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Background: Several observational studies have demonstrated an association between flu-
id accumulation and mortality in sepsis. Our aim was to determine if assessment of fluid
responsiveness by a passive leg raising (PLR) algorithm could reduce fluid accumulation
after 3 days in the intensive care unit (ICU) in patients with septic shock.
Methods: This was an open- label single-centre randomised clinical trial performed in a
surgical ICU in a tertiary centre in Stockholm, Sweden. We randomised adult (>18 years)
patients with septic shock admitted to the ICU to a PLR group or a standard of care group.
An increase in stroke volume index of at least 10% on the PLR test was required for the
clinician to administer a fluid bolus to patients in the PLR group.
Results: We randomised 34 patients. The mean (SD) weight gain after three full ICU-days
was 0.6 ± 3.2 kg in the PLR group and 1.3 ± 3.9 kg in the control group (P = 0.59). The me-
dian (IQR) amount of administered resuscitation fluid during the study period was 2103
(1283-2645) ml in the PLR group and 2408 (954-5045) ml in the control group (P = 0.38).
We could implement a protocol that required a positive PLR-test before administration of
resuscitation fluids, but recruitment rate was low. The trial was terminated early for futility.
Conclusion: The PLR protocol was not meaningful in our clinical setting, as weight gain
was already low in the control group. To increase feasibility of a trial which implements a
PLR-test we recommend using a non-invasive hemodynamic measurement, to include re-
striction of maintenance fluids in the protocol and to investigate the level of weight gain in
the setting where the trial is to be performed before the start of the trial. (Funded by Stock-
holm County Council; ClinicalTrials.gov number, NCT02301585.)
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O
ptimal use of fluids in the management of
septic shock is a major challenge. Unfortu-
nately, commonly used parameters, such

as clinical examination, blood pressure and cen-
tral venous pressure (CVP) are unreliable predic-
tors of fluid responsiveness (1-3). Accordingly, it
has been suggested that static parameters should
be replaced by dynamic parameters such as pulse
pressure variation (PPV) and stroke volume varia-
tion (SVV) to assess hemodynamic status (4).
These dynamic parameters require controlled me-
chanical ventilation with tidal volumes ≥8 ml/kg
and a regular heart rate. In a trial by Richard et
al., these requirements were only fulfilled in 4%
of test situations (5). In contrast to PPV and SVV,
a passive leg raising (PLR) test can be used in pa-
tients with spontaneous breathing and irregular
cardiac rhythm and may therefore be a more use-
ful test of fluid responsiveness in critically ill pa-
tients (6). PLR is a simple test, but to be reliable it
requires evaluation by cardiac output monitor-
ing. The monitoring techniques validated for use
in septic patients are invasive; pulmonary artery
catheter (PAC) measurements, transpulmonary
thermodilution (TPTD) assessments (7, 8) and
lithium dilution techniques (9). New non- inva-
sive techniques are promising but there are con-
flicting data regarding measurement perfor-
mance (10).

Implementation of a PLR test in critically ill
patients should make it possible to individualize
fluid therapy, thus avoiding unnecessary fluid ad-
ministration and reducing potentially harmful
fluid accumulation (11). The PLR test has only
been used in two clinical trials (5, 12). None of
them measured the effect of the PLR test on flu-
id balance or weight gain as primary outcome.
The trial by Richard et al. showed a significantly
higher volume of median daily resuscitation flu-
id in the control group compared to the PLR
group (P = 0.04) (5). It is, however, still unclear
whether individualization of fluid therapy by
means of a PLR test could reduce fluid overload
and improve patient outcomes.

In this study, we aimed to reduce fluid admin-
istration and thus weight gain by restricting re-
suscitation fluids to patients who were consid-
ered fluid responsive by a PLR test. We hypothe-
sized that implementation of a hemodynamic al-
gorithm based on a PLR test for evaluation of

fluid responsiveness would reduce weight gain
on day 3 from 7% to 4% in patients with septic
shock compared to standard care.

METHODS

This was an open- label single- centre random-
ized clinical trial performed in a surgical ICU in
a tertiary centre in Stockholm.

