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Background: Aged people are maintaining many natural teeth due to improved oral health. However, compromised general health and poor oral hygiene habits at earlier ages resulted in poor status of preserved teeth. Therefore, tooth extraction is required in many aged people. More knowledge is needed because there are many risk factors during the surgery in frail aged adults. The aim of this study was to evaluate the cardiovascular response of such a population during tooth extraction and analyze risk factors to provide clinical guidance.

Methods: A retrospective study was performed on aged patients with systemic diseases who underwent tooth extraction. Data regarding demographic profiles and cardiovascular parameters of heart rate and blood pressure were collected preoperative, when local anesthesia was administered, at the beginning of tooth extraction, 5 min after tooth extraction, and postoperative. The effects of risk factors, including age, sex, and systemic diseases on these parameters were analyzed with a multilevel model.

Results: Heart rate (HR), systolic blood pressure (SBP), and diastolic blood pressure (DBP) of aged patients increased significantly when performing local anesthesia and tooth extraction. During the operation, the older patients (β = 2.011, P = 0.005) and the diabetics (β = 3.902, P < 0.0001) were associated with higher SBP, while those with more tooth extractions exhibited higher HR (β = 0.893, P = 0.007). Women patients showed both significantly elevated HR (β = 1.687, P < 0.0001) and SBP (β = 2.268, P < 0.0001). However, for coronary artery disease patients, HR (β = −2.747, P < 0.0001) and blood pressure [SBP (β = −4.094, P < 0.0001) and DBP (β = −0.87, P = 0.016)] were markedly lower than those of patients without a diagnosis of coronary artery disease.

Conclusion: Cardiovascular response of aged outpatients with systemic diseases during tooth extraction is quite significant. Age, sex, systemic diseases, and the number of tooth extraction could be risk factors closely associated with cardiovascular response. The findings might provide safety guidance for dentists on tooth extraction in this population.
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INTRODUCTION

In China, people aged 60 years and older account for ~17.9% of the total population according to the latest demographic statistics (1). Among aged people, there is a high incidence of systemic diseases, such as hypertension, diabetes mellitus (DM), and coronary artery disease (CAD) (2–4). With the steadily increasing aged population, the number of aged people with systemic diseases is also increasing in dental visits. The oral health of people has improved in recent years, and many aged people still retain their natural teeth in old age (5, 6). However, in such a population, the decreased general health and dependence on care could easily lead to a poor oral condition (7–9). Therefore, tooth extraction in aged people with systemic diseases is becoming fairly common. Although tooth extraction is a frequent minor surgical procedure, the sudden increase in blood pressure (BP) and heart rate (HR) may still lead to severe complications and even death (10). Aged individuals with systemic diseases are generally fragile and susceptible to external stimuli, which inevitably increases their vulnerability to adverse events (11). Therefore, how to perform tooth extraction smoothly and safely in such patients is a great concern for dental surgeons.

Previous studies have demonstrated that the increase in BP during dental surgery cannot be predicted by the baseline BP (12, 13). The increase is not only related to the general condition of the target population but also to the mental stress and difficulty of tooth extraction and the use of local anesthetics (LA) during surgery (14–16). The monitoring of cardiovascular parameters, including HR and BP, during surgery procedures is an effective measure to assess risk and prevent adverse outcomes (17). This method is non-invasive and could provide a reliable valuable electrical activity index and guide the real-time processing, which is very useful for the prevention of severe cardiovascular complications, such as acute myocardial infarction and arrhythmia (18). Consequently, we assumed that the analysis of cardiovascular parameters in aged outpatients with systemic diseases during tooth extraction in a large sample could provide guidance for tooth extraction among such a population.

In this study, we retrospectively analyzed the changes in HR and BP during tooth extraction and the possible influencing factors involved in age, sex, and systemic diseases, aiming to determine risk factors and provide clinical support for dental extraction in this kind of patient.



MATERIALS AND METHODS


Study Design

This retrospective observational study was conducted by collecting HR and BP data from aged patients with systemic diseases during tooth extraction. On the basis of age, sex, systemic diseases, and the number and difficulty of teeth extracted per time, risk factors influencing the cardiovascular response were assessed.



