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Background: Postoperative delirium (POD) is a common complication in elderly patients. Since ephedrine and phenylephrine have 
different effects on cerebral perfusion and oxygenation, this randomized controlled trial aimed to compare the impact of these two 
drugs on the incidence of POD in elderly patients undergoing total hip or knee arthroplasty under general anesthesia.
Patients and Methods: A total of 142 elderly patients, aged 65 to 80 years, who underwent elective surgery for total hip or knee 
arthroplasty were randomly assigned to either the ephedrine group (Group E) or the phenylephrine group (Group P). POD was 
evaluated using the 3-minute Diagnostic Confusion Assessment Method (3D-CAM). The primary outcome was the incidence of POD 
within three days after surgery, while secondary outcomes included the subtypes of delirium, intraoperative hemodynamic changes, 
intraoperative analgesic consumption, and the occurrence of intraoperative and postoperative adverse events.
Results: Delirium occurred in 5 out of 65 cases (7.7%) in Group E and in 15 out of 67 cases (22.4%) in Group P (relative risk [RR], 
0.344; 95% confidence interval [CI], 0.132 to 0.891; p = 0.019). Compared to Group P, Group E exhibited a significantly lower 
incidence of intraoperative bradycardia (RR, 0.241; 95% CI, 0.114 to 0.508; p < 0.001). However, Group E also demonstrated 
a significantly higher consumption of intraoperative opioids (median difference [MD], 23.0; 95% CI, 2.0 to 25.0 mg; p = 0.020). 
Notably, despite the higher intraoperative opioid consumption in Group E, there was no statistically significant difference in 
postoperative pain scores between the two groups (p > 0.05). Additionally, there were no statistically significant differences between 
the two groups in other indicators, including intraoperative hemodynamic changes and the incidence of postoperative nausea and 
vomiting (p > 0.05).
Conclusion: In conclusion, among elderly patients undergoing hip or knee arthroplasty, the use of ephedrine to correct intraoperative 
hypotension was associated with a reduced incidence of POD within three days compared to phenylephrine. However, the absence of 
cerebral oxygen saturation monitoring and the limited follow-up period of only three days for POD assessment represent significant 
limitations. These factors should be carefully considered when interpreting our results.
Keywords: ephedrine, phenylephrine, delirium, elderly patients, orthopedic surgery

Introduction
Postoperative delirium (POD) is a common complication among elderly surgical patients, with incidence rates ranging from 
29% to 64%, reaching up to 50% in those undergoing total hip or knee arthroplasty.1–3 POD has been associated with 
prolonged hospital stay, increased mortality, and elevated medical costs.4–6 Additionally, it is correlated with long-term 
outcomes such as cognitive decline and an increased risk of dementia.7,8 The etiology of delirium is diverse and complex, 
with numerous risk factors.9,10 Among these factors, intraoperative hypotension has attracted widespread attention as 
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a critical and modifiable factor contributing to POD, with evidence from multiple study types—including multicenter 
cohort studies and meta-analyses—consistently identifying it as an independent and intervenable risk factor.10–13

Intraoperative sustained or severe hypotension elevates the risk of POD, primarily by inducing cerebral ischemia and 
hypoxia due to insufficient cerebral perfusion.14,15 This ischemic-hypoxic state can cause neuronal damage through the 
release of pro-inflammatory cytokines and disrupt the blood-brain barrier via the TLR4/NF-κB pathway, coupled with 
inhibited ATP production. These processes ultimately contribute to POD, especially in elderly patients with compromised 
cerebral autoregulation.16,17 Furthermore, with an aging population, 36% of inpatient surgical patients are aged 65 years 
and older—an age group that may face a relatively higher risk of intraoperative hypotension.18,19 Notably, elderly 
patients undergoing total hip or knee arthroplasty are at an even higher risk of intraoperative hypotension due to 
perioperative fluid shifts and anesthesia-related vasodilation.20 Therefore, effectively preventing intraoperative hypoten
sion in these patients, minimizing its duration when it occurs, and reducing its incidence are critically important for 
decreasing the occurrence of POD.

Ephedrine and phenylephrine, two commonly used perioperative vasoactive drugs, differ significantly in their effects 
on cardiac output (CO) and cerebral tissue oxygen saturation (SctO2).21–23 Ephedrine, a mixed α/β-agonist, increases CO 
by enhancing myocardial contractility and heart rate, whereas phenylephrine, a selective α-agonist, raises blood pressure 
through peripheral vasoconstriction but may reduce CO and cause cerebral vasoconstriction, potentially impairing 
SctO2.22,23 Recent studies have demonstrated that ephedrine is superior to phenylephrine in improving both cerebral 
macro- and microhemodynamics, as well as oxygenation, in patients with brain tumors.24 This suggests that the 
differential effects of ephedrine and phenylephrine on cerebral perfusion may translate to differences in POD incidence. 
Previous research has indicated that imbalances in cerebral perfusion and oxygenation are among the most significant 
causes of POD in surgical patients.25,26 A retrospective study further indicated that ephedrine might reduce the incidence 
of POD when used to correct intraoperative hypotension; however, this finding requires validation in prospective trials.27

This study compares ephedrine and phenylephrine in elderly patients undergoing hip or knee arthroplasty, hypothe
sizing that ephedrine’s beneficial effects on cerebral perfusion and oxygenation will lead to a lower incidence of POD 
compared to phenylephrine.

