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Blood Pressure Response during Dental Surgery

Takuya Tsuchihashi * * * * , Yutaka Takata * , Hideo Kurokawa * * , Keiko Miura * * , 
     Yuka Maruoka * * , Minoru Kajiyama * * , and Masatoshi Fujishima

To investigate blood pressure and pulse rate responses to dental surgery, 21 patients 18 to 73 years of 
age (mean age, 42 ± 4 years) who visited our hospital for tooth extraction were studied. Before dental 
treatment, the patients underwent a mental arithmetic stress test, electrocardiography, and an anxiety 
evaluation with the State-Trait Anxiety Inventory. Baseline blood pressure and pulse rate were 118±4/ 
70±3 mmHg and 69±2 beats/min, respectively. Blood pressure rose by 24±3117±2 mmHg during the 
mental stress test, and the magnitude of the rise in systolic blood pressure was significantly correlated 
with age (r=0.81, p<0.001) and baseline blood pressure (r=0.56, p<0.01). After the topical injection 
of local anesthetic containing 1: 80,000 epinephrine, a transient increase in systolic blood pressure was 
observed. The maximum blood pressure and pulse rate increases during dental surgery were 24±4/13 
±2 mmHg and 17±3 beats/min, respectively. Similarly, the rate pressure product increased from 8,196 
± 486 to 11,802 ± 682. The magnitude of the blood pressure increase during dental surgery was not 
correlated with age, sex, family history of hypertension, baseline blood pressure, anxiety score, or re-
sponse to mental stress. On the other hand, when the subjects were divided into two subgroups accord-
ing to the blood pressure response during dental surgery, the larger response group (increase in mean 
blood pressure greater than 15 mmHg, n=9) required a significantly larger dose of local anesthetic than 
did the smaller response group. The number of cases of pericoronitis of the third molar tended to be 
greater in the larger response group. These results indicate that an increase in blood pressure during 
dental surgery cannot be predicted on the basis of baseline blood pressure or the response to mental 
stress, but is related to the cause of tooth extraction and the volume of local anesthetics required to con-
trol the pain. (Hypertens Res 1996; 19: 189-194) 
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The elderly population is growing every year in 
Japan. As a consequence, many patients who visit 
dental clinics have systemic diseases such as hyper-
tension,) ischemic heart disease, and other athero-
sclerotic diseases. Indeed, 64% of the elderly pa-
tients who visited the gerodontic clinic were found 
to have one or more systemic diseases, and among 
them hypertension was the most frequent disease, 
occurring in up to 30% of the subjects (1). Blood 
pressure screening in 1,004 consecutive patients who 
presented at a dental surgery in Hungary also re-
vealed that 24% of the adult patients had hyperten-
sion (2). The blood pressure response during dental 
treatment seems to be influenced by many factors. 
When the patient is conscious during dental treat-
ment, an increase in blood pressure is attributed to 
psychological and physical stress, including painful 
stimuli, and to the action of catecholamines con-
tained in local anesthetics. The increment of blood 
pressure during dental treatment can be greater in 
hypertensive patients than in normotensive subjects 
(3), and even a case of fatal subarachnoid hemo-

rrhage during dental treatment has been reported 
(4). Since complications are most likely to occur 
during tooth extraction, and more than 50 percent 
of the complications involve the use of local anes-
thetics (5), it is important to identify factors useful 
in predicting the blood pressure response during 
tooth extraction under local anesthesia. This study 
was designed to investigate the changes in blood 
pressure and pulse rate during local anesthesia and 
tooth extraction and to evaluate the factors that 
may determine the blood pressure response during 
dental surgery.

