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Abstract 
Introduction: Spinal anesthesia is a locoregional anesthetic technique used for 
interventions below the umbilicus. Ultrasound monitoring of the inferior vena 
cava and the subclavian vein can reduce the incidence of hypotension follow-
ing spinal anesthesia. The objective of our study was to evaluate the hemody-
namic status following spinal anesthesia using ultrasound of the inferior vena 
cava and subclavian vein. Methods: We conducted a blinded randomized clin-
ical study from December 2024 to July 2025, a duration of eight months, in 
the anesthesia unit of the Yaoundé Military Hospital. We included patients 
with anesthesia risk ASA I and ASA II and excluded patients with cardiovas-
cular comorbidities, pregnant women, and those undergoing interventions 
with bleeding potential. We divided the participants into two groups—stand-
ard and ultrasound-guided—using a 1:1 sequence. Our dependent variables 
were hypotension, vasopressor dosage used, quantity of fluid before and after 
induction, diameters of the inferior vena cava and right subclavian vein during 
inspiration and expiration, collapsibility indices, and variability. Data were en-
tered into CS Pro version 8.0 and analyzed using SPSS version 27.0. Results: 
A total of 80 patients were recruited for the study and divided into two groups: 
40 in the ultrasound-guided group and 40 in the standard group. The sex ratio 
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was 6.18. The mean age was 35.51 ± 14.02 years; most surgeries performed 
were orthopedic (42.5%), and most patients were classified as ASA 1 (93.8%). 
Ultrasound measurements were as follows: mean Dmin IVC 1.7 ± 0.4 cm, 
mean Dmax IVC 2.0 ± 0.3 cm, mean IVCCI 15.3 ± 11.5%, Dmin SCV on spon-
taneous breathing 0.9 ± 0.3 cm, Dmax SCV on spontaneous breathing 1.0 ± 
0.3 cm, spontaneous SCVCI 9.7 ± 8.0%. Variability index SCV 0.1 ± 0.1%, 
Dmin SCV on deep breathing 0.8 ± 0.2 cm, Dmax SCV on deep breathing 1.1 
± 0.3 cm, SCVCI on deep breathing 25.0 ± 9.0%, SCV variability index on deep 
breathing 0.3 ± 0.1%. In the study population, hypotension occurred in 18.8% 
(n = 15), with 22.5% (n = 9) in the ultrasound-guided group versus 15% (n = 
6) in the standard group (p = 0.390). The total volume of crystalloid during 
the intervention was 100 ± 99 ml (0 - 500 ml) in the ultrasound-guided group 
versus 1174.3 ± 565.7 ml (240 - 3000 ml), p < 0.001. The total dose of ephedrine 
used in the two groups was 9.0 ± 3.4 mg, with 8.9 ± 3.3 mg in the ultrasound-
guided group versus 9.2 ± 3.8 mg in the standard group (p = 0.408). Conclu-
sion: Ultrasound measurements of the inferior vena cava and subclavian vein 
are beneficial for monitoring the hemodynamic state following spinal anes-
thesia. Our study showed a higher proportion of hypotension in the ultra-
sound-guided group, with no statistically significant difference between the 
two groups. It permits individualized fluid management based on the needs of 
each patient. 
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1. Introduction 

Spinal anesthesia (SA) is a locoregional anesthetic technique in which a local an-
esthetic (LA) is injected into the cerebrospinal fluid (CSF), in direct contact with 
the nerve roots. It is an anesthetic technique frequently used for infra-umbilical 
surgeries [1]. Its advantages include technical simplicity, rapid onset, and low cost 
[1]. Despite these benefits, hypotension and bradycardia are the most common 
and predominant adverse effects. Thus, post-spinal anesthesia hypotension 
(PSAH) is the most frequent complication, with a prevalence ranging from 15% 
to 33% [2]-[4] in the general population and up to 65% in the specific context of 
cesarean section [5]. Hypotension may lead to adverse postoperative events such 
as myocardial infarction, postoperative delirium, and acute kidney injury, as well 
as an increased 30-day postoperative mortality after non-cardiac surgery [6]-[8].  

