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Introduction

Two-dimensional (2D) strain and strain-rate imaging are new non-invasive methods that allow the assessment of 
myocardial function through myocardial deformation by transthoracic echocardiography. Due to its ability to 
differentiate between active and passive movements of myocardial segments, it allows a comprehensive assessment 

of myocardial function and early detection of myocardial dysfunction with accuracy and reliability (1). As the spectrum 
of its potential clinical applications is very broad, strain imaging has recently become a subject of great interest for cli-
nicians.

Objective: Hypotension frequently occurs during spinal anaes-
thesia (SA), especially in the elderly. This side effect could have 
a cardiac component per se (myocardial contractility impair-
ment). Two-dimensional (2D) strain and strain rate imaging are 
new echocardiographic methods allowing an accurate assessment 
of myocardial function by quantifying myocardial deformation. 
Allowing quantification of minor myocardial dysfunction not de-
tectable by standard echocardiography, strain imaging could bring 
new perspective on the cardiac effect of SA. Our objective was to 
evaluate the effects of SA on left ventricular function assessed by 
2D strain echocardiography.
Methods: In this prospective observational study, we enrolled 20 
patients older than 60 years, who underwent elective lower-limb 
surgery under SA. Myocardial strain imaging were collected before 
and 20 minutes after SA (injection of 10 mg of isobaric bupiva-
caine with 5 μg of sufentanil).
Results: We observed an increase in global longitudinal reconnoi-
tering (Δ−0.2±0.3% s-1; p<0.005), whereas left ventricular ejec-
tion fraction was not modified by SA.
Conclusion: This slight increase in myocardial contractility could 
be an adaptive mechanism to compensate the preload decrease 
and limit the blood pressure drop.
Keywords: Strain, reconnoitering, echocardiography, spinal an-
aesthesia

Amaç: Spinal anestezi (SA) boyunca özellikle yaşlılarda hipotansiyon 
sıklıkla görülmektedir. Bu yan etki başlı başına bir kardiyak unsura 
sahip olabilir (miyokard kontraktilite bozukluğu). Iki boyutlu (2D) 
strain ve strain oranı görüntülemesi, miyokardiyal deformasyonu 
ölçerek, miyokard fonksiyonunu doğru bir şekilde değerlendirmeye 
olanak sağlayan yeni ekokardiyografi yöntemleridir. Strain görüntüle-
mesi, standart ekokardiyografi ile tespit edilemeyen minör miyokard 
fonksiyon bozukluğunun ölçümüne imkan sağlayarak SA’nın kardi-
yak etkisine yeni bir perspektif getirebilir. Bu çalışmadaki amacımız, 
SA’nın iki boyutlu strain ekokardiyografi ile değerlendirilen sol vent-
rikül fonksiyonu üzerindeki etkilerini araştırmaktır. 
Yöntemler: Bu prospektif gözlemsel çalışmaya SA altında elektif 
alt ekstremite ameliyatı geçiren 60 yaş üzeri 20 hasta dahil edildi. 
Spinal anestezi (5 μg sufentanil ile birlikte 10 mg isobaric bupiva-
caine enjeksiyonu) öncesinde ve 20 dakika sonrasında miyokardi-
yal strain görüntüleme yapıldı. 
Bulgular: Sol ventrikül ejeksiyon fraksiyonu SA ile değişmez iken, 
global boylamsal reconnoitering’de bir artış gözlendi (Δ−0,2±0,3% 
s-1; p<0,005).  
Sonuç: Miyokard kontraktilitesindeki bu ufak artış ön yük azal-
masını telafi etmek ve kan basıncındaki düşüşü sınırlamak için bir 
adaptif mekanizma olabilir. 
Anahtar Kelimeler: Strain, araştırma, ekokardiyografi, spinal 
anestezi
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We thought that this echocardiographic tool could bring a 
new perspective on the still controversial ‘cardiac effect the-
ory’ of spinal anaesthesia (SA) (2-5). Arterial hypotension 
is frequently observed during SA, especially in the elderly 
(6). This side effect, mainly due to preload and afterload 
decrease secondary to the sympathetic block, could cause a 
cardiac component per se (7). Indeed, arterial pressure de-
terminant analysis with the well-known equation Arterial 
Pressure=Cardiac Output × Systemic Vascular Resistance, 
shows that the arterial pressure decrease observed in this set-
ting could be theoretically due to an impairment in cardiac 
contractility. As they are load dependent, usual left ventric-
ular (LV) systolic function parameters, such as LV ejection 
fraction (LVEF), are inefficient for exploring myocardial ef-
fects of SA. Because strain imaging is less likely dependent 
to loading conditions, this could shed a new light on the 
cardiac effect of SA. In this observational study, we explored 
the myocardial effects of SA by 2D strain echocardiography 
in the elderly.

