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Abstract 

Background  Cardiac complications due to non-traumatic subarachnoid hemorrhage (SAH) are usually described 
using classical echocardiographic evaluation. Strain imaging appears to have better sensitivity than standard echocar-
diographic markers for the diagnosis of left ventricular dysfunction. The aim of this study was to determine the preva-
lence of cardiac dysfunction defined as a Global Longitudinal Strain (GLS) ≥  − 20% in patients with good-grade SAH 
(WFNS 1 or 2).

Methods  Seventy-six patients with good-grade SAH were prospectively enrolled and analyzed at admission for neu-
rocritical care. Transthoracic echocardiography was performed on days 1, 3, and 7 after hemorrhage. Routine meas-
urements, including left ventricular ejection fraction (LVEF), were performed, and off-line analysis was performed 
by a blinded examiner, to determine 2-, 3-, and 4-cavity longitudinal strain and left ventricular GLS. GLS was consid-
ered altered if it was ≥  − 20%, we also interested the value of ≥  − 17%. LVEF was considered altered if it was < 50%.

Results  On day 1, 60.6% of patients had GLS ≥  − 20% and 21.2% of patient had GLS ≥  − 17%. In comparison, altera-
tion of LVEF was present in only 1.7% of patients. The concordance rate between LVEF < 50% and GLS ≥  − 20% 
and LVEF ≥ 50% and GLS <  − 20% was 46%.

Conclusion  Strain imaging showed a higher prevalence (60.6%) of left ventricular dysfunction during the acute 
phase of good-grade SAH (WFNS 1 or 2) than previously described.

Keywords  Myocardial dysfunction, Subarachnoid hemorrhage, Speckle-tracking echocardiography, Neurocritical 
care, Tako-Tsubo, Ventricular systolic function

Background
Subarachnoid hemorrhage (SAH) is a rare but serious 
condition. Cardiac complications occurring in the early 
phase have been well described and include cardiac bio-
marker release, electrocardiogram changes, or ventricu-
lar dysfunction [1]. An association between echographic 
myocardial damage in the early phase of SAH and the 
adverse outcome has been demonstrated [2, 3]. The prev-
alence of this damage varies from 8 to 28% depending on 
the study and technique used [4].
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A newer ultrasound approach to measuring myocar-
dial function, speckle tracking imaging or strain has been 
available for several years [5]. This technique, which is 
based on analysis of deformational movements of the 
myocardium [6] appears to be more sensitive [7, 8] and 
reproducible [6, 9, 10] than techniques normally used to 
estimate left ventricular (LV) function.

2D-strain has become indispensable in cardiology but 
has only poorly been studied in SAH. In 2015, Cinotti 
et  al. found severe impairment of global longitudinal 
strain (GLS) in 37% of patients admitted to an intensive 
care unit (ICU) with a poor-grade SAH (World Federa-
tion of Neurologic Surgeons: WFNS ≥ 3), although left 
ventricular ejection fraction (LVEF) was impaired in only 
10% of patients [11]. To date, no study has examined GLS 
in patients admitted with good-grade SAH (WFNS 1 or 
2).

The main objective of this study was to determine 
the prevalence of LV myocardial dysfunction defined as 
GLS ≥ -20% on the first day after SAH. We hypothesized 
that GLS would be more sensitive than LVEF in detecting 
neurogenic stress cardiomyopathy.

Materials and methods
This prospective, single-center, and observational study 
(ClinicalTrial.gov ID:NCT03761654) was approved by 
the Ethics Committee (Ile de France Research Subjects 
Protection Committee VI-ID-RCB:2018-A02434-51, 
November 21st,2018) and was performed in accordance 
with the Declaration of Helsinki. According to French 
law, all patients were provided with written information 
about the study, and their informed consent to partici-
pate was obtained.

Patients
Inclusion criteria were all consecutive adult patients 
(≥ 18years) admitted to neuro-ICU because of a good-
grade non-traumatic SAH, defined as WFNS grade 1–2 
[12] with or without an aneurysmal cause. Non-inclusion 
criteria were poor echogenicity or inability to obtain use-
ful images, cardiac history (permanent arrhythmias, mal-
formations, surgery, ischemia, dilated cardiomyopathy, 
severe valvular disease), and refusal of the patient or the 
patient’s representative to participate in the study.

