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Article 
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Abstract: Background and Objectives: We have conducted a retrospective study on patients who 
underwent total hip arthroplasty. We analyzed spinal anesthesia hemodynamic effects for optimal 
spinal anesthesia-induced hypotension (SAIH) management. This study explored the perioperative 
factors related to spinal anesthesia-induced hypotension and the dose of Ephedrine used to ensure 
hemodynamic stability. Materials and methods: Every patient benefits from information regarding 
details of the surgery approach and possible intraoperative hemodynamic variations induced by 
spinal anesthesia (SA). Three hundred twenty-nine patients were included in this study. We 
compared two groups based on the type of SA: bupivacaine with morphine (group M) and 
bupivacaine with fentanyl (group F). Results: We observed that the amount of ephedrine dose used 
correlates with high blood pressure (HBP) in 19 % of cases and with age in 44,1%. Conclusion: 
Ephedrine use for hemodynamic stability is the key to ensuring safer and more effective 
perioperative care. 
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1. Introduction 

Hip arthroplasty, one of the world’s most frequently performed orthopedic procedures, requires 
high intraoperative hemodynamic management for safe patient care and optimal outcomes. The 
anesthetic technique and pharmacologic interventions during the surgery are among the factors 
affecting the millions’ intraoperative stability. Hip arthroplasty frequently requires spinal anesthesia 
owing to its effectiveness in pain management and favorable safety profile and is accompanied by a 
well-documented risk of hypotension. Such counteracting of anesthesia-induced vasodilation and the 
requirement of adjunct vasopressor agents such as Ephedrine for adequate perfusion is a requisite of 
this challenge [1]. 

Ephedrine is an important ingredient in the frontline treatment of intraoperative hypotension, a 
mixed α- and β-adrenergic agonist that increases cardiac output and systemic vascular resistance [2]. 
Although widely used, the interaction between ephedrine efficacy and the use of specific spinal 
anesthetics has received little attention. In addition, patients undergoing hip arthroplasty are 
frequently already living with chronic disease, most notably hypertension. Vascular remodeling and 
alterations in autonomic reflexes may modify the responsiveness to vasopressor agents in chronic 
hypertension [3]. Understanding this (nuanced) relationship between chronic hypertension and 
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intraoperative ephedrine requirements is an area of increasing clinical interest as the insight into this 
interaction may further advance perioperative management with a goal of more definitive and 
effective management. 

This context provides scrutiny to the role of spinal anesthesia combinations (local anesthetics 
and adjuvants such as opioids or vasoconstrictors). Such combinations affect the degree and duration 
of sympathetic blockades used during surgery and, as such, the hemodynamic profile during 
surgery. As an example, the long-acting local anesthetic bupivacaine is one of the most used drugs 
for spinal anesthesia for hip arthroplasty, combined with adjuvants such as fentanyl or morphine to 
lengthen the effect and enhance analgesia [4]. Although such combinations may worsen hypotension, 
they may affect the hemodynamic response to vasopressors. The selection of anesthesia protocols 
that minimize complications and improve patient outcomes depends on understanding these 
dynamics. 

Spinal anesthesia’s most important hemodynamic effects are caused by sympathetic blockades 
leading to vasodilation, reduced venous return, and hypotension [5]. Because they are particularly 
pronounced in older adults and most patients undergoing hip arthroplasty, these effects have been 
studied extensively in older adults. The risk is also compounded by age-related changes such as 
diminished cardiovascular reserve and impaired baroreceptor sensitivity. The mere complication of 
hypotension during surgery should not be considered a manageable inconvenience; instead, it has 
been linked with increased risk for myocardial ischemia, renal injury, and cognitive dysfunction, 
especially in vulnerable populations [6]. 

