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Abstract

Aims Left ventricular (LV) dysfunction can be triggered by non-cardiac disease, such as sepsis, hypoxia, major haemorrhage,
or severe stress (Takotsubo syndrome), but its clinical importance is not established. In this study, we evaluate the incidence
and impact on mortality of LV dysfunction associated with critical illness.
Methods and results In this single-centre, observational study, consecutive patients underwent an echocardiographic exam-
ination within 24 h of intensive care unit (ICU) admission. LV systolic dysfunction was defined as an ejection fraction
(EF) < 50% and/or regional wall motion abnormalities (RWMA). A cardiologist assessed patients with LV dysfunction for
the presence of an acute or chronic cardiac disease, and coronary angiography was performed in high-risk patients. Of the
411 patients included, 100 patients (24%) had LV dysfunction and in 52 (13%) of these patients, LV dysfunction was not attrib-
uted to a cardiac disease. Patients with LV dysfunction and non-cardiac disease had higher mortality risk score (Simplified
Acute Physiologic Score 3 score), heart rate, noradrenaline doses, and lactate levels as well as decreased EF, stroke volume,
and cardiac output compared with patients with normal LV function. Diagnoses most commonly associated with LV dysfunc-
tion and non-cardiac disease were sepsis, respiratory insufficiency, major haemorrhage, and neurological disorders. RWMA
(n = 40) with or without low EF was more common than global hypokinesia (n = 12) and was reversible in the majority of cases.
Twelve patients had a circumferential pattern of RWMA in concordance with Takotsubo syndrome. Crude 30 day mortality
was higher in patients with LV dysfunction and non-cardiac disease compared with patients with normal LV function (33%
vs. 18%, P = 0.023), but not after risk adjustment (primary outcome) {odds ratio [OR] 1.56 [confidence interval (CI)
0.75–3.39], P = 0.225}. At 90 days, crude mortality was 44% and 22% (P = 0.002), respectively, in these groups. This difference
was also significant after risk adjustment [OR 2.40 (CI 1.18–4.88), P = 0.016].
Conclusions Left ventricular systolic dysfunction is commonly triggered by critical illness, is frequently seen as regional
hypokinesia, and is linked to an increased risk of death. The prognostic importance of LV dysfunction in critical illness might
be underestimated.
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Introduction

Left ventricular (LV) dysfunction is a serious condition in the
critically ill patient. This can cause low cardiac output and car-
diovascular instability, leading to hypoperfusion of vital or-
gans and contributing to multi-organ failure and death.1–5

LV dysfunction may signify an underlying cardiac disease,
such as coronary artery disease (CAD), cardiomyopathies, or
myocarditis, but can be triggered by critical illness itself. It
is frequently seen in sepsis and after cardiac arrest, but also
in other conditions such as intracerebral catastrophes,
respiratory distress, severe hypoxia, and major bleeding.6–11

In recent years, we have learned about the Takotsubo syn-
drome, an acute cardiovascular syndrome associated with se-
vere stress. LV dysfunction in critical illness is often described
as regional hypokinesia that is reversible, and Takotsubo
syndrome could be common in critically ill patients.12–16

Very few systematic studies have evaluated LV dysfunction
triggered by critical illness in a general intensive care unit
(ICU) population. The few studies available suggest a preva-
lence of LV dysfunction of 8–28% in such a population.16–19

It is not established how this affects haemodynamics, is
linked to mortality, or how this differentiates from ICU pa-
tients with a primary cardiac disease. The aim of this study
was to evaluate the clinical importance of LV systolic dysfunc-
tion in critically ill patients with non-cardiac disease. We did
this by estimating its frequency, pattern, and impact on
haemodynamics and mortality and compared these out-
comes to patients with normal LV function, as well as to
patients with LV dysfunction attributed to cardiac disease.

Our hypothesis was that LV systolic dysfunction is common
in critically ill patients admitted with a non-cardiac disease, is
frequently seen as regional hypokinesia, and is associated
with an increased risk of death.