Methods
Study Design and Participants
This was a prospective, single-blind, single-center, randomized clinical trial (RCT). The study received approval from the 
Medical Ethics Committee of Zigong Fourth People’s Hospital (Ethical approval number: EC-2024-084) and was 
conducted in accordance with the Helsinki Declaration. Additionally, the trial was registered at the Chinese Clinical 
Trial Registry (http://www.chictr.org.cn/) with the registration identifier ChiCTR2400088799 on August 27, 2024. The 
research was carried out at Zigong Fourth People’s Hospital, and written informed consent was obtained from all 
participants or their legal representatives prior to enrollment in the trial.

All patients who participated in the trial received comprehensive information about the study protocol prior to 
enrollment. The inclusion criteria were as follows: (1) patients aged 65 to 80 years with a body mass index (BMI) 
ranging from 18 to 30 kg/m2; (2) American Society of Anesthesiologists (ASA) physical status II to III; (3) an expected 
postoperative hospital stay of ≥ three days or more. The exclusion criteria included: (1) patients with a history of alcohol, 
sedative-analgesic, psychotropic, or substance abuse and addiction; (2) patients with speech or hearing impairments, as 
well as severe neuropsychiatric disorders that prevent effective communication; (3) patients with combined vital organ 
insufficiency, such as cardiac failure or severe hepatic or renal failure (Child-Pugh classification C or an estimated 
glomerular filtration rate of less than 60 mL min−1 per 1.73 m2); (4) patients with allergies to or contraindications for 
ephedrine or phenylephrine; and (5) patients who refuse to sign the informed consent. The criteria for withdrawal were as 
follows: more than 1000 mL of blood loss during surgery or failure to use vasoactive drugs according to the anesthetic 
protocol of this trial.
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Randomization and Masking
Enrolled patients were randomly allocated to receive either ephedrine or phenylephrine following an episode of transient 
hypotension, in a 1:1 ratio. This allocation was determined using a computer-generated random sequence—specifically, 
the sequence was generated via SPSS Statistics 26.0 software using its built-in “Random Number Generator” function. 
Sealed, opaque envelopes were utilized to conceal group assignments, and an assistant who was not involved in the 
anesthesia prepared the drugs for administration. To ensure safe intraoperative medication management, the anesthesiol
ogists were informed of the group assignments but were not involved in the follow-up evaluations. Patients, surgeons, 
data collectors, and the attending anesthesiologist in charge of the post-anesthesia care unit (PACU) were blinded to the 
group assignments. The group allocation was disclosed only after the completion of data collection and analysis.

Anesthesia Method
All patients were required to fast for eight hours prior to the procedure. No preoperative medication was administered to either 
group. Upon arrival in the operating room, preoxygenation was provided using a mask with an oxygen flow rate of 6 L/min, 
and standard monitoring was implemented, which included pulse oximetry (SpO2), electrocardiography (ECG), heart rate 
(HR), non-invasive blood pressure measurement, and bispectral index (BIS) monitoring. Before the induction of anesthesia, 
invasive arterial blood pressure (IBP) was monitored in all patients through radial artery cannulation under local anesthesia.

General anesthesia was induced using sufentanil at a dosage of 0.3 to 0.5 μg/kg, etomidate at 0.1 mg/kg, rocuronium 
at 1 mg/kg, and propofol at 1 to 1.5 mg/kg. Tracheal intubation was performed under laryngoscopic guidance once 
sufentanil and muscarinic agents had taken full effect, followed by the initiation of mechanical ventilation. Intraoperative 
respiratory parameters were set as follows: a tidal volume of 6 to 8 mL/kg, a respiratory rate of 12 breaths per minute, an 
inspired oxygen concentration of 60%, and an inspiratory-expiratory ratio of 1:1.5. These parameters were adjusted as 
necessary to maintain the end-tidal carbon dioxide partial pressure (PetCO2) within the range of 35 to 45 mmHg. 
Anesthesia maintenance was achieved through a combination of intravenous and inhalational agents. Remifentanil was 
administered intravenously at a rate of 0.1 to 0.4 μg/kg/min, while sevoflurane was inhaled to maintain a BIS value of 40 
to 60. Both sevoflurane and remifentanil were discontinued 5 minutes before the end of surgery. Intraoperative fluid 
balance was maintained using Ringer’s lactate, with the infusion rate controlled at 5 to 7 mL/kg per hour. Rehydration 
was provided with succinyl gelatin in cases of significant intraoperative bleeding. In this study, hypotension was 
corrected with either ephedrine or phenylephrine when the intraoperative mean arterial pressure (MAP) fell below 
65 mmHg, based on the results of random group assignment.

After surgery, all patients were transferred to the PACU for resuscitation. Patients with a Steward score of 6 or higher were 
subsequently returned to the ward. Each patient was provided with a patient-controlled analgesia (PCA) device, which was 
connected at the end of the surgical procedure. The PCA solution contained 1 μg/mL of sufentanil, 2 mg of hydromorphone, 
and 9 mg of granisetron, totaling a volume of 150 mL. The PCA device was programmed to deliver a continuous background 
dose of 0.4 mL/kg, along with a bolus dose of 2 mL, and featured a lockout interval of 15 minutes.

