 1.8 beats/

Fig. 3  Systolic BP during the first 48 h in the control and centhaquine 
groups. The upper panel shows data as the mean ± SEM. The lower 
panel indicates the number of patients with improved systolic BP at 

12, 24, and 48 h of resuscitation. BP blood pressure, SEM standard 
error of the mean
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min in the centhaquine group (Table 3). SBP, DBP, heart 
rate, respiratory rate, and body temperature records up to 28 
days are provided in Table 3.

3.6  Shock Index

The mean SI at the time of inclusion (0 h) was 1.39 and 
1.32 in the control and centhaquine groups, respectively 
(p = 0.29), indicating that the degree of shock was moderate 
to severe and similar in both groups. At 1 h of resuscitation, 
the mean SI decreased to 1.17 and 1.02 in the control and 
centhaquine groups, respectively, significantly lower in the 
centhaquine group (difference between means 0.15 ± 0.07; 
95% CI − 0.29 to − 0.01; p = 0.03). The mean SI was signifi-
cantly lower in the centhaquine group at 4 h of resuscitation 
(difference between means 0.14 ± 0.07; 95% CI − 0.27 to 
− 0.0003; p = 0.049). The SI significantly improved in the 
centhaquine group in the first 4 h of resuscitation (Fig. 6).

3.7  Blood Lactate Levels

Blood lactate levels in patients with hypovolemic shock were 
high on day 1, ranging from 2.04 to 11.0 mmol/L (mean ± 
SEM 4.44 ± 0.29) in the centhaquine group and from 2.04 
to 14.1 mmol/L (mean ± SEM 4.14 ± 0.42) in the control 
group. Treatment with centhaquine decreased blood lactate 
levels, as evidenced by blood lactate levels on day 3 that 
ranged from 0.6 to 4.82 mmol/L (mean ± SEM 1.43 ± 0.09). 
Except for one (of 68 patients), every patient treated with 

centhaquine had lower blood lactate levels on day 3 than 
on day 1. In that one patient, blood lactate levels were 2.69 
and 4.82 mmol/L on day 1 and day 3, respectively. In the 
centhaquine group, this patient was the only outlier, with 
no decrease in blood lactate levels. In the control group, 
blood lactate levels on day 3 ranged from 0.32 to 7.52 
mmol/L (mean ± SEM 1.91 ± 0.26). In this group, two (of 
34) patients had higher blood lactate levels on day 3 than 
on day 1. One patient had blood lactate levels of 4.80 and 
5.30 mmol/L on days 1 and 3, respectively, and the other 
patient had blood lactate levels of 2.12 and 2.48 mmol/L on 
days 1 and 3, respectively. The percentage of patients with 
blood lactate levels ≤ 1.5 mmol was 46.9% in the control 
group and 69.3% in the centhaquine group (OR 2.56; 95% 
CI 1.04–5.87; p = 0.03) (Fig. 7).

3.8  Base Deficit

The base deficit on day 1 ranged from 0.10 to − 29.4 mmol/L 
(mean ± SEM − 7.36 ± 1.07) and from − 1.60 to − 21.8 
mmol/L (mean ± SEM − 7.58 ± 0.56) in the control and 
centhaquine groups, respectively. An improvement in the 
base deficit was observed on day 3 of resuscitation, and only 
four of 68 patients (5.9%) treated with centhaquine had a 
lower base deficit on day 3 than on day 1, whereas, in the 
control group, seven of 34 patients (20.6%) had a lower base 
deficit on day 3 than on day 1. The mean ± SEM base deficit 
on day 3 was − 1.84 ± 0.50 mmol/L and − 3.3 ± 0.9 mmol/L 

Table 3  Patients’ vitals recorded from day 1 (baseline) through day 28

Data are presented as mean ± standard error of the mean
DBP diastolic blood pressure, SBP Systolic blood pressure

Vitals Group Baseline After administration of study drug

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 28

SBP (mmHg) Control 83.18 ± 1.36 111.31 ± 2.43 115.10 ± 1.67 117.95 ± 2.75 119.33 ± 2.75 120.75 ± 3.12 123.20 ± 4.41 117.04 ± 1.48
Centhaquine 83.42 ± 1.14 115.69 ± 1.58 119.02 ± 1.41 121.10 ± 1.52 121.56 ± 2.19 123.04 ± 1.80 122.50 ± 1.82 119.98 ± 1.27

DBP (mmHg)Control 52.76 ± 1.43 70.69 ± 1.93 74.10 ± 1.80 79.15 ± 1.92 79.56 ± 1.76 77.69 ± 2.04 82.07 ± 2.87 77.31 ± 0.97
Centhaquine 55.76 ± 1.16 72.59 ± 1.17 74.24 ± 1.06 76.00 ± 1.27 79.15 ± 1.71 79.96 ± 1.49 79.73 ± 1.21 77.84 ± 0.90

Heart rate 
(beats/min)

Control 114.58 ± 3.17 88.38 ± 3.99 84.68 ± 3.41 89.20 ± 2.63 86.84 ± 6.96 82.82 ± 6.97 83.75 ± 6.98 79.65 ± 2.14
Centhaquine 106.48 ± 2.34 83.08 ± 1.79 83.24 ± 1.72 85.44 ± 2.13 85.35 ± 2.07 84.48 ± 1.93 83.69 ± 1.78 80.21 ± 1.42

Respira-
tory rate 
(breaths/
min)

Control 24.91 ± 1.27 20.59 ± 0.88 20.65 ± 1.15 20.90 ± 0.92 20.22 ± 0.62 20.44 ± 0.86 19.53 ± 0.70 19.65 ± 0.53
Centhaquine 23.76 ± 0.84 19.94 ± 0.47 19.03 ± 0.32 20.74 ± 0.41 20.03 ± 0.60 20.41 ± 0.53 20.04 ± 0.41 19.14 ± 0.34

Body tem-
perature 
(ºC)

Control 36.70 ± 0.06 36.82 ± 0.04 36.85 ± 0.05 37.00 ± 0.11 36.92 ± 0.04 36.94 ± 0.04 36.84 ± 0.06 36.72 ± 0.04
Centhaquine 36.73 ± 0.06 36.81 ± 0.03 37.80 ± 0.98 36.90 ± 0.04 36.85 ± 0.06 36.85 ± 0.04 36.84 ± 0.06 36.74 ± 0.03
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in the centhaquine and control groups, respectively. On day 
3 of resuscitation, the base deficit improved by 1.49 ± 1.04 
mmol/L more in patients treated with centhaquine than in 
those in the control group. On day 3 of resuscitation, the 
number of patients with a base deficit of less than − 2 was 
43.7% in the control group and 69.8% in the centhaquine 
group (OR 2.98; 95% CI 1.22–6.91; p = 0.014) (Fig. 8).

