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Predicting fluid responsiveness with the passive leg raising test:
don’t be fooled by intra-abdominal hypertension!
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What is passive leg raising (PLR)?

Fluid therapy is often used as first line therapy in critically
ill patients in shock. Among the methods currently available
to detect preload responsiveness, the PLR test has been
demonstrated to be reliable in many studies and a recent
meta-analysis (1,2). According to Monnet and Teboul, five
rules need to be taken into account, when performing a
PLR (3). First, PLR should start from the semi-recumbent
and not the supine position. Second, the PLR effects must
be assessed by a direct measurement of cardiac output and
not by the simple measurement of blood pressure. Third,
the technique used to measure cardiac output during PLR
must be able to detect short-term and transient changes
since the PLR effects may vanish after 1 min. Fourth,
cardiac output must be measured not only before and during
PLR but also after PLR when the patient has been moved
back to the semi-recumbent position, in order to check that
it returns to baseline. Fifth, pain, cough, discomfort, and
awakening could provoke adrenergic stimulation, resulting
in erroneous interpretation of cardiac output changes.
We would like to add a sixth rule: confounding factors
and underlying conditions that may influence the PLR
must be assessed before performing the test, these include
increased intrathoracic pressure [high PEEP, presence of
autoPEEP, thoracic compartment syndrome (e.g., tension
pneumothorax)], cardiac tamponade, right ventricular
infarction or failure and intra-abdominal hypertension
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(IAH), the latter defined as an intra-abdominal pressure
(IAP) above 12 mmHg.

The principle of PLR is that a certain volume of blood
from the lower extremities and abdominal compartment
increases preload and mimics a fluid challenge. During a
PLR, on average around 300 mL of blood from the legs and
mesenteric splanchnic pool is “autotransfused” to the central
circulation. Compared to a fluid bolus or fluid challenge
it carries the benefit of not adding additional fluids in case
the patient would not be fluid responsive. Indeed, a PLR
increases the mean systemic filling pressure (Pmsf) and, in
case of preload responsiveness, venous return. In the August
issue of Critical Care Medicine, Beurton and colleagues
report that IAH can be responsible for a false negative PLR
test (4).

We could identify only one other study that addresses
the difficulty to assess the hemodynamic status and fluid
responsiveness by PLR in patients with TAH. Almost
10 years ago, Mahjoub et 4. came to a similar conclusion
and found an IAP of >16 mmHg responsible for false
negative PLR. Hence, they suggested to measure IAP
before performing a PLR test (5).

Pooling together all previously described conditions
and parameters that influence its sensitivity and specificity,
PLR has demonstrated its value as a predictor of fluid
responsiveness as long as limitations to its use are
understood and respected (Figure I).
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baseline in semi-recumbent position HOB \/
45°, supine PLR >45°, back to baseline

Interval: Time delay before estimation of
CO too short or too long

Myocardial function: Right heart
infarction or failure

Increased pressure: Intrathoracic or
intra-abdominal pressure elevated
>15 mmHg

Thoracic compartiment: Thoracic
compartment syndrome, tamponade or
tension pneumothorax

< <« < < L

Stimulation: Avoid adrenergic stimulation \/
or pain (do not touch legs)

Figure 1 Most common physiological limitations to the use of
PLR can be summarized as ‘LIMITS’. Adapted from Michard ez /.
with permission, according to the Open Access CC BY Licence 4.0
policy (6). PLR, passive leg raising; CO, cardiac output.

What were the study findings?

The authors collected prospective data on 60 mechanically
ventilated patients in whom fluid expansion was planned.
After inclusion, they measured a set of hemodynamic
parameters, including IAP, in the semi recumbent position.
Subsequently, they performed three more measurements:
one after the PLR test, the second when the patient was
moved back to the semi recumbent position and a last set
immediately after a fluid bolus of 500 mL.

The primary goal of the study was to evaluate the
PLR test ability to predict fluid responsiveness in patients
without IAH (n=30) and in patients with IAH (n=30). The
IAP at baseline was 4+3 mmHg in patients without vs.
20+6 mm Hg in patients with IAH (P<0.01).

The area under the receiver operating characteristics
(ROC) curve of the PLR test for detecting fluid
responsiveness was 0.98+0.02 (P<0.001) in patients without
IAH compared to 0.60£0.11 in patients with IAH (P=0.37).
In fact, in the IAH group, 21 patients were fluid responders
and nine fluid non-responders; among the former group
PLR was positive in six patients (true positive) and negative
in 15 patients (false negative).

So, why is this study so important?

First, in comparison to the previous study by Mahjoub
et al., Beurton et 4/. have also included fluid non-responsive
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patients. They assessed CO with the transpulmonary
thermodilution technique (PiCCO2 device, Pulsion Medical
Systems, Munich, Germany, now fully integrated within
Getinge, Solna, Sweden) instead of an esophageal Doppler
probe. Hence, minimizing the inter-operator variability.
Moreover, they measured IAP in all different positions
during the PLR test.

