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luid administration in critically ill surgical patients must be closely monitored to avoid complications. Resuscitation guided by
invasive methods are not consistently associated with improved outcomes. As such, there has been increased use of focused ultra-
sound and Arterial Pulse WaveformAnalysis (APWA) to monitor and aid resuscitation. An assessment of these methods using the
Grading of Recommendations Assessment, Development, and Evaluation (GRADE) framework is presented.
METHODS: A
 subsection of the Surgical Critical Care Task Force of the Practice Management Guideline Committee of EAST conducted two
systematic reviews to address the use of focused ultrasound and APWA in surgical patients being evaluated for shock. Six popu-
lation, intervention, comparator, and outcome (PICO) questions were generated. Critical outcomeswere prediction of fluid respon-
siveness, reductions in organ failures or complications and mortality. Forest plots were generated for summary data and GRADE
methodology was used to assess for quality of the evidence. Reviews are registered in PROSPERO, the International Prospective
Register of Systematic Reviews (42015032402 and 42015032530).
RESULTS: T
welve focused ultrasound studies and 20 APWA investigations met inclusion criteria. The appropriateness of focused ultrasound
or APWA-based protocols to predict fluid responsiveness varied widely by study groups. Results were mixed in the one focused
ultrasound study and 9 APWA studies addressing reductions in organ failures or complications. There was no mortality advantage
of either modality versus standard care. Quality of the evidence was considered very low to low across all PICO questions.
CONCLUSION: F
ocused ultrasound and APWA compare favorably to standard methods of evaluation but only in specific clinical settings.
Therefore, conditional recommendations are made for the use of these modalities in surgical patients being evaluated for
shock. (J Trauma Acute Care Surg. 2018;84: 37–49. Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: S
ystematic Review, level II.

KEYWORDS: F
ocused ultrasound; arterial pulse waveform analysis; shock; resuscitation; critical care; organ failure.
L iberal fluid administration can be associated with pulmonary
dysfunction, organ failures, coagulopathy, and infectious com-

plications.1 Evidence neither supports central venous pressure
(CVP) measurements,2,3 nor the necessity for the pulmonary artery
catheter to safely guide resuscitation.4–6 There has been a shift to
less invasive dynamicmeasures tomonitor fluid status.7–9However,
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many of these modalities have not undergone comparison.10 Ad-
ministering a “fluid challenge” remains variable and frequently
ill-advised.11 Guidelines for early goal-directed therapy in sepsis
call for frequent fluid assessments but do not specify methodol-
ogy.12 There is a need for tools to guide resuscitations. Using the
“Grading of Recommendations Assessment, Development and
Evaluation” (GRADE) process,13 we performed a systematic re-
view to define the role of focused ultrasound and Arterial Pulse
Waveform Analysis (APWA) for surgical patients in shock.

Focused Ultrasound
Focused ultrasound is common in critical care.14,15 It is

used for risk stratification,16 shock in the emergency department
(ED),17 treatment of sepsis18 and trauma resuscitation.19,20 Varia-
tions include, limited transthoracic echocardiogram (“LTTE”),21

rapid ultrasound in shock-velocity time integral,22 and Bedside
Echocardiographic Assessment in Trauma/Critical Care.23 In all
variants,24 the test is clinician performed for a specific problem,
with a limited number of potential diagnoses, and can include
noncardiac images. Expert reviews have recommended focused
ultrasound to monitor resuscitation in various shock states.15,24,25

However, other technologies exist,26 previous strong recom-
mendations are not specific to surgical resuscitations and are
based on variable data. The optimal method for hemodynamic
monitoring remains elusive24 despite growing acceptance of
37

ealth, Inc. All rights reserved.

mailto:dsplurad@yahoo.com


Plurad et al.
J Trauma Acute Care Surg

Volume 84, Number 1

D
ow

nloaded from
 http://journals.lw

w
.com

/jtraum
a by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 12/26/2024
focused ultrasound. Further, a large international evidence based
review urged caution for the use of focused ultrasound to predict
fluid responsiveness despite advocating for wider use.14

