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Abstract

Background: Uncontrolled elevation of intraoperative blood pressure can result in deleterious effects with increased risk of mor-
bidity and mortality.

Objectives: We aimed to compare nitroglycerine infusion with dexmedetomidine infusion in controlling accidental intraoperative
uncontrolled hypertension.

Methods: This comparative study was conducted on 73 hypertensive patients undergoing cancer surgeries who experienced un-
controlled intraoperative hypertension. The data of 38 patients were retrieved from the medical records for the nitroglycerine
group and 35 patients were prospectively enrolled for the dexmedetomidine group. Group N received nitroglycerine infusion (0.3 -
1 puglkg/min), while group D received dexmedetomidine infusion (0.2 - 0.7 ug/kg/h).

Results: Both groups were comparable regarding their demographic data and clinical characteristics. Systolic, diastolic, and mean
arterial pressure (MAP) values were significantly lower in group N compared to group D during the period between 60 and 120
minutes intraoperatively (P< 0.001). Heart rate values were significantly lower in group D than in group N (P < 0.001). Postoperative
sedation scores were better for group D with lower analgesic requirements (P < 0.001).

Conclusions: Dexmedetomidine infusion can be used to manage the uncontrolled intraoperative elevation of blood pressure in
selected patient population.
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1. Background vessel wall vasodilator with greater venodilator effect
than arterial dilator effect. It is used as an anti-anginal
and antihypertensive drug. This medication plays a role
in reducing blood pressure through decreasing preload
and cardiac output. However, it carries the risk of reflex
tachycardia and hypotension which are exacerbated by
volume depletion commonly present in hypertensive
patients (3). Dexmedetomidine is a highly selective alpha-
2 («2) adrenergic agonist with sympatholytic, opioid
sparing, and analgesic effects. Therefore, it can attenu-
ate hemodynamic and stress response to surgery (1, 4).
Dexmedetomidine exerts its action on a2 receptors which
are widely distributed, such as in the nervous system
(peripheral, central, and autonomic), blood vessels, and
body organs. This distribution leads to its anxiolytic,
sedative, sympatholytic, and vasodilator effects (5). The

The incidence of uncontrolled intraoperative hy-
pertension is more common in hypertensive patients.
Episodes of intraoperative hypertension should be
promptly controlled because such elevation of blood
pressure can be associated with the increased risk of
morbidity and mortality in the postoperative period (1).
Proper control of intraoperative blood pressure values
with maintaining adequate organ blood flow and perfu-
sion is mandatory (2). Medications used for intraoperative
blood pressure control should have a rapid onset of action
and can be easily titrated to the desired effect. Several
agents are used for the intraoperative control of elevated
blood pressure as sodium nitroprusside, esmolol, phen-
tolamine, and nitroglycerine (1). Nitroglycerine is a direct
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sympatholytic effect of dexmedetomidine results in the
reduction of mean arterial pressure (MAP) and heart rate
(HR) through inhibiting norepinephrine release (6).

2. Objectives

The aim of the current study was to compare nitroglyc-
erine infusion with dexmedetomidine infusion for con-
trolling accidental intraoperative uncontrolled hyperten-
sion.

3. Methods

The current prospective cohort comparative study was
conducted in National Cancer Institute during August
2021-November 2022 after approval by the Institutional Re-
view Board. The study was registered prospectively in clin-
ical trials.gov (NCT04953156). Data for the nitroglycerine
group (retrospective group) were retrieved from the med-
ical records of ASA II cancer patients with controlled hy-
pertensive conditions who underwent surgery under gen-
eral anesthesia and experienced uncontrolled intraoper-
ative hypertension which required nitroglycerin infusion
during July 2020-July 2021. Data for the dexmedetomidine
group were prospectively collected from ASA II cancer pa-
tients with controlled hypertension who experienced un-
controlled intraoperative elevated blood pressure during
general anesthesia during August 2021-August 2022.

Study population included patients above 18 years
old who underwent cancer resection surgical procedures
under general anesthesia and developed accidental un-
controlled hypertension. The exclusion criteria were pa-
tients on beta blockers with HR below 55 beats/min, kid-
ney or liver function impairment, bradycardia, any de-
gree of heart block and severe cardiorespiratory disease,
pheochromocytoma, major blood loss, and major fluid
shift.