To mitigate these risks, clinicians use vasopressors like Ephedrine, phenylephrine, or 
norepinephrine. Due to its dual mechanism of action (direct adrenergic receptor activation and 
indirectly by release of endogenously released catecholamine), Ephedrine is a versatile option [7]. 
Ephedrine is effective and safe, but the effectiveness and safety vary significantly from one patient to 
the next, often with preexisting conditions such as hypertension [8]. 

Chronic hypertension is a common comorbidity among patients undergoing hip arthroplasty, 
and implications for intraoperative management are significant. Structural [9] and functional [11] 
cardiovascular system changes occur with the chronic elevation of blood pressure, including 
increased arterial stiffness, left ventricular hypertrophy, and downregulation of adrenergic receptors. 
These changes can decrease the efficacy of vasopressors like Ephedrine, leading to the need for higher 
doses or alternate approaches to stabilize hemodynamics. In addition, most of these patients also use 
other antihypertensive medications commonly, such as beta-blockers or angiotensin-converting 
enzyme inhibitors, which may interact with intraoperative drugs, making management even more 
complex [10]. 

Of interest, chronic hypertension may also affect the baseline autonomic tone and sympathetic 
response to anesthesia. Hypertensive patients who undergo spinal anesthesia may experience more 
profound hypotension because of the blunted compensatory response [11]. This phenomenon 
emphasizes the importance of individualized vasopressor therapy and the necessity of research on 
differential vasopressor effects in this population. 

Further, intraoperative hemodynamics are critically determined by the choice of spinal 
anesthesia agents and their combinations beyond patient-specific factors like chronic hypertension. 
Like other local anesthetics such as bupivacaine, ropivacaine, and lidocaine, they differ in potency, 
duration of action, and cardiotoxicity profiles [12]. The addition of adjuvants such as fentanyl or 
morphine may augment analgesia and impair sympathectomy, which may influence vasopressor 
needs [13]. 

Opioid adjuvants such as fentanyl have opioid actions on spinal μ receptors to provide 
synergistic analgesia with little increase in motor blockade. Despite their predictable effects on central 
hemodynamics, particularly heart rate and blood pressure, their effects on systemic hemodynamics, 
such as changes in heart rate or blood pressure, are less predictable and depend on the dose and 
patient factors. The use of another commonly used opioid adjuvant, morphine, results in the same μ 
receptor mode of analgesia, yet with a greater risk of delayed respiratory depression and nausea. 
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Morphine has mild hemodynamic effects and usually transient hypotension due to the release of 
histamine from higher doses. Spinal anesthesia needs to be optimized on an individual patient level 
[14]. 

The emerging concept of personalized perioperative care combines individual patient 
characteristics like genetic information together with medical conditions along with immediate 
physiological data to optimize anesthetic treatments. Identifying the effects of chronic hypertension 
coupled with patient age and distinct spinal anesthesia combinations on hemodynamic stability 
enables providers to customize vasopressor therapy. The precision medicine approach involving 
pharmacogenomic profiling enables healthcare providers to predict how patients will respond to 
vasopressors such as ephedrine thus aiding protocol optimization. The research aims to advance 
personalized anesthesia by establishing important patient-related variables which impact both 
intraoperative hemodynamic stability and ephedrine responsiveness in hip arthroplasty patients. 

2. Materials and Methods 

We conducted a study involving 329 patients over the age of 18 scheduled for orthopedic hip 
arthroplasty surgery under spinal anesthesia (SA). Each patient provided written informed consent 
as required by our hospital. This retrospective study was meticulously reviewed and approved by 
the Ethics Committee of Pelican Hospital Oradea (approval number 2591/15.12.2021) and was 
performed in accordance with the principles set forth in the Declaration of Helsinki. 

Exclusion criteria: any contraindications for SA, including age under 18, history of revision 
surgery, patients with special devices due to severe instability, hemodynamic instability, and 
refusing participation in this study. 

