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Abstract

Purpose Pre-anesthesia hypertension (PAH) is the tempo-

rary elevation of blood pressure (BP), compared with normal

ambulatory recorded BP or self-measured BP at home, in

patients waiting for operation in the operating room (OR)

before anesthesia induction. In general, the incidence of

sustained hypertension (SH) increases progressively with age

and the increase is greater in males than in females. In this

study, we investigated the influence of age and sex on PAH.

Methods Sampling data on consecutive patients who

were more than 20 years old and who had undergone

surgery under general, intrathecal, or epidural anesthesia

were retrospectively collected from hospital records and

anesthesia records. Patients with SH, which was defined as

a past history of hypertension and taking oral antihyper-

tensive medications, were excluded from the analyses, and

the data of 231 patients, 102 males and 129 females, were

used for the analyses.

Results The proportions of male and female patients with

a systolic BP (sBP) of more than 140 mmHg in the OR

before anesthesia induction were 55.9 and 42.6 %,

respectively. The proportions of male and female patients

with a diastolic BP (dBP) of more than 90 mmHg were

34.3 and 23.3 %, respectively. There was no difference in

the proportions of male and female patients with PAH. The

differences in sBP between measurements in the hospital

room (HR) before the operation and those in the OR

(DsBP) in males and females were 22.9 ± 25.6 and

19.0 ± 24.0 mmHg, respectively. The differences in dBP

between measurements in the HR and those in the OR

(DdBP) in males and females were 12.7 ± 16.5 and

8.4 ± 17.9 mmHg, respectively. There were no differences

in DsBP and DdBP between males and females. The sBP in

the OR and the DsBP increased significantly with age in

both males and females.

Conclusion Age is an important clinical factor related to

PAH. Pre-anesthesia sBP and the change in pre-anesthesia

sBP increase progressively with age regardless of sex.

These findings suggest that the higher BP seen in the

elderly in the OR before anesthesia induction, as reported

previously, might be explained in part by a greater impact

of PAH in older people.

Keywords Pre-anesthesia hypertension � Before

anesthesia induction � Operating room � Age � Male and

female

Introduction

Clinically, we often find that blood pressure (BP) in patients

awaiting operation in the operating room (OR) before anes-

thesia induction is temporarily elevated regardless of the

patient’s normal ambulatory recorded BP or self-measured

BP at home. This phenomenon is called pre-anesthesia

hypertension (PAH) or pre-induction hypertension [1].

A pre-operative history of sustained hypertension (SH)

causes perioperative cardiac events such as myocardial

ischemia, arrhythmias, cardiovascular lability [2], cerebro-

vascular events, and death [3]. For example, it is reported that
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isolated systolic hypertension is associated with a 40 %

increase in the likelihood of perioperative cardiovascular

morbidity in coronary artery bypass grafting surgery patients

[4]. In addition, acute intra-operative hypertension and BP

lability are associated with a higher incidence of perioperative

myocardial ischemia, infarction, and stroke [5]. Therefore, the

presence of PAH may increase the risk of cardiac and cere-

brovascular complications in the perioperative period. It is

reported that the incidence of adverse outcomes (i.e., elevated

troponin and in-hospital mortality) is 1.3 % for PAH overall

and 2.8 % for the subset of PAH patients with baseline systolic

BP (sBP) greater than 200 mmHg [1].

Clinically, SH in the elderly is characterized by a sig-

nificant increase in sBP and a slight decrease in diastolic

BP (dBP), and then by a significant increase in pulse

pressure [6]. Arterial walls stiffen with age due to arte-

riosclerosis [7]. The most consistent and well-reported

changes are luminal enlargement with wall thickening and

a reduction in elastic properties at the level of large elastic

arteries. Longstanding arterial pulsation in the central

artery causes elastin fiber fatigue and fracture. Increased

vascular calcification and endothelial dysfunction are also

characteristic of arterial aging.

Females in the reproductive age range are less likely to

develop hypertension and hypertension-related diseases

than males and postmenopausal females [8]. A study using

24-h ambulatory BP monitoring has shown that BP is lower

in females than in males at similar ages [6]. The epide-

miological evidence suggests that females receive the anti-

atherogenic effects of estrogen [9], and that there is a

regulatory role for estrogens in maintaining vascular

function and structure [10]. Moreover, it is known that

plasma renin activity is lower in females than in aged-

matched males [11].

It is useful to interpret the factors affecting PAH. It is

suspected that the vascular changes that occur with aging

and the different hormone and enzyme concentrations in

males and females may affect PAH. Therefore, in this

study, we investigated the influence of age and sex on

PAH.