Study design and data collection
All patients were treated according to the Neurocriti-
cal Care Society guidelines [13]. They were continu-
ously monitored by pulse oximetry, electrocardiogram, 
and invasive blood pressure. The following data were 
recorded on days 1, 3, and 7 after cerebral bleeding:

•	 Blood analysis of high-sensitivity troponin-T and 
B-type natriuretic peptide.

•	 12-lead electrocardiogram (ECG): ECG abnormali-
ties were defined as previously described [14].

•	 Transthoracic echocardiography (TTE): TTEs were 
performed with a Vivid S6¬Æ or a Vivid S70¬Æ 
(GE Healthcare, Wauwatosa, WI, USA) equipped 
with a 2.5-MHz transducer. TTE were performed by 
a trained and experienced anesthesiologist who had 
no knowledge of the clinical data. The usual meas-
urements (E wave, E deceleration, A wave, lateral E’ 
waves, E/A ratio, E/E’ ratio, Aortic velocity time inte-
gral, cardiac output, lateral S’ wave, tricuspid regur-
gitation velocity, inferior vena cava diameter) and 
LVEF by Simpson’s biplane method were collected. 
LVEF impairment was defined as < 50%. Echographic 
cine loops were also recorded in apical 2-, 3-, and 
4-cavity views for offline analysis of the strain.

Offline analysis was performed using EchoPAC® soft-
ware (GE Healthcare) by a single-blinded investigator. 
The longitudinal strain was measured in 2-, 3, and 4 cavi-
ties to determine the GLS of the LV. An altered strain was 
defined as ≥ -20% [15]. We were also interested in the 
strain threshold of ≥ -17%, which appears to be associ-
ated with increased mortality in SAH population [3].

Study aim
The main objective was to determine the prevalence of 
LV dysfunction, defined as a GLS ≥  − 20% on the first day 
after SAH.

Statistical methodology
Continuous data were described in terms of 
mean(standard deviation) or median [interquartile 
range] according to their distribution. Categorical data 
were described by their count (percentage). Correlation 
between echographic data was calculated considering 
repeated measurements [16]. The concordance rate was 
estimated from a four-quadrant plot showing LVEF and 
GLS. Continuous variables were compared using the Wil-
coxon test. All analyses were performed with R version 
4.0.2 (June 2020).

Results
Study population
During the study period, 252 patients were eligible (Addi-
tional file 1) and 74 patients (46 females) were analyzed. 
Patients’ characteristics are listed in Additional file  2. 
Thirty-three patients had a complete record of longi-
tudinal strain in the 2, 3, and 4 cavities on day-1, which 
allowed measurements of GLS.
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Echographic data
Hemodynamic and echographic data for each day are 
shown in Table  1. There was no difference in the mean 
GLS between men and women, respectively, − 19 
[-21; − 18] and − 20 [-22; − 18]; p = 0.2. On day 1, 60.6% of 
patients had GLS ≥  − 20% and the proportion of patients 
with GLS ≥  − 17% was 21.2%. Alteration of LVEF was 
present in 1.7% of patients on day-1. LVEF and GLS 
were not correlated (p = 0.693). The concordance rate 
between LVEF < 50% and GLS ≥ -20% and LVEF ≥ 50% 
and GLS < -20% was 46% (51/110). When considering 
a strain threshold of − 17, the concordance rate rises to 
80%  (Fig.  1). There appears to be no variation between 
days for LVEF, GLS, 4C-LS (Additional file 3). The evolu-
tion of GLS during follow-up in patients with normal or 
altered GLS at day 1 is shown in Additional file 4.

