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Abstract 

Purpose: To investigate the effect of phentolamine adjuvant therapy on hemodynamics and cardiac 
function in patients with sepsis-induced myocardial injury. 
Methods: A total of 96 patients with sepsis-induced myocardial injury between January 2019 and 
October 2023 admitted in Hangzhou Fuchun Traditional Chinese Orthopedic Hospital, Hangzhou, 
Zhejiang, China were randomly and equally assigned to control and study groups. The control group 
received routine treatment while the study group received phentolamine 5 mg/h for 24 h in addition to 
routine treatment. Blood lactate levels before and after treatment were compared. Intrathoracic blood 
volume index (ITBVI), systemic vascular resistance index (SVRI), heart rate (HR), mean arterial 
pressure (MAP), cardiac troponin I (cTnI) and N-terminal pro-brain natriuretic peptide (NT-proBNP), as 
well as cardiac index (CI), left ventricular ejection fraction (LVEF), left ventricular end-systolic diameter 
(LVESD), and left ventricular end-diastolic diameter (LVEDD), were also evaluated before and after 
treatment. Furthermore, 28-day survival rates and intensive care unit (ICU) stay time were compared. 
Results: The study group showed significantly lower blood lactate levels at 12, 48, and 72 h after 
treatment compared to control group (p < 0.05). The study group showed significantly higher levels of 
MAP, ITBVI, SVRI, CI, and LVEF; and significantly lower levels of HR, LVESD, LVEDD, cTnI, and NT-
proBNP after 7 days than the control group (p < 0.05). No deaths occurred within 7 days after treatment 
in either group. However, the study group exhibited significantly lower ICU stay time and 28-day 
mortality than the control group (p < 0.05). 
Conclusions: Phentolamine adjuvant therapy significantly improves hemodynamics, enhances cardiac 
function, mitigates myocardial injury, and restores blood lactate levels in patients with sepsis-induced 
myocardial injury. Longer follow-up would be necessary to evaluate long-term effect and potential 
complications of phentolamine-adjuvant therapy. 
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INTRODUCTION 
 

Sepsis is a severe, life-threatening condition 
resulting from a dysregulated host response to 
infection, leading to tissue damage and 

dysfunction in multiple organs, including the 
heart, lungs, kidneys, and liver [1]. In 2017, the 
global incidence of new sepsis cases reached 
48.9 million, with 11 million sepsis-related deaths 
accounting for 19.7 % of global deaths [1,2]. 
Myocardial injury is a complication of sepsis, and 
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statistics show that over 40 % of patients with 
sepsis worldwide present symptoms of 
myocardial injury. Without timely and effective 
treatment, it may progress to heart failure, with a 
significant risk to life [3]. 
 
Phentolamine is a non-selective alpha (α)-
adrenergic receptor blocker which dilate blood 
vessels, improve microcirculation, increase renal 
blood flow, and have diuretic and detoxifying 
effects [4]. In addition, it reduces cardiac load, 
relieves bronchospasm, alleviates vascular 
resistance, lowers pulmonary artery pressure, 
and prevents heart failure by effectively 
improving patient lung ventilation and reducing 
blood vessel resistance [5]. 
 
Sepsis-induced myocardial injury is a significant 
factor contributing to high mortality rate in septic 
patients. Myocardial dysfunction associated with 
sepsis is attributed to several mechanisms, 
including inflammatory responses, oxidative 
stress, and microcirculatory dysfunction [1]. 
Ability of phentolamine to counteract these 
mechanisms makes it a promising therapeutic 
agent. Phentolamine improves hemodynamics by 
dilating blood vessels and reducing systemic 
vascular resistance, which enhance cardiac 
output and reduce heart workload. This is 
particularly important in septic patients, where 
myocardial depression and hemodynamic 
instability are common [1]. Furthermore, 
vasodilatory effect of phentolamine improves 
microcirculation, thus enhancing tissue perfusion 
and oxygen delivery, which is fundamental in 
preventing multi-organ failure in sepsis [3]. 
Therefore, this study investigated the effect of 
phentolamine adjuvant therapy on 
hemodynamics and cardiac function in patients 
with sepsis-induced myocardial injury. 
 

