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A B S T R A C T

Introduction: Hypertension is regarded as an additional risk factor during anaesthesia. There is not enough
Indian evidence in literature regarding antihypertensive usage and its implications during perioperative period
in patients undergoing general & orthopedic surgery. This drove us to conduct this study.
Methods: Single centre cross-sectional observational study conducted in a General Surgery and Orthopaedics
wards of a Tertiary care hospital. The data was collected from the period of first visit by the anaesthetist to 24 h’
postoperative period of the operated hypertensive patients. The variables accounted were of antihypertensive
medications, anaesthesia drugs, hemodynamics, blood loss and fluids used. The data was analysed by using
descriptive statistics, nonparametric tests and P < 0.05 was considered as significant.
Results: 180 patients had median age of 65 years (Interquartile range – 20). Calcium channel Blockers were the
most common class and Amlodipine was most common antihypertensive medication used during perioperative
period. 132 patients took antihypertensive medication on the morning of the surgery. In 136 patients’ anti-
hypertensive medication was started within 24 h’ postoperative period. Bupivacaine was most common anaes-
thetic drug used. Intraoperative fall in SBP (Systolic Blood Pressure) was found in 31 patients, and rises were
found in 7 patients. Also, intraoperative fall in DBP (Diastolic Blood Pressure) was found in 13 patients, and rises
were found in 9 patients. Intraoperative hemodynamic changes were managed appropriately by the anaesthetist.
The median IV fluids given intraoperatively was 1375ml (Interquartile range – 700). Median blood loss was
272ml (Interquartile range – 250).
Conclusion: Antihypertensive medications use during perioperative period were not associated with major he-
modynamic changes.

1. Introduction

Hypertension is the most common condition seen in primary care,
and it remains one of the most important preventable contributors to
disease and death [1]. Withdrawal of antihypertensive drugs could lead
to withdrawal symptoms like rebound hypertension, tachyarrhythmia,
nervousness, anxiety, and exaggeration of angina and occasionally
myocardial infarction and sudden death [2].

A hypertensive patient can undergo routine stressors like infection,
trauma & surgery. During surgery, the manipulation of blood pressure
(BP) is crucial for the conduct of the surgery as well as to prevent

complications of surgery. Hypertension is regarded as an additional risk
in anaesthesia [3]. There are different theories regarding the use of
antihypertensive, whether to continue the same anti-hypertensives
prior to surgery or discontinue and start on different anti-hypertensives.
One of the recommendation is that if the diastolic blood pressure (DBP)
is ≤110mmHg and stable, surgery may proceed without delay pro-
vided the perioperative blood pressure is monitored closely, and hyper-
or hypotensive episodes are treated appropriately [4]. Another ap-
proach is if the DBP is> 100mmHg, with or without antihypertensive
therapy, surgery should be deferred until the blood pressure is under
better control [5].
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Thus, there are no guidelines as to how these antihypertensive
medications should be manipulated before, during or after the surgery.
Further, there are no head on comparison studies between all classes of
antihypertensive medications usage during perioperative period spe-
cially in patients undergoing general & orthopaedic surgery. Also, there
are no studies on Indian population who are given antihypertensive
medications like beta blockers even though JNC 8 guidelines (Joint
National Committee 8 guidelines) no longer recommend use of beta
blockers.

Therefore, we planned an observational study, to evaluate how a
hypertensive patient when undergoes surgery is managed in terms of
the antihypertensive drug usage, complications and adverse events
handled.

2. Methods

The study was a single centre cross-sectional observational study
conducted in a tertiary care hospital for 9months. The study began
after approval from Institutional Ethics Committee. Patients admitted to
General surgery and Orthopaedics wards for elective surgery consented
for the study after considering the selection criteria. Inclusion criteria
were patients with age of 18 years to 75 years of either gender, ad-
mitted to general surgery and orthopaedics wards. Patients who were
hypertensive whether taking or not taking any antihypertensive medi-
cations and had undergone elective general & orthopaedic surgery
during the duration of the study period. Exclusion criteria were patients
with pheochromocytoma, pregnant women, complicated patients and
emergency surgeries.

