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(CI) 25–58%] and right ventricular function in 15 patients 
(50%, 95% CI 33–67%). Intensivists’ therapeutic plans 
changed in eight cases (27%, 95% CI 14–44%) after FCU 
information became available. The most common changes 
were fluid management and imaging tests. Intensivists’ 
confidence in their therapeutic plans improved for 11 
patients (37%, 95% CI 22–55%).
Conclusion  FCU is a valuable examination tool during 
early resuscitation of severe sepsis and septic shock.

Keywords  Point-of-care testing · Ultrasonography · 
Echocardiography · Sepsis · Critical care · Critical illness · 
Shock

Introduction

Severe sepsis and septic shock are among the most com-
mon admission diagnoses to the intensive care unit (ICU) 
[1, 2]. The 2012 Surviving Sepsis Campaign recommends 
protocolized quantitative resuscitation, such as early goal-
directed therapy (EGDT) for initial patient management 
[1, 3]. Although many centers have adopted an EGDT 
strategy and achieved improved clinical outcomes [4, 5], a 
recent study suggests that mortality outcomes with EGDT 
or protocolized standard resuscitation were no different 
from those with usual care [6]. While various care improve-
ments, such as use of lower hemoglobin for transfusion 
trigger and implementation of lung-protective strategies, 
have been implicated as reasons for the reduced benefit of 
EGDT or protocolized strategies [6–8], the increasing use 
of informal bedside echocardiography by emergency physi-
cians and intensivists cannot be overlooked.

In the past decade, portable, small ultrasound platforms 
have been developed, and many noncardiologists have been 

Abstract 
Purpose  Point-of-care ultrasonography has been increas-
ingly used in the care of critically ill patients; however, 
reports on its use during active resuscitation are limited. 
The aim of this study was to investigate the true impact of 
focused cardiac ultrasound (FCU) during the management 
of sepsis with early (6-h) resuscitation.
Methods  A prospective pilot observational study was con-
ducted at an academic medical center from March 2011 
through July 2012. Patients undergoing resuscitation for 
severe sepsis or septic shock were prospectively enrolled 
at medical and combined medical–surgical intensive care 
units. Patients underwent a 10-min FCU examination when 
echocardiography was not part of their care plan. FCU was 
performed by sonographers and interpreted by cardiologists 
to minimize risks of inadequate image acquisition and mis-
interpretation. Intensivists completed surveys on their diag-
nostic and therapeutic plans before and after receiving FCU 
information.
Results  Of the 30 patients enrolled, 18 (60%) were male 
and the median age was 61  years [interquartile range 
(IQR) 50–71 years]. Median central venous oxygen satura-
tion and lactate levels were 59.6% (IQR 53.1–66.2%) and 
2.7  mmol/L (IQR 1.2–4.1  mmol/L), respectively. Clinical 
assessment by intensivists before FCU commonly failed 
to correctly estimate ventricular function; specifically, left 
ventricular in 12 patients [40%, 95% confidence interval 
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trained in point-of-care ultrasonography [9–12]. The Amer-
ican Society of Echocardiography has recognized this trend 
and coined the term focused cardiac ultrasound (FCU) to 
describe a focused ultrasonographic examination of the 
cardiovascular system by a physician as an adjunct to the 
physical examination [10, 13]. The term critical care echo-
cardiography was coined by American College of Chest 
Physicians and La Societe de Reanimation de Langue Fran-
caise for goal-oriented cardiac ultrasonography that is per-
formed and interpreted by intensivists at the bedside [12].