3.9  Acute Respiratory Distress Syndrome 
and Multiple Organ Dysfunction Syndrome

ARDS was compared between day 1 (before resuscitation) 
and day 3 of resuscitation. In patients receiving the SOC in 
the control group, the difference between means from day 
1 to day 3 was − 0.06 ± 0.05 (95% CI − 0.16 to − 0.04; 
p = 0.22). Conversely, in the centhaquine group, the ARDS 
difference between means from day 1 to day 3 was − 0.09 
± 0.05 (95% CI − 0.19 to − 0.002; p = 0.04). These results 
indicate that centhaquine treatment significantly improved 
ARDS following resuscitation, whereas the improvement in 
the control group was minor (Fig. 9 and Table 4).

MODS was compared between day 3 and day 7 of resus-
citation. There was no improvement in MODS in the con-
trol group, and the difference between means was 0.59 
± 0.9 (95% CI − 1.43 to 2.61; p = 0.54), whereas, in the 
centhaquine group, the difference between means was − 0.55 
± 0.3 (95% CI − 1.23 to 0.13; p = 0.11). The change trended 
towards worsening in the control group (MODS from 1.14 
to 1.73) and towards improvement in the centhaquine 
group (MODS from 1.37 to 0.82). Centhaquine treatment 
decreased MODS, whereas MODS increased and worsened 
in the control group (Fig. 9 and Table 4). The percentage 
of patients with two or more MODS scores on day 7 was 
significantly lower in the centhaquine group (13.6%) than 
in the control group (45.4%) (OR 5.28; 95% CI 0.85–23.32; 
p = 0.04).

3.10  All‑Cause Mortality

Within 48 h of resuscitation, mortality was 1/34 in the con-
trol group and 1/68 in the centhaquine group. In the control 
arm, 28-day all-cause mortality was 11.8% compared with 

Fig. 4  Diastolic BP during the first 48 h in the control and 
centhaquine groups. The upper panel shows data as the mean ± SEM. 
The lower panel indicates the number of patients with improved dias-

tolic BP at 12, 24, and 48 h of resuscitation. BP blood pressure, SEM 
standard error of the mean
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2.9% in the centhaquine arm (OR 4.40; 95% CI 0.96–23.74; 
p = 0.07), with an 8.8% absolute reduction in 28-day all-
cause mortality.

3.11  Safety and Tolerability

Centhaquine was well-tolerated, and a repeat dose, if needed, 
was administered to patients without any sequelae. No clini-
cally significant effect of the study drug was observed on bio-
chemical or hematological parameters (Table 5). Nine AEs 
were reported in nine of 105 patients included in the study. 
Four deaths were reported in the control group (N = 34). 
Five AEs were reported in five patients in the centhaquine 
group (N = 71): two were deaths, two were elevated serum 
creatinine levels (moderate severity), and one was vomiting 
(mild severity). These latter three AEs resolved with medical 
intervention without any sequelae. None of these AEs were 
related to the drug treatment (Table 6).

4  Discussion

Efforts to develop an effective resuscitative agent have not 
been successful. Although the use of blood products in 
ratios that epitomize blood transfusion has been observed 
to improve outcomes [24, 51], fluids and vasopressors are 
the main elements of resuscitation, and they have unde-
sired effects [2, 29, 30]. The results from this randomized 
multicenter trial suggest that centhaquine is an effective 
resuscitative agent for hypovolemic shock. Its resuscitative 
action is based upon stimulation of venous α2B adrener-
gic receptors to produce constriction and increase venous 
return to the heart, cardiac preload, cardiac output, and 
tissue perfusion [34, 37, 42]. It has no beta-adrenergic 
activity, mitigating the risk of arrhythmias.

In this trial, the reasons for hypovolemic shock and 
the extent of blood loss were similar in the control and 
centhaquine groups. Blood pressure and lactate levels at the 
time of enrolment were similar in both groups. The severity 
of shock was also similar in the two groups, with a qSOFA ≥ 
2 (associated with a greater risk of worse outcome) of 67.6% 
in the control group and 73.1% in the centhaquine group. 
Baseline GCS scores were similar in both groups, indicat-
ing a similar neurological status between the two groups. 
In India and neighboring countries, the SOC for critically 

ill patients involves fluid therapy, keeping in mind cumu-
lative fluid balance, blood products, airway maintenance, 

Fig. 5  Mean difference from baseline to 48 h at various time inter-
vals plotted to determine the AUC for systolic blood pressure, dias-
tolic blood pressure, and pulse pressure. Compared with the control 
group, the AUC 0–48 for systolic blood pressure was higher by 12.99%, 
diastolic blood pressure was lower by 7.44%, and pulse pressure was 
higher by 48.14% in the centhaquine group. A significant increase in 
pulse pressure in the centhaquine group strongly suggests increased 
stroke volume. AUC  area under the curve

▸
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and the use of vasopressors [52]. Such an approach is com-
mon across the globe and was followed in the present study. 
During the first 48 h of resuscitation, fluids, blood, blood 

products, vasopressors, and urine output was similar in both 
groups. Significantly more patients had improved SBP and 
DBP in the centhaquine group than in the control group. A 

Fig. 6  Shock index (HR/SBP), an important indicator of cardiac per-
formance (left ventricular stroke work) in early hemorrhage, was sig-
nificantly improved by centhaquine in the first 4 h of resuscitation. 

CI confidence interval, Diff. difference, HR heart rate, SBP systolic 
blood pressure
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7.4% decrease in AUC 0–48 of the mean difference in DBP 
from baseline in the centhaquine group compared with the 
control group allowed more ventricular filling, increasing 
cardiac output. An increase in AUC 0–48 of 12.9% in SBP in 
the centhaquine group compared with the control group indi-
cated that the rate of venous return to the heart was higher 
in the centhaquine group than in the control group. The pri-
mary determinant of pulse pressure is the stroke volume, and 
a 48.1% increase in AUC 0–48 of the mean difference in pulse 
pressure from baseline in the centhaquine group compared 
with the control group indicated a significant increase in 
stroke volume due to centhaquine.

Hypovolemic shock results in a drop in cardiac output, 
lowering tissue and organ blood perfusion, leading to mul-
tiple organ failure and death. Vasopressors increase blood 
pressure by arterial constriction and increasing the heart 
rate. Cardiac output can increase because of an increase in 
heart rate, but it does not account for the total increase in 

cardiac output [53]. In total, 60–70% of the total blood vol-
ume pooled in the venous system is adjustable [54]. The 
venous system is critically important following hemorrhage 
because it can be used to mobilize pooled (unstressed) blood 
volume towards systemic (stressed) circulation [35, 55]. In 
a patient with hypovolemic shock, centhaquine converts the 
venous unstressed blood volume to stressed blood volume 
and improves cardiac output and blood circulation, making 
it an ideal candidate for the resuscitation of patients.