Methods

The study protocol for this prospective single-centre observa-
tional study was approved by the Regional Ethics Committee
in Gothenburg, Sweden (registration number 036-18) and
registered in the international database ClinicalTrials.gov
(reg no. NCT03787810).

The study was performed on 151 specific study days
between 28th of May 2018 and 20th of January 2019, when
resources and logistics were available. All patients admitted
to the ICU on those days were included consecutively. Per-
mission for inclusion was obtained from the patient or the
patient’s next of kin. Patients who agreed to participate
underwent transthoracic echocardiography within 24 h of ad-
mission to the ICU. Echocardiography was performed after
initial resuscitation to avoid abnormal loading condition of
the LV. In those with LV dysfunction, echocardiography was

repeated in 3 to 5 days, wherever feasible. If new onset LV
dysfunction was found (see definition below), a cardiologist
was consulted to assess whether the LV dysfunction might
be attributed to acute coronary syndrome or other cardiac
disease and if there was a need for further acute or
sub-acute investigations, including coronary angiography.
This evaluation was based on clinical presentation, electro-
cardiogram, pattern of hypokinesia, and levels of cardiac
biomarkers. Coronary angiography was only performed when
deemed clinically indicated, following an ordinary risk–
benefit analysis, to avoid unnecessary potential harm.20

Clinical data were recorded at time of echocardiography,
as described below. Time to death during the first 180 days
after admission and 30 day mortality was obtained from the
local ICU registry.

Definitions, recordings, and measurements

Left ventricular dysfunction was defined as having regional
wall motion abnormalities (RWMA) or global hypokinesia.
RWMA, in turn, was defined as having at least two
hypokinetic or akinetic segments with or without an ejection
fraction (EF) < 50%. Global hypokinesia was defined as
hypokinesia affecting all segments of the LV and an
EF < 50%. Patients with LV dysfunction were divided into
two groups according to presumed reason for systolic dys-
function: (i) patients with LV dysfunction and cardiac disease,
including patients with a history of CAD, heart failure, signif-
icant arrhythmias, moderate/severe valvular disease, or an
acute cardiac disease upon admission; and (ii) patients with
LV dysfunction and non-cardiac disease, including patients
without a history of cardiac disease and no acute cardiac
disease on admission, as assessed by a cardiologist (see
above). The following parameters were recorded on admis-
sion: age, sex, medical history, reason(s) for admission
according to the Simplified Acute Physiologic Score III (SAPS
3), and severity of disease measured with SAPS 3 score as
well as Sequential Organ Failure Assessment score (SOFA
score).21,22 The SAPS 3 score is an ICU mortality risk score ob-
tained on admission. It is based on medical history (e.g.
chronic heart disease and malignancy), cause(s) of admission
in each organ system (e.g. cardiac arrest, respiratory failure,
and neurological disorders), and physiologic and laboratory
variables (e.g. blood pressure, heart rate, leucocyte count,
and serum creatinine levels). The SOFA score is registered
daily and measures the severity of multi-organ failure in ICU
patients based on clinical and laboratory data in six organ sys-
tems (respiration, circulation, coagulation, liver, renal, and
neurological status). Furthermore, suspected or verified
sepsis, septic shock, and cardiac arrest or acute myocardial
infarction were registered separately, as these diagnoses
were considered important and could appear concomitant
with other reasons for admission.23 At the time of
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echocardiography, blood pressure, heart rate, dose of
vasopressor, dose of inotropic support, lactate levels, serum
creatinine levels, ventilator settings, and PaO2/FiO2 ratio
were recorded.