Despite this new practice and training trend in critical 
care, no reports have been published that robustly evalu-
ate the role of ultrasonography using an ICU-based port-
able ultrasound machine during early (6-h) resuscitation of 
patients with severe sepsis and septic shock. The aim of this 
prospective pilot study was to test the utility of sonographer-
performed, cardiologist-interpreted FCU using an ICU-based 
ultrasound machine. More specifically, our aim was to inves-
tigate the true impact of ultrasonographic information on 
sepsis resuscitation while minimizing the potential biases 
and concerns often raised about point-of-care ultrasonogra-
phy, including inadequate image acquisition and misinter-
pretation when performed by inadequately trained providers. 
We hypothesized that the diagnostic impressions, therapeutic 
plans, and confidence levels of intensivists would be influ-
enced by the FCU information. The primary outcomes of the 
study were the percentage change in intensivists’ therapeu-
tic plans and subjective confidence levels in their manage-
ment after the release of ultrasonographic information. The 
percentage change in intensivists’ impression on subtype of 
shock and accuracy of the intensivists’ diagnostic assessment 
of ventricular function were also assessed.

Methods

Settings

This prospective pilot observational study was conducted 
in the medical and combined medical–surgical ICUs of 
an academic medical center from March 2011 through 
July 2012. The study was approved by the Mayo Clinic 
Institutional Review Board. Informed verbal consent was 
obtained from patients or their surrogates for study enroll-
ment. Informed verbal consent was obtained from all par-
ticipating intensivists.

Patient enrollment and definition of sepsis onset

Patients were screened using an electronic screening tool 
for the following criteria: (1) systolic blood pressure (sBP) 
of <90 mmHg after infusion of 20 mL/kg of crystalloid or 
8 mL/kg of colloid; (2) serum lactate level of ≥4 mmol/L; 

(3) initiation of an intravenous vasoactive or inotropic 
agent. Sepsis time 0 was defined separately for patients 
who were already in the ICU and those who were newly 
admitted to the ICU for the treatment of sepsis. For the for-
mer group, sepsis time 0 was the earliest time that any of 
the screening criteria were met; for the latter group, sepsis 
time 0 was defined as the time of admission to the ICU.

If one of the screening criteria was met, the patient’s 
electronic medical records were further reviewed for enroll-
ment eligibility. Inclusion criteria were (1) age ≥18 years; 
(2) fulfillment of two or more conditions of systemic 
inflammatory response syndrome in the setting of sus-
pected infection [14]; (3) presentation within 6 h of sepsis 
time 0; (4) sBP of <90 mmHg after infusion of 20 mL/kg of 
crystalloid or 8 mL/kg of colloid, initiation of vasoactive or 
inotropic agent (regardless of sBP), or serum lactate level 
of ≥4  mmol/L; and (5) central venous oxygen saturation 
(ScVO2) level of <70%, not ordered, or pending at the time 
of FCU examination.

Exclusion criteria were (1) current hospitalization pri-
marily due to trauma; (2) surgical procedure within 48  h 
of sepsis onset; (3) most recent ScVO2 level of ≥70% at 
any time before the initial FCU; (4) receiving or being 
scheduled for emergent echocardiography as part of medi-
cal care; (5) transfer from another medical center for sepsis 
treatment; (6) refusal to consent to use of medical records 
for research purposes; and (7) study eligibility met outside 
of normal business hours.

Study design

The study design is summarized in Fig. 1. Enrolled patients 
underwent FCU within 6  h after sepsis time 0. FCU was 
defined as a 10-min limited echocardiographic evalua-
tion using an ICU-based portable ultrasound machine 
(M-Turbo; FUJIFILM SonoSite Inc. Bothell, WA).

FCU was performed by sonographers. Because the 
examination time was limited, the FCU evaluation fol-
lowed a specific order: (1) subxiphoid four chambers with-
out color Doppler; (2) subxiphoid four (or 5) chambers 
with color Doppler in mitral and tricuspid valves (aor-
tic valve was optional); (3) subxiphoid inferior vena cava 
(IVC) with respiratory variation, measurement of maximal 
and minimal diameters; (4) parasternal long axis without 
color Doppler; (5) parasternal long axis with color Dop-
pler in aortic and mitral valves; (6) parasternal short axis 
at papillary muscle level without color Doppler; (7) apical 
four chambers without color Doppler; and (8) apical four 
(or 5) chambers with color Doppler in mitral and tricus-
pid valve (aortic valve was optional). At least one motion 
image (6–10 s) for each step was digitally saved, regardless 
of image quality. If the color Doppler examination in the 
previous step was unremarkable, omission of a repeat color 
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Doppler in the subsequent steps was allowed. If the exami-
nation time exceeded 10 min, FCU was stopped.

