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Abstract

Objective: To determine the frequency and spectrum of myocardial dysfunction in patients with severe sepsis and
septic shock using transthoracic echocardiography and to evaluate the impact of the myocardial dysfunction types on
mortality.

Patients and Methods: A prospective study of 106 patients with severe sepsis or septic shock was conducted from
August 1, 2007, to January 31, 2009. All patients underwent transthoracic echocardiography within 24 hours of
admission to the intensive care unit. Myocardial dysfunction was classified as left ventricular (LV) diastolic, LV systolic,
and right ventricular (RV) dysfunction. Frequency of myocardial dysfunction was calculated, and demographic,
hemodynamic, and physiologic variables and mortality were compared between the myocardial dysfunction types and
patients without cardiac dysfunction.

Results: The frequency of myocardial dysfunction in patients with severe sepsis or septic shock was 64% (n=68). Left
ventricular diastolic dysfunction was present in 39 patients (37%), LV systolic dysfunction in 29 (27%), and RV
dysfunction in 33 (31%). There was significant overlap. The 30-day and 1-year mortality rates were 36% and 57%,
respectively. There was no difference in mortality between patients with normal myocardial function and those with
left, right, or any ventricular dysfunction.

Conclusion: Myocardial dysfunction is frequent in patients with severe sepsis or septic shock and has a wide spectrum
including LV diastolic, LV systolic, and RV dysfunction types. Although evaluation for the presence and type of
myocardial dysfunction is important for tailoring specific therapy, its presence in patients with severe sepsis and septic

shock was not associated with increased 30-day or 1-year mortality.
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yocardial dysfunction in sepsis is one of

the most complex organ failures to char-

acterize because of the dynamic adapta-
tion of the cardiovascular system to the disease process,
host response, and resuscitation. The pathophysiology
of this entity is complex and multifactorial. Sys-
temic, extracellular, and cellular mechanisms have
been described, including maldistribution of coro-
nary blood flow, cytokine-induced (tumor necrosis
factor «, interleukin 1, interleukin 6) neutrophil
activation and myocardial injury, complement (C5a)-
triggered myocyte contractile failure, calcium handling
dysregulation, and cytopathic hypoxia due to mito-
chondrial dysfunction.-*

Numerous studies have described different
types of myocardial dysfunction in sepsis. These ef-
forts have evolved from focusing only on left ven-
tricular (LV) systolic dysfunction to recognition of
other types of myocardial dysfunction as a part of the
spectrum of this organ failure, which may have differ-
ent treatment options and prognostic implications.
These variants include LV systolic dysfunction,>* LV

diastolic dysfunction,”” and right ventricular (RV)
dysfunction.®"* All types of myocardial dysfunction
can be present in isolation or combination and dem-
onstrate reversibility on resolution of critical ill-
ness.”!” Despite the fact that different types of myo-
cardial dysfunction have been evaluated to some
extent, there is lack of consensus on the definition and
clinical spectrum of this entity. Therefore, its true fre-
quency remains elusive. Moreover, the use of more
sophisticated methods to evaluate myocardial tissue
properties has improved recognition of more subtle
myocardial function abnormalities. These methods in-
clude tissue Doppler and strain imaging.'*'” The use
of tissue Doppler imaging (TDI) of the mitral valve
annulus has gained interest for its relative indepen-
dence of loading conditions and prognostic value in
patients with various cardiac diseases.'*'®

Currently, the accepted definition of myocar-
dial dysfunction in sepsis is based solely on an LV
ejection fraction (LVEF) of less than 45% to 50% in
the absence of cardiac disease that demonstrates re-
versibility on remission.”*'? Moreover, there are
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conflicting data regarding the prognostic implica-
tions of myocardial dysfunction in sepsis and its im-
pact on mortality.”**°

We sought to evaluate LV and RV performance
with comprehensive echocardiography in patients
with severe sepsis or septic shock. We determined
the frequency of myocardial dysfunction, described
the different types, and evaluated its impact on
mortality.

PATIENTS AND METHODS

This prospective study was approved by the Institu-
tional Review Board of Mayo Clinic, and written in-
formed consent was obtained from all patients or le-
gally authorized representatives before enrollment.

Patients admitted to 3 adult intensive care units
(ICUs) with a total of 62 beds at Mayo Clinic in
Rochester, Minnesota, with severe sepsis or septic
shock were eligible to participate in the study
from August 1, 2007, to January 31, 2009. The
characteristics of these ICUs have been previously
described.”!