           Subjects and Methods 

The subjects consisted of 21 patients (18-73 years 
old; mean age, 42 ± 4 years; 8 men and 13 women) 
who visited Kyushu Dental College for tooth extrac-
tion. The details of the protocol were explained, 
and written consent was obtained from each sub-
ject. On the day of dental surgery, each patient was 
asked to fill out a questionnaire concerning medical
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history, drug administration, and the presence or 
absence of a family history of hypertension in 
second-degree or closer relatives. Then, the pa-
tients' anxiety status was assessed using the State-
Trait Anxiety Inventory (STAT) (6). STAI consists 
of 40 items. Twenty of these items are used to eval-
uate the current status of anxiety (A-state) and the 
other 20 to evaluate the basic trait of anxiety (A-
trait)After recording a 12-lead electrocardiogram, 
the patient was maintained in a supine position for 
at least 10 min in a quiet room, and blood pressure 
was measured every 2 min by an oscillometric 
method using an automatic device (BP-203i, Nippon 
Colin). The average of last two measurements was 
defined as the baseline blood pressure. A mental 
stress test was then performed by asking the patient 
to continually subtract 13 from a five-digit number 
for 10 min. Next, the patient moved to the dental 
department to undergo tooth extraction. The pa-
tient was kept in a supine position, and local anes-
thesia was administered after a stabilization period 
of at least 5 min. In 20 of the 21 patients, 2% lido-
caine with 1: 80,000 epinephrine was used as an 
anesthetic. In the remaining patient, 3% propito-
caine with 0.03 U/ml of the vasopressin analogue 
felypressin was used. The operation was begun 6 to 
8 min after injection of the local anesthetics. Blood 
pressure and pulse rate were measured every 2 min 
throughout local anesthesia and the operation. The 
surgeon was asked to evaluate the technical difficul-

ty of each operation as follows: 1, easy; 2, moder-
ate; 3, difficult. 

Analysis 
The results are expressed as means ± SEM. Statis-
tical analysis was performed with a paired t-test. 
One-way analysis of variance (ANOVA) was also 
used for group comparisons. To compare the fre-
quency between the groups, a chi-square test was 
used. P values less than 0.05 were considered to in-
dicate statistical significance.

                 Results 

Table 1 shows the baseline characteristics of the 
subjects. The main cause of tooth extraction was 
pericoronitis of the third molar (12 patients), fol-l
owed by periodontitis (5 patients), and stump tooth 
(4 patients). Eleven patients had a positive family 
history of hypertension. Although 2 patients (Cases 
1 and 19) had hypertension according to the WHO 
criteria, no patient was taking antihypertensive 
drugs. The response of blood pressure and pulse 
rate to the mental stress test are shown in Fig. 1. 
Baseline blood pressure was 118 ± 4/70 ± 3 mmHg. 
Blood pressure increased significantly during mental 
stress. The maximum increases in systolic and di-
astolic blood pressures during mental stress were 24 
± 3 and 17 ± 2 mmHg, respectively. Similarly, base-
line pulse rate was 69 ± 2 beats/min and rose by 17

Table 1. Baseline Characteristics of the Subjects
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± 3 beats/min during mental stress. The maximum 
increase in systolic blood pressure during mental 
stress was significantly correlated with age (r0.81,                                  = 
p < 0.001) and with baseline systolic blood pressure 
(r = 0.56, p < 0.01). Table 2 shows the time course 
of blood pressure and heart rate during local anes-
thesia. Blood pressure and pulse rate measured in a 
supine position before local anesthesia were signif-
icantly (p < 0.01) higher than the baseline values 
(before mental stress). Systolic blood pressure rose 
slightly but significantly 2 min after local injection 
of the anesthetic. Diastolic blood pressure and pulse 
rate did not change significantly. The duration of 
the operation for tooth extraction was 29 ± 3 (6-50) 
min, which was significantly correlated with the 
volume of local anesthetics required to control the 
pain (r = 0.68, p < 0.001). The changes in blooc 
pressure and pulse rate after the initiation of the 
operation are illustrated in Fig. 2. Diastolic blooc 
pressure rose significantly at 6, 12, 14, 18 and 22 
min, whereas systolic blood pressure and pulse ratE 
did not change significantly. Figure 3 compares the 
changes in blood pressure and pulse rate durin€ 
mental stress and tooth extraction. The maximum.