Ethical approval and registration of trial
Ethical approval was obtained from the Ethical
Review Board of Stockholm (EPN 2013/1337-
31/2) and the trial was registered at clinicaltrial.
gov (NCT02301585). Informed consent was ob-
tained from patients or next-of-kin before enrol-
ment in the trial. The trial was performed in ac-
cordance with the 1964 Helsinki declaration
and its later amendments.

Eligibility
The inclusion criteria were septic shock, defined
as ≥ 2/4 Systemic Inflammatory Response Syn-
drome (SIRS) criteria, a need for vasopressors de-
spite fluid administration of ≥30 ml/kg of crys-
talloid fluids, and a suspected or confirmed infec-
tion. The exclusion criteria were >12 hours
since onset of septic shock, a contraindication to
a femoral or axillary arterial line (severe athero-
sclerosis visible with ultrasound or previous sur-
gery on the vessels), hip fracture or other pathol-
ogy that would render the PLR-test painful, fem-
oral amputation, the clinical suspicion of elevat-
ed intra- abdominal pressure, an elevated intra-
cranial pressure or imminent death (within 24
hours). We used an electronic randomization
process based on a randomization list uploaded
to the electronic case report form (eCRF). As pa-
tients were eligible and an informed consent had
been provided, patients were allocated 1:1 to
the PLR group or the control group using per-
muted blocks of varied sizes (6- 10 patients) by
the researchers or the treating clinician. The
study period was from the time of inclusion until
the end of 3 full days. Data on patient character-
istics, hemodynamic response and fluid therapy
were collected for 3 full days or until ICU dis-
charge. If the patient was discharged from the
ICU before 3 full days, the patient was weighed
on the ward by the researchers.
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Figure 1. The Performance of The PLR Test.
We performed the PLR test as follows: hemodynamic measurements were done with the pa-
tient in a supine position with the Head-of-Bed (HOB) elevated to 30◦. We measured mean ar-
terial pressure (MAP), pulse rate, cardiac index (CI) and stroke volume index (SVI). We then el-
evated the HOB to 45◦ for two minutes. We adjusted the bed to a flat position with HOB 0◦ and
placed a triangular 45 ◦ pillow under the legs. After two minutes in the PLR-position we per-
formed the same hemodynamic measurements.

Hemodynamic protocol
In the PLR group, the protocol was applied
when the clinician considered it necessary to ad-
minister a fluid bolus. A PLR test was then per-
formed to determine whether the patient was
fluid responsive or not. Hence, the PLR tests
were not scheduled on a regular time-basis. We
performed the PLR test as follows: hemodynam-
ic measurements were done with the patient in a
supine position with the Head-of-Bed (HOB) el-
evated to 30 ◦. We measured mean arterial pres-
sure (MAP), pulse rate, cardiac index (CI) and
stroke volume index (SVI). We then elevated the
HOB to 45 ◦ for two minutes. We adjusted the
bed to a flat position with HOB 0 ◦ and placed a
triangular 45 ◦ pillow under the legs. After two
minutes in the PLR- position we performed the
same hemodynamic measurements. We then re-
moved the pillow and repositioned the patient
to the original position with a HOB elevation of
30◦ (Figure 1). The PLR test was performed from
the 45◦ semi-recumbent position as this induces a
larger increase in cardiac preload than a test
from the supine position (13). An increase in
stroke volume index (SVI) by 10% or more was
regarded as a positive result allowing the clini-
cian to administer intravenous fluid therapy.
Choice of fluid type, fluid volume and rate of
fluid administration was left to the discretion of
the treating clinician (Figure 2). If the SVI in-
creased less than 10% administration of fluid
was not allowed. A subsequent PLR-test was re-
quired if the treating clinician deemed an addi-

tional fluid bolus necessary. The control group
was treated at the clinicians’ discretion. It was al-
lowed to monitor the controls by TPTD, but not
to perform any PLR tests in these patients.

