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BACKGROUND: Sepsis is a frequently lethal state, commonly associated with left ventricular
(LV) dysfunction. Right ventricular (RV) dysfunction in sepsis is less well understood.

RESEARCH QUESTION: In septic patients, how common is RV dysfunction, and is it associated
with worse outcomes?

STUDY DESIGN AND METHODS: We measured echocardiographic parameters on critically ill pa-
tients with severe sepsis or septic shock within the first 24 hours of ICU admission. We defined
RV dysfunction as fractional area change (FAC) less than 35% or tricuspid annulus systolic plane
excursion (TAPSE) less than 1.6 cm.We defined LV systolic dysfunction as ejection fraction (EF)
less than 45% or longitudinal strain greater than -19%. Using logistic regression, we assessed the
relationship between 28-day mortality and presence of RV dysfunction and LV systolic
dysfunction, controlling for receipt of vasopressors, receipt of fluid, mechanical ventilation, and
the acute physiology and chronic health evaluation (APACHE II) score.

RESULTS: We studied 393 patients. RV and LV dysfunction were common (48% and 63%,
respectively). Mean echocardiographic values were: RV end-diastolic area, 22.4� 7.0 cm2; RV
end-systolic area, 14.2 � 6.0 cm2; RV FAC, 38 � 11%; TAPSE, 1.8 � .06 cm; RV longitudinal
strain, -15.3� 6.5%; LV EF, 60%� 14%; LV longitudinal strain, -16.5% � 6.0%. Patients with
RV dysfunction had higher 28-day mortality (31% vs 16%, P ¼ .001). In our multivariable
regressionmodel, RV dysfunction was associated with increasedmortality (OR, 3.4; CI, 1.7-6.8;
P ¼ .001), and LV systolic dysfunction was not (OR, 0.63; CI, 0.3 -1.2; P ¼ .32)

INTERPRETATION: Right ventricular dysfunction is present in nearly half of studied septic
patients and is associated with over threefold higher 28-day mortality.
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Sepsis and septic shock are clinical syndromes
characterized by multi-organ dysfunction due to
dysregulated inflammation in response to infection.1

Cardiac dysfunction in sepsis, also known as “septic
cardiomyopathy (SCM),” is common and associated
with increased mortality.2-6 When severe, SCM may
contribute to a cascade of interdependent organ failure.7

Early studies of SCM pathophysiology focused primarily
on systolic and diastolic dysfunction of the left ventricle
(LV), but increasing attention to the right side has
shown that the right ventricle (RV) may play an
important and possibly independent role in SCM and its
downstream effects.8

Although the RV has less muscle mass than the left, the
two ventricles are connected both in series and via a
common septum—leading to ventricular
interdependence.9 In steady state, the RV matches the
LV cardiac output to maintain left-sided filling and
forward flow. During sepsis, the combination of
increased RV afterload, decreased RV filling, or poor
contractility may impair the RV ability to keep pace with
the LV.8

Early studies of RV dysfunction in sepsis using
thermodilution and radionucleotide
ventriculography demonstrated reduced RV ejection
fraction in patients with sepsis and particularly
septic shock, but there was no clear correlation with
survival.10-13 More contemporary investigations have
moved to transthoracic echocardiography to
characterize RV dysfunction. In contrast to the LV,
the RV is more challenging to image. Consequently,
there remains a lack of consensus and of which echo
parameters should be used to define RV
dysfunction.14
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Several recent studies have assessed the RV in sepsis,
using a variety of functional and dimensional
measurements, although they are generally smaller and
assessed the heart later in the course of sepsis.15,16 RV
subcostal wall thickness, pulse Doppler myocardial
performance index, and RV ratio of early diastolic mitral
inflow velocity to early diastolic mitral annular tissue
velocity (E/e0) were found to be highly abnormal in
patients with septic shock, but no difference was found
between survivors and nonsurvivors.15 Harmankaya
et al16 employed tissue Doppler in patients with sepsis,
severe sepsis, and septic shock and found a correlation
between tissue Doppler and severity of sepsis and in-
hospital mortality.16 Most recently, a large study by
Vallabhajosyula et al17 applied the multimodal ASE
criteria for RV dysfunction and found a high prevalence
of isolated RV dysfunction associated with long-term (1-
year) mortality.17,18 Given the variability of these results,
a more reliable definition of RV dysfunction in sepsis
and septic shock is needed for use in both the research
and clinical arenas.

