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Abstract

Background: Induction of general anesthesiais associated
with hypotension in nearly 50% of surgical patients. Intraop-
erative hypotension leads to ischemia of vital organs and in-
creases the risk of preoperative mortality; therefore, meticulous
hemodynamic management to avoid pre-incision hypotension
is essential to avoid serious outcomes.

Various methods are used for the prevention of post-induc-
tion hypotension such as preoperative fluid loading and vaso-
pressors. The use of positioning protocols to augment venous
return would provide a non-pharmacological option for main-
taining the hemodynamic profile without the need for excessive
fluids and vasopressors.

Aim of Sudy: In this study, we aimed to evaluate the effica-
cy of leg-elevation position and head-down position compared
to supine position during induction of anaesthesiain reducing
post-induction hypotension.

Patients and Methods: This study included adult patients
scheduled for elective noncardiac surgery under general anaes-
thesia. Before induction of anesthesia, patients were randomly
alocated into three groups who started induction of anesthesia
in either supine position, leg-elevation position, or head-down
position. Blood pressure and heart rate were recorded at 1-min-
ute intervals after induction of anesthesiatill 15-minutes after
intubation. Our primary outcome was the incidence of post-in-
duction hypotension (defined as systolic blood pressure <80%
of the baseline reading). Other outcomes included systolic
blood pressure, heart rate, and norepinephrine consumption.

Results: One-hundred and twenty-one patients were avail-
ablefor the final analysis. The incidence of post-induction
hypotension was lower in each of leg-elevation group (18/41
[44%)] patients) and head-down group (16/40 [40%)] patients)
compared to the control group (32/40 [80%)] patients) (p-values
<0.001 and <0.001) without significant difference between the
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two former groups (p-value=0.823). Furthermore, the norep-
inephrine consumption and the duration of hypotension were
lower in the leg-elevation group and the head-down group in
comparison to the control group.

Conclusion: Compared to the supine position, induction
of general anesthesiain either leg-elevation position or head-
down position reduced the incidence of post-induction hypo-
tension and the need for vasopressor administration in adult
patients undergoing elective non-cardiac surgery.

Key Words: Head-down — Leg-elevation — Supine — Postinduc-
tion — Hypotension — Noncardiac surgery.

Introduction

INDUCTION of general anesthesiais associated
with hypotension in nearly 50% of surgical patients
[1,2]. Intraoperative hypotension leads to ischemia
of vital organs and increases the risk of preopera-
tive mortality [3-5]. The risk of preoperative morbid-
ity and mortality increases with the magnitude and
duration of blood pressure reduction [5]; however,
it had been reported that the risk of postoperative
myocardial injury and kidney injury is present even
with short periods of hypotension [6]. The critical
period between induction of anesthesia and the sur-
gical skinincision is considered the most critical pe-
riod with the highest risk of severe hypotension [7];
therefore, meticulous hemodynamic management to
avoid pre-incision hypotension is essential to avoid
serious outcomes|[7,8].

Many factors contribute to post-induction hypo-
tension such as reduced sympathetic tone and ve-
nous return due to the vasodilator effect of induction
agents positive pressure ventilation, hypovolemia,
and lack of surgical stimulation. Various methods
are used for the prevention of post-induction hypo-
tension such as preoperative fluid loading and vaso-
pressors. Hypovolemiais one of the risk factors for
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hypotension during induction of anesthesia [9,10];
therefore, augmentation of the venous return would
improve cardiac output and avoid serious hypoten-
sion. The use of positioning protocols to augment
venous return would provide a non-pharmacol ogi-
cal option for maintaining the hemodynamic pro-
file without the need for excessive fluids and vas-
opressors. The possible hemodynamic benefits of
providing leg-elevation position or head-down po-
sition during induction of genera anaesthesiawere
not investigated during induction of anesthesiain
non-cardiac surgery.

We aimed to evaluate the effect of leg-elevation
position and head-down position in relation to the
supine position during induction of general anesthe-
siaon the incidence of post-induction hypotension.

Material and Methods

A randomized controlled study was conducted
in Kasr Al-Ainy Hospital, Cairo University. Enrol-
ment into the study started after Research Ethics
Committee approval (N-116-2018) and clinical trial
registration (NCT03996213) from July to Novem-
ber 2019. Written informed consent was obtained
from all participants before the enrolment.

Inclusion criteria:
* Adult patients (above 18 years).

* ASA I-11, scheduled for elective noncardiac sur-
gery under general anesthesia.

Exclusion criteria:

« Patients with cardiac morbidities (impaired con-
tractility with gjection fraction <50%, heart block,
arrhythmias, tight valvular lesions).