Fluid resuscitation, in the prevention and management of PSAH, aims to in-
crease stroke volume and improve vital organ perfusion and oxygen delivery [9]. 
Predicting fluid responsiveness, or determining whether fluid administration will 
result in the expected significant increase in cardiac output, remains a major con-
cern for clinicians [10]. Various invasive techniques, such as invasive arterial pres-
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sure monitoring, pulmonary artery catheterization, PiCCO®, and Vigileo®, have 
been described to assess preload and other components of hemodynamic status. 
However, their widespread use remains controversial because of their high cost and 
relatively high complication rates [11]. Other non-invasive methods include non-
invasive blood pressure monitoring, the passive leg-raising test, and ultrasound.  

Ultrasound is a useful non-invasive tool that is increasingly used by anesthesi-
ologists in the operating room, with a short learning curve. Its advantages include 
reliability, portability, ease of use, and the absence of complications. It allows the 
measurement of several parameters, including the inferior vena cava (IVC), which 
has been used in intensive care and the perioperative period as a hemodynamic 
assessment tool [12] [13]. Ultrasonographic assessment of the inferior vena cava 
collapsibility index (IVC-CI) and the subclavian vein collapsibility index (SCV-
CI) represents a simple, non-invasive technique for evaluating intravascular vol-
ume status [13] [14].  

In low-resource countries, more than half of anesthesia-related maternal deaths 
are caused by post-spinal anesthesia hypotension. Hemodynamic management 
during spinal anesthesia relies mainly on strategies such as empirical prophylactic 
fluid loading and/or the prophylactic use of vasopressors to reduce the incidence 
of PSAH. This approach is not always patient-tailored and is primarily based on 
monitoring heart rate (HR), mean arterial pressure (MAP), and systolic arterial 
pressure (SAP) [15] [16]. The incidence of deaths related to PSAH is highest in 
these settings due to limited resources for optimizing perioperative management 
[15]. Therefore, implementing point-of-care ultrasound in perioperative manage-
ment could improve patient care. Goal-directed fluid therapy may allow the appro-
priate use of fluids, vasopressors, and inotropes, leading to better outcomes [17].  

The objective of our study was to evaluate the contribution of IVC and SCV 
monitoring to hemodynamic management during spinal anesthesia. We hypoth-
esized that IVC and SCV monitoring would be beneficial for optimizing hemody-
namic management in patients undergoing spinal anesthesia.  

2. Patients and Methods  

After obtaining ethical approval from the Ethics Committee of the Faculty of 
Medicine of the University of Yaoundé I (FMSB) and administrative authoriza-
tion from the Military Hospital of Region No. 1 (HMR No. 1), we conducted a 
single-blind randomized clinical trial over a period of eight (8) months in the De-
partment of Anesthesiology of the Military Hospital of Region No. 1 in Yaoundé 
(HMR1).  

All patients aged over 18 years undergoing surgery under spinal anesthesia, 
classified as ASA physical status I or II, were eligible for inclusion. Exclusion cri-
teria were: body mass index (BMI) > 30 kg/m2; pregnancy; cardiovascular diseases 
such as systemic arterial hypertension, heart failure, or unstable angina; presence 
of a pacemaker; pulmonary arterial hypertension; mean arterial pressure (MAP) 
< 65 mmHg; cardiac arrhythmias; diabetes mellitus; acute kidney injury; poor ul-
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trasonographic visualization of the inferior vena cava and/or subclavian vein; and 
potentially hemorrhagic surgical procedures.  

2.1. Pre-Spinal Anesthesia Period 

After welcoming the patient in the preoperative area, the fasting duration was cal-
culated, and the patient was instructed to remain at rest for 5 minutes. Baseline 
parameters were then recorded.  

Pre-anesthetic fluid administration:  
Fluid administration before anesthesia was performed according to the inter-

vention group.  
In the standard group, without ultrasound guidance, preoperative fasting defi-

cits were corrected according to the 4-2-1 rule, with half of the calculated fluid 
requirement administered 30 minutes before the initiation of spinal anesthesia.  

