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Background: Elderly population are at increased risk of spinal anesthesia-induced hypo-
tension increasing their risk for postoperative morbidity and mortality. This study aimed
to compare the hemodynamic effects of prophylactic infusion of norepinephrine (NE)
versus phenylephrine (PE) in elderly patients undergoing hip fracture surgery under spinal
anesthesia.

Methods: Elderly patients scheduled for hip fracture surgery were randomized to receive
either NE infusion (8 ug/min) (NE group, n = 31) or PE infusion (100 pg/min) (PE group,
n = 31) after spinal anesthesia. Outcomes included mean heart rate, mean blood pressure,
cardiac output, incidence of spinal anesthesia-induced hypotension, incidence of brady-
cardia, and incidence of hypertension.

Results: Sixty-two patients with a mean age of 71 £ 6 years were included in the final anal-
ysis (31 patients in each group). The NE group showed a higher mean heart rate and car-
diac output than the PE group. The NE group had a lower incidence of reactive bradycar-
dia (10% vs. 36%, P = 0.031) and hypertension (3% vs. 36%, P = 0.003) than the PE group.
No study participant developed hypotension, and the mean blood pressure was compara-
ble between the two groups.

Conclusions: Both NE and PE infusions effectively prevented spinal anesthesia-induced
hypotension in elderly patients undergoing hip fracture surgery. However, NE provided
more hemodynamic stability than PE; maintaining the heart rate, higher cardiac output,
less reactive bradycardia, and hypertension.

Keywords: Elderly; Hip fracture surgery; Hypotension; Norepinephrine; Phenylephrine;
Spinal anesthesia.

Introduction

In the elderly, the incidence of spinal anesthesia-induced hypotension can be as high as
73% [1], exposing this vulnerable group to reduced organ perfusion and increasing the

risk of perioperative morbidity and mortality [2,3].
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Sympathetic blockade after spinal anesthesia results in venodi-
lation, which reduces venous return and hence cardiac output and
results in hypotension [4]. Therefore, the use of alpha-adrenergic
agonist drugs induces constriction of compliant veins, effectively
reverses the vasodilatory effect of spinal anesthesia, and reduces
the need for unnecessary fluid loading [5]. In the elderly popula-
tion, the mechanism of hypotension differs from that in young
adults, as it is mainly caused by a reduced stroke volume rather
than systemic vascular resistance [6].

The prophylactic use of vasopressor agents for preventing spi-
nal anesthesia-induced hypotension is warranted in high-risk
populations and is currently recommended in obstetric anesthesia
[7]. In the elderly population, although the use of vasopressor
prophylaxis makes sense, the available data for drug groups and
doses are sparse. Phenylephrine (PE) is a synthetic a-agonist va-
soconstrictor that has been evaluated (in maintaining hemody-
namic parameters) during spinal anesthesia in the elderly popula-
tion [1]. However, PE (being a pure a agonist) was reported to de-
crease the heart rate and cardiac output [8], which limits its use in
patients with reduced cardiac contractility; this fact makes the use
of PE in elderly patients questionable. Furthermore, Jakobsson et
al. [9] reported that spinal anesthesia-induced hypotension in the
elderly could be a sign of impaired cardiac performance; there-
fore, PE might not be the ideal vasopressor for use in this popula-
tion.

Norepinephrine (NE) has a agonistic and weak { agonistic ac-
tivity; thus, in addition to its vasoconstriction properties, NE has
modest cardio-stimulatory function compared to PE [10]. NE has
been successfully evaluated for prophylaxis against spinal anesthe-
sia-induced hypotension in obstetric anesthesia [8,11,12]. In this
study, we aimed to compare the hemodynamic effect of prophy-
lactic NE versus PE infusion in elderly patients undergoing hip

fracture surgery under spinal anesthesia.

Materials and Methods

This randomized controlled trial was conducted in the ortho-
pedic surgical theater at Cairo University Hospital from January
to March 2020 after the Institution Research Ethics Committee
approval (No: D-7-2019) and clinical trial registration (NCT
04195321). Written informed consent was obtained from all patients
before their enrollment in the study. The study was conducted in
accordance with the Helsinki Declaration-2013.

