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Abstract 
Introduction: The involvement of the endothelial dysfunction (ED) in arteri-
al hypotension (AHPT) post of spinal anesthesia (SA) has not been estab-
lished. Objective: To determine if there is a relationship between ED and 
AHPT observed during the 1st 15 minutes after SA. Population and Me-
thods: The study concerned 40 people who were to benefit from a pro-
grammed herniorrhaphy under SA and 40 controls (SA−). The correlations 
between mean plasma concentrations of endothelin-1 (CmET-1, pg/ml) and 
Vascular Cell Adhesion Molecule-1 (CmVCAM-1, pg/ml) taken from SA+ 
one hour before (H0), then 15 minutes after the SA (H15) and the mean ar-
terial pression (AMP, mmHg) with heart rate (bpm) were analyzed (p < 5%). 
Results: CmET-1 and CmVCAM-1 of SA− were 1.07 and 3.34, respectively, 
compared to 1.12 (p = 0.735) and 3.57 (p = 0.862) in SA+ at H0 and H15. In 
SA+, at H15, CmET-1 was 1.13 (p = 0.823) and CmVCAM-1 was 3.57 (p = 
0.257). In SA−, a negative correlation existed between CmET-1 and Cm- 
VCAM-1 (r = −0.438; p = 0.005). Conversely, in SA+, whether at H0 (r = 
−0.31; p = 0.051) or at H15 (r = 0.024; p = 0.883), no correlation existed be-
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tween CmET-1 and CmVCAM-1, nor between MAP and ED markers (r = 
0.111; p = 0.325). Conclusion: These results show that there is no relation-
ship between the AHPT which occurs during the first fifteen minutes post 
SA, CmVCAM-1 and CmET-1. Moreover, these data suggest that ED is not 
involved in AHPT post SA. 
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1. Introduction 

The vascular endothelium has several functions, one of which is the regulation of 
blood pressure [1]-[6]. This regulation takes place through the secretion of va-
soactive substances [1]-[6]. Thus, any disturbance affecting the barometric bal-
ance and the histological integrity of the endothelium causes its dysfunction [1] 
[4] [5] [6] [7]. This endothelial dysfunction (ED) is characterized by a modifica-
tion of the balance between vasodilator, anti-mitotic, anti-thrombogenic and an-
ti-adhesive substances, in favor of those known as vasoconstrictors, pro throm-
bogenes, pro adhesives and proliferatives [7] [8] [9]. Some of therapeutic tech-
nics such as spinal anesthesia (SA) as well as conditions of a medical or surgical 
nature, in varying degrees of their development can be responsible for ED [10] 
[11] [12] [13]. Spinal anesthesia (SA) is an anesthesia technic that involves the 
intra thecal injection of locoregional anesthetic [14] [15]. When performed as 
part of sub umbilical surgery, it causes blockage of the vegetative system in favor 
of the para sympathetic system [14] [15] [16]. This blockage would result in the 
installation of arterial hypotension, whose link with ED has not yet been clearly 
established [10]-[16]. On a human scale, the evaluation of endothelial dysfunc-
tion is done by non-invasive methods, but also biological, as endothelin-1 (ET-1) 
and vascular cell adhesion molecule-1 (VCAM-1) [1]-[10] [17]-[42]. Our hypo-
thesis is that endothelial ED, like sympathetic paralysis, would be involved in 
the onset of low blood pressure observed during the first fifteen minutes after 
SA. To confirm this hypothesis, we monitored mean arterial pressure, as well 
as heart rate, assayed plasma markers of ED, and analyzed their correlations in 
patients before and 15 minutes after intra spinal administration of a loco re-
gional anesthetic. 

2. Population and Methods 
2.1. Population 

This was an observational, cross-sectional, case-control type survey carried 
out in Libreville (Gabon). Patient recruitment was multi-center. It was carried 
out within the physiological function exploration departments of the University 
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Hospital of Owendo (CHUO), surgery and anesthesia-resuscitation of the Uni-
versity Hospital of Libreville (CHUL). The biological assays were carried out in 
the biochemistry laboratory of the faculty of medicine. The study population was 
divided into two groups. The first consisted of people who had to undergo a 
spinal anesthesia indicated before a programmed herniorrhaphy (Case, RA+). 
The second consisted of volunteers, free from any medico-surgical disease, and 
having socio-demographic criteria similar to those of the patients (Controls, 
RA−). This study was conducted in accordance with the medical ethics recom-
mendations on the use of living things according to the declaration of Helsinki 
[43]. 

2.1.1. Inclusion Criteria 
To be included, patients (RA+), as well as controls (RA−) had to be male, and 
aged between 25 and 65 years. In addition, only those who consent and who 
have benefited from a clinical evaluation at the CHUO (general examination, 
cardiovascular, abdominal with hernial orifices) and para clinical (blood count, 
coagulation, uremia, glycemia, creatinine, electrocardiogram, radiography tho-
rax of the front, retro viral serology, assay of endothelial markers) had been re-
cruited. 