Echocardiography was performed according to current
recommendations.24 Examinations were primarily performed
with a Vivid S70 ultrasound system with a M5Sc-D matrix ar-
ray transducer and to a lesser extent with a Logiq E9 system
(GE Healthcare, Milwaukee, Wisconsin). Examinations were
assessed offline with the EchoPac software (GE Healthcare,
Milwaukee, Wisconsin). The first author (O. C.) performed
the vast majority of examinations. All examinations with LV
pathology, as judged by the primary examiner (O. C.) and a
blinded number of normal examinations (n = 46), were
reviewed by a second expert in echocardiography (O. B.-H.).
Inter-agreement between the reviewers was 93% (kappa
value 0.84). Any discrepancies were resolved by discussion
and consensus. No examination judged as normal by the pri-
mary examiner was cited as having pathology by the second
review. The echocardiographic measurements used in the
study were LV EF, presence and location of RWMA, velocity
time integral (VTI) in the LV outflow tract, stroke volume,
and cardiac output. EF was measured by Simpson Biplane
and, if not feasible, by eyeballing. RWMA was assessed using
the standard 17-segment model.25

Intensive care unit setting(s)

The study was performed at the general and neuro ICU of a
tertiary university hospital. The hospital is a tertiary centre
for major trauma, major vascular and upper abdominal sur-
gery, spinal surgery, radiological interventions, and hepatic
failure, including liver transplantation. It is also a centre for
coronary revascularization, embolectomy for acute stroke,
and haematological stem cell transplantation. The neuro
ICU treats patients with acute neurosurgical and neurological
disorders such as status epilepticus, cerebral haemorrhage,
and traumatic brain injury. Patients from the local area with
unselected acute admissions are treated along with the ter-
tiary care patient population in the general ICU. Acute cardiac
conditions are mainly treated in the cardiac care unit but are
admitted to the general ICU if at risk of, or in need of,
mechanical ventilation. Patients in need of cardiothoracic
surgery are admitted to the cardiothoracic ICU and were
not included in the study.

Power analysis, outcomes, and statistics

A power analysis that was based on a retrospective study
revealed that 400 subjects would be necessary to detect a
difference in mortality between patients with LV dysfunction
and non-cardiac disease compared with patients with normal

LV function.14 Details of this power analysis are presented in
Supporting Information, Data S1.

The pre-defined primary outcome was 30 day mortality in
patients with LV dysfunction and cardiac disease vs. patients
with normal LV function. The risk of death was increased up
to 90 days after admission, and secondary mortality analyses
were performed at this time. Secondary outcomes were the
frequency of cardiac disease and non-cardiac disease among
patients with LV dysfunction, the frequency of patients with
regional hypokinesia, or global LV dysfunction among pa-
tients with LV dysfunction. Finally, haemodynamic data in pa-
tients with vs. without LV dysfunction and its impact on
mortality were evaluated.

A statistical analysis plan was written before analyses were
performed. Normally distributed variables are presented as
the mean ± standard deviation, and non-normally distributed
variables are presented as the median [interquartile range
(IQR)]. The ANOVA or t-test was used for comparison of
means on normally distributed variables, and the Kruskal–
Wallis or Mann–Whitney U test was used for comparison of
distributions of non-normally distributed variables. The χ2

test was used for comparison of nominal outcomes between
groups. Logistic regression was used for calculation of the risk
of death at 30 and 90 days between patients with and with-
out LV dysfunction in a crude and risk-adjusted analysis. Risk
adjustments were performed with SAPS 3 score and age by
including these variables in the logistic regression model with
the exposure variable to be tested. Kaplan–Meier methodol-
ogy with the log rank test was used to compare incidences
during 90 days from admission. A P-value < 0.05 was consid-
ered significant. IBM SPSS Version 24.0 (IBM, Armonk, New
York) was used for the statistical analyses.

Results

A total of 479 patients were eligible for inclusion in the study.
In total, 68 patients were excluded: 45 were not examined by
echocardiography within 24 h of admission, 6 patients de-
clined inclusion, and for 17, echocardiography was not tech-
nically feasible, or the quality of the examinations was
inadequate for analysis. Thus, 411 patients were included in
the final analysis (Figure 1). In a sensitivity analysis, there
were no differences in SAPS score, age, and 30 day mortality
in the study population compared with the entire ICU popu-
lation during the study period. Median time from admission
to echocardiography was 11.5 h (IQR 4–17).