Methods

Study population

Sampling data on consecutive patients aged more than

20 years old who underwent surgery under general,

intrathecal, or epidural anesthesia were retrospectively

collected from hospital records and anesthesia records in

the OR at Teikyo University Hospital in May and June

2008. The sBP, dBP, and heart rate values of the patients

while they rested in a hospital room (HR) of the medical

ward before entering the OR were measured once with an

automatic blood pressure machine. The measurements

were performed by a nurse and were documented in

increments of 1 mmHg and 1 beat/min in the hospital

records.

The duration of nothing per os (NPO) before elective

operation in the patient cohort was more than 8 h. The

patients did not have any premedication, and they walked

into the OR or entered the OR on a stretcher or in a

wheelchair. Electrocardiogram (ECG) patches were placed

on the patient’s chests and an arterial pressure cuff was

positioned on the patient’s upper arm by an anesthesiolo-

gist. After the patients had rested on the operating table for

3 min, the sBP and dBP values were measured with an

automatic blood pressure machine and the heart rate value

was measured with an ECG monitor. The sBP and dBP

values were documented in increments of 5 mmHg and the

heart rate value was documented in increments of 5 beats/

min in the anesthetic records. Patients with a pre-operative

history of SH; those taking oral antihypertensive medica-

tions such as calcium channel blockers, angiotensin-con-

verting enzyme inhibitors, angiotensin II receptor blockers,

a-blockers, b-blockers, or diuretics; and those showing

arrhythmias on the pre-operative 12-lead ECG were

excluded from the analyses.

Statistical analysis

The statistical software we used was SPSS 16.0vJ (SPSS,

Chicago, IL, USA) and Deltagraph 5.4.5v J (Deltapoint,

Monterey, CA, USA). The unpaired Student’s t-test was

used for comparisons of age, height, weight, body mass

index (BMI), sBP, dBP, and heart rate between males and

females. The paired Student’s t-test was used for compar-

isons of sBP, dBP, and heart rate between the measure-

ments in the HR and those in the OR. The v2 test was used

for comparisons of the proportions of hypertensive patients

between males and females. Simple linear regression

analyses between the sBP values in the HR and age, the

sBP values in the OR and age, the difference in sBP

between the HR and OR (DsBP) and age, and the differ-

ence in dBP between the HR and OR (DdBP) and age were

performed. The values are expressed as the mean ± stan-

dard deviation (SD) unless otherwise noted. A P value of

\0.05 was considered to indicate statistical significance.

Results

Sampling items

The total data of 365 patients were collected; they had no

cardiac or cerebrovascular events in the perioperative
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periods. Seven patients had atrial fibrillation on pre-oper-

ative 12-lead ECG and were omitted from the analyses.

Also, the pre-operative medical history of 1 patient, the

sBP values of 2 patients in the HR, and the sBP values of 3

patients in the OR were missed or not completely noted in

hospital records and anesthesia records. The incomplete

data of these 6 patients were also omitted from the analy-

ses. Further, 112 patients had a pre-operative history of SH

and 109 patients were taking oral antihypertensive drugs.

Thus, 121 patients were excluded from the analyses.

Therefore, the data of 231 patients, 102 males and 129

females, were used for the analyses. Table 1 shows the

demographic characteristics of this patient cohort. The

patients were from the departments of orthopedic surgery

(59), general surgery (38), otorhinolaryngology (28), urol-

ogy (26), gynecology (25), plastic surgery (18), obstetric

surgery (12), oromaxillofacial surgery (6), neurosurgery (4),

opthalmology (4), psychiatry (3), emergency (3), dermatol-

ogy (2), cardiac surgery (1), thoracic surgery (1), and anes-

thesiology (1).

Table 2 shows the hemodynamic data in the HR and

OR. The sBP in both the HR and OR were higher in males

than in females. However, there was no difference in DsBP

between males and females. There was no difference in

dBP in the HR between males and females, but dBP in the

OR was higher in males than in females. However, there

was no difference in DdBP between males and females.

There were no differences between males and females in

the heart rate values in the HR and OR, and there was also

no difference between males and females in changes in the

heart rate between the HR and OR (Dheart rate).

Age and sex differences

In the total population, the proportion of patients who had an

sBP of more than 140 mmHg in the HR was 8.7 % (20/231

patients), and the proportions of male and female patients who

had an sBP of more than 140 mmHg in the HR were 10.8 %

(11/102 patients) and 7.0 % (9/129 patients), respectively.