The pre-anesthetic evaluation of the patients was scheduled two weeks before surgery.Patients 
were hospitalized the day before the hip arthroplasty. The only antihypertensive medication 
administered on the day of the surgery was the β-blockers. Alprazolam 0.5 mg was given one night 
before surgery for anxiety decreased. In the operating room, an 18G IV cannula was secured, and 
Ringer lactate solution (15 ml/kg) was infused. The premedication process was carried out with care, 
using appropriate medications such as 2 mg midazolam and 1g tranexamic acid. The patients were 
positioned in a sitting posture following skin disinfection and 1% lidocaine infiltration, and using the 
paramedian approach with a 26G Sprotte needle (PAJUNK, GmbH, Geisingen, Germany), we 
performed lumbar puncture at the L3–L4 interspace. 

Our study involved the injection of hyperbaric bupivacaine 0.5% (doses between 15 mg and 17.5 
mg) with a standard dose of 25 mg fentanyl or a standard dose of 150 μg morphine within 15 s. 
Subsequently, oxygen (5 L/min) was delivered with a face mask. Five minutes after intrathecal 
injection, a sensory blockade of spinal anesthesia was installed. The group was then divided into two 
based on the type of SA: bupivacaine with morphine (group M) and bupivacaine with fentanyl 
(group F). The sensory block from spinal anesthesia was evaluated five minutes later using ice cubes 
or pinpricks. 

After placing the patient in the dorsal decubitus position, we recorded ECG, noninvasive blood 
pressure, pulse oximetry (SpO2), and respiratory rates throughout the surgery period. 

The protocol for rescue treatment in the event of hemodynamic instability included: 
1. Severe hypotension (decrease of systolic blood pressure for more than 30% from baseline, or 

systolic blood pressure less than 90 mmHg): additional ephedrine boluses of 5 mg repeated in 5 min 
with an additional infusion of Ringer solution. 

2. Bradycardia (≤50 beats per minute): bolus of atropine 0.5 mg, repeated if needed in 1 min until 
heart rate frequency is more than 50 beats per minute or an overall amount of 2 mg atropine is 
reached. 

Statistics 

Statistical data were processed with IBM SPSS version 23. The chi-squared statistical test was 
applied to check the statistical significance of the association between the categorical variables (age 
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and hypertension). We used Eta squared measures for the proportion of the total variance in a 
dependent variable (Ephedrine) associated with the membership of different groups (group M, group 
F). 

3. Results 

We studied 329 patients scheduled for orthopedic hip arthroplasty surgery under SA and the 
required intraoperative ephedrine dose for hemodynamic patient stabilization (Table 1). 

Table 1. Crosstabulation HBP (high blood pressure) and ephedrine dose used. 

     Dose of ephedrine (mg) 
  0 5 10 15 20 25 30 35 40 45 50 55 60 80 100 130 
                  

Without 
HBP 

Patient 
number 

53 9 12 6 9 5 5 2 5 1 2 0 3 0 0 1 

Ephedrine 
(%) 

32.5 39.1 37.5 20.7 32.1 55.6 35.7 66.7 45.5 33.3 40 0 60 0 0 100 

With HBP 

Patient 
number 

110 14 20 23 19 4 9 1 6 2 3 1 2 1 1 0 

Ephedrine 
(%) 

67.5 60.9 62.5 79.3 67.9 44.4 64.3 33.3 54.5 66.7 60 100 40 100 100 0 

This table explains the percentage of ephedrine doses relative to the total number of patients 
enrolled in this study with or without blood hypertensive pathology. As shown in the table above, 
two groups of hypertensive versus non-hypertensive patients are distributed as in the flowchart 
(Figure 1). The most used dose of Ephedrine for intraoperative hemodynamic balancing was 10 mg 
(12 cases of patients without HBP and 20 cases with HBP), respectively, and 15 mg of Ephedrine (6 
cases without HBP and 23 cases with HBP). 

 
Figure 1. Flow chart. 