Arterial Pulse Waveform Analysis
Wesseling et al.27 described a method to predict aortic

flow, stroke volume variation (SVV) and, therefore, fluid re-
sponsiveness, using APWA. The Vigileo, FloTrac device (Edwards
Lifesciences, Irvine, CA) utilizes algorithms to determine SVV,
from standard deviations of the pulse pressure. The Pulse Contour
Cardiac Output system (“PiCCO”; Pulsion SG, Munich), renders
cardiac output (CO) by measuring the area of the systolic wave-
form and aortic impedance. This system also provides for cali-
bration of CO via transpulmonary thermodilution. The LiDCO
device (LiDCO Ltd, Cambridge) renders CO derived from pulse
power analysis with lithium indicator method calibration. With
an increasing permeation of these devices, clinicians require an
awareness of their indications and limitations.26

Six population [P], intervention [I], comparator [C], and
outcome [O] (PICO) questions13 are addressed in this guideline:

PICO question 1:
In surgical patients being evaluated for shock [P], should a

protocol that includes focused ultrasound [I] be utilized versus a
standard protocol [C] to predict fluid responsiveness [O]?

PICO 2:
In surgical patients being resuscitated from shock [P], should

a protocol that includes focused ultrasound [I] be utilized versus a
standard protocol [I] to reduce organ failures or complications [O]?

PICO 3:
In surgical patients being resuscitated from shock [P],

should a protocol that includes focused ultrasound [I] be utilized
versus a standard protocol [C] to reduce mortality [O]?

PICO question 4:
In surgical patients being evaluated for shock [P], should a

protocol that includes APWA [I] be utilized versus a standard
protocol [C] to predict fluid responsiveness [O]?

PICO question 5:
In surgical patients being resuscitated from shock [P], should

a protocol that includes APWA [I] be utilized versus a standard
protocol [C] to reduce organ failures or complications [O]?

PICO question 6:
In surgical patients being resuscitated from shock [P],

should a protocol that includes APWA [I] be utilized versus
a standard protocol [C] to reduce mortality [O]?
INCLUSION AND EXCLUSION CRITERIA

Study Types
We included prospective randomized trials, case control

studies, prospective observational studies, retrospective obser-
vational trials, and cohort studies with comparator groups.

Participant and Setting Types (Population, P)
We included adult surgical patients being evaluated for

shock. This included hemodynamic instability or other indica-
tions for which fluid administration was considered. We also in-
cluded studies of nonsurgical populations if the predominant
diagnosis was severe sepsis, but downgraded the evidence for in-
directness.26 We restricted our settings to the ED, the intensive
38
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care unit (ICU) and the operating room. However, since resusci-
tation from shock should be rare in the elective operative setting,
we downgraded the level of evidence in these studies.28

Intervention Type(s) (I)
We included studies addressing the use of focused ultrasound

or APWA for resuscitative guidance.We excluded studies address-
ing focused assessment with sonography for trauma or pulse pres-
sure variation (PPV) as we considered these discrete modalities.

Comparison Type(s) (C)
Studies comparing focused ultrasound or APWA to static

variables (CVP, pulmonary artery occlusion pressure [PAOP],
vital signs) were included in quantitative analysis. We included
studies where the comparator was “standard management” but
downgraded for bias concerns since protocols were inconsistently
defined. We included studies where the comparator was PPV.
We excluded comparisons of focused ultrasound to APWA.

Outcome Measure Types (O)
In accordancewithGRADE,13 critical outcomes ofmortality,

fluid responsiveness and organ failurewere selected by theworking
group. Fluid responsiveness was assessed by CO, stroke volume
or any determinant, such as velocity time integrals (VTI). We ana-
lyzed organ failures and complications in aggregate since there
were a low number of studies that addressed organ failures alone.29

