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Retrospective Study

Abstract
Objectives: This study aimed to verify the relationship between blood pressure (BP) obtained during preoperative 
evaluation at preinduction and compared to BP at 20 min after induction for normotensive and hypertensive patients.

Methods: Data from patients who underwent elective surgical procedures from July 2018 to September 2019 were 
retrospectively extracted and analyzed. The data included patient characteristics (age, sex, weight, height, body mass 
index (BMI)), physical status (ASA classification), comorbidities, medications in use, and mean arterial BP (MAP) recorded 
preoperatively (MAPpre-op), before induction of anesthesia (MAPpre-ind), and 20 min after induction (MAPpost-ind).

Results: A total of 1026 patients were selected, 341 were included in the final analysis (normotensive patients (GNT n = 
203), treated hypertensive patients (GTREAT n = 98), untreated hypertensive patients (GNO TREAT n = 40). There was an 
increase in the median MAP from preoperation to preinduction in the total sample and the three groups (GNT, GTREAT, 
and GNO TREAT). There was a statistically significant reduction in MAPpost-ind concerning MAPpre-ind and MAPpre-op 
in the three groups. The three groups’ comparison showed a statistically significant difference between MAPpost-ind and 
MAPpre-ind and between MAPpost-ind and MAPpre-op.

Conclusions: Our study showed that normotensive and hypertensive patients showed a significant BP increase at the 
preinduction time point. Treated and untreated hypertensive patients had a more considerable increase in preinduction 
BP and BP reduction at 20 min after anesthesia induction than normotensive patients. These changes were more 
significant in hypertensive patients without treatment.
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and tachycardia, which may be associated with perioperative 
morbimortality [10,11].

However, there is no consensus regarding whether intra-
operative hypotension (IOH) should be considered when the 
patient has a BP below a threshold value or presents a reduc-
tion in baseline BP values, neither there is a consensus been 
reached regarding the specific importance of postinduction 
hypotension, which is estimated to occur at up to 20 min after 
induction (BPpost-ind) [5,6,12-21].

Introduction
Changes in intraoperative blood pressure (BP) are fre-

quent, especially hypotension, during noncardiac and cardiac 
surgery with general anesthesia. Adverse intra and postoper-
ative outcomes involving postoperative myocardial ischemia 
and myocardial infarction, ischemic renal injury, stroke, post-
operative cognitive decline, and death are related to intra-
operative hypotension [1-9]. Although hypertension alone 
is not regularly correlated with perioperative cardiovascular 
complications, it may induce intra-operative hypotension 
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The BPpre-ind was the BP at the time of the patient’s ar-
rival in the operating room before anesthesia induction [14].

All negative BP values, DBP values greater than the corre-
sponding MAP values and MAP values greater than the cor-
responding SBP values were considered artifacts and were 
analyzed as missing data. As the study included only patients 
undergoing elective surgery, DBP values less than 40 or great-
er than 100 mmHg, MAP values less than 50 or greater than 
130 mmHg, and SBP values less than 80 or greater than 200 
mmHg were considered outside the normal physiological 
range and were analyzed as missing data.

Definition of hypertension and hypotension
Patients who reported being hypertensive, regardless of 

whether they were taking antihypertensive medication, were 
considered hypertensive, even when their BP was within nor-
mal limits.

As there is no single threshold proposed in the literature 
for defining hypertension and hypotension, thresholds of SBP 
≥ 140 mmHg, DBP ≥ 90 mmHg and MAP ≥ 100 mmHg were 
chosen to indicate hypertension; a greater than 30% reduc-
tion of MAPpre-ind or absolute MAP < 65 mmHg were chosen 
to indicate intraoperative hypotension (IOH) 20 min after in-
duction (IOHpost-ind) [4,13,18-20].

Statistical Analysis
The descriptive results are presented as medians and 

25th and 75th percentiles for continuous data and as frequen-
cies and absolute percentages for categorical data. A sepa-
rate analysis of normotensive (GNT) and hypertensive pa-
tients was performed by evaluating those under treatment 
(GTREAT) and those without treatment (GNO TREAT), and the 
MAP values are presented as box plots.

The Mann-Whitney test or Fisher’s test and c2 test were 
used to compare two groups, and the c2 test, Friedmann test, 
or Kruskal-Wallis test were used when more than two groups 
were evaluated. If a statistically significant difference was 
found between the groups, the Dunn test was used for the 
pairwise comparison.