Ultrasound-guided group:  
Ultrasound assessment of the right subclavian vein (SCV) was performed as 

follows:  
• Right SCV diameters were measured using a high-frequency linear array trans-

ducer (6 - 13 MHz) in M-mode. To obtain the optimal transverse image of the 
vein, the probe was positioned inferior to the proximal portion of the mid-
clavicle, perpendicular to the long axis of the SCV, in the sagittal plane at the 
level of the deltopectoral triangle. The collapsibility index was calculated dur-
ing spontaneous and deep breathing. Dynamic changes in venous diameter 
over time were recorded using M-mode to identify and quantify the minimum 
and maximum venous diameters during a respiratory cycle. Once the target 
vein was identified, three scans were obtained for each patient. The maximum 
(dSCV_max) and minimum (dSCV_min) anteroposterior diameters of the 
SCV at the end of expiration and inspiration were recorded within the same 
respiratory cycle, during both normal and deep breathing. The SCV collapsi-
bility and variability indices were calculated using the following formulas:  

• Collapsibility index: (Dmax − Dmin)/Dmax * 100  
• Variability index: (Dmax − Dmin)/((Dmax + Dmin)/2) * 100  

The measurement of the inferior vena cava was performed as follows:  
• The patient was relaxed in the supine position and breathing spontaneously 

for 5 minutes. A 3.5 -5 MHz curvilinear probe was placed longitudinally in the 
subxiphoid position, as for cardiac imaging, and then oriented toward the 
liver, proximal to the drainage of the common hepatic vein into the inferior 
vena cava (IVC). Once adequate visualization was obtained, the IVC was 
measured in time–motion (M-mode) at 1 - 2 cm caudal to the hepatic vein–
IVC junction or 3 - 4 cm distal to the junction between the IVC and the right 
atrium, using a subxiphoid transabdominal long-axis view [18]. Measure-
ments were obtained over a single respiratory cycle, with the diameter meas-
ured between the two inner walls. The minimum diameter (IVC-Dmin) and 
maximum diameter (IVC-Dmax) were calculated using M-mode ultrasound, 
and the IVC collapsibility index (CI) was determined. Three measurements 
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were taken at one-minute intervals, and the mean value was considered as the 
IVC-CI. A threshold value of 40% was defined. Accordingly:  

• Patients were considered euvolemic when the IVC-CI was < 40% and/or the 
minimum IVC diameter was > 1.10 cm.  

• Patients were considered hypovolemic when the IVC-CI was > 40% and/or the 
minimum IVC diameter was < 1.10 cm.  

Only hypovolemic patients received a 3 mL/kg crystalloid bolus (Ringer’s lac-
tate or 0.9% saline) over a 10-minute period, after which changes in IVC diameter 
were reassessed. Identical fluid boluses were administered until an IVC-CI < 40% 
and/or a minimum IVC diameter > 1.10 cm was achieved. Spinal anesthesia was 
then performed.  

2.2. Intraoperative Period: Induction of Spinal Anesthesia 

The patient was then transferred to the operating room. Standard positioning and 
monitoring were established using a multiparameter monitor. After disinfection 
of the lumbar region and identification of the L3-L4 interspace, a lumbar puncture 
was performed using a Quincke spinal needle, and 12.5 mg of 0.5% isobaric bupi-
vacaine was administered. Adjuvants such as fentanyl and/or morphine were 
added to the bupivacaine and injected intrathecally over 10 seconds once free flow 
of cerebrospinal fluid was confirmed. After injection, patients were immediately 
positioned supine with a 30˚ head-up tilt. The sensory block level was assessed 
using the pinprick test, and motor block was evaluated using the Bromage score. 
Surgical procedures were initiated only once the patient was stable.  

Intraoperative resuscitation  
Standard group:  
In the event of hypotension following spinal anesthesia, resuscitation was con-

ducted according to the following protocol:  
• In cases of hypotension and/or bradycardia, ephedrine 5 mg or atropine 0.1 

mg/kg, respectively, was administered. Hemodynamic parameters were reas-
sessed every 3 minutes.  