We then downgraded the evidence for this surrogate outcome.28
METHODS

Search Strategy
Two searches of PubMed,MEDLINE and theCochraneReg-

ister ofControlledTrials for articlespublished fromJanuary1,1992,
to December 31, 2016, were performed. The focused ultrasound
search included the terms: Bedside Ultrasound, Hemodynamic
Ultrasound, focused ultrasound, Point of Care Ultrasound, ICU
ultrasound, Limited Ultrasound, Fluid responsiveness, Resuscita-
tion, and Echocardiography. The APWA search included the
terms: Arterial waveform analysis, Stroke Volume Variation, Sys-
tolic Pressure Variation, noninvasive monitoring, Arterial Pressure
WaveformAnalysis, Pulse Power Analysis, PulseContour Analysis,
Transpulmonary Thermodilution, LiDCO, PiCCO, FloTrac, and
fluid responsiveness. The “related articles” function and manual
review of bibliographies were used to broaden the search.

Study Selection
A team member (D.S.P.) accessed all abstracts and assessed

general relevance to our review. A second team member (D.Y.K.)
reviewed the determinations. A third team member was avail-
able for disagreements. Reviews, case reports, technical papers,
letters to the editor, and non-English language publications were
excluded. Abstracts were distributed among team members and
full text articles were accessed if considered appropriate.

Data Extraction and Management
Data including methodology, population, and outcome, was

entered into Review Manager (RevMan) (Version 5.3: Cochrane
Collaboration, Oxford). Forest plots were generated when appro-
priate. The data for fluid responsiveness were used to generate
evidence tables.
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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Assessment of Methodological Quality and
Recommendations

Data were entered into GRADEpro (Version 3.2, Cochrane
Collaboration, Oxford) to generate quality of evidence tables.
However, since the quality of studies evaluating diagnostic test
(DTA) accuracy differ; the QUADAS-2 tool30 was implemented
in RevMan to assess methodological quality for fluid respon-
siveness studies. QUADAS-2 addresses bias and applicability
concerns as “low,” “unclear,” or “high” across relevant domains.
We also considered the risk-benefit of using the modalities and
potential patient and clinician preferences. We prefaced strong
recommendations with “we recommend,” and weak recommen-
dations with “we conditionally recommend.”31

Data Synthesis and Statistical Analysis
We performed a meta-analysis where adequate data were

reported to calculate incidence of our outcomes for comparison.
In accordance with recommendations of Cochrane reviews of
DTA, pooled sensitivities were not calculated.32

RESULTS: FOCUSED ULTRASOUND

Search Results
A total of 151 abstracts were identified (Fig. 1A). After

eliminating duplicates, 135 were screened. After exclusions,
47 full text articles were reviewed with 12 studies meeting
inclusion criteria.

Results for the Use of Focused Ultrasound for Fluid
Responsiveness (PICO 1)

Nine studies (73%), reported on fluid responsiveness
with most of the population (540 [61%]) from a single
Figure 1. Prisma diagram for systematic review. (A) Prisma diagram o
waveform studies.

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2017 Wolters Kluwer H
multicenter ICU study10 (Table 1A). Three studies were
conducted in medical ICUs in patients with severe sepsis.
Only one of these studies and three studies in mixed ICUs
reported the percentage of surgical patients (32% and 25%–
53%). Two studies relate to surgical subspecialties (Neurosurgery
and Cardiothoracic) while the remaining study, with 50%
incidence of septic shock, was conducted in an ED. Three
studies, one in the ED,38 and two ICU studies36,40 addressed
nonintubated spontaneously breathing patients. Eight studies
measured changes in IVC measurements (by TTE), whereas one
study measured SVC (by transesophageal echocardiography) as
the index test.39 Three studies compared focused ultrasound to CVP.

Determinants of fluid responsiveness included increases
in CO or VTI. However, one study measured systolic blood
pressure response and was downgraded for bias concerns.38

The reference standards (CO, CI, or VTI) were measured by
TTE in six studies, TEE in one study, and by transpulmonary
thermodilution35 in the remaining study. All assigned ideal
cutoff points after data collection and analysis, incurring addi-
tional bias concerns.