SI, an important prognostic indicator, is linearly inversely 
related to physiologic parameters, such as cardiac index, 
stroke volume, left ventricular stroke work, and mean arterial 
pressure [43, 56, 57]. SI significantly improved (p < 0.0001) 
in the centhaquine group in the first 4 h of resuscitation. 
A difference between the centhaquine and control groups 
was observed within the first hour of resuscitation, where a 
decrease in SI was significant (0.15 ± 0.07; p = 0.03) with 
centhaquine compared with the control group. The initial 

Fig. 7  Blood lactate levels in the control and centhaquine groups on day 3 of resuscitation (upper panel). Changes in blood lactate levels follow-
ing resuscitation of patients with hypovolemic shock in control and centhaquine groups (lower panel)
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hours of resuscitation are the most critical in improving out-
comes for these patients.

Under conditions of shock, inadequate blood flow to the 
tissues results in increased blood lactate levels. High blood 
lactate levels and an increase in the base deficit are sugges-
tive of poor outcomes and high mortality rates [58]. Early 
lactate clearance is associated with decreased mortality, ICU 
length of stay, and duration of mechanical ventilation [59]. 
In the present study, the number of patients with a blood 
lactate level of ≤ 1.5 mmol/L at day 3 of resuscitation was 
46.9% in the control group and 69.3% in the centhaquine 
group (p = 0.03). Similarly, the base deficit of less than − 2 

mmol/L on day 3 of resuscitation was significantly (p = 0.01) 
higher in the centhaquine group (69.8%) than in the control 
group (43.7%).

Centhaquine significantly improved ARDS and MODS. 
Studies in a porcine model of hemorrhagic shock showed 
that centhaquine significantly improved Horowitz index (327 
± 10 and 392 ± 16 in the control and centhaquine groups, 
respectively) and reduced pulmonary edema [41, 42]. 
This study indicated an improvement in ARDS in patients 
with hypovolemic shock. In the control group, there was 
an improvement in ARDS on day 3 compared with day 1, 
but it was not statistically significant. Conversely, in the 

Fig. 8  Base deficit in control and centhaquine groups on day 3 of resuscitation (upper panel). Changes in base deficit following resuscitation of 
patients with hypovolemic shock in control and centhaquine groups of individual patients (lower panel)
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centhaquine group, a significant (p = 0.04) improvement in 
ARDS was observed on day 3 of resuscitation compared 

with day1. MODS increased on day 7 compared with day 
3 in the control group and decreased on day 7 compared 
with day 1 in the centhaquine group. A direct comparison 
of MODS on day 7 between the control and centhaquine 
groups revealed a MODS of < 2 in 86.3% of those in the 
centhaquine group compared with 54.5% of patients in the 
control group (p = 0.04).

In total, 55% of all trauma patients have hypocalcemia 
[60], which worsens with infusion of blood and blood prod-
ucts because citrate is used for storage and chelates calcium 
when infused. A drop in calcium can aggravate coagulopa-
thy, leading to continued hemorrhage [61]. Calcium levels in 
the present study were similarly improved, from 1.78 ± 0.09 
to 2.05 ± 0.10 mmol/L in the control group and from 1.80 
± 0.07 to 2.06 ± 0.06 mmol/L in the centhaquine group, 
indicating that centhaquine did not affect serum calcium. 
Centhaquine also did not affect serum sodium and potassium 
levels and other biochemical parameters (Table 5).

Improvements in all the discussed clinical and biologi-
cal markers appeared to contribute to improved outcomes 
and reduced deaths in the centhaquine group. Mortality is 
the primary outcome for most clinical trials in critical care 
medicine; however, many factors can influence this outcome 
[62]. A meta-analysis of trials with a study intervention 
reported reduced mortality in 27 randomized controlled tri-
als of 15,612 patients and increased mortality in 16 rand-
omized controlled trials of 10,462 patients [62]. These trials 
were carried out in the general ICU population or in patients 
with sepsis, and no specific study investigated patients in 
hypovolemic shock. Upon further analysis, only 13 rand-
omized controlled trials demonstrated reduced mortality 
rates, and these were attributed to disease conditions rather 
than to the new therapy [62].

In summary, none of the new therapies has demonstrated 
any reduction in mortality. We carefully included a more 
homogeneous patient population to avoid heterogeneous 
factors influencing the outcome so we could determine the 
effect of the intervention (centhaquine) on clinical outcomes. 
To our knowledge, this is the only late-stage clinical study 
that has demonstrated a significant survival advantage, with 

Fig. 9  ARDS was compared between day 1 (before resuscitation) and 
day 3 of resuscitation. Centhaquine treatment significantly improved 
ARDS following resuscitation, whereas improvement was minor in 
the control group. MODS was compared between day 3 and day 7 of 
resuscitation. In the control group, MODS worsened from 1.138 to 
1.727, whereas it improved from 1.367 to 0.8182 in the centhaquine 
group. ARDS acute respiratory distress syndrome, MODS multiple 
organ dysfunction syndrome

Table 4  Patients GCS, MODS, and ARDS, recorded through day 28

Data are presented as mean ± standard error of the mean
ARDS acute respiratory distresss syndrome, GCS Glasgow Coma Scale, MODS multiple organ dysfunction syndrome

Score Group Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 28

GCS Control 14.29 ± 0.31 14.66 ± 0.20 14.97 ± 0.03 15.00 ± 0.00 15.00 ± 0.00 15.00 ± 0.00 15.00 ± 0.00 15.00 ± 0.00
Centhaquine 13.40 ± 0.42 14.34 ± 0.22 14.21 ± 0.29 14.23 ± 0.35 14.29 ± 0.39 14.26 ± 0.46 14.23 ± 0.46 14.91 ± 0.09

MODS Control 1.14 ± 0.34 1.65 ± 0.50 1.20 ± 0.34 1.54 ± 0.69 1.73 ± 0.87 0.25 ± 0.12
Centhaquine 1.37 ± 0.26 1.82 ± 0.41 1.34 ± 0.26 1.09 ± 0.29 0.82 ± 0.22 0.33 ± 0.10

ARDS Control 0.15 ± 0.05 0.02 ± 0.01 0.08 ± 0.04 0.05 ± 0.04 0.01 ± 0.01 0.06 ± 0.05 0.06 ± 0.06 0.03 ± 0.03
Centhaquine 0.18 ± 0.04 0.13 ± 0.03 0.08 ± 0.02 0.13 ± 0.04 0.05 ± 0.02 0.03 ± 0.02 0.08 ± 0.04 0.03 ± 0.02
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Table 5  Patients’ hematological, biochemical, and serum electrolyte levels

Control group (N = 34) Centhaquine group (N = 68)