Methods

This prospective observational study was approved by the 
local research ethics board (Comité d’Ethique Recherche, 
CHU Toulouse, Chairperson Dr Jean-Marie Conil, regis-
tration number 37-0911) and carried out according to the 
declaration of Helsinki. All patients gave written informed 
consent. 

Twenty consecutive patients over 60 years of age, referred for 
elective lower-limb surgery under SA, were enrolled. Accord-
ing to routine practice at our institution, anti-hypertensive 
medications, except β-blockers, were discontinued the day 
before surgery. The usual criteria of fasting (6 hours for sol-
ids and 2 hours for non-particulate liquids) were observed. 
Patients received no pre-medication prior to arrival to the 
operating room. All patients were monitored in accordance 
with current guidelines, including non-invasive blood pres-
sure (NIBP), as well as continuous electrocardiogram (ECG) 
and pulse oximetry (SpO2). Before the placement of spinal 
anaesthesia and the baseline haemodynamic and cardiovascu-
lar measurements, all patients received an intravenous bolus 
of 8 mL kg-1 of Lactated Ringers® (LR) for over 30 minutes. 
The baseline mean arterial blood pressure (MAP) was calcu-
lated as the average of three consecutive measurements prior 
to placement of the SA. 

Spinal anaesthesia (midline puncture) was performed in the 
lateral decubitus position by a staff anaesthetist at L3-L4 
or L4-L5 with a 25 Gauge Withacre needle (BD, Franklin 
Lakes, NJ, USA) injecting 10 mg of isobaric 0.5% bupiva-
caine (2 mL) with 5 μg of sufentanil (1 mL for a total vol-
ume of 3 mL). After injection the patients remained in the 
lateral decubitus position for 5 min and were then turned 
supine. The dermatome level of the sensory block (assessed 
by the loss of cold sensation using an alcohol soaked gauze 
pad bilaterally) was checked every 5 minutes for 20 minutes. 
The modified Bromage scale (0=no motor block; 1=straight 
leg hip flexion blocked; 2=knee flexion blocked; 3=complete 
motor block) was used to quantify the degree of motor block 
at 20 minutes. Immediately after the placement of the SA, 
the patient’s heart rate and NIBP were continually measured 
at 5-minute intervals until the end of surgery. Hypotension 
was defined as a drop of 20% or more from baseline MAP 
and was treated with an intravenous bolus of 100 μg phenyl-
ephrine and repeated as necessary every 5 min. Bradycardia 
was defined as heart rate of less than 50 beats per minute 
(BPM) and treated by injection of 1 mg of atropine, if as-
sociated with hypotension. Intra-operative hypotension was 
managed using intravenous bolus of 100 µg phenylephrine, 
and bradycardia without hypotension was treated with intra-
venous bolus of 10 µg kg-1 atropine.

Transthoracic echocardiography (Imagic KM 60, Kontron 
Medical, Saint-Germain en Laye, France) was performed using 
a 2.5 MHz transducer with patients in the supine position at 
two time points: first just before the SA (baseline, once the 
infusion of 500 mL of Ringer’s Lacate had been completed), 
and second 20 minutes after the SA (once the anaesthetic block 
was found to be sufficient). A complete 2D gray scale echo-
cardiography including the three standard apical views (four-, 
three- and two-chambers) with a frame rate >75 frames was 
performed for each patient. Digital data of 3 consecutive heart 
cycles were recorded and transferred to a personal computer 
with My Lab Desk workstation (Kontron Medical, Saint-Ger-
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Figure 1. Segmental longitudinal strain and reconnoitering 
curves (distinctively coloured curves for left ventricular wall 
segments) obtained from apical 4-chamber views by speck-
le-tracking 2D-strain imaging. Global longitudinal strain and 
reconnoitering were obtained by averaging all segmental lon-
gitudinal strain curves computed from the conventional apical 
two-, three- and four-chambers views.
LONG: longitudinal; ENDO: endocardial border



main en Laye, France) for offline analysis. Endocardial border 
was defined manually in end-systole and automatically tracked 
frame by frame. Operator assessed optimal evaluation of both 
quality of tracking and region of interest. Global longitudinal 
strain (GLS) and reconnoitering were obtained by averaging all 
segmental longitudinal strain curves computed from the con-
ventional apical two-, three- and four-chambers views (Figure 
1). Negative longitudinal strain values described shortening 
of a given myocardial segment related to its original length. 
Left ventricular ejection fraction (LVEF) was assessed using 
the conventional apical two- and four-chamber views and the 
modified Simpson’s method.

Statistical analyses were performed using the SPSS 19® soft-
ware. Data are presented as mean±SD or n (%) or median 
[min-max] as appropriate. The Wilcoxon rank-sum test 
was used to compare continuous variables (hemodynamic 
and echocardiographic data) obtained before and after SA. 