Fig. 1. Time course of blood pressure (upper panel) and 

pulse rate (lower panel) during mental stress test. Horizon-
tal bars represent the time o f mental stress. Data are shown 
as means ± SEM. tp < 0.01 vs. 0 min.

Table 2. Time Course of Blood Pressure and Heart Rate 

during Local Anesthesia

T1 1 T T

Fig. 2. Changes in systolic (SBP, top panel) and diastolic 
(DBP, middle panel) blood pressure and pulse rate (bot-
tom panel) during tooth extraction. Data are shown as 
means ± SEM. Number of patients appears in parentheses. 
*p<0 .05 vs. 0 min.

increases in blood pressure and pulse rate during 
tooth extraction, which occurred 14 ± 3 min after 
the initiation of the operation, were 24 ± 4/13 ± 2 
mmHg and 17 ± 3 beats/min, respectively. Similarly,
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the rate pressure product increased significantly 
from the baseline value of 8,196 ± 486 to 11,802 ± 
682 (p < 0.01). Although the maximum increment in 
blood pressure during tooth extraction was compa-
rable to that observed during mental stress, the 
change in mean blood pressure during tooth extrac-
tion was not correlated with either baseline blood 
pressure or the change in blood pressure during 
mental stress (Fig. 4). Similarly, the increase in 
blood pressure during tooth extraction was not 
correlated with age, voltage in the electrocardio-
gram, or the anxiety score. In addition, there were 
no significant differences in the increases in blood 
pressure and pulse rate between patients with a 
positive family history of hypertension and those 
with a negative family history of hypertension. 
Table 3 shows the characteristics of the patients 
subgrouped according to the blood pressure in-
crease during tooth extraction. In the subgroup in 
which the increase in mean blood pressure during 
tooth extraction was greater than 15 mmHg, a signi-
ficantly greater volume of local anesthetic was used 
and a longer operation time was required. In addi-
tion, there was a trend toward more cases of peri-
coronitis of the third molar in this subgroup. 
However, there were no significant differences in 
age, sex, body mass index, anxiety score, or base-
line blood pressure between the subgroups. 

                 Discussion 

Previous studies evaluating the blood pressure re-
sponse to dental treatment showed conflicting re-
sults. For example, Vanderheyden et al. (7) re-
ported that blood pressure did not change signifi-
cantly during dental treatment using local anesthesia 
in patients with coronary artery disease, while

Mental Stress 1 ooin r X[racuon

Fig. 3. Blood pressure (open bars) and pulse rate (open circles) before, during (maximum), and after mental stress and 
tooth extraction. Data are shown as means±SEM. tp<0.01 vs. before mental stress, p<0.01 vs. before anesthesia.
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Fig. 4. Correlation between the change in mean blood 

pressure (MBP) during tooth extraction and baseline MBP 
(upper panel) or the change in MBP by mental stress (low-
er panel).
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Abraham-Inpijn et al. (3) showed that the increase 
in systolic blood pressure during tooth extraction 
varied from 10 to 70 mmHg in normotensive and 
hypertensive subjects. In the present study, a signif-
icant increase in blood pressure was observed dur-
ing tooth extraction, which was consistent with re-
ports by Abraham-Inpijn et al. (3) and by Yoshi-
mura (8) . The blood pressure response to dental 
surgery is considered to be influenced by many fac-
tors, including psychological and physical stress in-
duced by painful stimuli. The baseline blood pres-
sure level, a positive or negative family history of 
hypertension, and the dose of catecholamines 
administered with the local anesthetic may also be 
determinants of the blood pressure response. As for 
the blood pressure response in hypertensive sub-
jects, previous studies revealed that the increase in 
blood pressure during dental surgery was compara-
ble to (9) or greater than (3) that in normotensive 
subjects. The small number of hypertensive patients 
in the present study did not permit us to compare 
the blood pressure response during tooth extraction 
between hypertenisve and normotensive subjects. 
However, evidence that the increase in blood pres-
sure during surgery was not correlated with baseline 
blood pressure suggests that the baseline high blood 
pressure is not a major determinant of the incre-
ment in blood pressure during tooth extraction. The 
lack of a difference in the increment in blood pres-
sure during tooth extraction between subjects with a 
family history of hypertension and those without 
such a history also suggests that the genetic predis-
position to hypertension does not affect the blood 
pressure response to dental surgery. 
 Another important factor that may influence the 
blood pressure response during dental surgery is the 
use of catecholamines with the local anesthetic. In 
the present study, the average volume of local anes-
thetic used was 2.8 ml, which contained approx-
imately 35 pg of epinephrine. This dose of 
epinephrine may lead to a several-fold increase in 
the serum epinephrine concentration (10) . Evidence

