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Transthoracic Echocardiographic Hemodynamic Assessment in
Patients under Spinal Anesthesia in Lower Limb Surgery

Sameh M Elsherbiny, Ahmed M Elaidy, Aboelnour M Badran, Ola T Abdeldayem

Department of anesthesia, ICU  Abstract:
and pain management, faculty of
medicine, Mansoura University, ~ Background: Spinal anesthesia is often associated with

Egypt. - : .
P significant hypotension due to a sympathetic block and can

Correspondence to: Sameh M
Elsherbiny, department  of ) ] ] )
anesthesia, ICU and pain  Transthoracic echocardiography (TTE) is widely used throughout

increase the risk of perioperative cardiac complications.

management,  faculty  of - \adicine as a clinical, diagnostic and research tool. Portability,

medicine, Mansoura University,

Egypt. accuracy, ease of use and a variety of training courses have
encouraged its use. Aim: The present study was designed to

Email: evaluate the hemodynamic changes of spinal anesthesia by

. Transthoracic Echocardiography and test its efficacy as a
smfsherbiny@yahoo.com

monitoring tool in lower limb surgery. Methods: The study
Received: 28 June, 2020 ] ] )

included 50 patients, who were scheduled for lower limb surgery
Accepted: 2 August, 2020 . . . .

under spinal anesthesia. Two serial TTE studies were performed.
One immediately before spinal anesthesia after giving the preload,
then at 10 mins after spinal anesthesia. Changes of heart rate
(HR), mean arterial blood pressure (MAP), the total doses of ephedrine and atropine, and data
regarding highest sensory level and bromage scale were recorded. Results: Echocardiographic
monitoring the heart variables have showed marked decrease when MAP was < 70% of basal
values. Conclusion: Transthoracic echocardiography has proved its efficacy as a monitoring
tool in assessment and guiding the management of hemodynamic changes after spinal anesthesia.
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instability.
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(Left ventricular end diastolic volume), LVESV (Left ventricular end systolic volume), MAP(mean arterial blood
pressure), PA(Pulmonary artery), RV(right ventricle), SV (Stroke volume), SVR (Systemic vascular resistance), TTE
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Introduction

Spinal anesthesia is often associated with
significant hypotension which can increase
the risk of perioperative cardiac
complications (1). Hypotension induced by
spinal anesthesia is usually due to a
sympathetic block leading to both a decrease
in systemic vascular resistance (SVR) from
arterial vasodilation, as well as a drop in
cardiac output (CO) due to a decrease in
preload from venodilation with blood

redistribution to the lower limbs (2).

During spinal anesthesia, sympathetic
blockade is the first event to occur, and the
last to disappear. This blockade causes
hemodynamic  instability,  such  as
hypotension and delayed bradycardia, which
is critical to recognize and prevent early, in
order to avoid dramatic consequences such
as cardiac arrest (3). Coupling perioperative
functional hemodynamic monitoring with
protocols to optimize oxygen delivery
reduces complications, postoperative length

of stay and overall mortality (4).

No single monitoring device provides a
complete evaluation of hemodynamic status;
as well as many devices are available with
their own Dbenefits and limitations (5).

Simple non-invasive devices measure blood
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pressure, heart rate and cardiac output, but
may be inaccurate in the setting of marked
peripheral  vasoconstriction.  Minimally
invasive (arterial catheterization) and more
invasive (central venous and pulmonary
artery catheterization) devices directly
measure cardiac output, but may be time
consuming to place and are more prone to

complications.

Between these extremes, there are array of
devices that indirectly determine cardiac
output and assess preload responsiveness
(6). Echocardiography has become the most
informational point-of-care cardiac imaging
modality for one’s ability to analyze the
structure and function of the heart, while
providing medical/surgical interventions

simultaneously, to help improve a patient’s

cardiac function (7).