Images were electronically transferred and immediately 
interpreted by a cardiologist. Interpretation and documen-
tation of images proceeded as follows: visual categorical 
assessment of ventricular function (hyperdynamic; normal; 
mild, moderate, or severely decreased function), right ven-
tricular size (normal; mild, moderate, or severe enlarge-
ment), IVC diameter and its respiratory collapsibility 
and collapsibility index [15], left ventricular wall motion 
abnormality, presence or absence of the McConnell sign 
(akinesia of the right ventricular mid free wall, with nor-
mal motion at the apex) [16], severe valvular abnormality, 
pericardial tamponade, image quality, and other notable 
pathologic findings. FCU reports were added to the elec-
tronic medical records to document justification for clinical 
decision-making.

Treating intensivists were asked to complete a survey 
immediately before the release of ultrasonographic infor-
mation. The survey included questions regarding their esti-
mation of ventricular function, subtypes of shock, thera-
peutic plans on fluid management, vasoactive and inotropic 
agents, transfusion, corticosteroid administration, imaging 
tests, procedures, consultation, ScVO2 measurements, and 
their confidence levels regarding the overall therapeutic 
plans and subtype of shock. Intensivists were encouraged to 
estimate their patient’s ventricular function based on vital 
signs, physical examination findings, hemodynamic, labo-
ratory, and radiographic data, along with previous echo-
cardiography findings if they are available in the patient’s 
medical records. Confidence levels were evaluated using a 
10-point Likert scale, with 10 indicating the greatest con-
fidence. Upon survey completion, FCU information was 
handed to the intensivists, and they were asked to resubmit 

the same survey and answer an additional question rating 
the usefulness of FCU for patient management. The FCU 
examinations and physician surveys were conducted within 
6 h after sepsis time 0.

Treating intensivists were allowed to integrate the ultra-
sonographic information with existing clinical information 
and to make any type of therapeutic decision for the patient. 
Apart from this FCU intervention, the patient received 
usual care, including the EGDT. Enrolled patients were 
followed after the survey to determine whether therapeutic 
changes mentioned in the surveys were actually performed.

If the patient remained critically ill, a repeat FCU was 
conducted within 8 h after sepsis time 0 if the patient met 
the following criteria: (1) initiation or addition of a new 
vasoactive or inotropic agent, or dose increment of >50% 
of a current vasoactive or inotropic agent; or (2) ScVO2 
level of <70% or no available ScVO2 measurement. Treat-
ing intensivists again completed the surveys before and 
after the FCU.

Data collection and statistical analysis

In addition to FCU findings and intensivist survey results, 
patient characteristics and clinical information, such as 
ScVO2, mechanical ventilation status, and sequential organ 
failure assessment [17], were prospectively collected.

For the primary outcome, we considered a change in 
intensivists’ therapeutic intention and in subjective confi-
dence levels on their overall care plan of >17% as being 
clinically significant. With a sample size of 30, and assum-
ing a 17% change in survey response after FCU evalu-
ations, a 95% confidence interval (CI) was estimated to 
range from 7.3 to 34%. Considering the width of the 95% 
CI for sample sizes of 40 and the nature of this prospective 

Fig. 1   Summary of study 
protocol. ScVO2 Central venous 
oxygen saturation
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pilot study, we believed that reasonable precision would be 
achieved with a sample size of 30. The resulting test was 
calculated to have >90% power to detect a 17% change in 
survey answers. Descriptive statistical terms, such as pro-
portion, median, and interquartile range (IQR), were used 
to summarize the data. JMP 10.0 software (SAS Institute 
Inc., Cary, NC) was used for the statistical analysis.