As we can see in Table 2, in the case of patients with normal blood pressure, the administration 
of Ephedrine was necessary in 60 cases (53,1%), and in the case of hypertensive patients, it was 
necessary in 106 cases (49,1%), a fact that demonstrates there is no statistically significant difference 
between the two groups. 

Table 2. Crosstabulation of patients with or without HBP and the need to use Ephedrine. 

329 enrolled

113 without HBP
(60 cases need 

Ephedrine)

44 SA with  
Morphine

16 SA with 
Fentanyl

216 with HBP
(106 cases need 

Ephedrine)

76 SA with 
Morphine

30 SA with 
Fentanyl
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BP * Ephedrine Crosstabulation 
  Ephedrine use Total 
  1 = No 2 = Yes   

BP 1 = No Count 53 60 113 
    % with HBP 46.9% 53.1% 100.0% 
    % with Ephedrine 32.5% 36.1% 34.3% 
    % of Total 16.1% 18.2% 34.3% 
  2 = Yes Count 110 106 216 
    % with HBP 50.9% 49.1% 100.0% 
    % with Ephedrine 67.5% 63.9% 65.7% 
    % of Total 33.4% 32.2% 65.7% 

Total Count 163 166 329 
  % with HBP 49.5% 50.5% 100.0% 
  % with Ephedrine 100.0% 100.0% 100.0% 
  % of Total 49.5% 50.5% 100.0% 

Following the ETA analysis of the data, we observe that in 19 % of the cases, HBP is correlated 
with the amount of ephedrine dose, which is a value with practical significance. 

 
Figure 2. Number of patients with or without HBP correlated with ephedrine dose. 

Figure 2 shows that in 53 patients without HBP and 110 patients with HBP, the use of Ephedrine 
during the intervention was not necessary. 

Following ETA data analysis, we conclude that age correlates with the dose of Ephedrine used. 
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Figure 3. The age of patients correlated with the Ephedrine used. 

As we observe, in 44.1% of cases, the use of Ephedrine is correlated with the age of the patient, 
which is a value with practical significance. 

We studied 329 patients scheduled for orthopedic hip arthroplasty surgery under SA with 
morphine and bupivacaine versus SA with fentanyl and bupivacaine, and we compared the required 
intraoperative ephedrine use for hemodynamic patient stabilization (Table 3). 

Table 3. Crosstabulation of SA and necessity of ephedrine use (FSA=spinal anesthesia with fentanyl, MSA=spinal 
anesthesia with morphine). 

Anesthesia * Ephedrine Crosstabulation 
  Ephedrine Total 
  1 = Nu 2 = Da   

Anesthesia 1 = Fentanyl Count 45 46 91 
    % with FSA 49,5% 50,5% 100,0% 
    % with Ephedrine 27,6% 27,7% 27,7% 
    % of Total 13,7% 14,0% 27,7% 
  2 = Morphine Count 118 120 238 
    % with MSA 49,6% 50,4% 100,0% 
    % within Ephedrine 72,4% 72,3% 72,3% 
    % of Total 35,9% 36,5% 72,3% 

Total Count 163 166 329 
  % with FSA+MSA 49,5% 50,5% 100,0% 
  % with Ephedrine 100,0% 100,0% 100,0% 
  % of Total 49,5% 50,5% 100,0% 
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As we can see in Table 3, in the case of FSA, the administration of Ephedrine was necessary in 
46 cases (50.5%), and in the case of MSA, it was necessary in 120 cases (50.4%), a fact that demonstrates 
there is no significant difference in percentage. 

Table 4. Chi-Square Tests for FSA and MSA compare to the use of Ephedrine. 