Measurements of weight and stroke volume index
We measured weight in the ICU bed (TotalCare
SpO2RT®, Hill- Rom Chicago, IL) according to
a standardized ward protocol. According to the
user manual, the accuracy of the scale was ±1%
of patient weight and the precision was ± 0.3%
within the range of 70.5-79.4 kg. The precision
was ±0.1% within the range of 79.5-181.4 kg.
Patients, who were discharged before the end of
the study period of three full days, were
weighed on the ward by the researchers using
the same ICU-bed as was used during the ICU-
stay. Measurements of cardiac index and SVI
were performed with PiCCO® (Pulsion Medical
Systems, Feldkirchen, Germany). Calibration
with thermodilution was performed every 8
hours and in case of large fluctuations in norepi-
nephrine dose. Primary outcome was weight dif-
ference from inclusion to day three. Planned sec-
ondary outcomes were 30- day mortality, ICU
length of stay, cumulative fluid balance day
three, number of days with mechanical ventila-
tion, vasopressors/inotropic support and contin-
uous renal replacement therapy, and ICU dis-
charge status. However, since the trial was termi-
nated early, only difference in weight, cumula-
tive fluid balance, ICU length of stay and 30-day
mortality are reported.
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Statistical methods
We estimated that a sample size of 120 patients
would be needed to detect a reduction in weight
gain from 5 kg to 3kg in a 70 kg person (a re-
duction from 7% weight gain to 4% weight
gain) with SD of 4 kg after three full fluid days
with 80% power and α<0.05. Thus, we planned
to include 130 patients to compensate for poten-
tial drop- outs. We expected weight gain to be
lower than in the Vasopressin in Septic Shock
Trial (VASST) study, where mean cumulative flu-
id balance on day 4 was 11 ± 8.9 (11).

Descriptive statistics are means with standard
deviation for continuous normally distributed
data and medians with IQR for skewed data.
We tested for normality by the Shapiro-Wilks
test. For categorical data numbers and percentag-
es are described. Continuous normally distribut-
ed data were analysed with independent samples

t-test or ANOVA. Continuous data with skewed
distribution were analysed with Mann-Whitney
U-test. Categorical data were analysed by χ²-test.
In all tests, P<0.05 was regarded as statistically
significant. We used IBM SPSS Statistics soft-
ware version 22.0 (IBM Corp., Armonk, NY,
USA) for statistical analyses.

RESULTS

We screened adult patients admitted to the ICU
with suspected sepsis for inclusion between Feb-
ruary 2014 and January 2016. We screened 79
patients for inclusion. The screening and ran-
domization process is described in the CON-
SORT Flow diagram (Figure 3). Due to a low in-
clusion rate, we considered extending the study
to other centres. Although not pre-planned, we
performed an interim analysis to evaluate if it

Figure 2. Hemodynamic Algorithm for The PLR Group.
PLR = Passive Leg Raising, SVI = Stroke Volume Index, MAP = Mean Arterial Pressure, AF =
Atrial Fibrillation.
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Figure 3. Flow Diagram for The PLR Trial.
The screening and randomization process is described in the CONSORT Flow diagram.

would be worthwhile to continue in other cen-
tres. We judged the difference in weight gain be-
tween the groups to be of minimal clinical im-
portance. We thus decided to end the study in-
stead of expanding to other centres. We ran-
domised 34 patients; 16 patients to the PLR-
group and 18 to the control group. One patient
in the PLR group had a hip fracture and no PLR
test could be performed. This patient was anal-
ysed according to an intention to treat ap-
proach. One patient in the PLR group refused
to be weighed, and was thus included in the he-
modynamic analyses but not in the analysis of
primary outcome. The PLR group was slightly
older, had fewer female patients and had lower
creatinine at ICU-admission and a lower SOFA-

score compared with the standard care group.
None of these differences were statistically sig-
nificant. The mean SAPS-3 score was similar, as
was the primary source of sepsis (abdomen) (Ta-
ble 1). The median (IQR) study time was 86.5
(81- 92) hours in the PLR group and 86.5 (82-
90) hours in the control group. In the PLR-
group 31% were discharged from the ICU be-
fore the final weight measurement vs. 39% in
the control group.

Complications
We experienced initial problems of bleeding fol-
lowing the removal of the femoral catheter in
one patient. This led us to protocolize the use of
a pressure application by compression equip-
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ment (Femostop®, St. Jude Medical Systems AB,
Uppsala, Sweden) for 60 minutes following the
removal of the catheter. We also had one case of
a femoral thrombosis following arterial cannula-
tion that required surgical trombectomy. Thus,
we had a rate of serious complications of 12.5%
from the use of the PiCCO.