A linear correlation test with Pearson’s coefficient was 
performed for MAPpre-ind vs. MAPpre-op and MAPpost-ind 
vs. MAPpre-ind.

Many studies about IOH evaluate the decrease in base-
line BP compared to preinduction BP. However, others define 
baseline BP as the BP measured preoperatively (BPpre-op) 
[7,8,12,14-18]. The performance of hypertensive patients 
regarding IOH, BPpre-op, and BPpre-ind, and, therefore, 
the definition of baseline BP has been minimally studied 
[7,8,12,14-18].

The clinical relevance of defining the appropriate refer-
ence time point for baseline BP lies in the importance of di-
agnosing intraoperative hypertension or hypotension during 
the anesthetic-surgical procedure and taking the proper pro-
cedures according to each of these situations, which is espe-
cially crucial for hypertensive patients.

The present study’s objective was to verify the relation-
ship between preoperative and preinduction BP and compare 
to BP at 20 min after induction for normotensive and hyper-
tensive patients.

Materials and Methods
The Institutional Ethics Committee approved the protocol 

of this retrospective observational study. Data from patients 
who underwent elective surgical procedures from July 2018 
to September 2019 were retrospectively extracted and ana-
lyzed.

Inclusion and exclusion criteria
Patients were eligible for 18 years of age or older; were 

American Society of Anesthesiologists (ASA) class I, II or III; 
had preinduction and intraoperative BPs measured in the su-
pine position and had undergone elective surgery under gen-
eral anesthesia. The following patients were excluded: Those 
who were pregnant, had implantable devices, had received 
preanesthetic medication, or had undergone neurosurgery 
and cardiac surgery.

Data collection
The data included patient characteristics (age, sex, weight, 

height, body mass index (BMI)), physical status (ASA classifi-
cation), comorbidities, medications in use, and BPs recorded 
preoperatively, before induction of anesthesia, and 20 min 
after induction (MAPpost-ind).

The BPpre-op was obtained in the preanesthetic evalua-
tion clinic (at a median of 2 weeks before surgery) after the 
patient had been sitting for at least five min [4].

Preoperative BP measurements were performed with the 
patients in a seated position using an automated noninvasive 
BP device (oscillometric measurement) with the appropriate 
cuff for the patient’s arm width. The systolic BP (SBP) and di-
astolic BP (DBP) values were measured, and the mean arte-
rial BP (MAP) value was calculated using the formula (SBP + 
2DBP/3).

BP was measured with the patient in the supine position 
in the operating room, and the noninvasive BP module (NIBP) 
of the Dräger® multiparameter monitor was used. The BP val-
ues were automatically stored in the anesthesia information 
management system, and the measured MAP was included; 
measurements were usually taken every three to five min.
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patients) as a whole was analyzed, and separate analyses 
were performed for normotensive patients (GNT n = 203), 
treated hypertensive patients (GTREAT n = 98), and untreated 
hypertensive patients (GNO TREAT n = 40).

The characteristics of the patients are shown in Table 1. 
Among the comorbidities, the most frequent were hyperten-
sion, 138 (40.5%), followed by diabetes mellitus, 61 (17.9%). 
Of the hypertensive patients, 98 (59.2%) were treated with 
different antihypertensive medications (often combinations 
of angiotensin-converting enzyme inhibitors (26), calcium 

Microsoft Excel 365 (Microsoft Corp., USA) was used for 
data management, and GraphPad Prism 8.4.3 (GraphPad, 
USA) was used for statistical analysis. All statistical tests were 
bilateral, and P values less than 0.05 were considered statis-
tically significant.

Results
A total of 1026 patients were selected during the study 

period (Figure 1); after their medical records were analyzed, 
341 were included in the final analysis. The final sample (341 
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anesthesia, and sedation 
98 patients lacked data or had missing data  
94 patients had SBP, and DBP values above, and below 
the study threshold 

Figure 1: Flow chart illustrating the inclusion of patients and the reasons for exclusion.

Table 1: Patient characteristics.