For inclusion in the study, the patients had to
meet criteria for new-onset sepsis as defined by the
American College of Chest Physicians/Society of
Critical Care Medicine Consensus Conference.*” Se-
vere sepsis was defined as sepsis associated with or-
gan dysfunction, hypoperfusion, or hypotension.
When severe sepsis was associated with hypoten-
sion resistant to intravenous fluid administration, it
was considered septic shock. Hypotension was de-
fined as systolic pressure less than 90 mm Hg or a
decrease of 40 mm Hg below baseline. A lactate level
exceeding 2.3 mmol/L (institutional high normal
value) was considered indicative of hypoperfusion.
Specific organ dysfunction was defined as a Sequen-
tial Organ Failure Assessment (SOFA) score of 2 or
higher®” at the time of echocardiography, and the
Acute Physiology and Chronic Health Evaluation
(APACHE III) score was obtained on admission day.
Exclusion criteria were age less than 18 years, preg-
nancy, and history of congenital heart disease, val-
vular stenosis or clinically significant valvular insuf-
ficiency, valvular prosthesis, and coronary artery
disease without recent echocardiography or known
abnormalities on recent echocardiography (within 6
months of enrollment).

Recruitment was facilitated by a validated com-
puterized sepsis “sniffer” that scanned patients’ data
in the electronic medical record and notified the
research coordinator on call of potential patients
meeting physiologic criteria.””

All patients enrolled received a transthoracic
echocardiographic evaluation within 24 hours of
meeting sepsis criteria. Physiologic parameters in-
cluding hemodynamic data and current vasoactive
medications were recorded at the time of echocardi-

ography. To determine reversibility, patients with
LV systolic or RV dysfunction received a follow-up
echocardiogram at study day 5 or at the day of dis-
missal from the ICU.

Echocardiographic Evaluation and Definitions of
Myocardial Dysfunction Types

Transthoracic echocardiography was performed in
the ICU with a commercial echocardiographic in-
strument (Vivid 7, GE Medical Systems, Milwaukee,
WI). A comprehensive M-mode, 2-dimensional,
and Doppler echocardiographic study was per-
formed in all patients from the parasternal long- and
short-axis views; apical 4-chamber, 2-chamber, and
long-axis views; and subcostal views.

Left ventricular end-diastolic volume, LV end-
systolic volume, and LVEF were assessed using the
modified Simpson method as recommended by the
American Society of Echocardiography.?” Measure-
ments were taken during 3 cardiac cycles and then
averaged. Systolic dysfunction was defined as mild
(LVEF, 41%-50%), moderate (LVEF, 31%-40%),
and severe (LVEF, <30%). Whenever suboptimal
endomyocardial border definition was encountered
for volumetric assessment, M-mode imaging and ex-
pert evaluation (M.M., T.Y., and J.K.O.) determined
the final LVEF. Diastolic function evaluation was
performed in accordance with the American Society
of Echocardiography guidelines'” and graded as
normal, mild diastolic dysfunction (grade 1), mod-
erate (grade I1), severe (grade I11), and indeterminate
with or without evidence of increased filling pres-
sures. All patients with indeterminate grade who
had evidence of increased filling pressures were cat-
egorized as having diastolic dysfunction (indetermi-
nate). Mitral inflow pulsed wave Doppler measure-
ment of peak E and A waves, E/A ratio, and
deceleration time was obtained with the sample vol-
ume between mitral leaflet tips during diastole. Mi-
tral annulus peak velocities were obtained with TDI
and included septal and lateral peak g’, a’, and s’
velocities. The['E/e’ ratio was then obtained. In=
creased LV filling pressure was defined as E/e’
greater than ' 15!'°>° A multimodal approach was
used to evaluate RV function, which was graded as
mild, moderate, or severe RV dysfunction. Lateral
tricuspid annulus peak systolic velocity (RV s") by
TDI was used”” in association with the relative
RV-to-LV size, motion of the RV wall, and expert
evaluation (J.LK.O., M.M., T.Y.). Right ventricular s’
less than 15 cm/s was considered diminished lateral
RV systolic motion consistent with RV dysfunction.
Patients were categorized by myocardial dysfunc-
tion type and analyzed against patients without any
myocardial dysfunction.
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Patient Follow-up

Patient follow-up was obtained through the medical
record system at Mayo Clinic. Progress notes and
correspondence were reviewed in all patients, and
for those who were lost to follow-up in the medical
record, confirmation of survival or time of death was
obtained by telephone or obituaries.