Perioperative Hemodynamic Management
The baseline MAP of the patients was determined by averaging three consecutive non-invasive blood pressure 
measurements, each with an error margin of less than 10%, taken every three minutes following their admission to the 
operating room. Intraoperative hypotension is defined as a MAP below 65 mmHg, which is the most commonly used 
threshold for identifying systemic hypotension, particularly intraoperative hypotension.28 Furthermore, evidence suggests 
that this threshold is more strongly associated with POD and other postoperative adverse outcomes.29,30 When the MAP 
remains persistently below 65 mmHg, confirmed by continuous monitoring for at least 30 seconds, 1 mL of ephedrine 
(6 mg/mL) or phenylephrine (75 μg/mL) is administered intravenously, based on the equivalent doses of these agents.31 If 
the MAP does not return to 65 mmHg or above within 2 minutes after the first dose, the same drug and dosage may be 
administered again. The maximum number of consecutive doses should not exceed three. If the MAP still fails to reach 
the target after three doses, the anesthesiologist may switch to alternative blood pressure management strategies based on 
clinical judgment and must document the adjustment process in detail in the case report form. Intraoperative hypertension 
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was defined as a MAP exceeding 160 mmHg or an increase of more than 20% from the baseline value. If the patient 
developed hypertension, the rate of remifentanil infusion or the concentration of sevoflurane was increased to deepen the 
anesthesia. In the event of intraoperative bradycardia (defined as a heart rate of less than 50 beats per minute), 0.5 mg of 
atropine was administered. In the cases of tachycardia (defined as a heart rate greater than 120 beats per minute), 20 mg 
of esmolol was administered.

Outcome Measures
Primary Outcome
The primary outcome was the incidence of delirium during the first three postoperative days. Delirium assessments were 
conducted using the 3-minute Diagnostic Confusion Assessment Method (3D-CAM) twice daily, between 8:00–10:00 
and 16:00–20:00, by the same research team member who had received training prior to the study and was blinded to 
group allocation. Patients with POD were further classified into three subtypes based on their levels of consciousness, as 
evaluated by the Richmond Agitation Sedation Scale (RASS) immediately prior to the delirium assessment. Hyperactive 
delirium was defined as a consistently positive RASS score (+1 to +4), hypoactive delirium was defined as a consistently 
neutral or negative RASS score (–3 to 0), and mixed delirium was characterized by the presence of both hypoactive and 
hyperactive delirium episodes during the observation period.

Secondary Outcomes
The secondary outcomes included MAP, HR, SpO2, BIS and PetCO2 at the following time points: at the baseline (T0), 
5 minutes after intubation (T1), at the beginning of surgery (T2), 30 minutes after the start of surgery (T3), 60 minutes 
after the start of surgery (T4), and at the end of surgery (T5). Additionally, the secondary outcomes encompassed the 
incidence of delirium subtypes, the number of days with delirium, total intraoperative opioid consumption, total 
vasoactive drug consumption, length of stay in the PACU, postoperative pain scores, and length of hospital stay. The 
following adverse events were recorded: intraoperative hypotension, intraoperative hypertension, tachycardia, bradycar
dia, incidence of low BIS, incidence of hypothermia, incidence of postoperative nausea and vomiting (PONV) within 
three days postoperatively, unplanned transfer to the intensive care unit (ICU), intraoperative awareness, and post
operative hypoxemia. The total intraoperative consumption of opioids will be converted to intravenous morphine 
milligram equivalents (IMME) using the following conversion standards: 1 microgram of sufentanil is equivalent to 1 
milligram of morphine, and 1 milligram of morphine is equivalent to 10 micrograms of remifentanil.32 Postoperative 
hypoxemia was defined as SpO2 levels below 90% in the PACU and on the ward during postoperative follow-up. 
Postoperative pain scores were evaluated using the Numerical Rating Scale (NRS, 0–10 points) by trained clinical staff. 
Assessments were conducted during two fixed time windows (8:00–10:00 a.m. and 4:00–8:00 p.m.) on the first, second, 
and third postoperative days, corresponding to the time points for POD assessment. At each time point, two scores were 
recorded separately: one at rest and the other during activity (such as deep breathing or coughing). All assessors 
completed a standardized 2-hour NRS training session and passed a pre-study competency test to ensure consistency 
in assessments. Intraoperative low BIS is defined as a BIS value below 40 sustained for 5 minutes or longer. 
Intraoperative hypothermia is defined as a nasopharyngeal temperature below 36.0°C.

Sample Size Calculation
The sample size was determined a priori using PASS 15.0. Based on previously published studies on POD, the incidence 
of POD in orthopedic surgery patients ranges from 12% to 51%.2 Therefore, we estimated that the incidence of POD 
after lower limb arthroplasty in elderly patients in Group P is approximately 30%. To achieve 80% power in detecting 
a true difference with a two-tailed significance level (α) of 0.05, and assuming a POD incidence of 10% in Group E, 
a total of 118 patients would need to be included across both groups. Considering a 20% dropout rate, a total of 142 
patients should be recruited, with 71 patients in each group.

https://doi.org/10.2147/DDDT.S553478                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 10994

