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This study aimed to evaluate the safety of tooth extraction in elderly patients with cardiovascular diseases.
A total of 13 527 patients underwent tooth extraction at the Affiliated Ninth People’s Hospital of Shanghai
Jiaotong University. Age, sex, and diseases were analyzed. Cardiac monitoring during tooth extraction was per-
formed in 7077 elderly patients with hypertension and other chronic diseases, and the influence of various
factors on safety of tooth extraction was evaluated. Additionally, 89 patients with primary hypertension were
recruited, and electrocardiogram was monitored with a general monitor or a Holter monitor, and the detection
rate of cardiovascular events was compared between the 2 groups.

The elderly accounted from 75.3%, and patients aged 70-79 years had highest proportion. The most frequent
comorbidities were hypertension, coronary heart disease, arrhythmia, cerebrovascular accident, and diabetes.
In analysis of factors influencing the safety of tooth extraction in the elderly, a significant difference was not-
ed in systolic blood pressure at different time points. In addition, change in heart rate was different between
males and females. Detection rate of cardiovascular events by use of a Holter monitor was significantly high-
er than with a general monitor.

Hypertension was the most common comorbidity in elderly patients undergoing tooth extraction, followed
by coronary heart disease and arrhythmia. Advanced age and increased comorbidity may increase the risk of
complications. Risk score can be used to rapidly determine risk for complications during tooth extraction. The
Holter monitor is superior to the general monitor in identifying cardiovascular events in high-risk elderly pa-
tients undergoing tooth extraction, and can be used in this population.
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Background

The incidence of oral diseases increases with age in the elder-
ly. Oral health is more important for elderly patients who have
high risk for oral diseases, age-related diseases, or chronic dis-
eases, or who require multidrug treatment [1]. In the past 5 de-
cades, utilization of dental care and dental equipment has in-
creased in the elderly. During the same period, the oral health
and use of dental services among older adults in the United
States have improved [2]. Chinese statistics shows 43.7% of
the elderly population has hypertension (HBP) or cardiac-ce-
rebral vascular disease (CCVD) [3]. Some chronic diseases may
promote the occurrence of oral diseases and compromise the
effectiveness of oral care [4]. In recent years, the elderly are
paying more attention to their oral health. Oral surgery — es-
pecially tooth extraction —is also increasingly common in the
elderly with cardiovascular diseases.

Thus, smoothly performing tooth extraction while limiting
cardiovascular stress to within a safe range during tooth ex-
traction is still a challenge in elderly patients with cardiovas-
cular diseases. Properly managing tooth extraction in these
patients with chronic diseases is crucial for their health and
quality of life. Dental teams are amenable to understanding
the expansion of requirement for oral care in the elderly and
emphasize the education, research, and health management
in this population [5].

We surveyed elderly patients with cardiovascular diseases who
underwent tooth extraction, and cardiac monitoring was evalu-
ated in these patients. On the basis of age, sex, and pre-existing
chronic diseases in the patients, factors influencing the safety
of tooth extraction were assessed, aiming to evaluate the risk
for complications of tooth extraction, and take measures to re-
duce or avoid adverse cardiovascular events in these patients.

Material and Methods

Patients

A total of 14 832 patients, median age 67.3 years (range: 18-92
years), were retrospectively evaluated from January 2008 to
December 2012. Patients with cardiovascular disease under-
went tooth extraction in the clinics of the Affiliated Ninth
People’s Hospital, Shanghai Jiaotong University. Among these
patients, 7077 patients with primary hypertension (median age:
68.125 years; range: 60-93 years) received cardiac monitoring
during the tooth extraction. There were 2937 males and 4140
females. In addition, 89 patients (Hypertension Risk Group C
[6]) were recruited from December 2012 to February 2013.
The median age was 69.35 years, and they received cardiac
monitoring with a Holter monitor during the tooth extraction.
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Methods