2.1.2. Non-Inclusion Criteria 
During the present survey, we did not include all people suffering from a com-
plicated inguinal hernia, or any other pathologies of a medical or surgical nature, 
acute or chronic (medical and surgical emergencies, HIV infection, diabetes, 
hypertension blood pressure, sickle cell anemia, renal failure, neoplasia, liver 
disease, respiratory failure, heart failure). Likewise, subjects who are obesity, 
enolo-tobacco, or undergoing treatments likely to modify endothelial function 
were not selected [1]-[10]. In addition, in RA+, during the 15 minutes following 
the SA, any variation in a hemodynamic parameter of more than 20% compared 
to that taken preoperatively (mean arterial pressure and/or heart rate) and re-
quiring specific therapy (vascular filling, vasoactive amines) was an exclusion 
factor [14] [15] [16] [44]-[49]. 

2.2. Method of Study 
2.2.1. Recruitment of RA+ 
Once the diagnosis of uncomplicated inguinal hernia [50] [51] [52] [53] and the 
indication for operation made by the surgeon, recruitment was done consecu-
tively in the consultation room for physiological functional explorations. The 
patients underwent a clinical examination (questioning, general examination, 
cardiovascular examination with measurement of hemodynamic parameters). At 
the end of this assessment, those who met the inclusion criteria were informed 
of the anesthesia technique and the survey details. Subsequently, as soon as the 
consent was obtained, an appointment was made for them at the biochemical 
laboratory of the faculty of medicine for the biological assays. 
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2.2.2. Recruitment of RA− 
It was carried out consecutively, on a voluntary basis, among the general popula-
tion. Once consent was obtained, each control was matched to a patient by age. 
Then, an appointment was given to each of them at the CHUO. On the agreed 
date, the latter benefited from a clinical and para clinical evaluation similar to 
that of the patients and a sample for the biological assays. Controls were parents 
of patients, healthcare professionals and medical students. During the study pe-
riod, 120 people meeting the eligibility criteria were identified, including 60 pa-
tients (RA+) and 60 controls (RA−). Of the 60 RA+ recorded, 6 had non-inclusion 
criteria and 14 were excluded due to arterial hypotension post spinal anesthesia 
requiring hemodynamic support (n = 4), refusal to participate (n = 4) and ab-
sence presentation on the scheduled day of surgery (n = 6). The population of 
RA+ definitively retained was 40 people. Among the 60 selected controls, 40 were 
included and 20 were excluded for refusal of sampling (n = 17) and arterial 
hypertension discovered during recruitment (n = 3). A total of 80 people 
participated in the study (Figure 1). 

The parameters collected were age (in years), mean arterial pressure in milli-
meters of mercury (MAP, mmHg), and heart rate in beats per minute (HR, 
bpm). Thus, during the first 15 minutes after spine anesthesia, all changes in 
hemodynamic parameters (pre-operative MAP and FC) between 10% and 20% 
of the control value were considered significant. Moreover, it was considered 
normal, a value of the MAP between 60 - 90 mmHg, and that of the HR between 
60 - 100 bpm [54]. At the surgical level, the data recorded were the type (inguino 
scrotal or inguinal hernia) and the duration of the operation (in minutes). Bio-
logically, the parameters studied were the mean plasma concentration of endo-
thelin-1 (CmET-1, pico gram/ml or pg/ml) and Vascular Cell Adhesion Mole-
cule-1 (CmVCAM-1, pico gram/ml or pg/ml) [55]. The plasma concentrations 
of the biological markers obtained in the RA− people determined the control 
values. 

2.2.3. Method for Measuring Hemodynamic Parameters 
During the preoperative period (H0) in RA+, a single measure of the parameters 
was made in the functional exploration room by a multi-parameter monitor  
 

 
Figure 1. Flow diagram describing the selection of the study population. 
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(Philips® IntelliVue MP 40™ Ireland). This measurement was taken immediately 
after a 15 minute rest period. Intra operatively, it was done at the operating 
room facility, then every 2 minutes for the first 15 minutes following intrathecal 
administration of the anesthetic agent. Thereafter, hemodynamic monitoring 
was continued in the intraoperative and postoperative stages with a measure-
ment interval of 10 minutes. In the controls, the collection of hemodynamic pa-
rameters was carried out in the physiological functional exploration room, ac-
cording to technical procedures similar to those of the patients (multiparametric 
monitor, Philips® IntelliVue MP 40™ Ireland). 