Elderly patients (> 60 years), American Society of Anesthesiol-
ogists physical status I-II, scheduled for hip fracture surgery un-
der spinal anesthesia, were included. Patients with known cardiac

abnormalities (left ventricular ejection fraction < 50% or decom-
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pensated heart failure, heart block, arrhythmia), uncontrolled hy-
pertension, hyperthyroidism, and monoamine oxidase inhibitor
use were excluded from the study. Patients with a history of aller-
gy to any of the study drugs and patients who had contraindica-
tions for spinal anesthesia were excluded.

Patients were randomly allocated at a 1 : 1 ratio to either the NE
group or the PE group, using a computer-generated random se-
quence and concealed envelopes that contained the drug prepara-
tion instruction.

Preoperative fasting instructions were 6 hours for solid food,
and clear fluid was allowed up to 2 hours preoperatively. Upon ar-
rival to the operating room, routine monitors (electrocardiogram,
pulse oximetry, and non-invasive blood pressure monitor) were
applied; an intravenous line was secured, and routine pre-medica-
tions (ranitidine 50 mg slow IV) were administered. Baseline pre-
operative blood pressure was recorded in the supine position with
an average of 3 readings, with a difference of less than 5 mmHg.

Before the initiation of spinal anesthesia for all study patients,
an electrical cardiometry device ICON™ (Osypka Cordiotonic,
German) was applied to the patient through 4 electrodes at the
following sites: below the left ear, above the midpoint of the left
clavicle, left mid-axillary line at the level of the xiphoid process,
and 5 cm inferior to the third electrode. Stroke volume variability
(SVV) was measured while the patient maintained standard calm
breathing at 8 breaths/min for 1 min before the intrathecal injec-
tion. The patient with SVV > 13% was considered a fluid re-
sponder [13] and received a fluid bolus of 8 ml/kg Ringer’s acetate
(FIBCO, Egypt) over 10 min. The fluid bolus was repeated until
the SVV became less than 13%, and spinal anesthesia was then
performed.

After the induction of spinal anesthesia, maintenance fluid at 2
ml/kg/h of Ringer acetate was initiated.

Spinal anesthesia was performed in the sitting position at the
level of L2-3 or L3-4 interspaces with a 25-gauge spinal needle.
After confirming cerebrospinal fluid flow, 10 mg of 0.5% hyper-
baric bupivacaine plus 25 pg fentanyl were injected. The degree of
sensory block (cold test by alcohol gauze) was assessed in the
study with the goal of T6-8 dermatomal level block. If spinal an-
esthesia failed, the patient was excluded from the study and was
managed according to the attending anesthetist’s discretion, local
expertise, and clinical practice.

Vasopressor infusion according to the randomization was initi-
ated after obtaining cerebrospinal fluid, through the same line as
IV fluids aided by a three-way stopcock, after the induction of
spinal anesthesia.

Patients in the NE group received NE infusion (8 mg norepi-

nephrine bitartrate/4 ml, equivalent to 4 mg norepinephrine
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base/4 ml, Alexandria Co., Egypt) at a starting rate of 1 ml/min of
8 pg/ml solution (prepared by diluting 4 mg NE in 500 ml saline).

Patients in the PE group received PE infusion (10 mg/1 ml am-
poule, Sterop Co., Belgium) at a starting rate of 1 ml/min of 100
pg/ml solution (prepared by diluting 10 mg of PE in 100 ml sa-
line).

All drug preparations were performed by a research assistant
who was also responsible for opening the envelope and group as-
signment with no further involvement in the study. After diluting
the drug as instructed, the diluted drug was then withdrawn into
a 50 ml syringe to be given to the attending anesthetist.

If any episode of spinal anesthesia-induced hypotension oc-
curred (defined as mean blood pressure < 80% of the baseline
reading during 45 min after the spinal block), the protocol was set
to be managed by 5 ug NE, and the infusion rate was increased by
20%. If the hypotensive episode persisted for 2 min, another bolus
of norepinephrine was administered.

If bradycardia (defined as heart rate < 50 beats/min) with hy-
potension occurred, it was managed with 0. 5 mg of atropine IV. If
bradycardia occurred with hypertension (mean blood pressure >
125% of baseline), the vasopressor infusion was stopped.

Hypertension was defined as an increased mean blood pressure
of > 125% of the baseline reading. Hypertensive episodes that
persisted for 2 consecutive readings were managed by reducing
the infusion by 50%. If hypertension persisted after the reduction
of the infusion rate, the vasopressor infusion was stopped. The
vasopressor resumed at 50% of the starting dose if there was a fur-
ther decline in blood pressure.