• After two doses of the aforementioned medications with persistent arterial hy-
potension, a crystalloid infusion of 3 mL/kg was administered over 10 minutes, 
followed by reassessment.  

• Maintenance fluid administration after fasting correction was continued ac-
cording to the 4-2-1 rule, taking insensible losses into account and the losses 
(2 ml/kg/h) due to surgical trauma (3 ml/kg/h) because we only included sur-
geries with minor trauma.  

Ultrasound-guided group:  
IVC and subclavian vein (SCV) measurements were performed at 5, 10, 15, 30, 

45, 60, 75, and 90 minutes after the induction of spinal anesthesia. Resuscitation 
was conducted according to the following protocol:  
• In the event of hypotension during surgery, if the IVC minimum diameter was 

≥ 1.10 cm and/or the IVC-CI was < 40%, hypotension was attributed to vaso-
plegia, and patients received 5 mg of ephedrine.  
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• Conversely, if the IVC minimum diameter was < 1.10 cm and/or the IVC-CI 
was > 40%, hypotension was attributed to hypovolemia, and a 3 mL/kg crys-
talloid bolus (Ringer’s lactate or 0.9% saline) was administered over 10 
minutes, followed by reassessment of the IVC diameter variation.  

3. Data Analysis  

Data entry was performed using CSPro software version 8.0. Data analysis was 
conducted using SPSS software version 22.0. Graphs were generated using SPSS 
version 22.0 and Microsoft Excel 2016. Consecutive sampling with 1:1 random 
allocation was used. Each patient was randomly assigned to one of the two study 
groups corresponding to the protocols under investigation. Both groups included 
an equal number of patients.  

Sample size:  
Sample size was calculated using OpenEpi software based on the Kelsey et al. for-

mula. Parameters included a two-sided significance level (1 − α) of 95%, statistical 
power (1 − β) of 80%, a non-exposed/exposed ratio of 1, an expected outcome pro-
portion among exposed participants of 34% (the percentage of patients who devel-
oped hypotension after spinal anesthesia in the first study by Ni et al., 2022, to eval-
uate the power of preoperative IVCCI for predicting hypotension after induction of 
spinal anesthesia), and an odds ratio of 10. The total sample size with continuity 
correction was 68 participants, comprising 34 exposed and 34 non-exposed subjects.  

A p-value < 0.05 was considered statistically significant for all analyses.  
 

 
Figure 1. CONSORT flow diagram. 
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4. Results  

During the study period, 100 patients were enrolled, of whom 20 were excluded. 
Forty patients were allocated to the ultrasound-guided group and forty to the 
standard group (see Figure 1).  
 

Table 1. Demographic and clinical characteristics according to the intervention group. 

Variables Overall, N = 80. 
Ultrasound-guided  

N = 401 
Standard  
N = 401 

p-value2 

Age (years)    0.174 

Mean ± SD 35.51 ± 14.02 33.38 ± 11.33 37.7 ± 16.3  

Age groups    0.108 

15 - 29 years 31 (38.8%) 17 (42.5%) 14 (35.0%)  

30 - 59 years 42 (52.5%) 21 (52.5%) 21 (52.5%)  

≥60 years 7 (8.75%) 2 (5.00%) 5 (12.5%)  

BMI (kg/m2)    0.361 

Mean ± SD 25.0 ± 2.9 24.7 ± 2.6 25.3 ± 3.2  

Sex    0.330 

Male 69 (86.3%) 33 (82.5%) 36 (90.0%)  

Female 11 (13.8%) 7 (17.5%) 4 (10.0%)  

Type of surgery    0.099 

Orthopedic 34 (42.5%) 19 (47.5%) 15 (37.5%)  

Digestive 26 (32.5%) 15 (37.5%) 11 (27.5%)  

Urologic 18 (22.5%) 5 (12.5%) 13 (32.5%)  

Gynecologic 1 (1.25%) 1 (2.50%) 0 (0%)  

Vascular 1 (1.25%) 0 (0%) 1 (2.50%)  

ASA score    0.055 

ASA I 75 (93.8%) 40 (100.0%) 35 (87.5%)  

ASA II 5 (6.25%) 0 (0%) 5 (12.5%)  

 
Table 2. Preoperative fasting characteristics and preoperative parameters according to the intervention group. 