Longitudinal strain measurement is a relatively new
echocardiographic measurement, suspected to be less
susceptible to changes in function due to ventricular
loading conditions and perhaps a more sensitive marker
of ischemic ventricular dysfunction compared with
traditional two-dimensional echocardiographic
assessments.19 RV strain may have some value in
assessing systolic function in systolic heart dysfunction
and pulmonary hypertension as well as other clinical
scenarios, but its utility in sepsis is less clear.20-22 In this
retrospective observational study, we sought to
characterize the role of RV dysfunction in early sepsis and
septic shock, with the addition of RV strain assessment.
Study Design and Methods
Study Design

This is a secondary analysis of a prospectively identified cohort of
ICU patients admitted between October 2012 and November 2015
at Intermountain Medical Center, an academic tertiary care
hospital. These patients were admitted to one of two ICUs (one
medical, one medical-surgical), where transthoracic
echocardiography (TTE) is commonly performed on patients with
severe sepsis or septic shock (more so in patients with shock) at
the time of ICU admission. The protocol was approved by the
Intermountain Institutional Review Board (#1009957) with a waiver
of informed consent.

Patients

We screened patients admitted with severe sepsis or septic shock
defined by the then-current American College of Chest
Physicians/Society of Critical Care Medicine consensus criteria.23
Patients met criteria for inclusion if they (1) were at least 18
years of age; (2) had a clinically suspected infection; (3) had two
or more systemic inflammatory response syndrome criteria; and
(4) had either septic shock (systolic BP < 90 mm Hg despite an
IV fluid challenge of $20 mL/kg or infusion of any dose of
vasopressor medications) or severe sepsis (defined in this study
as serum lactate $4 mmol/L).
Transthoracic Echocardiography
TTEs were performed using a Philips iE-33 (Philips Medical Systems)
machine for clinical indications. Patients were excluded if their TTE
occurred more than 24 hours after onset of sepsis or if the image
quality was poor. All TTEs were performed by a registered
diagnostic cardiac sonographer. Studies were interpreted and
formatted by an advanced cardiac sonographer (T. D. O.) followed
by a consensus interpretation from two level-II echocardiographers
(C. K. G., M. J. L.).
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We measured common echocardiographic parameters, including LV
ejection fraction (EF), myocardial performance index, RV fractional
area change (FAC), and tricuspid annulus systolic plane excursion
(TAPSE) from M-mode, among others. We adhered to imaging
standards as recommended by the American Society of
Echocardiography.18,24 We used Image Arena (TomTec) to perform
speckle tracking for ventricular strain. We selected standard apical
four-chamber views for strain analysis.24 We selected the best
available single cardiac cycle regarding image quality and measured
longitudinal strain of the endocardium. We rejected images because
of poor image quality if we could not track two or more adjacent
segments in the apical four-chamber view. For RV strain, we
measured the free wall, excluding the septum.25 All
echocardiographic interpretations were blinded to all clinical data at
time of image analysis. Clinicians did not follow any specific
chestjournal.org
hemodynamic management protocol based on echocardiographic
findings.

Before analyzing any data, we defined RV dysfunction as having
either an RV FAC of < 35% or a TAPSE of < 1.6 cm. We
selected these parameters based on their ease of measurement and
their ubiquity in clinical practice, and we chose thresholds based
on published guidelines.18,24 We defined LV systolic dysfunction as
an EF < 45% or global longitudinal strain of -19% or higher
(strain is measured with negative percentages, where a lower value
indicates better systolic function). Our threshold for strain was
based on prior published upper limits of normal.26 We defined
LV diastolic dysfunction as patients with E/e0 $ 13.27 We defined
LV dysfunction as the presence of either LV systolic or diastolic
dysfunction.
Clinical Data
We collected demographic information, vital signs,
mechanical ventilation parameters, and vasopressor
infusion rates at the time of the TTE. We converted
vasopressor infusion rates of vasopressors into
norepinephrine-equivalent dosing, per previously
described methods.28 The cause of sepsis was
determined by chart review. We calculated total volume
of IV fluid administered in the 6 hours before and 6
hours after the TTE. We calculated Acute Physiology
and Chronic Health Evaluation II (APACHE II)29 score
at the time of ICU admission. We also measured ICU
length-of-stay, Sequential Organ Failure Assessment30