Statistical Analyses

Statistical analyses were performed with JMP ver-
sion 9.0.1 (SAS Institute, Cary, NC) and SPSS soft-
ware version 11.5.0 (SPSS Inc, Chicago, IL). De-
scriptive data are summarized as the mean * SD,
median (interquartile range [IQR]), or percentages.
Unpaired ¢ tests were used to compare continuous
variables with normal distribution, and Mann-
Whitney U test for variables with skewed distribution.
We used a x” test to compare categorical variables.
P value less than .05 was considered statistically
significant.

RESULTS

A total of 106 patients were enrolled. The mean = SD
age was 65*15 years, and 53 patients (50%) were
female. Documented microbial infection with posi-
tive source cultures was present in 53 patients
(50%), and 36% of the study population had posi-
tive blood culture results.

The frequency of any myocardial dysfunction
was 64% (n=08). Left ventricular diastolic dysfunc-
tion was found in 39 patients (37%), LV systolic dys-
function in 29 (27%), and RV dysfunction in 33 (31%)
(Figure, A). Thirty-eight patients (36%) had normal
LV diastolic, LV systolic, and RV function and were
categorized as patients with normal cardiac func-
tion. There was overlap of myocardial dysfunction
types, with 4 patients (4%) demonstrating dia-
stolic dysfunction along with LV and RV systolic
dysfunction, and 11 patients (10%) had biven-
tricular systolic dysfunction with normal diastolic
evaluation (Figure, A).

Thirty-eight patients (36%) died within 30
days, and 60 (57%) were dead at 1 year. The
group with normal myocardial function had a 30-
day mortality of 42% and 1-year mortality of 55%,
compared with 32% and 57% in patients with any
myocardial dysfunction (P=.31 and P=.83, re-
spectively). No patients were lost to follow-up.

There was no difference in LVEF (56.8%*16%
Vs 57.7%*14%; P=.75), cardiac output (6.59+2.56 vs
6.63*+1.82 I/min; P=.94), or E/’ (11.6%5 vs
13.7x7, P=.09) between 30-day survivors and
nonsurvivors (Table 1). Physiologic parameters that
showed statistical difference between survivors and
nonsurvivors at 30 days included age, APACHE III
score, SOFA score, and median ratio of Pao, to frac-
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FIGURE. Frequency and clinical spectrum of
myocardial dysfunction in severe sepsis and
septic shock. A, Distribution of myocardial
dysfunction types. B, Severity of LV diastolic
dysfunction (n=39). C, Severity of LV systolic
dysfunction (n=29). D, Severity of RV dys-
function (n=33). LV = left ventricular; Ind. =

indeterminate;

RV = right ventricular.
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tion of inspired oxygen (Fio,) (Pao,/Fio,) (Table 1).
At 1 year, age (62+16 vs 67*15 years; P=.05),
SOFA score (9.8+3.7vs 12+3.9; P=.003), and me-
dian (IQR) Pao,/Fio, (270 [180-322] vs 166 [118-

291] mm Hg, P=.01) maintained statistical
significance.
LV Diastolic Dysfunction

Left ventricular diastolic dysfunction was present in
39 patients (37%). Twenty-one patients had isolated
diastolic dysfunction, representing 20% of the entire
cohort. Eighteen patients (17%) had a combination
of LV diastolic and systolic dysfunction and/or RV
dysfunction, as shown in Figure, A. Within the LV
diastolic dysfunction group, 14 patients (36%) had
grade I (mild) dysfunction, 15 (38%) had grade 11
(moderate) dysfunction, and 10 (26%) had in-
creased filling pressures with indeterminate classifi-
cation (Figure, B). Compared with patients with
normal myocardial function, patients with LV dia-
stolic dysfunction were older (64£16 vs 72*11
years, P=.007), more had hypertension (48% vs
79%; P=.003), and more had coronary artery dis-
ease but normal findings on previous echocardio-
grams (13% vs 38%; P=.01), as shown in Table 2.
Most physiologic characteristics were similar be-
tween groups, including vasoactive medication use,
norepinephrine dose, fluid administered, and car-
diac output. However, hemoglobin concentration
was lower in those with normal myocardial function
(9.6x1.7 vs 10.5%1.9 g/dL; P=.03) (Table 2).
There was no statistically significant difference in
30-day mortality (15 [38%] vs 16 [42%]; P=.74) or
1-year mortality (26 [67%] vs 21 [55%]; P=.30)
when the diastolic dysfunction group was compared
with the normal myocardial function group.