One study37 did not report sensitivities; therefore, only
eight studies are included to generate forest plots. Focused
ultrasound (Fig. 2A) generally outperformed CVP measures
(Fig. 2b). However, four of the nine studies failed to predict
fluid responsiveness to predefined tolerance. One of these,
in postoperative cardiac patients, showed that focused
ultrasound was equivalent to CVP.37 The three remaining
studies that did not demonstrate superiority for focused
ultrasound were in spontaneously breathing patients.36,38,40

In addition, the sensitivities and specificities of the largest
study10 noticeably underperformed compared to smaller
previous investigations.
f focused ultrasound studies. (B) Prisma diagram of arterial pulse

39

ealth, Inc. All rights reserved.
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Grading the Evidence PICO Question 1
As per QUADAS 2, risk of bias and applicability concerns

were generally “unclear” to “high,” and therefore the overall
quality of the evidence as it pertains to PICO 1 is considered low.

Recommendations for the Use of Focused
Ultrasound for Fluid Responsiveness (PICO 1)

We conditionally recommend the use of focused ultra-
sound to determine fluid responsiveness in the management of
a mixed population of surgical patients being evaluated for
shock. There is a lack of clear superiority of focused ultra-
sound for this outcome. Focused ultrasound is only useful
for the clinician with the training and maintenance of the
skill to correctly perform the examination and demonstrates
an understanding of the populations of patients that are appro-
priate for this modality.

Results for the Use of Focused Ultrasound to
Reduce Complications and Organ Failures and
Complications (PICO 2)

An observational cohort in a mixed ICU of mechanically
ventilated patients with undifferentiated shock, assessed organ
failures or complications.37 There was a marked increase in
stage III acute kidney injury with standard treatment. Focused
ultrasound studies were performed by an American College of
Cardiology Level II credentialed intensivist. The protocol was
based upon “eyeball” assessments of LV function and IVC
fluctuations driving resuscitative decisions.

Grading the Evidence PICO Question 2
There was serious risk of bias in this one qualifying study

for the use of historical controls and for the ill-defined “eye ball”
protocol. Additionally, since the number of surgical patients was
not reported, there were indirectness concerns. Although the
magnitude of effect appears significant, one could not upgrade
this single study. The overall quality of the evidence for PICO
2 is very low (Table 2A).

Recommendations for the Use of Focused
Ultrasound to Reduce Organ Failures and
Complications (PICO 2)

We conditionally recommend the use of focused ultra-
sound to decrease organ failures and complications in surgical
patients being treated for shock. This is based on a lack of high-
quality studies that assess organ failures, whereas the single
included study had serious methodological concerns. Depen-
dence on focused ultrasound for the purposes of reductions in
complications and organ failure should be discouraged out-
side of an overall protocol.

Results for the Use of Focused Ultrasound to
Reduce Mortality (PICO 3)

Mortality was an outcome in three (25%) studies.21,47,48

Two were prospective randomized trials while the third was that
described for PICO 2.47 Jones et al48 randomized ED patients in
shock to early versus late focused ultrasound and found that the
number of potential diagnoses were lower earlier in the treatment
group. However, this did not result in a mortality difference. A
trauma study21 assigned patients in shock to LTTE versus no
41
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Figure 2. Predictive performance of focused ultrasound versus standard measures to predict fluid responsiveness. (A) Sensitivity and
specificity of focused ultrasound to predict fluid responsiveness. (B) Sensitivity and specificity of CVP to predict fluid responsiveness.
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LTTE to assess cardiac function and hypovolemia and guide
resuscitation. However, no specific protocols were reported.
Mortality trended toward significance but was noteworthy in
traumatic brain injury (14.7% vs. 39.5%, p = 0.03). Given
the low number of heterogeneous studies, no forest plots were
generated for this PICO.

Grading the Evidence PICO Question 3
Risk of bias was serious. Only Jones et al.48 randomized

with a computer-generated sequence while others assigned by
day of admission21 or used historical controls.47 Only one study21
relates to the population of interest, and one other study did not
address the comparison of interest. Therefore, quality was assessed
as very low (Table 2B).