Biomarkers and electrocardiographic data
Troponin was elevated in 50% of patients on day-1, in 
48% on day-3, and in 37% on day-7, with median values 

of 19ng/L[12–58], 13ng/L[8–43], and 14ng/L[9–75], 
respectively. BNP elevation was present in 98% of 
patients on day-1, in 92% on day-3, and in 78% on day-
7, with median values of 114pg/mL [45–225], 81pg/
mL [30–149], and 45pg/mL [22–76], respectively. The 
overall relationships between troponin and GLS and 
between troponin and LVEF were very weak (r = 0.136; 
p = 0.362 and r = 0.06; p = 0.528, respectively). ECG 
abnormalities were present in 52% of patients at day-1.

Intra‑ and interobserver variability
The reproducibility of GLS measurements was tested 
before the study. GLS were measured twice in six 
patients by the same observer(GC) and a second 
observer(DG). The mean difference was calculated and 
divided by the mean of the two values. For GLS meas-
urements, intraobserver reproducibility was 4.0 ± 3.7% 
and interobserver reproducibility was 5.3 ± 5.9%.

Table 1  Hemodynamic and echographic data

n: available data

Values are median [25th to 75th percentile] or Values are numbers (percentage)

BPM: Beats Per Minute; LVEF: Left Ventricular Ejection Fraction; VTI: Velocity Time Integral; TRV: Tricuspid Regurgitation Velocity

Day 1 Day 3 Day 7
n n n

Heart rate (BPM) 60 70 [62–75] 70 70 [65–75] 67 73 [63–80]

Mean arterial pressure (mmHg) 61 100 [88–110] 70 100 [92–112] 68 100 [93–110]

Cardiac output (L/min) 58 5.1 [4.1–6.1] 70 4.9 [3.9–5.5] 65 4.8 [4.1–5.8]

Systemic vascular resistance (dyn·s/cm5) 58 1607 [1318–2042] 69 1866 [1314–2094] 65 1606 [1366–2095]

E wave (cm/s) 62 80 [68–90] 71 79 [67–94] 68 76 [62–87]

E deceleration (ms) 60 213 [166–259] 71 201 [165–223] 68 199 [176–263]

A wave (cm/s) 62 70 [23–85] 71 67 [60–83] 68 71 [58–81]

E/A ratio 60 1.1 [0.9–1.4] 71 1.1 [0.9–1.4] 68 1.1 [0.9–1.3]

E’ wave (cm/s) 62 12 [10–14] 71 11 [9–13] 67 12 [9–14]

E/E’ ratio 62 7 [6–8] 71 7 [6–9] 67 7 [5–8]

LVEF (%) 60 65 [60–71] 71 66 [62–72] 68 66 [59–74]

LVEF < 50% (n) 60 1 (1.7) 71 1 (1.4) 68 4 (5.9)

Aortic VTI (cm) 60 24 [21–27] 71 23 [21–27] 67 24 [21–26]

S’ (cm/s) 59 17 [15–19] 71 16 [14–19] 66 17 [15–20]

TRV (m/s) 59 2.3 [1.9–2.6] 69 2.2 [1.7–2.6] 65 2.2 [1.7–2.5]

Inferior vena cava diameter (cm) 58 1.4 [1.0–1.7] 65 1.3 [0.9–1.7] 61 1.2 [0.9–1.7]

2-Cavity Longitudinal Strain 45  − 20 [− 23– − 18] 46  − 19 [− 22– − 17] 48  − 19 [− 21– − 16]

3-Cavity Longitudinal Strain 49  − 19 [− 22– − 16] 53  − 21 [− 19– − 17] 50  − 20 [− 22– − 17]

4-Cavity Longitudinal Strain 55  − 19 [− 21– − 16] 69  − 19 [− 21– − 17] 62  − 19 [− 21– − 17]

Global Longitudinal Strain 33  − 20 [− 23– − 17] 38  − 20 [− 21– − 18] 39  − 20 [− 22– − 18]

Global Longitudinal Strain ≥  − 20 (n) 33 20 (60.6) 38 21 (55.3) 39 22(56.4)

4C- Global Longitudinal Strain ≥  − 20 (n) 55 34 (61.8) 69 39 (56.5) 62 40 (64.5)