Results

During the study period, 631 patients were screened and 
30 patients were eventually enrolled in the study (Fig. 2). 
Patient characteristics are shown in Table 1.

The results of the initial FCU conducted during the 
first 6  h of sepsis onset are summarized in Table  2. Data 
on wall motion abnormalities were not assessable for 
two patients and the IVC was not well visualized for one 
patient. Dynamic left ventricular outflow tract obstruction 
and cavitary obstruction were seen in one patient each. 
Twenty patients (67%) had at least one suboptimal ultra-
sonographic window in their FCU examinations.

During the 8-h study window, five patients met the cri-
teria for a repeat FCU; however, for four patients, it could 
not be completed within the 8-h study period because of 
interference with other elements of care (e.g., procedures, 
radiology tests outside of the ICU, and care discussion at 
the bedside). The patient who had the repeat FCU showed 
improvement in biventricular function and a larger IVC 
with less collapsibility.

Seventeen intensivists participated in the study and 
reported diagnostic impression and therapeutic intention. 
Among the four subtypes of shock (distributive, hypov-
olemic, obstructive, and cardiogenic), distributive shock 
was considered to be the most common [n =  21 (70%)], 
followed by hypovolemic shock [n =  7 (23%)]. Intensiv-
ists believed that 15 patients had multiple subtypes of 
shock, most commonly a combination of distributive and 
hypovolemic shock (n  =  13). Although the intensivists’ 
diagnostic impression of the primary subtype of shock did 
not change after the FCU results became available, their 
impression of secondary or tertiary subtypes of shock did 
change for six patients (20%; 95% CI 9.5–37%). Diagno-
ses of obstructive and cardiogenic shocks were each added 
to two patients, and a diagnosis of hypovolemic shock 
was removed as a secondary subtype in two patients. The 
median physician confidence level regarding the initial 
diagnostic impression of shock subtype was 8 (IQR 7–9). 
Improvement in this score was seen in nine patients (30%; 
95% CI 17–48%) after the FCU, whereas no score change 
was observed in 20 patients (67%, 95% CI 49–81%).

The intensivists’ clinical impressions regarding ven-
tricular function before the FCU results were available 

were compared with the actual FCU findings. Intensivists 
failed to correctly estimate left ventricular function in 12 
patients (40%; 95% CI 25–58%), with overestimation and 
underestimation occurring in seven (23%) and five (17%) 
patients, respectively. Right ventricular function was esti-
mated incorrectly in 15 patients (50%; 95% CI 33–67%), 
with overestimation and underestimation occurring in five 
(17%) and ten (33%) patients, respectively.

Based on the FCU findings, intensivists made changes 
to the therapeutic plans of eight patients (27%; 95% CI 
14–44%), with three patients receiving more than one 
change to the care plan. Details of care modification 
are shown in Table  3. The actual interventions occurred 
within 1  h after the FCU findings were known for four 
patients. Subjective confidence levels for the therapeutic 
plans improved post-FCU for 11 patients (37%; 95% CI 
22–55%). Overall, intensivists considered FCU beneficial 
for patient care in 14 patients (47%; 95% CI 30–64%).

Discussion

We evaluated the role of point-of-care cardiac ultrasonog-
raphy using an ICU-based portable machine during the 
critical 6  h of early sepsis resuscitation. The study was 
designed to minimize potential biases and concerns regard-
ing image acquisition and interpretation that are often 
raised when inadequately trained providers use a portable 
ultrasound machine. In this study protocol, FCU was con-
ducted by sonographers trained to use an ICU-based port-
able ultrasound machine, and images were immediately 
interpreted by cardiologists. Patients undergoing early 
sepsis resuscitation were eligible for the study when echo-
cardiography was not included in the care plan. Intensiv-
ists’ therapeutic plans changed for eight patients (27%) 
during the first 6  h of sepsis resuscitation, and their con-
fidence in the therapeutic plan improved for 11 patients 

Fig. 2   Patient enrollment diagram. FCU Focused cardiac ultrasound
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(37%). Approximately one-half of the intensivists believed 
that FCU improved patient care. Notably, intensivists’ ini-
tial estimation of ventricular function was limited by the 
absence of ultrasound information.