METHODS 
 
General patient information  
 
A total of 96 patients with sepsis-induced 
myocardial injury admitted to Hangzhou Fuchun 
Traditional Chinese Orthopedic Hospital, 
Hangzhou, Zhejiang, China from January 2019 to 
October 2023 were randomly and equally 
assigned to control and study groups using a 
random number table [1]. Control group received 
routine treatment, while study group received 
phentolamine in addition to routine treatment. 
Control group was comprised of 28 males and 20 
females, with an age range of 45 - 75 years, 
mean of 61.48 ± 2.29 years, average body mass 
index (BMI) of 21.56 ± 2.14 kg/m2, 22 cases of 
pulmonary infection, 8 cases of abdominal 
infection, 7 cases of urinary tract infection, and 1 

case of skin infection classified into mild sepsis 
(15 cases), moderate to severe sepsis (20 
cases), and septic shock (13 cases). The study 
group comprised 27 males and 21 females, with 
an age range of 45 - 75 years, mean of 61.39 ± 
2.31 years, average BMI of 21.61 ± 2.18 kg/m2, 
23 cases of pulmonary infection, 7 cases of 
abdominal infection, 6 cases of urinary tract 
infection, and 2 cases of skin infection classified 
into mild sepsis (14 cases), moderate to severe 
sepsis (22 cases), and septic shock (6 cases) [6]. 
 
Ethical approval 
 
This study was approved by the Hospital's Ethics 
Committee of Hangzhou Fuchun Traditional 
Chinese Orthopedic Hospital (approval no. 
HZ00230512) and conducted in accordance with 
the guidelines of Declaration of Helsinki [6]. 
Informed consent was obtained from patients 
and their families. 
 
Inclusion criteria 
 
Patients who met the diagnostic criteria for 
sepsis in consensus [7] and guidelines [8], met 
the diagnostic criteria for myocardial injury in the 
2019 White Paper on the assessment and 
treatment of type 2 myocardial infarction and 
acute non-ischemic myocardial injury [9], had not 
used antibiotics, hormones, or the study drugs 
before enrollment, time interval from onset of 
septic shock to admission, and then intensive 
care unit did not exceed 24 h, and patients with 
complete clinical data. 
 
Exclusion criteria 
 
Patients with a history of surgery within the past 
2 years, presence of severe coagulation 
dysfunction, severe liver, kidney or other vital 
organs dysfunction, allergy or intolerance to 
study drugs, and poor compliance. 
  
Treatments 
 
Control group received conventional treatment 
(anti-infection, maintenance of electrolyte 
balance, correction of acid-base balance, blood 
pressure elevation, fluid resuscitation, and low-
dose 200 mg/day glucocorticoids (Tianjin 
Biochem Pharmaceutical Co. Ltd; National 
Medical Products Administration no. H20065068) 
[10]. Intravenous infusion of 4 g cefoperazone 
sulbactam (Zhejiang Conba Pharmaceutical Co. 
Ltd; National Medical Products Administration no. 
H20043010) was administered every 12 h, with 
dosage adjustments based on the specific 
condition of the patient. Study group received 
phentolamine hydrochloride (Zhangjiakou 
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Shengda Pharmaceutical Co. Ltd, Zhangjiakou, 
China; National Medical Products Administration 
no. H20020359) dissolved in 20 mL of 0.9 % 
sodium chloride solution at a concentration of 10 
mg/mL and continuously infused through 
peripheral intravenous access for 24 h in addition 
to conventional treatment. Treatment duration 
was 15 days. 
 
Evaluation of parameters/indices 
 
Blood lactate  
 
Peripheral venous blood (3 mL) was collected 
from the patients before treatment, 12, 48, and 
72 h after treatment. The samples were 
centrifuged at 3000 rpm for 10 min at a radius of 
10 cm, and the supernatant was collected and 
stored at -70 °C. Blood lactate level was 
measured using an automated biochemical 
analyzer (Shanghai Elite Biotech Co., Ltd., 
Shanghai, China). 
  
Hemodynamic indices 
 
Heart rate (HR), mean arterial pressure (MAP), 
intrathoracic blood volume index (ITBVI), and 
systemic vascular resistance index (SVRI) were 
measured in triplicate before and 7 days after 
treatment using an electrocardiographic monitor 
(Jiangsu Dawei Medical Equipment Co. Ltd) [4]. 
 
Myocardial injury 
 
Peripheral venous blood (3 mL) was aseptically 
collected, centrifuged and the supernatant was 
stored at -70 °C. Serum levels of cardiac 
troponin I (cTnI) and N-terminal pro-brain 
natriuretic peptide (NT-proBNP) were measured 
using an automated chemiluminescent 
immunoassay analyzer (China Thermo Fisher 
Scientific Co. Ltd, Shanghai, China) on 
admission day and 7 days after treatment. 
 
Cardiac function   
 
Cardiac function index (CI), left ventricular 
ejection fraction (LVEF), left ventricular end-
diastolic diameter (LVEDD), and left ventricular 
end-systolic diameter (LVESD) were measured 
in triplicate before and 7 days after treatment 

using a color Doppler ultrasound diagnostic 
instrument (Jiangsu Dawei Medical Equipment 
Co. Ltd, Xuzhou, China) [2]. 
 
Prognosis  
 
A follow-up was conducted at 28 days after 
treatment to determine the 28-day survival rate 
and duration of stay in the intensive care unit 
(ICU). 
 