Global Longitudinal Strain ≥  − 17 (n) 33 7 (21.2) 38 6 (15.8) 39 7 (17.9)

4C- Global Longitudinal Strain ≥  − 17 (n) 55 20 (36.4) 69 15 (21.7) 62 16 (25.8)
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Fig. 1  Relationship between left ventricular ejection fraction (LVEF) and global longitudinal strain (GLS). A Strain threshold of − 20. B Strain 
threshold of − 17
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Discussion
This study showed that on day 1 after SAH, more than 
60% of patients had GLS ≥  − 20%, and the proportion of 
patients with GLS ≥  − 17% was 21.2%. In comparison, 
alteration of LVEF was present in only 1.7% of patients 
on day-1.

Markers of left ventricular injury
The prevalence of LV dysfunction during SAH varies 
from 8 to 28% depending on the study and technique 
used [4, 17]. Cinotti et  al. were the first to investigate 
the contribution of GLS to the diagnosis of stress cardi-
omyopathy during severe SAH [11]. In poor-grade SAH 
(WFNS ≥ 3), they found GLS impairment, in 37% of 
patients, although LVEF impairment occurred in only 
10% on day 1. These results were confirmed in 2020 by 
Kagiyama et  al., who found a GLS >  − 17% in 24% of 
patients with SAH of any grade, compared with 9% of 
patients with LVEF < 50% [3]. In this study, GLS >  − 17% 
was an independent risk factor for in-hospital mortal-
ity. In our study, we focused on the good-grade SAH 
population. Altered GLS was defined as GLS ≥  − 20% 
and affected 60.6% of patients at day 1, compared with 
1.7% with LVEF < 50%. In addition, we found 21.2% 
of patients with GLS ≥  − 17%. Our results showed a 
higher prevalence of LV dysfunction during SAH than 
in previous studies, although our population was less 
severe. This could be explained by a better sensitivity of 
the strain method compared with the usual echocardio-
graphic markers, and by a different definition of altered 
GLS than in the two previous studies.

Strain ranges
The range of normal strain values remains under discus-
sion. In a cohort of 549 healthy volunteers, the value of 
normal GLS of left ventricle was − 22.5 ± 2.7% [18]. In 
ICU, higher values are suggested to define impaired GLS 
[19]. In our study, we decided to take a GLS value ≥  − 20% 
as the pathological limit. We also analyzed the value 
of − 17, which appears to be associated with increased 
mortality in the population SAH [3].

Study limitations
Our study has some limitations. Strain measurement 
was only available in 33 patients for the GLS and in 55 
patients for the 4C-LS and we did not have a reference 
cardiac ultrasound in our patients. Although the operator 
measuring GLS was blinded to LVEF measurements, the 
assessor was not blinded to visual LVEF since the strain is 
measured on ultrasound cine loops.

Conclusion
Strain imaging reveals a higher prevalence of LV dysfunc-
tion during good-grade SAH (WFNS 1 or 2) than usual 
echographic markers. Early detection of patients with 
altered strain should allow initiation of short- and medium-
term echocardiographic monitoring. Further studies are 
needed to determine the impact of strain alteration in this 
population and to propose individualized management.

Abbreviations
ECG	� Electrocardiogram
GLS	� Global longitudinal strain
LV	� Left ventricular
LVEF	� Left ventricular ejection fraction
SAH	� Subarachnoid hemorrhage
TTE	� Transthoracic echocardiography
WFNS	� World Federation of Neurologic Surgeons

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13054-​023-​04738-6.

Additional file 1: Flow Chart of patients screened and included.

Additional file 2: Patient’s Characteristics.

Additional file 3: Evolution of the main echocardiographic markers over 
time. A Daily variations in left ventricular ejection fraction (LVEF) in the 
study population. B Daily variations in global longitudinal strain (GLS) in 
the study population. C Daily variations in global longitudinal strain (GLS) 
in patients with GLS ≥  − 20% at least once. D Daily variations in 4-cavity 
longitudinal strain (4C-LS) in patients with 4C-LS ≥  − 20% at least once. 
Gray lines represent individual trajectories of each parameter. Blue lines 
represent the median trajectory of each parameter. Interquartile ranges 
are symbolized by the red areas.