Variables 
Overall  
N = 801 

Ultrasound-guided  
N = 40 1 

Standard  
N = 401 

p-value2 

Duration of liquid fasting (h)    0.243 

Mean ± SD 12.2 ± 8.2 12.4 ± 10.6 12.1 ± 4.8  

Duration of solid fasting (h)    0.915 

Mean ± SD 12.8 ± 4.9 12.7 ± 5.3 13.0 ± 4.6  
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Continued 

Baseline SBP (mmHg)    0.606 

Mean ± SD 126.6 ± 11.1 125.7 ± 11.0 127.5 ± 11.2  

Baseline DBP (mmHg)    0.578 

Mean ± SD 76.8 ± 12.0 77.7 ± 11.7 75.9 ± 12.4  

Baseline MBP (mmHg)    0.908 

Mean ± SD 93.4 ± 9.9 93.7 ± 10.1 93.1 ± 9.7  

Baseline HR (beats/min)    0.033 

Mean ± SD 79.3 ± 14.1 83.1 ± 15.7 75.5 ± 11.3  

 
Table 3. Spinal anesthesia procedural characteristics according to the intervention group. 

Variables 
Global  

N = 80 1 
échoguidée  

N = 401 
Standard  
N = 401 

p-value2 

Needle type    0.172 

Cutting needle 63 (78.8%) 29 (72.5%) 34 (85.0%)  

Pencil-point needle 17 (21.3%) 11 (27.5%) 6 (15.0%)  

Needle gauge    0.241 

G25 71 (88.8%) 37 (92.5%) 34 (85.0%)  

G24 3 (3.75%) 0 (0%) 3 (7.50%)  

G22 5 (6.25%) 2 (5.00%) 3 (7.50%)  

G27 1 (1.25%) 1 (2.50%) 0 (0%)  

Introducer    >0.999 

Yes 14 (17.5%) 7 (17.5%) 7 (17.5%)  

No 66 (82.5%) 33 (82.5%) 33 (82.5%)  

Puncture site    0.263 

L4 - L5 72 (90.0%) 38 (95.0%) 34 (85.0%)  

L3 - L4 8 (10.0%) 2 (5.00%) 6 (15.0%)  

Sensory block level    0.231 

T6-below T10 56 (70.0%) 26 (65.0%) 30 (75.0%)  

T4-below T6 18 (22.5%) 12 (30.0%) 6 (15.0%)  

Above T10 6 (7.50%) 2 (5.00%) 4 (10.0%)  

Bromage score    >0.999 

Bromage 3 77 (96.3%) 39 (97.5%) 38 (95.0%)  

Bromage 2 3 (3.75%) 1 (2.50%) 2 (5.00%)  
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Table 4. Pre-induction inferior vena cava ultrasound characteristics - Ultrasound-guided 
group. 

Variables N = 40 

Dmin IVC (cm)  

Mean ± SD 1.7 ± 0.4 

Min – Max 0.6 - 2.4 

Dmax IVC (cm)  

Mean ± SD 2.0 ± 0.3 

Min – Max 1.0 - 2.7 

IVC collapsibility index (%)  

Mean ± SD 15.3 ± 11.5 

Min – Max 3.0 - 54.5 

IVC variability index  

Mean ± SD 0.2 ± 0.2 

Min – Max 0 - 0.8 

IVC Dmax/collapsibility index  

Mean ± SD 0.2 ± 0.2 

Min – Max 0 - 0.8 

 
Table 5. Pre-induction ultrasound characteristics of the subclavian vein during deep 
breathing. 