Vasopressor infusion was continued for 45 min after spinal an-
esthesia. If the patient develops hypotension after discontinuation
of the infusion, blood pressure management will depend on the
fluid status of the patient. If hypotension occurred because of
blood loss, 3 : 1 Ringer’s acetate was infused as a replacement until
transfusion threshold is met; thereafter, the packed red blood cell
is given with a target hemoglobin level of > 9 g/dl. In case hypo-
tension was unrelated to blood loss, the vasopressor was re-initi-
ated at the last dose before discontinuation.

The primary outcome was mean heart rate during vasopressor
infusion.

For secondary outcomes heart rate, cardiac output, and mean
blood pressure (baseline, then every 2 min after spinal anesthesia
for 20 min, then every 5 min until the end of the operation) were
analyzed. Other outcomes included the incidence of bradycardia,
tachycardia (heart rate >100 beats/min), spinal anesthesia-in-
duced hypotension, and reactive hypertension. Pre- and intraop-
erative fluid volume, blood loss, and the need for blood transfu-

sion were recorded.
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Statistical analysis

The mean heart rate during the first 45 min after spinal anes-
thesia under PE infusion was 68 + 9 beats/min, as calculated
from a pilot study. We calculated our sample size to detect a mean
difference of 10 beats/min between both groups. Using MedCalc
Software version 14 (MedCalc Software bvba, Belgium), a mini-
mum of 28 patients were required to have a study power of 80%
and an alpha error of 0.05. We performed a more conservative
calculation by increasing the study power to 99%, which increased
the sample size to 62 patients (31 patients per group). To compen-
sate for any dropouts, the final number of envelopes was 68 (34
per group).

Data analysis was performed using Statistical Package for Social
Science (SPSS) software, version 21 for Microsoft Windows (SPSS
Inc., USA). Categorical data are reported as numbers and percent-
ages and were analyzed using the chi-square test. Continuous data
were checked for normality using the Shapiro-Wilk test. Normally
distributed data are presented as mean + SD and were analyzed
using unpaired Student’s t-test. Skewed data are expressed as me-
dian (Q1, Q3) and analyzed using the Mann-Whitney U test. For
repeated measures, a two-way repeated measure analysis of vari-
ance (ANOVA) was used to evaluate drug (between-group factor)
and time (repeated measures). We analyzed the hemodynamic data
for 60-min (shortest intervention time). The Bonferroni test was
used to adjust for multiple comparisons. A P value of 0.05 or less

was considered significant.

Results

Seventy patients were screened for eligibility, and two patients
were excluded because they did not satisfy the study’s inclusion
criteria. The 68 included patients were randomized into either NE
(n = 34) or PE (n = 34) groups. Six patients (three from each
group) were not included in the final analysis. Sixty-two patients
were available for the final analysis (31 patients in each group)
(Fig. 1).

The mean age of the included patients was 71 + 6 years, and
33 (53%) were men. Demographic data and baseline hemody-
namic characteristics were comparable between the study groups
(Table 1).

The mean heart rate during vasopressor infusion was higher in
the NE group than in the PE group (79 + 8.4 and 68 + 4.4 beats/
min, respectively, P < 0.001) (Table 2, Fig. 2). The heart rate was
generally maintained during NE infusion in relation to the base-
line readings. During PE infusion, the heart rate decreased in re-

lation to the baseline reading (Fig. 2). Furthermore, the incidence
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« Other reasons (n = 0)
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}
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« Did not receive allocated intervention (failed spinal anesthesia)
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8
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« Discontinued intervention (n = 0)
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« Discontinued intervention (n = 0)
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« Excluded from analysis (n = 0)
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Analyzed (n = 31)
« Excluded from analysis (n = 0)

Fig. 1. CONSORT flow diagram for patient enrollment.