LV Systolic Dysfunction

Twenty-nine patients (27%) had LV systolic dys-
function. Eight patients had isolated LV systolic dys-
function, representing 8% of all patients. Twenty-
one patients had a combination of LV systolic and
diastolic dysfunction and/or RV dysfunction (Fig-
ure, A). Within the group, 6 patients (21%) had
mild, 18 (62%) had moderate, and 5 (17%) had
severe LV systolic dysfunction (Figure, C). There
was no statistically significant difference in clinical
characteristics when this group was compared with
patients with normal myocardial function. How-
ever, the LV systolic dysfunction group had a higher
median (IQR) lactate level (2.9 [1.7-4.3] vs 1.9
[1.0-3.5] mmol/L; P=.02) and higher mean = SD
arterial blood pressure (6415 vs 587 mm Hg;
P=.02) (Table 3). Both groups had similar numbers
of patients receiving vasoactive medications and ho-
mogeneous fluid administration, but patients in the

TABLE 1. Physiologic and Echocardiographic Markers in 30-Day Survivors and

Nonsurvivors®®

Nonsurvivors P
Marker Survivors (n=68) (n=38) value
Demographic
Age (y), mean £ SD 63%15 69*15 07
Weight (kg), mean = SD 86.9+26 86.6+25 97
Physiologic
APACHE I, mean ® SD 83.8+28 96.3%3] 04
SOFA, mean = SD 9.9+39 [32+33 001
MAP, mean * SD 61=12 58=+8 A7
Hemoglobin (g/dL), mean £ SD 10317 9.6+1.8 07
Scvo, (%), mean * SD 70=11 72*10 43
Lactate (mmol/L), median (IQR) 1.9 (1.1-3.4) 25(1.543) .05
Troponin T (ng/mL), median (IQR)  0.04 (0.01-0.19) 0.04 (0.01-0.1'1) .69
Pao,/Fio, (mm Hg), median (IQR) 256 (153-315) I51 (I11-216) .006
Creatinine (mg/dL), median (IQR) 1.9 (1.3-2.5) .6 (12-24) .54
Fluids (ml/kg), median (IQR) 76 (57-132) 86 (51-131) 93
NE dose, median (IQR) 0.16 (0.05-0.38) 02 (0.14-04) 35
Echocardiographic
LVDD (mm), mean = SD 46.7+6.3 425+150 .05
LVSD (mm), mean = SD 32,178 285*112 05
CO (Umin), mean * SD 6.59+2.56 663*+1.82 94
LVEF (%), mean = SD 568=*16 577%14 75
E/e’, mean £ SD [1.6£5 13.7x7 09

#APACHE = Acute Physiology and Chronic Health Evaluation score; CO = cardiac output; E =
peak E velocity by pulsed wave Doppler; e’ = peak e’ velocity by tissue Doppler imaging; Fio, =

fraction of inspired oxygen; IQR = interquartile range; LVDD = left ventricular diastolic diameter;

LVEF = left ventricular ejection fraction; LVSD = left ventricular systolic diameter; MAP = mean

arterial pressure; NE dose = norepinephrine dose in pg/kg/min; Scvo, = central venous oxygen

saturation; SOFA = Sequential Organ Failure Assessment score.

®S| conversion factors: To convert creatinine values to umol/L, multiply by 88.4; to convert

hemoglobin values to g/L, multiply by 10.0; to convert troponin T values to ug/L, multiply by 100.

LV systolic dysfunction group had higher median
(IQR) doses of norepinephrine (0.27 [0.19-0.65] vs
0.15[0.06-0.32] mg/kg per min; P=.007) (Table 3).
There was no difference in 30-day mortality
(9 [31%] vs 16 [45%]; P=.35] or 1-year mortality (14
[48%] vs 21 [55%]; P=.57) between the groups.

RV Dysfunction

Thirty-three patients (31%) had evidence of RV dys-
function. Ten patients had isolated RV dysfunction,
representing 9% of all patients. The rest had con-
comitant LV diastolic and/or systolic dysfunction
(Figure, A). Within the group of patients with RV
dysfunction, 18 (55%) had mild, 9 (27%) had mod-
erate, and 6 (18%) had severe RV dysfunction.
There was no statistically significant difference in
clinical or hemodynamic characteristics when this
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TABLE 2. Clinical and Physiologic Characteristics of Septic Patients With
Normal Myocardial Function vs Left Ventricular Diastolic Dysfunction®®