Patients files were evaluated to get the details of history of hy-
pertension, time between the first visit of the patient to the anaesthetist
and anaesthesia fitness clearance, time to control of uncontrolled hy-
pertension, any delay or postponement of surgery due to uncontrolled
hypertension, and BP recording on first visit to the anaesthetist.
Similarly, modifications in anti-hypertensive treatment during the
scheduled surgery and anti-hypertensive medications continued on the
day of the surgery were noted. Patient notes on day of the surgery by
anaesthetists and surgeon were evaluated to find anaesthesia risk (The
American Society of Anesthesiologists (ASA) grades), type of surgery,
whether antihypertensive drugs stopped before surgery or continued,
pre-anesthetic medications started, type of anaesthesia, intraoperative
hemodynamics, total blood loss, duration of anaesthesia and any peri-
operative adverse events and their management. The patients’ files
were analysed to find postoperative adverse events and its management
along with the duration after which antihypertensive medications were
started again. Data was collected for 24 h’ in postoperative period.

Intraoperative hemodynamics included SBP, DBP & HR (Heart
Rate). A total number of falls (drops) and ups (rises) in SBP & DBP were
noted. Falls were defined as drop of BP 30% below the baseline value
(BP at the start of surgery) and ups were defined as BP 10% above
baseline value. ECG (electrocardiogram) changes were recorded as ei-
ther intraoperative ECG changes were present or absent and if present
whether it required any intervention.

Data collection included data from patient’s first visit to anaesthetist
to 24 h’ postoperative period in the case record form. The study finding
was recorded in a single visit after 24 h of surgery in the respective
wards.

Sample size was based on duration of the study. At the end of data
collection, complete data from all the case record forms were entered in
a Master-chart in MS-EXCEL format for analysis. Statistics were applied
using IBM SPSS statistics software version 23 and P < 0.05 was con-
sidered as significant.

3. Results

A total of 180 hypertensive patients’ data in perioperative period
was collected in the study. Normality was tested with Shapiro-Wilk test.

All the variables were not normally distributed except SBP at the end of
anaesthesia.

The median age of the patients was 65 years (Interquartile range –
20). Minimum age of the patient recruited was 25 years, and maximum
age was 75 years. 80 patients were male, and 100 were female. The
median duration of hypertension was 60months (Interquartile range -
96) with a minimum duration of hypertension in a patient being
10 days and maximum duration of 360months. In three patient’s
durations of hypertension was unknown and 8 patients were newly
diagnosed hypertensives.

Out of 180 patients, 13 patients (7.2%) were not taking any anti-
hypertensive medications at the time of admission and in 4 patients the
history of taking anti-hypertensive medication was not known.
Amlodipine was the most commonly taken antihypertensive medication
by 104 patients. Other common antihypertensive medications were
Telmisartan (n= 34), atenolol (n= 21), metoprolol (n= 19), losartan
(n= 14), hydrochlorothiazide (n=14) and others (n= 42). Classes of
antihypertensive medications used were CCB (Calcium Channel
Blocker) in 110 patients, ARB (Angiotensin Receptor Blocker) in 52
patients, BB (Beta Blockers) in 41 patients, Diuretics in 23 patients,
ACEIs (Angiotensin Converting Enzyme Inhibitors) in 17 patients, alpha
blockers (AB) in 4 and vasodilators in one patient. Most commonly
prescribed combination of Antihypertensive medications was CCB+BB
(n= 21), CCB+ARB (n=18), ARB+Diuretics (n= 9) and
CCB+ACE inhibitors (n=3). 77 patients had been taking combina-
tion of antihypertensive drugs, and 84 patients were taking a single
antihypertensive drug.