Song et al                                                                                                                                                                            

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Statistical Analysis
Statistical analyses were conducted using SPSS version 26.0 (IBM Corp, Armonk, NY, USA). Continuous variables were 
initially assessed for normality using the Shapiro–Wilk test. Variables with a normal distribution were reported as mean ± 
standard deviation (SD), and between-group comparisons were performed using the unpaired two-tailed t-test. Variables with 
a non-normal distribution were presented as median (interquartile range, IQR), with between-group comparisons conducted 
using the Mann–Whitney U-test. Categorical variables were expressed as counts (percentages), and comparisons were made 
using either the chi-square test or Fisher’s exact test, as appropriate. For comparisons of the primary outcome measure (POD) 
between the two groups, effect sizes were expressed as relative risk (RR) with 95% confidence intervals (CIs). Additionally, 
survival analysis was employed for further comparisons, with results presented as hazard ratios (HRs) and 95% CIs. Given that 
this two-treatment study involves repeated measurements, we will utilize either repeated-measures analysis of variance (RM- 
ANOVA) or generalized estimating equations (GEE) to compare various indices between the two groups at multiple time 
points. These indices include MAP, HR, SpO2, BIS, and PetCO2, depending on whether the study data conform to a normal 
distribution. Univariate and multivariate logistic regression models were utilized to evaluate potential risk factors associated 
with POD. Subgroup analyses comprised two components: first, a prespecified analysis based on surgical type (hip surgery 
versus knee surgery); second, subgroup tests that included some variables with a p-value of less than 0.1 from univariate 
logistic regression analyses. For the subgroup analyses, odds ratios (ORs) and 95% CIs for each subgroup were calculated, and 
heterogeneity between subgroups was evaluated using interaction tests. All statistical tests were two-sided, and a p-value of 
less than 0.05 was considered statistically significant.

Results
From September 2024 to May 2025, a total of 162 patients who met the inclusion criteria were assessed. Among these, 
20 patients were excluded for various reasons, including refusal to participate, inability to communicate effectively, and 
significant organ dysfunction. Ultimately, 142 patients were randomized into Group E (n=71) and Group P (n=71). Of 
these 142 patients, 10 were withdrawn from the analysis: 7 patients did not experience intraoperative hypotension, and 3 
patients switched to alternative vasoactive agents. Consequently, 132 patients were randomly assigned to either Group 
E (n=65) or Group P (n=67). A flowchart illustrating patient enrollment is provided in Figure 1.

Baseline Demographics and Clinical Characteristics
The baseline demographic characteristics were evenly randomized between the two groups (Table 1). Furthermore, most 
intraoperative characteristics were similar between the two groups, with the exception of intraoperative total opioid 
consumption (IMME median difference [MD], 23.0; 95% confidence interval [CI], 2.0 to 25.0 mg; P = 0.020) and the 
incidence of bradycardia during surgery (RR, 0.241; 95% CI, 0.114 to 0.508; P < 0.001) (Table 2). The median total 
intraoperative doses administered were 0.2 mg [IQR: 0.05 to 0.35 mg] for phenylephrine and 12.0 mg [IQR: 7.5 to 
16.5 mg] for ephedrine. However, we found that neither ephedrine nor phenylephrine demonstrated a dose-effect 
relationship with the incidence of POD (RR, 0.053, 95% CI, −0.753 to 0.795; P = 0.958 and RR, 0.406, 95% CI, 
−0.230 to 0.350; P = 0.685, respectively). In terms of postoperative adverse events, only one patient in Group 
E developed hypoxia, while the incidence of all other adverse events was zero.

Primary Outcome
The overall incidence of POD was observed in 20 out of 132 patients (15.2%), with 5 out of 65 patients (7.7%) in Group 
E and 15 out of 67 patients (22.4%) in Group P (RR, 0.344; 95% CI, 0.132 to 0.891; P = 0.019) (Table 3). Survival curve 
analysis of the incidence of POD within three days postoperatively, using the Log rank test, further demonstrated 
a statistically significant difference between the two groups (HR, 0.358; P = 0.033; Figure 2). Additionally, the incidence 
of POD on the third postoperative day was significantly lower in Group E compared to Group P [0 vs 6 (67), P = 0.040]. 
However, there were no significant differences in the incidence of POD between the two groups on the first 
postoperative day (RR, 0.644; 95% CI, 0.222 to 1.867; P = 0.413) or the second postoperative day (RR, 0.206; 95% CI, 
0.025 to 1.717; P = 0.224) (Table 3).
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Secondary Outcome
There were significant differences in delirium subtypes between the two groups (P = 0.018). The majority of individuals in 
group E exhibited hypoactive delirium, while most individuals in group P displayed hyperactive delirium. However, there 
was no significant difference in the duration of delirium between the two groups (MD, 0; 95% CI, 0 to 0 days; P > 0.999).

Figure 1 Consolidated Standards of Reporting Trials flow study diagram describing patient progress through the study.

Table 1 Baseline Demographic Characteristics of the Study Patients

Variables Ephedrine Phenylephrine P Value

Age, (year) 72.2±5.4 72.3±5.2 0.927

Sex, (M/F) 19/46 24/43 0.419
Height, (cm) 155.7±7.0 157.1±6.8 0.269

Weight, (kg) 57.6±9.7 57.2±8.9 0.834

BMI, (kg/m2) 23.7±3.6 23.2±3.2 0.382
ASA classification, n (%) 0.677

II 22 25

III 43 42
Preoperative comorbidities, n (%)

Hypertension 32 (49.2) 29 (43.3) 0.493

Diabetes mellitus 11 (16.9) 9 (13.4) 0.576
COPD 4 (6.2) 4 (6.0) 1.000

Coronary artery disease 6 (9.2) 2 (3.0) 0.161

Stroke 2 (3.1) 4 (6.0) 0.680

(Continued)
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In terms of patients’ intraoperative vital signs, GEE indicated no significant time-group interaction (P > 0.05). 
Furthermore, there were no significant intergroup differences in the temporal changes of MAP, HR, SpO2, BIS, and 
PetCO2 between the two groups (P > 0.05). Regarding MAP, there were no statistically significant differences in MAP at 
any time point between Group E and Group P (all P > 0.05). However, MAP in Group P consistently remained higher than 
in Group E. Specifically, at T0, MAP was 98.0 ± 8.9 mmHg in Group E and 99.8 ± 9.3 mmHg in Group P; at T1, MAP was 
80.6 ± 11.2 mmHg in Group E and 83.0 ± 13.5 mmHg in Group P; at T2, MAP was 77.4 ± 10.4 mmHg in Group E and 80.3 
± 11.6 mmHg in Group P; at T3, MAP was 78.7 ± 9.7 mmHg in Group E and 79.7 ± 10.9 mmHg in Group P; at T4, MAP 

Table 1 (Continued). 