scores at the time of ICU admission and 72 hours after
ICU admission. Our primary clinical outcome was 28-
day all-cause mortality.
Statistical Analysis
We compared clinical outcomes of patients with and
without RV dysfunction using the c2 test for
proportions and Wilcoxon rank-sum tests as
appropriate. The primary outcome was 28-day
mortality, with ventilator-free days, change in Sequential
Organ Failure Assessment from day 3 to day 1, and
several organ-specific organ failure-free days as
secondary outcomes, which were controlled for multiple
comparisons using a false discovery rate of 5%. We used
multivariable logistic regression to assess the
relationship between 28-day mortality, RV dysfunction,
and LV systolic dysfunction, controlling for APACHE II,
receipt of mechanical ventilation, amount of IV fluid
administered in the 6 hours antecedent to the
echocardiogram, and norepinephrine-equivalent dose of
vasopressors. We performed secondary regression
analyses using RV strain as a covariate, adjusted for the
same clinical covariates mentioned previously. Finally,
we performed sensitivity analyses to determine a
threshold for normal vs abnormal RV strain with respect
to the presence of RV dysfunction. Analyses were
performed using the R Statistical Package, version
3.5.1.31
Results
We screened 1,053 patients with sepsis or septic shock
admitted to one of the study ICUs during the study
period. TTE was performed within the first 24 hours in
393 patients who presented to these ICUs with sepsis or
septic shock, 38% of whom received vasopressors and
26% of whom received mechanical ventilation (Table 1).
The median time from ICU admission to TTE was 2.3
hours. Overall 28-day mortality in the cohort was 24%.
Median ICU length of stay was 2.8 days (interquartile
range, 1.8-5.1).

Echocardiographic findings are presented in Table 1. We
observed a mean (�SD) RV fractional area change of 38
(�11)% and a TAPSE of 1.8 (�0.6) cm. Despite an
average EF of 60%, LV strain was an average of -17%,
and myocardial performance index also was frequently
abnormal, with an average of 0.64 (cited normal values
are < 0.5).32 We were able to categorize RV status in 375
patients, 181 (48%) of whom had RV dysfunction.
Similarly, LV systolic dysfunction was present in 238
(63%) of 380 categorizable patients, and LV diastolic
dysfunction was present in 141 (47%) of 301
categorizable patients. Combining LV diastolic and
systolic dysfunction resulted in 286 (74%) of 385
patients who had some form of LV dysfunction. We
observed considerable overlap with RV and LV
dysfunction (Fig 1), with only 35 (9%) having isolated
RV dysfunction.

We observed that RV dysfunction was associated with
higher mortality compared with patients without RV
dysfunction (31 % vs 16%; P ¼ .001), fewer ventilator-
1057
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TABLE 1 ] Summary Statistics of Relevant Echocardiographic and Clinical Parameters

Variable Mean (SD) Dead (n ¼ 93) Alive (n ¼ 300) P

RV end-diastolic area, cm2 22.39 (7.03) 22.31(6.88) 22.41 (7.09) .91

RV end-systolic area, cm2 14.19 (5.97) 14.88 (6.5) 14 (5.81) .32

RV fractional area change, % 37.51 (11.07) 34.63 (12.96) 38.3 (10.38) .03

RV basal diameter (4ch), cm 4.14 (0.83) 4.19 (0.92) 4.13 (0.79) .56

TAPSE, cm 1.81 (0.55) 1.59 (0.48) 1.88 (0.55) <.001

IVC maximum dimension, cm 2.19 (0.53) 2.08 (0.41) 2.22 (0.56) .99

IVC minimum dimension, cm 1.72 (0.57) 1.65 (0.56) 1.74 (0.58) .29

IVC collapsibility, % 28.27 (23.14) 27 (22.12) 28.62 (23.46) .64

Right atrial area (4ch), cm2 18.01 (6.95) 17.28 (5.55) 18.23 (7.32) .21

RV global longitudinal strain, % �15.32 (6.5) �14.99 (6.76) �15.44 (6.43) .67

RV free-wall strain, % �17.87 (7.34) �16.85 (7.23) �18.18 (7.33) .25
aRV myocardial performance index 0.62 (0.29) 0.66 (0.35) 0.6 (0.27) .47
aRV tissue Dopplers 12.6 (4.24) 12.96 (4.39) 12.48 (4.21) .59
bPA systolic pressure, mm Hg 42.0 (10.0) 42.2 (9.7) 41.4 (11.1) .60