Variables N = 40 

Dmin SCV during deep breathing (cm)  

Mean ± SD 0.8 ± 0.2 

Min – Max 0.2 - 1.5 

Dmax VSC deep breathing (cm)  

Mean ± SD 1.1 ± 0.3 

Min – Max 0.4 - 1.9 

Collapsibility Index VSC Deep Breathing (%)  

Mean ± SD 25.0 ± 9.0 

Min – Max 2.4 - 42.9 

Index of Variability VSC Deep Breathing (%)  

Mean ± SD 0.3 ± 0.1 

Min – Max 0 - 0.5 
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Table 6. Pre-induction ultrasound characteristics of the subclavian vein during quiet 
breathing. 

Variables N = 40 

SCV Dmin during quiet breathing (cm)  

Mean ± SD 0.9 ± 0.3 

Min – Max 0.3 - 1.7 

SCV Dmax during quiet breathing (cm)  

Mean ± SD 1.0 ± 0.3 

Min – Max 0.3 - 1.8 

SCV collapsibility index during quiet breathing (%)  

Mean ± SD 9.7 ± 8.0 

Min – Max 1.8 - 47.3 

SCV variability index during quiet breathing (%)  

Mean ± SD 0.1 ± 0.1 

Min – Max 0 - 0.6 

 
Table 7. Intraoperative complications according to the intervention group. 

Variables 
Overall 
N = 801 

Ultrasound-guided  
N = 40 1 

Standard  
N = 401 

p-value2 

Occurrence of arterial hypotension    0.390 

Yes 15 (18.8%) 9 (22.5%) 6 (15.0%)  

Nausea    >0.999 

Yes 6 (7.50%) 3 (7.50%) 3 (7.50%)  

Bradycardia    0.359 

Yes 5 (6.25%) 1 (2.50%) 4 (10.0%)  

Pruritus    0.359 

Yes 5 (6.25%) 4 (10.0%) 1 (2.50%)  

Vomiting    >0.999 

Yes 2 (2.50%) 1 (2.50%) 1 (2.50%)  

Shivering    >0.999 

Yes 1 (1.25%) 1 (2.50%) 0 (0%)  

 
The most frequently encountered complications in both groups were arterial 

hypotension in 15 patients (18.8%), bradycardia in 5 patients (6.25%), and nausea 
in 6 patients (7.50%). The incidence of hypotension in the ultrasound-guided 

https://doi.org/10.4236/ojanes.2026.162005


F. S. Kona Ngondo et al. 
 

 

DOI: 10.4236/ojanes.2026.162005 51 Open Journal of Anesthesiology 
 

group was 9 cases (22.5%) compared with 6 cases (15.0%) in the standard group, 
with no statistically significant difference between the groups.  

The mean dose of ephedrine was 9.0 ± 3.4 mg in both groups, 8.9 ± 3.3 mg in 
the ultrasound-guided group, and 9.2 ± 3.8 mg in the standard group. The median 
dose of atropine was similar in the standard group and the ultrasound-guided 
group, at 0.5 [0.5 - 0.6] mg.  
 

Table 8. Total atropine and ephedrine doses. 

Variables 
Overall 
N = 801 

Ultrasound-guided 
N = 401 

Standard 
N = 401 

p-value1 

Total atropine dose (mg)    >0.999 

Median [Q1 - Q3] 0.5 [0.5 - 0.6] 0.5 [0.5 - 0.5] 0.5 [0.5 - 0.6]  

Min – Max 0 - 0.6 0 - 0.5 0 - 0.6  

Total ephedrine dose (mg)    0.948 

Moyenne ± DS 9.0 ± 3.4 8.9 ± 3.3 9.2 ± 3.8  

Min – Max 0 - 15.0 0 - 15.0 0 - 15.0  

 
The distribution of fluids throughout the procedure is illustrated in Figure 2.  

 

 
Figure 2. Distribution of fluid volume according to the intervention group and induction 
time (mL). 

5. Discussion  

The mean age was 35.51 ± 14.02 years, with extremes ranging from 19 to 80 years. 
The most represented age group was 39 - 59 years, with no significant association 
between the two groups. These findings are similar to those reported by Yang et 
al., who reported a mean age of 36.36 ± 7.15 years [19]. In contrast, other studies 
reported a higher mean age, around 49 - 59 years [12] [13] [20], which may be 
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explained by the inclusion of patients with cardiovascular comorbidities in those 
studies.  