There was no difference between males and females in the

Table 1 Demographic characteristics

Characteristics Total

(n = 231)

Male

(n = 102)

Female

(n = 129)

P value

(male vs. female)

Age (years) 50.4 ± 16.4 52.8 ± 18.3 48.5 ± 14.5 0.04

Height (cm) 161.9 ± 9.1 (n = 227) 168.4 ± 7.0 (n = 101) 156.7 ± 6.9 (n = 126) \0.001

Weight (kg) 59.5 ± 12.5 (n = 229) 65.4 ± 11.5 (n = 101) 54.8 ± 11.3 (n = 128) \0.001

BMI (kg/m2) 22.6 ± 3.9 (n = 227) 23.0 ± 3.7 (n = 101) 22.3 ± 4.0 (n = 126) 0.16

Values are means ± standard deviation (SD)

BMI body mass index

Table 2 Hemodynamic data in

the hospital room (HR) and

operating room (OR)

Values are means ± SD

sBP systolic blood pressure, DsBP
difference in sBP between the HR

and OR, dBP diastolic blood

pressure, DdBP difference in dBP

between the HR and OR, DHeart
rate difference in heart rate

between the HR and OR

Measurements Total

(n = 231)

Male

(n = 102)

Female

(n = 129)

P value (male

vs. female)

sBP in HR (mmHg) 119.1 ± 14.1 122.3 ± 13.5 116.5 ± 14.2 0.002

sBP in OR (mmHg) 139.8 ± 27.9 145.2 ± 28.2 135.6 ± 27.0 0.009

DsBP 20.7 ± 24.7 22.9 ± 25.6 19.0 ± 24.0 0.24

P value (HR vs. OR) \0.001 \0.001 \0.001

dBP in HR (mmHg) 69.6 ± 11.6 70.7 ± 11.2 68.8 ± 11.8 0.20

dBP in OR (mmHg) 79.9 ± 17.0 83.4 ± 17.1 77.1 ± 16.5 0.005

DdBP 10.3 ± 17.4 12.7 ± 16.5 8.4 ± 17.9 0.06

P value (HR vs. OR) \0.001 \0.001 \0.001

Heart rate in HR

(beats/min)

74.9 ± 10.8 (n = 222) 75.9 ± 10.0 (n = 97) 74.2 ± 11.3 (n = 125) 0.24

Heart rate in OR

(beats/min)

78.1 ± 14.4 (n = 225) 77.6 ± 13.1 (n = 97) 78.6 ± 15.3 (n = 128) 0.67

DHeart rate 4.1 ± 26.3 1.6 ± 30.2 6.1 ± 22.8 0.20

P value (HR vs. OR) 0.006 0.35 0.006
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proportion of patients with an sBP of more than 140 mmHg

in the HR. Simple linear regression lines drawn between the

sBP values in the HR and the age of the total population; the

sBP values in the HR and the age of the males, and the sBP

values in the HR and the age of the females are shown in

Fig. 1. The sBP in the HR of the total population and that of

the females increased significantly with age.

In the total population, the proportion of patients with a

dBP of more than 90 mmHg in the HR was 5.2 % (12/231

patients) and the proportions of male and female patients

who had a dBP of more than 90 mmHg in the HR were

3.9 % (4/102 patients) and 6.2 % (8/129 patients),

respectively. There was no difference between males and

females in the proportion of patients with a dBP of more

than 90 mmHg in the HR. The dBP in the HR of the total

population and these values in the males and females did

not increase significantly with age.

In the total population, the proportion of patients with an

sBP of more than 140 mmHg in the OR was 48.5 % (112/

231 patients) and the proportions of male and female

patients were 55.9 % (57/102 patients) and 42.6 % (55/129

patients), respectively. There was no difference between

males and females in the proportion of patients with an sBP

of more than 140 mmHg in the OR. Simple linear regres-

sion lines drawn between the sBP values in the OR and the

age of the total population, the sBP values in the OR and

the age of the males, and the sBP values in the OR and the

age of the females are shown in Fig. 2. The sBP in the OR

of the total population and the values in the males and

females increased significantly with age.

In the total population, the proportion of patients with

a dBP of more than 90 mmHg in the OR was 28.1 %

(65/231 patients) and the proportions of male and female

patients were 34.3 % (35/102 patients) and 23.3 % (30/129

patients), respectively. There was no difference between

males and females in the proportions of patients with a

dBP of more than 90 mmHg in the OR. The dBP in the

OR of the total population increased significantly with age

(P = 0.004), but the dBP in the OR of males and that of

females did not increase significantly with age.