Previous studies reported that transesophageal or tran-
sthoracic echocardiography (or both) influenced therapeu-
tic plans in approximately 25–50% of ICU cases [18–22]. 
However, inferences from those studies were limited by the 
lack of timeliness of echocardiography (examinations were 
conducted after the first 6  h of resuscitation). Our results 
compare favorably to these reports targeting a general ICU 
population, although the percentage change in therapeutic 
plans was near the lower end of the anticipated range. In 
our study, patients were not enrolled when the care provid-
ers had scheduled or ordered an echocardiographic evalua-
tion as part of their medical care. Our results suggest that 
FCU provides clinically relevant information, even for set-
tings in which providers have conventionally thought echo-
cardiography was less helpful for decision-making.

This study has several unique elements in its design. 
First, treating intensivists were able to make any thera-
peutic changes after considering the ultrasound informa-
tion. Before the study, we anticipated that common clini-
cal decisions during the active resuscitation stage would 
include adjusting fluid infusion and selecting vasoactive 
and inotropic agents. In fact, these were among the most 
commonly observed therapeutic changes. As previously 
described, an advantage of FCU is its ability to assess 
fluid responsiveness in mechanically ventilated patients 
via IVC measurements and to identify cardiac dysfunc-
tion that often coexists in septic shock [15, 23]. The results 
of this study suggest that FCU in the early resuscitation 
phase potentially helps avoid insufficient or excessive fluid 
administration, both of which are associated with adverse 
patient outcomes [24, 25]. FCU also can feasibly guide 
selection of vasoactive or inotropic agents and help avoid 
hemodynamically deleterious situations (e.g., vasoconstric-
tive agent in severe septic cardiomyopathy or inotropic 
agent in the hyperdynamic heart).

Another unique aspect of the study was the criterion 
that the FCU examination could not exceed 10  min and 
was conducted using an ICU-based portable ultrasound 
machine. The examination was goal oriented and limited 
to basic echocardiographic elements that could be assessed 
visually, in a qualitative manner. With the development of 
compact, high-resolution ultrasound machines, providers 
are increasingly trained in ultrasonography [9, 11]. Our 
study not only showed the utility of FCU in sepsis resus-
citation but also supports ongoing efforts to educate pro-
viders in ultrasonography. A previous report showed that 
the basic elements of FCU could be taught efficiently in a 
short, organized workshop [26]. We believe that intensivists 
who are capable of point-of-care ultrasonography should 

Table 1   Patient characteristics (N = 30)

Values in table are given as the median with the interquartile range 
(IQR) in parenthesis or as a number with the percentage in parenthe-
sis, as appropriate

FCU Focused cardiac ultrasound, ScVO2 central venous oxygen satu-
ration, SOFA sequential organ failure assessment
a  Nine patients (30%) had documented low ScVO2 level (<70%)

Characteristics Values

Age (years) 61 (50–71)

Male sex 18 (60)

SOFA score 9 (5–11)

Mechanical ventilation 8 (27)

Noninvasive positive-pressure ventilation 3 (10)

Use of vasoactive or inotropic agents 9 (30)

Lactate level (mmol/L) 2.7 (1.2–4.1)

ScVO2 (%)a 59.6 (53.1–66.2)

Time between sepsis time 0 and FCU (h) 3.3 (1.8–4.1)

Table 2   Focused cardiac ultrasound findings (N = 30)

Values in table are given as the median with the IQR in parenthesis or 
as a number with the percentage in parenthesis, as appropriate

 IVC inferior vena cava, max maximal diameter, min minimal diam-
eter, mean mean diameter