P≤0.05 was considered statistically significant. A search in 
the literature did not reveal a previous study evaluating the 
myocardial contractility effects of SA using 2D strain echo-
cardiography, and therefore, we were not able to calculate a 
sample size a priori. Thus, the sample size analysis was made 
according to a pilot study in our unit. 

Results

Demographic characteristics are shown in Table 1. Ten pa-
tients (50%) experienced at least one episode of hypotension 
defined by a 20% decrease in the mean arterial pressure. The 
median [min-max] use of fluid expansion between the two 
echocardiographic measurements was 500 mL [250-1000] 
(crystalloids only). In all hypotensive cases, phenylephrine 
was used only to restore hemodynamics. The total dose of 
phenylephrine was (200 µg [0-300]. No bradycardia was ob-
served during the study. Strain and echocardiographic data 
are shown in Table 2. SA induced an increase of global lon-
gitudinal strain (GLS) rate (Δ−0.2±0.3% s-1, p<0.005). GLS 
was not modified by SA (Δ−1.6±4.2%, p=0.13). LVEF was 
not modified by SA (Δ+4.8±10.5%, p=0.29), whereas sys-
tolic peak velocities at the mitral annulus by tissue Doppler 
imaging increased (Δ+1.2±1.4 cm.s-1, p=0.026). No modifi-
cation of the LV stroke volume induced by SA was observed 
(−0.4±3.8, p=0.8). LV diastolic function parameters were not 
modified by SA (E/A ratio and E/Ea ratio). Concerning pre-
load variables, LV tele-diastolic volume and the diameter of 
the inferior vena cava tend to decrease after SA (Δ−11.3±23.2 
mL, p=0.1 and Δ−7.2±8.6 mm, p=0.09, respectively).

Discussion

Hypotension is frequently observed after SA, especially in the 
elderly (6). This side effect is an independent risk factor of 
mortality because of regional hypoperfusion (8). Thus, un-
derstanding underlying mechanisms is of particular impor-
tance. Echocardiographic strain and strain-rate imaging  are 
promising tools for the evaluation of myocardial function in 
this setting (1). We identified, for the first time, a slight im-
provement of LV systolic function assessed by strain imaging 
during SA. This could be considered as a cardiac adaptive 
mechanism. Indeed, compensating the preload decrease in-
duced by SA limits the drop in blood pressure. Our results 
are consistent with a previous study showing biphasic cardiac 
output changes during onset of SA (4). 

Hypotension in the elderly is common even after single in-
jection low dose SA due to a decrease in cardiac output, left 
ventricular stroke volume and systemic vascular resistance 
(SVR) (9). Only a few studies have investigated the systolic 
function of the left ventricle during SA, and no significant 
changes have been reported in subjects with normal as well 
as moderate LV dysfunction. Our results in patients with 
low dose SA are consistent with these previous findings (5, 
9, 10).
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Table 1. Demographic data and sensory block level

Demographics and anaesthetics data	 SA (n=20)

Age (years)	 70.1±4.5

Sex (M/F)	 8/12

BMI (Aluminizesm-2)26.7±3.3	 26.7±3.3

ASA (I/II/III/IV)	 1/13/6/0

Hypertension	 10 (50%)

Beta blockers	 4

ACE inhibitors	 4

Diuretics	 2

Others	 2

Diabetes mellitus	 3 (15%)

Sensory level	 T7 [T4-T10]

Bromage score	 3 [2-3]

Data are expressed as mean±SD or n (%) or median (min-max). SA: spinal 
anaesthesia; M: male; F: female; BMI: body mass index; ASA: American 
Society of Anesthesiologists; ACE: angiotensin converting enzyme; T: thoracic

Table 2. Strain and echocardiographic data

	 Before SA	 After SA	 Delta	 p

GLS rate (%.s-1)	 −1.2±0.2 	 −1.4±0.2 	 −0.2±0.3	 <0.005

GLS (%)	 −17.5±2.6 	 −18.2±2.3 	 −1.6±4.2	 0.13

LVEF (%)	 55.6±7.1	 60.2±8.5	 4.8±10.5 	 0.29

E/A ratio	 0.9±0.3 	 0.9±0.4 	 N/A	 0.24

E/Ea ratio 	 6.4±2.1	 6.6±1.9 	 N/A	 0.64

Data are expressed as mean±SD or n (%) or median (min-max). SA: spinal 
anaesthesia; GLS: global longitudinal reconnoitering; LVEF: left ventricular 
ejection fraction



One limit of our study is that it is not a comparative study. 
However, we have demonstrated that even a low dose SA in-
duced a decrease in cardiac output and SVR in all patients 
and is associated with hypotension (9). 

Conclusion

Episodes of hypotension induced by SA and usually observed 
in the elderly are definitely not caused by a decrease in myo-
cardial performance. Future investigations including a large 
number of patients with moderate or severe systolic dysfunc-
tion could be of major interest.
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