A total of 94 patients had 115 co-morbidities. Most common co-
morbidity found was Diabetes mellitus (n=41). A combination of
Spinal and Epidural was the most common method of anaesthesia
(n= 58), spinal only was in 57 patients, GA only was in 39 patients,
regional anaesthesia was in 14 patients, spinal+ regional in 4 patients,
Epidural and GA+Epidural was in 3 patients each and spinal+ local
anaesthesia and GA+ regional was given in 2 patients each.

SBP at the 1st visit by the patients to the anaesthetist was
133.58 ± 14.35 and DBP was 83.03 ± 9. Median time to anaesthesia
fitness for surgery was 4 days (Interquartile range – 6.75). 35 patients
got fitness on the 1st visit to the anaesthetist. Median duration taken to
control the uncontrolled hypertension was 2 days (Interquartile range –
1) and 1 patient had uncontrolled hypertension until the day of surgery.
In 13 cases, there was a delay in anaesthesia fitness due to uncontrolled
hypertension for reasons as ECG changes, left ventricular failure, un-
controlled hypertension, awaiting physician and cardiology opinion.

In 2 patients antihypertensive medication taken by the patient was
modified by the anaesthetist/ physician. In one case Ramipril taken by
the patient was stopped 4 days before surgery, and in another case,
atenolol was stopped & amlodipine was continued by the anaesthetist.
In 11 patients, new antihypertensive medications were started. In 8
cases Amlodipine 5mg OD (once daily), in 1 patient Amlodipine 10mg
BD (twice daily), in 1 patient Amlodipine 5mg OD & Losartan 25mg
OD and in 1 patient Losartan 50mg SOS was started.

In 132 patients antihypertensive medications were continued till the
morning of surgery and in 48 patients no antihypertensive drug was
continued. Most common classes of drugs continued till morning of
surgery were CCB continued in 98 patients, ARB in 26 patients, BB in 26
patients, Diuretics in 11 patients, ACE inhibitors in 9 patients, AB in 2
and Vasodilators in none.

ASA class for patients undergoing anaesthesia were, ASA 2
(n= 153), ASA 3 (n=24) and ASA 4 (n=3). Most common type of
surgeries was fracture reduction (n= 69), hemiarthroplasty (n=23),
TKR – Total Knee Replacement (n= 20), THR – Total Hip Replacement
(n= 19), Spacer (n= 7), decompression Fixation (n=5) and closed
Reduction (n=4).

A combination of Spinal and Epidural (neuraxial anaesthesia) was
the most common method of anaesthesia (n=58).

Most commonly used anaesthesia drug was bupivacaine in 137

P.G. Koli et al. Egyptian Journal of Anaesthesia 34 (2018) 89–93

90



patients, followed by midazolam in 90, fentanyl in 74, lidocaine in 63,
buprenorphine in 51 and propofol in 37 patients. Other drugs were
N2O, clonidine, desflurane, isoflurane, sevoflurane, etomidate, tra-
madol. Ketamine, dexmedetomidine, pentazocine and thiopentone.

HR, SBP and DBP during intraoperative period are given in Table 1.
Intraoperative fall in SBP was found in 31 patients, and rises were found
in 7 patients. Also, intraoperative fall in DBP was found in 13 patients,
and rises were found in 9 patients. In one patient, intraoperative In-
jection of Nitro-glycerine at 50mg/hr for 6 h was given for controlling
rise in SBP (172mmHg).

Intraoperative ECG changes was only found in 1 patient. Total blood
loss (in ml) in patients was 342.35 ± 315.14. Maximum blood loss in a
patient was 2200ml, and the minimum was 10ml.

In 8 patients perioperative adverse events were noted and in 1 pa-
tients there was allergic reaction to cephalosporin which was managed
by Adrenaline 0.1mg IV given 5 times and Ephedrine 6mg. When there
is fall in BP postoperative IV (intravenous) fluids and blood infusion
provided and rise in blood pressure was managed with antihypertensive
medication.