Normal
myocardial LV diastolic
function dysfunction P
Characteristic (n=38) (n=39) value
Clinical
Age (y), mean £ SD 6416 72x11 007
Weight (kg), mean £ SD 84.1£27 87x23 66
Female, No. (%) 19 (50) 22 (56) 56
HTN, No. (%) 18 (47) 31 (79) 003
Arrhythmias, No. (%)° 8 (21) 12 (31) 33
CAD, No. (%) 5(13) 15 (38) ol
ALI/ARDS, No. (%) 6 (16) Il (28) .18
CKD, No. (%) 6 (16) 8 (21) 61
AKI, No. (%) 17 (38) 15 (47) 57
DM, No. (%) 10 (26) 12 (31 67
Physiologic
APACHE Ill, mean * SD 8430 88+29 56
SOFA, mean = SD [ Ix4 104 19
MAP (mm Hg), mean = SD 58*7 58=10 99
HR (beats/min), mean = SD [05%18 98=x16 09
CVP (mm Hg), median (IQR) 6(2-11) 8 (4-11) 47
Scvo, (%), mean = SD 729 69+ 10 23
CO (Umin), mean = SD 697*1.85 6.24+0.56 .18
Fluids (ml/kg), median (IQR) 93 (64-137) 80 (54-125) 34
Mechanical ventilation, No. (%) 28 (74) 24 (62) 25
PEEP (cm H,O), mean £ SD 94 9+5 83
Pao,/Fio, (mm Hg), median (IQR) 208 (120-311) 195 (144-325) 73
Hemoglobin (g/dL), mean £ SD 9.6x1.7 10.5%1.9 03
Creatinine (mg/dL), median (IQR) 1.8 (1.2-24) 1.5 (1.3-3.1) 56
Troponin T (ng/mL), median (IQR)  0.02 (0.01-0.08) 0.13 (0-0.22) .18
Lactate (mmol/L), median (IQR) 1.9 (1.1-3.5) 1.9 (1.3-3.1) 36
Arterial pH, mean = SD 7.13%0.10 7.31=%0.1 79
Vasoactive medications
Vasopressor use, No. (%) 34 (90) 32 (82) 34
NE dose, median (IQR) 0.15 (0.06-0.32) 0.15 (0.05-0.33) .88
Inotrope use (%) 6 (16) 7 (20) 59

#AKI = acute kidney injury; ALl = acute lung injury; APACHE = Acute Physiology and Chronic
Health Evaluation score; ARDS = acute respiratory distress syndrome; arrhythmias = atrial
fibrillation/flutter, supraventricular tachycardia; CAD = coronary artery disease; CKD = chronic
kidney disease; CO = cardiac output measured by transthoracic echocardiography; CVP =
central venous pressure; DM = diabetes mellitus; Fio, = fraction of inspired oxygen; HR = heart
rate; HTN = hypertension; IQR = interquartile range; MAP = mean arterial pressure; NE dose =
norepinephrine dose in pug/kg/min; PEEP = positive end-expiratory pressure; Scvo, = central venous
oxygen saturation; SOFA = Sequential Organ Failure Assessment score.

®S| conversion factors: To convert creatinine values to pmol/L, multiply by 88.4; to convert
hemoglobin values to g/L, multiply by 10.0; to convert troponin T values to ug/L, multiply by 100.
€ Atrial fibrillation/flutter, supraventricular tachycardia.

9Norepinephrine, phenylephrine, vasopressin, dopamine.

¢ Dobutamine, epinephrine, milrinone.
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group was compared with patients with normal
myocardial function, except for lower cardiac out-
put (5.69£2.01 vs 6.97+1.85 L/min; P=.01) and
higher median (IQR) norepinephrine doses (0.26
[0.15-0.4] vs 0.15 [0.06-0.32] mg/kg per min;
P=.02) in patients with RV dysfunction. Median
(IQR) troponin T (0.08 [0.02-0.17] vs 0.02 [0.01-
0.08] ng/mL; P=.05) and lactate (2.6 [1.6-4.1] vs
1.9 [1-3.5] mmol/L; P=.02) levels were also higher
in the RV dysfunction group compared with pa-
tients with normal myocardial function. There was
no difference in 30-day mortality (16 [42%] vs 12
[36%]; P=.62) or 1-year mortality (21 [55%] vs 19
[58%]; P=.84) between the groups.

Reversibility

Of the 47 patients (44%) with either LV systolic or
RV dysfunction, 10 died in the initial 5 days. Reim-
aging was not possible in 9 patients, and 28 received
a follow-up echocardiogram to document reversibil-
ity at day 5 or at discharge from the ICU if ICU
length of stay was less than 5 days. There was sig-
nificant improvement of LVEF (42%*15% vs
61%=*=9%; P=.001), E/e’ (12£5vs9.4%3; P=.01),
and RV systolic pressure (44%11 vs 3413 mm Hg;
P=.04) compared with the initial echocardio-
graphic examination. Twenty patients had complete
normalization of myocardial function, 7 patients im-
proved, and only 1 patient did not show significant
change of LV systolic function on follow-up.