LV ejection fraction, % 60.26 (12.98) 60.63 (14.77) 59.97 (13.31) .64

Left atrial volume index, mL/m2 30.11 (14.95) 30.49 (18.32) 29.95 (13.79) .73

LV E/e’ 12.60 (5.88) 13.20 (7.96) 12.44 (5.16) .80

LV global longitudinal strain, % �16.62 (5.75) �15.85 (5.99) �16.71 (6.04) .31

LV myocardial performance index 0.64 (0.22) 0.64 (0.22) 0.64 (0.21) .88

Clinical parameters

Age, y 62.65 (16.39) 65.1 (15.41) 62.0 (16.51) .12

APACHE II 25.83 (10.31) 32.97 (10.22) 23.68 (9.45) <.0001

Elixhauser Comorbidity Index 9.49 (3.86) 10.53 (3.98) 9.17 (3.77) .005

Fluid receipt 6 hours before echo, mL 2,153 (1551) 2,286 (1737) 2,102 (1482) .63

Receipt of vasopressors during echo; No. (%) 151 (38%) 39 (42%) 112 (37%) .46

Norepinephrine equivalent dose at echo (among those
receiving pressors), mg/kg/min

0.22 (0.25) 0.41 (0.64) 0.13 (0.15) .007

Ventilated during echo; No. (%) 104 (26%) 32 (34%) 72 (24%) .06

PaO2/FIO2 Ratio 238 (133) 240 (155) 271 (136) .11

Characteristics and comparisons between patients alive and dead at 28 days are displayed as well. Tests of significance are not adjusted for multiple
comparisons. IVC ¼ inferior vena cava; LV ¼ left ventricle; PA ¼ pulmonary artery; RAA ¼ right atrial area; RV ¼ right ventricle; TAPSE ¼ tricuspid annular
systolic plane excursion.
aRight ventricular tissue Doppler was not systematically recorded in all patients, so the myocardial performance index and s’ were assessed only in 123
patients.
bPulmonary artery systolic pressure was measurable in only 122 patients.
free days (26 vs 28; P ¼ .001), and fewer organ-failure
free days (Table 2). In contrast, mortality was lower in
isolated LV dysfunction (12%; e-Tables 1, 2). Univariate
regression demonstrated an association of RV
dysfunction with mortality (OR, 2.42; CI, 1.48-4.00; P <

.001), although we observed no such association with LV
systolic dysfunction (OR, 0.92; CI, 0.57-1.50; P ¼ .73) or
LV diastolic dysfunction (OR, 0.94; CI, 0.54-1.61; P ¼
.81). Our multivariable regression model demonstrated a
strong association between RV dysfunction and
mortality that persisted after adjustment for disease
severity and the presence of LV systolic and diastolic
1058 Original Research
dysfunction (Table 3; area under the receiver operating
characteristic curve ¼ 0.77). As a post hoc analysis, we
observed that lower PaO2/FIO2 ratio was associated with
increased odds of RV dysfunction (OR, 0.998; CI, 0.996-
1.000; P ¼ .01).

RV Strain

We examined the correlation between RV strain,
TAPSE, and FAC. We found modest associations
between RV strain and TAPSE and RV strain and FAC
(e-Appendix 1, e-Table 3, e-Fig 1). We additionally
performed multivariable regression analysis of RV strain
[ 1 5 9 # 3 CHES T MA R C H 2 0 2 1 ]



LV systolic
dysfunction

LV diastolic
dysfunction

No Dysfunction
n = 60

RV
dysfunction

n = 66
12.1%

n = 38
15.8%

n = 71
64.8%

n = 53
28.3%

n = 26
3.9%

n = 21
38.1%

n = 35
31.4%

Figure 1 – Distribution of RV and LV systolic and diastolic function
among the 370 patients who could be categorized for both RV and LV
dysfunction, with 28-day mortality expressed in percentages. LV ¼ left
ventricular; RV ¼ right ventricular.
and clinically relevant covariates and found no
association between RV strain and mortality after
adjustment (e-Tables 4, 5). We found RV free wall strain
TABLE 2 ] Clinical Parameters and Outcomes According to