3.1. Medical Intervention

All patients received 2 mg dormicum after the inser-
tion of intravenous line in the holding area. In the op-
erating theatre, all patients were monitored using elec-
trocardiogram, non- invasive blood pressure monitoring,
capnography, and oxygen saturation using pulse oxime-
ter. Anesthesia was induced by intravenous 2 mg/kg propo-
fol, 0.6 mg/kg rocuronium, and 2 ug/kg fentanyl. Mainte-
nance of anesthesia was achieved through controlled me-
chanical ventilation and inhalational anesthesia by either
sevoflurane or isoflurane with 50% Fio2. Intraoperative
analgesia was attained using either intravenous morphine
0.1 mg/kg, epidural analgesia, or regional wall blocks in

some cases. In case of an increase in either blood pres-
sure or heart rate above 20% from the baseline 50 ug
fentanyl was administered to exclude inadequate analge-
sia. Upon the administration of medications for hemo-
dynamic control (either nitroglycerine or dexmedetomi-
dine), invasive blood pressure monitoring using Datex-
Ohmeda 3030, Carestation 620 B40 monitor (General Elec-
tric: Madison, USA) was performed. The HR and blood pres-
sure were continuously monitored and documented every
10 min.

For the dexmedetomidine group, after the exclusion
of inadequate analgesia or anesthesia as the cause of un-
controlled hypertension, patients were assigned to receive
dexmedetomidine bolus of 1 ug/kg infused over 20 min
and then continuous infusion of 0.2 - 0.7 ug/kg/h adjusted
according to each patient’s hemodynamic response. Ini-
tially, dexmedetomidine infusion was started after the el-
evation of blood pressure 20% above the baseline and was
adjusted according to blood pressure values. The infusion
was deescalated when blood pressure values reached the
baseline and/or HR lowered below 50 bpm. Infusion was
stopped in cases where blood pressure decreased 20% be-
low the baseline or reported persistent bradycardia with
HR less than 45 bpm. In case of persistent bradycardia af-
ter the cessation of infusion, a bolus of intravenous 0.5 mg
atropine was administered and repeated as needed. For
the nitroglycerine group, data retrieved included patients
who received nitroglycerine infusion due to uncontrolled
intraoperative elevation of blood pressure. Patients re-
ceived nitroglycerin infusion (0.3 -1 yg/kg/min) titrated ac-
cording to each patient’s hemodynamic response. First, ni-
troglycerine infusion was started according to our institu-
tional protocol after elevation of blood pressure 20% above
the baseline and was adjusted based on blood pressure val-
ues. Infusion was deescalated when blood pressure values
reached the baseline and stopped in cases where the blood
pressure values decreased 20% below the baseline values.
In both groups, lowered MAP less than 60 mmHg was man-
aged by administration of a bolus dose of ephedrine 10
mg which was repeated as needed and documented. Data
about blood loss and blood transfusion were not collected
due to the difference in the types of surgeries included in
the study.

3.2. Sampling and Sample Size

Consecutive sampling technique was used to recruit
all eligible patients in both groups during one year. For ret-
rospective control arm (nitroglycerin group), the records
of 410 hypertensive patients were assessed for eligibil-
ity during July 2020-July 2021 and only 76 records were
included. Finally, records meeting the eligibility crite-
ria were retrieved for 38 patients. For prospective arm
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(dexmedetomidine group), a total of 378 hypertensive pa-
tients were assessed for eligibility during August 2021-
August 2022, and 317 patients were first included, out of
which only 39 cases were eligible and finally, 35 patients
were included in the analysis (Figure 1).

3.3. Statistical Analysis

Data were analyzed using IBM statistical package for
social sciences (SPSS) version 27 (SPSS Inc., Chicago, IL).
The chi-squared test and independent t-test were used
to compare nitroglycerine and dexmedetomidine groups
for categorical and numerical variables, respectively. The
RASS scores were compared between the studied groups by
Mann-Whitney test. P-value < 0.05 was considered statisti-
cally significant.

3.4. Study Outcomes

Primary outcome included intraoperative blood pres-
sure values. Secondary outcomes were perioperative HR
values, postoperative blood pressure values, postoperative
opioid consumption, episodes of bradycardia, episodes of
rebound hypertension, and postoperative sedation score
based on the Ramsay Sedation Scale (RSS) in the post-
anesthesia care unit (PACU) (Table 1).