Of the 411 included patients, 100 had LV dysfunction
(24%). Among those, 28 (7%) had a history of cardiac disease
and 20 (5%) were admitted with acute cardiac disease. These
48 patients were classified as LV dysfunction and cardiac dis-
ease. In total, 52 patients (13%) were admitted with
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non-cardiac illness and were classified as LV dysfunction and
non-cardiac disease (Figure 1).

Patients with LV dysfunction had higher SAPS 3 and SOFA
scores and were more often admitted for cardiovascular con-
ditions, compared with patients with normal LV function.
Moreover, patients with LV dysfunction and cardiac disease
were older, had a higher prevalence of cardiac or peripheral
artery disease, and had more frequently been admitted for
respiratory issues. Patients with LV dysfunction and
non-cardiac disease were more often admitted for gastroen-
terological conditions (Table 1).

Patients with LV dysfunction had lower systolic blood pres-
sure, higher lactate levels, and higher noradrenaline doses vs.
patients with normal LV function. Furthermore, patients with
LV dysfunction and non-cardiac disease had a lower mean
arterial blood pressure and a higher heart rate, as well as
elevated central venous pressure (CVP), compared with pa-
tients with normal LV function (Table 2).

Mean EF was 61 ± 6% in patients with normal LV function.
Patients with LV dysfunction and non-cardiac disease had a
lower EF (46 ± 10%, P < 0.001), and the lowest EF was seen
in patients with LV dysfunction and cardiac disease (39 ± 12%,
P < 0.001). Measurement of stroke volumes and cardiac
index were possible in 366 patients. Patients with LV dysfunc-
tion, regardless of being in the cardiac or non-cardiac disease
group, had lower VTI, indexed stroke volumes, and cardiac
index than patients with normal LV function (Table 2).
Regional hypokinesia, with or without low EF, was more com-
mon than global hypokinesia and was seen in 82 patients

(20%) of the total population and in 40 (77%) of the patients
with LV dysfunction and non-cardiac disease (Table 2). In the
patients with LV dysfunction and non-cardiac disease, apical
and septal segments were most frequently affected
(Supporting Information, Data S1). Of those patients, 12
had the typical circumferential patterns of hypokinesia seen
with Takotsubo syndrome, while the other 30 patients had
different patterns of RWMA. Details of pattern of RWMA
are presented in Supporting Information, Data S1.

Of the 52 patients in our study with LV dysfunction and
non-cardiac disease, 11 high-risk patients underwent coro-
nary angiography that showed normal coronary arteries.
Another two patients that initially were included in this group
had coronary angiogram performed showing CAD and were
thereafter classified in the cardiac disease group. In the
remaining 41 patients, coronary angiography was considered
not indicated due to low likelihood of CAD based on risk
factors, clinical presentation, electrocardiogram, cardiac bio-
markers, normalization of cardiac dysfunction, or poor prog-
nosis. A total of 38 patients with LV dysfunction and
non-cardiac disease had a follow-up echocardiogram. Eight
patients were lost to follow-up because of early discharge,
and six patients died shortly after admission. In the 38 pa-
tients who had a follow-up echocardiogram, complete or
near complete recovery of LV function was seen in 36 of
them. Median time to verified normalization was 11 [IQR
3–104] days. In the two patients without normalization, one
died after 6 days without improvement, and the other pa-
tient did not normalize cardiac function within 10 days and

Figure 1 Study flow chart.
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was later lost to follow-up. Main reasons for admission are
presented in Table 3. Patients with LV dysfunction and
non-cardiac disease were most commonly admitted due to
sepsis, respiratory failure, or major haemorrhage.