Day 1 (baseline) Day 3 Day 28 Day 1 (baseline) Day 3 Day 28

Hematology
 Hemoglobin (g/dL) 10.41 ± 0.47 10.29 ± 0.42 12.37 ± 0.23 9.64 ± 0.35 9.96 ± 0.30 11.56 ± 0.29
 Hematocrit (%) 31.90 ± 1.56 31.15 ± 1.16 37.72 ± 0.85 29.48 ± 1.09 30.57 ± 0.79 36.27 ± 0.74
 Red blood cells 

 (106/mm3)
3.66 ± 0.17 – 4.32 ± 0.10 3.43 ± 0.12 – 4.23 ± 0.09

 White blood cells 
(/mm3)

12,429.12 ± 960.93 – 7322.40 ± 320.40 12,166.04 ± 693.06 – 7896.55 ± 290.31

 Neutrophils (%) 77.83 ± 2.23 – 59.81 ± 1.30 77.07 ± 1.47 – 62.81 ± 1.18
 Lymphocytes (%) 17.32 ± 1.88 – 32.29 ± 1.24 17.28 ± 1.16 – 30.65 ± 1.05
 Monocytes (%) 2.77 ± 0.45 – 3.56 ± 0.67 2.74 ± 0.27 – 2.93 ± 0.29
 Eosinophils (%) 1.97 ± 0.29 – 3.20 ± 0.38 2.76 ± 0.39 – 3.65 ± 0.33
 Basophils (%) 0.08 ± 0.04 – 0.22 ± 0.08 0.10 ± 0.03 – 0.20 ± 0.05
 Reticulocytes (%) 1.92 ± 0.21 – 1.28 ± 0.11 1.50 ± 0.10 – 1.29 ± 0.07
 Mean corpuscular 

volume (fL)
87.97 ± 1.20 – 87.17 ± 0.95 85.75 ± 0.88 – 86.50 ± 0.63

 Mean corpuscular 
hemoglobin (Pg)

28.83 ± 0.52 – 28.79 ± 0.44 28.06 ± 0.43 – 28.67 ± 0.27

 Platelets (/mm3) 192,294.12 ± 
16,816.75

228,160.00 ± 
14,019.59

188,776.12 ± 
9260.97

230,645.45 ± 
9755.28

Lipid profile
 Triglyceride (mg/

dL)
112.98 ± 6.04 – 128.87 ± 7.61 129.63 ± 6.94 – 136.51 ± 7.55

 Total cholesterol 
(mg/dL)

134.78 ± 7.43 – 149.33 ± 4.98 143.43 ± 4.72 – 157.05 ± 4.43

 High-density lipo-
protein (mg/dL)

39.19 ± 1.79 – 44.43 ± 1.49 41.52 ± 1.18 – 43.28 ± 1.06

 Low-density lipo-
protein (mg/dL)

73.35 ± 5.75 – 80.59 ± 5.35 77.41 ± 4.02 – 89.87 ± 3.72

 Very-low-density 
lipoprotein (mg/
dL)

24.48 ± 1.56 – 28.69 ± 1.86 28.18 ± 1.49 – 29.24 ± 1.53

Kidney function
 Serum creatinine 

(mg/dL)
1.28 ± 0.13 1.05 ± 0.10 0.86 ± 0.04 1.22 ± 0.08 1.18 ± 0.12 0.88 ± 0.03

 Blood urea nitro-
gen (mg/dL)

19.32 ± 3.19 – 12.08 ± 0.51 16.28 ± 1.03 – 11.91 ± 0.47

 Glomerular filtra-
tion rate (ml/
min/1.73  m2)

78.84 ± 5.42 93.68 ± 6.60 106.22 ± 6.41 77.41 ± 4.30 84.18 ± 4.04 96.55 ± 3.51

Liver function
 Alanine ami-

notransferase 
(U/L)

60.14 ± 26.58 – 23.05 ± 1.60 58.73 ± 12.96 – 25.06 ± 2.18

 Aspartate ami-
notransferase 
(U/L)

121.29 ± 73.15 – 26.66 ± 2.26 67.19 ± 10.50 – 24.97 ± 1.92

 Serum bilirubin 
(mg/dL)

0.99 ± 0.07 – 0.72 ± 0.03 1.07 ± 0.13 – 0.72 ± 0.03

 Alkaline phos-
phatase (IU/L)

108.45 ± 11.13 – 112.78 ± 12.39 121.63 ± 13.35 – 108.41 ± 8.68

 Serum albumin (g/
dL)

3.54 ± 0.10 – 3.98 ± 0.08 3.55 ± 0.07 – 3.87 ± 0.06
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an 8.8% absolute reduction in mortality. Centhaquine was 
safe and well-tolerated, with no drug-related AEs (Table 6). 
Centhaquine obtained marketing authorization from the 
regulatory authorities in India for the treatment of patients 
in hypovolemic shock in 2020. We conducted a meta-anal-
ysis of mortality data obtained from phase II and III stud-
ies because the inclusion criteria were similar and found 
that mortality was 10.71% in the control group (N = 56) and 
2.20% in the centhaquine group (N = 91) (OR 5.34; 95% 
CI 1.27–26.50; p = 0.03), which is statistically significant 
at the 95% CI.

The mortality observed in our study in the control group 
was a little lower than in previous studies. A study analyzing 
4038 patients from 120 ICUs in India reported a mortality 
rate of 20.8% in well-equipped ICUs [63]. Further analysis 
showed that mortality in trauma patients was 14.1% (26 of 
185) [63], which is slightly higher than the 11.8% observed 
in our control group. Similarly, data for 9354 patients from 
the Australia India Trauma Systems Collaboration registry 
showed 30-day mortality of 12.4% [64]. Treatment with 

centhaquine produced an absolute reduction in 28-day all-
cause mortality of 8.8%.

The effect of centhaquine on the systemic hemodynam-
ics of patients in hypovolemic shock depends on the fluid 
status. A limitation of this study is that we did not examine 
the effect of centhaquine on the volume status of patients 
in hypovolemic shock. Centhaquine was administered in a 
total volume of 100 mL over 60 min; this is a small vol-
ume and not likely to cause any volume overload. Moreover, 
in the first 48 h of resuscitation, the total volume of fluids 
administered, blood products administered, and urine output 
were similar in both groups. More frequent determination 
of blood lactate levels could have provided the time taken 
by centhaquine to reduce blood lactate. Another limita-
tion of this study was that, although this was a multicenter 
study, it was conducted exclusively in patients from India. 
We recognize that the demographics and SOC may vary in 
other countries. In this study, many patients were not treated 
within the golden hour, resulting in a greater possibility of 
developing secondary complications. Delayed intervention is 
likely to result in the release of inflammatory and apoptotic 
substances, producing additional organ damage and failure 
of multiple organs, resulting in greater mortality. In coun-
tries where patients are likely to be resuscitated within the 
golden hour, secondary complications are less likely, and we 
expect centhaquine to have greater effectiveness.

