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This study investigates the effects of continuous versus intermittent hydrocortisone administration 
on septic shock patients. Sixty patients were randomized into two groups: one receiving intermittent 
doses of 50 mg of hydrocortisone every 6 h and the other a continuous infusion of 200 mg/day. 
After a 7-day treatment period and a 28-day follow-up, we observed no significant differences in 
the duration of sustained shock, hospital, and ICU stays between the groups. However, those in the 
continuous infusion group experienced shorter periods of mechanical ventilation and vasopressor 
use, with significant improvements in hemodynamic stability. Both treatment approaches improved 
arterial pressure and lactate clearance, with no significant differences in heart rate or cortisol levels 
between the groups at the end of the treatment. Notably, shock reversal rates were higher and 28-day 
mortality rates were lower in the continuous infusion group. These results suggest that continuous 
hydrocortisone infusion may be more effective for managing septic shock, potentially leading to 
better patient outcomes without an increase in adverse reactions. This method could be considered for 
broader clinical implementation in septic shock treatment strategies.
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SOFA	� Sequential Organ Failure Assessment
SPSS	� Statistical Package for Social Sciences

Sepsis is a life-threatening organ dysfunction resulting from a host’s dysregulated response to infection, 
characterized by a malignant onset and rapid progression that can cause multi-organ dysfunction in a short 
period1. Septic shock refers to patients who require vasopressors to maintain a mean arterial pressure (MAP) > 65 
mmHg and/or have lactate levels > 2 mmol/L despite adequate fluid resuscitation, and whose condition, if 
not rapidly reversed, can lead to poor recovery or death2–4. Previous research has shown5 that cortisol plays 
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a crucial role in maintaining metabolic, vascular, and immune system homeostasis during the early stages of 
sepsis, reducing inflammation in organs and minimizing organ dysfunction6. Additionally, cortisol helps restore 
blood volume, enhance vasoconstriction, and improve blood pressure responses to α-1 agonists. Research from 
2018 has indicated7 that hydrocortisone treatment in mechanically ventilated patients with septic shock can 
shorten the duration of shock resolution and ICU stays, but it has shown no significant effect on the 90-day 
mortality rate8. Despite the benefits of hydrocortisone use in most patients with septic shock, the impact of 
the drug may vary depending on the mode of administration due to its differences in pharmacokinetics and 
pharmacodynamics9. Consequently, this study aims to compare the effects and prognostic impacts of continuous 
versus intermittent hydrocortisone administration in this patient population.

Materials and methods
 Study design
This was a randomized, double-blind, placebo-controlled trial designed to compare the effects of continuous 
versus intermittent hydrocortisone infusion on adult patients with septic shock. The study focused on various 
clinical outcomes, with the primary endpoint being 28-day mortality.

Selection of patients, inclusion and exclusion criteria, and randomization
From January 2022 to January 2024, a total of 60 patients diagnosed with septic shock were enrolled. Inclusion 
criteria required patients to be diagnosed with septic shock according to the guidelines, needing vasopressors 
to maintain a mean arterial pressure (MAP) ≥ 65 mmHg and arterial lactate concentrations > 2 mmol/L despite 
adequate fluid resuscitation. Participants had to be ≥ 18 years old with a Sequential Organ Failure Assessment 
(SOFA) score ≥ 2 points. Exclusion criteria included known allergies or contraindications to hydrocortisone, 
psychiatric abnormalities, coagulation disorders, long-term corticosteroid use, current infectious shock under 
corticosteroid treatment, and expected survival of less than 24 h or imminent death from non-infectious causes. 
Patients were randomized in a 1:1 ratio using a random digit table that matched patient identifiers to treatment 
modalities, ensuring unbiased allocation. This table was managed by a designated individual who was not 
involved in patient assessments or treatments. Upon patient enrollment, researchers communicated with the 
randomization manager to determine the treatment modality for each patient based on the random digit table.

Clinical data and patient characteristics
The demographic and baseline clinical characteristics of each group were recorded, including age, gender, Body 
Mass Index (BMI), and underlying conditions such as severe pneumonia, biliary tract infections, septicemia, 
and acute peritonitis.