Patient Selection and Data Collection

This study enrolled 3,044 aged outpatients (≥60 years) who received tooth extraction under electrocardiographic monitoring at West China Hospital of Stomatology at Sichuan University from January 2017 to December 2018. All patients signed the same questionnaire and received physician examinations by professional anesthesiologists. The questionnaire included demographics, age, sex, and systemic diseases. Systemic diseases included: (a) cardiovascular diseases: CAD, arrhythmia, pulmonary heart disease (PHD), myocardial infarction, and rheumatic heart disease; (b) hypertension: (SBP ≥140 mmHg and/or DBP ≥90 mmHg); (c) DM: [fasting food-glucose ≥ 7 mmol/L (more than 8 h) and/or 2-h postprandial blood sugar ≥ 11.1 mmol/L]; (d) cerebrovascular diseases: cerebral hemorrhage, cerebral infarction; (e) respiratory diseases: chronic obstructive pulmonary disease, pneumonectasis, and chronic bronchitis; (f) kidney diseases: nephritis and kidney neoplasms. Systemic diseases were diagnosed in line with guidelines for the prevention and treatment of corresponding diseases in China (2010 edition). All patients took their medications normally if needed. The criteria for inclusion included the following: (1) aged 60 years old and above; (2) experienced at least one tooth extraction; (3) complete medical records. Exclusion criteria included contraindications for tooth extraction and the absence of related medical data. Written informed consent was obtained from all study participants before dental extraction.

In view of the cardiovascular effects of epinephrine, the dental surgeons used two percent lidocaine hydrochloride without epinephrine for local anesthesia in all patients. The medical records mainly provided information on the number of tooth extraction, the reason for tooth extraction, the use of dental high-speed turbine handpieces, and the prognosis of the wound. The HR and BP were measured electronically by electrocardiograph monitoring and collected preoperatively, when local anesthesia was administered, at the beginning of tooth extraction, 5 min after the tooth extraction, and postoperative in all patients. An Access database and Excel system were used for data entry and sorting.



Statistical Analysis

For repeated measurement variables (HR and BP), the data are shown as the mean ± standard deviation (X ± S), and multilevel linear model (MLM) data analysis was performed with SAS 9.4 software (19). We defined the patient as level 3, the number of tooth extraction as level 2, and different time points as level 1. The patient-level included the variables of age, sex, and systemic diseases. The number of tooth extraction ranged from one to five. The time points included preoperative, when local anesthesia was administered, the beginning of tooth extraction, 5 min after tooth extraction, and postoperative. Data hierarchies were assessed with a null model. To analyze the effect of multiple variables (age, sex, the number of tooth extraction per time, high-speed turbine handpieces, and systemic diseases) on the BP and HR during dental surgery, three-level random coefficient models were fitted in the study. The data were first analyzed with the univariate analysis, and variables with a value of P < 0.05 were further included in the multivariate analysis.




RESULTS


Demographic Characteristics

A total of 3,044 patients with a median age of 74 (68, 80) years were included in this study. There were 1,347men (44.3%) and 1,697 women (55.7%). The number and proportion of patients with different systemic diseases are shown in Figures 1A,B. Among them, the most frequent systemic diseases were hypertension, CAD, DM, and arrhythmia, with proportions of 57.5, 25.3, 19.3, and 4.8%, respectively. According to age, the subjects were divided into three age groups: 60–69 years, 70–79 years, and 80–101 years. Our results showed that most patients were aged from 70 to 79 years old, accounting for 44.8% of the patients. It was followed by patients aged 60–69 years at 29.6%. These patients had a minimum of one tooth extracted and a maximum of 12 teeth extracted with the following distribution (1, 2.146, and 2, 12), where 2.146 represents the mean value and 2 represents the median value.


[image: Figure 1]
FIGURE 1. (A) Number of older patients with different systemic diseases. (B) The proportion of older patients with different systemic diseases.




Influence of Tooth Extraction on the Cardiovascular Response

In this study, the included patients underwent a total of 4,051 dental extractions. The reasons for tooth extraction were shown in the Supplementary Table 1. According to the monitoring records, the highest SBP was 243 mmHg, which was observed in a woman patient with hypertension and DM when administered local anesthesia. The highest DBP was 137 mmHg, which appeared in a woman patient with hypertension and CAD at the beginning of the operation. The highest HR, 166 beats/min, was also observed at the beginning of the operation in a woman patient with atrial fibrillation. Although some patients presented abnormal HR and BP values during the perioperative period, all the cases completed the surgery safely with the assistance of professional anesthesiologists at last. One week later, all the surgical wounds healed well.