All patients were surveyed using the same questionnaire and
physical examinations were performed by trained investiga-
tors. Items included in the questionnaire survey consisted of
baseline characteristics and concomitant chronic diseases. The
baseline characteristics included demographics, sex, and age.
Chronic diseases and their conditions included: 1) coronary ath-
erosclerotic heart disease (CAD): a history of angina pectoris,
myocardial infarction (MI), percutaneous coronary intervention
(PCl)/Coronary artery bypass grafting (CABG), and cardiac func-
tion. 2) Diabetes mellitus: diabetes mellitus was diagnosed ac-
cording to the WHO criteria for diabetes (1999): fasting blood
glucose >7.0 mmol/L, 2-h postprandial blood >11.1 mmol/L.
Diabetes mellitus (DM) was divided into type 1 and type 2. 3)
Hypertension: presence and course of hypertension, medication,
and blood pressure. Hypertension was diagnosed according to
the Guideline for the Prevention and Treatment of Hypertension
in China [2005]: systolic blood pressure >140 mmHg, or diastol-
ic blood pressure >90 mmHg; 4) other cardiovascular diseases:
rheumatic heart disease, congenital heart disease, viral myo-
carditis; 5) Cerebrovascular diseases: cerebral infarction, cere-
bral embolism, and cerebral hemorrhage; 6) Digestive diseas-
es: gastric ulcer, duodenal ulcer, acute viral hepatitis, cirrhosis,
primary sclerosing cholangitis, and cholelithiasis; 7) Bleeding
disorders: purpura, vitamin C deficiency, idiopathic thrombo-
cytopenic purpura, and hemophilia.

Criteria for exclusion from tooth extraction

Criteria for exclusion from tooth extraction [6]: 1) contradictions
for tooth extraction; 2) a history of mental disorders or being
uncooperative with tooth extraction; 3) patients with primary
hypertension were not medicated on the day of tooth extrac-
tion or patients had secondary hypertension; 4) acute cardio-
vascular or cerebrovascular diseases within the last 6 months
e.g.,, acute coronary syndrome, cerebral infarction, and cere-
bral hemorrhage), or patients received major surgery within
the last 6 months; 5) anti-coagulation (warfarin, aspirin) or an-
ti-platelet therapy was not discontinued at 1 day before sur-
gery; 6) fasting blood glucose was poorly controlled before sur-
gery and the fasting blood glucose was >8 mmol/L; 7) patients
with DM or valve replacement surgery were not treated with
antibiotics within 3 days after tooth extraction.

Monitoring during tooth extraction

Patients were placed in a supine position and received cardiac
monitoring. Anesthesia, tooth extraction, and management of
bleeding were performed by professional dentists. During the
tooth extraction, cardiac monitoring was done and data were
recorded. Blood pressure was measured with the same mon-
itor before, during, and after tooth extraction. Systolic blood
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Figure 1. Number of elderly patients with different
comorbidities. Other diseases: respiratory, renal and
hematological diseases.

pressure (SBP), diastolic blood pressure (DBP), heart rate (HR),
and saturation of peripheral oxygen (SpO,) were measured af-
ter anesthesia, after tooth extraction, and during sitting af-
ter tooth extraction.

Cardiac monitoring with Holter monitor

Following preparation for tooth extraction, patients were
placed in a semi-recumbent position and connected to Holter
probes. Patients were asked to rest for 5 min, and monitoring
began after anesthesia performed by a dentist. At 1 min af-
ter anesthesia and after tooth extraction, another electrocar-
diogram was recorded.

Statistical analysis

Statistical analysis was performed with SPSS version 18.0.
Qualitative data are expressed as mean * standard deviation,
and qualitative data as rate or ratio. Means were compared
with analysis of variance among groups. Data with abnormal
distribution were subjected to natural logarithm transforma-
tion and then to analysis of variance. Means between 2 groups
were compared with the t-test. A value of P<0.05 was consid-
ered statistically significant.

Results

Demographics of elderly patients with cardiovascular
diseases receiving tooth extraction

Sex

A total of 14 832 patients participated in this survey, and, due
to lack or insufficiency of data, 13 527 patients were finally
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included into the present analysis. There were 5664 males
(41.87%) and 7863 females (58.13%) among patients under-
going tooth extraction.

Age

Patients were divided into age groups according to WHO crite-
ria: adolescence (16—44 years), middle-age (45-59 years), and
elderly (>60). There were 419 patients younger than 45 years,
2922 patients aged 45-59 years, and 10 186 patients (75%)
aged >60 attending our clinics in the past 5 years.

Age and sex in the elderly

Among patients undergoing tooth extraction, the elderly ac-
counted for 75.3%. Thus, the elderly patients were recruited
for further analysis. These patients were grouped according
to age, with an interval of 5 years, and patients older than 85
years were grouped into a subgroup. Thus, a total of 6 sub-
groups were included, and the ratio of males to females was
calculated in each age group. Results showed most patients
were aged 75-79 years, and the number of females was sig-
nificantly higher than that of males.