Statistical analysis  
 
Data was analyzed using Statistic Package for 
Social Science (SPSS) 22.0 version 22.0 
software (IBM, Armonk, NY, USA). Measurement 
data were presented as mean ± standard 
deviation (SD) and compared using Students’ t-
tests. P < 0.05 was considered statistically 
significant. 
 

RESULTS 
 
Blood lactate 
 
Study group showed significantly lower blood 
lactate levels at 12, 48 and 72 h after treatments 
compared to control group (Table 1). 
 
Hemodynamic indices 
 
Study group showed significantly higher levels of 
MAP, ITBVI, and SVRI and lower HR compared 
to control group (p < 0.05; Table 2). 
 
Cardiac function indices 
 
Study group showed significantly higher levels of 
CI and LVEF after 7 days of treatment compared 
to control group (p < 0.05). Furthermore, study 
group showed significantly lower LVESD and 
LVEDD compared to control group (p < 0.05; 
Table 3). 
 
Myocardial injury indices 
 
Study group showed significantly lower levels of 
cTnI and NT-proBNP compared to control group 
(p < 0.05; Table 4). 

 
      Table 1: Levels of blood lactate in patients (mean ± SD; n = 48) 

 

Group Blood lactic acid (mmol/L) 

Before treatment 12 h 48 h 72 h 

Control  6.61±0.45 5.88±0.39* 2.89±0.57* 1.53±0.22* 
Study 6.63±0.48 4.14±0.35* 1.56±0.41* 0.74± 0.11* 

       *P < 0.05 vs before treatment values 
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Table 2: Hemodynamic indices (mean ± SD; n = 48) 
 

Group ITBVI (mL/m2) SVRI (dyn·s·cm-5·m2) HR (time/min) MAP (mmHg) 

Before 
treatment 

7 days 
after treatment 

Before 
treatment 

7 days 
after treatment 

Before 
treatment 

7 days after 
treatment 

Before 
treatment 

7 days after 
treatment 

Control 755.46±12.35 853.84±13.76 1580.36±101.24 1857.61±100.45 96.75±4.59 92.13±3.92 63.05±4.12 86.08±3.31 
Study 755.92±12.31 926.69±14.01* 1596.19±101.37 2193.28±100.48* 96.83±4.62 85.37±3.96* 63.11±4.23 88.92±3.07* 
T-value 0.183 25.702 0.766 16.368 0.12 8.405 0.07 4.358 
P-value 0.855 <0.05 0.446 <0.05 0.905 <0.05 0.944 <0.05 

Note: *P < 0.05 vs control group 
 
Table 3: Cardiac function indices (mean ± SD, n = 48) 
 

Group LVEF (%) LVEDD (mm) LVESD (mm) CI (L/(min·m2) 

Before 
treatment 

7 days 
after treatment 

Before 
treatment 

7 days  
after treatment 

Before 
treatment 

7 days after 
treatment 

Before 
treatment 

7 days after 
treatment 

Control 43.24±4.38 53.87±5.04 61.69±3.12 49.25±3.29 48.06±2.94 38.07±2.61 2.54±0.12 3.07±0.25 
Study 43.19±4.32 57.36±5.08* 61.73±3.18 43.74±3.26* 48.09±2.87 33.54±2.56* 2.58±0.13 3.36±0.29* 
T-value 0.056 3.379 0.062 8.242 0.051 8.585 1.566 5.247 
P-value 0.955 0.001 0.951 <0.05 0.96 <0.05 0.121 <0.05 

Note: *P < 0.05 vs control group 
 
Table 4: Myocardial injury indices (mean ± SD; n = 48) 
 

Group cTnI (ng/L) NT-proBNP (ng/L) 

Before treatment After treatment Before treatment After treatment 

Control 4.61±0.85 2.86±0.45 2337.01±505.43 1028.16±255.05 
Study 4.63±0.69 1.12±0.47* 2346.98±545.37 622.24±104.98* 
T-value 0.127 18.527 0.093 10.196 
P-value 0.9 <0.05 0.926 <0.05 

 Note: *P < 0.05 vs control group 
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Prognosis 
 
There was no death within the first 7 days of 
treatment in both groups. However, study group 
showed significantly lower ICU admission time 
and 28-day mortality rate compared to control 
group (p < 0.05; Table 5). 
 