Second, both studies do not rule out the possibilities to
use the PLR in the setting of elevated IAP, but they sure
indicate that we need to adjust our common thresholds.
In critically ill patients an increase in CI with 15% after
fluid bolus is considered as a responder, for a PLR test the
threshold is 10%, while it is 5% for the end-expiratory
occlusion (7). In 2011, Jacques et al. (8) investigated the
dynamic indices of fluid responsiveness [stroke volume
variation (SVV), pulse pressure variation (PPV) and systolic
pressure variations (SPV)] in nine mechanically-ventilated
pigs with induced IAH up to 30 mmHg. They found that
respiratory variations in stroke volume and arterial pressure
remain indicative of fluid responsiveness but highlighted
the fact that threshold values identifying responders and
non-responders may be much higher (around 25%) than
the usual thresholds of 15% (8). Of course, this data should
be translated to critically ill patients with caution but we
believe that from a pathophysiological perspective this
threshold-adjustment is reasonable (9). To what extent and
how proportional adjustments should be made in relation to
the actual IAP remains to be clarified by future studies.

Third, these studies encourage us to think about the
pathophysiology of increased IAP. We know that PLR
results in an endogenous auto-transfusion from the lower
part of the body, but we don’t know the exact amount of
blood. The blood flows back to the central circulation by
gravity during the passive transfer of a patient from the
semi recumbent position to a position where the lower
limbs are elevated at 45° and the trunk is horizontal.
Supposedly, the blood involved comes from the lower limbs
and the splanchnic circulation. The decreased effectiveness
of PLR during IAH can be explained by a reduction in
venous return due to the compression of the portal vein and
the inferior vena cava and by a reduction of the abdominal
venous capacitance pool due to compression of the
splanchnic circulation. Furthermore, one study in animals
not only seems to validate this second hypothesis but also
highlights the potential role of increased capillary leak in
TAH. In a porcine model, 16 pigs were randomly allocated
to a control-group or an interventional group; in the latter
group IAP was elevated to 15 mmHg by helium insufflation
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for 120 min followed by further elevation to a level of
30 mmHg for two more hours. The intervention group
was associated with increased extravasation of fluid and
proteins, plasma volume reduction, reduced cardiac output
and reduced perfusion of intra-abdominal organs (10).
Therefore, not only we might have a compression of
splanchnic circulation but also a direct loss of fluid in the
so-called third space, which, to some extent, could affect the
volume of blood being auto transfused during PLR. One
could argue that, if so, this effect would also be seen in septic
shock, which is not the case, in fact PLR is recommended
in the Surviving Sepsis Campaign Guidelines as part of the
initial hemodynamic management (11). However, those
guidelines also advocate the administration of 30 mL/kg
fluid starting within the first hour. Overzealous fluid
administration may initially sustain intravascular volume. It
may also preserve the positive predictive value of PLR (even
in capillary leak), but one of the long-term complications
this strategy may lead to, is fluid overload. Fluid overload is
defined as 10% increase of fluid accumulation from baseline
body weight (7). Patients presenting with concomitant heart
or kidney failure being much more exposed to this risk.

Fourth, one must not forget physiology. Healthy
volunteers with normal heart function are fluid responsive
in baseline conditions (on steep part of Frank-Starling
curve). Septic shock patients, at the very early stage, may
not be hypovolemic but rather vasoplegic, so that instead
of fluids, early administration of vasopressors may be
more beneficial. Furthermore, fluid responsiveness, too
often is associated with the need to administer fluids or
the false impression that the patient is hypovolemic. One
must always bear in mind that fluid responsiveness may be
artificially increased by the heart-lung interactions and the
settings of the ventilator. Therefore, studies on the use of
PLR must always be interpreted with caution as they may
lead to fluid overload.

Finally, and possibly the most interesting result is
the significant decrease in IAP during PLR test, both in
patients with and without IAH. In analogy to the brain, the
abdomen can be considered as a closed box with some parts
that are flexible (abdominal wall and diaphragm) and some
parts that are rigid (spine, pelvis and costal arch). In analogy
to the respiratory system, any change in intra-abdominal
volume (IAV) is accompanied by a change in IAP. The
relationship between the two is defined as the abdominal
(wall) compliance (Caw) (12). Therefore, increased IAP is
caused by an increase in IAV (i.e., intra-abdominal bleeding,
ascites) or by a decrease in Caw (i.e., retention sutures,
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tight abdominal closure after laparotomy, obesity, anasarca).
During the PLR the diaphragm can be displaced in the
cephalic direction thus increasing IAV (more space for
same content) and consequently increasing Caw (Figure 2).
It seems that this effect played a substantial role in the
study by Beurton ez 4/.: in the IAH group, IAP decreased
by 29%+11% and in 33% of these patients, IAP decreased
below 12 mmHg (the threshold used to define IAH). As
addressed by the authors the main limitation is that they
could not confirm that these effects persist in the long term.
It is however doubtful that this effect might be attenuated if
the PLR position is maintained as it seems counterintuitive
to put a patient in this position to lower IAP. Other studies
have shown that the reverse Trendelenburg position with
the abdomen hanging freely may be the best way to unload
the thoracic compartment from increased IAP (14-16).
Potentially, a measurement error may have occurred with
respect to the correct zero reference during the PLR
position since one would rather expect an increase in IAP
due to the increase in IAV with the blood returning from
the legs (more content for same space). Another drawback
is that, in mechanical ventilated patients, the increase in
TAP would possibly require higher PEEP setting in order to
compensate for the cephalic shift of the diaphragm amongst
other side effects on other organs from this position (i.e.,
increased intracranial pressure, atelectasis, possible reflux
and ventilated-associated pneumonia).