2.2.4. Anesthetic Protocol 
The protocol used during the present investigation was carried out according to 
that established by previous studies [44]-[49]. Once the patient was installed and 
monitored, an 18-gauge peripheral venous line (Braun®) was put in place., con-
nected to an infusion of isotonic saline (0.9% saline, 500 ml). The patient was 
then placed in a seated position. The operator proceeded to locate the L3-L4 in-
ter-vertebral space. The lumbar puncture was performed after strict compliance 
with asepsis measures by injecting a mixture of 10 mg of Bupivacaine 2.5% (Bu-
pivacaine® isobaric and 25 µg of fentanyl®. The injection was 30 seconds, then, 
once a dressing was placed at the injection site, the patient was immediately ly-
ing supine on the operating table in a tilting position. No prophylactic method 
of combating hemodynamic changes has been recommended during the 15 mi-
nutes following SA (vascular filling, administration of vasoconstrictors) [14] [15] 
[16] [44]-[49], except for hemodynamic variations exceeding the interval re-
tained during the survey. 

2.2.5. Surgical Technic 
After the SA, the patient was previously subjected to the aseptic measures started 
the day before and early in the morning with a general bath with foaming Povi-
done iodine (Betadine®). The surgical technic used during the present study was 
that known as Bassini [50] [51] [52] [53]. 

2.2.6. Method of Blood Collection and Conditioning 
In the patients, two series of blood samples were taken, the first one hour before 
the spinal anesthesia, and the second 15 minutes after. In the controls, a single 
sample was effective. 3 ml of peripheral venous blood was collected in an EDTA 
tube from an 18-gauge venous catheter (BraunTM). The samples were then sent 
to the biochemistry laboratory in a cooler (Colman™), where they were imme-
diately centrifuged (Universal 320™, Hettich Zentrifugen®, Germany). The serum 
was stored in cryotubes (BiologixTM, Biologix® Inc. USA) refrigerated at −86˚C 
(Thermo Scientific Forma 900TM Series, Thermo Fisher Scientific® Inc.). 

2.2.7. Dosage of ET-1 and VCAM-1 
Endothelin-1 (ET-1) and the Vascular cell adhesion molecule-1 (VCAM-1) were 
assayed manually by the ELISA technique (Enzyme Linked immunosorbent as-
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say), at the using a Human® ET-1 and VCAM-1 ELISA kitTM (No.E-EL-H0064) 
kit from Elabscience®. The assays were carried out according to the procedure 
established by the manufacturer [55]. The incubator used was Incucell® brand. 
Optical density was measured on a Thermo Scientific® brand reader, Multiskan 
FC. ET-1 and VCAM-1 concentrations were obtained by comparison to a stan-
dard range which had been processed along with the samples. The mean con-
centrations of ET-1 (CmET-1) and VCAM-1 (CmVCAM-1) were expressed in 
pico gram/ml [55]. 

2.2.8. Statistical Methods 
The data, once collected on a survey sheet, was entered into a Microsoft Excel 
2013® file and analyzed using EPI INFO 7.1, SPSS 21® software from the Center 
for Deseases Control (CDC). The descriptive study was carried out by calculat-
ing the means, proportions and standard deviations. To compare the propor-
tions, the test used was that of chi-2. The relationships between quantitative and 
qualitative variables were studied by the Mann-Whitney and Wilcoxon test. 
Spearman’s test was used to study the correlations between plasma concentra-
tions of markers of endothelial dysfunction before and after spinal anesthesia. 
The threshold of statistical significance set was 5% (p < 0.05). 

3. Results 
3.1. Descriptive Study  
Epidemiology Parameters 
The clinical parameters of the study population are summarized in Table 1. The 
mean age of the patients was 38.1 ± 16 years, and that of the controls 37.5 ± 15.3 
years (p = 0.865). On clinical examination, 72.5% of patients (n = 29/40) pre-
sented with a simple inguinal hernia, while 32.5% (n = 11/40) had an ingui-
no-scrotal hernia. During the first 15 minutes after spinal anesthesia, 32.5% of 
patients (n = 13/40) had arterial hypotension not exceeding 10% drop in  
 
Table 1. Epidémiologic parameters. 

Parameters Patients controls 

Age   

Mean age (year) ± SD 38.1 ± 16.0 37.5 ± 15.3 

Pre operative (mmHg) MAP 92.4 ± 11.4 90.4 ± 10.6 

Indications for surgery (n/%) 73.6 ± 11.6 72.5 ± 10.1 

Inguinal hernias 29 (72.5) NT 

Inguino scrotal hernia 11 (27.5) NT 

Duration of surgery (in min) ± SD 48 ± 2001 NT 

Arterial hypotension (n/%)   

Yes 33 (82.5) NT 

No 7 (17.5) NT 

No tested. 
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pressure. The mean duration of surgery was 48 ± 20.1 min, with the extremes of 
24 and 130 minutes (Table 1). 