Table 5: ICU admission time and 28-day mortality rate 
(mean ± SD; n = 48) 
 

Group ICU Admission 
time (days) 

28-Day mortality 
rate (%) 

Control 13.01±4.06 17(35.42%)  
Study 9.81±3.52 10(20.83%) 
P-value < 0.05 < 0.05 

 

DISCUSSION 
 
Sepsis has become a major cause of death in 
critically ill patients with gram-negative bacteria 
as main pathogens, followed by fungi and viruses 
[10]. Sepsis-induced myocardial injury damages 
the myocardium during the development, and the 
mortality rate of patients with sepsis increases 
significantly after developing myocardial injury. 
Currently, specific mechanism of sepsis-induced 
myocardial injury is not fully understood but 
studies have found that sepsis-induced 
myocardial injury is closely related to 
metabolism, hemodynamics, and other aspects 
of cellular injury [11,12]. For patients with sepsis, 
intensive anti-infection therapy is the key to 
treatment. Although cefoperazone/sulbactam has 
a strong antibacterial effect, the efficacy is limited 
when used alone and may not effectively inhibits 
the high mortality rate [13]. 
 
Phentolamine dilates blood vessels, reduces 
peripheral vascular resistance, reduces cardiac 
load, increases cardiac output, and enhances 
myocardial contractile function [13-15]. Results of 
this study showed that study group showed 
significantly lower levels of blood lactate at 12, 
48, and 72 h after treatment compared to control 
group. This suggests that phentolamine adjuvant 
therapy improves blood lactate levels and 
hypoxia in patients with sepsis-induced 
myocardial injury. This may be because such 
patients experience microcirculation disorders, 
leading to poor capillary perfusion and elevated 
blood lactate levels, which further triggers a 
hypoxic state [16]. 
 
Phentolamine effectively relieves peripheral 
vascular spasm, improves visceral blood 
perfusion and microcirculation, helps dilate 
micro-vessels, improves supply of blood and 
oxygen to the body, reduces anaerobic 
respiration of cells, and decreases blood lactate 

levels. Results of this study showed that study 
group exhibited significantly higher MAP, ITBVI, 
SVRI, CI, and LVEF; and lower HR, LVESD, 
LVEDD, cTnI, and NT-proBNP levels compared 
to control group. This suggests that 
phentolamine-adjuvant therapy improves 
hemodynamics, enhances cardiac function, and 
reverses myocardial injury in patients with 
sepsis-induced myocardial injury [17]. This is 
likely because, with routine treatment, patients 
have already received basic treatments such as 
anti-infectives and maintenance of normal 
metabolism. 
 
Hemodynamic indices such as SVRI is usually 
used to measure the size of peripheral 
resistance, ITBVI is used to assess cardiac 
preload, MAP accurately reflects status of the 
heart and blood vessels, and HR is used to 
detect heart abnormalities such as myocardial 
ischemia and arrhythmia. Furthermore, cardiac 
function indices such as CI, LVESD, LVEDD, and 
LVEF are used to evaluate the pumping function 
of the left ventricle; cTnI and NT-proBNP are 
indices of myocardial injury, with cTnI being a 
myocardium-specific structural protein involved in 
myocardial contraction. When the concentration 
of calcium ions in the cytoplasm of myocardial 
cells reaches a certain level, cTnI dissociates 
from myosin, causing myocardial contraction [17-
19]. When cTnI levels abnormally increase, it 
indicates impaired myocardial contractile 
function. Also, NT-proBNP is a fragment of the 
precursor of brain natriuretic peptide secreted by 
ventricular cells, and brain natriuretic peptide 
promotes sodium excretion, diuresis, and 
vasodilation. When NT-proBNP levels 
abnormally increase, it indicates the possibility of 
heart failure or cardiovascular disease [20-22]. 
 
Phentolamine alleviates inflammatory damage 
caused by infection and accelerates the 
clearance of oxygen free radicals, thus 
preventing excessive free radicals from causing 
damage to the myocardium. Also, it enhances 
myocardial contractility to improve 
microcirculation perfusion, increases cardiac 
output, and promotes cardiac function recovery. 
Results of this study showed that there were no 
deaths in both groups within the first 7 days of 
treatment. The ICU admission time and 28-day 
mortality rate of study group was significantly 
lower compared to control group. This suggests 
a good prognosis for phentolamine-adjuvant 
therapy. 
 
Limitations of this study 
 
This study involved a relatively small sample size  
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of 96 patients, which may limit generalizability of 
the findings. Larger-scale studies are needed to 
confirm these results. Also, this study was 
conducted at a single hospital, which may 
introduce bias related to local practices and 
patient population characteristics. Multi-center 
studies would help to validate the findings across 
different settings. Furthermore, the follow-up 
period was limited to 28 days. 
 

CONCLUSION 
 
Phentolamine-adjuvant therapy improves 
hemodynamics, enhances cardiac function, 
reverses myocardial injury, restores blood lactate 
levels, and promotes recovery in patients with 
sepsis-induced myocardial injury. Longer follow-
up would be necessary to evaluate long-term 
effects and potential complications of 
phentolamine-adjuvant therapy. 
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