The use of echocardiography leads to a

change in diagnosis and change in
hemodynamic management in 40-60% of
cases (8). The American Society of
Anesthesiologists (ASA) members agreed to
the use of echocardiography in patients
undergoing  non-cardiac  surgery and
showing persistent hypotension in spite of

intervention (9).
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Transthoracic echocardiography (TTE) is
widely used throughout medicine as a
clinical, diagnostic and research tool (10).
The TTE is non-invasive and has no known
adverse effects. Unlike a formal cardiology
based TTE which can often take 45 to 60
minutes, a focused goal- directed study to
answer a particular question is often more
appropriate in the perioperative period and
can be performed in as little as 10 minutes
(11). Portability, accuracy, ease of use and a
variety of training courses have encouraged
its use (12). The rationale of this study is to
if the use of TTE may be

advantageous to conventional cardiovascular

asSess

monitoring in management of perioperative

hemodynamic instability during spinal
anesthesia. The present study was designed
to evaluate the hemodynamic changes of
spinal  anesthesia by  Transthoracic
Echocardiography and test its efficacy as a

monitoring tool in lower limb surgery.

Patients and Methods:
This study
included 50 ASA | and Il patients, aged

prospective  observational
between 20 and 40 vyears old of both
genders, who were scheduled for lower limb
surgery under spinal anesthesia. It was
conducted for one year (from January 2017

to January 2018) in Emergency Hospital in

Mansoura University after getting approval
from Institutional Research Board (IRB),
Mansoura Faculty of Medicine. Informed
written consent was obtained from all
patients in the

study after ensuring

confidentiality. Exclusion criteria were

contraindication for spinal anesthesia
(patient refusal, coagulopathy, infection),
uncorrected hypovolemia, anemia with a
hemoglobin < 10 g/dL, congestive heart
failure, atrial

myocardial  ischemia,

fibrillation,  valvular  heart  disease,
pregnancy and morbid obesity (BMI > 40
kg/m2).

Patient demographic data including age, sex,
body surface area (BSA), body mass index

(BMI) were recorded. All patients were

subjected to preoperative  assessment
including: history  taking, clinical
examination,  laboratory  investigations

(complete blood count, coagulation profile,
blood sugar, liver and renal function tests),
in addition to electrocardiograph (ECG).
Details of the anesthetic technique and the
study protocol were explained to all patients
involved in the study.

Patients were kept fasting prior to surgery
ASA

intra-

according to pre-operative

recommendations. An  18-gauge

venous cannula was established, Basic

monitors were applied (ECG, pulse



oximetry, noninvasive BP), and baseline
values were recorded. No medication or
anesthetic drugs were given before the
preoperative TTE measurements. All
patients received 10ml/kg Ringer lactate as a
preload over 20 minutes. Spinal anesthesia
was given using a 25-gauge needle while the
patient was in the sitting position, then
patients received hyperbaric bupivacaine (15
mg) + fentanyl (25 pg). Sensory block was
assessed by the loss of cold sensation using
an alcohol-soaked gauze pad bilaterally,
while motor block was tested by modified
bromage scale (0: no motor block, 1: straight
leg hip flexion blocked, 2: knee flexion
blocked, 3: complete motor block). If
hypotension (MAP < 20% of baseline value,
or MAP < 60 mmHg) occurred, it was
treated with i.v increments of 5 mg
ephedrine as needed. If bradycardia (HR is <
50 beats/min) occurred, i.v atropine (0.01
mg/kg) was given.

Two serial TTE studies were performed
under  standardized  conditions, one
immediately before spinal anesthesia after
giving the preload, then at 10 mins after
spinal anesthesia. A parasternal long axis
(PLAX), parasternal short axis (PSAX),
subcostal, apical four and five chamber
(A4C, A5C) TTE examination including

two-dimensional imaging and pulsed wave
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Doppler were performed. The left
ventricular outflow tract (LVOT) image was
obtained from the PLAX view. The zoomed
LVOT image was frozen during systole. End
systole was defined as the image preceding
early diastolic mitral valve opening, while
end diastole was at the onset of the Q wave
of the QRS complex. LVOT diameter was
measured perpendicular to the aortic root,
three readings were measured and the
average of them was recorded. The LVOT
velocity time integral (VTI) was obtained
using the A5C view. A good quality image
was assessed by maximal chamber size, a
vertical long axis and maximal mitral valve
opening size. Pulsed wave Doppler was
placed within the LVOT about 0.5 cm
proximal to the aortic valve. VTI was
measured by tracing the leading edge of the
velocity spectrum of three consecutive beats
and their average measurement was
recorded.