Recommendations for the Use of Focused
Ultrasound to Reduce Mortality (PICO 3)

We conditionally recommend the use of focused ultra-
sound to reduce mortality in surgical patients in shock. This is
based on the very low quality of studies related to this outcome.
Further, focused ultrasound is only one contributor in an overall
protocol designed to improve outcomes; however, protocols were
not clearly articulated.
DISCUSSION: FOCUSED ULTRASOUND

The lack of randomized trials, heterogeneity and indirect-
ness of included studies contributed to our weak recommenda-
tions regarding focused ultrasound. A demonstrable cause and
effect relationship is lacking. The use of CVP and other static
measures (suboptimal resuscitative tools) as the comparator
may also artificially skew evidence in favor of focused ultra-
sound. The risk of faulty interpretation of the focused ultrasound
findings can be high10,24,49 and can lead to medicolegal conse-
quence.50 Focused ultrasound has a narrow application profile;
having been shown to be inaccurate in the setting of arrhythmias,
other cardiac dysfunction, early hemorrhage, and spontaneous
breathing.36–38,40,51–53 Despite these limitations, we would pre-
sume that some patients and clinicians may prefer a noninvasive
means of monitoring. However, an absolute requirement for the
use of focused ultrasound is the appropriate training and mainte-
nance of skill needed to perform the examination, interpret the
results and understanding of the limitation of the modality.
42
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Application to Clinical Practice
Since this test is operator-dependent, we would recom-

mend enrolling in any of the professional society courses avail-
able. Additionally, one could consider ultrasound certification
after demonstrating proficiency in logged cases. Thereafter, the
clinician would incorporate focused ultrasound into an existing
or new protocol and frequently reassess with ongoing QI. The
protocol would vary by patient population and clinical circum-
stance; however, focused ultrasound can be associated with
improved performance in the setting of controlled ventilation
in the absence of vasopressors or dysrhythmias.

Future Directions
Further study of the use of focused ultrasound in the

resuscitation of surgical patients is critical particularly in
acute undifferentiated shock and as an adjunct to subse-
quent resuscitations. Credentialing and certifications in
specific technologies is common (eg, mechanical ventila-
tion, fluoroscopy) and will likely apply to focused ultra-
sound in the future.

RESULTS: ARTERIAL PULSE WAVEFORM ANALYSIS

Search Results
A total of 108 abstracts were identified (Fig. 1B). After

eliminating duplicates, 98 were screened. After exclusions,
60 full text articles were reviewed with 20 studies meeting
inclusion criteria.

Results for the Use of APWA to Predict Fluid
Responsiveness (PICO 4)

Six studies (30%) addressed fluid responsiveness (Table 1B).
Three compare SVV with CVP, whereas one compared SVV
with CVP and PAOP.42 The remaining two compared SVV
to PPV. Four ICU studies addressed liver transplant patients,42

postoperative major GI surgery,43 and septic shock patients.41,44

The number of surgical patients was not reported in either
of these two septic shock studies. Li et al45 studied the effect
of third-generation FloTrac on intraoperative management of
major elective GI surgery, whereas Zhao et al.46 performed an
intraoperative analysis of patients with obstructive jaundice.
Three studies assessed third-generation FloTrac, two studies
evaluated second-generation FloTrac,42,46 and the remaining
© 2017 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.



TA
B
LE

2.
Q
ua

lit
y
A
ss
es
sm

en
t
of

St
ud

ie
s
fo
r
O
rg
an

Fa
ilu
re

or
C
om

pl
ic
at
io
ns

(A
)
an

d
M
or
ta
lit
y
(B
)
O
ut
co

m
es

W
ith

U
se

of
Fo

cu
se
d
U
ltr
as
ou

nd

Q
ua

lit
y
A
ss
es
sm

en
t

N
o.
P
at
ie
nt
s

E
ff
ec
t

N
o. St

ud
ie
s

St
ud

y
D
es
ig
n

R
is
k

of
B
ia
s

In
co
ns
is
te
nc
y

In
di
re
ct
ne
ss

Im
pr
ec
is
io
n

O
th
er

C
on

si
de
ra
ti
on

s

A
Fo

cu
se
d

U
lt
ra
so
un

d
G
ui
de
d

P
ro
to
co
l

A
St
an

da
rd

P
ro
to
co
l

R
el
at
iv
e

(9
5%

C
I)