Outcome
The mean (SD) weight gain after three full days
was 0.6 ± 3.2 kg in the PLR group and 1.3 ±
3.9 kg in the control group (P = 0.59). The me-
dian (IQR) amount of administered resuscitation
fluid during the study period was 2103 (1283-
2645) ml in the PLR group and 2408 (954-
5045) ml in the control group (P = 0.38). The
corresponding mean (SD) cumulated fluid bal-
ance was 1566 ± 3725 ml in the PLR-group and
2669 ± 2675 ml in the control group (P = 0.33)
(Table 2). Thirty-day mortality was 12.5% in the
PLR group and 11.1% in the control group (P =
1.00). Median (IQR) ICU length of stay was
141 (66- 278) hours in the PLR group and 139
(43-251) hours in the control group (P = 0.73).

Hemodynamics
Mean SVI changed from 30.4 ± 8.4 ml/m2 to
33.1 ± 7.8 ml/m2 during the first PLR (P =
0.026), whereas CI, MAP and heart rate did not
change significantly (Figure 4). The results of
PLR occasion 2 and 3 are available in Appendix
1. We performed the PLR test 46 times, and it
was positive 32 times (69%). The mean number
of PLR-test per patient was 2.9 and the majority
of the PLR tests were performed during the first
day. Most patients had both positive and nega-
tive PLR tests during the study period. One pa-
tient was fluid unresponsive in all PLR tests.
Compliance to give fluids following the proto-
col when the PLR test was positive was 100%.
There were six protocol violations when fluid
was administered without a prior PLR-test. The
total amount of norepinephrine in the groups
was nearly the same (Table 2).

DISCUSSION

This is the first clinical trial exploring the possi-
bility of reducing weight gain in patients with
septic shock by evaluation of fluid responsive-

Table 1. Patient Characteristics in The PLR Group and The Con-
trol Group.

Age (years)

Weight (kg)

Female Sex

SAPS 3 score

Co-morbidities

NYHA IV

Liver cirrhosis

Disseminated cancer

Hematologic malignancy

SOFA score at admission

Lactate at ICU admission

mmol/l

Creatinine at ICU admis-

sion μmol/l

Surgery before admission

Time from ICU admission

to randomization (hours)

Positive blood culture

Primary source of infection

Lungs

Abdomen

Urinary tract

Soft tissue

CNS

Unclear source

Central measurements are means with standard deviation for continuous
normally distributed data and medians with IQR for skewed data. For cate-
gorical data numbers and percentages are described.

PLR

(n = 16)

71 ± 11

74 (62-79)

5 (31.3%)

64 ± 12

0

0

2 (12.5%)

0

5.9 ± 3.3

2.2 (1.4-4.1)

110 (54-194)

10 (62.5%)

5.0 (1.3-14)

7 (43.7%)

4 (25.0%)

9 (56.3%)

2 (12.5%)

1 (6.3%)

0

0

Controls (n =

18)

66 ± 15

75 (56-93)

10 (55.6%)

64 ± 10

0

1(5.6%)

4 (22.2%)

0

7.2 ± 2.2

2.5 (2.0-4.3)

93 (64-220)

9 (50%)

5.0 (1.5-9.3)

10 (55.6%)

4 (22.2%)

7 (38.9%)

1 (5.6%)

3 (16.7%)

0

2 (11.1%)

P- val-

ue

0.25

0.62

0.19

0.85

N/A

N/A

0.25

0.48

0.81

0.43

0.65

0.87

N/A

0.49

N/A

N/A

N/A

Original Article
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Table 2. Hemodynamic Management in The PLR-Group and the Control-Group During The Study Period.

Total resuscitation fluid (ml)

Total input (ml)

Total output (ml)

Cumulative fluid balance (ml)

Urinary output (ml)

Total dose Norepinephrine (mg/kg)

Number of patients with inotropy (n)

Cumulated values are up to day 3 or truncated at discharge from the ICU or death. Central measurements are means with
standard deviation for continuous normally distributed data and medians with IQR for skewed data. For categorical data
numbers and percentages are described.