Chronic diseases in patients receiving tooth extraction

There were diverse comorbidities, including primary hyperten-
sion and coronary heart diseases. The number of elderly pa-
tients with 1 comorbidity is shown in Figure 1. Among 13 527
patients, 6000 patients (44.36%) had 1 comorbidity and 7527
patients (55.64%) had 2 or more comorbidities.

Influence of tooth extraction on blood pressure and heart
rate in the elderly patients with primary hypertension

Sex

In the present study, 2937 males and 4140 females underwent
tooth extraction. The highest blood pressure, blood pressure at
initial diagnosis, and blood pressure and heart rate before tooth
extraction, after 5-min resting, and after tooth extraction were
compared between males and females. Results showed marked
difference in the SBP between males and females at different
time points (P<0.05), but there was no significant difference in
the DBP (P>0.05) (Table 1). A dramatic difference was noted in
heart rate between males and females, before tooth extraction,
1 min after anesthesia, and after tooth extraction (P<0.05), but
the heart rate at baseline was comparable (P>0.05) (Table 1).

Different comorbidities

As shown in Table 1, blood pressure changed significantly dur-
ing the tooth extraction. Thus, the blood pressure during the
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Table 1. Blood pressure and HR of males and females at different time points () +s).

SBP (mmHg) DBP (mmHg)

First visit 151.7422.28* 157.42+21.98* 79.49+11.94 78.93+10.70 77.06+10.43 76.58+7.90 77.33+£11.29
Before dental

. 149.34+18.43* 155.94+17.60* 78.48+10.65 77.16+10.75 80.32+9.30 79.2+13.2**  89.64+13.25**
extraction
During dental " "

. 153.62+19.39* 161.52+17.85* 79.69+10.23 82.49+10.19 - - -
extraction
1 min after anesthesia = = = = 92.1148.68  79.3949.42** 95.64+14.22**
After dental extraction 149.67+19.04* 155.41+18.56* 77.78+10.9 76.03+10.13 82.32+11.89 80.07+10.43** 89.43+10.97**

* Difference in the SBP between males and females at different time points (P<0.05); ** difference was noted in the heart rate
between males and females, before tooth extraction, 1 min after anesthesia and after tooth extraction (P<0.05).

Table 2. Blood pressure of patients with different comorbidities during tooth extraction.

Comorbidities SBP (mmHg) DBP (mmHg)

HBP 160.61+12.37 82.46+9.33
‘0 1e29esz20 792081331
CAmhythma  1se7asmisie 00148917
Cerebrovascular diseases 159541884 soo7s83
om  1sseetieas 789541138

Table 3. Blood pressure at the supine position and at sitting ()+s). SBP at sitting after tooth extraction significantly reduced when
compared with clinostatism (* P<0.05).

SBP (mmHg)

DBP (mmHg)
Position

Female Female

Clinostatism 155.41+18.56* 76.03+10.13

Seat 142.34+16.28* 147.63+17.66* 74.48+10.80 71.8318.62

tooth extraction was compared among patients with differ-
ent comorbidities (Table 2).

Electrocardiogram monitored with Holter monitor during
tooth extraction

The physicians recorded the disease conditions according to
criteria, and patients were grouped according to the criteria

Posture (body position)

When compared with middle-aged patients, the elderly were
more likely to develop orthostatic hypotension. Blood pres-
sure in the supine position and sitting was compared, aiming
to explore the influence of body position on blood pressure.
Results showed the SBP while sitting after tooth extraction
was significantly reduced when compared with clinostatism
(P<0.05) (Table 3).

for risk grouping. Of the 89 patients in the hypertension risk
group C, who received cardiac monitoring before, during, and
after tooth extraction, 32 patients received Holter monitoring.
Atrial premature beats were noted in 10 patients and ventric-
ular premature beats in 11 patients (Table 4). Cardiac mon-
itoring results with a general monitor are shown in Table 5.
The detection rate of cardiovascular events by using a Holter
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Table 4. HR and heart rhythm monitored with Holter monitor during tooth extraction.