Future studies may explore the therapeutic potential of 
centhaquine in the treatment of other forms of shock asso-
ciated with hemodynamic instability or refractory hypoten-
sion and resulting in multiorgan failure and ultimately death. 
Some of these conditions may include distributive shock. 
Septic shock is a type of distributive shock where a signifi-
cant shift occurs within the vascular compartment and out 

Data are presented as mean ± standard error of the mean
pH power of hydrogen, paO2 partial pressure of oxygen, pCO2 partial pressure of carbon dioxide, FiO2 fraction of inspired oxygen

Table 5  (continued)

Control group (N = 34) Centhaquine group (N = 68)

Day 1 (baseline) Day 3 Day 28 Day 1 (baseline) Day 3 Day 28

 Blood glucose 
(mg/dL)

140.23 ± 9.43 – 95.90 ± 4.32 139.06 ± 10.54 – 104.26 ± 4.21

Serum electrolyte
 Sodium (mmol/L) 136.38 ± 0.96 – 137.23 ± 1.17 136.49 ± 0.65 – 137.37 ± 0.63
 Potassium 

(mmol/L)
4.13 ± 0.16 – 3.96 ± 0.05 4.16 ± 0.12 – 3.89 ± 0.05

 Calcium (mmol/L) 1.78 ± 0.09 – 2.05 ± 0.10 1.80 ± 0.07 – 2.06 ± 0.06
Arterial blood gases
 pH 7.32 ± 0.02 7.40 ± 0.01 – 7.34 ± 0.01 7.40 ± 0.01 –
 pCO2 (mmHg) 33.65 ± 1.36 36.00 ± 1.50 – 31.98 ± 0.90 35.49 ± 0.71 –
 paO2 (mmHg) 117.04 ± 9.39 96.01 ± 5.42 – 113.48 ± 5.62 99.12 ± 3.70 –
  FiO2 0.26 ± 0.02 0.22 ± 0.01 – 0.27 ± 0.02 0.22 ± 0.01 –

Table 6  Safety of centhaquine and incidence of adverse events

Data are presented as n (%)

Event Control group 
(N = 34)

Centhaquine 
group 
(N = 68)

Adverse events of any grade
 Increase in blood creatinine 0 (0) 2 (2.94)
 Vomiting 0 (0) 1 (1.47)

Serious adverse events
 Deaths 4 (11.76) 2 (2.94)
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of the vascular system, resulting in a state of hypovolemia 
managed by administration of fluids and vasopressors [65]. 
A few drug candidates are under development for sepsis to 
reduce organ dysfunction [66]. Centhaquine increases car-
diac preload and reduces cardiac afterload. An increase in 
cardiac preload can benefit patients with distributive shock. 
Centhaquine can be helpful in septic shock management, 
like in hypovolemic shock, as it augments cardiac output and 
improves tissue blood perfusion. Both we and other investi-
gators are likely to initiate studies to determine the efficacy 
of centhaquine in patients with septic shock.

Where does centhaquine fit in a typical resuscitation pro-
tocol? Patients with uncontrolled bleeding undergo damage-
control resuscitation to stop blood loss and initiate resusci-
tation, keeping in mind permissive hypotension targeting a 
mean arterial pressure of 65 mmHg [67, 68]. Resuscitation 
with centhaquine is likely to limit the use of vasopressors 
and may help achieve resuscitation free of arterial constric-
tion [35]. If required, a balanced resuscitation may be fol-
lowed by blood or blood product transfusion in a ratio simi-
lar to that of whole blood [67].

5  Conclusion

Centhaquine  (Lyfaquin®) is a highly effective resuscitative 
agent for treating hypovolemic shock as an adjuvant to SOC.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40265- 021- 01547-5.

Acknowledgements The authors thank all the participants, patients, 
and their families for the study. We are grateful to Manish Lavhale, 
Guru Reddy, and Nitesh P. Tiwari for their valuable feedback in 
improving the manuscript. A preprint version of this article was shared 
publically on medRxiv: https:// doi. org/ 10. 1101/ 2020. 07. 30. 20068 114.

Declarations 

Funding Pharmazz, Inc. Willowbrook, IL, USA, provided funding for 
this study and paid the open access fee.

Conflicts of interest/Competeing interest Anil Gulati has issued and 
pending patents and is an employee and stockholder of Pharmazz, Inc. 
Rajat Choudhuri, Ajay Gupta, Saurabh Singh, S.K. Noushad Ali, Gur-
saran Kaur Sidhu, Parvez David Haque, Prashant Rahate, Aditya R. 
Bothra, Gyan P. Singh, Sanjiv Maheshwari, Deepak Jeswani, Sameer 
Haveri, Apurva Agarwal, and Nilesh Radheshyam Agrawal have no 
conflicts of interest that are directly relevant to the content of this ar-
ticle.

Ethics approval The study protocol (PMZ-2010/CT-3.1/2018) dated 
July 16, 2018, was approved by the Drugs Controller General of India 
(DCGI), Directorate General of Health Services, Ministry of Health 
& Family Welfare, Government of India (DCGI CT NOC. No.: CT/
ND/66/2018). Furthermore, each institutional ethics committee 

reviewed and approved the study protocol before initiating patient 
enrolment.

Consent Written informed consent was obtained from all patients or 
their legally authorized representatives.

Availability of data and material The anonymized patient datasets gen-
erated during and/or analyzed during the current study are available 
from the corresponding author on reasonable request from a bona fide 
researcher/research group.

Author contributions Study concept and design: AG; investigation: 
RC, AG, SS, SKNA, GKS, PDH, PR, ARB, GPS, SM, DJ, SH, AA, 
and NRA; acquisition of data: RC, AG, SS, SKNA, GKS, PDH, PR, 
ARB, GPS, SM, DJ, SH, AA, and NRA; analysis and interpretation of 
data: AG; drafting of the manuscript: AG; review of the manuscript: 
RC, AG, SS, SKNA, GKS, PDH, PR, ARB, GPS, SM, DJ, SH, AA, 
and NRA; funding acquisition: AG.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article’s Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http:// creat iveco mmons. org/ licen ses/ by- nc/4. 0/.

References

 1. Gulati A. Vascular endothelium and hypovolemic shock. Curr 
Vasc Pharmacol. 2016;14(2):187–95.

 2. Kobayashi L, Costantini TW, Coimbra R. Hypovolemic shock 
resuscitation. Surg Clin North Am. 2012;92(6):1403–23.

 3. Cannon JW. Hemor rhagic shock.  N Engl  J  Med. 
2018;378(4):370–9.

 4. Kaufman EJ, Richmond TS, Wiebe DJ, Jacoby SF, Holena 
DN. Patient experiences of trauma resuscitation. JAMA Surg. 
2017;152(9):843–50.