Median duration after which the antihypertensive medication was
started was 16 h (Interquartile range – 6). Minimum duration was 5 h,
and maximum duration was 24 h as the data collected was for 24 h
postoperative period.

In 136 patients’ antihypertensive medications were started again
within 24 h’ postoperative period. Most common class of anti-
hypertensive medication which was started within 24 h postoperative
period was CCB in 99 patients, ARB in 43 patients, BB in 30, diuretics in
19, ACE inhibitors in 13 and alpha blockers (AB) in 3 patients (Table 2).

If a patient was taking BB as routine antihypertensive, there was
significant relation between heart rate at the end of surgery i.e. beta
blockers group had a lower heart rate in the end (Mann-Whitney U Test,
P < 0.05). If a patient was taking diuretics on the morning of surgery,
there was a significant association with heart rate and DBP (higher) at
the end of surgery (Mann-Whitney U Test, P < 0.05). Morning Beta
blockers also had significant association with heart rate (lower) at the
end of surgery (Table 3 and 4).

There was higher occurrence of rises in DBP in patients who re-
ceived Fentanyl when compared with those who did not receive it (Chi-

square test, P < 0.05). Also, there was a significant occurrence of rises
in SBP & DBP in Desflurane group (Chi-square test, P < 0.05)
(Table 5).

There was no significant difference in ECG changes when compared
to any of the variables (P > 0.05).

Table 1
HR, SBP and DBP during intraoperative period.

Median Interquartile
range

Minimum Maximum

Heart Rate (beats per minute)
Start of Anaesthesia 88 14 58 122
End of Anaesthesia 84 12 56 132
Maximum value
intraoperatively

93 12 60 135

Minimum value
intraoperatively

76 12 50 122

Systolic Blood Pressure (mmHg)
Start of Anaesthesia 138 20 84 204
End of Anaesthesia 120 16 90 154
Maximum value
intraoperatively

140 20 110 204

Minimum value
intraoperatively

112 13.5 82 142

At Maximum DBP 134 24 78 204
At Minimum DBP 118 13.5 60 146

Diastolic Blood Pressure (mmHg)
Start of Anaesthesia 88 12 44 132
End of Anaesthesia 78 12 44 104
Maximum value
intraoperatively

88 12 44 132

Minimum value
intraoperatively

73 12 44 100

At Maximum DBP 90 12 44 132
At Minimum DBP 70 16 40 94

Table 2
Profile of antihypertensive drugs used in perioperative period.

Anti HT Drugs Class Routine Morning of surgery 24 hrs postoperative

CCB 110 98 99
ARB 52 26 43
Beta blockers 41 26 30
Diuretics 23 11 19
ACEI 17 9 13
Alpha blockers 4 2 3
Vasodilators 1 0 0

Table 3
Association between HR at the end of anaesthesia with routine & morning use of
beta blockers and morning diuretics.

HR at the End of Anaesthesia (bpm)

Routine Beta Blockers N Median Interquartile range

Not taken 135 86 12
Taken 45 80a 14
Total 180 84 12

Morning Diuretics N Median Interquartile range
Not taken 169 84 12
Taken 11 90a 16
Total 180 84 12

Morning Beta blockers N Median Interquartile range
Not taken 153 84 10
Taken 27 80a 16
Total 180 84 12

a Mann-Whitney U Test, P < 0.05.

Table 4
Association between DBP at the end of anaesthesia with diuretics use in the
morning of surgery.

DBP at the end of Anaesthesia (mmHg)

Morning Diuretics N Median Interquartile range

Not taken 169 78 12
Taken 11 80a 4
Total 180 78 12

a Mann-Whitney U Test, P < 0.05.

Table 5
Associations between rises in DBP with use of fentanyl and desflurane.