A
bs
ol
ut
e

(9
5%

C
I)

Q
ua

lit
y

Im
po

rt
an

ce

O
rg
an

fa
ilu
re
s
or

co
m
pl
ic
at
io
ns

(A
)

1
O
bs
er
va
tio

na
l

st
ud
ie
s

Se
ri
ou
s*

N
ot

se
ri
ou
s

Se
ri
ou
s*
*

N
ot

se
ri
ou
s

N
on
e

65
(6
8.
4%

)
of

95
88

(9
4.
6%

)
of

93
O
R
0.
12

(0
.0
5
to

0.
33
)

26
8
fe
w
er

pe
r
1,
00
0

(f
ro
m

93
fe
w
er

to
47
8
fe
w
er
)

⨁
◯◯

◯
V
E
RY

L
O
W

C
R
IT
IC
A
L

M
or
ta
lit
y
(B
)

3
R
an
do
m
iz
ed

tr
ia
l†

Se
ri
ou
s‡

N
ot

se
ri
ou
s

V
er
y
se
ri
ou
s§

Se
ri
ou
s

N
on
e

63
(2
1.
7%

)
of

29
0

86
(2
6.
1%

)
of

32
9

O
R
0.
73

(0
.4
9
to

1.
09
)

56
fe
w
er

pe
r

1,
00
0
(f
ro
m

17
m
or
e
to

11
4
fe
w
er
)

⨁
◯◯

◯
V
E
RY

L
O
W

C
R
IT
IC
A
L

C
I,
co
nf
id
en
ce

in
te
rv
al
;O

R
,o

dd
s
ra
tio
.

*S
cr
ee
ni
ng

cr
ite
ri
a
no
tr
ep
or
te
d.
U
na
bl
e
to

bl
in
d
tr
ea
tm

en
ta
rm

.
**
75
%

se
ps
is
.N

um
be
r
of

su
rg
ic
al
pa
tie
nt
s
no
tr
ep
or
te
d.

†K
an
ji
et
al
.i
s
a
ca
se

co
nt
ro
ls
tu
dy
.F
er
ra
da

et
al
.a
nd

Jo
ne
s
et
al
.a
re

pr
os
pe
ct
iv
e
ra
nd
om

iz
ed

st
ud
ie
s.

‡U
na
bl
e
to

bl
in
d
tr
ea
tm

en
ta
rm

.A
ty
pi
ca
lr
an
do
m
iz
at
io
n
by

da
y
of

ad
m
is
si
on
.U

nc
le
ar

of
co
ns
ec
ut
iv
e
pa
tie
nt
s
w
er
e
ev
al
ua
te
d
or

en
ro
lle
d.

§T
re
at
m
en
ta
rm

s
ar
e
va
ri
ed
.P

ro
to
co
ls
no
tu

ni
fo
rm

ly
re
po
rt
ed
.T
ec
hn
ic
al
as
pe
ct
s
of

th
e
in
te
rv
en
tio
n
va
ry
.N

ot
cl
ea
rly

po
pu
la
tio
ns

of
in
te
re
st
.I
nt
er
ve
nt
io
n
no
tc
le
ar
ly
co
ns
is
te
nt

w
ith

PI
C
O
qu
es
tio
n.

J Trauma Acute Care Surg
Volume 84, Number 1 Plurad et al.

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2017 Wolters Kluwer H

D
ow

nloaded from
 http://journals.lw

w
.com

/jtraum
a by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 12/26/2024
referenced the LiDCO device. All patients were mechanically
ventilated.