Table 1. Ramsay Sedation Scale

Score Definition

1 Anxious and agitated or restless or both
2 Cooperative, oriented, and tranquil
3 Responds to commands only
4 Brisk response to a light glabellar tap or loud auditory stimulus
5 Sluggish response to light glabellar tap or loud auditory stimulus
(3 No response to light glabellar tap or loud auditory stimulus
4. Results

Demographic data, clinical characteristics, and the
type of surgery were comparable for the two groups (Table
2). There was no significant difference recorded between
the groups for systolic pressure, diastolic pressure, and
MAP values for the baseline, after sedation, during induc-
tion, after intubation, the first 50 min intraoperatively, and
thelast1.5 h of the surgery. On the other hand, systolic pres-
sure, diastolic pressure, and MAP were significantly lower
in the nitroglycerine group staring from 60 min intraoper-
atively until 120 min (Figures 2, 3 and 4). The HR was com-
parable between the two groups for the baseline, after se-
dation, during induction, after intubation, the first 40 min
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intraoperatively, and the last minutes of surgery. Alterna-
tively, HRvalues were significantly lower in the dexmedeto-
midine group staring from 50 min intraoperatively almost
until the end of surgery (Figure 5). Seven patients in the ni-
troglycerine group experienced hypotension with MAP <
60, of which five patients needed intervention with a bolus
of 10 mgephedrine versus three patients in the dexmedeto-
midine group where only one received 10 mg ephedrine.
Incidence of bradycardia was higher in the dexmedetomi-
dine group, where nine patients experienced bradycardia
versus no patients in the nitroglycerin group (P < 0.001).
On the other hand, the incidence of rebound hyperten-
sion was significantly higher for the nitroglycerine group
(n =7) compared to the dexmedetomidine group (n =1)
(P =0.003; Table 3). In the post-anesthesia care unit, the
dexmedetomidine group had lower HR values, lower sys-
tolic pressure, diastolic pressure, and MAP, compared to
the nitroglycerin group (Table 4). The RSS scores were sig-
nificantly higher with more sedation in the dexmedeto-
midine group compared to the nitroglycerine group (P <
0.001). Furthermore, the dexmedetomidine group showed
lower postoperative morphine consumption compared to
the nitroglycerine group in the PACU (P < 0.001; Table 3).

5. Discussion

Cancer resection surgeries usually have a complex ex-
tensive operative field. Consequently, proper control of
intraoperative blood pressure results in a clearer surgical
field with lower incidence of operative blood loss (7). Intra-
operative hypertension can be encountered in hyperten-
sive patients undergoing surgeries under general anesthe-
sia. This elevation may result from intubation or sympa-
thetic stimulation following surgical stimulation (3). Al-
though it has been reported that the elevation of blood
pressure can be encountered in hypertensive as well as
non-hypertensive patients following stress response to in-
tubation or surgical stress (8), such hypertensive episodes
in non-hypertensive patients usually respond to anesthe-
sia and/or analgesia deepening. In the current study,
patients showed variable responses to different stimuli
where some patients experienced hypertension following
intubation, while others had hypertension after experienc-
ing surgical stimulation. Both stimuli were managed ini-
tially with the administration of analgesic drugs or deep-
ening the level of anesthesia. However, such maneuvers
did not result in the control of blood pressure elevation in
all patients. Judicious control of blood pressure was our
target, with individualized tailoring of the accepted lower
threshold for each patient. Generally, mean arterial blood
pressure of 65 mmHg or lowering 20% - 30% of the pre-
operative baseline were considered tolerated as the lower
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Nitroglycerine group
(Retrospective arm)

410 records for hypertensive
patients who underwent surgery
from July 2020 to July 2021 were

assessed for recruitment as
retrospective group

Excluded
+ 49 patients were not on
regular treatment

Records for 361 patients were
assessed for recruitment

Out of which only 76 patients
experienced uncontrolled elevation of
their intraoperative blood pressure

- 31patients were not managed
using nitroglycerine

- 6experienced massive blood loss
and transfusion

- 1pheochromocytoma

Analyzed patients

N=38

Dexmedetomidine group
(Prospective arm)

378 hypertensive patients were
assessed for eligibility for
recruitment in the
dexmedetomidine group
prospectively from August 2021 to
August 2022

Excluded

+ 19 patients not on regular
treatment

« 42 patients with heart rate
<55bpm

317 patients were initially included

Out of which only 39 patients
experienced uncontrolled
elevation of their intraoperative
blood pressure