Additional file 4: Evolution of GLS (Global Longitudinal Strain) during 
follow-up among patients with at least two Global Longitudinal Strain 
measurements.

Acknowledgements
Authors thank Catherine Bigotto and Laure Estève for technical support

Author contributions
HDC recruited patients, collected the data, performed statistical analysis, and 
wrote the manuscript. GC recruited patients, analyzed the data, and helped in 
writing the manuscript. AL recruited patients, collected the data, and helped 
in writing the manuscript. DG helped recruit patients, helped in analyzing the 
data, and helped in writing the manuscript. MB designed the study, helped 
in analyzing the data, and helped in writing the manuscript. All authors 
approved the final version.

Funding
This study was supported by institutional and departmental funds.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee (Ile de France Research 
Subjects Protection Committee VI - ID RCB: 2018-A02434-51, November 21st, 
2018). This study was registered on Clinicaltrials.gov: NCT03761654.

https://doi.org/10.1186/s13054-023-04738-6
https://doi.org/10.1186/s13054-023-04738-6


Page 6 of 6de Courson et al. Critical Care          (2023) 27:455 

Consent for publication
The manuscript has been read and its submission approved by all co-authors. 
According to the French law, the patients and/or next of kin were informed 
about the inclusion of their anonymized data in the database, and none 
declined participation.

Competing interests
M.B received honoraria from Edwards Lifesciences and Pulsion Medical System 
as a lecturer. The other authors have no competing interests.

Received: 4 November 2023   Accepted: 14 November 2023

References
	1.	 Macdonald RL, Schweizer TA. Spontaneous subarachnoid haemorrhage. 

Lancet. 2017;389(10069):655–66.
	2.	 van der Bilt I, Hasan D, van den Brink R, Cramer MJ, van der Jagt M, van 

Kooten F, Meertens J, van den Berg M, Groen R, Ten Cate F, et al. Cardiac 
dysfunction after aneurysmal subarachnoid hemorrhage: relationship 
with outcome. Neurology. 2014;82(4):351–8.

	3.	 Kagiyama N, Sugahara M, Crago EA, Qi Z, Lagattuta TF, Yousef KM, 
Friedlander RM, Hravnak MT, Gorcsan J 3rd. Neurocardiac injury assessed 
by strain imaging is associated with in-hospital mortality in patients 
with subarachnoid hemorrhage. JACC Cardiovasc Imaging. 2020;13(2 Pt 
2):535–46.

	4.	 Pinnamaneni S, Dutta T, Melcer J, Aronow WS. Neurogenic stress cardio-
myopathy associated with subarachnoid hemorrhage. Future Cardiol. 
2015;11(1):77–87.

	5.	 D’hooge J, Heimdal A, Jamal F, Kukulski T, Bijnens B, Rademakers F, Hatle 
L, Suetens P, Sutherland GR. Regional strain and strain rate measurements 
by cardiac ultrasound: principles, implementation and limitations. Eur J 
Echocardiogr 2000;1(3):154–170.

	6.	 Perk G, Tunick PA, Kronzon I. Non-Doppler two-dimensional strain 
imaging by echocardiography–from technical considerations to clinical 
applications. J Am Soc Echocardiogr. 2007;20(3):234–43.

	7.	 Liu YW, Tsai WC, Su CT, Lin CC, Chen JH. Evidence of left ventricular 
systolic dysfunction detected by automated function imaging in patients 
with heart failure and preserved left ventricular ejection fraction. J Card 
Fail. 2009;15(9):782–9.

	8.	 Fent GJ, Garg P, Foley JRJ, Dobson LE, Musa TA, Erhayiem B, Greenwood JP, 
Plein S, Swoboda PP. The utility of global longitudinal strain in the identi-
fication of prior myocardial infarction in patients with preserved left ven-
tricular ejection fraction. Int J Cardiovasc Imaging. 2017;33(10):1561–9.