Limitations and cautions

The main limitation of the study is probably its inability to
provide an explanation for the false negative PLR test in
case of IAH. As underlined by the authors, estimating the
transmural pressure gradient of the vena cava by the CVP-
IAP gradient is not sufficient enough to investigate this
matter; recent methods to enable correct estimation of Pmsf
might be more suitable for this purpose (17).

Furthermore, we believe the prognostic value of
PLR should be assessed in association with body
anthropomorphic data and global indices of perfusion
(lactate, base deficit, strong ion difference).

Finally, Beurton ez a/. study included severely ill patients,
mostly septic patients (91%). Only in five patients (8%)
the reason of admission was cardiogenic shock. Since IAH
worsens all cardiac functions in terms of contractility,
preload, afterload and diastolic function (13,14,18), it would
have been interesting to analyse separately this subgroup of
patients.
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Starting position

Position during PLR

Advantages

Disadvantages

PPVT

45

PPV

No risk for VAP
No increase in ICP

Labour intensive
Unclear (rather small)
amount of
autotransfusion from
legs

PPVTT

45

]

o=

o)

No risk for VAP
No increase in ICP

Labour intensive
Increases IAP
(lung compression)
No autotransfusion

Starting position Position during PLR Advantages Disadvantages

PPVT PPV Easy to perform Risk for VAP
Combination Unclear amount of
of endogenous autotransfusion

transfusion from legs
and mesenteric veins

Risk for ICP increase

PPVTT

No increase in IAP
(no lung
compression)
Easy to perform

Risk for VAP

Risk for ICP increase
Only small amount of
autotransfusion

(from legs)

Starting position

Position during PLR

Advantages

Disadvantages

PPV/

PPVIL

Easy to perform
Combination

of endogenous
transfusion from legs
and mesenteric veins

Biggest risk for VAP
Unclear amount of
autotransfusion
Biggest increase in
ICP

Decrease in IAP
(effects on lungs
unclear)

Easy to perform
Probably highest
amount of

auto- transfusion in
case of IAH

Biggest risk for VAP
Biggest increase in
ICP

Figure 2 Effects of different passive leg raising tests. Schematic overview comparing the possible effects and (dis)advantages of PLR test
in (A) HOB 45°, (B) supine, (C) trendelenburg during normal TAP and IAH. Schematic overview comparing the possible effects and (dis)
advantages of different Passive Leg Raising (PLR) test during normal IAP and IAH. The PLR can be performed from HOB (A) or supine
(B) position or putting the patient in the Trendelenburg position (C). Endogenous fluid resuscitation comes from venous return from the
legs and the mesenteric veins. The amount of the endogenous fluid resuscitation is indicated by the thickness of the arrow. Adapted from
Malbrain e al. with permission (13). A dotted line marked with “X” indicates the absence of endogenous transfusion from that region.
PPV, pulse pressure variation; ICP, intracranial pressure; VAP, ventilator associated pneumonia; IAP, intra-abdominal pressure; IAH, intra-
abdominal hypertension; HOB, head of bed.
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Take home message

Be aware that not all blood returns from the legs and the
mesenteric splanchnic pool when performing a PLR in
patients with increased IAP (19). Therefore, we recommend
obtaining a baseline IAP measurement before performing
PLR in case of presence of two or more risk factors for IAH.
Risk factors for IAH including: decreased Caw, increased
TAV (intraluminal or free abdominal) and capillary leak with
the use of overzealous fluids. The usual threshold to identify
a fluid responder with PLR of 10% may need to be adjusted
to 5% (or even less) in case of IAH above 15-20 mmHg.
The path ahead is clear and future studies should continue
the work previously done. Clinicians dealing with critically
ill patients in the ER, OR or ICU should be aware of
the pathophysiological effects of increased IAP on the
cardiovascular and respiratory system as it has been
reported elsewhere (13,20). The incidence of IAH is not
uncommon in the ICU as about 25% present with IAH on
admission and 50% will develop an IAP above 12 mmHg at
some point in time during the first week of stay (21). The
Abdominal Compartment Society, formerly known as the
World Society of the Abdominal Compartment Syndrome
(http://www.wsacs.org) invites interested researchers to join
the society and to follow the consensus definitions.
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