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Efecto de 4% de articaína y 2% de lidocaína, ambos con epinefrina 1: 100,000 sobre los cambios hemodinámicos en la 
cirugía del tercer molar mandibular impactada: ensayo clínico prospectivo, doble ciego, aleatorizado
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emodynamic effect of local anesthetic 
should be investigated to prevent un-
wanted complications. The present 

study assessed the hemodynamic alterations after in-
jecting two of the most commonly used local anesthetic 
formulations for impacted mandibular third molar sur-
gery. A prospective, double-blinded, randomized clini-
cal trial were designed, and patients that attended the 
oral and maxillofacial surgery department for surgical 
removal of impacted mandibular third molar were asked 
to participate. Patients were divided into two groups and 
randomly received one of the two interventions; 2% lido-
caine with 1:100,000 epinephrine (LE) and group 2: 4% 
articaine with 1: 100,000 epinephrine (AE). Pulse rate, 
oxygen saturation, and systolic/diastolic blood pressure 
were assessed at three different times: before the proce-
dure, five minutes after injecting local anesthetics, and 
after finishing the surgery. Eighty patients between the 
age of 18 to 45 years old participated in the study which 
44 (55%) were female, and 36 (45%) male. The pulse 
rate significantly increased when comparing three dif-
ferent measurement intervals for each local anesthetic. 
Oxygen saturation in the LE group was statistically dif-
ferent comparing each interval, but there was no signifi-
cant difference in the AE group. There were changes in 
systolic and diastolic blood pressure at each measure-
ment point, but it was not statistically significant. There 
was no significant difference in hemodynamic changes 
between the two groups. Hemodynamic alteration after 
local anesthetic administration should be expected. The 
two formulations were safe and showed no statistically 
significant hemodynamic changes in healthy patients.

Keywords: Articaine, blood pressure, epinephrine, 
pulse rate, hemodynamic, lidocaine

l efecto hemodinámico de la anestesia local 
debe investigarse para prevenir complicacio-
nes no deseadas. El presente estudio evaluó 

las alteraciones hemodinámicas después de inyectar dos 
de las formulaciones anestésicas locales más utilizadas 
para la cirugía del tercer molar mandibular impactada. Se 
diseñó un ensayo clínico prospectivo, doble ciego, alea-
torizado, y se solicitó la participación de los pacientes que 
acudieron al departamento de cirugía oral y maxilofacial 
para la extracción quirúrgica del tercer molar mandibu-
lar impactado. Los pacientes se dividieron en dos grupos 
y recibieron aleatoriamente una de las dos intervencio-
nes; 2% de lidocaína con 1: 100,000 de epinefrina (LE) 
y grupo 2: 4% de articaína con 1: 100,000 de epinefrina 
(AE). La frecuencia del pulso, la saturación de oxígeno 
y la presión arterial sistólica / diastólica se evaluaron en 
tres momentos diferentes: antes del procedimiento, cinco 
minutos después de inyectar anestésicos locales y des-
pués de terminar la cirugía. Ochenta pacientes entre las 
edades de 18 a 45 años participaron en el estudio, de los 
cuales 44 (55%) eran mujeres y 36 (45%) hombres. La 
frecuencia del pulso aumentó significativamente al com-
parar tres intervalos de medición diferentes para cada 
anestésico local. La saturación de oxígeno en el grupo LE 
fue estadísticamente diferente comparando cada interva-
lo, pero no hubo diferencias significativas en el grupo AE. 
Hubo cambios en la presión arterial sistólica y diastólica 
en cada punto de medición, pero no fue estadísticamen-
te significativa. No hubo diferencias significativas en los 
cambios hemodinámicos entre los dos grupos. Se debe 
esperar una alteración hemodinámica después de la 
administración anestésica local. Las dos formulaciones 
fueron seguras y no mostraron cambios hemodinámicos 
estadísticamente significativos en pacientes sanos.