The sBP values in the OR of the total population and the

values in male and female patients were significantly

higher than those in the HR, as shown in Table 2. Simple

linear regression lines drawn between the DsBP values and

the age of the total population and the ages of the males

and females are shown in Fig. 3. The DsBP values of the

total population and the values of the males and females

increased significantly with age.

The dBP values in the OR of the total population and the

values in male and female patients were significantly

higher than those in the HR, as shown in Table 2. Simple

linear regression lines drawn between the DdBP values and

the age of the total population and the ages of the males

and females are shown in Fig. 4. The DdBP of the total

population and that of the males increased significantly

with age.

Fig. 1 Systolic blood pressure (sBP) in the hospital room (HR)

related to age. Solid line linear regression line for total population

(n = 231). sBP = 0.206 9 age ? 108.724 (r = 0.239, P \ 0.001).

Dotted line linear regression line for males (closed triangles,

n = 102). sBP = 0.037 9 age ? 120.355 (r = 0.051, P = 0.611).

Dashed line linear regression line for females (open circles, n = 129).

sBP = 0.372 9 age ? 98.517 (r = 0.382, P \ 0.001)

Fig. 2 sBP before anesthesia induction in the operating room (OR)

related to age. Solid line linear regression line for total population

(n = 231). sBP = 0.745 9 age ? 102.323 (r = 0.438, P \ 0.001).

Dotted line linear regression line for males (closed triangles,

n = 102). sBP = 0.509 9 age ? 118.277 (r = 0.331, P = 0.001).

Dashed line linear regression line for females (open circles, n = 129).

sBP = 0.982 9 age ? 88.056 (r = 0.527, P \ 0.001)
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The heart rate values in the OR of the total population

and the values in the females were significantly higher than

those in the HR, but in the males, the heart rate value in the

OR did not increase more significantly compared with that

in the HR, as shown in Table 2.

Discussion

Pre-anesthesia sBP in the OR and the DsBP increased

significantly with age in both males and females. The mean

DsBP and DdBP in males were as same as the values in

females. These results suggest that age, but not sex, may be

an important factor affecting PAH related to the increase in

sBP before anesthesia induction.

White coat hypertension

Temporarily high BP in the doctor’s office, compared with

normal ambulatory recorded BP or self-measured BP at

home, is called white coat hypertension (WCH) [12, 13], and

this phenomenon is also called isolated office hypertension or

isolated clinic hypertension. The main criteria of WCH are an

sBP of more than 140 mmHg and/or a dBP of more than

90 mmHg in the doctor’s office. The rises in sBP and dBP

during the visit to the doctor are, on average, 27 and

14 mmHg, respectively [14]. WCH persists during the first

4 min during the doctor’s visit, and disappears within about

10 min, and rarely diminishes even after several visits [14]. It

is reported that, in different subjects, and as determined by

different methods and criteria, WCH is present in 6.6 % [15],

10.4 % [16], 29.9 % [17], 32.6 % [18], and 33.9 % [19] of

patients. WCH responds poorly to antihypertensive therapy.

Some studies report that WCH is associated with high

reactivity to mental stress [20, 21] and standing stress [21],

and sympathetic nervous system activity [22]. Because

mental stress [23], time urgency, impatience, and hostility

[24] have been reported to be independent risk factors for

the development of SH, it is possible that a higher reactivity

to stress in medical environments leads to WCH. Therefore,

mental and physical activities and emotional factors, such

as defensive responses to the medical staff or medical cir-

cumstances, and conditioned reflexes may affect WCH.

Similarly, situations in the OR and anxiety about anes-

thesia and an impending operation may influence PAH. It is

reported that PAH, in which mean sBP is 167 mmHg, is

present in 10 % of patients [1]. In our present study, the

condition in the hypertensive patients in the HR might have

corresponded to WCH. We found that the sBP and dBP in the

OR were significantly higher than those in the HR regardless

of sex. We speculate that PAH in the OR is caused by a greater

degree of mental and physical stress than that in the HR. We

should examine the changes and abnormalities in the organs,

and their function, in the cardiovascular and cerebrovascular

systems in patients with PAH.

PAH and aging

White coat hypertension is commonly seen in the elderly,

and the degree of WCH increases with age [6]. The

Fig. 3 Difference in sBP between the HR and OR (DsBP) with age.

Solid line linear regression line for total population (n = 231).

DsBP = 0.539 9 age - 6.400 (r = 0.358, P \ 0.001). Dotted line
linear regression line for males (closed triangles, n = 102).

DsBP = 0.472 9 age - 2.077 (r = 0.338, P = 0.001). Dashed line
linear regression line for females (open circles, n = 129).