DISCUSSION

We found that myocardial dysfunction is common
in severe sepsis and septic shock, affecting 64% of
patients. With standard echocardiography, these
abnormalities can be further divided into LV dia-
stolic (37% of all patients), LV systolic (27%), and
RV dysfunction (31%), which demonstrates the im-
portance of going beyond LVEF when categorizing
myocardial dysfunction in sepsis. There was signif-
icant overlap between the different types, as well as
a wide range of severity within the groups (Figure).
Despite the obvious importance of these echocar-
diographic findings, the presence of any myocardial
dysfunction was not associated with increased mor-
tality at 30 days or 1 year. Nevertheless, survivors
had larger and proportional LV end-diastolic diam-
eter (46.7+6.3 vs 42.5+15.0 mm; P=.05) and LV
end-systolic diameter (32.1%£7.8 vs 28.5+11.2
mm; P=.05) compared with nonsurvivors at 30
days, with resultant similar mean LVEF (56.8% *16%
vs 57.7%*14%; P=.75). This observation of reversible
compensatory LV dilatation has been described previ-
ously,”®* suggesting that LV diameters and volumes
could be better markers of prognosis than LVEF.
Arguably, this difference could be secondary to dis-
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crepancies in resuscitation and loading conditions;
patients having less aggressive fluid resuscitation
could demonstrate lower ventricular volumes,
which could translate to poorer prognosis. None-
theless, we did not find significant differences in
fluid administration between survivors and nonsur-
vivors or between the groups (Tables 1-4).

LV Diastolic Dysfunction

Left ventricular diastolic dysfunction is frequent in
severe sepsis and septic shock and can complicate
hemodynamic management because of a lower ther-
apeutic index for fluid resuscitation. We found that
37% of patients had diastolic dysfunction. Because
all patients with coronary artery disease had a recent
echocardiogram showing normal diastolic function,
sepsis likely represents a significant stressor that can
unmask and/or precipitate diastolic heart failure.
Moreover, because fluid resuscitation is the back-
bone of hemodynamic management in patients with
sepsis, the presence of diastolic dysfunction should
alert the caregiver to have a more conservative ap-
proach during resuscitation. Diastolic dysfunction
should be considered a variant of myocardial dys-
function in sepsis, given that a sizable proportion of
these patients (20%) have preserved LVEF and RV
function. The E/e” should be included in the evalu-
ation of patients with severe sepsis and septic shock
because of the inherent load-independent character-
istics. However, despite recent evidence linking E/e’
and diastolic dysfunction with mortality in septic
shock,”?? we found no statistical difference in E/e’
(11.6x5vs 13.7£7; P=.09) between survivors and
nonsurvivors, and the presence of diastolic dysfunc-
tion had no impact on early or late mortality.

LV Systolic Dysfunction

Although often referred as the “classic” myocardial
dysfunction in sepsis, isolated LV systolic dysfunc-
tion was found in only 8% of our patients, and con-
comitant LV diastolic and RV dysfunction was a
more common scenario. As mentioned before, LVEF
was no different in survivors than in nonsurvivors,
despite the greater LV diameters in survivors at 30
days. These findings, along with the relatively high
frequency of diastolic and RV function abnormali-
ties, beg the question of appropriateness of the cur-
rent definition of myocardial dysfunction in sepsis.
Most patients with documented LV systolic dys-
function who were alive at day 5 underwent fol-
low-up echocardiography that showed significant
improvement of LVEF, E/e’ ratio, and estimated
pulmonary pressures, confirming reversibility of
this organ dysfunction.
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TABLE 3. Clinical and Physiologic Characteristics of Septic Patients With
Normal Myocardial Function vs Left Ventricular Systolic Dysfunction®®

Normal
myocardial LV systolic
function dysfunction
Characteristic (n=38) (n=29) P value
Clinical
Age (y), mean £ SD 64=16 5916 18
Weight (kg), mean £ SD 84.1£27 89.1x27 45
Female, No. (%) 19 (50) 10 (35) 20
HTN, No. (%) 18 (47) 16 (55) 52
Arrhythmias, No. (%)° 8 (21) 6 (21) 97
CAD, No. (%) 5(13) 5(17) 64
ALI/ARDS, No. (%) 6 (16) 4 (14) .82
CKD, No. (%) 6 (16) 7 (24) .39
AKI, No. (%) 17 (45) 9 @31 25
DM, No. (%) 10 (26) 6 (21) .59
Physiologic
APACHE Ill, mean * SD 8430 9227 22
SOFA, mean = SD [12%37 [27%37 A
MAP (mm Hg), mean * SD 58=+7 64x15 02
HR (beats/min), mean = SD 10518 [13%2] .09
CVP (mm Hg), median (IQR) 6 (2-11) 8 (5-11) .35
Scvo, (%), mean * SD 72%9 7011 42
CO (Umin), mean * SD 6.97*1.85 599+2.53 09
Fluids (ml/kg), median (IQR) 93 (64-137) 99 (59-156) 63
Mechanical ventilation, No. (%) 28 (74) 25 (86) 25
PEEP (cm H,O), mean = SD 94 94 8l
Pao,/Fio, (mm Hg), median (IQR) 208 (120-311) 190 (138-308) .93
Hemoglobin (g/dL), mean £ SD 9.6x1.7 9917 47