Palabras clave: articaína, presión arterial, epinefrina, 
pulso, hemodinámica, lidocaína.
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he two most commonly used local anesthetic in 
dental surgeries are 2% lidocaine and 4% artic-
aine. The addition of vasoconstrictor agents to 

these local anesthetics contributes to many beneficial ef-
fects such as depth and duration of anesthesia, decreas-
ing systemic toxicity, and increasing hemostasis during 
surgery. These beneficial effects are achieved through 
counteracting the vasodilation effects of induced with lo-
cal anesthetic agents1,2. Thus, the combination is widely 
justified and commonly used in dental practice3. The 
most common vasoconstrictor agent used in conjunction 
with lidocaine and articaine is epinephrine4. Epinephrine 
has a potent effect on beta receptors, although, both 
alpha and beta receptors are affected. Vasoconstrictor 
effect of epinephrine results from stimulating alpha one 
receptors in peripheral blood vessels5. While beta one 
receptors stimulation increases pulse rate and blood 
pressure6. Progressive administration of epinephrine at 
higher doses than those used in dentistry leads to an 
increase in cardiovascular activity and oxygen consump-
tion7. The effect of epinephrine combined with fear and 
anxiety before surgery, pain, and discomfort during and 
after surgery can cause a further release of endogenous 
catecholamines with the consequential rise in blood 
pressure, pulse rate, and even arrhythmia1,8,9.

Lidocaine is the most commonly used local anesthetic 
agent for pain control in dentistry, and it has satisfactory 
pharmacokinetics and low toxicity 4. Articaine, similar to 
lidocaine, is another local amide anesthetic and since its 
introduction into the market in 1976 many authors advo-
cated superior efficacy to other moderate and short du-
ration local anesthetics10-13. Articaine has benefited from 
an aromatic ring with a thiophene ring that enhances 
the lipid solubility and increases the potency of the solu-
tion up to 1.5 times more than that of lidocaine. Another 
advantage of incorporating an ester group in articaine 
molecular structure is dual metabolic routes of elimi-
nation both by liver microsomal enzymes and plasma 
esterases14. Longer duration and excellent distribution 
through bone popularized the articaine in the field of 
dentistry15-19. Although numerous studies appraised the 
efficacy of different articaine formulations, information 
on hemodynamic effects are still scarce. Thus, the pres-
ent study aimed to compare the hemodynamic impact of 
two local anesthetic formulations in impacted mandibu-
lar third molar surgery.

efore implementing the study, the protocol 
was approved by the institutional review 
board (IR.SUMS.REC.1398.516) and reg-

istered in a clinical trials registry (https://www.irct.ir/, Trial 
ID: 41125).

Sample size estimation
The sample size estimated using previous studies and 
using a power calculation of 0.9 with 1.2 estimated stan-
dard deviation. With the alpha level of significance of 
0.05, the minimum number of samples in each group 
should be 38; thus, we needed at least 40 patients in 
each group.

Patients recruitment
Patients attended the Oral and Maxillofacial Surgery 
department with impacted mandibular third molars sur-
gery participate in the study. The operating surgeon has 
clearly explained the entire procedure, including the ad-
vantages and disadvantages of their participation in the 
study in a quiet relaxing room. Patients were also asked 
to sign an informed consent.

Inclusion criteria were patients with impacted mandibu-
lar third molar in Level A and Class 1, according to the 
Pell and Gregory classification20. Exclusion criteria were: 
patients with known hypertension (BP<140/90 mmHg) 
or cardiovascular diseases, compromised immunity, 
systemic severe illness (ASA III,IV)21, active infection or 
inflammation, renal disease, gastrointestinal bleeding or 
ulcerations, known allergic reaction to lidocaine or artic-
aine or epinephrine, preoperative use of NSAIDs (known 
to increase blood pressure)22, allergy to NSAIDs or iden-
tified asthmatic reaction that contraindicate postopera-
tive prescription of NSAID, pregnancy or current lacta-
tion, sickle cell anemia, congenital methemoglobinemia, 
hyperthyroidism. We also excluded the patients who re-
quired more than two cartridges for adequate anesthesia 
before or during the surgery or if the operation was com-
plicated and duration of surgery exceeded 40 minutes 
(due to any reason such as lack of patient cooperation 
or procedural difficulties).

The randomization process followed the guideline 
of the CONSORT statement25. Either 2% lidocaine 
with 1:100,000 epinephrine (LE) or 4% articaine with 
1:100,000 epinephrine (AE) was distributed between 
two groups using a set of numbered sealed envelopes. 
Contents of the local anesthetic cartridges blinded to the 
surgeon and patients by using opaque adhesive cover-
age to ensure that each patient had an equal chance of 
receiving one of two local anesthetics.