3.2. Analytic Study 
3.2.1. Comparison of Hemodynamic Variables of Patients to Those of  

Controls 
The MAP obtained in the preoperative period was 92.4 ± 11.4 mmHg in RA+, 
against 90.4 ± 10.6 mmHg in RA− (p = 0.422). Intraoperatively at H0, in patients, 
the MAP was 90.75 mmHg, against 81.05 mmHg at H15 (p = 0.001) and 83.8 
mmHg at H30 (p = 0.497) (Figure 2). The mean heart rate in the preoperative 
period was 73.6 ± 11.6 bpm in the patients, compared with 72.5 ± 10.1 bpm in 
the controls (p = 0.669) Figure 2. In the patients, At H15, it was 70.3 bpm and 
68.1 bpm at H30 (p = 0.004). 

3.2.2. Comparison of the Mean Plasma ET-1 (CmET-1) Concentration of  
Patients to that of Controls before and 15 Minutes after SA 

In controls, CmET-1 was 1.07 ± 0.63 pg/ml (p = 0.735). In patients, it was 1.12 ± 
0.56 pg/ml, before the SA, and 1.13 ± 0.54 pg/ml 15 minutes after (p = 0.823) 
(Figure 3). 
 

 
Figure 2. Variations in patients’ MAP and heart rate (HR/bpm) during spinal anesthesia. 
Legend: PRE-O (Preoperative); H0 (Local anesthetic injection); H15 (15 minutes after the 
injection); H+ 15 (15 minutes after surgery). 
 

 
Figure 3. Comparison of mean ET-1 plasma concentrations (CmET-1) of controls to 
those of patients before and 15 minutes after spinal anesthesia. 
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3.2.3. Comparison of Mean Plasma VCAM-1 (CmVCAM-1) Concentration  
of Patients vs Controls 

The patients’ CmVCAM-1 was 3.57 ± 0.88 pg/ml before SA, compared to 3.65 ± 
1.04 pg/ml during the first 15 minutes after SA (p = 0.257). In controls, it was 
3.34 ± 1.56 pg/ml (p = 0.862) (Figure 4). 

3.2.4. Correlation between Plasma ET-1 Concentration (CmET-1) and  
Age of the Study Population 

There was no correlation between plasma ET-1 concentration and the age of the 
study population (r = 0.155; p = 0.171) (Figure 5). 

3.2.5. Correlation between the Plasma Concentration of VCAM-1 and  
the Age of the Study Population 

There was no correlation between the plasma concentration of VCAM-1 and the 
age of the study population (r = 0.058; p = 0.610) (Figure 6). 

3.2.6. Correlation between Plasma ET-1 Concentration (CmET-1) and  
MAP in the Study Population 

There was no correlation between plasma ET-1 concentration and MAP in the 
study population (r = 0.111; p = 0.325) (Figure 7). 

3.2.7. Correlation between Plasma Concentrations of ET-1 (CmET-1) and  
CmVCAM-1 in Controls 

There was a negative correlation between plasma concentrations of ET-1  
 

 
Figure 4. Comparison of mean plasma VCAM-1 concentrations (CmVCAM-1) of con-
trols to those of patients obtained before and 15 minutes after spinal anesthesia. 
 

 
Figure 5. Correlation line between plasma ET-1 concentration (CmET-1) and age of the 
study population. 
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Figure 6. Correlation line between the plasma concentration of VCAM-1 (CmVCAM-1) 
and the age of the study population. 
 

 
Figure 7. Correlation line between plasma ET-1 concentration and MAP in the study 
population (r = 0.111; p = 0.325) (Figure 7). 
 
(CmET-1) and VCAM-1 (CmVCAM-1) in controls (r = −0.438; p = 0.005) 
(Figure 8). 

3.2.8. Correlation between Plasma Concentrations of ET-1 (CmET-1)  
and VCAM-1 (CmVCAM-1) in Patients before Spinal Anesthesia 

In patients, there was no correlation between plasma concentrations of ET-1 and 
VCAM-1 before spinal anesthesia (r = −0.31; p = 0.051) (Figure 9). 

3.2.9. Correlation between Plasma Concentrations of ET-1 (CmET-1)  
and VCAM-1 (CmVCAM-1) in Patients 15 Minutes  
after Spinal Anesthesia 

There was no correlation between plasma ET-1 and VCAM-1 concentrations af-
ter spinal anesthesia (r = 0.024; p = 0.883) (Figure 10). 
 

 
Figure 8. Correlation line between plasma concentrations of ET-1 (CmET-1) and VCAM-1 
(CmVCAM-1) in controls. 
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Figure 9. Correlation line between plasma concentrations of ET-1 (CmET-1) and VCAM-1 
(CmVCAM-1) in patients before spinal anesthesia. 
 

 
Figure 10. Correlation line between CmET-1 and CmVCAM-1 in patients 15 minutes 
after spinal anesthesia. 