Total number of patients  GNT  GTREAT  GNO TREAT  P 

 N 341 203 98 40

 Age (years) 44 (33-58) 36 (29-46.5) 55 (44-68) 57 (46-76)  < 0.0001*

 Sex (F) 178 (52.2) 88 (43.4) 65 (66.3) 25 (62.5)  < 0.0001**

BMI (kg.m-2) 26.8 (24.2-29.9) 25.7 (23.9-28.4) 27.9 (25.6-32.0) 30.5 (23.7-34.1)  < 0.0001*

 Physical status 

 ASA I 102 (29.9) 117 (57.6) 0 0  < 0.0001**

 ASA II 223 (65.6) 83 (40.9) 87 (88.8) 30 (75.0)  < 0.0001**

 ASA III 16 (4.5) 3 (1.5) 11 (11.2) 10 (25.0)  < 0.0001**

Data are presented as the median (25th and 75th percentiles) or number of patients (%).
GNT: Normotensive patients; GTREAT: Treated hypertensive patients; GNO TREAT: Hypertensive patients without treatment; F: Female; BMI: 
Body mass index; ASA: Physical status (American Society of Anesthesiologists class); *: Kruskal-Wallis test for GNT, GTREAT and GNO TREAT; 
**: Chi-square test for GNT, GTREAT and GNO TREAT.

Table 2: Preinduction, preoperative, 20 min postinduction BP in the three groups (GNT, GTREAT, and GNO TREAT).

Total number of patients  GNT  GTREAT  GNO TREAT  P 

 N 341 203 98 40

MAPpre-op (mmHg) 93 (84-102) 89 (82-93) 102 (93-108) 107 (100-110.5) < 0.0001*

 MAPpre-ind (mmHg) 100 (93-110) 96 (89-101) 109 (100-117) 117.5 (110-121) < 0.0001*

 MAPpost-ind (mmHg) 86 (73.5-88) 81 (76-88) 87 (79-96) 74.5 (64-90) < 0.0001*

 P < 0.0001** < 0.0001** < 0.0001** < 0.0001**

Data are presented as the median (25th and 75th percentiles) and the respective p values of the Kruskal-Wallis* and Friedman’s tests**.
GNT: Normotensive patients; GTREAT: Treated hypertensive patients; GNO TREAT: hypertensive patients without treatment; MAPpre-ind: 
MAP preinduction; MAPpre-op: Preoperative MAP; MAPpost-ind: MAP 20 min after anesthetic induction.
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In the subgroup analysis, the difference between MAP-
pre-ind and MAPpre-op was greater than or equal to zero 
(positive) in 84.7%, 86.7%, and 92.5% of the patients in GNT, 
GTREAT, and GNO TREAT, respectively, with a difference of 11 
mmHg (95% CI 8 to 15) in GNO TREAT, 6 mmHg (95% CI 5 to 
7) GNT, and 7 mmHg (95% CI 5 to 8) GTREAT (Kruskal-Wallis 
test, p < 0.0001).

Comparing the three groups of patients showed a statis-
tically significant difference (p < 0.0001) in MAPpre-op and 
MAPpre-ind, with GTREAT presenting a greater increase in 
MAP compared to GNT and GNO TREAT showing a greater 
increase in MAP than GTREAT.

In the preoperative period, 58.1% of the patients in 
GTREAT and 100% of the patients in GNO TREAT presented 
MAP ≥ 100 mmHg. In the preinduction period, MAP was ≥ 100 
mmHg in 27.1% of the GNT patients, 76.5% of the GTREAT 
patients, and 100% of the GNO TREAT patients.

Comparison of preoperative BP, preinduction 
BP, and BP 20 min after induction

There was a statistically significant reduction in MAP-
post-ind in relation to MAPpre-ind and MAPpre-op (p < 
0.0001) in the three groups (Friedman and Dunn tests) (Fig-
ure 2).

The comparison of the three groups showed a statistically 
significant difference between MAPpost-ind and MAPpre-ind 
and between MAPpost-ind and MAPpre-op (p < 0.0001, Krus-
kal-Wallis and Dunn tests), with GNO TREAT > GTREAT > GNT.

channel blockers (19), angiotensin II receptor antagonists 
(35), beta-blockers (13), and diuretics (23)), and 40 (27.4%) 
were unaware that they were hypertensive and/or did not 
take any antihypertensive medication. The surgeries com-
prised 201 (59%) digestive tract surgeries, 79 (23%) ortho-
pedic surgeries, 46 (13.5%) gynecological surgeries, and 15 
(4.5%) vascular surgeries.

The preinduction BP, preoperative BP, and BP at 20 min 
postinduction are shown in Table 2.