« Patients at increased risk of aspiration (Emergen-
cy procedures with inagdequate fasting time, body
mass index >40kg.m , gastroesophageal reflux
disease, gastrointestinal obstruction).

* Pregnant patients were also excluded from the
study.

A computer-generated random sequence was
used to achieve 1:1:1 random allocation into the
three study groups. The random sequence was gen-
erated by a statistician. One-hundred and twen-
ty-three opague envelopes containing details of the
patient’ s assigned position during the induction of
the anesthesia were prepared by a research assistant
who was not included in the study.

Upon arrival to the operating room, routine
monitors (electrocardiogram, pulse oximetry, and
non-invasive blood pressure monitor) were applied.
Routine pre-medications (ranitidine 50mg and mi-
dazolam 3-5mg) were administrated after securing
intravenous access. Baseline systolic blood pressure
(SBP) was obtained in the supine position as an av-
erage of three readings before induction of general
anesthesia

Before induction of anesthesia, the attending an-
esthetist was responsible for opening the envelope
and putting the patient into the assigned position ac-
cording to the group randomization:

- Supine group (n= 41): Received general anesthe-
siain the regular supine position.

- Head-down group (n=41): Received general an-
aesthesia in the head-down position. The head-
down position was achieved by 30-degreetilting
of the whole operating Table (1) minute before
induction of anesthesia.

- Leg-elevation group (n=41): Received general an-
aesthesia in the leg-elevation position.

The leg-elevation position was achieved by rais-
ing the patient’ s legs by 30cm using two standard
pillows positioned under the heels while keeping
the operating table in the neutral position[11].

Patients were positioned 1-minute before induc-
tion of anesthesia and were maintained in the as-
signed position for 15-minutes or till skin incision.

Induction of angesthesia was achieved using
fentanyl (2mcg.kg *),,propofol (2mg.kg ), and
atracurium (0.5mg.kg ). An endotracheal tube was
inserted after 3 minutes of mask ventilation. Anaes-
thesia was maintained by isoflurane (1-1.5%) and
atracurium 10mg increments every 20 minutes.
Ringer lactate solution was infused at arate of 2mL.
kg “.hour .

Any episode of hypotension (defined as SBP
<80% of the baseline reading) was managed by 10
mcg norepinephrine. If the hypotensive episode per-
sisted for 2 minutes, another bolus of norepineph-
rine was administered.

Our primary outcome was the incidence of
post-induction hypotension (defined as SBP <80%
of the baseline reading during the period from in-
duction of anesthesia until skin incision).

Other outcomes included the incidence of severe
post-induction hypotension (defined SBP <60% of
the baseline reading during the period from induc-
tion of anesthesia until skin incision), the incidence
of bradycardia (defined as heat rate <55bpm), SBP
(recorded as abaseline, then at 1-minute intervals
starting from the baseline preoperative reading until
15-minutes post-induction), heart rate (recorded as
abaseline, then at 1-minute intervals starting from
the baseline preoperative reading until 15-minutes
post-induction), total norepinephrine consumption,
and preoperative shock index (calculated asthe
baseline SBP/baseline heart rate.

Sample size:

In apilot study on 7 patients, the incidence of
post-induction hypotension during the supine posi-
tion was 70% (unpublished data). At an alphaerror
of 0.05, we calculated that 98 patients would give
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80% power to detect a 30% absolute reduction in
the incidence of hypotension in the treatment group.
However, to alow the comparisons between the
control group and each treatment group, an adjusted
P (Bonferroni correction) of 0.025 was set for the
primary outcome and the required sample size in-
creased to 116 patients (39 patients per group). The
number of prepared envelopes was 123 (41 enve-
lopes per group) to compensate for possible drop-
outs. The sample size was calculated using Med
Calc Software version 14 (Med Calc Software bvba,
Ostend, Belgium).

Satistical analysis:

Statistical package for social science (SPSS)
software, version 21 for Microsoft Windows (Ar-
monk, NY: IBM Corp) was used for data analysis.
Categorical data were presented as frequency (%)
and were analysed using the chi-squared test or fish-
er's exact test as deemed appropriate. Continuous
data were checked for normality using the Shap-
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iro-Wilk test and were presented as mean + stand-
ard deviation or median (quartiles) as appropriate.
Continuous data were analysed using one-way anal-
ysis of variance (ANOV A) with the post hoc Tuk-
ey modification (for normally distributed data) and
using the Kruskal-Wallis test on ranks (for skewed
data). The two-way ANOVA test was used for the
analysis of repeated measures to evaluate position
(between-groups factor) and time (repeated meas-
ures). Post-hoc pairwise comparison was performed
using the Bonferroni test. A p-value less than 0.05
was considered statistically significant.