Heart rate (HR) and Mean arterial blood
pressure (MAP) were recorded before spinal
anesthesia, then every minute for ten
minutes, then every two minutes for another
ten minutes post spinal. The total doses of
ephedrine and atropine and data regarding
highest sensory level and bromage scale
were recorded. Images from the TTE were

used to obtain the following data:
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(1) Data from the left side of the heart:

o Left atrial diameter, LVEDD, LVESD,
LVEDV, LVESV.

e SV=VTI x cross sectional area of the
LVOT (cross sectional area of the
LVOT=LVOT diameter? x0.785).

e Cardiac output: CO=HR x SV.

e Cardiac index: Cl= CO/BSA.

e Ejection fraction: EF= EDV-ESV/EDV
and fractional shortening (FS).

e Systemic vascular resistance: SVR=
MAP / CO.

(2) Data from the right side of the heart:

e Right atrial and ventricular diameters.

¢ RV diastolic & systolic areas and
volumes.

e PA diameter& PA systolic pressure.

e |\/C diameter: from the subcostal view.

Statistical analysis:

The collected data were coded, processed,
and analyzed using SPSS program (version
22) for Windows. Normality of numerical
data distribution was tested by Kolmogorov-
Smirnov  test.  Normally  distributed
numerical data were presented as mean and
standard deviation, and compared in
different groups using one-way ANOVA
with post-hoc Bonferroni test, while in the
same group using repeated measures

ANOVA with post-hoc Dunnett's test. Non-
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normally distributed numerical data were
presented as median and range, and
compared non-parametrically using Kruskal-
Wallis test followed by Mann-Whitney U
test. As well, categorical data were
presented as number, and compared using
Chi-square test. All data were considered

statistically significant if P value is < 0.05.

Results:

After collecting data of patients, patients
were allocated in three groups according to
changes in MAP: A, B and C. Group A:
patients with blood pressure > 80% of basal
values (N=29). Group B: patients with blood
pressure < 80% & > 70% of basal values
(N=16). Group C: patients with blood
pressure < 70% of basal values (N=5).
Patients in the three groups were comparable
and showed no statistically significant
difference as regard demographic data (P <
0.05) Table (2).

With respect to assessment of spinal
anesthesia, there was a statistically
significant difference between group (C) in
comparison to group (A) and (B) as regard
the highest sensory level (P=0.04) Table
(2). However, there was no statistically
significant difference between the three
groups as regard motor block (Bromage
score) (P < 0.05) Table (2). According to

the hemodynamic parameters, MAP had
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statistically significant lower values from
basal values in group (B) and (C) (P < 0.05).
Also, group (C) showed a statistically
significant decrease in MAP at 8, 9, 10, 12
and 14minutes relative to both groups (A)
and (B) (P < 0.05) without significance
between groups (B) & (A) Figure (1).
However, HR had no statistically significant
differences from basal values in or between
the three groups Figure (2).

Regarding ephedrine requirements, there
was a statistically significant difference
between group (C) relative to groups (A)
and (B) (P=0.01), As well there was a
statistically significant difference in group
(B) relative to group (A) (P> 0.05) Table
2).

On the other hand, there was no statistically
significant difference between the three
groups as regard atropine dose.

Regarding echocardiographic data of the
left side of the heart, there was a significant
decrease in LVEDV, LVESV, SV, CI and
SVR after spinal anesthesia relative to
before spinal anesthesia in all three groups
(P <0.05) Table (3).

Furthermore,

Group (C) showed a

statistically significant decrease in LVEDV
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(P=0.04), LVESV (P=0.03), SV (P=0.02),
Cl (P=0.02) and SVR (P=0.01) after spinal
anesthesia relative to groups (A) & (B),
without significance between groups (B) &
(A) Table (3).