Surgical Procedure
Patients were instructed to have light breakfast and 
avoid drinking alcohol or coffee at least 24 hours before 
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the surgery. All of the surgical procedure was executed 
in a quiet and friendly environment without any premedi-
cation. Each patient was operated by an experienced 
oral and maxillofacial surgeon with 15 years of experi-
ence. The same surgical technique used for all of the 
participants. Patients were asked to rinse with 0.12% 
chlorhexidine mouthwash for 60 seconds, and perioral 
skin prepared with povidone-iodine and draped with dis-
posable surgical covering sheets. Each patient received 
a randomly numbered, sealed envelope containing two 
local anesthetic solution covered with an opaque adhe-
sive. The anesthetic solution used for inferior alveolar 
nerve, lingual nerve, and buccal nerve regional nerve 
block after negative aspiration. Each cartridge contained 
1.8ml of either local anesthetic, and patients with inade-
quate anesthesia received the additional anesthetic solu-
tion and were excluded from the study. The surgical pro-
cedure followed a standard surgical technique with simi-
lar instruments for all of the patients. The surgeon used 
Sulcular incision with distal releasing incision and raised 
a mucoperiosteal flap. Surgical bur is used for bony os-
teotomy and tooth sectioning under copious irrigation in 
sterile normal saline. Duration of surgery was measured 
from the first incision to the last suture. Procedures lon-
ger than 40 minutes due to lack of patients cooperation 
or instrument shortcomings or the need for other instru-
ments were excluded from the study. After tooth removal, 
copious irrigation was done to remove any debris and 
flap repositioned and incision suture with silk 3-0.

Postoperative instruction was given verbally and rein-
forced in writing. Patients were instructed to use analge-
sics per needed and use a cold compress for 48 hours. 
Patients were reassured that moderate swelling is antici-
pated. The patients were advised to use a soft diet and 
avoid spitting, drinking with a straw, hot foods and drinks, 
and rinsing for 24 hours. Patients were asked for meticu-
lous oral hygiene using 0.12% chlorhexidine with cotton 
swabs or ultra-soft surgical brushes twice daily until the 
removal of sutures. Patients were also asked to report 

any complications such as progressive pain, swelling, 
trismus, dysphagia, dyspnea, malaise, and malodor to 
the screening section of the department hospital for ap-
propriate management.

Hemodynamic monitoring of the patients
Pulse rate, oxygen saturation, and systolic and diastolic 
blood pressure, evaluated preoperatively in a quiet re-
laxing room (T0). The second measurement acquired 
3 minutes after local anesthetic injections (T1), and the 
third measurement was obtained after the last suture 
(T2), similar to Abu-Mosta fa et al24 study. All the mea-
surements were automated and non-invasive using the 
Microlife® BP A200 Plus (Microlife AG, Widnau, Switzer-
land) and Pulse oximeter OxyTrue A (Bluepoint Medical, 
Selmsdorf, Germany).

Statistical Analysis: Statistical package for the social 
sciences (ver. 19, Chicago, IL) was used for the analysis 
of the measurements. After testing for normality of the 
data, paired student t-test used to find any significant dif-
ference between the groups. P-value was 0.05.

total of 80 patients participated in the 
study (44 females and 36 males). 
There were 40 patients in each 

group, which in LE 24 patients were female, and 16 pa-
tients were male. In AE, 21 patients were female, and 19 
patients were male. The mean age of participants in LE 
and AE were 33±7.09 and 32±7.25, respectively. There 
were no significant differences between LE and AE in 
age (p=0.85), gender (p=0.47), and weight (p=0.31).

Mean systolic, diastolic, pulse rate, and oxygen satura-
tion at three different measurement times are presented 
in table 1. 
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Table 1. Hemodynamic parameters at different measurement times (n=40).

Hemodynamic parameters (units of measurement) Groups Measurement times

T0 T1 T2

Systolic blood pressure (mmHg)
LE 126.69±8.50 124.77±9.50 126.77±3.20

AE 127.20±7.11 129.34±7.36 129.77±6.07

Diastolic blood pressure (mmHg)
LE 84.51±4.76 85.80±4.10 84.49±9.13

AE 84.40±5.44 86.57±4.68 87.49±4.18

Pulse rate (pulse per minute) LE 75.91±5.27a,b 77.20±5.43a 78.49±6.31b

AE 77.40±6.23c 79.23±5.81c,d 77.49±5.97d

Oxygen saturation (SaO2)
LE 98.86±0.35e,f 98.66±0.48e 98.66±0.48f

AE 98.80±0.40 98.77±0.42 98.91±0.28

*LE: 2%lidocaine with 1: 100,000 epinephrine, AE: 4%articaine with 1: 100,000 epinephrine, T0: before administering the local anesthetics, T1: three minutes after 
administering the local anesthetic, T2: after the last suture.