Results

We screened 130 patients for eligibility. Seven
patients were excluded for not meeting the study’s
inclusion criteria. One-hundred and twenty-three
patients were randomized to one of the three study
groups and 121 of the patients were available for the
fina analysis. (Fig. 1).
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Fig. (1): Patients’ enrolment flow chart.

Demographic data and baseline hemodynam-
ics were comparabl e between the three groups.
(Table 1).

The incidence of post-induction hypotension
was lower in each leg-elevation group (18/41 [44%))
and head-down group (16/40 [40%)]) compared to
the control group (32/40 [80%)]) + (p-values: 0.001
and 0.001). Furthermore, norepinephrine consump-
tion was lower in both the leg-elevation group and
head-down group in comparison to the control
group, p-values <0.001 and <0.001. The incidence

of hypotension and norepinephrine consumption
were comparabl e between the leg-elevation group
and head-down group, p-values: 0.823 and 0.756,
respectively. The duration of hypotension was short-
er in the leg-elevation group and head-down group
compared to the supine group, p-values: 0.012 and
0.008, respectively. The incidence of severe hy-
potension was comparable among the three study
groups. The incidence of bradycardia was lower
in the leg-elevation group in relation to the control
group, p-value=0.035. (Table 2).
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Table (1): Demographic data and baseline hemodynamic characteristics. Data presented as mean + standard
deviation, median (quartiles), and frequency (%6).

Control group Leg elevation group Head-down group p-

(n=40) (n=41) (n=40) value
Age (years) 34+8.8 3049 34+8.8 0.112
Weight (kg) 77 (64, 86) 77 (61, 85) 75 (70, 88) 0.624
Body mass index (kg.m_z) 27144 27+4.9 28+4 0.671
Male sex 18 (45%) 21 (51%) 19 (48%) 0.853
Baseline SBP (mmHg) 123+14 121+10 123+11 0.700
Baseline heart rate (bpm) 92+16 87+16 89+10 0.282

SBP: Systolic blood pressure.

Table (2): Intraoperative outcomes. Data presented as median (quartiles) and frequency (%).

Control group Leg elevation group Head-down group p-
(n=40) (n=41) (n=40) value
Incidence of hypotension 32 (80%) 18 (44%)* 16 (40%)* <0.001
Incidence of severe hypotension 3 (8%) 2 (5%) 1(3%) 0.588
Incidence of bradycardia 13 (33%) 5 (12%)* 6 (15%) 0.047
NE consumption (mcg) 25 (10, 40) 0 (0, 20)* 0 (0,10)* <0.001

*Denotes significance in relation to the control group. NE: Norepinephrine.

SBP readings were comparable among the 3
study groups except for the first 2 minutes post-in-
duction as well as 4-,6- and 7-minutes post-intuba-
tion where the blood pressure readings were lower
in the control group in comparison to the head-down
group. SBP 1-minute post-intubation increased in
relation to the baseline reading in both leg-elevation
group and head-down group. SBP readings were
maintained for 1-minutes post-intubation in the
control group, 2- and 3-minutes post-intubation in
the leg-elevation group, and 1-minute post-induc-
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tion aswell as 2-,3- and 4-minutes post-intubation
in the head-down group. The rest of the SBP read-
ings were lower than that of the baseline reading.

(Fig. 2).

All the heart rate readings were comparabl e be-
tween the 3 groups. In the control group, al heart
rate readings decreased in relation to the baseline
except at 1- and 2-minutes post-intubation; whilst,
the heart rate was generally maintained in the leg-el-
evation group and the head-down group. (Fig. 3).

Control group
Leg elevation group
Head-down group

Fig. (2): Systolic blood pressure. Markers are means and error bars are standard deviation. * Denotes significance between the
control group and head-down group, TDenotes significance in relation to baseline reading in the control group, 3 Denotes
significance in relation to baseline reading in the leg-elevation group, § Denotes significance in relation to baseline reading

in the head-down group.
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Control group
Leg elevation
group
Head-down
group

Fig. (3): Heart rate. Markers are means and error bars are standard deviation. * Denotes significance in relation to baseline reading in
the control group, TDenotes significance in relation to baseline reading in the head-down group.

Discussion

We reported that the use of either leg-elevation
position or head-down position reduced the inci-
dence of post-induction hypotension, and subse-
quently reduced the frequency of norepinephrine
administration compared to supine position.