 5. Perel P, Roberts I, Ker K. Colloids versus crystalloids for fluid 
resuscitation in critically ill patients. Cochrane Database Syst 
Rev. 2013;2:CD000567.

 6. Georgoff PE, Nikolian VC, Higgins G, Chtraklin K, Eidy 
H, Ghandour MH, et  al. Valproic acid induces prosurvival 
transcriptomic changes in swine subjected to traumatic 
injury and hemorrhagic shock. J Trauma Acute Care Surg. 
2018;84(4):642–9.

 7. Causey MW, Miller S, Hoffer Z, Hempel J, Stallings JD, Jin G, 
et al. Beneficial effects of histone deacetylase inhibition with 
severe hemorrhage and ischemia-reperfusion injury. J Surg Res. 
2013;184(1):533–40.

 8. Xu Y, Dai X, Zhu D, Xu X, Gao C, Wu C. An exogenous hydrogen 
sulphide donor, NaHS, inhibits the apoptosis signaling pathway to 
exert cardio-protective effects in a rat hemorrhagic shock model. 
Int J Clin Exp Pathol. 2015;8(6):6245–54.

 9. Ganster F, Burban M, de la Bourdonnaye M, Fizanne L, Douay O, 
Loufrani L, et al. Effects of hydrogen sulfide on hemodynamics, 

https://doi.org/10.1007/s40265-021-01547-5
https://doi.org/10.1101/2020.07.30.20068114
http://creativecommons.org/licenses/by-nc/4.0/


1098 A. Gulati et al.

inflammatory response and oxidative stress during resuscitated 
hemorrhagic shock in rats. Crit Care. 2010;14(5):R165.

 10. Wepler M, Merz T, Wachter U, Vogt J, Calzia E, Scheuerle A, 
et al. The mitochondria-targeted H2S-donor AP39 in a Murine 
model of combined hemorrhagic shock and blunt chest trauma. 
Shock. 2019;52(2):230–9.

 11. Thakral S, Wolf A, Beilman GJ, Suryanarayanan R. Devel-
opment and in vivo evaluation of a novel lyophilized formu-
lation for the treatment of hemorrhagic shock. Int J Pharm. 
2018;537(1–2):162–71.

 12. Wolf A, Lusczek ER, Beilman GJ. Hibernation-based approaches 
in the treatment of hemorrhagic shock. Shock. 2018;50(1):14–23.

 13. Gulati A, Sen AP. Dose-dependent effect of diaspirin cross-linked 
hemoglobin on regional blood circulation of severely hemor-
rhaged rats. Shock. 1998;9(1):65–73.

 14. Gulati A, Sen AP, Sharma AC, Singh G. Role of ET and NO 
in resuscitative effect of diaspirin cross-linked hemoglobin after 
hemorrhage in rat. Am J Physiol. 1997;273(2 Pt 2):H827–36.

 15. Sloan EP, Koenigsberg M, Gens D, Cipolle M, Runge J, Mallory 
MN, et al. Diaspirin cross-linked hemoglobin (DCLHb) in the 
treatment of severe traumatic hemorrhagic shock: a randomized 
controlled efficacy trial. JAMA. 1999;282(19):1857–64.

 16. Sloan EP, Koenigsberg MD, Philbin NB, Gao W, Group DCTHSS, 
European HI. Diaspirin cross-linked hemoglobin infusion did not 
influence base deficit and lactic acid levels in two clinical trials 
of traumatic hemorrhagic shock patient resuscitation. J Trauma. 
2010;68(5):1158–71.

 17. Williams AT, Lucas A, Muller CR, Munoz C, Bolden-Rush C, 
Palmer AF, et al. Resuscitation from hemorrhagic shock with 
fresh and stored blood and polymerized hemoglobin. Shock. 
2020;54:464–73.

 18. Gould SA, Moore EE, Moore FA, Haenel JB, Burch JM, Sehgal 
H, et al. Clinical utility of human polymerized hemoglobin as a 
blood substitute after acute trauma and urgent surgery. J Trauma. 
1997;43(2):325–31 (discussion 31–2).

 19. Vincent JL, Privalle CT, Singer M, Lorente JA, Boehm E, Meier-
Hellmann A, et al. Multicenter, randomized, placebo-controlled 
phase III study of pyridoxalated hemoglobin polyoxyethylene in 
distributive shock (PHOENIX). Crit Care Med. 2015;43(1):57–64.

 20. Levy JH, Goodnough LT, Greilich PE, Parr GV, Stewart RW, 
Gratz I, et  al. Polymerized bovine hemoglobin solution as a 
replacement for allogeneic red blood cell transfusion after car-
diac surgery: results of a randomized, double-blind trial. J Thorac 
Cardiovasc Surg. 2002;124(1):35–42.

 21. Moore EE, Moore FA, Fabian TC, Bernard AC, Fulda GJ, Hoyt 
DB, et al. Human polymerized hemoglobin for the treatment of 
hemorrhagic shock when blood is unavailable: the USA multi-
center trial. J Am Coll Surg. 2009;208(1):1–13.

 22. Gulati A, Barve A, Sen AP. Pharmacology of hemoglobin thera-
peutics. J Lab Clin Med. 1999;133(2):112–9.

 23. Spahn DR, Kocian R. Artificial O2 carriers: status in 2005. Curr 
Pharm Des. 2005;11(31):4099–114.

 24. Holcomb JB, Tilley BC, Baraniuk S, Fox EE, Wade CE, Pod-
bielski JM, et al. Transfusion of plasma, platelets, and red blood 
cells in a 1:1:1 vs a 1:1:2 ratio and mortality in patients with 
severe trauma: the PROPPR randomized clinical trial. JAMA. 
2015;313(5):471–82.

 25. Holcomb JB, Jenkins D, Rhee P, Johannigman J, Mahoney P, 
Mehta S, et al. Damage control resuscitation: directly addressing 
the early coagulopathy of trauma. J Trauma. 2007;62(2):307–10.

 26. Nederpelt CJ, El Hechi MW, Kongkaewpaisan N, Kokoroskos 
N, Mendoza AE, Saillant NN, et al. Fresh frozen plasma-to-
packed red blood cell ratio and mortality in traumatic hemor-
rhage: nationwide analysis of 4,427 patients. J Am Coll Surg. 
2020;230(6):893–901.

 27. Havel C, Arrich J, Losert H, Gamper G, Mullner M, Herkner H. 
Vasopressors for hypotensive shock. Cochrane Database Syst Rev. 
2011;5:CD003709.