** Values with the same superscript letters were statistically different at P < .05.
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There was no significant difference in systolic blood 
pressure at various time measurements in LE and AE 
(p=0.68) and between the two groups (p=0.24). Figure 1 
shows how systolic blood pressure changed at different 
measurement points.

Figure 1. Changes in mean systolic blood pressure at different time mea-
surements Mean diastolic blood pressure at different time measurements 
and between the two groups was no statistically significant (p=0.15, p=0.35, 
respectively). The changes in mean diastolic blood pressure demonstrated 
in figure 2.

There were significant differences in pulse rate in LE 
groups at different measurement points (p=0.001). The 
difference was between the mean pulse rate before 
and three minutes after injecting the local anesthetic 
(p=0.03), and before and the end of the procedure 
(p=0.00). There was no significant difference between 
three minutes after local anesthetic injection and the end 
of the procedure (p=0.10).

The pulse rate in AE groups also showed significant 
differences at different time measurements (p=0.01). 
The mean pulse rate before local anesthetic injection 
compared to three minutes after administering the AE 
(p=0.00), and three minutes after local anesthetic in-
jection compared with the last suture (p=0.04) was sig-
nificantly different. However, there were no differences 
when comparing local anesthetic injection compared to 
the end of the procedure measurement point (p=0.99). 
The change in pulse rate between the AE and LE was 
not significantly different (p=0.52).

The oxygen saturation in the LE group at a different time 
showed significant differences (p=0.04). The difference 
was between the time measurements before the local 

anesthetic injection compared to T1 (p=0.01), and T2 
(p=0.03). The oxygen saturation at AE groups was not 
significantly different at different time measurements 
(p=0.17). Also, there were no statistically significant dif-
ferences in oxygen saturation between the two groups 
(p=0.97).

The changes in the pulse rate and oxygen saturation at 
different time measurements are shown in table 1.

his study investigated the effect of two different 
local anesthetic formulation on the hemody-
namic status of the patients undergone impact-

ed third molar surgeries. The hemodynamic monitoring 
was performed before, three minutes after injection, and 
at the end of the procedure. The hemodynamic effect of 
epinephrine is known to occur three minutes after the 
injection. The intravascular injection must be avoided to 
prevent irregular variations in the hemodynamic status 
of the patients. Thus, aspiration before local anesthetic 
administration was performed, and if sufficient stream of 
blood was mixed with the anesthetic solution, the needle 
was withdrawn until negative aspiration was achieved. 
The percentage of blood to be considered positive as-
piration varies in literature and range between 8.6% to 
22%26. Positive aspiration is more likely to occur in nerve 
block compared to infiltration technique24. In the pres-
ent study, positive aspiration encountered in 13 patients 
(16.25%) of inferior alveolar nerve block injections, and 
no positive aspiration was observed in local infiltrations 
around the impacted third molars. 

Previous studies evaluated the effect of epinephrine 
concentration on hemodynamic alterations with vari-
able results. Cardiovascular impact of 4% articaine with 
1:100,000 epinephrine compared to 4% articaine with 
1:200,000 when used at its maximum recommended 
dosage (seven cartridges or 476 mg of articaine) result-
ed in significant systolic blood pressure elevation after 
10 minutes of administration. In the present study, there 
were no significant differences in systolic blood pres-
sure at each time intervals and between the two groups. 
There was a reduction in systolic blood pressure after 
AE injection, but it was not significant. The diastolic 
blood pressure has also decreased after injection in the 
AE group and at the end of the procedure, but it was not 
significant at different measurement intervals and with 
the LE group. 

The result is consistent with Abu-Mustafa et al 24 and 
Hersh et al 27 study that found a decrease in diastolic 
blood pressure even after 30 minutes of injection. The 
beta-2 receptors stimulation by epinephrine could be 
the cause of the vasodilation of blood vessels in the 
skeletal muscle24. 

Figure 1
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Similar to the present study, Santos et al 29 demonstrat-
ed no significant changes in systolic or diastolic blood 
pressure with different amounts of epinephrine in com-
bination with articaine in third molar surgery. A series of 
studies by de Morias et al1,2,30.comparing multiple formu-
lations of local anesthetics and their effects on hemo-
dynamic changes showed no significant differences in 
hemodynamic status in healthy patients.