Variables Ephedrine Phenylephrine P Value

Smoking, n (%) 12 (18.5) 13 (19.4) 0.890

Alcohol abuse, n (%) 11 (16.9) 12 (17.9) 0.881
Mini-Cog score 2.7±0.48 2.6±0.5 0.557

Education level, n (%) 0.538

Illiterates 15 (23.1) 14 (20.9)
Primary school 29 (44.6) 30 (44.8)

Junior high school 13 (20.0) 17 (25.4)

Senior high school 5 (7.7) 6 (9.0)
University or higher 3 (4.6) 0 (0.0)

Surgical type, n (%) 0.544

THA 38 42
TKA 27 24

Surgical history, n (%) 42 (64.6) 39 (58.2) 0.450

Surgical history within one year, n (%) 7 (10.8) 10 (14.9) 0.476
Preoperative Hb, (g/L) 121.5±14.1) 121.9±14.5 0.881

Notes: Data are presented as the mean ± SD, median (interquartile range), or number of patients (%). 
Abbreviations: BMI, Body Mass Index; ASA, American Society of Anesthesiologists; COPD, Chronic 
Obstructive Pulmonary Disease; Mini-Cog, Mini-Cognitive Assessment; THA, Total Hip Arthroplasty; 
TKA, Total Knee Arthroplasty; SD, standard deviation.

Table 2 Intraoperative Data of the Study Patients

Variables Ephedrine Phenylephrine P Value

Intraoperative
Duration of surgery, min 150.0±30.8 147.0±33.9 0.522

Duration of anesthesia, min 185 (155, 215) 180 (155, 205) 0.567

Intraoperative opioid consumption
Sufentanil, (μg) 30 (25, 35) 30 (25, 35) 0.522

Remifentanil, (μg) 750 (582.5, 917.5) 520 (320, 720) 0.012
IMME, (mg) 105 (86.25, 123.75) 82 (59.5, 104.5) 0.020

Fluid infusion quantity, (mL) 1200 (1125, 1275) 1200 (1050, 1350) 0.391

Estimated blood loss, (mL) 100 (75, 125) 100 (75, 125) 0.397

Nerve block, n (%) 13 (20.0) 15 (22.4) 0.737
Intraoperative adverse events, n (%)

Reactive hypertension 0 (0) 5 (7.5) 0.074

Bradycardia 7 (10.8) 30 (44.8) < 0.001
Tachycardia 1 (1.5) 2 (3.0) >0.999

Low BIS 32 (39.2) 24 (35.8) 0.119

Hypothermia 5 (7.7) 1 (1.5) 0.196

Notes: Data are presented as the mean ± SD, median (interquartile range), or number of patients (%), bold 
text indicates that the P value is statistically significant (P < 0.05). 
Abbreviations: IMME, Intravenous Morphine Milligram Equivalents; BIS, Bispectral Index.
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was 75.2 ± 9.5 mmHg in Group E and 75.7 ± 10.0 mmHg in Group P; and at T5, MAP was 80.9 ± 9.9 mmHg in Group E and 
84.0 ± 12.9 mmHg in Group P. The changes in various vital signs of patients during surgery are illustrated in Figure 3.

In terms of postoperative pain, adverse events, and other relevant postoperative indicators, our findings demonstrated 
that there were no statistically significant differences in pain scores between the two patient groups, both at rest and 
during movement, within three days after surgery (P > 0.05, Table 3). Similarly, no statistically significant differences 

Table 3 Postoperative Data of the Study Patients

Variables Ephedrine Phenylephrine P Value

Postoperative
POD incidence, n (%) 5 (7.7) 15 (22.4) 0.019

1 day after surgery 5 (7.7) 8 (11.9) 0.413

2 days after surgery 1 (1.5) 5 (7.5) 0.224
3 days after surgery 0 (0.0) 6 (9.0) 0.040

Delirium subtypes, n (%) 0.018
Hyperactivity 1 (1.5) 10 (14.9)
Hypoactivity 4 (6.2) 4 (6.0)

Mixed 0 (0.0) 1 (1.5)
Days with delirium, median, day 1 1 >0.999

NRS score at motion, median (IQR)

1 day after surgery (dynamic) 4.5 (3.75, 5.25) 4.5 (3.75, 5.25) 0.408
2 days after surgery (dynamic) 3.0 (2.75, 3.25) 3.5 (3.0, 4.0) 0.091

3 days after surgery (dynamic) 2.0 (1.5, 2.5) 2.5 (2.0, 3.0) 0.062

NRS score at rest, median (IQR)
1 day after surgery (rest) 2.5 (2.0, 3.0) 2.5 (2.0, 3.0) 0.336

2 days after surgery (rest) 2.0 (1.75, 2.25) 2.0 (1.75, 2.25) 0.387

3 days after surgery (rest) 1.0 (0.75, 1.25) 1.0 (0.5, 1.5) 0.850
PONV, n (%)

1 day after surgery 17 (26.2) 17 (25.4) 0.918

2 days after surgery 1 (1.5) 1 (1.5) >0.999
3 days after surgery 0 (0.0) 1 (1.5) >0.999

Length of PACU stay, min 38 (25, 51) 38 (24.5, 51.5) 0.825

Length of hospital stay, day 13.1 (10.7, 15.6) 13.7 (12.1, 15.2) 0.738

Notes: Data are presented as the median (interquartile range), or number of patients (%), bold text 
indicates that the P value is statistically significant (P < 0.05). 
Abbreviations: POD, Postoperative Delirium; NRS, Numerical Rating Scale; IQR, Interquartile Range; 
PONV, Postoperative Nausea and Vomiting; PACU, Post-anesthesia Care Unit.