Methods and interventions
Both groups received standard treatment for sepsis and septic shock, including aggressive antibiotic therapy, 
intravenous fluid resuscitation, transfusion of blood products, and enhanced nutritional support. Additional 
care included prophylaxis for deep vein thrombosis, support for tracheal dysfunction including mechanical 
ventilation, and Continuous Renal Replacement Therapy (CRRT). Vasopressors were optimized based on 
clinical need, and insulin intervention was adjusted according to blood glucose levels. The control group received 
intermittent intravenous hydrocortisone at a dose of 50 mg every 6 h, while the intervention group received a 
continuous infusion of hydrocortisone at 200 mg/day.

Outcome measures
Primary and secondary outcomes were clearly defined. The primary outcome was 28-day mortality, and 
secondary outcomes included shock reversal, length of ICU stay, and safety outcomes assessed by monitoring 
infection rates and adverse reactions to steroids. Additional physiological data such as mean arterial pressure, 
heart rate, lactate clearance rates, and cortisol levels were collected to assess treatment response.

Blinding
To ensure the integrity of outcome assessments, the study was double-blinded. Both the clinicians administering 
the treatments and the staff responsible for assessing outcomes were unaware of group assignments. Blinding 
was achieved by administering hydrocortisone in identically appearing infusion pumps or syringes prepared 
by an independent pharmacist. These devices, externally identical in size, color, and labeling, operated in such 
a manner that did not reveal the method of administration. The pharmacist prepared these delivery systems 
ensuring that neither the method of administration (continuous vs. intermittent) was discernible to the clinical 
staff or the patients. Each device was placed in opaque, tamper-evident packaging that prevented any visual 
inspection until the point of administration, further maintaining the blinding integrity. This method ensures that 
all personnel involved in administering the medication or assessing patient outcomes had no knowledge of the 
specific treatment approach being used. This robust approach to blinding can be replicated in other healthcare 
settings, ensuring that treatment modalities are presented in a manner that is externally indistinguishable.

Power analysis and sample size consideration
A power analysis was conducted prior to the study initiation, aiming for a sample size sufficient to detect a 
statistically significant difference in 28-day mortality between the two groups. Although 120 patients were 
initially estimated to achieve an 80% power at a 5% significance level, the study proceeded with 60 patients due 
to recruitment challenges, acknowledging the potential impact on the power to detect smaller effect sizes.
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Ethical considerations
The study protocol was approved by the institutional ethics committee, and informed consent was obtained from 
all patients or their legal guardians. In accordance with ethical guidelines and institutional policies, the ICU 
allowed for limitation of care procedures when medical futility was determined by a consensus of the treating 
team. To minimize bias related to end-of-life decisions, all cases where limitation of care was considered were 
reviewed by an independent ethics committee not involved in the direct care of the study participants. This 
committee was responsible for ensuring that decisions were made based on predefined clinical criteria and were 
consistent across all patients, irrespective of their group assignment in the study. These measures were intended 
to minimize the potential influence of subjective decision-making on mortality outcomes.

Statistical analysis
Statistical analysis was conducted using SPSS 24.0. Categorical data were analyzed with the χ2 test and 
presented as frequencies and percentages, while continuous data were analyzed with the t-test and presented as 
mean ± standard deviation. A p-value < 0.05 was considered statistically significant.

Results
Patient demographics and clinical characteristics
We included a total of 60 patients in the analysis, with 30 in the treatment group and 30 in the control group. 
The age, gender, BMI, and underlying conditions of these patients aligned with the criteria outlined previously, 
ensuring a consistent demographic and clinical profile across both groups. Additionally, both groups were 
comparable in terms of severity scores at baseline, including SOFA and APACHE II scores, which reflect the 
patients’ critical status upon admission. See Table 1 for details.

Primary outcomes
Comparison of treatment outcomes
No significant differences were observed between the two groups in terms of the duration of sustained shock, 
hospital, and ICU stays (P > 0.05). However, the duration of mechanical ventilation and vasopressor use was 
significantly shorter in the treatment group compared to the control group (P < 0.05). See Table 2 for details.