Comparison of preoperative and preinduction 
BP

There was an increase in the median MAP from preopera-
tion to preinduction in the total sample and each of the three 
groups (GNT, GTREAT, and GNO TREAT).

There was a weak statistically significant correlation be-
tween the MAPpre-op and MAPpre-ind (p < 0.0001), with 
Pearson correlation coefficients of 0.5569  (95% CI, 0.7069-
0.7810), 0.3285 (95% CI 33.04-48.28), 0.5049 (95% CI 9.398-
31.72)  and 0.012  (95% CI 55.67-126.9)  for the total sample 
and GNT, GTREAT, and GNO TREAT, respectively.

In the total sample, there was variation between the me-
dian differences in MAPpre-op and MAPpre-ind (8 mmHg). 
A total of 294 patients (86.2%) had a MAPpre-ind that was 
higher than their MAPpre-op; of these, 62 (21.1%) had a dif-
ference (pre-ind - pre-op) greater than 10 mmHg. Only 20 pa-
tients (5.9%) had a negative difference in MAP (pre-ind-pre-
op), i.e., a MAPpre-ind that was less than their MAPpre-op.

         

Figure 2: MAPpre-op, MAPpre-ind and MAPpost-ind of normotensive (NT), treated hypertensive (TREATED) and untreated 
hypertensive (UNTREATED) patients.
Box plots show the median MAP data. The lower and upper edges of the boxes represent the 25th and 75th percentiles. The internal 
horizontal lines of the boxes represent the medians.
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physical status (according to the ASA’s definition of physical 
status), which is consistent with the profile of hypertensive 
patients provided by different authors [4,14,17]. However, 
in the present case series, the patients in GTREAT and GNO 
TREAT were predominantly female, unlike in other studies 
[14,16].

No statistical analysis was performed regarding the use 
of antihypertensive drugs because many patients used com-
binations of more than one drug (59.2%), which prevented 
a separate analysis of each drug’s role in the changes in BP 
[10,17].

We also aimed to compare the preoperative and prein-
duction MAP to MAP at 20 min after induction for normoten-
sive and hypertensive patients.

There was a statistically significant reduction in MAP-
post-ind compared to MAPpre-ind and MAPpre-op in all 
groups studied in the present study. As expected, the differ-
ence was more significant between MAPpost-ind and MAP-
pre-ind than between MAPpost-ind and MAPpre-op since 
there was an increase in MAP between the preoperative and 
preinduction periods. In the comparative analysis among the 
groups, the reduction was greater in GNO TREAT than in the 
other two groups and was greater in GTREAT than in the GNT 
group.

A reduction in MAPpost-ind greater than 30% (IOH post-
ind) was observed in 52.5% of GNO TREAT patients, com-
pared to only 12.2% and 3.4% of patients in GNT and GTREAT, 
respectively. The difference was statistically and clinically sig-
nificant, which can be explained by the correlation between 
the disease’s pathophysiology and the nonuse of antihyper-
tensive medications.

This MAPpost-ind reduction in non-treated hypertensive 
patients also shows the importance of discriminate this group 
of patients in the preoperative period and manage them 
pharmacologically appropriately before the surgery to pre-
vent possible intra and postoperative complications, as previ-
ously demonstrated by other authors [1,2,5,6,16,22].

This retrospective study has obvious limitations. The first 
is that 32% of patients were excluded due to insufficient data 
or a lack of records regarding preoperative BP and or prein-
duction BP, which denotes failures to submit patient informa-
tion. Besides, 10.1% of patients had BP values above or below 
the threshold values in this study. These data were considered 
artifacts and were excluded; however, they could have been 
accurate measurements. Another limitation is related to the 
actual use of antihypertensive medications on the day of sur-
gery. Because this was a retrospective study, these informa-
tion sources were restricted to patient information records, 
and there was no data on instructions regarding the use of 
medications on the day of surgery. Because it was a retro-
spective study, a convenience sample was used; the sample 
may have been small, since the group of hypertensive pa-
tients without treatment consisted of 40 patients, compared 
with 98 and 203 in the other groups. Even with a larger sam-
ple, this group will always be smaller than the other groups. 
Preoperative BP was evaluated during the preanesthetic con-

The difference between MAPpost-ind and MAPpre-ind 
was more significant than the difference between MAP-
post-ind and MAPpre-op, as predicted (MAPpost-ind - MAP-
pre-ind: 15, 17, and 23 mmHg for GNT, GTREAT and GNO 
TREAT; MAPpost-ind - MAPpre-op: 8, 10, and 15 mmHg for 
GNT, GTREAT, and GNO TREAT, respectively) (p < 0.0001 for 
the three groups, Kruskal-Wallis test, and Dunn test).