PLR-group

2103 (1283-2645)

10646 (7851-12092)

7960 ± 4028

1566 ± 3725

6522 ± 4005

0.36 (0.15-0.59)

3 (18.8%)

Control-group

2408 (954-5045)

10526 (6158-12902)

7257 ± 3854

2669 ± 2675

5474 ± 3888

0.35 (0.14-0.69)

4 (22.2%)

P-value

0.38

0.67

0.61

0.33

0.45

0.67

N/A

Fluid Responsiveness Assessment Using Passive Leg Raising TestMaria Cronhjort et al.

Figure 4. Hemodynamic Response to The First PLR Test in 14 Patients in The PLR Group.
A. SVI before and after the first PLR test; B. CI before and after the first PLR test; C. Heart
Rate before and after the first PLR test; D. MAP before and after the first PLR test.
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ness by a PLR test. However, the magnitude of
weight gain in the control group was too low
for such an intervention to be meaningful. A
possible explanation for the low weight gain in
our control group is that the clinicians were in-
fluenced by the PLR protocol in their manage-
ment of the controls (contamination bias). The
contemporary scientific discussion on fluid man-
agement following studies that have shown an
association between fluid balance and mortality
(11, 14, 15) and recent multicenter trials that
questioned the importance of early goal directed
fluid therapy (16-18) might also have led the cli-
nicians to a more restrictive fluid administration
regimen in the controls (19).

We experienced a low inclusion rate. We
screened nearly all patients with septic shock com-
ing to our institution. However, some of them
were recognized after more than 12 hours from
the onset of septic shock (11 patients). This could
partly be explained by lack of time to include pa-
tients during the night shift. The major time-con-
suming events were to find relatives to get in-
formed consent prior to inclusion, and to insert
the arterial line for the PiCCO® monitoring. If a
patient was not included during the night, it was
often too late to do it in the morning. Another
PLR trial also experienced a low recruitment rate.
Richard et al. included 60 patients in septic shock
over six years (5). The introduction of a non-in-
vasive cardiac output device that could replace
the TPTD technique would minimize the effort
demanded from the clinician to include patients.

Kuan et al. performed a PLR trial with higher
recruitment rate (12). It was a clinical trial of a
PLR test in patients with sepsis and elevated lac-
tate levels in the emergency room. They used
bioreactance, a non-invasive cardiac output mon-
itoring technique, and performed PLR tests at
regular intervals to ensure that patients who
were fluid responsive received more fluids.

In this study, the PLR test was performed ap-
proximately 3 times per patient, and it was posi-
tive in 69% of the occasions. The PLR test was
only performed when the clinicians wanted to
administer fluids. Since the test was applied so
few times, it is not astonishing that the differ-
ence in weight gain between the groups was
small. It is possible that the protocol would
have been more efficient in reducing weight

gain if it could have been implemented already
in the emergency room, where more patients
might still have been in the resuscitation phase.

It is interesting that the difference in cumula-
tive fluid balance was greater than the difference
in the actual amount of resuscitation fluid. The
amount of fluids administered for maintenance
and drug administration during 3 days was 4
times higher than the amount of resuscitation
fluid. To reduce weight gain during an ICU stay
it might be important to also target fluid restric-
tion as proposed by Chen et al. (20). They per-
formed a feasibility trial where both a PLR test
and fluid restriction were performed.

Hemodynamic monitoring was achieved with
transesophageal Doppler in intubated patients
and with continuous transthoracic Doppler in
nonintubated patients. They found that the pro-
tocol was feasible and the median cumulative flu-
id balance day three was 3124 (IQR, 767-10103)
ml in the controls and 1952 (IQR, 48-5003) ml
in the PLR group. However, the important ques-
tion is, if reducing fluid overload and thus
weight gain improves patient outcome. A pilot
trial of restrictive fluid management without ad-
vanced hemodynamic monitoring has been per-
formed in patients with septic shock (21), where
the restrictive protocol was safe regarding mor-
tality, kidney injury and ischemic events. The im-
pact of a restrictive protocol for resuscitation of
septic patients’ needs evaluation in large RCTs.