Creatinine (mg/dL), median (IQR) 18 (12-24) 19 (1426) 42
Troponin T (ng/mL), median (IQR) 002 (0.01-0.08) 0.05 (002-0.13) .16

Lactate (mmol/L), median (IQR) 1.9 (1.0-3.5) 29 (1.7-4.3) .02

Arterial pH, mean * SD 7.30%0.08 7.27x0.12 26
Vasoactive medications

Vasopressor use, No. (%)¢ 34 (90) 24 (83) 42

NE dose, median (IQR) 0.15 (0.06-0.32) 0.27 (0.19-0.65) .007

Inotrope use, No. (%)© 6 (16) 6 (21) .60

#AKI = acute kidney injury; ALl = acute lung injury; APACHE = Acute Physiology and Chronic
Health Evaluation score; ARDS = acute respiratory distress syndrome; CAD = coronary artery
disease; CKD = chronic kidney disease; CO = cardiac output measured by transthoracic
echocardiography; CVP = central venous pressure; DM = diabetes mellitus; Fio, = fraction of
inspired oxygen; HR = heart rate; HTN = hypertension; IQR = interquartile range; LV = left
ventricular; MAP = mean arterial pressure; NE dose = norepinephrine dose in ug/kg/min; PEEP =
positive end-expiratory pressure; Scvo, = central venous oxygen saturation; SOFA = Sequential
Organ Failure Assessment score.

®SI conversion factors: To convert creatinine values to wmol/L, multiply by 88.4; to convert
hemoglobin values to g/L, multiply by 10.0; to convert troponin T values to pg/L, multiply by 100.
Atrial fibrillation/flutter, supraventricular tachycardia.

9Norepinephrine, phenylephrine, vasopressin, dopamine.

¢ Dobutamine, epinephrine, milrinone.
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TABLE 4. Clinical and Physiologic Characteristics of Septic Patients With
Normal Myocardial Function vs Right Ventricular Dysfunction®®

Normal
myocardial
function RV dysfunction
Characteristic (n=38) (n=33) P value
Clinical
Age (y), mean £ SD 64x16 62*16 72
Weight (kg), mean £ SD 84.1x£27 8853 52
Female, No. (%) 19 (50) 17 (52) .89
HTN, No. (%) 18 (47) 17 (52) 72
Arrhythmias, No. (9%)° 8 (21) 8 (24) 74
CAD, No. (%) 5(13) 5(15) 8l
ALI/ARDS, No. (%) 6 (16) 6(18) 78
CKD, No. (%) 6 (16) 9 (27) 23
AKI, No. (%) |7 (45) 9 (27) 12
DM, No. (%) 10 (26) 9 (27) 92
Physiologic
APACHE Ill, mean * SD 8430 9426 14
SOFA, mean = SD [12%37 [22+33 28
MAP (mm Hg), mean = SD 58+7 63+14 .06
HR (beats/min), mean = SD |05*18 10921 .36
CVP (mm Hg), median (IQR) 6(2-11) 9 (5-15) .10
Scvo, (%), mean = SD 729 70x12 34
CO (Umin), mean = SD 6.97*1.85 569%20lI 0l
Fluids (ml/kg), median (IQR) 93 (64-137) 80 (54-145) 83
Mechanical ventilation, No. (%) 28 (74) 27 (82) 4l
PEEP (cm H,O), mean £ SD 9=+4 94 .80
Pao,/Fio, (mm Hg), median (IQR) 208 (120-311) 178 (106-267) .17
Hemoglobin (g/dL), mean £ SD 9.6+1.7 10.3=1.8 07

Creatinine (mg/dL), median (IQR) 18 (1.2-24)  18(12:26) .72
Troponin T (ng/dL), median (IQR) 0,02 (0.01-0.08) 008 (0.02-:0.17) 05