Figure 2 Kaplan-Meier curve showing the cumulative incidence of postoperative delirium during postoperative days 1 to 3 in Group E and Group P. Red dashed shaded area, 
confidence interval for Group E; Blue dashed shaded area, confidence interval for Group P. 
Abbreviations: Group E, the ephedrine group; Group P, the phenylephrine group; HR, hazard ratio.

https://doi.org/10.2147/DDDT.S553478                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 10998

Song et al                                                                                                                                                                            

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



were observed in the incidence of PONV within three days postoperatively, nor in other adverse events between the two 
groups (P > 0.05, Table 3). Furthermore, there were no statistically significant differences in the length of stay in the 
PACU (MD, 0; 95% CI, −6.0 to 5.0 minutes; P = 0.825) or in the overall length of hospital stay (MD, 0.5; 95% CI, −18.1 
to 7.5 hours; P = 0.825) between the two groups (Table 3).

Logistic Regression Analysis of POD-Associated Risk Factors
The results of the logistic regression analysis revealed several factors associated with the risk of POD. Ephedrine rather 
than phenylephrine was used to correct intraoperative hypotension during surgery (OR, 0.289; 95% CI, 0.098 to 0.849; 
P = 0.024). Additionally, age (OR, 1.122; 95% CI, 1.027 to 1.225; P = 0.011), the ASA classification (OR, 0.273; 95% 
CI, 0.075 to 0.985; P = 0.047), and the length of stay in the PACU (OR, 1.047; 95% CI, 1.024 to 1.070; P < 0.001) were 
identified as risk factors related to POD. The single-factor logistic regression analysis indicated that the P values for 
vasoactive drugs, age, sex, ASA classification, type of surgery, Mini-Cog score, nerve block, and length of stay in the 
PACU were all less than 0.1 (Table 4). When these factors were incorporated into the multivariate logistic regression 
analysis, we found that vasoactive drugs (OR, 0.173; 95% CI, 0.042 to 0.708; P = 0.015) and the length of stay in the 
PACU (OR, 1.050; 95% CI, 1.021 to 1.080; P = 0.001) showed significant statistical differences (Table 4).

Figure 3 Intraoperative vital signs include (A) MAP, (B) HR, (C) BIS, (D) SpO2, (E) PetCO2. Values are expressed as means. 
Abbreviations: T0, at the baseline; T1, 5 minutes after intubation; T2, at the beginning of surgery; T3, 30 minutes after the start of surgery; T4, 60 minutes after the start of 
surgery; T5, at the end of surgery; MAP, mean arterial pressure; HR, heart rate; BIS, bispectral index; SpO2, pulse oxygen saturation; PetCO2, end-tidal CO2 pressure.

Table 4 Logistic Regression Analysis of Risk Factors for POD

Variables Univariate Logistic Regression Multivariate Logistic Regression

OR (95% CI) P Value OR (95% CI) P Value

Vasoactive drugs
0.289 (0.098, 0.849) 0.024 0.173 (0.042, 0.708)Ephedrine  

Phenylephrine (Ref.)

0.015

(Continued)
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Subgroup Analysis
The results of the subgroup analysis indicated that in the subgroups of patients undergoing hip surgery, patients with a Mini- 
Cog score of 2, and patients with a PACU stay time ≥ 60 minutes or longer experienced a significantly reduced incidence of 
POD in Group E compared to Group P (p < 0.05). In the other subgroups, no statistically significant differences were 
observed in the effects on POD between the ephedrine and phenylephrine groups. However, there was no interaction among 
the subgroups, suggesting that the effect of ephedrine on POD was consistent across all subgroups (Figure 4).

Discussion
The findings of this prospective randomized controlled trial indicate that, in elderly patients undergoing hip or knee 
arthroplasty, the intraoperative administration of ephedrine for the management of hypotension is associated with 
a significantly lower incidence of POD compared to phenylephrine. Furthermore, the intraoperative use of ephedrine 
significantly reduces the incidence of intraoperative bradycardia when compared to phenylephrine. Additionally, results 

Figure 4 Forest plot of the subgroup analysis for the primary outcome. The interaction term is a test of whether the effect of the experimental intervention is statistically 
different in significance between subgroups. 
Abbreviations: OR, Odds Ratio; CI, Confidence Interval; THA, Total Hip Arthroplasty; TKA, total knee arthroplasty; Mini-cog, Mini-Cognitive Assessment; PACU, Post- 
Anesthesia Care Unit.

Table 4 (Continued). 

Variables Univariate Logistic Regression Multivariate Logistic Regression

OR (95% CI) P Value OR (95% CI) P Value

Age 1.122 (1.027, 1.225) 0.011 1.026 (0.888, 1.185) 0.726

Sex

Male 0.418 (0.159, 1.098) 0.077 0.379 (0.102, 1.403) 0.146
Female (Ref.)