4. Discussion 

The objective of this work was to determine whether endothelial dysfunction, 
like sympathetic palsy, was involved in the onset of arterial hypotension ob-
served during the first 15 minutes after spinal anesthesia. To confirm this hypo-
thesis, in people free from any endothelial dysfunction, the correlations between 
CmET-1, CmVCAM-1, taken from SA+ one hour before (H0), then 15 minutes 
after the SA (H15) and the AMP with heart rate were analyzed (p < 5%). During 
the present investigation, we encountered several constraints, the most impor-
tant of which were, the refusal to participate (n = 4), the arterial hypotension af-
ter spine anesthesia requiring hemodynamic support (n = 4) and the absence of 
presentation. On the scheduled day of surgery (n = 6). This had an impact on the 
size of our sample. However, despite these limitations, our data show that the 
MAP obtained in the preoperative period was 92.4 ± 11.4 mmHg in the patients, 
against 90.4 ± 10.6 mmHg in the controls (p = 0.422). Intra operatively at H0 in 
patients, MAP was 90.75 mmHg, compared to 81.05 mmHg at H15 (p = 0.001). 
The mean heart rate in the preoperative period was 73.6 ± 11.6 bpm in the pa-
tients, compared to 72.5 ± 10.1 bpm in the controls (p = 0.669). At H15, it was 
70 bpm, and 68.1 bpm at H30 (p = 0.0004). At H0, CmET-1 and CmVCAM-1 of 
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RA− were 1.07 and 3.34, respectively, compared to 1.12 (p = 0.735) and 3.57 (p = 
0.862) in RA+. In RA+, at H15, CmET-1 was 1.13 (p = 0.823) and CmVCAM-1 
was 3.57 (p = 0.257). In RA−, a negative correlation existed between CmET-1 and 
CmVCAM-1 (r = −0.438; p = 0.005). Conversely, in RA+, whether at H0 (r = 
−0.31; p = 0.051) or at H15 (r = 0.024; p = 0.883), no correlation existed between 
CmET-1 and CmVCAM-1, nor between MAP and ED markers (r = 0.111; p = 
0.325). These results show that there is no relationship between the HPTA which 
occurs during the first fifteen minutes post SA, CmVCAM-1 and CmET-1. 

4.1. Study Methods 
4.1.1. Gender 
We did not select women during our survey because the relationship between 
endothelial dysfunction and sex is complex [56]. A recent literature review found a 
close relationship between sex, vascular endothelial dysfunction and several en-
docrine factors [56] [57]. Thus a relationship would exist between on the one 
hand, the vascular endothelium and hormone receptors in both sexes [56] [57]. 
On the other hand, other authors find a lot of interference between steroid hor-
mones, the renin angiotensin system and vascular endothelin, especially in women 
[56] [57]. Indeed, before menopause, steroid hormones would rather play a pro-
tective role against cardiovascular risk, in particular metabolicrisk. Conversely, 
in men, it tends to increase [56] [57]. After menopause, cardiovascular risk in-
creases with age in women, but does not cancel out in males. In all cases, steroid 
receptors, hormonal cycles, age and gender are believed to be decisive in the oc-
currence of cardiovascular risk related to ED in women. 

4.1.2. Collection Time 
The sampling time of 15 minutes after spinal anesthesia was chosen because 
physiologically, the drop in blood pressure occurs approximately three to 5 
minutes immediately after injection of the loco regional anesthetic with a max-
imum peak between the first 15 - 30 minutes [14] [15] [16] [44]-[49]. Moreover, 
despite the significant frequency of arterial hypotension observed during the 
first minutes, there is a great variability in the sympathetic response despite the 
sympathetic paralysis [44]-[49]. Indeed, arterial hypotension is not constant 
during SA, and would depend on several factors such as the speed of injection, 
the quantity, the type of anesthetic itself, the position [14] [15] [16] [44]-[49]. 
This could partly explain the relative frequency of hypotension found during this 
investigation. Regarding the exact kinetics of endothelial markers, many ques-
tions remain as to their production systemically and in situ [33] [34] [36] [37] 
[38].  

4.1.3. The Choice of Markers for Endothelial Dysfunction 
Endothelial dysfunction is characterized by a modification of the balance be-
tween vasodilator, anti-mitotic, anti-thrombogenic and anti-adhesive substances, 
in favor of those known as vasoconstrictors, pro thrombogenes, pro adhesives 
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and proliferatives [7] [8] [9] [19]. Despite the controversies regarding their low-
er sensitivity compared to non-invasive methods [19] [25] [30] [33] [34] 
[36]-[42], the choice of ET-1 and VCAM-1 as markers of endothelial dysfunc-
tion is due to makes their sensitivities and specificities identical to those of other 
biomarkers of ED [19]-[25] [30] [33] [34] [36] [40] [41] [42]. Regarding the fact 
that their dosage is not carried out routinely and therefore without reference 
values, the recruitment of people free from any pathology made it possible to 
obtain a control value for these two markers. Regarding our study, the values we 
obtained are almost similar to those found by Donato et al., during a study car-
ried out on variations in ET-1 concentrations [19] [25] [28]. This sufficiently 
proves the reproducibility of these two markers. 