Chi-Square Tests 

  Value df 
Asymptotic Significance 

(2-sided) 
Exact Sig. (2-

sided) 
Exact Sig. (1-

sided) 
Pearson Chi-Square ,000a 1 ,983     

Continuity Correction ,000 1 1,000     
Likelihood Ratio ,000 1 ,983     

Fisher’s Exact Test       1,000 ,541 
Linear-by-Linear 

Association 
,000 1 ,983     

N of Valid Cases 329         
a. 0 cells (.0%) have an expected count of less than 5. The minimum expected count is 

45.09. 
b. Computed only for a 2x2 table 

In the statistical study carried out using the Chi-Square Test, we wanted to see if there is a 
statistically significant difference between the need to use Ephedrine and the type of anesthesia. The 
values obtained demonstrate their independence (Pearson Chi-Square=0.983, Fisher’s Exact Test=1, 
Likelihood Ratio=0.983). 

4. Discussion 

Spinal anesthesia is a common technique as it is accessible, safe, and easy to perform. Before the 
surgery, every patient was informed regarding the details of the surgery approach and possible 
intraoperative hemodynamic variations induced by SA. For optimal surgical anesthesia, a local 
anesthetic agent can induce adequate relaxation of the lower leg muscles. By combining opioids with 
bupivacaine, a decrease in the local anesthetic dose is obtained with similar efficiency and even better 
hemodynamic stability [15–17]. 

Hypotension induced by spinal anesthesia is frequently occurring in elderly patients. Many 
studies have been performed to decrease the incidence of SAIH, but no one has proved sufficiently 
compelling. 

Proper sedation is now a key aspect of spinal anesthesia, vital for ensuring patient comfort and 
improving compliance with regional anesthesia techniques [18]. 

Among spinal anesthesia side effects, cardiovascular complications are the most prominent, 
with hypotension being considered the most common, observed in up to 33% of patients [19]. SA 
influences the sympathetic chain, causing reduced vasomotor tone, which leads to reduced preload 
(from vasodilation and decreased venous return), diminished afterload (due to lower systemic 
vascular resistance) [20,21], and, ultimately, reduced cardiac output, particularly in older adults [21]. 

The leading cause of hypotension is the total dose of anesthetic administered. However, multiple 
other factors, such as the anesthetic type, its volume, accompanying adjuvant agents, and 
preoperative or intraoperative variables, also contribute to SA’s hemodynamic effects [21,22]. Our 
study compared FSA with MSA and the number of cases that needed Ephedrine for hemodynamic 
stability. There was no significant difference in percentage between the two groups. 

For a long time, Ephedrine has been considered the standard vasoconstrictor for hypotension 
induced by SA [23]. Ephedrine, a widely used adrenergic stimulant with both direct and indirect 
actions, has traditionally been favored for addressing the undesired hemodynamic changes caused 
by spinal anesthesia side [24]. Administering Ephedrine using repeated intermittent IV boluses, 
however, is reactive rather than preventive, leading to fluctuating drug levels between peaks and 
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troughs [25]. Ephedrine is a sympathomimetic drug commonly used in perioperative settings, 
particularly during anesthesia, to manage hypotension that can occur after induction or during 
surgery. 

Ephedrine, a mixed-action adrenergic agonist (targeting both alpha and beta receptors), 
increases cardiac output while mitigating heart rate reduction. It can achieve this by causing 
vasoconstriction that surpasses arteriolar constriction, improving venous return (preload), and 
boosting cardiac output, blood pressure, and heart rate [26]. Various studies indicate that 13% of non-
obstetrical patients develop bradycardia during SA [27], and if corrective measures are taken, there 
are no significant consequences [28]. 

Hypotension following spinal anesthesia is primarily due to sympathetic blockade, leading to 
vasodilation and a subsequent reduction in systemic vascular resistance (SVR). Additionally, venous 
pooling in the lower extremities and decreased cardiac preload contribute to reduced cardiac output. 
These effects necessitate prompt and effective management to maintain adequate perfusion, 
especially vital organs. Some studies describe that in SA, arterial vasodilatation reaches a maximum 
after about 7 minutes [29,30]. Age-related changes, such as alteration in systolic function and diastolic 
relaxation in the elderly, can aggravate the decrease in cardiac output [31–34]. 