 28. Al-Hesayen A, Parker JD. The effects of dobutamine on renal 
sympathetic activity in human heart failure. J Cardiovasc Phar-
macol. 2008;51(5):434–6.

 29. Abid O, Akca S, Haji-Michael P, Vincent JL. Strong vasopres-
sor support may be futile in the intensive care unit patient with 
multiple organ failure. Crit Care Med. 2000;28(4):947–9.

 30. Aoki M, Abe T, Saitoh D, Hagiwara S, Oshima K. Use of vaso-
pressor increases the risk of mortality in traumatic hemorrhagic 
shock: a nationwide cohort study in Japan. Crit Care Med. 
2018;46(12):e1145–51.

 31. Santry HP, Alam HB. Fluid resuscitation: past, present, and the 
future. Shock. 2010;33(3):229–41.

 32. Link RE, Desai K, Hein L, Stevens ME, Chruscinski A, Bernstein 
D, et al. Cardiovascular regulation in mice lacking alpha2-adren-
ergic receptor subtypes b and c. Science. 1996;273(5276):803–5.

 33. Muszkat M, Kurnik D, Solus J, Sofowora GG, Xie HG, Jiang 
L, et  al. Variation in the alpha2B-adrenergic receptor gene 
(ADRA2B) and its relationship to vascular response in vivo. 
Pharmacogenet Genom. 2005;15(6):407–14.

 34. Gulati A, Jain D, Agrawal NR, Rahate P, Choudhuri R, Das S, 
et al. Resuscitative effect of centhaquine (Lyfaquin®) in hypov-
olemic shock patients: a randomized, multicentric, controlled trial. 
Adv Ther. 2021. https:// doi. org/ 10. 1007/ s12325- 021- 01760-4.

 35. Chalkias A, Koutsovasilis A, Laou E, Papalois A, Xanthos T. 
Measurement of mean systemic filling pressure after severe hem-
orrhagic shock in swine anesthetized with propofol-based total 
intravenous anesthesia: implications for vasopressor-free resus-
citation. Acute Crit Care. 2020;35(2):93–101.

 36. Gulati A, Hussain G, Srimal RC. Effect of repeated administration 
of centhaquin, a centrally acting hypotensive drug, on adrenergic, 
cholinergic (Muscarinic), dopaminergic, and serotonergic recep-
tors in brain-regions of rat. Drug Dev Res. 1991;23(4):307–23.

 37. Gulati A, Lavhale MS, Garcia DJ, Havalad S. Centhaquin 
improves resuscitative effect of hypertonic saline in hemorrhaged 
rats. J Surg Res. 2012;178(1):415–23.

 38. Gulati A, Zhang Z, Murphy A, Lavhale MS. Efficacy of 
centhaquin as a small volume resuscitative agent in severely hem-
orrhaged rats. Am J Emerg Med. 2013;31(9):1315–21.

 39. Lavhale MS, Havalad S, Gulati A. Resuscitative effect of 
centhaquin after hemorrhagic shock in rats. J Surg Res. 
2013;179(1):115–24.

 40. Papapanagiotou P, Xanthos T, Gulati A, Chalkias A, Papalois A, 
Kontouli Z, et al. Centhaquin improves survival in a swine model 
of hemorrhagic shock. J Surg Res. 2016;200(1):227–35.

 41. Kontouli Z, Staikou C, Iacovidou N, Mamais I, Kouskouni E, 
Papalois A, et al. Resuscitation with centhaquin and 6% hydroxy-
ethyl starch 130/0.4 improves survival in a swine model of hem-
orrhagic shock: a randomized experimental study. Eur J Trauma 
Emerg Surg. 2019;45(6):1077–85.

 42. Gulati A, Lavhale M, Giri R, Andurkar S, Xanthos T. Centhaquine 
citrate. Alpha2B-adrenoceptor ligand, resuscitative agent for 
hypovolemic shock. Drugs Fut. 2020;45(3):153–63.

 43. Birkhahn RH, Gaeta TJ, Terry D, Bove JJ, Tloczkowski J. Shock 
index in diagnosing early acute hypovolemia. Am J Emerg Med. 
2005;23(3):323–6.

 44. Rady MY, Rivers EP, Martin GB, Smithline H, Appelton T, 
Nowak RM. Continuous central venous oximetry and shock index 
in the emergency department: use in the evaluation of clinical 
shock. Am J Emerg Med. 1992;10(6):538–41.

 45. Huang YS, Chiu IM, Tsai MT, Lin CF, Lin CF. Delta shock index 
during emergency department stay is associated with in hos-
pital mortality in critically ill patients. Front Med (Lausanne). 
2021;8:648375.

https://doi.org/10.1007/s12325-021-01760-4


1099Randomized Trial of Centhaquine for Hypovolemic Shock

 46. Goulden R, Hoyle MC, Monis J, Railton D, Riley V, Martin P, 
et al. qSOFA, SIRS and NEWS for predicting inhospital mortality 
and ICU admission in emergency admissions treated as sepsis. 
Emerg Med J. 2018;35(6):345–9.

 47. Seymour CW, Liu VX, Iwashyna TJ, Brunkhorst FM, Rea TD, 
Scherag A, et al. Assessment of clinical criteria for sepsis: for 
the third international consensus definitions for sepsis and septic 
shock (sepsis-3). JAMA. 2016;315(8):762–74.

 48. Peek GJ, Mugford M, Tiruvoipati R, Wilson A, Allen E, Thalanany 
MM, et al. Efficacy and economic assessment of conventional 
ventilatory support versus extracorporeal membrane oxygenation 
for severe adult respiratory failure (CESAR): a multicentre ran-
domised controlled trial. Lancet. 2009;374(9698):1351–63.

 49. Murray JF, Matthay MA, Luce JM, Flick MR. An expanded defi-
nition of the adult respiratory distress syndrome. Am Rev Respir 
Dis. 1988;138(3):720–3.

 50. Marshall JC, Cook DJ, Christou NV, Bernard GR, Sprung 
CL, Sibbald WJ. Multiple organ dysfunction score: a reli-
able descriptor of a complex clinical outcome. Crit Care Med. 
1995;23(10):1638–52.

 51. Langan NR, Eckert M, Martin MJ. Changing patterns of in-hospi-
tal deaths following implementation of damage control resuscita-
tion practices in US forward military treatment facilities. JAMA 
Surg. 2014;149(9):904–12.

 52. Jacob M, Sahu S, Singh YP, Mehta Y, Yang KY, Kuo SW, et al. A 
prospective observational study of rational fluid therapy in Asian 
intensive care units: another puzzle piece in fluid therapy. Indian 
J Crit Care Med. 2020;24(11):1028–36.