In handling ICU and hospital stays for deceased patients, we performed a censored analysis for patients who 
died during the study period. This approach adjusted for the shorter potential duration of stay in these cases, 
ensuring that mortality did not skew the results significantly.

Secondary outcomes
Long-term outcomes and drug safety
The 7-day shock reversal rate was significantly higher in the treatment group (P < 0.05), and the 28-day mortality 
rate was significantly lower (P < 0.05). The incidence of adverse effects such as hypokalemia and hypernatremia 
was not significantly different between the groups (P > 0.05). All patients included were able to perform per 
protocol, ensuring full compliance with the study requirements. See Table 3 for details.

Additional physiological data
Hemodynamic parameters and catecholamine index
Significant improvements were noted in mean arterial pressure and heart rate from Day 1 to Day 7 in both 
groups (P < 0.05). We selected Day 1 and Day 7 for these measurements based on clinical standards, which 

Outcome Treatment Group Control Group t-value P-value

Duration of Shock 3.41 ± 0.38 3.43 ± 0.40 0.793 0.327

Hospital Stay 19.21 ± 3.26 19.25 ± 3.54 1.214 0.323

ICU Stay 7.56 ± 1.21 7.61 ± 1.23 0.848 0.613

Mechanical Ventilation Time 6.87 ± 0.79 9.68 ± 0.93 5.671 < 0.001

Vasopressor Usage Time 4.61 ± 0.53 8.32 ± 0.61 7.391 < 0.001

Table 2.  Comparison of treatment outcomes (days).

 

Characteristic Treatment Group Control Group

Number of Cases 30 30

Age (years) 52.13 ± 5.41 51.29 ± 5.35

Gender (M/F) 16/14 17/13

BMI (kg/m2) 24.32 ± 4.56 24.27 ± 4.51

SOFA Score 9.2 ± 1.5 9.4 ± 1.7

APACHE II Score 22.4 ± 3.1 22.1 ± 2.9

Table 1.  Patient demographics and clinical characteristics.

 

Scientific Reports |        (2025) 15:14339 3| https://doi.org/10.1038/s41598-025-99198-z

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


are crucial for assessing early and sustained responses to septic shock treatment. This approach allows for a 
comprehensive evaluation of the immediate effects post-intervention and the longer-term stability under the 
treatment regimen. The catecholamine index, shock withdrawal, and the duration of use of elevated pressure 
medications are included, indicating comparable management of these physiological metrics under both 
treatment regimens. Details are provided in Table 4.

Discussion
In this study, we compared the effects of different administration routes of hydrocortisone on the prognosis 
of septic shock patients. The results demonstrated that there were no significant differences in the duration 
of shock, hospital, and ICU stays between the two groups (P > 0.05); however, the treatment group showed 
shorter durations of mechanical ventilation and vasopressor use post-treatment (P < 0.05), suggesting that 
hydrocortisone can improve outcomes, with continuous infusion being particularly effective.

The significant reduction in 28-day mortality rate observed in the treatment group may be attributed to the 
benefits of continuous hydrocortisone infusion on vascular permeability and immune response modulation. 
Continuous infusion of hydrocortisone effectively reduces fluctuations in blood sugar levels and avoids 
complications such as hypernatremia11. Previous research has shown that glucocorticoid use can lead to 
elevated blood sugar levels, with persistent hyperglycemia being an independent risk factor affecting patient 
outcomes12. Continuous hydrocortisone infusion can mitigate the body’s stress response, inhibit coagulation, 
endothelial cell damage, and apoptosis, thereby stabilizing vital signs, reducing cortisol levels, and enhancing 
lactate clearance13,14.

Both groups showed improved mean arterial pressure and lactate clearance rates after 1 and 7 days of 
treatment compared to before treatment (P < 0.05); heart rate and cortisol levels were also lower after treatment 
(P < 0.05). There were no significant differences between the groups in terms of mean arterial pressure, heart 
rate, cortisol levels, and lactate clearance rates after 1 and 7 days of treatment (P > 0.05). This suggests that both 
administration routes were effective, but continuous infusion provides additional benefits in stabilizing vital 
signs and improving lactate clearance rates.