Thirty-day mortality (primary outcome) was higher in pa-
tients with LV dysfunction and non-cardiac disease (n = 17,
33%) vs. patients with normal LV function (n = 56, 18%,
P = 0.023). However, this was not significant when adjusting
for SAPS 3 score and age {odds ratio [OR] 1.56 [confidence
interval (CI) 0.75–3.39], P = 0.225}. The secondary mortality
analyses were performed at 90 days from admission. At this
time, mortality was 44% (n = 23) in patients with LV
dysfunction and non-cardiac disease and 22% (n = 68) in
patients with normal LV function (P = 0.002). Risk-adjusted

mortality at 90 days was higher in patients with LV dysfunc-
tion and non-cardiac disease compared with patients with
normal LV function [OR 2.40 (CI 1.18–4.88), P = 0.016]. No
differences appeared in 90 day mortality in patients with LV
dysfunction and cardiac vs. non-cardiac disease (P = 0.606).
Patients with RWMA [OR 2.55 (CI 1.43–4.56), P = 0.002],
but not patients with global hypokinesia (P = 0.302), had an
increased risk of death compared with patients with normal
LV function. Of the cardiac function variables, a low stroke
volume, VTI, and cardiac index were, in contrast to a low LV
EF, associated with an increased risk of 90 day death in crude
and risk-adjusted analyses. Mortality was highest for patients
with both LV dysfunction and a low cardiac index (Table 4,
Figure 2).

Table 1 Baseline characteristics of the study population

Category Variable

Normal left
ventricular function

(n = 311)

Left ventricular dysfunction

P-value
Cardiac disease

(n = 48)
Non-cardiac disease

(n = 52)

Demographics Age, years 64 (51–73)b 72 (58–78)a,c 64 (53–74)b 0.006
Women, n (%) 132 (42) 17 (35) 16 (31) 0.219

Medical history Any cardiac disease, n (%) 30 (10)b 28 (58)a,c 0 (0)d <0.001
Heart failure, n (%) 8 (3)b 11 (23)a,d 0 (0)d <0.001
Coronary artery disease, n (%) 24 (8)b 18 (38)a,d 0 (0)d <0.001
Arrhythmia, n (%) 29 (9)b 9 (19)a,c 0 (0)d 0.038
Valvular disease, n (%) 4 (1) 3 (6) 0 (0) 0.060

Hypertension, n (%) 99 (32)b 22 (47)a,c 11 (21)b 0.030
Diabetes, n (%) 57 (18) 9 (19) 3 (6) 0.075
Hyperlipidaemia, n (%) 29 (9) 6 (13) 1 (2) 0.135
Peripheral artery disease, n (%) 12 (4)b 7 (15)a 5 (10) 0.006
Pulmonary disease, n (%) 30 (10) 7 (15) 7 (13) 0.435
Renal disease, n (%) 18 (6) 5 (11) 1 (2) 0.194
Liver disease, n (%) 36 (12) 1 (2) 2 (4) 0.370
Malignancy, n (%) 36 (12) 3 (6) 6 (11) 0.800
Other, n (%) 155 (37) 14 (29) 19 (37) 0.401

Risk score SAPS 3 score 57 ± 16b,c 64 ± 14a 63 ± 17a 0.002
SOFA at Day 1 7 (4–9)c 8 (4–11) 8 (6–10)a 0.031

Reason(s) for admission
according to SAPS 3

Cardiovascular, n (%) 115 (37)b,c 37 (77)a 34 (64)a <0.001
Cardiac arrest, n (%) 21 (7)b 16 (34)a,c 7 (13)b <0.001
Circulatory shock, n (%) 47 (15)c 8 (17)c 23 (42)a,b <0.001
Cardiac reason, n (%) 14 (4)b 6 (13)a,c 1 (2)b 0.035
Other, n (%) 33 (11) 6 (13) 3 (6) 0.485

Hepatic, n (%) 37 (12) 1 (2) 5 (10) 0.133
Gastrointestinal, n (%) 28 (9)c 1 (2)c 13 (25)a,b <0.001
Neurological, n (%) 103 (33) 15 (32) 11 (21) 0.258
Renal, n (%) 41 (13) 7 (15) 8 (15) 0.862
Respiratory, n (%) 102 (33)b 25 (51)a 21 (40) 0.018
Haematological, n (%) 12 (4) 0 (0) 4 (8) 0.134
Metabolic, n (%) 49 (16) 12 (26) 14 (27) 0.054
Trauma, n (%) 37 (12) 3 (6) 3 (6) 0.266
Other, n (%) 27 (9) 3 (6) 1 (2) 0.231