There was a greater than 30% reduction in MAPpost-ind 
compared to MAPpre-ind in 3.4%, 12.2%, and 52.5% of pa-
tients in GNT, GTREAT, and GNO TREAT, respectively.

Discussion
In this retrospective study, one aim was to evaluate the 

relationship between preoperative and preinduction MAP in 
patients who had elective noncardiac surgery with general 
anesthesia. The difference in MAP in the preoperative period 
was observed between the three groups. At this time point, 
58.2% of patients in GTREAT were hypertensive, which sug-
gests that they were receiving inadequate treatment, used 
antihypertensive medication irregularly, or had not taken 
their medication that day because of the medical consulta-
tion [10].

In the preinduction period, all groups had hypertensive 
patients, including the group of normotensive patients; ad-
ditionally, there was a significant increase in the number of 
hypertensive patients in GTREAT from 58.2% to 76.5%. MAP 
was higher in GTREAT than in GNT and was even higher in 
GNO TREAT than in GTREAT. A weak correlation was observed 
between MAPpre-op and the MAPpre-ind in all groups stud-
ied. However, the difference (MAPpre-ind - MAPpre-op) in 
GNO TREAT was more significant than that of the other two 
groups (p < 0.0001). It is debatable whether this difference is 
clinically meaningful (11 mmHg).

These results suggest that preinduction BP does not re-
flect baseline BP for either normotensive or hypertensive 
patients, regardless of treatment, which corroborates other 
studies [16,21].

A cohort study of 3660 normotensive and hypertensive 
patients aged over 60 years evaluated the correlation be-
tween MAPpre-ind and MAPpre-op and found a mean differ-
ence of 11 mmHg, which varied from greater than + 10 mmHg 
to less than - 10 mmHg [15], and a prospective study with 370 
normotensive patients between 40 and 65 years of age also 
found significant variability in the difference between MAP-
pre-ind and MAPpre-op, with a mean difference of 0 (preop-
erative BP was calculated as the median of outpatient MAP 
values during the day and at night) [18].

In the present study, the median difference between 
MAPpre-ind and MAPpre-op was 8 mmHg for the total sam-
ple, 11 mmHg for GNO TREAT, 6 mmHg for GNT, and 7 mmHg 
for GTREAT. However, there was less variability in the differ-
ences than others studies, and only 15.3%, 13.3%, and 7.5% 
of the patients in GNT, GTREAT, and GNO TREAT presented a 
negative difference [15,17].

The patients in GTREAT and GNO TREAT were older and 
more obese and had a higher frequency of ASA II and ASA III 
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sultation; there was no fixed time interval between this time 
point and the start of the surgery, and the standard, routine 
timing of the preanesthetic consultation is 2 to 3 weeks be-
fore surgery. Intraoperative BP was measured according to 
intervals determined by the pressure device (between 3 and 
5 min), which has a lower accuracy than the continuous mea-
surement of BP (invasive BP) with an arterial catheter.

Additionally, the preinduction BP was defined using a sin-
gle BP measurement taken at the entrance of the operating 
room; in contrast, other studies used the mean or median of 
BP measurements taken from entry into the operating room 
until the beginning of anesthesia induction. This study did not 
consider intraoperative factors such as the dose of anesthet-
ics, volume of infused fluids, or blood loss in the analysis of 
IOH. Also, the duration of IOH episodes was not evaluated, 
as other studies showed that increases in the duration of the 
IOH event increased perioperative morbidity.

Conclusions
Our study showed that normotensive and hypertensive 

patients showed a significant increase in BP at the preinduc-
tion timepoint, which suggests that the preoperative BP, pref-
erably taken during an outpatient visit, should be considered 
the baseline BP or reference BP. This study also showed that 
treated and untreated hypertensive patients should receive 
special attention regarding BP lability during anesthesia. They 
had a higher increase in preinduction BP and a greater BP re-
duction at 20 min after anesthesia induction than normoten-
sive patients. These changes were more remarkable in hyper-
tensive patients without treatment.
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