	9.	 Mor-Avi V, Lang RM, Badano LP, Belohlavek M, Cardim NM, Derumeaux 
G, Galderisi M, Marwick T, Nagueh SF, Sengupta PP, et al. Current and 
evolving echocardiographic techniques for the quantitative evaluation of 
cardiac mechanics: ASE/EAE consensus statement on methodology and 
indications endorsed by the Japanese Society of Echocardiography. J Am 
Soc Echocardiogr. 2011;24(3):277–313.

	10.	 Karlsen S, Dahlslett T, Grenne B, Sjoli B, Smiseth O, Edvardsen T, Brunvand 
H. Global longitudinal strain is a more reproducible measure of left ven-
tricular function than ejection fraction regardless of echocardiographic 
training. Cardiovasc Ultrasound. 2019;17(1):18.

	11.	 Cinotti R, Piriou N, Launey Y, Le Tourneau T, Lamer M, Delater A, Trochu JN, 
Brisard L, Lakhal K, Bourcier R, et al. Speckle tracking analysis allows sensi-
tive detection of stress cardiomyopathy in severe aneurysmal subarach-
noid hemorrhage patients. Intensive Care Med. 2016;42(2):173–82.

	12.	 Report of World Federation of Neurological Surgeons Committee on 
a Universal Subarachnoid Hemorrhage Grading Scale. J Neurosurg 
1988;68(6):985–986.

	13.	 Diringer MN, Bleck TP, Claude Hemphill J, 3rd, Menon D, Shutter L, Vespa P, 
Bruder N, Connolly ES, Jr., Citerio G, Gress D et al: Critical care manage-
ment of patients following aneurysmal subarachnoid hemorrhage: 
recommendations from the Neurocritical Care Society’s Multidisciplinary 
Consensus Conference. Neurocrit Care 2011;15(2):211–240.

	14.	 Brouwers PJ, Wijdicks EF, Hasan D, Vermeulen M, Wever EF, Frericks H, van 
Gijn J. Serial electrocardiographic recording in aneurysmal subarachnoid 
hemorrhage. Stroke. 1989;20(9):1162–7.

	15.	 Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, 
Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T et al. Recommenda-
tions for cardiac chamber quantification by echocardiography in adults: 
an update from the American Society of Echocardiography and the 
European Association of Cardiovascular Imaging. J Am Soc Echocardiogr 
2015;28(1):1–39 e14.

	16.	 Bakdash JZ, Marusich LR. Repeated measures correlation. Front Psychol. 
2017;8:456.

	17.	 Zaroff JG, Leong J, Kim H, Young WL, Cullen SP, Rao VA, Sorel M, 
Quesenberry CP Jr, Sidney S. Cardiovascular predictors of long-term 
outcomes after non-traumatic subarachnoid hemorrhage. Neurocrit Care. 
2012;17(3):374–81.

	18.	 Sugimoto T, Dulgheru R, Bernard A, Ilardi F, Contu L, Addetia K, Caballero 
L, Akhaladze N, Athanassopoulos GD, Barone D, et al. Echocardiographic 
reference ranges for normal left ventricular 2D strain: results from the 
EACVI NORRE study. Eur Heart J Cardiovasc Imaging. 2017;18(8):833–40.

	19.	 Nafati C, Lancon V, Blasco V, Zieleskiewicz L, Harti K, Wiramus S, Kelway 
C, Reydellet L, Antonini F, Albanese J, et al. Two-dimensional-strain echo-
cardiography in intensive care unit patients: a prospective, observational 
study. J Clin Ultrasound. 2016;44(6):368–74.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Myocardial dysfunction assessed by speckle-tracking in good-grade subarachnoid hemorrhage patients (WFNS 1–2): a prospective observational study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	Patients
	Study design and data collection
	Study aim
	Statistical methodology

	Results
	Study population
	Echographic data
	Biomarkers and electrocardiographic data
	Intra- and interobserver variability

	Discussion
	Markers of left ventricular injury
	Strain ranges
	Study limitations

	Conclusion
	Anchor 23
	Acknowledgements
	References