Fentanyl with DBP Rise

DBP Rise Total
No rise Rise

Fentanyl Not given 104 2 106
Given 67 7a 74

Total 171 9 180

Desflurane with DBP Rise
DBP Rise Total
No rise Rise

Desflurane Not given 164 6 170
Given 7 3a 10

Total 171 9 180

a Chi-square test, P < 0.05.
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4. Discussion

Our study was planned to look into the perioperative evaluation,
care and management of the patient with hypertension undergoing
general & orthopaedic surgery which included the antihypertensive
drug use, anaesthesia and their effects and side effects on hemody-
namics with their management strategies in perioperative period. Our
study did not find any variability in perioperative outcomes according
to age or gender.

Our study data matched with, a study done in geriatric patients,
where the common drug classes prescribed were CCBs [6]. These
findings go hand in hand with the guidelines which recommend CCBs as
one of the first choices of the drug for patients with hypertension along
with DM [1].

In our study, there were 13 cases of delay in surgery due to un-
controlled hypertension. The reasons for delay in surgery were patients
had uncontrolled hypertension with comorbidities for which there was
expert opinions sought. Some studies have proposed that high arterial
pressure at the time of surgery, places the patient at risk of hemody-
namic instability, and therefore, these patients would be at higher
susceptibility to myocardial ischemia with extreme hypotension [7,8].
Other complications that are linked to perioperative hypertension are
intracerebral bleeding, hypertensive encephalopathy, aortic dissection,
disruption of the aortic or arterial suture, and left ventricular failure
[9]. The level of evidence for a delay in surgery in patients with
BP < 180/110mmHg is not much.

In our study patients who have been taking routine beta blockers
and on the morning of the surgery were associated with lower heart rate
at the end of the anesthesia. Also, patients who had taken diuretics in
the morning of the surgery were associated with higher heart rate and
DBP at the end of the anesthesia. No other anti-hypertensive medica-
tions was associated with any statistically significant change in hemo-
dynamic variables.

Patients who were previously taking beta blockers or on the
morning of the surgery had lower heart rate at the end of surgery
compared to patients not on beta blockers. Results from studies have
shown that perioperative beta blockers are cardioprotective and pa-
tients chronically treated with beta-blockers should continue to take
them throughout the peri-operative period [10–12]. Withdrawal of
beta-blockers during the 1st week after surgery is associated with
postoperative myocardial infarction and death [13].

In our study, CCBs were the most common antihypertensive drug
taken in the morning and 24 h after the surgery. CCBs, unlike beta
blockers, are not found to prevent perioperative adverse events when
continued during perioperative period [14]. But CCBs do not have any
negative effect during the perioperative period and should be continued
by the patients. Meta -analysis has shown that CCBs were associated
with reduced risk of death and MI [15].

Studies have shown that ACE inhibitors and ARB are associated with
higher incidence of intraoperative hypotension [16,17]. Also, a sys-
tematic review did not find any benefit of continuing ACE inhibitors
and ARBs in preventing mortality, morbidity and hemodynamic com-
plications [18]. In many studies, authors have recommended with-
holding ACE inhibitors on the morning of surgery [19,20]. Even pa-
tients who did not take ACE inhibitors on the morning of the surgery
but were chronically treated with them experienced more episodes of
hypotension and need for vasopressor drugs intraoperatively [21].
Contrary to this, some studies have found no increase in the incidence
of hypotension in patients who took ACE inhibitors [22]. Because of
these findings one of the authors of a study recommended to review the
practice and recommendations to withhold ACE inhibitors before the
surgery [23].

In a randomised controlled trial, it was found that morning dose of
furosemide was not associated with intraoperative hypotension, in-
traoperative administration of vasopressors and fluids when compared
to placebo [24].

A study found that epidural anaesthesia was associated with sig-
nificantly more blood loss when compared to inhalational anaesthetic
[25]. Anaesthetic technique and the pre-operative baseline BP continue
to have an influence on the lability of the BP in the post-operative
period, albeit to a lesser degree. Post-operative patients would probably
have some degree of pain, but the intensity of the stimulus would be
much lower than that during the intra-operative period. Patients who
were given a spinal anaesthetic might have had better pain relief during
the early postoperative period, leading to a less change in BP [26]. Also,
patients with hypertension were found to have a lower heart rate. This
could be because most of the hypertensive patients had β-blocker
treatment [26].