The poor precision of the bed scale ( ± 0.24
kg for a 79 kg person) might have attenuated
our ability to detect a real difference in weight
gain between the groups. Since the weight gain
was lower than we expected, the potential influ-
ence of this was greater than we had expected.
A problem with the accuracy of weighing in the
bed is that it is easy to forget a pillow, blanket
or other extra items in the bed. This could possi-
bly have a greater impact on the results than the
precision of the bed scale.

We used a 10% increase in SVI as a cut- off in
the PLR- test, which corresponds to the recom-
mended cut off ≥10 ± 2% increase in CO. Other
studies have chosen different cut-offs to define flu-
id responsiveness, ranging from 7%-15% increase
in CI (22). A higher cut-off means a risk of classify-
ing potentially fluid responsive patients as non-re-
sponsive. We chose 10% cut off, as it is easy to cal-
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culate if the test is positive, and as a lower margin
decreases the risk of withholding fluids from pa-
tients whomight benefit from a fluid bolus.

Our study has several strengths. First, it ap-
plies the PLR test which has been held up as the
best way to determine fluid responsiveness in crit-
ically ill patients (23). Another advantage is that
fluids were not administered only because of flu-
id responsiveness, but rather the PLR test was
used to restrict the fluid administration in pa-
tients where the clinician wanted to administer
fluids. Thus, we reduced the problem that all pa-
tients who are fluid responsive do not necessarily
require fluids. We used the PiCCO® monitoring
device which correlates well with PAC thermodi-
lution (24). We compared the effect of a PLR-
based protocol to usual care. We evaluated the
outcome by weight in ICU beds which is more ro-
bust than calculation of fluid balance (25).

The main weakness is that we terminated the
study early. However, this attempt to find a way
to guide clinical decision making on fluid admin-
istration might guide others who are planning to
perform similar studies. It was a single-centre tri-
al, with mainly surgical patients, which limits

the generalizability. We experienced more com-
plications than previously described from the
PiCCO® monitoring. We therefore started to use
a Femostop® device at removal of the catheter,
which is not a requirement from the manufactur-
er of the PiCCO®.

CONCLUSION

We implemented a protocol that required a posi-
tive PLR-test before administration of resuscita-
tion fluids, but recruitment rate was low. The tri-
al was terminated early because of futility since
weight gain in the control group was insignifi-
cant. To increase feasibility of a trial which im-
plements a PLR-test we recommend using a non-
invasive hemodynamic measurement, to include
restriction of maintenance fluids in the protocol
and to investigate the level of weight gain in the
setting where the trial is to be performed before
the start of the trial.
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Appendix Figure 2. Hemodynamic Response to The Third PLR Test in 9 Patients in The PLR Group.
A. SVI Before and after the third PLR test. The mean increase in SVI was 5.4 ± 4.6 ml/m2 (P = 0.008); B. CI be-
fore and after the third PLR test. The mean increase in CI was 0.40 ± 0.50 l/min/ m2 (P = 0.042); C. MAP before
and after the third PLR test. The mean increase in MAP was 5.9 ± 11 mm Hg (P = 0.15); D. Heart rate before
and after the third PLR test. The mean decrease in heart rate was 2.8 ± 4.9 beats/min (P = 0.13).

Appendix Figure 1. Hemodynamic Response to The Second PLR Test in 11 Patients in the PLR Group.
A. SVI Before and after the second PLR test. The mean increase in SVI was 6.7 ± 7.8 ml/m2 (P = 0.015)；B. CI
before and after the second PLR test. The mean increase in CI was 0.51 ± 0.84 l/min/ m2 (P = 0.071)；C. MAP
before and after the second PLR test. The mean increase in MAP was 4.5 ± 12 mm Hg (P = 0.24)；D. Heart
rate before and after the second PLR test. The mean decrease in heart rate was 1.5 ± 5.1 beats/min (P = 0.38).

The following is the supplemen-
tary appendix to the article: Flu-
id Responsiveness Assessment

Using Passive Leg Raising Test
to Reduce Fluid Administration
and Weight Gain in Patients

with Septic Shock. J Anesth Peri-
oper Med 2017; 4 : x- x. doi:
10.24015/ JAPM.2016.0049
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