+ 4 patients were
excluded due massive
blood loss and
transfusion

Analyzed patients

N=35

Figure 1. Patient flow chart

accepted threshold. We avoided further reduction of in-
traoperative blood pressure as such reduction could re-
sult in the increased risk of postoperative morbidity, espe-
cially in elder patient population (2). We prospectively ex-

amined dexmedetomidine infusion for hypertension con-
trol versus the retrospective use of nitroglycerine infusion
from our institutional medical reports. Nitroglycerine in-
fusion has long been used as a hypotensive agent during
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Figure 2. Pre and intraoperative systolic blood pressure values
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Figure 4. Pre and intraoperative mean arterial blood pressure values

100
90
80
70
60

50

HR

40
30
20

10

== Group D

=®=Group N

Base
Dorm
10 min.
20 min.
30 min.
40 min.
50 min.
60 min.
70 min.

Induction
Intubation

80 min.

90 min.
110 min.
120 min.
130 min.
140 min.
150 min.
160 min.
170 min.
180 min.
190 min.
210 min.

100 min.
200 min.

Figure 5. Pre and intraoperative heart rate values

general anesthesia (9). Such continuity might be due to
the potential merits offered by the medication usage as
it was initially used to reduce intraoperative blood loss,
and then, it was used widely as a controlled hypotensive
agent (9, 10). However, nitroglycerine infusion results in
reflex tachycardia with the increased risk of hypotensive

episodes especially in older patients (11, 12). Dexmedeto-
midine was first introduced as a sedative and anxiolytic
drug that exerts hemodynamic effect through both central
and peripheral receptor stimulation. It was noticed that
the rapid infusion of dexmedetomidine loading dose over
less than 10 min can lead to hypertension through activat-

Anesth Pain Med. 2023;13(2):e134806.
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Table 2. Demographic Data, Clinical Characteristics, and the Type of Surgery b

D (n=35) N(n=38) P-Value

Age (y) 54.9+ 9.0 517+ 9.7 0.144
Range 37-69 33-70

Gender 0.415
Female 19(54.3) 17 (44.7)

Male 16 (45.7) 21(55.3)

BMI (kg/m?) 27.7+ 4.9 272+3.6 0.621
Range 20.3-37.1 21.1-34.4

Treatment of HIN *

ACEIs 7(20.0) 6(15.8) 0.639
ARBS 12(34.3) 15(39.5) 0.646
Cachannel 9(25.7) 10 (26.3) 0.953
blocker

Diuretics 6(17.1) 9(23.7) 0.490
B blocker 14 (40.0) 12 (31.6) 0.453

DM 0.729
No 17(48.6) 20 (52.6)

Yes 18(51.4) 18 (47.4)

Type of surgery NA
Thyroidectomy 7(20.0) 10 (26.3)
Hemicolectomy 7(20.0) 7(18.4)

Hysterectomy 8(22.9) 3(7.9)
Mastectomy 6(17.1) 7(18.4)
Nephrectomy 4(11.4) 6(15.8)
Ovariectomy 1(2.9) 2(53)
Hemi glossectomy 0(0) 2(53)
Lymph node 1(2.9) 0(0)

excision

Scalp ulcer 1(2.9) 0(0)

excision

Glossectomy 0(0) 1(2.6)

Abbreviations: HTN, hypertension; DM, diabetes mellites; SD, standard devia-
tion; ACEIs, angiotensin converting enzyme inhibitors; ARBS, angiotensin re-
ceptor blockers.

2 Values are expressed as No. (%) or mean + SD unless otherwise indicated.
®p<0.05is statistically significant.

ing peripheral a2a receptors, while slow infusion results
in the activation of central c2a receptors with the subse-
quent inhibition of noradrenaline release and lowering of
HR and blood pressure (5). Moreover, dexmedetomidine
infusion has a neuroprotective effect with reducing cere-
bral oxygen consumption and decreased incidents of cog-
nitive dysfunction postoperatively (7). In the current study,
we observed that patients who received dexmedetomidine
infusion showed more hemodynamic stability with fewer

Anesth Pain Med. 2023;13(2):e134806.