Regarding the type of surgery, orthopedic procedures were the most frequent 
(42.5%), a finding comparable to that of Roy et al., who reported a rate of 39% 
[21]. In our study, this may be explained by the high prevalence of traumatic con-
ditions in younger populations and by the fact that the study was conducted in a 
military hospital.  

In our study, the mean IVC collapsibility index (IVC-CI) was 15.3 ± 11.5%. 
This value was similar to that reported by Sumit et al., with a mean IVC-CI of 
16.14 (9.79 - 23.18) [22]. In contrast, Ni et al. reported a mean IVC-CI of 40.7 ± 
6.9%, and Eeshwar et al. reported a mean value of 33.64 ± 14.9% in ASA I and II 
patients[12] [20]. This discrepancy may be explained by the fact that, in our study 
as well as in that of Sumit et al., patients with cardiovascular diseases were ex-
cluded, suggesting an influence of cardiovascular conditions—particularly hyper-
tension—and their treatments on vascular morphology. Moreover, in spontane-
ously breathing patients, voluntary respiratory effort varies among individuals 
and affects the ability of respiratory variations in IVC diameter to predict fluid 
responsiveness. It has been shown that breathing patterns can influence IVC di-
ameter and venous return.  

The overall incidence of hypotension was 15 cases (18.8%). In the ultrasound-
guided group, hypotension occurred in 9 patients (22.5%) compared with 6 pa-
tients (15.0%) in the standard group, with no statistically significant difference. 
These results differ from those reported in other studies, which showed higher 
incidences ranging from 23% to 45% [12] [20] [22]. This difference may be related 
to larger sample sizes in those studies and to the inclusion—except in the study by 
Sumit et al.—of hypertensive patients, who may be at higher risk of hypotension 
due to baroreceptor dysregulation.  

The total volume of crystalloid administered throughout the procedure was 100 
± 99 mL (minimum 0, maximum 500 mL) in the ultrasound-guided group versus 
1174.3 ± 565.7 mL (minimum 240, maximum 3000 mL) in the standard group, 
with a statistically significant difference between the two groups. In the study by 
Ni et al., the mean total volume in the standard and ultrasound-guided groups 
was 345 (285 - 670) mL and 330 (0 - 560) mL, respectively. The mean post-induc-
tion volume in the ultrasound-guided group was 0 (0 - 0) mL versus 0 - 335 mL 
in the standard group, with a significant difference between groups [12]. The sim-
ilarity of findings in the ultrasound-guided groups may be explained by ultra-
sound-guided fluid management; however, in our study, the fluid protocol in the 
standard group differed, as we applied the 4-2-1 rule and accounted for insensible 
losses.  

The total ephedrine dose was 9.0 ± 3.4 mg in both groups, with mean doses of 
8.9 ± 3.3 mg in the ultrasound-guided group and 9.2 ± 3.8 mg in the standard 
group, with no significant difference. In the study by Ni et al., the frequency of 
vasoactive drug use was compared and was higher in the standard group (17 cases, 
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27%) than in the ultrasound-guided group (7 cases, 11.9%), with a significant dif-
ference between the two groups [12].  

Study limitations  
• Only patients classified as ASA physical status I - II, without comorbidities, 

were included in the study.  
• The single-blind randomization design may constitute a potential source of 

bias.  
• All measurements were performed by a single operator to improve measure-

ment precision; however, the presence of intra-observer variability cannot be 
excluded.  

6. Conclusion  

In our study population, ultrasound-derived indices of the subclavian vein (SCV) 
and inferior vena cava (IVC) were lower than those reported in the literature. Alt-
hough the incidence of hypotension was higher in the ultrasound-guided group, 
this difference was not statistically significant. In contrast, the volume of fluids 
administered and the dose of ephedrine used were higher in the standard group 
compared with the ultrasound-guided group.  
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