Characteristic Values

Left ventricular function, n (%)

  Hyperdynamic 3 (10.0)

  Normal 21 (70.0)

  Mild dysfunction 3 (10.0)

  Moderate dysfunction 1 (3.3)

  Severe dysfunction 2 (6.7)

Left ventricular wall motion abnormality, n (%) 4 (13.3)

Right ventricular size

  Normal 14 (46.7)

  Mild enlargement 10 (33.3)

  Moderate enlargement 5 (16.7)

  Severe enlargement 1 (3.3)

Right ventricular function, n (%)

  Hyperdynamic 2 (6.7)

  Normal 20 (66.7)

  Mild dysfunction 5 (16.7)

  Moderate dysfunction 3 (10.0)

  Severe dysfunction 0 (0)

McConnell sign 1 (3.3)

Severe valvular abnormality 3 (10.0)

IVC assessment, median (IQR)

 Maximal diameter (mm) 22 (19–26)

 Minimal diameter (mm) 18.5 (10.5–20.5)

 Collapsibility [(max − min)/max], in % 21 (8.9–38.8)

 Collapsibility index [(max − min)/mean], in % 24 (10–48.1)

Cardiac tamponade, N (%) 0 (0)
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consider performing the examination during the active 
resuscitation of patients presenting with severe sepsis or 
septic shock. Alternatively, point-of-care sonographers and 
cardiologists should be included in the ICU resuscitation 
team, if intensivists are not yet skilled with point-of-care 
ultrasonography or if they are attending to other patients 
and not readily available.

Our study has several limitations. First, this was a pilot 
study of 30 patients to examine the utility of FCU-guided 
sepsis resuscitation. The number of enrolled patients was 
small, and there was no control group. Intensivists were 
allowed to participate in the study more than once because 
of the limited number of providers (n  =  17) working in 
the ICU during the study period; this may have biased the 
survey results. Second, only intensivist-oriented outcomes 
were collected and analyzed in the study. This study lays 
the groundwork for a future study powered to detect differ-
ences in patient-oriented clinical outcomes between those 
who receive FCU-guided early sepsis resuscitation and 
those who received usual care. Third, because of the limited 
availability of sonographers, the study enrolled only those 
patients who presented during business hours, which may 
have created selection bias. However, we believe that patient 
and intensivist characteristics were unlikely to vary mark-
edly between regular business hours versus other times. 
Fourth, evaluation of diastolic function was not included in 
the 10-min FCU examination, although diastolic dysfunc-
tion is common in patients with severe sepsis and septic 
shock [23, 27–29]. There have been conflicting reports on 
the relationship between diastolic dysfunction and patient 
prognosis [23, 27–29], and it is deemed technically impos-
sible to accurately obtain diastolic parameters within 10 min 
of using an ICU-based ultrasound device. The value of dias-
tolic evaluation in the early phase of sepsis resuscitation 
remains to be further investigated. Fifth, the study design 
may have increased the tendency for intensivists to change 
their survey answers after being provided the additional 

information. Thus, the rate of therapeutic changes may be 
overestimated, although if intensivists did not incorporate 
ultrasonographic information appropriately in the care plan, 
its impact also may be underestimated. For a diagnostic 
modality such as FCU to be beneficial in clinical decision-
making, it has to be interpreted correctly and integrated into 
a clinical scenario appropriately.

In summary, FCU using a portable ultrasound machine 
is a valuable examination tool during the early resuscita-
tion of severe sepsis and septic shock. It guides intensiv-
ists in their initial assessment and treatment of critically 
ill patients with sepsis. A subsequent trial targeting clini-
cal outcomes is warranted to investigate the role of FCU or 
critical care echocardiography, performed and interpreted 
by intensivists, in sepsis resuscitation. In the meantime, 
intensivists who can perform and interpret point-of-care 
ultrasonography could reasonably consider doing so during 
the early phase of sepsis resuscitation.
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