4.1.4. Local Anesthetic 
The choice of local anesthetic fell on bupivacaine, as it has been described 
against ropivacaine, increased cardiovascular toxicity and therefore an effect on 
the vascular endothelium. This would be related to the voltage dependent sodium 
channels. Unlike ropivacaine, bupivacaine exhibits more pronounced neurolog-
ical toxicity, but with equivalent efficacy to bupivacaine [58] [59] [60] [61] [62]. 
Thus, because of this pronounced cardiovascular effect, we preferred bupivacaine 
to ropivacaine. 

4.2. Correlations  
4.2.1. Correlation between the Plasma Concentration of ET-1, VCAM-1  

and the Age of the Study Population 
There was no correlation between age and plasma concentrations of ET-1 and 
VCAM-1. On the Pathophysiological level, aging would lead to an alteration in 
the endothelial capacity to regulate hemostasis, vascular tone and cell permeabil-
ity [1]-[7]. This senescence of endothelial cells is associated with a decrease in 
relaxing factors derived from the endothelium such as nitric oxide (NO), to the 
detriment of pro-constrictor factors [1]-[7] [23] [24] [25] [26] [27]. However, 
the increase in the production of NO by human endothelial cells would reduce 
the expression of ET-1 mRNA, while its decrease amplifies it [1]-[7] [23] [24] 
[25] [26] [27]. Aging therefore leads to an increase in the plasma concentration 
of ET-1. With regard to circulating adhesion molecules such as VCAM-1, ICAM-1 
and E-selectin, elevated plasma levels of these molecules have been found in the 
elderly. Thus, aging is a factor influencing the expression and multiplication of 
these adhesion molecules [1]-[7] [23] [24] [25] [26] [27] [63] [64]. 

However, these results are different from ours, and could be explained in part 
by the fairly young average age (42.5% of patients aged 26 - 35 years and 37.5% 
of controls). Indeed, in the literature, endothelial dysfunction evolves with the 
age of the population, life expectancy and therefore aging [63] [64]. Senescence 
promotes endothelial stress, which activates the inflammatory cascade with the 
onset of oxidative stress, the consequences of which are first local, then general 
[63] [64]. Thus, since endothelial dysfunction occurs physiologically only in the 
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elderly, we can therefore only observe small variation in these different markers 
in the young population.  

4.2.2. Correlation between Plasma ET-1 Concentration and MAP in the  
Study Population 

There was no correlation between ET-1 concentration and MAP in the study 
population. The mean arterial pressure physiologically reflects the pressure of 
continuous perfusion of the organs. It depends on systolic and diastolic arterial 
pressures [65]. Unlike pulse pressure, to date there is very little data explicitly 
dealing with the relationship between endothelial dysfunction and mean arterial 
pressure [65] [66]. In this case, this could explain the result obtained and there-
fore would reflect an absence of direct relationship in physiological situation of 
markers of endothelial dysfunction and mean arterial pressure. In addition, 
there is heterogeneity of endothelial cells in the different types of vessels. The 
mean arterial pressure reflecting the intra capillary pressure, the latter could not 
be correlated with endothelial dysfunction given the inhomogeneous nature of 
endothelial cells [67]. Moreover, due to the relatively young average age of the 
study population, this would partly explain the result obtained. Indeed, aging is 
the main underlying risk factor for high blood pressure, as long as functional 
changes in the vascular endothelium occur [65] [66] [67]. This aging of endo-
thelial cells is associated with a decrease in NO synthesis and therefore an in-
crease in the plasma concentration of ET-1 [1]-[9] [17] [18] [19]. Since endothe-
lin-1 is a vasoconstrictor, its increase will also cause an increase in blood pres-
sure. 

4.2.3. Comparison of ET-1 and VCAM-1 Plasma Concentrations of  
Controls to Those of Patients Obtained before Spinal Anesthesia 