Variable

Clinical parameters

Age, y

APACHE II

Elixhauser Comorbidity Index

Fluid receipt 6 hours before echo, mL

Receipt of vasopressors during echo; No. (%)

Norepinephrine equivalent dose at echo (among those receiving
pressors), mg/kg/min

Ventilated during echo; No. (%)

PaO2/FIO2 Ratio

Clinical outcomes

28-Day mortality; No. (%)

Ventilator-free days

3-day D SOFA

Cardiac OFFD to day 14

Coagulation OFFD to day 14

Hepatic OFFD to day 14

Renal OFFD to day 14

The test for significance is unadjusted for 28-day mortality (primary outcome),
discover rate method. Tests for significance for clinical parameters are unadju
ventricle; SOFA ¼ sequential organ failure assessment.

chestjournal.org
was worse in patients with RV dysfunction (-15.9% vs -
19.7%; P < .001; Table 4).
Discussion
In a large, prospective obtained cohort of patients with
sepsis and septic shock, we found that RV dysfunction
(both in isolation or combined with LV systolic and
diastolic dysfunction) is common and associated with
greater than double the odds of short-term mortality.
Neither LV systolic nor diastolic dysfunction alone were
associated with mortality. RV strain, a relatively novel
measurement, may offer added value in identifying RV
dysfunction. Our findings support prior work
demonstrating a moderate association of RV strain with
TAPSE and FAC.33 Despite this association, we did not
observe an association with RV strain and mortality in
multivariate regression analysis.

Our findings support and expand on other findings
regarding the RV in sepsis.16,17 Similar to the work by
Vallabhajosyula et al,17 we observe that RV dysfunction
is common in sepsis, and is associated with high
mortality, independent of LV dysfunction. In contrast,
however, our study identified increased short-term
mortality (28 days), whereas their study showed no
Presence or Absence of Right Ventricular Dysfunction

RV Dysfunction
(n ¼ 181)

No RV Dysfunction
(n ¼ 194) P

64.7 (16.0) 60.9 (16.5) .03

27.12 (10.13) 24.43 (10.19) .02

10.0 (3.7) 8.9 (3.9) .004

1,962 (2,028) 2191 (2,184) .24

63 (34.8) 82 (42.3) .17

0.21 (0.25) 0.22 (0.26) .12

52 (28.7) 47 (24.2%) .35

217 (125) 255 (147) .02

57 (31%) 31 (16%) .001

26 (�1 to 28) 28 (21-28) .001

�3 (�7 to �1) �5 (�7 to �2) .05

11 (6-13) 12 (9-13) .008

14 (10-14) 14 (13-14) .05

14 (11-14) 14 (13-14) .13

13 (6-14) 14 (12-14) .001

and all other P values of secondary outcomes are adjusted using the false
sted for multiple comparison. OFFD ¼ organ failure-free days; RV ¼ right
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TABLE 3 ] Multivariable Logistic Regression for 28-Day Mortality (Adjusted for Admission APACHE II Score,
Mechanical Ventilation at Time of Echocardiogram, Receipt of Fluid and Vasopressor Dose at Time of
Echocardiogram)