Table 1. Demographic Data and Baseline Hemodynamic Characteristics

Variable NE group (n = 31) PE group (n = 31) P value
Age (yr) 71+ 64 71+ 58 0.869
Sex (M) 18 (58) 15 (48) 0.611
Weight (kg) 81+ 12 79+ 13 0.641
Height (cm) 170 £ 8.6 167 £ 8.8 0.153
ASA PS 0.791

I 10 (32) 12 (39)

I 21 (68) 19 (61)
Type of surgery 0.732

Bipolar hemiarthroplasty 17 (55) 14 (45)

Total hip replacement 2(7) 2(7)

Dynamic hip screw 12 (39) 15 (48)
Duration of surgery (min) 70 (60, 80) 60 (60, 80) 0.665
Level of spinal anesthesia T8 (8,10) T8 (6, 10) 0.380
Preoperative fluid volume (ml) 536 (480, 616) 520 (488, 616) 0.756
Baseline heart rate (beats/min) 78 £10 82 t6 0.061
Baseline mean blood pressure (mmHg) 81+ 12 80 %7 0.710
Baseline cardiac output (L/min) 6.6+ 1.2 7108 0.175

Values are presented as mean + SD, number of patients (%) or median (Q1, Q3). ASA PS: American Society of Anesthesiologist physical status.

NE group: norepinephrine group, PE group: phenylephrine group.

of bradycardia was lower in the NE group than in the PE group
(3/31 [10%] and 11/31 [36%], respectively, P = 0.031) (Table 2).
None of the included patients developed tachycardia or hypoten-
sion. There was no statistically significant difference in mean
blood pressure readings between both groups during drug infu-

sion. The mean blood pressure was higher than the baseline value
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starting at the eighth and second min after the onset of NE and
PE infusion, respectively, until the end of the infusion (Fig. 3).
One (3%) patient in the NE group and eleven (36%) patients in
the PE group developed reactive hypertension (P = 0.003). (Table
2) The episode of reactive hypertension in the NE group occurred

just before the time to terminating the infusion as per the study
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Table 2. Intraoperative Data

NE group (n = 31) PE group (n = 31) P value

Mean heart rate during infusion (beats/min) 79 + 84 68 + 44 < 0.001
Bradycardia 3(10) 11 (36) 0.031
Mean cardiac output during infusion (L/min) 712 59+ 0.7 < 0.001
Reactive hypertension 1(3) 11 (36) 0.003
Intraoperative fluid volume (ml) 800 (750, 1000) 800 (750, 1250) 0.104
Blood loss (ml ) 300 (250, 350) 400 (250, 450) 0.071
Blood transfusion 1(3) 1(3) 1

Values are presented as mean + SD, number of patients (%) or median (Q1, Q3). NE group: norepinephrine group, PE group: phenylephrine

group.
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Fig. 2. Heart rate at baseline, during and after NE and PE infusions. Markers are mean, while error bars are standard deviations. *Bonferroni-
corrected P < 0.05 between the two groups. "Bonferroni-corrected P < 0.05 versus the baseline value in the NE group. “Bonferroni-corrected P < 0.05
versus the baseline value in the PE group. NE group: norepinephrine group, PE group: phenylephrine group.

protocol. The episodes of reactive hypertension in PE usually oc-
curred 2 or 4 min after the onset of PE infusion and lasted for < 2
min and did not require a reduction of the infusion rate.

Cardiac output was higher in the NE group than in the PE
group. Furthermore, the cardiac output increased in the NE group
in relation to the baseline reading, while it decreased in relation to
the baseline in the PE group (Table 2, Fig. 4).

Immediately after termination of the NE infusion, the heart
rate, mean blood pressure, and cardiac output were comparable to
the baseline readings. In the PE group, the heart rate and cardiac
output continued to be lower in relation to the baseline 15 min af-
ter the discontinuation of the infusion (Figs. 2-4).

Other intraoperative outcomes, namely intraoperative fluid vol-
ume, blood loss, and the need for blood transfusion, were compa-

rable between the two groups (Table 2).
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Discussion

We report that both NE and PE successfully prevented spinal
anesthesia-induced hypotension in the elderly. However, NE infu-
sion maintained the heart rate and cardiac output better than PE
infusion. The incidence of reactive bradycardia and hypertension
was lower, and the mean heart rate was higher in the NE group
than in the PE group. These findings are similar to those of previ-
ous reports that compared the two drugs in the obstetric popula-
tion [8,14].

Both NE and PE exert their vascular action through the activa-
tion of a-receptors, resulting in vasoconstriction in the arterial
and venous sides, increasing systemic vascular resistance and ve-
nous return. Owing to its pure a stimulation activity, PE infusion
causes a reflex reduction in the heart rate and cardiac output [15]

in addition to a direct effect on the left ventricular contractility

https://doi.org/10.4097/kja.20519
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[16]. In contrast, NE has a modest B-receptor agonist activity,
which maintains blood pressure without reducing cardiac output.
It has been reported that lower doses of PE could reduce the inci-
dence of reactive hypertension but do not lower the incidence of
bradycardia [17,18].