 53. Berlin DA, Bakker J. Understanding venous return. Intensive Care 
Med. 2014;40(10):1564–6.

 54. Jansen JR, Maas JJ, Pinsky MR. Bedside assessment of mean 
systemic filling pressure. Curr Opin Crit Care. 2010;16(3):231–6.

 55. Shen T, Baker K. Venous return and clinical hemodynamics: how 
the body works during acute hemorrhage. Adv Physiol Educ. 
2015;39(4):267–71.

 56. El-Menyar A, Goyal P, Tilley E, Latifi R. The clinical utility of 
shock index to predict the need for blood transfusion and out-
comes in trauma. J Surg Res. 2018;227:52–9.

 57. Marenco CW, Lammers DT, Morte KR, Bingham JR, Martin 
MJ, Eckert MJ. Shock index as a predictor of massive transfusion 

and emergent surgery on the modern battlefield. J Surg Res. 
2020;16(256):112–8.

 58. Guyette F, Suffoletto B, Castillo JL, Quintero J, Callaway C, Puy-
ana JC. Prehospital serum lactate as a predictor of outcomes in 
trauma patients: a retrospective observational study. J Trauma. 
2011;70(4):782–6.

 59. Pan J, Peng M, Liao C, Hu X, Wang A, Li X. Relative efficacy 
and safety of early lactate clearance-guided therapy resuscitation 
in patients with sepsis: a meta-analysis. Medicine (Baltimore). 
2019;98(8):e14453.

 60. Giancarelli A, Birrer KL, Alban RF, Hobbs BP, Liu-DeRyke X. 
Hypocalcemia in trauma patients receiving massive transfusion. 
J Surg Res. 2016;202(1):182–7.

 61. Ditzel RM Jr, Anderson JL, Eisenhart WJ, Rankin CJ, DeFeo 
DR, Oak S, et al. A review of transfusion- and trauma-induced 
hypocalcemia: Is it time to change the lethal triad to the lethal 
diamond? J Trauma Acute Care Surg. 2020;88(3):434–9.

 62. Santacruz CA, Pereira AJ, Celis E, Vincent JL. Which multi-
center randomized controlled trials in critical care medicine have 
shown reduced mortality? A systematic review. Crit Care Med. 
2019;47(12):1680–91.

 63. Divatia JV, Amin PR, Ramakrishnan N, Kapadia FN, Todi S, 
Sahu S, et al. Intensive care in India: the Indian intensive care 
case mix and practice patterns study. Indian J Crit Care Med. 
2016;20(4):216–25.

 64. Bhandarkar P, Patil P, Soni KD, O’Reilly GM, Dharap S, Mathew 
J, et al. An analysis of 30-day in-hospital trauma mortality in 
four urban university hospitals using the Australia india trauma 
registry. World J Surg. 2021;45(2):380–9.

 65. Jiang S, Wu M, Lu X, Zhong Y, Kang X, Song Y, et al. Is restric-
tive fluid resuscitation beneficial not only for hemorrhagic shock 
but also for septic shock?: a meta-analysis. Medicine (Baltimore). 
2021;100(12):e25143.

 66. Vignon P, Laterre PF, Daix T, Francois B. New agents 
in development for sepsis: any reason for hope? Drugs. 
2020;80(17):1751–61.

 67. Kalkwarf KJ, Cotton BA. Resuscitation for hypovolemic shock. 
Surg Clin N Am. 2017;97(6):1307–21.

 68. Das SK, Choupoo NS, Ray S. Reducing vasopressor expo-
sure in patients with vasodilatory hypotension. JAMA. 
2020;324(9):897–8.

Authors and Affiliations

Anil Gulati1  · Rajat Choudhuri2 · Ajay Gupta3 · Saurabh Singh4 · S. K. Noushad Ali5 · Gursaran Kaur Sidhu6 · 
Parvez David Haque7 · Prashant Rahate8 · Aditya R. Bothra9 · Gyan P. Singh10 · Sanjiv Maheshwari11 · 
Deepak Jeswani12 · Sameer Haveri13 · Apurva Agarwal14 · Nilesh Radheshyam Agrawal15

 * Anil Gulati 
 anil.gulati@pharmazz.com; agulat@midwestern.edu

1 Pharmazz, Inc., 50 West 75th Street, Suite 105, 
Willowbrook, IL 60527, USA

2 Institute of Postgraduate Medical Education 
and Research/SSKM Hospital, Kolkata, West Bengal, India

3 Chiranjeev Medical Centre, Jhansi, Uttar Pradesh, India

4 Institute of Medical Sciences, Banaras Hindu University, 
Varanasi, Uttar Pradesh, India

5 ACSR Government Medical College and Hospital, Nellore, 
Andhra Pradesh, India

6 Sidhu Hospital Pvt. Ltd., Ludhiana, Punjab, India
7 Christian Medical College and Hospital, Ludhiana, Punjab, 

India
8 Seven Star Hospital, Nagpur, Maharashtra, India

http://orcid.org/0000-0002-7420-4554


1100 A. Gulati et al.

9 Rahate Surgical Hospital and ICU, Nagpur, Maharashtra, 
India

10 King George’s Medical University, Lucknow, Uttar Pradesh, 
India

11 Jawahar Lal Nehru Medical College and Attached Hospital, 
Ajmer, Rajasthan, India

12 Criticare Hospital and Research Institute, Nagpur, 
Maharashtra, India

13 KLE’s Dr. Prabhakar Kore Hospital and Medical Research 
Centre, Belgaum, Karnataka, India

14 GSVM Medical College, Uttar Pradesh, Kanpur, India
15 New Era Hospital, Nagpur, Maharashtra, India


	A Multicentric, Randomized, Controlled Phase III Study of Centhaquine (Lyfaquin®) as a Resuscitative Agent in Hypovolemic Shock Patients
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 
	Trial Registration 

	1 Introduction
	2 Methods
	2.1 Trial Design
	2.2 Regulatory Oversight
	2.3 Patient Population
	2.4 Consent
	2.5 Randomization and Blinding
	2.6 Treatment
	2.7 Data and Safety Monitoring Board
	2.8 Safety Evaluation
	2.9 Efficacy Assessments
	2.10 Sample Size and Statistical Analysis

	3 Results
	3.1 Patient Enrolment and Demographics
	3.2 Patient Assessment at the Time of Inclusion
	3.3 Total Fluids, Blood and Blood Products, and Vasopressors
	3.4 Time in Hospital, in the Intensive Care Unit, and on the Ventilator
	3.5 Systemic Hemodynamics
	3.6 Shock Index
	3.7 Blood Lactate Levels
	3.8 Base Deficit
	3.9 Acute Respiratory Distress Syndrome and Multiple Organ Dysfunction Syndrome
	3.10 All-Cause Mortality
	3.11 Safety and Tolerability

	4 Discussion
	5 Conclusion
	Acknowledgements 
	References