Regarding echocardiographic data of the
right side of the heart, there was a
significant decrease in RV diastolic volume,
both the maximum and minimum diameters
of IVC after spinal anesthesia relative to
before spinal anesthesia in all three groups
(P <0.05).

Also,
significant decrease in RV diastolic volume
(P=0.03), both the maximum (P=0.01) and
minimum (P=0.02) diameters of IVC after

group C showed a statistically

spinal anesthesia, as compared to group (A)
& (B), without significance between group
(B) & (A) Table (4).

Similarly, there were significant increase in
PA diameter and decrease in PA systolic
pressure, after spinal anesthesia relative to
before spinal anesthesia in all the three
groups (P < 0.05). Moreover group (C)
showed a statistically significant difference
regarding the increase in PA diameter (P =
0.04), after spinal anesthesia in comparison
to group (A) & (B) Table (4).
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Table (1): Demographic data

Group A (n=29) Group B (n =16)

Group C (n =5) P value

Age 33.3+4.2 32.945.1 35.5+2.1 0.25
Sex (M/F) 17/12 o7 312 0.41
Weight (Kg) 69.3+7.1 73.146.3 75.847.2 0.39
Height (cm) 171.5+12.1 169.1+10.2 168.5+9.4 0.18
BSA 1.73+0.09 1.74+0.1 1.72+0.7 0.21
BMI 27.6x1.7 28.3+1.2 29.7£1.6 0.17
(Data are expressed as mean + standard deviation, or number)
(A: MAP> 80%, B: MAP <80% & > 70%, C: MAP < 70%)
(P value < 0.05 was considered statistically significant)
Table (2): Bromage score, Sensory level and Ephedrine dose
Group A (n=29) Group B (n=16) Group C (n=5) P value
Highest sensory level T6(T5-T8) T6(T4-T8) T5(T4-T6) * 0.04
Bromage score 3(2-3) 3(2-3) 3(3) 0.19
Ephedrine dose (mg) 0 1145 # 18+4 * 0.01
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(Data are expressed as median and range, or mean * standard deviation)

(A: MAP> 80%, B: MAP <80% & > 70%, C: MAP < 70%)
(P value < 0.05 was considered statistically significant)
*: Significance in group C relative to group A & B

#: Significance in group B relative to group A
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Table (3): Echocardiographic data of the left side of the heart

Group A (n=29) Group B (n=16) Group C (n=5) P value
LA diameter (cm)
Pre 2.73+0.02 2.71+0.01 2.76+0.03 0.35
Post 2.81+0.02 2.81+0.04 2.82+0.05 0.21
LVEDD (cm)
Pre 4.63+0.32 4.59+0.41 4.4910.53 0.41
Post 4.44+0.59 4.42+0.33 4.42+0.41 0.94
LVESD (cm)
Pre 2.5540.2 2.64+0.33 2.6+0.39 0.76
Post 2.88+0.22 2.92+0.31 3.12+0.13 0.07
LVEDV (mL)
Pre 94.3+12.3 98.9+10.3 92.13+9.22 0.09
Post 90.1+£8.23 88.62+7.22 F 86.71+£6.12 1* 0.04
LVESV (mL)
Pre 33.11+3.22 34.33+£2.98 33.93+3.65 0.21
Post 29.71+£2.11 + 27.11+4.43 § 26.33+3.98 * 0.03
SV (mL)
Pre 68.1+4.1 70.3£5.1 69.947.2 0.61
Post 65.2+6.8 ¥ 62.7£3.8 60.9+7.1 7* 0.02
CI (L/min/m?)
Pre 3.08+0.2 2.98+0.32 2.99+0.43 0.09
Post 2.9140.25 ¥ 2.87+0.18 1 2.8140.13 * 0.02
LVEF (mL)
Pre 62.9+5.21 61.65+6.33 63.71+4.21 0.24
Post 64.16+4.66 64.78+5.81 65.33+6.89 0.31
FS (%)
Pre 28.3+3.2 28.9+2.8 29.2+4.1 0.12
Post 27.1+4.2 27.3+3.3 27.9+3.8 0.34
SVR (Woods)
Pre 15.5+3.2 15.8+2.2 15.6+2.9 0.41
Post 14.4£2.1 7 13.9£2.5 1 13.1+1.5 §* 0.01