Surgical status Acute surgery, n (%) 100 (32) 16 (33) 19 (36) 0.920
Elective surgery, n (%) 34 (11) 2 (4) 4 (8) 0.192

Other factors Suspected or verified sepsis, n
(%)

95 (30) 11 (21) 20 (38) 0.333

Septic shock, n (%) 32 (10) 5 (9) 11 (21) 0.144
Cardiac arrest, n (%) 23 (7)b 16 (34)a,c 7 (13)b <0.001
Acute myocardial infarction, n
(%)

9 (3) 19 (40)a,c 0 (0) <0.001

SAPS, Simplified Acute Physiologic Score; SOFA, Sequential Organ Failure Assessment.
P-value was calculated for detection of significance between the three groups with χ2 test, ANOVA, or Kruskal–Wallis test, as appropriate.
aP < 0.05 vs. group normal.
bP < 0.05 vs. group cardiac disease.
cP < 0.05 vs. group non-cardiac disease.
dStatistics not possible to calculate due to zero observations.
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Discussion

The main findings of this study were as follows: (i) LV systolic
dysfunction is common in the critically ill patients without a
primary cardiac disease; (ii) regional hypokinesia is more
common than global hypokinesia in this group and is fre-
quently reversible; and (iii) LV systolic dysfunction in the crit-
ically ill is associated with an increased risk of death that may
be partly mediated by a reduced cardiac output.

To our knowledge, there is only one study that has
assessed the prevalence of LV dysfunction in ICU patients
with non-cardiac disease, reporting an RWMA incidence of
12% and a global LV dysfunction of 8% in patients in a med-
ical ICU.18 Other studies, focusing on finding specific types
of LV dysfunction, or not reporting its potential cause, have
found a prevalence of LV dysfunction of 8–28%.15–17,19 In
our study, we found that nearly one in four patients, in a gen-
eral ICU population, had LV dysfunction. More than half of
those patients were admitted with non-cardiac illness. Thus,
the incidence of LV dysfunction in patients with non-cardiac
disease was almost 15%. Although the subject is not widely
studied, we find it likely that LV dysfunction attributed to crit-
ical illness is relatively common with a prevalence of 10–20%.

Notably, regional hypokinesia was the most common type
of LV dysfunction in patients with non-cardiac disease that
is seen in over 80% of the cases. Several studies have earlier
reported on the presence RWMA in ICU patients with
non-cardiac disease.12–17,26 We find it less likely that this
was caused by CAD because all patients with LV dysfunction

were assessed by a cardiologist for the diagnosis of acute cor-
onary syndrome. Moreover, most patients who did undergo
coronary angiography had normal coronary arteries, and pa-
tients with follow-up echocardiogram had a rapid recovery
of cardiac function, usually within days, which is not seen in
myocardial infarction without coronary intervention.27 In
our study, we identified 12 patients (3%) with apical or
midventricular hypokinesia, in concordance with typical
Takotsubo, which is an incidence in agreement with other
ICU-oriented studies focusing on this subject,14,15,28 although
some studies have reported higher numbers.17

However, most patients with RWMA and non-cardiac dis-
ease in our study did not present with such a typical pattern;
rather, focal or segmental RWMAs were most common. It is
plausible that this represents a stress-induced cardiomyopa-
thy or an atypical focal phenotype of Takotsubo syndrome.
Critically ill patients are subject to severe stress, and all pa-
tients in the present study had accepted physical triggers of
Takotsubo syndrome. Furthermore, they fulfil the criteria
for Takotsubo as having transient RWMA. Typical characteris-
tics (e.g. female overrepresentation) was missing in the
population, but Takotsubo triggered by other disease have
a different clinical presentation.11,29–31 However, the nature
of transient RWMA in critical illness needs to be further ex-
plored, to verify this hypothesis.

