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Abstract
Background: The purpose of this study was to determine the ideal timing for providers to perform point-of-care
ultrasound (POCUS) with the least increase in workload.
Methods: We conducted a pilot crossover study to compare 2 POCUS-assisted evaluation protocols for acutely ill
patients: sequential (physical examination followed by POCUS) vs parallel (POCUS at the time of physical
examination). Participants were randomly assigned to 2 groups according to which POCUS-assisted protocol
(sequential vs parallel) was used during simulated scenarios. Subsequently, the groups were crossed over to
complete assessment by using the other POCUS-assisted protocol in the same patient scenarios. Providers’
workloads, measured with the National Aeronautics and Space Administration Task Load Index (NASA-TLX) and
time to complete patient evaluation, were compared between the 2 protocols.
Results: Seven providers completed 14 assessments (7 sequential and 7 parallel). The median (IQR) total NASA-TLX
score was 30 (30–50) in the sequential and 55 (50–65) in the parallel protocol (P = .03), which suggests a
significantly lower workload in the sequential protocol. When individual components of the NASA-TLX score were
evaluated, mental demand and frustration level were significantly lower in the sequential than in the parallel
protocol (40 [IQR, 30–60] vs 50 [IQR, 40–70]; P = .03 and 25 [IQR, 20–35] vs 60 [IQR, 45–85]; P = .02, respectively). The
time needed to complete the assessment was similar between the sequential and parallel protocols (8.7 [IQR, 6–9]
minutes vs 10.1 [IQR, 7–11] minutes, respectively; P = .30).
Conclusions: A sequential POCUS-assisted protocol posed less workload to POCUS operators than the parallel
protocol.
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Background
Point-of-care ultrasound (POCUS) is a rapidly evolving
diagnostic modality that is performed and interpreted by
providers at the bedside [1–7]. An increasing number of
reports have shown that POCUS can modify diagnoses,
direct further testing, and change medical therapy [8–19].
While the application of POCUS continues to expand,
professional societies have published guidelines and recommendations for the use of POCUS specific to their
scope of practice. Emergency ultrasound guidelines have
identified core emergency ultrasound applications [20],
and the Society of Critical Care Medicine recently published guidelines on the use of ultrasonography for critically ill patients [21]. Many clinicians agree that POCUS is
complementary to the physical examination. POCUS can
be used as a single examination, repeated because of clinical need or deterioration, or used for monitoring physiologic or pathologic changes.
Interestingly, most studies that show clinical utility of
POCUS were conducted within 24 h of a patient’s presentation but not always at the time patients were initially
assessed. The Focused Assessment with Sonography for
Trauma (FAST) examination is one of the very few examples in which POCUS is consistently conducted during the initial resuscitation phase [14, 15, 22]. However,
it is still not clear from the original studies if FAST is
best conducted in sequence or parallel (or simultaneously) with the primary or secondary survey. In fact,
the current guidelines in emergency ultrasound and critical care ultrasonography do not specify the optimal timing of POCUS in relation to the physical examination or
other assessments during the initial evaluation of acutely
ill patients.
For POCUS to be fully beneficial in patient care, it
should be performed and interpreted without interference with the actual workflow during the initial evaluation. Otherwise, POCUS may increase the provider’s
workload substantially without adding clinical benefits.
We hypothesized that the POCUS-assisted evaluation
performed in a sequential manner would pose less workload for the performing providers. To test this hypothesis, we conducted a pilot simulation study to determine
the optimal method from the provider’s perspective for
integrating POCUS into the initial evaluation of acutely
ill patients.
Methods
Study setting

We conducted a pilot, unblinded crossover study in
which we measured POCUS provider workload to compare 2 POCUS-assisted evaluation approaches: sequential (physical examination followed by multiorgan
POCUS) vs parallel (multiorgan POCUS at the time of
physical examination). The study was approved by the
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Mayo Clinic Institutional Review Board (12–007998)
and performed from July 13, 2015, through July 26,
2015.
Study participants

Critical care fellows who participated in the Mayo Clinic
institutional POCUS workshop were recruited for the
study. The other inclusion criterion was certification
with Advanced Cardiac Life Support. There were no exclusion criteria. The fellowship program comprises
trainees from Critical Care Medicine and Critical Care/
Anesthesia. The programs are 1 to 2 years depending on
prior training. The background and training level varied
among the participants. All of the fellows participated in
the POCUS workshop before recruitment, which is offered in July of each academic year. This course is a full
day and includes didactic sessions, hands on learning
with standardized patients, and competency testing. Verbal consent was obtained from the study participants.
Study design