DsBP = 0.610 9 age - 10.461 (r = 0.369, P \ 0.001)

Fig. 4 Difference in diastolic BP (dBP) between the HR and OR

(DdBP) with age. Solid line linear regression line for total population

(n = 231). DdBP = 0.212 9 age - 0.402 (r = 0.201, P = 0.002).

Dotted line linear regression line for males (closed triangles,

n = 102). DdBP = 0.214 9 age ? 1.391 (r = 0.239, P = 0.016).

Dashed line linear regression line for females (open circles, n = 129).

DdBP = 0.178 9 age - 0.225 (r = 0.144, P = 0.103)
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ambulatory white coat effect is higher in subjects who are

more than 65 years old [15]. The prevalences of WCH in

the third, fourth, fifth, sixth, seventh, and eighth decades of

life are 23.2, 24.2, 33.3, 44.5, 40.7, and 25.2 %, respec-

tively [18].

Independent predictors of adverse outcomes in PAH

include increased baseline sBP and increased age [1]. Thus,

in the clinical evaluation of PAH, the potential for target

organ damage should be considered, although, fortunately,

in the present study none of our study cohort experienced

any cardiac or cerebrovascular events in the perioperative

period. However, we might need to perform further phys-

ical examinations in elderly patients with PAH and control

their sBP to prevent cardiac and cerebrovascular events.

The mechanism of increased variability of sBP differs

depending on the age of individuals. An increased respon-

siveness of a-adrenergic receptors in resistance vessels and

depressed baroreflex function are likely to be related to sBP

variability in elderly subjects. On the other hand, the

hyperactivity of b-adrenergic receptors is potentially

involved in sBP variability in young subjects. Therefore, we

need to study the function of the sympathetic nervous sys-

tem in patients with PAH.

Sex

White coat hypertension is more often seen in females than

in males. It is reported that in subjects with WCH at dBP

values between 90 and 104 mmHg, female sex is an

independent predictor of WCH [25]. In another study, the

diagnosis of WCH is independently associated with female

sex [26], and multivariate logistic regression in another

study shows that female sex is the sole independent pre-

dictor of WCH [16]. A statistically significant association

of the white-coat effect and sex has been observed, and the

prevalence of this effect is greater among females (30 vs.

20 %) [27]. Of patients with the white-coat effect, 74 %

are females and 26 % are males [27].

However, in the present study, the proportion of males

with PAH was as same as that for females, and DsBP and

DdBP in males were the same as the values in females.

Therefore, the occurrence of PAH may be independent of

sex.

Study limitations

First, the patients whose data we analyzed in the present

retrospective study may have included some with untreated

hypertension. The BP in the HR and OR was measured

only once. We should have measured home BP or 24-h

ambulatory BP [25] multiple times to obtain the appro-

priate data; also, to exclude subjects with untreated

hypertension, we should have measured BP a number of

times after patients had entered the OR. Second, the BP

data in the HR and OR were obtained by different members

of the medical staff. It is known that the increase in sBP

during measurement is less when measurement is done by a

nurse than when measurement is done by a doctor [14].

Third, automatic blood pressure measurement may be

inaccurate [28]. We should perform BP measurements with

mercury sphygmomanometers to obtain more accurate

data. Fourth, this study included emergency operations

carried out during the day or at night. The serum hormone

and cathecholamine concentrations in the patients submit-

ted for an emergency operation might be different from the

usual levels. The hemodynamics of these molecules would

differ between daytime and night-time [22], and circadian

variation should be considered. Fifth, the long duration of

NPO for elective operations may induce dehydration in

elderly subjects, and dehydration may be associated with

PAH. Sixth, the patients in this study did not have any

premedication. The lack of premedication may be a risk

factor for patients with ischemic heart disease and those

with brain infarction. We plan to investigate elective sur-

gery during the day time in a prospective study.

Age is one factor which affects PAH, but it is not the

only factor. We speculate that some other factors, such as

obesity, dyslipidemia, and non-smoking would lead to

differences in the incidence of PAH. Furthermore, we need

to investigate the influence of medication and coexisting

disease before anesthesia and operation, and to investigate

in detail the association between PAH and cardiac and

cerebrovascular risk in the perioperative period.

Conclusion

Age is an important clinical factor related to PAH. Pre-

anesthesia sBP and the change in this parameter increase

progressively with age regardless of sex. These findings

suggest that the previously observed higher BP seen in the

elderly in the OR before anesthesia induction might be

explained, in part, by a greater impact of PAH in older

people.
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