Before During After
Increase 0 26 (81.25%) 24 (75.00%)
Decrease 0 3 (9.36%) 4 (12.50%)
Sinus tachycardia 2 (6.25%) 3 (9.36%) 3 (9.36%)
Sinus bradycardia 2 (6.25%) 1 (3.12%) 2 (6.25%)
Ventricular premature beats 3 (9.36%) 9 (28.13%) 11 (34.38%)
Atrial premature beats 1 (3.12%) 9 (28.13%) 10 (31.25%)
Atrial fibrillation 1 (3.12%) 1 (3.12%) 1 (3.12%)
I1°AVB 5 (%) 5 (%) 5 (%)
Table 5. Change in P-QRS-T, HR and heart rhythm monitor during tooth extraction.
Before During After
Increase 0 73  (82.02%) 76  (85.40%)
R Decrease o 7 787% 6  (674%)
"""""""""""""" Sinus tachycardia 16 (17.98%) 14 (1573%) 15 (1686%)
Sinus bradycardia 1 (L12%) o 1 1%
| Ventricular premature beats o 7 787% 7 (787%)
Heart thythm ~ Atrial premature beats 2 2% 6 (667% 6 (667%)
 Atrial fibrillation o (1011% o (1011% o (1011%)
Pacemaker thythm 3 (337%) 3  (337%) 3 (337%)
Ceas 1@ 1 L1%) 1 (112%)
"""""""""""""" Rse o o 0
P Wave
Broadening 0 1 (3.12%) 1 (3.12%)
CoRs Decrease o o o
amplitude increasse o 3 (936% 3 (036%)
"""""""""""""" Blevate 0 1 (@1% 1 (312%
STsegment  Levelor tapered down under 2 (625%) 5 (1563%) 5 (1563%)
Thetapereddown 1  (12%) 1 (12% 1 (312%)
"""""""""""""" Increase orhigh-edge o o o
Twave  Decrease 1  (@12% 6 (1875% 6 (1875%)
CComvert 3 (@36%) 4 (25% 4 (125%)

monitor was significantly higher than that by using a gener-
al monitor. The ST segment was further analyzed, and results
are shown in Tables 5 and 6. The detection rate of ST segment
change by using a Holter monitor was also markedly higher
than that by using a general monitor.

Discussion

Oral health problems become more important with age.
According to the Third Oral Health Survey in China, the incidence

of tooth decay is 98.4% in subjects aged 65-74 years, the inci-
dence in males is lower than that in females, and 78.9-91.7%
of patients with tooth decay are not treated, consistent with
our findings. With increased living standards, more attention
has been paid to oral health, and the number of moderately
old patients who visit the hospital is higher than that of ex-
tremely patients, but lower than that of younger elderly. Our
results show that patients aged 70-79 years were the larg-
est group of patients with systemic chronic diseases receiv-
ing tooth extraction. An epidemiological study [7] showed that
3.6% of patients aged >65 years do not receive oral care. Thus,
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the US. Preventive Services Task Force recommends regular
dental visits for patients aged >65 years [8].

Our results showed primary hypertension, coronary heart dis-
ease, arrhythmia, cerebrovascular accident, and DM were the
5 most common comorbidities among 13 527 patients under-
going tooth extraction, and patients with these diseases ac-
counted for 67.53%, 52.29%, 23.73%, 15.81% and 14.42%,
respectively. In addition, in the elderly the incidence of these
diseases further increased. In adolescents, myocarditis and
arrhythmia (ventricular or atrial premature beat) were major
comorbidities, and hypertension and coronary heart disease
were the major comorbidities in the elderly.

Griffin et al. [4] found that chronic diseases such as coronary
heart disease and DM could increase the risk for oral diseas-
es. Advanced age may undoubtedly increase risk for compli-
cations of tooth extraction in the presence of chronic diseas-
es. An epidemiological study [9] showed that hypertension is
well controlled in only one-third of hypertensive patients in
most Latin American cities and China, only 2% of hyperten-
sive patients have good control of blood pressure in the ru-
ral areas, and 12% and 9% of hypertensive patients showed
blood pressure control in urban and rural areas, respectively,
in India. Hypertensive elderly with poor blood pressure con-
trol are frequently found in the developing areas. A survey
[10] conducted in 41 891 subjects (40-79 years) of 22 states
and the District of Columbia in the USA showed a correlation
between tooth loss and heart diseases, and that controlling
risk factors of cardiovascular diseases (such as hypertension,
smoking, obesity) improved oral health. A study [11] of 155 280
patients who hospitals due to tooth decay or periodontal dis-
eases were evaluated found that the incidence of tooth loose
was as high as 38.3% and was higher in DM patients than in
non-DM patients, and showed that DM was an independent
risk factor for tooth loss.