Participants were randomly assigned to group A or group
B, according to which POCUS-assisted protocol (sequential vs parallel) was used during simulated patient scenarios. Group A was asked to complete the assessment of
patients using the sequential protocol. Group B was asked
to complete the same assessment using the parallel protocol. Subsequently, the groups were crossed over to
complete assessment using the other POCUS-assisted
protocol in the same patient scenarios: group A used the
parallel and group B used the sequential protocol. The
simulated scenarios were 1) a 30-year-old man with undifferentiated hypotension and 2) a 36-year-old man with
acute respiratory distress. POCUS was performed on standardized patients using a VScan device (General Electric,
Boston, Massachusetts USA).
The sequential protocol was performed in the following order (Fig. 1): airway, breathing, circulation,
disability, and exposure assessments, followed by thoracic, cardiac, abdominal, and venous POCUS examinations. The parallel protocol was conducted in the
following order: airway assessment, breathing assessment, then thoracic POCUS; circulation assessment,
then cardiac POCUS; disability assessment, exposure
assessment, then abdominal POCUS and venous
POCUS (vasculature). The POCUS examinations had
10 required ultrasound examination points and 6 optional points, for a total of 16 potential points. The
examination sites for the POCUS protocol are shown
in Table 1. Participants were asked to complete a
National Aeronautics and Space Administration Task
Load Index (NASA-TLX) survey after they finished
the 2 simulated patient assessments [13].
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Fig. 1 Flowcharts Showing the Sequential and Parallel POCUS Protocols. a, In the sequential protocol, the ABCDE (airway, breathing, circulation,
disability, and exposure [and vasculature*]) evaluations are completed, and then the system-specific POCUS examinations are performed. b, In the
parallel protocol, the airway and breathing assessments are completed, followed by the thoracic POCUS; then the circulation assessment,
followed by cardiac POCUS; then the disability and exposure assessments, followed by the abdominal POCUS and vasculature* (venous) POCUS.
POCUS indicates point-of-care ultrasound. * indicates addition to the ABCDE evaluation

Outcome variables

Table 1 Ultrasound Transducer Application Sites in the POCUS
Protocol
POCUS Type by Application Site, No.
Thoracic, 6

Transducer Application Site
Upper anterior chest
Lower anterior chest
Upper lateral chest
(3 application sites per
hemithorax)

Cardiac, 1 or 3a

Subcostal, including
inferior vena cava

The NASA-TLX survey was used to measure perceived
workload as the primary outcome. NASA-TLX is an integrated measure of overall workload [13]. It consists of
6 domains that represent clustered independent variables: mental demand, physical demand, temporal demand, performance, effort, and frustration [12]. Scores
in each domain and overall raw NASA-TLX scores were
collected from participants after they completed the 2
patient scenarios. Time to complete the assessment was
also recorded. Qualitative feedback from participants
about 2 POCUS-assisted protocols was also collected in
a survey format.

Parasternala

Abdomen, 3

Apicala

Statistical analysis

Upper right flank

Descriptive statistical terms, such as median and interquartile range (IQR) were used to summarize the outcome variables. Variables were compared between
sequential and parallel POCUS-assisted protocols using
the Wilcoxon signed rank test. JMP 10.0 software (SAS
Institute Inc., Cary, North Carolina USA) was used for
the statistical analysis. Because this was a pilot study,
sample size calculation was not performed. A P value of
<.05 was considered significant.

Upper left flank
Pelvis
a

Vasculature, 4

Inguinal veina
Popliteal veina
(2 application sites per
lower extremity)

Abbreviation: POCUS, point-of-care ultrasound
a
Optional based on clinical indication

Bennett et al. Cardiovascular Ultrasound (2018) 16:14

Page 4 of 6

Results
Seven critical care fellows were enrolled in the study: 4
fellows were assigned to group A (sequential then parallel POCUS-assisted protocol); 3 fellows to group B (parallel then sequential POCUS-assisted protocol). There
were 3 trainees from Critical Care Medicine (all postgraduate year [PGY] 4), 1 trainee from critical care
emergency medicine (included in the Critical Care
Medicine program; PGY 6), and 3 trainees from Critical
Care/Anesthesia (all PGY 5). A total of 7 sets of
NASA-TLX scores, time to complete patient assessments, and participant surveys were collected for each
POCUS-assisted protocol (sequential and parallel). The
median NASA-TLX score and time to complete assessment are shown in Table 2. We observed a significant
difference in the median (IQR) total NASA-TLX scores
between the sequential and the parallel protocols (30
[30–50] versus 55 [50–65], respectively; P = .03), with
the sequential protocol being associated with a lower
provider workload. When evaluating the individual components of the NASA-TLX scores, we observed a significantly lower median (IQR) mental demand and
frustration level for the sequential protocol than the parallel protocol: 40 (30–60) vs 50 (40–70) (P = .03) and 25
(20–35) vs 60 (45–85) (P = .02), respectively. The scores
for the other 4 scales (physical demand, temporal demand, performance, and effort) were not significantly
different between the 2 protocols.
Fellows commented that maneuvering between the
physical examinations with a stethoscope and then an
ultrasound transducer in the parallel POCUS-assisted
protocol was distracting and more frustrating than completing the physical examination and then performing
the POCUS examination in the sequential protocol. Fellows also suggested that the time needed to remove the
ultrasound gel between examination components prolonged the time needed to complete the examination.
Despite these perceptions, the median (IQR) time

needed to complete patient scenarios was not significantly different between the 2 protocols: 8.7 (6–9) minutes in the sequential and 10.1 (7–11) minutes in the
parallel protocol (P = .30).