Biais et al.42 was the only study that used a separate
modality (TTE) to measure the reference standard (increases
in CO by VTI). The remaining studies utilized FloTrac and
LiDCO plus, the study modalities of interest, to measure both
the index test and the reference standard introducing unknown
confounding. One study compared the APWA device in patients
ventilated with traditional versus low tidal volumes showing
no difference.45

Only one study reported the ideal cutoff for CVP for
comparisons.42 APWA-derived variables generally outperformed
non-APWAmeasures. Forest plots for SVV by APWA and for
combined CVP and PPV comparison studies are depicted
in Figure 3.

Grading the Evidence PICO Question 4
The quality of evidence domains using QUADAS-230 was

generally “low” to “unclear.” Further, there was high risk of
selection bias in two studies where patients were identified
on subjective measures for varied indications.42,44 Applica-
bility concerns were high risk in four (67%) studies. Addi-
tionally, unknown confounding is introduced when the same
technology is used as the index test and to define the refer-
ence standard.

Recommendation for the Use of APWA to Predict
Fluid Responsiveness (PICO 4)

We conditionally recommend the use of APWA to predict
fluid responsiveness in surgical patients being evaluated for
shock. This is based on the concern for applicability and, thus,
low quality of the evidence. Similarly, APWA devices should
only be used by the clinician who understands its indications
and limitations.

Results for the Use of APWA for Reducing Organ
Failure and Complications (PICO 5)

Nine (45%) studies referenced organ failures or compli-
cations. All were prospective randomized studies except for
one retrospective analysis.54 Seven (78%) investigations were
in the intraoperative or early postoperative setting. The remain-
ing were ICU studies. Most studies (55%) analyzed patients un-
dergoing major elective GI surgery while other groups
included liver transplant, cardiac surgery, burn and the critically
ill patients with severe sepsis. All patients were mechanically
ventilated but only three studies reported settings. Two were
conventional55,56 and one utilized “lung protective” modes.57

Three studies reported organ failures, four reported complica-
tions; the remaining reported both. Four reported SOFA scores.

Results are mixed (Fig. 4). Two major elective GI surgery
intraoperative studies (second-generation FloTrac) and one
elective cardiac intraoperative study (calibrated PiCCO) favored
APWA. The remaining studies showed no significant outcome
improvement54,58,59 with two showing a significant disadvan-
tage with APWA.60,61 Meta-analysis favored APWA, however
high heterogeneity (I2 = 69%) is demonstrated (Fig. 4a). Further,
the four studies that reported SOFA scores trended in favor of
standard management (Fig. 4b). Investigations showing no
advantage to APWA included “atypical” populations [high-risk
43
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Figure 3. Predictive performance of focused ultrasound versus standard measures to predict fluid responsiveness. (A) Sensitivity and
specificity of APWA to predict fluid responsiveness. (B) Sensitivity and specificity of CVP or PPV to predict fluid responsiveness.
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emergency surgery,60 sepsis with ARDS,61 liver transplant,54 burn
resuscitations,56] and/or the use of an uncalibrated device.58,59
Grading the Evidence PICO Question 5
The quality of the evidence was assessed as “low” for this

outcome (Table 3A). Results varied across patient populations
Figure 4. Comparison of APWA versus standard protocols for organ
versus standard protocols to reduce organ failures or complications
with APWA versus standard protocols. (C) Comparison of APWA ve

44

Copyright © 2017 Wolters Kluwer H
and the device used, thus indirectness was a significant concern.
Studies were small and confidence intervals were wide.

Recommendation for Use of APWA for Reducing
Complications and Organ Failures (PICO 5)

We conditionally recommend the use of APWA to de-
crease complications or organ failures in surgical patients being
failure, complications and mortality. (A) Comparison of APWA
. (B) Comparison of mean difference of SOFA scores associated
rsus standard protocols to reduce mortality.

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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treated for shock. This is based on the widely varied results
across different populations. Although APWA is favored in
select patients yielding meta-analysis results that appear favor-
able, this should be approached with caution given a low num-
ber of high-quality studies. However, patients and clinicians
may prefer a less-invasive option with a strong understanding
of the limitations.