The plasma assay of ET-1 and VCAM-1 in people free from any pathology al-
lowed us to have control values of these two biomarkers of ED. Thus, compared 
to those of the controls, there was no statistically significant difference between 
the plasma concentrations of ET-1 of the controls and those of the patients ob-
tained before spinal anesthesia. As the witnesses were people free from any 
medical or surgical conditions, this result would therefore mean that the hernia 
had no effect on vasoconstriction. Indeed, ET-1 is one of the most powerful va-
soconstrictors in the body, the levels of which are correlated with the intensity of 
vasoconstriction [19]-[25] [28] [30] [33] [34] [36] [40] [41] [42]. Likewise, given 
the fact that the plasma concentrations of VCAM-1 of the controls and those of 
the patients obtained during the pre-anesthetic period were not significantly dif-
ferent, this result suggests that the hernia, at least uncomplicated, has no influ-
ence on the process of adhesion of cells to vessels, at least on a systemic level. 
Indeed, VCAM-1 is produced during endothelial dysfunction. Its concentration 
increases during inflammatory processes, allowing monocytes to adhere to the 
endothelium and then migrate into the intima [33] [34] [35]. This investigation 
showed that the plasma concentrations of ET-1 and VCAM-1 were not affected 
by the hernia in this specific case. 
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4.2.4. Comparison of Plasma Concentrations of ET-1 and VCAM-1  
Obtained in Patients before and 15 Minutes  
after Spinal Anesthesia 

In patients, plasma concentrations of ET-1 and VCAM-1 obtained before spinal 
anesthesia did not differ significantly from those collected 15 minutes after. This 
result could have several meanings. A first explanation would be that the injec-
tion of loco regional anesthetics would have no effect on the vascular endothelial 
cell. Indeed, like most anesthetics, loco regional anesthetics (ALR) cause vasop-
legia leading to vasodilation, one of the mechanisms of which would be paralysis 
of the lumbar sympathetic nervous system. This state of affairs justifies the ad-
ministration of a vasoconstrictor agent and vascular filling as a therapy [60] [61] 
[62] [44]-[49]. However, one question remains. Is the arterial hypotension ob-
served during intrathecal administration of ALRs exclusively related to paralysis 
of the sympathetic system? Could another mechanism not be related to the 
diffusion of these drugs to the level of the endothelial cell, when we know that 
general and especially local anesthetics alter the relaxing function of the vessels 
[11] [12] [13] [70]. In this case, would this diffusion lead to a direct effect pro-
moting the initiation or amplifying the phenomena of vasodilations observed? 
Indeed, physical or chemical stimulation of the endothelial cell can lead to a 
modification of vasomotricity by an increase or a decrease in arterial pressure 
depending on the mediator released pro or anti vasoconstrictor [1] [2] [6] [7] [8] 
[9] [19]. The second explanation would relate to the dose. Thus, despite the fact 
that the effects of loco regional anesthetics on endothelial function are not yet 
fully understood, the amount of anesthetic injected (10 mg bupivacaine) was 
probably insufficient to be able to create significant variations in the various 
markers of endothelial dysfunction. Indeed, Ben-David et al. demonstrated that 
he had a less pronounced decrease in blood pressure during spinal anesthesia 
performed with minidoses of bupivacaine and fentanyl [67]. This hypothesis is 
supported by the low rate of arterial hypotension (n = 13/40, or 32.5%) recorded 
during this study. In addition, during an animal model study carried out by 
Meyer et al on the effects of ALRs on endothelial dysfunction, a dose-dependent 
alteration was found in relation to a decrease in the availability of nitric oxide. 
According to the authors, this would contribute significantly to the reduction of 
blood flow [68]. In addition, the start of compensation for intraoperative water 
intake from which patients systematically benefit could also explain the results 
found. Indeed, during a study concerning the effect of filling with intravenous 
fluids on the secretion of vasoactive peptides during cesarean section performed 
under spinal anesthesia, the infusion of colloids led to a slight decrease in the 
plasma concentration of ET-1 [69]. Thus, a drop in the plasma ET-1 concentra-
tion before spinal anesthesia could therefore be responsible for this lack of varia-
tion after anesthesia. In addition, the mechanisms of vascular clearance (degra-
dation in situ) or interactions with other vascular proteins could also explain the 
data obtained [69]. Another significance of our result would be the earliness of 
the sample after the spinal anesthesia, which was approximately 15 minutes. 
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According to our data, the fall in mean arterial pressure took place on average 
15 minutes after spinal anesthesia (H15), with an acme around 30 minutes, 
probably reflecting the action of anesthetic drugs on the vasomotor system. In 
addition, the time to set up sensory block is reduced by approximately 2 minutes 
when using doses of Bupivacaine greater than 10 mg [68]. Thus, the assay may 
have been performed early in order to properly assess the effects of spinal 
anesthesia on ET-1 and VCAM-1 concentrations. Even if the sensitivity of the 
biomarkers that we have used is no longer to be demonstrated [17], their speci-
ficity remains relatively less good than those of non-invasive methods. Conse-
quently, it could also confirm the lack of correlation found [19] [25] [30] [33] 
[34] [36]-[42]. 