Irrespective of the pathogenesis behind LV dysfunction in
our study population, these patients had a near two-fold
increased mortality. The reasons behind this increased
mortality cannot be casually explained with the current study

Table 2 Echocardiographic, haemodynamic, and respiratory data at time of echocardiography

Category Variable

Normal left
ventricular function

(n = 312)

Left ventricular dysfunction

P-value
Cardiac disease

(n = 48)
Non-cardiac

disease (n = 52)

Echocardiographic data LV end-diastolic diameter, cm 4.8 ± 0.5b 5.5 ± 1.0a,c 4.9 ± 0.7b <0.001
LV ejection fraction, % 60 ± 6b,c 39 ± 12a,c 46 ± 10a,b <0.001
Velocity time integral, cm2 19 ± 9b,c 14 ± 7a 14 ± 6a <0.001
Stroke volume index, mL/m2 44 ± 12b,c 31 ± 12a 32 ± 10a <0.001
Cardiac index, L/min/m2 3.5 ± 1.2b,c 2.6 ± 1.0a 2.8 ± 0.8a <0.001
Patients with RWMA, n (%) 0 (0)b,c 40 (85)a 42 (81)a <0.001
Segments with hypokinesia, n 0 (0–0)b,c 6 (3–12)a,c 5 (2–7)a,b <0.001
Wall motion score index 1 (1–1)b,c 1.35 (1.18–1.94)a,c 1.29 (1.18–1.59)a,b <0.001

Haemodynamic data Mean arterial pressure, mmHg 79 ± 14c 77 ± 17 74 ± 12a 0.037
Systolic blood pressure, mmHg 123 ± 24b,c 112 ± 28a 109 ± 20a <0.001
Diastolic blood pressure, mmHg 59 ± 12 61 ± 19 56 ± 10 0.243
Heart rate, b.p.m. 83 ± 21c 88 ± 23 91 ± 22a 0.038
Noradrenaline, μg/kg/min 0 (0–0.13)b,c 0.10 (0–0.24)a 0.15 (0.06–0.3)a <0.001
CVP, mmHg 7 (4–11)c 10 (9–15) 12 (9–16)a <0.001
S-Lactate, mmol/L 1.3 (1.0–1.9)b,c 1.9 (1.2–2.5)a 1.5 (1.2–2.9)a 0.001

Respiratory data PaO2/FiO2 ratio 39 (29–51) 32 (26–46) 38 (23–48) 0.209
Mechanical ventilation, n (%) 128 (59) 23 (51) 21 (60) 0.567

CVP, central venous pressure; LV, left ventricular; RWMA, regional wall motion abnormalities.
Segments of hypokinesia and wall motion score index (WMSI) were calculated for the patients with regional hypokinesia.
P-value was calculated for detection of significance between three groups with χ2 test, ANOVA, or Kruskal–Wallis test, as appropriate.
aP < 0.05 vs. group ‘normal’.
bP < 0.05 vs. group ‘cardiac disease’.
cP < 0.05 vs. group ‘non-cardiac disease’.

5420 O. Cavefors et al.

ESC Heart Failure 2021; 8: 5415–5423
DOI: 10.1002/ehf2.13633



design. We can, nonetheless, show that patients with LV
dysfunction had a more severe disease, higher SAPS 3 and
SOFA score, as well as a greater degree of haemodynamic in-
stability with increased doses of noradrenaline, lower stroke
volumes and cardiac index, as well as higher lactate levels
as an indirect sign of hypoperfusion. Low cardiac output

and organ hypoperfusion might lead to multi-organ failure
and death. However, mortality was also increased in patients
with LV dysfunction and preserved cardiac output. LV dys-
function could be a part of multi-organ failure and, thus, a
marker for a more severe disease. A cardiac event triggered
by critical illness could potentially increase the risk of
short-term cardiovascular deaths; this would be in line with
the finding that there were no differences in mortality be-
tween patients with LV dysfunction attributed to a cardiac
or non-cardiac disease. Patients with a combination of LV
dysfunction and low cardiac index had the highest mortality
indicating that cardiogenic shock, concomitant to other disor-
ders, is still a very serious condition in critically ill patients.