(Data are expressed as mean + standard deviation)

(A: MAP > 80%, B: MAP <80% & > 70%, C: MAP < 70%)

(P value < 0.05 was considered statistically significant)
*: Significance in group C relative to group A & B
T: Significance relative to before spinal anaesthesia



Benha medical journal, vol. 38, issue 1, 2021

Table (4): Echocardiographic data of the right side of the heart

Group A (n=29) GroupB (n=16) GroupC (n=5) P value

RA diameter (cm)
Pre 3.19+0.23 3.17+0.17 3.12+0.11 0.34
Post 3.07+0.15 3.01+0.21 2.99+0.13 0.21
Basal RV diameter (cm)
Pre 2.3£0.23 2.35+0.31 2.6+0.43 0.25
Post 2.74£0.39 2.85+0.29 2.91+0.26 0.09
Mid RV diameter (cm)
Pre 3.15+0.23 3.18+0.22 3.24+0.25 0.07
Post 3.2910.31 3.34+0.41 3.43+0.36 0.16
RV diastolic area (cm?)
Pre 1742.3 18+3.3 16.843.2 0.17
Post 21.5+2.8 20.6+3.1 19.842.9 0.08
RV systolic area (cm?)
Pre 8.6+0.9 8.3+0.7 7.9+1.1 0.18
Post 9.2+1.2 9.7+1.4 10.1£1.6 0.07
RV volume (mL)
Diastole
Pre 84.316.2 83.5+7.2 83.6+5.8 0.54
Post 79.4+£8.25 76.15+7.4 73.5+£7.2 7% 0.03
Systole
Pre 24.031£5.3 23.6+4.23 26.8+6.4 0.76
Post 26.15+4.6 28.2+6.4 29.4+6.3 0.08
PA diameter (cm)
Pre 1.8+0.12 1.7740.21 1.7340.32 0.32
Post 2.1£0.2 2.24+0.15 1 2.3+0.12 §* 0.04
Systolic PA pressure (mmg)
Pre 17.6+2.3 17.24£1.9 16.9+2.1 0.12
Post 16.3£1.8 15.9+1.7 ¥ 15.8+1.3 ¥ 0.08
IVC diameter (cm)
Max

Pre 10.1£0.3 9.8+0.5 10.2+0.4 0.26

Post 8.6£0.6 9.1+0.8 + 9.4+0.7 +* 0.01
Min

Pre 6.4+0.8 7.4+0.6 7.1+0.9 0.32

Post 5.1£0.9 + 5.2+0.3 5.4+0.4 +* 0.02

(Data are expressed as mean * standard deviation)

(A: MAP > 80%, B: MAP <80% & > 70%, C: MAP < 70%)

(P value < 0.05 was considered statistically significant)

*: Significance in group C relative to group A & B

+: Significance relative to before+ spinal anaesthesia
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Figure (1): Mean values for peri-operative MAP (mmHg)

(Data are expressed as mean + standard deviation)

(A: MAP> 80%, B: MAP <80% & >70%, C: MAP < 70%)
(P value < 0.05 was considered statistically significant)

*: Significance in group C relative to group A & B
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Figure (2): Mean values for peri-operative HR (beat/min)

(Data are expressed as mean + standard deviation)

(A: MAP> 80%, B: MAP <80% & > 70%, C: MAP < 70%)

(P value < 0.05 was considered statistically significant)
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Discussion

Spinal anesthesia is often associated with
hemodynamic instability which can increase
the risk  of

perioperative  cardiac

complications.  Echocardiography  has
become the most informational point-of-care
cardiac imaging modality for one’s ability to
analyze the structure and function of the
heart, while providing medical and surgical
interventions simultaneously helping to
manage and

function (11).

improve patient’s cardiac

In the current study, the hypotension
associated with spinal anesthesia has been
proportional to the sensory level. So, the
highest sensory level has been notable when
MAP < 70% of the basal value. However,
HR records have not been related to these
changes in MAP regardless of the sensory
level. As well, ephedrine requirements have
been remarkable when MAP was <80%
although the changes in echocardiographic
data of the left and right sides of the heart
have only been pronounced when MAP was
< 70% of the basal value. Regarding
echocardiographic monitoring the left sided
heart variables have showed marked
decrease in LVEDV, LVESV, SV, CI and
SVR when MAP was < 70% of basal values.