Discussion
Our study demonstrated that the sequential protocol
posed less workload for POCUS operators than the parallel protocol, although the time to complete assessments was not significantly different between the 2
protocols. Mental demand and frustration level were significantly lower in the sequential protocol. To our knowledge, this pilot study is the first to assess the most
efficient timing for integrating POCUS with the physical
examination by evaluating workload perceived by the
POCUS operators.
As POCUS is a relatively new diagnostic and procedural modality, previous literature has focused on investigating its emerging indications and clinical utility, and
emphasis was more on demonstrating its advantage over
physical examination alone [1–11]. Therefore, less attention was paid to the timing of POCUS and how POCUS
is best incorporated in the clinical workflow. For instance, a study in an emergency department found that
POCUS conducted immediately after the recognition of
undifferentiated hypotension decreased physicians’ diagnostic uncertainty and allowed them to modify treatment plans and determine the need for and place of
admission [18]. However, in this study, the physician
performing POCUS was not the clinician performing the
history and physical examination. Another study performed in an emergency department also showed that
POCUS reduced the number of viable diagnoses when it
was performed early [16]. In this study, the ultrasound
examination was performed after a history, physical
examination, and “standard care interventions” were performed. Therefore, in both of these studies, the ultrasound examination was performed after the history and

Table 2 Comparison Between Sequential and Parallel POCUS-assisted Protocols in NASA-TLX Score and Time to Complete
Assessment
Sequential,
Median (IQR)

Parallel,
Median (IQR)

P Value

Overall

30 (30–50)

55 (50–65)

.03

Mental

40 (30–60)

50 (40–70)

.03

Physical

30 (25–50)

60 (60–70)

.06

Temporal

50 (30–55)

50 (30–60)

.81

Performance

35 (30–60)

45 (40–70)

.06

Effort

50 (30–70)

65 (45–75)

.28

Frustration

25 (20–35)

60 (45–85)

.02

8.7 (6–9)

10.1 (7–11)

.30

Metric
NASA-TLX score (of 100)

Time to complete assessment, min

Abbreviations: POCUS, point-of-care ultrasound; NASA-TLX, National Aeronautics and Space Administration Task Load Index
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physical examination had been completed. Neither study
assessed the integration of POCUS into the initial evaluation phase or the provider’s workload associated with
introduction of the POCUS examination.
Studies conducted in intensive care units [10, 11]
have had similar issues to those conducted in emergency departments. A study evaluating the role of
cardiac POCUS in patients with shock showed that
cardiac POCUS influenced fluid and inotropic therapy
and that its use was associated with decreased mortality [9]. In this study, cardiac POCUS was performed between 7.5 to 15 h from the time the patient
arrived in the emergency department and not at the
initial evaluation. Another study evaluated the use of
POCUS for determining the cause of pulmonary
edema in patients in the intensive care unit [19]. The
patients who underwent POCUS immediately after
pulmonary edema was diagnosed had the cause identified significantly sooner than a control group. In
this study, POCUS was performed after the initial history taking and physical examination, and no discussion on the best timing of POCUS was made [19].
The same limitation applies to a study about the
“ICU-sound” protocol, a “head-to-toe” POCUS examination within 12 h of admission that resulted in a
modified admitting diagnosis in 26% of the cases [8].
Current guidelines in emergency ultrasound and
critical care ultrasonography do not specify the optimal timing of POCUS in relation to the physical
examination or other workflow during the initial
evaluation of critically ill patients. POCUS is well
known for being operator dependent in image
acquisition and interpretation. Furthermore, integration of POCUS-obtained information into clinical
decision-making is also highly operator dependent.
Our study results show that a sequential approach is
more practical than a parallel approach for maximizing the benefit of POCUS in patient care without
causing a substantial workload for providers.
This pilot study has several limitations. Our sample
size was very small. However, we did observe a significant difference in several metrics related to the
POCUS operator’s workload. The patient scenarios
(undifferentiated hypotension and respiratory distress)
were arbitrary, although they are among the most
common patient presentations in intensive care units.
The 2 protocols were compared in a hypothetical
situation, in which the primary provider conducted
the initial evaluation and resuscitation. It is not clear
if the same conclusion can be drawn regarding a preferred POCUS-assisted protocol in a situation where
a provider acts as a team leader while other team
members conduct history taking, physical examination, and the POCUS examination.
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Conclusion
In summary, a sequential POCUS-assisted protocol
posed less workload to POCUS operators than a parallel
protocol. For POCUS to be fully beneficial in clinical
care, it needs to be integrated into current workflow
without a substantial burden to providers. Our study
supports the use of a sequential approach when POCUS
is incorporated into the initial resuscitation and evaluation phase.
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