Results for the Use of APWA Devices to Reduce
Mortality (PICO 6)

Thirteen (65%) studies reported mortality outcomes. The
majority were prospective randomized trials (77%). Nine (75%)
were conducted, at least partially, in the ICU while the remain-
ing were intraoperative studies.55,59,60,62 Of the six intraoper-
ative studies, five involved major elective GI surgery. Six of
the nine ICU studies addressed surgical patients exclusively.
The remaining studies were conducted in the setting of acute
pancreatitis63 and severe sepsis.61,64 All patients were mechani-
cally ventilated. No study showed a significant difference for
this outcome with APWA or comparator (Fig. 4C).

Grading the Evidence PICO Question 6
Overall grade of the evidence was low (Table 3B). There

was concern for indirectness since 50% of studies were
conducted intraoperatively or were in the setting of medical
critical illness or a low percentage of surgical patients.

Recommendation for the Use of APWA Devices to
Decrease Mortality (PICO 6)

We conditionally recommend the use of APWA to reduce
mortality. This is based on results that essentially show equiva-
lence to comparators. Any use of APWAmandates a thorough
understanding of the narrow clinical application profile sup-
ported by published data.
DISCUSSION: APWA

Our recommendations are based on the low quality of the
evidence and varied results across populations showing no clear
superiority for APWA. The APWA-derived measures may be
inaccurate and trend toward inferiority in certain subgroups.
Unfortunately, these groups define patients where resuscita-
tive guidance is critical. These include higher acuity abdomi-
nal and emergency surgery patients,58,60,65 severe sepsis,66–69

burn resuscitations,56 pressure support ventilation,68 or any
condition where vascular tone is altered due to disease or
vasopressors.54,70–73 APWA is associated with narrow appli-
cability parameters in an acutely unstable mixed population
of critically ill.74 In addition, uncalibrated devices appear to
be more prone to error. Further, there is an unknown risk of
bias in the many investigations that utilize the same APWA
modality to administer the index test as well as to define the
reference standard.

Application to Clinical Practice
The technology should be integrated within a resuscitative

protocol directed by a clinician who can assimilate the measure-
ments for improved outcomes in the appropriate populations.
The new protocol should then undergo ongoing reassessment.
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TABLE 4. Summary of Recommendations

PICO questions 1, 2, and 3:

In surgical patients being evaluated or treated for shock, we conditionally recom-
mend a protocol that includes Focused ultrasound be utilized versus a standard
protocol to predict fluid responsiveness, to reduce complications and organ
failures and to reduce mortality.

PICO question 4, 5, and 6:

In surgical patients being evaluated or treated for shock, we conditionally recom-
mend a protocol that includes APWA derived variables be utilized versus a
standard protocol to predict fluid responsiveness, to reduce complications
and organ failures and to reduce mortality.
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Future Directions
Despite an increasing permeation of these devices, the

evidence does not clearly support utilization in surgical patients.
Further study is essential particularly in higher acuity patients
with ongoing comparison of APWA device types.
CONCLUSIONS

Our review reflects the importance of patient selection for
focused ultrasound and APWA. Since treatment algorithms
were not consistently defined, it was difficult to compare rel-
ative performance of focused ultrasound or APWA as diag-
nostic studies alone or in the context of a treatment protocol.
The use of focused ultrasound or APWA requires training
and understanding of the measurements as it relates to the
specific populations being treated.

A potential weakness of our review is that the acknowl-
edged variability in study types and populations and broad
definitions of outcomes make it difficult to address specific
knowledge gaps. However, as evidenced by the multitude of
focused ultrasound and APWA-based protocols and their use
in undifferentiated shock, the review team elected to include
the multiple potential roles for these modalities as applied to a
broad definition of shock across many populations to identify
favorable clinical applications.

Our recommendations are summarized in Table 4. Neither
focused ultrasound nor APWA is patently superior to standard
protocols in a general population of surgical patients in shock.
Therefore, reliance on either or both technologies is not clearly
supported for general use. However, with training in identifi-
cation of appropriate subpopulations, procedural details and
interpretation of data, focused ultrasound or APWA can be
associated with favorable outcomes when compared with
traditional management.
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