The blood pressure values were comparable between the two
study groups. This is probably because we used equipotent doses
of the two study drugs. We selected the dose of PE according to
Ferré et al. [1], in the same population in which the authors used
100 pg/min to maintain blood pressure. For a fair comparison, we

aimed to use an equipotent dose of NE in the other group. Ngan

https://doi.org/10.4097/kja.20519

Kee [19] estimated that the relative potency between PE and NE
was 1:13; therefore, we hypothesized that an NE dose of 8 ug
would be equipotent to a PE dose of 100 pg.

Intraoperative hypotension is an independent risk factor for
postoperative 5- and 30-day mortality in patients undergoing hip
surgery [2]. Spinal anesthesia, the most common route of anes-
thesia in hip surgery, is usually associated with hypotension,
whose risk is increased in elderly patients. This increased risk is
due to age-related cardiovascular changes, such as increased basal
sympathetic activity and reduced baroreceptor sensitivity [9]. Fur-

thermore, spinal anesthesia-induced hypotension can occur even

313



Mostafa et al. - Norepinephrine during spinal anesthesia

in pre-hydrated elderly patients [20,21]. Thus, the use of prophy-
lactic vasopressors for preventing hypotension is increasingly
used in vulnerable populations and is already recommended in
obstetric practice [22]. PE is the most commonly used drug for
prophylaxis and management of postspinal hypotension. Howev-
er, PE infusion is frequently associated with bradycardia; this was
reported in obstetric [8,14] and general surgical patients [16] and
was present in 36% of our patients. With advanced age, there is
progressive stiffness of the myocardium; hence, the cardiac output
is more dependent on active filling from atrial contraction [23].
Therefore, reduction of heart rate in the elderly is associated with
reduced cardiac output, which in turn would affect organ oxygen
delivery [9]. In the elderly, the main mechanism of spinal anesthe-
sia-induced hypotension is reduced stroke volume [6] and the in-
ability to increase cardiac output [9] rather than a reduction in
systemic vascular resistance. In addition to bradycardia, PE has
been reported to reduce global left ventricular function [16].
Therefore, it is necessary to use a drug with the least depressing
effect on heart rate and, subsequently, the cardiac output.

The heart rate and cardiac output began to increase after dis-
continuation of the PE infusion but remained lower than the
baseline levels until the end of the analysis, while the mean blood
pressure returned to baseline level 5 min after terminating the in-
fusion. This delayed return of the heart rate and the cardiac out-
put to the baseline level might be explained by the age-related de-
crease in baroreceptor sensitivity to changes in blood pressure
[24].

The current study introduces, for the first time, NE infusion in
the elderly population during spinal anesthesia. By comparing
equipotent doses of NE and PE, NE was able to maintain the
blood pressure without reducing the heart rate or cardiac output.
Since cardiac output is a major determinant of oxygen delivery
[25], NE would be able to preserve oxygen delivery in the elderly.
By maintaining hemodynamic stability, NE might be beneficial in
elderly patients with a high prevalence of impaired myocardial
contractility [24,26].

The current study has some limitations. First, it is a single-cen-
ter study. Second, we did not include patients with cardiac comor-
bidities. Future research could evaluate the efficacy of both drugs
in these patients. Third, we used the available evidence for choos-
ing the equipotent dose of NE to PE, depending on the data ob-
tained from the obstetric population. Future dose-response stud-
ies are needed to identify equipotent doses of the two drugs and
optimum dosing in the elderly population. Lastly, the cardiac out-
put was assessed noninvasively using electric cardiometry. Electric
cardiometry-derived absolute cardiac output values were reported

as not interchangeable with the thermodilution method [27];
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however, electric cardiometry had acceptable trending ability [28];
thus, it was used to follow-up the changes in the cardiac output in
various populations [29,30].

In conclusion, both NE and PE infusions effectively prevented
spinal anesthesia-induced hypotension in elderly patients under-
going hip fracture surgery. However, NE provided more hemody-
namic stability than PE in the form of maintaining the heart rate,
higher cardiac output, less reactive bradycardia, and hypertension.
Future dose-response studies are needed to identify the equipo-
tent doses of the two drugs and optimum dosing in the elderly

population.
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