The values of HR and BP in all patients at different time points during dental surgery are summarized in the Supplementary Tables 2–4. According to statistical analysis, the null model results of HR and BP showed that the data had a hierarchy structure (P < 0.05) and should be analyzed with a multilevel model (Supplementary Table 5). In the MLM results, the values of β represented coefficient estimates. When the value is more than zero, this means this kind of patient has higher HR or BP levels.



Age, Sex and the Number of Tooth Extraction per Time

For HR, as shown in Table 1, the HR of older patients (70–80 years β = −1.972, P < 0.0001 and 80–101 years β = −3.083, P < 0.0001) was lower than that of patients in their sixties. In contrast, women patients (β = 1.687, P < 0.0001) and patients with 2 or more tooth extraction per time (β = 0.893, P = 0.007) had higher HR levels.


Table 1. Multilevel model of HR.
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For BP, the older patients showed significantly elevated SBP (β = 2.011, P = 0.005) and decreased DBP (β = −7.217, P < 0.0001), which was consistent with the variation trend of SBP (β = 2.268, P < 0.0001) and DBP (β = −1, P < 0.0001) in women, but there was no obvious difference in the number of tooth extraction at one time (Table 2).


Table 2. Multilevel model of SBP.
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Systemic Diseases

For HR, the multilevel model revealed that CAD (β = −2.747, P < 0.0001) and arrhythmia (β = −2.524, P = 0.009) could cause a decreased HR compared to the patients without a diagnosis of CAD and arrhythmia during the dental surgery (Table 1).

For BP, hypertension patients showed higher SBP (β = 9.941, P < 0.0001) and DBP (β = 0.94, P = 0.003) than nonhypertensive patients. In contrast, patients with CAD had lower SBP (β = −4.094, P < 0.0001) and DBP (β = −0.87, P = 0.016). In DM, this population had higher SBP (β = 3.902, P < 0.0001) and lower DBP (β = −1.634, P < 0.0001;3 Tables 2, 3).


Table 3. Multilevel model of DBP.
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DISCUSSION

In this retrospective study, we investigated the changes in HR and BP during tooth extraction in aged people with systemic diseases and analyzed some influencing factors. According to the univariate results, we found that various systemic diseases and other factors, including age, sex, and the number and difficulty of tooth extraction per time exert different effects on HR and BP during dental extraction in aged, medically compromised patients. After performing the multivariate analysis, we observed that women, diabetic patients, and older patients showed significantly increased SBP. Patients with more tooth extraction and women had a higher HR. In contrast, patients with CAD exhibited lower HR and BP.

Control of HR and BP plays a vital role in preventing cardiovascular complications during dental surgery in aged patients with systemic diseases (20–23). In dental extraction, many factors can affect HR and BP, particularly pain. LA is a factor closely associated with pain control. Regarding the LA, whether epinephrine, a vasoconstrictor, should be used is a question that has been repeatedly discussed (24–26). The adverse cardiovascular effects associated with the epinephrine are unequivocal, especially in aged and or medically comprised adults. Although many recent studies have reported that epinephrine does not cause an increase in HR and BP, the clinical application still needs to be combined with the actual situation of the outpatients (10, 27). In our study, most of the teeth that needed to be extracted were simple teeth, and the surgery duration was short. Importantly, the included patients were aged adults with various systemic diseases. Therefore, LA was administered with two percent lidocaine hydrochloride without epinephrine. Given the results regarding changes in HR and BP without its use, it is no wonder that this is an issue worthy of further study.

According to the reasons for tooth extraction, we found periodontal disease, especially periodontitis was a common cause of tooth extraction. It is well-known inflammation can also alter the action of LA interfering with adequate anesthesia (28). Although the extracted teeth in our study had no or mild inflammation, the effect on LA should still be considered. Petersilka et al. reported that applying local anesthesia may offer a safe and effective way to achieve pain-free therapy in periodontal patients (29). Additionally, according to the clinical observation, the mild inflammation had no significant effect on local anesthesia. However, this issue also needs further investigation.