ASA

II 0.273 (0.075, 0.985) 0.047 0.349 (0.065, 1.876) 0.220
III (Ref.)

Type of surgery

Hip arthroplasty 2.937 (0.922, 9.357) 0.068 0.483 (0.096, 2.438) 0.378
Knee arthroplasty (Ref.)

Mini-cog score 0.404 (0.154, 1.059) 0.065 0.920 (0.222, 3.809) 0.908

Nerve block
Yes 0.166 (0.021, 1.296) 0.087 0.158 (0.014, 1.745) 0.132

No (Ref.)

PACU stay time 1.047 (1.024, 1.070) < 0.001 1.050 (1.021, 1.080) 0.001

Notes: Bold text indicates that the P value is statistically significant (P < 0.05). 
Abbreviations: POD, Postoperative Delirium; OR, Odds Ratio; Ref., Reference; PACU, Post-anesthesia Care Unit.
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from the multivariate logistic regression analysis showed that, compared with phenylephrine, ephedrine was a protective 
factor against POD, whereas a prolonged length of stay in the PACU was a risk factor for POD; both factors were clearly 
associated with the incidence of POD. There were no statistically significant differences between the two vasoactive 
drugs regarding intraoperative vital signs, postoperative indicators, or the incidence of adverse events.

Notably, the lower incidence of POD in the ephedrine group supports the core hypothesis that ephedrine reduces POD 
risk by enhancing cerebral circulation and oxygenation. However, in our study, although Group P exhibited a slightly 
higher intraoperative MAP, this systemic blood pressure advantage did not reduce POD risk; in fact, Group P experienced 
a significantly higher incidence of POD. This paradox—higher MAP accompanied by increased POD risk—is corrobo
rated by recent hemodynamic studies identifying 65 mmHg as the critical MAP threshold for preventing intraoperative 
organ injury.33 Prolonged exposure below this threshold doubles the risk of complications, while higher pressures confer 
no additional benefit. Collectively, these findings demonstrate that a higher MAP does not necessarily equate to optimal 
cerebral circulation and oxygenation, particularly in elderly orthopedic patients who may have impaired cerebral 
autoregulation due to age-related vascular changes or comorbidities. This evidence reinforces the proposed mechanism 
that ephedrine’s POD-lowering effect may not depend solely on elevating systemic blood pressure but rather on 
optimizing cerebral perfusion through mechanisms independent of global hemodynamic elevation.

A retrospective multicenter study first confirmed associations between the choice of intraoperative vasoactive drugs 
and POD, as well as a dose-dependent relationship between phenylephrine and POD risk.27 Consistent with Ma’s 
research, our study found that phenylephrine was associated with a higher risk of delirium despite marginally higher 
MAP compared to ephedrine; however, we observed no dose-response relationship, potentially due to the administration 
of lower doses. Ma’s study reported an increased risk of delirium associated with phenylephrine doses exceeding their 
median of 12.4 μg/kg (OR = 1.21) in a cohort with a median BMI of 28—corresponding to an absolute dose range of 
838–1,064 μg for adults of typical height (155–175 cm). In contrast, our median intraoperative dose was only 200 μg, 
which is well below this range. This discrepancy likely explains the absence of a dose-effect relationship in our study: 
our 200 μg dose may not have reached the threshold necessary to detect an association with POD.

Previous studies have demonstrated that ephedrine and phenylephrine exert differential effects on POD, which may be 
attributed to their varying impacts on cerebral circulation and oxygenation.34,35 Phenylephrine, a selective α-adrenergic 
receptor agonist, effectively increases MAP. However, it may also reduce CO due to reflex bradycardia and decrease 
cerebral blood flow by constricting cerebral blood vessels through sympathetic nerve activity in the carotid ganglia.36,37 

These two factors collectively contribute to a reduction in SctO2, thereby increasing the risk of ischemic brain injury and 
increases the incidence of delirium.38,39 Nevertheless, this mechanism remains a subject of debate.40–42 For instance, 
a study by Li’s study demonstrated that both ephedrine and phenylephrine can effectively increase MAP and middle 
cerebral artery flow velocity; furthermore, mixed linear model analysis indicated no statistically significant difference 
between the two drugs regarding SctO2 and the cerebral oxygen index. Other studies have suggested that the relationship 
between SctO2 and POD is also contentious.43,44 Unfortunately, due to limitations in monitoring equipment, this study 
was unable to assess indicators such as cerebral perfusion and SctO2. Nonetheless, our research findings further support 
the view that ephedrine offers more advantages than phenylephrine in correcting intraoperative hypotension in elderly 
patients, as it reduces the risk of POD.

In addition to its role in improving cerebral perfusion and oxygenation, the neuroprotective properties of ephedrine 
may also significantly contribute to its effectiveness in reducing POD. In a rat study, ephedrine was identified as 
a potential anti-inflammatory agent that can significantly diminish brain inflammatory responses through the NF-κB 
signaling pathway and effectively mitigate cerebral ischemia-reperfusion injury.45 Furthermore, an analysis employing 
a comprehensive bioinformatics approach based on multi-omics networks suggests that the anti-inflammatory, central 
nervous system-stimulating, and neuroprotective properties of ephedrine may play a crucial role in the treatment of 
delirium.46 These studies indicate that the mechanism by which ephedrine reduces POD extends beyond merely 
improving cerebral perfusion and oxygenation; its inherent neuroprotective properties also contribute significantly. 
However, the specific mechanisms involved require further validation through relevant pharmacological studies.