Lactate (mmol/dL), median (IQR) 1.9 (1.0-3.5) 2.6 (1.6-4.1) 02

Arterial pH, mean = SD 7.30£0.08 726*0.12 07
Vasoactive medications

Vasopressor use, No. (%) 34 (90) 30 (91) 84

NE dose, median (IQR) 0.15 (0.06-0.32) 0.26 (0.15-0.4) 02

Inotrope use, No. (%)° 6 (16) 10 (30) 14

#AKI = acute kidney injury; ALl = acute lung injury; APACHE = Acute Physiology and Chronic
Health Evaluation score; ARDS = acute respiratory distress syndrome; CAD = coronary artery
disease; CKD = chronic kidney disease; CO = cardiac output measured by transthoracic
echocardiography; CVP = central venous pressure; DM = diabetes mellitus; Fio, = fraction of
inspired oxygen; HR = heart rate; HTN = hypertension; IQR = interquartile range; MAP =
mean arterial pressure; NE dose = norepinephrine dose in ug/kg/min; PEEP = positive end-
expiratory pressure; RV = right ventricular; Scvo, = central venous oxygen saturation; SOFA =
Sequential Organ Failure Assessment score.

®S| conversion factors: To convert creatinine values to pmol/L, multiply by 88.4; to convert
hemoglobin values to g/L, multiply by 10.0; to convert troponin T values to ug/L, multiply by 100.
€ Atrial fibrillation/flutter, supraventricular tachycardia.

9Norepinephrine, phenylephrine, vasopressin, dopamine.

¢ Dobutamine, epinephrine, milrinone.
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RV Dysfunction

The adaptation of the RV to sepsis is complex, and
the presence of positive pressure ventilation compli-
cates further its objective evaluation. Because of the
known sensitivity of the RV to changes in pulmonary
vascular resistance induced by a variety of factors, in-
cluding mechanical ventilation, positive end-expira-
tory pressure, hypoxemia, acidosis, and vasoactive
medications, we compared these physiologic parame-
ters within all groups and found no statistical differ-
ence when compared with patients with normal
myocardial function (Table 4). Although there was
no difference in early or late mortality, patients with
RV dysfunction had lower cardiac output, higher
norepinephrine dose, and higher troponin T and
lactate levels compared with patients with normal
myocardial function, suggesting greater severity of
illness.

Limitations

Because of the dynamic nature of sepsis, variability
in host response, and underlying disease, as well as
the complex interaction between the cardiovascular
and respiratory systems, the evaluation of myocar-
dial dysfunction is limited to isolated “snapshots” in
time during the disease process and treatment.
Furthermore, the variability in time from initial
presentation to echocardiogram, discrepancies in
resuscitation, and difference in vasoactive medi-
cation dose could alter echocardiographic measure-
ments and therefore the results. This could contrib-
ute to different echocardiographic results in a single
patient over time and variation in study results. De-
spite the current challenges in critical care research,
we had a somewhat homogeneous practice in resus-
citation during septic shock,’” and there was no dif-
ference in fluid administration. Even though we
used a computerized sepsis sniffer pager to optimize
time to enrollment and time to initial echocardio-
gram,”* because of the variability in practice, we
cannot ensure that patients were enrolled at similar
times during their disease process. Furthermore,
our sample size was not large enough to provide
definite conclusions about mortality. Despite these
limitations, this study provides the general spec-
trum of myocardial dysfunction in severe sepsis and
septic shock.

CONCLUSION

Myocardial dysfunction is frequent in patients with
severe sepsis and septic shock and presents in a wide
spectrum including LV diastolic, LV systolic, and/or
RV dysfunction. Decreased LVEF as the sole crite-
rion for diagnosis of myocardial dysfunction in sep-
sis is inaccurate and misleading. We found no

626 Mayo Clin Proc. ®m July 2012:87(7):620-628 m http://dx.doi.org/10.1016/j.mayocp.2012.01.018

www.mayoclinicproceedings.org


http://dx.doi.org/10.1016/j.mayocp.2012.01.018

MYOCARDIAL DYSFUNCTION IN SEVERE SEPSIS AND SEPTIC SHOCK

difference in mortality at 30 days or 1 year be-
tween patients with any myocardial dysfunction
and patients with normal results on echocardiog-
raphy. Despite these findings, echocardiography
is a useful tool to diagnose and categorize the type
of myocardial dysfunction in sepsis and may aid
in the management of these patients. Our findings
question the appropriateness of the current defi-
nitions of this entity and advocate for the addition
of these variants to more accurately describe car-
diac dysfunction during sepsis beyond LVEF be-
cause this marker lacks prognostic value.
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