The main limitation of our study was the lack of invasive di-
agnostics for CAD in the majority of the patients with regional
hypokinesia. Another limitation may be the assessment of LV
performance with EF and RWMA, whereas other results
could potentially have been found if dysfunction had been
sought with, for example, speckle tracking and measurement
of ventricular strain. However, estimation of LV systolic func-
tion by EF is still the recommended practice, and the possible
benefits of other methods in an intensive care setting are not
yet defined.32,33 The main strengths of the study were the
large sample size and the fact that the patient cohort repre-
sented a mixed ICU population. In addition, echoes were
assessed by a second blinded reviewer, thus presumably
rendering high validity.

In conclusion, LV dysfunction is common in critically ill
patients admitted with non-cardiac disease and is linked to
an increased mortality. Although the pathogenesis is not
clear, it is a risk marker that needs to be recognized. While
haemodynamic assessment is clinical routine in critically ill
patients, the importance of LV dysfunction might be
underestimated. Further research is needed to evaluate the
nature of regional hypokinesia in patients with non-cardiac
illness, as well as to clarify how to optimize treatment for
these patients.

Table 3 Main diagnoses of intensive care unit admission in
patients with left ventricular dysfunction

Cardiac disease status Diagnosis N

Non-cardiac
disease (n = 52)

Sepsis 10
Respiratory insufficiency 9
Gastrointestinal bleeding 7
Hypoxic cardiac arrest 5
Post-operative, major bleeding 3
Status epilepticus 3
Acute abdomen 3
Aortic rupture 3
Major trauma 2
TBI without other injuries 2
Subarachnoid haemorrhage 1
Aortic occlusion 1
Pancreatitis 1
Liver failure 1
Hyponatraemia 1

New onset of cardiac
disease (n = 20)

AMI + cardiac arrest 8
AMI + cardiogenic shock 4
Cardiac arrest + new onset DCM 4
AMI + acute abdomen 1
Hypertensive crisis 1
Dermatomyositis 1
Cardiac arrest with primary arrhythmia 1

History of cardiac
disease (n = 28)

Respiratory insufficiency 8
Cardiac arrest 4
Post-operative 4
Aortic rupture 2
Cerebrovascular event 3
Sepsis 3
Acute abdomen 1
AMI 1
AV-block III 1
Hyponatraemia 1

AMI, acute myocardial infarction; AV, atrioventricular; DCM,
dilated cardiomyopathy; TBI, traumatic brain injury.

Table 4 Impact of left ventricular dysfunction and haemodynamic variables on death at 90 days from admission

Crude analysis Risk-adjusted analysisa

OR 95% CI for OR P-value OR 95% CI for OR P-value

LV dysfunction and
Cardiac diseaseb 3.29 1.76–6.15 <0.001 2.49 1.22–5.06 0.012
Non-cardiac diseaseb 2.83 1.54–5.22 0.001 2.42 1.17–4.97 0.016

Pattern of LV dysfunction in patients with non-cardiac disease
RWMAb 3.49 2.10–5.79 <0.001 2.55 1.43–4.56 0.002
Global dysfunctionb 1.49 0.51–4.37 0.469 1.95 0.55–6.93 0.302

Cardiac function variables
LV EF, per 10% 0.66 0.55–0.81 <0.001 0.79 0.58–1.08 0.135
Velocity time integral, per cm2 0.94 0.92–0.97 <0.001 0.91 0.86–0.96 <0.001
Indexed stroke volumes, per mL/m2 0.95 0.93–0.97 <0.001 0.95 0.93–0.98 <0.001
Cardiac index, per L/min/m2 0.68 0.54–0.86 0.001 0.73 0.56–0.95 0.020

CI, confidence interval; EF, ejection fraction; LV, left ventricular; OR, odds ratio; RWMA, regional wall motion abnormalities.
aAdjusted for Simplified Acute Physiologic Score 3 score and age.
bNormal LV function is the reference group.
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