Regarding the large differences observed in shock withdrawal rate and 28-day mortality rate, while it is 
tempting to attribute these differences solely to variations in blood glucose and electrolyte management, it is 
plausible that other underlying factors are at play. It is important to consider the potential for variations in 
patient adherence to treatment protocols, differences in baseline patient health statuses not fully captured by the 
study parameters, or even unmeasured environmental or procedural factors within our single-center setting that 
could influence these outcomes.

Despite these promising findings, several limitations of this study should be noted. Firstly, the smaller than 
initially calculated sample size, due to recruitment challenges, may have reduced the statistical power necessary 
to detect smaller but clinically significant differences between the treatment groups. This limitation is particularly 
relevant given the observed trends, and it warrants cautious interpretation of the mortality and shock reversal 
outcomes. The limited power might obscure true effects or exaggerate apparent differences; thus, the results 
should be viewed as preliminary. Additionally, as a single-center study, the generalizability of our results may 
be limited. The findings of this study need to be validated in larger, multicenter trials that could more robustly 
ascertain the effects observed here and potentially uncover additional insights that were not detectable in our 
study due to limited sample diversity and size. Future research should aim to replicate and extend these findings 
under more varied conditions and with broader populations to confirm the benefits and generalize the results 
to a wider patient population.

Administering low-dose, short-course glucocorticoids to septic shock patients can reduce the dosage 
of vasopressors needed and enhance the sensitivity of vascular smooth muscle to catecholamine receptors, 

Outcome Treatment Group Control Group P-value

Mean Arterial Pressure (mmHg) 53.69 ± 6.71 53.71 ± 6.72 /

Heart Rate (beats/min) 67.52 ± 7.56 67.83 ± 7.58 /

Catecholamine Index 2.1 ± 0.4 2.3 ± 0.5 0.312

Shock Withdrawal 14 (46.67%) 7 (23.33%) 0.018

Duration of Elevated Pressure Medication Use(days) 4.5 ± 0.7 8.2 ± 1.1 0.000

Table 4.  Hemodynamic parameters and catecholamine index.

 

Outcome Treatment Group Control Group P-value

7-day Shock Reversal Rate 15 (50.00%) 7 (23.33%) 0.032

28-day Mortality Rate 5 (16.67%) 14 (46.67%) 0.012

Safety 1 (3.33%) 1 (3.33%) /

Hypokalemia 0 (0.00%) 1 (3.33%) /

Hypernatremia 1 (3.33%) 1 (3.33%) /

Table 3.  Long-term outcomes and drug safety [n (%)]
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thereby effectively correcting shock15,16. Moreover, continuous infusion of hydrocortisone can also stabilize 
the exogenous cortisol concentration, exerting a strong anti-shock effect and maintaining metabolic balance17. 
Recent meta-analyses have further supported the use of continuous infusion, demonstrating a trend towards 
improved survival rates without significant increases in adverse events, suggesting an optimized protocol for 
glucocorticoid administration in septic shock could further improve patient outcomes18,19.

Conclusions
In this study, patients receiving continuous hydrocortisone infusion exhibited a significantly higher shock reversal 
rate after 7 days (P < 0.05) and a notably reduced 28-day mortality rate compared to the control group treated 
with intermittent doses (P < 0.05). These findings suggest that continuous administration of hydrocortisone not 
only maintains a favorable safety profile but also significantly improves shock reversal rates and decreases long-
term mortality.

Additionally, continuous hydrocortisone infusion was associated with shorter durations of mechanical 
ventilation and vasopressor support, enhanced hemodynamic stability, and overall better treatment outcomes in 
septic shock patients, all without an increase in adverse drug reactions.

Data availability
The datasets generated and analyzed during the current study are not publicly available due to privacy or ethical 
restrictions but are available from the corresponding author, Feng Xu, on reasonable request. The data that sup-
port the findings of this study are kept confidential and are protected under patient privacy regulations. Interest-
ed researchers who meet the criteria for access to confidential data may contact Dr. Feng Xu at the Department 
of Emergency Medicine, the First Affiliated Hospital of Soochow University.
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