episodes of intraoperative hypotension, tachycardia, and
rebound elevation of blood pressure after discontinuation
of the drug infusion. In addition, there was longer time to
receive postoperative analgesia, less postoperative opioid
consumption, and better postoperative sedation scores.
In a study with similar results to the current study, Vali
et al. compared the efficacy of dexmedetomidine versus
nitroglycerine infusion for inducing controlled hypoten-
sive anesthesia during spine surgeries. They reported
that dexmedetomidine infusion showed better intraoper-
ative and postoperative outcomes regarding more hemo-
dynamic stability, less rebound hypertensive episodes, and
better immediate postoperative sedation scores (13). Ba-
jwa et al. assessed the impact of nitroglycerin, dexmedeto-
midine, and esmolol infusion on controlled hypotensive
anesthesia in patients undergoing functional endoscopic
sinus surgeries. They reported that patients who received
dexmedetomidine showed more intraoperative hemody-
namic stability with clearer operative bed, lower postoper-
ative analgesic requirements, and better postoperative se-
dation scores (14). In a study by Salah et al., rebound hyper-
tension and tachycardia were reported following the ces-
sation of dexmedetomidine infusion in 32% of their study
population. Such complication was not encountered dur-
ing our analysis. The latter difference might be related to
the variation in the population analyzed and that they con-
tinued the infusion up to 6 h, while in the current study,
the infusion lasted not more than 3 h (15). In the present
investigation, only three patients in the dexmedetomidine
group had a decrease of below 45 bmp in their HR values
which was reversed in two patients after infusion cessa-
tion and one patient needed to receive 1 mg intravenous
atropine. Bradycardia reported with dexmedetomidine in-
fusion was noticed to predominantly affect young age pa-
tients with increased vagal tone. However, dexmedetomi-
dine use should not be advocated for patients with any de-
gree of heart block, structured heart disease, or reduced
ventricular function (16). Here, we report that both ni-
troglycerine infusion and dexmedetomidine infusion can
be used to control uncontrolled elevation of intraopera-
tive blood pressure in cancer patients undergoing cancer
surgery. However, the medication choice should be cus-
tomized based on each individual case to obtain the opti-
mal response.

5.1. Conclusions

The results of the current study showed that both
nitroglycerine and dexmedetomidine infusion can be
used in the control of elevated intraoperative blood pres-
sure in hypertensive patients, with additional merits for
dexmedetomidine infusion, such as hemodynamic stabil-
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Table 3. Incidence of Bradycardia, Rebound Hypertension, Postoperative Morphine Consumption, and Ramsay Sedation Scale *' b

D(n=35) N(n=38) P-Value
Incidence of bradycardia < 0.001
No 26(74.3) 38(100.0)
Yes 9(25.7) 0
Rebound HIN 0.033
No 34(97.1) 31(81.6)
Yes 1(2.9) 7(18.4)
Postoperative morphine 0.001
consumption
0 22(62.9) 8(21.6)
3 12(34.3) 24(64.9)
6 1(2.9) 5(13.5)
RSS < 0.001
Median (range) 3(2-5) 2(1-3)

Abbreviations: HTN, hypertension, RSS, Ramsay Sedation Scale.
2 Values are expressed as No. (%) unless otherwise indicated.
Pp<o0.05is statistically significant.

Table 4. Systolic Pressure, Diastolic Pressure, Mean Arterial Pressure, and Heart Rate
Values in Post Anesthesia Care Unit *

PACU (min) D N P-Value
SBP
30 122+ 13 137+ 15 < 0001
60 121+ 7 131+ 10 < 0001
90 121+ 5 128+ 8 < 0001
120 123+ 5 127+ 7 0.004
DBP
30 75+ 9 83+ 8 < 0001
60 74%5 79% 6 < 0001
90 7415 78+ 4 < 0001
120 75+ 4 77+ 4 0.030
MAP
30 91+ 10 101+ 10 < 0.001
60 90+ 6 96+ 7 < 0.001
90 905 955 < 0.001
120 91+ 4 94+ 5 0.011
HR
30 65+ 8 78+ 10 < 0001
60 66% 6 75+ 7 < 0001
90 67+ 4 765 < 0001
120 68+ 4 76+ 5 < 0001

Abbreviations: PACU, post anesthesia care unit; SBP, systolic blood pressure;
DBP, diastolic blood pressure; MAP, mean arterial pressure; HR, heart rate.
? Values are expressed as mean + SD.

ity and better postoperative sedation scores with less opi-
oid consumption.
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