Similarly, the right sided heart variables

Transthoracic Echocardiographic in Spinal Anesthesia, 2021

have showed marked decrease in IVC
diameters and RV diastolic volume, with
increased PA diameter when MAP was <
70% of the basal values.

The present study has demonstrated that
spinal anesthesia led to a decrease in MAP
to a various degree according to the sensory
level. This has been dominant in the
correlation between the high sensory level
(T5) and MAP < 70% of basal values. In
accordance to this study, it is proved that
profound sympathectomy when the sensory
level was at T5 has caused a marked
decrease in SVR and increase in PA
diameter (3). This is compatible with several
studies which stated that SVR is dramatically
decreased when the sensory block is higher or
equal to T6 (13).

Decrease in MAP passes in parallel to the
changes in echocardiographic variables in
the form of decreased SV, Cl and SVR
which may be attributed to reduced venous
return as evidenced by decrease in IVC
diameters and end diastolic ventricular
volumes. These findings were in agreement
with a study which also found similar results
in the age group < 70 years old. Otherwise,
it was noted that the decrease in SVR was

significantly higher in the age group > 70
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years old, which could be attributed to the

age-related impairment of autonomic

reflexes and blunted baroreflex sensitivity

D).

In contrast, another study has stated that there
was no significant decrease in left ventricular
volumes, this may be explained by the use of
colloids as maintenance fluids intraoperatively
and low dose of bupivacaine
anesthesia (14).

in spinal

The current study is consistent with several
studies which reported that the systolic
function has been preserved as evidenced by
nonsignificant decrease in both EF and FS
despite the high dose local anesthetics in the
subarachnoid block, and this may be
attributed to the young age of this study
group (1) and (10). On the contrary, a study
has stated that EF decreased after spinal
anesthesia, this may be due to the old age
study group of his study and not excluding

ASA I11 patients from his study (15).

It is worth noting that the decrease in SV
has not been compensated by an increase in
HR and this may also explain the decrease in
CO. This finding can be attributed to the
block

However,

sympathetic induced Dby spinal

anesthesia. there was no

significant bradycardia requiring atropine

administration in our study which may be
due to the fact that the sensory level was less
than T4,
acceleratory fibers.

so not affecting the cardiac

In the present study, the ephedrine
MAP

monitoring, have not always been reflected

requirements depending on
by significant changes in echocardiographic
variables. So, when MAP was between 70%
and 80% of basal values, there was no
significant change in echocardiographic
variables from those when MAP was > 80%
of basal values. However, when MAP was
<70%

remarkable change in echocardiographic

of basal wvalues, there was a
variables from those of both when MAP was
> 80% and between 70% - 80% of basal
values, which require the use of ephedrine.
So, the

depending only on MAP is erratic, and it is

administration of ephedrine
recommended to use it on an

echocardiographic basis.

It is recommended to evaluate of the role of
TTE as a portable accurate non-invasive
monitoring device in emergency surgeries
and to encourage its use in major operations
with blood loss to assess its efficacy in
guidance of hemodynamic management.
Also, to applicate this study on an old age

group of patients for early detection of age-



related peri-operative cardiac complications
with more frequent measurements to be

recorded.

Conclusion

Transthoracic echocardiography has proved
its efficacy as a monitoring tool in
assessment and guiding the management of
hemodynamic  changes  after  spinal
anesthesia. As well, management of this
hemodynamic instability by vasopressors is
better to be on an echocardiographic basis,
not only on mere clinical non-invasive blood

pressure monitoring.
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