Variable OR 95% CI P

RV dysfunction 3.37 (1.67-6.78) .001

LV systolic dysfunction 0.63 (0.32-1.24) .32

LV diastolic dysfunction 1.26 (0.64-2.50) .51

APACHE II 1.09 (1.04-1.13) <.001

Ventilated during echo 0.48 (0.19-1.17) .11

PaO2/FIO2 ratio 1.00 (1.00-1.00) .29

NEE dose (per 0.01 mg/kg/min increase) 1.02 (1.01-1.04) .01

Fluid 6 hours before echo, mL 1.00 (1.00-1.00) .41

Area under receiver operating characteristic curve ¼ 0.77. For patients on multiple vasopressors, all doses were converted to norepinephrine-equivalent
doses, per previously described methods.28 APACHE ¼ Acute Physiology and Chronic Health Evaluation; LV ¼ left ventricle; NEE ¼ norepinephrine
equivalent.
difference in in-hospital mortality but a 1-year survival
disadvantage. This difference may be in part due to the
study of very early sepsis and septic shock in our cohort
(<24 hours) vs the more standard 72-hour inclusion
criteria, which may be more prone to survivorship bias.
Additionally, although our study observed an
association between RV dysfunction and mortality, the
work of Vallabhajosyula et al17 observed an association
between long-term mortality and isolated RV
dysfunction, but not RV dysfunction in general.
Additionally, the Mayo Clinic cohort identified a larger
proportion of patients with isolated RV dysfunction,
compared with biventricular dysfunction. Part of the
disparity in association may be attributed to differences
in prevalence of isolated RV dysfunction between the
two cohorts, because isolated RV dysfunction was less
common in our cohort. Compared with the Mayo Clinic
cohort, our study cohort had fewer patients receiving
mechanical ventilation (26% vs 55%) and higher paO2/
FIO2 ratio (238 vs 190), despite being at higher altitude.
Because RV dysfunction may be aggravated by
respiratory failure, possibly differences in the prevalence
of respiratory failure may at least partially account for
some of the differences noted between these two study
cohorts. RV strain, which may be less susceptible to
loading conditions than fractional area change or
TABLE 4 ] Quartiles of RV Free-Wall Strain for Patients Wit

RV Strain by RV
Dysfunction

RV Dysfunction
(n ¼ 181)

Min Q1 Mean Med Q3

RV Free-wall
strain

�37.7 �21.3 �15.9 �15.1 �11.0
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TAPSE, might be better parameters for future study of
intrinsic RV dysfunction in these patients. Although RV
strain appears to be reproducible and feasible, the need
for additional normative data from large studies
prevents recommending a definite reference range for
RV strain at this time.24 A scheduled follow-up
echocardiograph in survivors might have offered some
insights into these patients’ RV function in the absence
of respiratory failure or fluid receipt, but these data were
not part of this observational study performed under
waiver of written informed consent.

We suspect that cardiomyocyte dysfunction as a result of
the dysregulated immune response in sepsis plays a
substantial role in the observed RV dysfunction, but
several alternate possibilities warrant discussion. First,
because RV function is directly affected by afterload
conditions in the pulmonary circulation,34 possibly RV
dysfunction might be a surrogate for severity of lung
disease, which is actually the cause of increased
mortality. We do not have data on clinical
determination of ARDS or cause of respiratory failure in
our cohort, either of which might have better association
with RV dysfunction than mechanical intubation or
PaO2/FIO2 ratio. Interestingly, the association persists
after adjustment for mechanical ventilation and PaO2/
h and Without RV Dysfunction

No RV Dysfunction
(n ¼ 194)

Max Min Q1 Mean Med Q3 Max

�3.6 �36.3 �25.3 �19.7 �20.6 �13.8 �3.2
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FIO2 ratio. Post hoc analyses revealed an association with
RV dysfunction and PaO2/FIO2 ratio, making this seem
plausible, although no association was detected between
mechanical ventilation and RV dysfunctions (Table 2).
Second, it is also possible that RV dysfunction is
indicative of overzealous fluid or catecholamine
administration, again leading to increased mortality, but
in our study, no association was seen between fluid
administration and mortality, and both fluid and
vasopressor doses were adjusted for as covariates in the
regression model. The absence of association with RV
strain and mortality supports these aforementioned
possibilities, and further study is needed to determine
whether RV dysfunction is an epiphenomenon of
abnormal loading conditions in the septic patient or
whether RV dysfunction represents intrinsic cardiac
dysfunction. Additionally, some clinicians may opt to
make treatment decisions based on RV
echocardiographic parameters, such as adjusting fluid
administration or titrating ventilator settings. Although
there is physiologic rationale for these interventions, our
data cannot inform on the appropriateness of such
interventions.