Kämmerer et al 31.examined five different amounts of 
epinephrine concentration and articaine plain by using 
infiltration technique and found no significant alterations 
in pulse rate, blood pressure, or oxygen saturation.

The controversies between different studies in the lit-
erature might be due to the different amounts of local 
anesthetic used. Abu-Mustafa et al. used 3.6 ml of three 
different local anesthetics containing 0.027 mg, 0.036 
mg, and 0.018 mg of epinephrine and found a significant 
difference in systolic blood pressure24. Others used 2.7 
ml of a local anesthetic containing 0.027 mg, or 0.0135 
mg of epinephrine1,2,30,31, and Kämmerer et al. used the 
only 1.7ml of local anesthetic31. It seems that a small 
volume of epinephrine has relatively transient cardiovas-
cular effects in healthy people28. When more substantial 
amounts of epinephrine are used by Hersh et al.26 (0.119 
mg or 0.0595 mg), and Abu-Mustafa et al24 (0.027 mg, 
0.036 mg, 0.018 mg) stimulation of alpha and beta-1 ad-
renergic receptors has contributed to changes in hemo-
dynamic parameters. 

Hersh et al and de Morais et a1, reported an increase 
in pulse rate after local anesthesia administration of 4% 
articaine with 1:100,000 epinephrine cause significant 
rise as compared to 4% articaine with 1:200,000 epi-
nephrine. Similarly, LE was associated with a more con-
siderable increase in pulse rate than 4% articaine with 
1:200,000 epinephrine1,24.

In our study, a significant increase in pulse rate ob-
served after injecting both AE and LE at each measure-
ment interval. The current result might be because both 
groups had 1:100,000 epinephrine. On the other hand, 
Santos et al. found no significant increase in pulse rate, 
and the type of local anesthetic use d29 did not affect 
the differences29.

We found a significant decrease in oxygen saturation 
in the LE group at different measurement points. While 
Abu-Mustafa et al. found a similar decline in oxygen 
saturation, Santos et al. and de Morais et al. found an 
increase in oxygen saturation after injection of 4% ar-
ticaine with epinephrine concentration of 1:100,000 or 
1:200,0002,24,29.

Literature shows the insignificant effect of various epi-
nephrine concentrations on local anesthetic efficacy. 
Similar success in inferior alveolar nerve block observed 
when 2% lidocaine either with 1:100,000 or 1:200,000 
epinephrine has been compared30, Even the pulpal an-
esthesia was insignificant when 2% lidocaine with ei-

ther 1:80,000 or 1:100,000 is used by infiltration injec-
tions31. Likewise, 4% articaine with either 1:100,000 or 
1:200,000 showed the similar success on pulpal anes-
thesia following infiltration, nerve block, and intraosse-
ous injections32. Also, the two formulations 4% articaine 
with either 1:100,000 or 1:200,000 produced compara-
ble anesthesia for periodontal surgery36, as well as anes-
thesia required for lower third molar extraction regarding 
anesthesia properties, intraoperative hemostasis, and 
lack of influence on hemodynamic parameters26,27.

Despite that every attempt should be made to avoid in-
travascular injections of local anesthetic by performing 
an aspiration, false-negative results are unavoidable36. 
The needle bevel could be in direct contact against the 
vascular endothelium, which blocks the needle lumen 
on aspiration. Also, the extreme intense aspiration can 
cause the collapse of a minor vessel and results in false-
negative aspiration25. logically, the less vasoconstrictor 
in anesthetic solution could be safer, especially for pa-
tients at risk of cardiovascular problems37. Therefore, it is 
suggested to use 4% articaine with 1:200,000 epineph-
rine instead of 4% articaine with 1:100,000 epinephrine 
for lower third molar surgeries, as well as pulpal anes-
thesia24,29,33,34,36,37. Epinephrine concentration seems to 
be the most influential factor in hemodynamic changes. 
The same concentration of epinephrine with 2% lido-
caine and 4% articaine has no significant difference in 
hemodynamic parameters. 

n summary, changes in hemodynamic parameters 
such as pulse rate and oxygen saturation are ex-
pected at different measurements time with either 

of these two formulations, but there is no difference be-
tween the two local anesthetics.

Clinical significance: The two formulations were safe 
and showed no statistically significant hemodynamic 
changes in healthy patients.
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