Dental anxiety and fear are common reactions to dental treatment (30, 31). They can be described as an emotional state of fear of dental stimuli. There are some studies that have investigated the relationship between dental anxiety and hemodynamic changes in dental patients, which indicated that psychological and physical stress due to anxiety and pain stimuli have some cardiovascular effects (14, 17, 32). Regarding the influencing factors, injection pain and tooth turbine vibration were considered the major source of anxiety. Furthermore, sex has also been reported to be associated with dental anxiety. Women are reported to be more anxious in response to dental treatment than men (33, 34). In addition, women had a lower pain threshold and tolerance. These findings supported sex differences in the variations in HR and SBP in our study. Interestingly, the rate-pressure product (RPP) of HR and SBP is used to estimate myocardial oxygen consumption. In our study, both the increase in HR and SBP in women patients resulted in an elevation of RPP, which probably means that women are more susceptible to developing myocardial ischemia than men during tooth extraction. Therefore, these results suggested that the attenuation of anxiety and stress is essential and beneficial for dental patients, especially women.

The risk relationship between systemic diseases and tooth extraction has been explored in many dental practices. However, the cardiovascular impact of each disease is not determined clearly. In our study, the increase in BP was greater in aged patients with hypertension, which is consistent with previous reports (16, 35). However, patients with CAD showed a significantly lower HR during dental extraction than patients without a diagnosis of CAD. HR is often considered a key risk factor for adverse outcomes in patients with CAD. Its reduction is a recognized strategy to prevent myocardial ischemia (36, 37). According to previous studies, the functional mechanism of beta-blockers is decreasing HR (38, 39). Therefore, medication may be one of the reasons for the HR reduction during tooth extraction in patients with CAD. The result needs to be validated prospectively. DM is a disease closely related to dentistry. Although many previous studies have discussed the relationship between tooth loss and blood glucose levels, the variation in BP during tooth extraction in aged patients with DM has not yet been reported. According to our analysis, the elevation of SBP is significantly higher in aged patients with DM than in those without DM. It was reported that hypertension and DM were closely related due to similar pathophysiological factors including obesity, dyslipidemia, and atherosclerosis (40). Thus, DM could be exacerbated by hypertension to cause cardiovascular mortality and morbidity. The obvious increase in SBP during dental surgery in aged DM patients is likely due to chronic cardiovascular damage caused by DM. Of course, the impact of systemic disease is very complex, and more studies with large sample sizes are needed to explore this issue.

There are some strengths in our study. First, we included a relatively large sample of aged people undergoing tooth extraction. Second, five-time points for recording HR and BP are also relatively reasonable and can basically reflect intraoperative changes. Third, the use of multilevel model analysis methods further enhances the reliability and accuracy of the results. Furthermore, various risk factors were explored in our study. Therefore, these results can provide some guidance for clinical tooth extraction in an older population. However, there are also limitations in our study. First, the medications, we did not obtain enough data to assess the effects of these medications. Second, the ECG analysis was very valuable, but this section was not fully recorded in our available data.



CONCLUSION

Based on our results, the variations in HR and BP during the tooth extraction showed significant differences among different aged patients. The influencing risk factors mainly included physical condition (systemic diseases: hypertension, DM, and CAD) and clinical characteristics (age, sex, the number of tooth extraction per time). Our findings might aid clinicians in predicting the possible variation in HR and BP and assessing the risk of tooth extraction in the aged patients before the surgery. However, further studies are needed to verify our findings.
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at P < 0.05, Ref, reference.