Hypotension resulting from spinal anesthesia, primarily due to reduced stroke volume, can be 
managed with crystalloid or colloid solutions. Vasopressor agents, such as Ephedrine or 
phenylephrine, increase stroke volume and preload by increasing systemic vascular resistance 
without direct heart stimulation. Thus, vasopressors combined with crystalloid solutions effectively 
treat post-subarachnoid block hypotension in elderly patients. 

Our study examined how the administration of Ephedrine prevents hypotension after SA and 
impacts hemodynamic changes in elderly patients. In 44.1% of our cases, the dose of Ephedrine is 
correlated with age, having a value of practical significance. Various studies have highlighted the 
critical role of avoiding even short episodes of hypotension in elderly patients to reduce risks of 
complications and mortality. Patient mortality and morbidity are influenced by intraoperative 
arterial hypotension [35,36]. It is a well-known fact that the incidence of hypotension induced by SA 
increases with age (about 36% of younger patients, increasing to 75% of patients over the age of 50) 
[37]. Even with low doses of bupivacaine, hypotension induced by SA remains high in older patients 
[32]. Mon et al. have shown that ephedrine administration was associated with reasonable systolic 
blood pressure control [38] 

Spinal anesthesia, a commonly used regional anesthesia technique, is widely employed for 
surgeries involving the lower abdomen, pelvis, and lower extremities. In orthopedic surgery, to 
minimize the hemodynamic consequences of SA, the patient’s position can be lateralized to the side 
to be operated on to obtain a predominantly unilateral sympathetic bloc [39,40]. This can be helpful 
in elderly patients who are at higher risk of SAIH. 

In our study, we considered patients with HBP a high-risk factor for SAIH because we observed 
that in 19 % of the cases, HBP is correlated with the amount of ephedrine dose used, which is a 
statistical value with practical significance. The variability in ephedrine requirements among patients 
highlights the need for a more personalized approach to spinal anesthesia management. Patients 
experience variations in vasopressor response as a result of their baseline autonomic tone along with 
arterial stiffness in hypertension and cardiovascular system changes that occur during aging. 
Preoperative patient analysis through advanced machine learning algorithms could determine 
customized vasopressor doses from blood pressure variability and heart rate dynamics and 
pharmacokinetic data which would enhance operative safety and postoperative recovery. No major 
differences emerged from choosing bupivacaine-morphine or bupivacaine-fentanyl in this study 
group regarding ephedrine demand. Additional investigations should examine customized 
vasopressor dose frequencies to match each patient’s preoperative blood pressure dynamics for 
better clinical results. 

5. Conclusions 
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Ephedrine remains a cornerstone in managing hypotension following spinal anesthesia. Its dual 
mechanism of action and proven efficacy make it a valuable tool in the anesthesiologist’s arsenal. 
However, individualized patient assessment and careful monitoring are essential to optimize its use 
and minimize potential side effects. Future research may further refine the role of Ephedrine and 
other vasopressors in this context, ensuring safer and more effective perioperative care. 

This study emphasizes how individualized blood pressure management practices provide 
essential care for patients during spinal anesthesia procedures of hip arthroplasty. The efficacy of 
ephedrine administration for managing intraoperative hypotension depends on individual 
characteristics such as age, blood pressure status and natural state of autonomic management in 
patients. The findings demonstrate the crucial requirement for developing individual spinal 
anesthesia procedures which would integrate knowledge of patient comorbidities and drug reaction 
patterns. 

Future investigations need to study how pharmacogenomics and real-time hemo-dynamic 
monitoring and AI-based predictive modeling can optimize perioperative vasopressor management. 
Anesthesiologists can customize their anesthesia protocols using precision medicine approaches to 
reduce intraoperative complications while ensuring patient safety throughout the recovery process. 
These advancements follow the patient-centered strategy of personalized medicine that uses 
individual genetic and physiological profiles to create anesthetic plans. 
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