Secondary endpoints with significant differences also provide valuable insights for selecting clinical vasoactive drugs. 
First, the incidence of intraoperative bradycardia was significantly lower in the ephedrine group compared to the 
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phenylephrine group, consistent with findings from previous studies.47,48 This suggests that ephedrine may be a more 
appropriate vasoactive agent for elderly patients with preoperative bradycardia or impaired heart rate regulation. Second, 
although the ephedrine group received a significantly higher dose of IMME, this did not increase the incidence of POD; in 
fact, Group E exhibited a lower risk of POD. No significant differences were observed between groups in postoperative pain 
scores, duration of PACU stay, or incidence of PONV. Previous research has confirmed that increased opioid use is 
associated with a heightened risk of POD.4,49 However, other studies have shown no significant association between opioid 
use and POD when doses are adjusted to achieve effective pain control.10,50 In our study, the similar postoperative pain 
control and recovery observed between groups confirm the clinical appropriateness of opioid use in Group E. Moreover, the 
lower incidence of POD in this group further supports the hypothesis that ephedrine’s neuroprotective effects may 
counteract the potential POD-inducing effects of opioids. These findings suggest that the relationship between opioids 
and POD is not absolute and may be modulated by perioperative interventions, such as ephedrine, which target pathways 
involved in POD development. Future studies should further elucidate the synergistic mechanisms between ephedrine and 
opioids to provide a theoretical basis for optimizing perioperative analgesic strategies.

Our subgroup analysis revealed that hip surgery patients with a Mini-Cog score of 2 and a PACU stay of 60 minutes 
or longer had a significantly lower risk of POD in Group E compared to Group P (p < 0.05). The clinical implications of 
this finding warrant further discussion. This subgroup is inherently at high risk for POD: hip surgery—often performed in 
elderly patients, as indicated by our baseline data—involves perioperative factors such as bone cement use and 
hemodynamic fluctuations that can impair cognition through inflammation or altered cerebral perfusion.51,52 A Mini- 
Cog score of 2 indicates mild cognitive impairment prior to surgery, which increases the likelihood of patients developing 
POD.53 Additionally, prolonged PACU stay may indicate complications such as delayed emergence or hemodynamic 
instability, which can exacerbate neuroinflammation and increase POD risk. Clinically, these findings are consistent with 
the pharmacological profile of ephedrine: its α- and β-adrenergic agonist effects stabilize intraoperative blood pressure 
and reduce cerebral perfusion fluctuations, potentially providing enhanced neuroprotection for this subgroup.22,27 This 
suggests that ephedrine could serve as a targeted strategy to reduce POD risk in these patients. However, as these are 
exploratory subgroup results, they should be interpreted with caution.

Although this study demonstrates the advantages of ephedrine in reducing POD among elderly patients undergoing 
lower extremity joint replacement, it has several limitations. Firstly, critical intraoperative indicators such as SctO2 and CO 
were not monitored. These parameters are closely linked to cerebral perfusion and oxygenation, which are central to the 
hypothesis of this study. The absence of such data prevents verification of whether the benefits of ephedrine are achieved by 
maintaining cerebral oxygen balance, thereby weakening the robustness of mechanistic validation. Future studies should 
incorporate real-time monitoring of SctO2 and CO to elucidate the relevant pathways of action. Secondly, the postoperative 
follow-up period was limited to just three days, in contrast to some studies that employed a one-week follow-up. This 
shorter duration may have resulted in missed cases of delirium occurring later. Although delirium primarily manifests on 
postoperative days 1 to 3, the potential bias introduced by this relatively brief follow-up period cannot be excluded.54 

Thirdly, this study employed a hypotension event-triggered dosing approach, which differs from methodologies used in 
previous research, such as continuous intravenous infusion protocols. This discrepancy may reduce the comparability of 
results and obscure the potential dose-effect relationship of phenylephrine. Standardizing dosing protocols in future studies 
will help improve the reliability of the findings. Finally, the single-blind design of this study presents a notable limitation. 
Because anesthesiologists were directly responsible for administering trial-related drugs and managing patients during 
surgery, their awareness of group allocation could introduce bias in drug dosage adjustments and intraoperative intervention 
decisions. This potential bias may compromise the objectivity of evaluating key outcomes such as drug efficacy and 
intraoperative safety. Therefore, readers should consider the possible influence of these intraoperative variables when 
interpreting our findings. These limitations may induce some bias in the results of this study.

Conclusions
In conclusion, compared to phenylephrine, ephedrine used to correct intraoperative hypotension significantly reduces the 
incidence of POD within three days in elderly patients undergoing total hip or knee arthroplasty (overall incidence: 
15.2%; ephedrine group: 7.7% vs phenylephrine group: 22.4%; RR, 0.344, 95% CI, 0.132–0.891, P = 0.019). Subgroup 
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analysis indicates that ephedrine’s protective effect is more pronounced in patients undergoing hip surgery, those with 
a Mini-Cog score of 2, and patients with a PACU stay of 60 minutes or longer. Clinically, ephedrine may be preferred for 
managing intraoperative hypotension in these elderly arthroplasty patients—particularly in the high-benefit subgroups— 
to reduce the risk of early POD. However, the mechanism by which ephedrine alleviates POD remains unclear and 
warrants further pharmacological investigation. Additionally, its long-term efficacy and generalizability require valida
tion through multicenter studies.
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