4.2.5. Correlation between Plasma Concentrations of ET-1  
and VCAM-1 Obtained in Patients before  
Spinal Anesthesia and Those in Controls 

There was no correlation between the plasma concentrations of ET-1 and VCAM-1 
obtained prior to spinal anesthesia in patients (r = −0.31; p = 0.051). On the 
other hand, a negative correlation was found between these two markers in the 
controls (r = −0.438; p = 0.005). This result would mean that vasoconstriction 
decreases the adhesion of cells to vessels. Conversely, vasodilation would pro-
mote it. Thus, under physiological conditions, the secretion of ET-1 would be 
inversely correlated to that of VCAM-1. Conversely, during pathological states 
such as sepsis, endothelial cells undergo changes in oxygenation rates and the 
effects of the many mediators released (reactive oxygen species, cytokines, com-
plement and serum proteases). These results in functional and structural mod-
ifications of the endothelium causing an alteration of vascular tone (intense va-
soconstriction then vasodilation) but also an increase in cell adhesion (thanks to 
adhesion molecules) allowing the migration of leukocytes to the inflammatory 
site. [37] [38]. This situation constitutes a state which allows the body to fight 
against an inflammatory mechanism. 

4.2.6. Correlation between Plasma Concentrations of ET-1 and VCAM-1  
Collected from Patients 15 Minutes after Spinal Anesthesia 

In patients, there was no correlation between plasma concentrations of ET-1 
and those of VCAM-1 collected 15 minutes after spinal anesthesia (r = 0.024; p = 
0.883). Indeed, our results show that as the plasma concentrations of ET-1 in-
creased, no changes in the concentrations of VCAM-1 were observed (r = 0.024; 
p = 0.883). In this case, this result would mean that after spinal anesthesia, the 
negative correlation found in this study between ET-1 and VCAM-1 in pa-
tients before spinal anesthesia (r = −0.31; p = 0.051) and the controls (r = 
−0.438; p = 0.005) under physiological conditions which reflected an inverse re-
lationship between vasoconstriction and cell adhesion would be modified after 
spinal anesthesia. This result is similar to that found by two contemporary stu-
dies, one carried out on the pulmonary endothelium and the other on that of 
the aorta [70]. In the first, human microvascular lung endothelial cells were in-
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cubated in the presence varying concentrations of ropivacaine and lidocaine. 
The effect of these loco regional anesthetics on nitric oxide production, neutro-
phil adhesion and endothelial barrier disruption were evaluated. At the end of 
this incubation, the adhesion of neutrophils and the disruption of endothelial 
monolayers by the intercellular adhesion molecule had been attenuated [70]. 
The authors hypothesized that loco regional anesthetics attenuate inflammatory 
signaling by blocking neutrophil adhesion and endothelial hyper permeability. 
The other had noted a vasoconstrictor effect of ALRs on an aorta lacking endo-
thelium. It should also be noted that the samples taken after spinal anesthesia 
could have been qualified as early due to the non-variation in the plasma con-
centrations of the various endothelial markers. So this correlation could have 
been different. However, for a better interpretation, our results could be subse-
quently compared in subsequent studies. Another explanation for the lack of 
correlation between ET-1 and VCAM-1 15 minutes after spinal anesthesia in pa-
tients would relate to the nature and dose of the molecule. Indeed, the vasocon-
strictor effect of loco regional anesthetics on the vascular endothelium has been 
observed with the use of ropivacaine, the cardiovascular effects of which are 
known to be more pronounced compared to the bupivacaine we used [70]. As 
well, since this effect is dose dependent, the doses of bupivacaine used may not 
be sufficient to trigger the observed effect. To a lesser degree, the structural and 
functional heterogeneity of endothelia within tissues could be an additional ex-
planation [23]. Thus, the response to bupivacaine of the endothelium of the ves-
sels of the lower extremities may be different from the ciliary ones at which this 
observation was made. Finally, sympathetic paralysis, the main effect of which is 
vasodilation, could mask the vasoconstrictor effect because of its predominance 
in this context. 

5. Conclusion 

The intra spinal anesthetic injection (LRA) is responsible for sympathetic para-
lysis causing arterial hypotension (AHPT) and bradycardia. However, as the ac-
tion of ALR’s and the sympathetic response are variable, some authors have 
suggested a probable endothelial participation in this arterial hypotension. The 
objective of this work was to determine whether endothelial dysfunction, like 
sympathetic palsy, was involved in the onset of arterial hypotension observed 
during the first 15 minutes after spinal anesthesia. To confirm this hypothesis, in 
people free from any endothelial dysfunction, the correlations between mean 
plasma concentrations of endothelin-1 (CmET-1, pg/ml), Vascular Cell Adhe-
sion Molecule-1 (CmVCAM-1, pg/ml) taken from SA+ one hour before (H0), 
then 15 minutes after the SA (H15), and the mean arterial pressure (MAP, 
mmHg) with heart rate (bpm) were analyzed (p < 5%). These results show that 
there is no relationship between the AHPT which occurs during the first fifteen 
minutes post SA, CmVCAM-1 and CmET-1. Moreover, these data suggest that 
ED is not involved in AHPT post SA. 
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