that epinephrine in local anesthetics produces sig-
nificant cardiovascular effects is supported by the 
observation by Meyer (11) that lidocaine with and 
without epinephrine alters blood pressure and heart 
rate differently. In the present study, the increase in 
blood pressure after the injection of local anesthetic 
was significant but transient. This transient increase 
in blood pressure cannot be explained by the effect 
of exogenously injected epinephrine because the 
maximum increase in serum epinephrine concentra-
tion is achieved 3 to 6 min after the injection of lo-
cal anesthetics and high serum epinephrine levels are 
expected to last at least 20 min (10). Interestingly, 
Gortzak et al. (12) reported an increase in blood 
pressure during the administration of a local anes-
thetic solution, followed by a decrease in blood 
pressure shortly after removal of the needle from 
the mouth. Therefore, our observation that blood 
pressure increased transiently after local anesthesia 
may be attributable to pain caused by insertion of 
the needle for local anesthesia. Sympathetic activa-
tion can be elicited both by exogenous and endoge-
nous epinephrine. The critical role of sympathetic 
activation of the heart in cardiovascular responses 
during dental surgery is further supported by the 
finding that patients with heart transplants show no 
changes in blood pressure or heart rate during den-
tal surgery (13). The significant contribution of 
painful stimuli to the increase in blood pressure 
during dental treatment was demonstrated by Gort-
zak et al. (12). They compared the blood pressure 
response to restorative dental treatment with and 
without local anesthesia, and found a significant rise 
in blood pressure only in the patients treated with-
out local anesthesia. In the present study, the pa-
tients showing the greater increase in blood pres-
sure during tooth extraction had been given larger 
volumes of local anesthetic, suggesting that pain-re-
lated stress is a major determinant of the increment 
in blood pressure during dental surgery. Further 
studies evaluating the threshold or the intensity of 
pain are necessary to clarify the role of pain in the

Table 3. 

Extraction

Characteristics of the Patients Subgrouped According to the Increment in Mean Blood Pressure during Tooth
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blood pressure response to dental surgery. Psycho-
logical stress may be another factor causing an in-
crease in blood pressure during tooth extraction. 
However, neither the anxiety score nor the blood 
pressure response to mental stress predicted the 
blood pressure response during tooth extraction. 
This observation does not support a major role of 
psychological stress in the blood pressure response 
during tooth extraction. 
 Limitations of the present study include a small 

number of patients examined. Since most patients 
were healthy except for dental diseases, we were 
unable to address potentially critical cardiovascular 
responses during tooth extraction in patients with 
systemic diseases. Increases in blood pressure and 
heart rate can provoke arrhythmias (3), ischemic 
changes on the electrocardiogram (14), or anginal 
attacks (8) in patients with coronary artery disease. 
 In conclusion, the increase in blood pressure dur-

ing tooth extraction cannot be predicted on the 
basis of the baseline blood pressure level or the re-
sponse to mental stress, but is related to the cause 
of tooth extraction and the volume of local anesthe-
tics required to control pain. Further studies in larg-
er numbers of patients with and without systemic 
diseases are necessary to establish the cardiovascu-
lar responses to dental surgery and to determine the 
optimal use of local anesthetics in patients under-
going dental surgery.
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