The disparate association between RV and LV
dysfunction (either systolic or diastolic) and mortality
in this patient population also raises questions, because
prior studies have shown increased mortality with
either LV systolic or diastolic dysfunction and sepsis.2-6

Although we used published norms, possibly the
thresholds used to define LV dysfunction
(EF <45% and strain > -19%) are too sensitive and
identify very mild LV dysfunction, and perhaps we
would observe different associations with a more
specific threshold of strain, such as -16%. In contrast,
the thresholds used for RV dysfunction (FAC <

35% and TAPSE < 1.6 cm) may detect severe disease
only, and possibly a sicker patient subgroup. Other
potential measures of RV dysfunction include s’ and
myocardial performance index. These are promising
parameters, but our study is limited in that RV tissue
Doppler was not routinely assessed during the study
period. Of the 123 patients who had tissue Doppler, we
noted a correlation with s’ and TAPSE (r ¼ 0.56, P <

.0001).Although we report pulmonary artery pressure
estimation from tricuspid regurgitant jet, this number
is likely biased toward increased pressures, because its
ascertainment requires tricuspid regurgitation, which
was not present in most study patients. Although our
definition for RV dysfunction does not discriminate
between intrinsic RV dysfunction and
chestjournal.org
echocardiographic abnormalities arising from
increased RV preload and afterload, we adjusted for
fluid receipt and presence of mechanical ventilation.
Finally, possibly our definition of LV dysfunction,
which includes either systolic or diastolic dysfunction,
may misclassify some borderline patients. We limited
our assessment of strain to the six segments of apical
four-chamber, rather than 16 myocardial segments,
and our determination of diastolic dysfunction. Our
determination of diastolic dysfunction used a surrogate
for filling pressure (E/e0) rather than the standard
definition, which is challenging to apply in critically ill
patients.27 Additionally, although LV diastolic
dysfunction has been associated with mortality in
septic patients,35 we did not observe a relationship in
this cohort, perhaps because of the strong signal
observed with RV dysfunction in the model and a low
prevalence of isolated LV diastolic dysfunction, or the
association between diastolic parameters and fluid
receipt. Additionally, our cohort may differ from other
studies regarding timing of the echocardiography study
or fluid receipt. When compared with patients who
were enrolled in the ProCESS trial, a contemporaneous
study of septic patients, patients in our cohort had
higher APACHE II scores and greater vasopressor use
and receipt of mechanical ventilation.36

Our study is limited by its retrospective nature. The
chief limitation of this study is that we do not have
adequate pre-sepsis information on these patients to
determine whether the RV dysfunction is a
manifestation of the changes of sepsis, or whether these
patients had preexisting RV dysfunction. As
demonstrated in Table 2, patients with RV dysfunction
were older, with greater disease severity and
comorbidities. Possibly these relationships may
partially confound the association between RV
dysfunction and mortality. Additionally, premorbid LV
systolic and diastolic dysfunction, lung disease, or
sleep- disordered breathing, which could also affect RV
function, were not collected. Our definitions for severe
sepsis and septic shock,23 although appropriate at the
time of study, were subsequently replaced by the
Sepsis-3 definitions,37 meaning this cohort may not
precisely align with contemporary patient cohorts
defined to have sepsis or septic shock. Our definition
for systolic and diastolic dysfunction might have results
in misclassification of some patients with borderline
values. Most of the patients were medical ICU patients;
therefore, our findings may not be generalizable to
ICUs with different patient populations. Because the
1061
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study hospital underwent changes in its electronic
medical record in 2016, the study cohort was limited to
data collected earlier and therefore may fail to account
for recent secular changes in sepsis treatment. Our
assessment of mortality did not include cause of death.
Finally, although RV dysfunction appears to be
common in sepsis and septic shock, possibly our
reported incidence may be overestimated because of
selection bias. Although the study hospital commonly
performs echocardiography in patients with septic
shock, it is not routine and is less commonly performed
in septic patients who are hemodynamically stable.
Likely many of the septic patients who were not studied
were healthier and less likely to have ventricular
dysfunction.
1062 Original Research
Interpretation

RV dysfunction is common in patients with sepsis
and septic shock and is associated with increased 28-
day mortality, even after adjusting for disease
severity. This finding is independent of the presence
of LV systolic and diastolic dysfunction. How
clinicians should respond to this finding is less clear,
and this study is unable to provide any useful
inferences on whether improving RV function will
improve clinical outcomes. We need additional
prospective translational and clinical studies to

understand the impact of RV dysfunction and
targeted interventions on survival in patients with
sepsis and septic shock.
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