OPS/images/fpubh-10-938609-t003.jpg
Variable DBP

Univariate analysis Multivariate analysis
8 SE t 95%Cl P-value B SE t 95%Cl P-value
Intercept - - - 78511 0818 90.41 <0.0001
Age
(60, 70) Ref - - Ref - - -
(70, 80) -3940 0376 ~10.48 —4.677, <00001  -4084 0873 109 -4795, 3333 <0.0001
—3.203
(80, 101) -6.899 0.428 —16.14 -7.738, <00001  -7217 0427  -1692  -8054,-6380  <0.0001
~6.060
Sex
Male Ref = - Ref = - -
Female ~1.346 0332 -4.06 ~1.997, <00001  —1000 0318 624 0377, 1623 <0.0001
~0.695
Systemic diseases
No Ref o= o = Ref - o =
1 1.199 0394 3.041 0.426, 0.0024 0.008 0469 0017 ~0.911,0.927 09862
1.972
20r 0235 0.408 0576 -0565, 05645 —0.142 0690  -0206  —1.494,1.210 08369
more 1.035
Hypertension
No Ref - = - Ref - - -
Yes 0.691 0333 208 0.038, 0.038 0940 0321 293 0311, 1.569 0003
1.344
CAD
No Ref ~- = ~ Ref = = .
Yes -0.787 0376 ~196 —1.474, 0050 -0870 0360 242 —1576,-0.164 0016
0.000
DM
No Ref - - - Ref - - -
Yes ~1.586 0419 -3.79 —2.407, 0,000 -1634 0402 -406 -2.422,-0846  <0.0001
~0.765
Dental high-speed turbine handpieces
No Ref e - - - - - -
Yes 0316 0529 06 —0721, 0550 - - - -
1.353
Number of tooth extraction per time
1 Ref - - - - - -
2and 0178 0275 064 -0361, 0519 - - = -
more 0717
Kidney diseases
No Ref - - - - - - -
Yes ~0583 1,628 -036 —a774, 0721 - - - -
2608

DBR, diastolic blood pressures; CAD, coronary artery disease; DM, Diabetes melitus; B, coefficient estimates; SE, standard error; 95%Cl, 95% confidence interval. Significant difference
at P < 0.05, Ref, reference.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cardiovascular Response of Aged Outpatients With Systemic Diseases During Tooth Extraction: A Single-Center Retrospective Observational Study



		Introduction



		Materials and Methods



		Study Design



		Patient Selection and Data Collection



		Statistical Analysis







		Results



		Demographic Characteristics



		Influence of Tooth Extraction on the Cardiovascular Response



		Age, Sex and the Number of Tooth Extraction per Time



		Systemic Diseases







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Cardiovascular Response of Aged
Outpatients With Systemic Diseases
During Tooth Extraction: A
Single-Center Retrospective
Observational Study





OPS/images/fpubh-10-938609-g001.gif





OPS/images/fpubh-10-938609-t001.jpg
Variable

B SE
Intercept - -
Age

(60, 70) Ref -
(70, 80) -2.017 0.495
(80, 101) -3.315 0.563
Sex

Male Ref =
Female 2321 0.421

Systemic diseases

No Ref -
1 —0.272 0.495
20r ~0.615 0512
more

Hypertension

No Ref -
Yes 0.132 0.422
cAD

No Ref -
Yes —2.365 0.474
DM

No Ref -
Yes 0394 0533
Arthythmia

No Ref -
Yes —2.001 0971

Dental high-speed turbine handpieces
No Ref bes
Yes -0.130 0.630

Number of tooth extraction per time

1 Ref -
2and 0.803 0.330
more

PHD Ref e
No

Yes 6.659 4.063

Atrial fibrillation
No Ref o
Yes 3.426 2123

Kidney diseases.
No Ref -
Yes 0.116 2,067

Univariate analysis

t

-4.08

-5.89

5.52

-0.561

-1.200

0.31

0.74

-2.15

-0.21

1.61

0.06

95% CI

~2.987,
-1.047
—4.418,
—2.212

1.496,
3.146

—1.242,
0.697
-1.619,
0.389

-0.695,
0.959

—3.204,
—1.436

-0.651,
1.439

—3.994,
—-0.188

—1.365,
1.106

0.156,
1.450

—1.304,
14.622

—0.735,
7.687

-3.935,
4.167

P-value

<0.0001

<0.0001

<0.0001

0.5820

0.2301

0.754

<0.0001

0.46

0.03

0.84

0.02

0.10

0.107

0.96

HR

67.213

Ref
—-1.972

-3.083

Ref
1.687

Ref
—2.747

Ref
0.893

SE

0.701

0.492

0563

0.433

0.486

0.962

Multivariate analysis
t

95.85

—4.01

-5.48

3.89

-2.62

95% Cl

—2.936,
-1.00

—4.186,

—1.980

0.838,
2536

—4.410,
-0.638

0.250,
1.536

P-value

<0.0001

<0.0001

<0.0001

<0.0001

0.009

HR, heart rates; CAD, coronary artery disease; DM, Diabetes mellitus; PHD, puimonary heart disease; B, coefficient estimates; SE, standard error; 95%Cl, 95% confidence interval.
Significant difference at P < 0.05, Ref, reference.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