One concomitant chronic disease was present in 44.36% of
patients (n=6000), and 55.64% of patients (n=7527) had 2 or
more comorbidities. The prevalence of cardiovascular diseas-
es increases with age in patients visiting dentists, and these
diseases may increase the risk for tooth extraction complica-
tions, which has received increased attention in recent years [6].

In China, the prevalence of hypertension is about 38.2+57.0%
in subjects aged >60 years and as high as 70% in subjects
aged >80 years. Primatesta et al. [12] investigated 3513 pa-
tients aged >64 years, and reported the prevalence of hyper-
tension was 76.1% in the very elderly subjects. Montebugnoli
et al. [13] reported that about 50% of patients felt nervous or
fearful when they were at the dental clinic, and these feelings
were accompanied by increased heart rate and blood pres-
sure, which could induce cardiovascular stress, causing angina

CLINICAL RESEARCH

pectoris, myocardial infarction, arrhythmia, and cardiac dysfunc-
tion. A multicenter, randomized, double-blind, controlled study
showed blood pressure-lowering therapy was beneficial for el-
derly subjects [14]. There is evidence showing that to properly
use blood pressure-lowering and antipsychotic drugs before
tooth extraction was effective to prevent and reduce the inci-
dence of complications of tooth extraction in hypertensive pa-
tients, which helps increase the safety of tooth extraction [15].

Women are susceptible to developing emotional tension and
psychological stress, causing the activation of cardiac sympa-
thetic nerves and inhibition of vagus nerves, which may re-
duce the heart rate variation. The pain caused by injection of
anesthetic may further increase the heart rate. In the present
study, a significant difference was noted in the heart rate be-
tween males and females before, during, and after tooth ex-
traction (Table 1).

The product of HR and SBP determined at the same time is also
known as the rate-pressure product (RPP). The change in RPP
may reflect myocardial oxygen consumption (MOC). Research
shows that the RPP in healthy subjects is about 12 000. RPP
>12 000 predicts high risk for myocardial ischemia, and cardi-
ac monitoring is required during the surgery. When the RPP is
>20 000, the risk for sudden heart events may increase mark-
edly during the surgery [16].

We also investigated the blood pressure, heart rate, and their
variations at different time points in males and females and
in patients with different comorbidities, and the pre-opera-
tive risk evaluation was also briefly summarized. As shown in
Table 2, the blood pressure and heart rate changed dramati-
cally after tooth extraction, regardless of cardiovascular dis-
eases in elderly patients, and this change was more evident in
patients with cardiovascular diseases (P<0.05). This suggests
that tooth extraction significantly affects the elderly, especial-
ly those with cardiovascular diseases.

Tyberghein et al. [17] found that the elderly, especially the frail
elderly, were susceptible to development of orthostatic hypo-
tension (OH), and that OH usually caused severe consequenc-
es such as syncope. The incidence of OH is high in the elderly,
and is influenced by various factors, and complications may
cause severe consequences. In the present study, results (Table
3) showed that sitting SBP after tooth extraction declined sig-
nificantly compared with that before tooth extraction (P<0.05).

It was reported that sudden death was usually caused by ven-
tricular fibrillation due to cardiac electrical instability and sub-
sequent serious ventricular arrhythmia. Several studies have
confirmed that T-wave alternation (TWA) is a potent predictor
of ventricular tachycardia and ventricular fibrillation [18]. The
risk for fatal arrhythmias and sudden death in patients with
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TWA is 11 times higher than that in those without TWA. Using
12-Lead Holter monitoring, Brockmeier et al. confirmed that
TWA was an important predictor of torsade de pointes ven-
tricular tachycardia (TdP-VT) [19]. The change in TWA is usu-
ally minor and not easy to detect by general monitoring. As
compared to the dominant TWA, dynamic electrocardiogram
monitoring is more helpful in identifying patients with high
risk for sudden death.

The cardiovascular complications of minor oral surgeries, includ-
ing tooth extraction, have been emphasized in clinical practice.
There is evidence that vagal reflex-induced coronary spasm may
cause sudden death during tooth extraction, and it has been
reported that tooth extraction may also cause acute myocar-
dial infarction and malignant arrhythmias. These changes may
be identified by general cardiac monitoring. However, the gen-
eral monitor has poor sensitivity to painless myocardial isch-
emia during tooth extraction. Thus, 12-lead Holter monitoring
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