In a study, Propofol caused the greatest drop in blood pressure
whereas etomidate caused the least [27]. Fentanyl was associated with
higher rises in DBP, which contrasts with Fentanyl as it is known to
cause hypotension intraoperatively. The inadequate analgesia of fen-
tanyl may lead to increase in intraoperative BP. Buprenorphine was
associated with higher drops in SBP intraoperatively. Desflurane was
associated with higher incidence of SBP rises in our study, but it is
known to cause hypotension in geriatric patients [28]. Hypotension
following induction of anaesthesia using propofol is caused by propofol-
mediated decrease in sympathetic activity including decrease in sys-
temic vascular resistance and decrease in cardiac output by a combi-
nation of venous and arterial vasodilation, impaired baroreflex me-
chanism and depression of myocardial contractility [29].

In a study it was noted that patients who received GA experience
initially a drop in BP at induction of anaesthesia, followed by an in-
crease after tracheal intubation. The BP profile is different in patients
who are given spinal anaesthesia. There are less of the rise and falls
seen at the start of surgery under general anaesthesia. This was con-
sistent with previous studies that hypertensive patients are more vul-
nerable to blood pressure fluctuations in response to anaesthetic agents
and vasodilators [26].

In 1 patient, there was ECG change (bigeminy) due to Cephalosporin
allergy. To control the hypotension due to allergic reaction the patients
was given Adrenaline 0.1mg IV 5 times and Ephedrine 6mg in a single
dose.

Hypertensive patients who have either controlled or uncontrolled
BP require IV fluids in the perioperative period irrespective of the type
of surgery. Intraoperative fluids may be given as preloading or after
loading in patients to prevent intraoperative hypotension during
neuraxial blockade like spinal anaesthesia. But none of these methods is
efficient in preventing the hypotension alone and has to be coupled
with judicious use of vasopressors [30].

In 7 patients there were adverse events, which required special in-
tervention like postoperative IV fluids, patients not recovering from
anaesthesia, amlodipine 10mg as and when required was started be-
cause of postoperative BP of 160/100mmHg, postoperative ophthal-
mological opinion in case of blurring of vision in the patients and
postoperative haemoglobin level being done and blood transfusion
being given if required.

Antihypertensive drugs were started irrespective of the blood pres-
sure of the patients on the next day of surgery in majority of the pa-
tients. A total of 44 patients were not started on any antihypertensive
medication within 24 h postoperatively, and reasons were low BP
postoperatively which were not recorded in the patient notes, but when
consulted to the respective resident doctors on duty the information
was divulged. There was no relation between blood pressure and
postoperative starting of antihypertensive medications as patients were
advised to continue their routine medication on next day morning of
the surgery.

Limitations of our study is the Investigators were not present in the
operation theatre at the time of surgery, so relying on the anaesthesia
notes for data capturing might not reflect an accurate picture of the
anaesthesia management during the intraoperative period. Also
Intraoperative hemodynamics like heart rate and blood pressure are as
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per readings written by the anaesthesia resident doctors, so our finding
might not be as accurate as electronic recordings of such variables.

5. Conclusion

Patients who were taking beta blockers routinely and in morning of
the surgery, had lower heart rate at the end of surgery. Patients who
had taken diuretics on the morning of the surgery has higher DBP & HR
at the end of surgery. No other antihypertensive medication any sig-
nificant change in the hemodynamic parameters.

Key Messages

Use of beta blockers routinely and on morning of the surgery by the
patients was associated with lower heart rate at end of anaesthesia.
Morning use of diuretics was associated with higher heart rate and
diastolic blood pressure at the end of anaesthesia. Fentanyl was asso-
ciated with higher incidences of rise in diastolic blood pressure and
desflurane was associated with higher incidences of rise in systolic and
diastolic blood pressure intraoperatively.
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