Post-induction hypotension is caused by the
vasodilatory effect of anaesthetic drugs resulting in
pooling of blood in the peripheral circulation in the
absence of surgical stimulation. Other factors that
contribute to post-induction hypotension include
positive pressure ventilation and hypovolemia
Both study positions, namely |eg-€elevation position
and head-down position, exerts rapid shift in the
intravascular volume from the lower limbs to the
central circulation; This rapid fluid shift increases
venous return and consequently increases cardiac
output [12,13]. Leg-€elevation induces an intrinsic
transfusion of blood from the lower limbs to the
central fluid compartment [11]. Using radiolabelled
erythrocytes, the volume of blood mobilized from
the calves during |eg-elevation was reported to be
150-300mL [14,15]. Although this auto-transfused
volumeisnot large [16], it was effective in main-
taining patient hemodynamics because (1) It was
transfused over a short period; (2) This volume was
blood and not ordinary fluids. The hemodynamic ef-
fects of leg-elevation and head-down positions were
previously investigated in cardiac surgery; howev-
er, the benefit of the two positions showed relative-
ly conflicting results. Leg-elevation is one of the
first-aid manoeuvres for the management of acute
circulatory failure [13]. Leg-elevation effectively
prevented hypotension after induction of anaesthe-
siafor cardiac surgery, [17] and after spinal anaes-
thesia[11]. The head-down position was previously
reported as a useful measure for the management
of hypovolemiain various patient groups [18]. The
head-down position was reported to be effectivein

the management of post-induction hypotension dur-
ing cardiac surgery [19] . On the other hand, some re-
ports showed that neither the leg-elevation position
[20] nor the head-down position [21] improved the
hemodynamic profile in cardiac surgery patients.
No studies to the best of our knowledge had evalu-
ated the hemodynamic effects of the two study posi-
tionsin non-cardiac surgery. Induction of anaesthe-
siain non-cardiac surgery is commonly associated
with hypotension which is associated with several
unfavourable outcomes [7,22]. Furthermore, the re-
sponse of patients undergoing non-cardiac surgery
to the study positions might differ from patients
undergoing cardiac surgery due to different chronic
medi cations and different induction protocols.

Although the rate of hypotension was lower in
the leg-elevation position and the head-down posi-
tion, the majority of individual SBP readings were
comparable between the three study groups; thisis
because hypotensive episodes were instantly man-
aged using norepinephrine boluses. The more fre-
quent use of norepinephrine boluses in the supine
group is, probably, responsible for the higher inci-
dence of bradycardiain this group compared to the
leg elevation group.

We included two positions, leg-elevation, and
head-down, and compared both positions to supine
positions. Including the two positions aimed to pro-
vide more alternatives to the anesthesiologist, if
both proved effective because each position is more
suitable for a specific population. According to our
results both leg-elevation position and head-down
position produced a comparable reduction in the
incidence of post-induction hypotension and nor-
epinephrine consumption in relation to the control
group. Leg-elevation isarelatively smpler and
more tol erable manoeuvre than head-down. Fur-
thermore, the head-down position might be also un-
suitable with increased intracrania tension. On the
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other hand, the head-down position might be more
appropriate in patients with spine and/or lower ex-
tremities fracture. Hence, the choice between the
two positions would depend on the patient’ s con-
dition.

Intraoperative hypotension, even for a short pe-
riod, increases the risk of postoperative morbidity
and mortality [3,6,7,23]. Thus, avoiding intraopera-
tive hypotension, especially during the pre-incision
period, has been strongly suggested to improve pa-
tient outcomes [4,8,24] . Post-induction hypotension
represents a substantial portion of intraoperative
hypotensive episodes [23]. Using either position
would provide simple and effective manoeuvres for
avoiding hypotension during this critical period and
would spare the complications of unnecessary fluid
and vasopressor administration. Our findings might
be of additional benefit in vulnerable patients such
as elderly patients, septic patients, and bleeding pa-
tientsif confirmed in future studies.

Limitations:

Our study had many strengths such as the rand-
omized, controlled design and using amajor clinical
primary outcome. There are some limitations; blood
pressure measurements were obtained non-inva-
sively; this was because some of our patients were
scheduled for non-major surgery in which invasive
monitoring is not routinely used. Future studies
could investigate the effect of the two study posi-
tionsin a specific high-risk population such as el-
derly patients and hemodynamically unstable pa-
tients (e.g., septic shock patients).

Conclusion:

In conclusion, compared to the supine position,
induction of general anesthesiain either leg-eleva-
tion position or head-down position reduced the in-
cidence of post-induction hypotension and the need
for vasopressor administration in adult patients un-
dergoing non-cardiac elective procedures. We rec-
ommend the routine use of either of the two study
positions during induction of anaesthesia.
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