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ABSTRACT

Background: The fluid responsiveness of patients who are mechanically ventilated is evaluated using the reversible
fluid loading technique known as passive leg raising.

Objective: This study purpose to determine if intra-abdominal hypertension, which reduces venous return, affected the
ability of passive leg raising to detect fluid responsiveness in critically ill patients.

Patient and methods: Our study is a prospective study done at the critical care Medicine Department of Helwan
University Faculty of Medicine on 400 mechanically ventilated patients with a pulse pressure variation greater than
12%. The esophageal Doppler was used to continually monitor the stroke volume. The bladder pressure was used to
calculate intra-abdominal pressure. Fluid loading with 500 ml of saline was conducted after a passive leg-raising exercise
and a return to baseline, with hemodynamic parameters recorded at each stage.

Results: Four hundred patients were divided into two groups based on their response to passive leg raising: responders
(at least a 12% increase in stroke volume) and non-responders (all patients in both groups were responders to volume
loading). Two hundred patients responded to passive leg raising (50%), whereas the non-responders (i.e. false negatives)
were similarly 50%. At baseline, the non-responders to passive leg raising had considerably greater median intra-
abdominal pressure than the responders to passive leg raising (20 [5.5]- vs 10 [4.5], respectively, with a p-value < 0.001).
Conclusion: Passive leg raising has false negatives are caused by intra-abdominal pressures more than 12 mmHg. In
severely sick ventilated patients, intra-abdominal pressure (IAP) should be assessed before doing passive leg raising.
Keywords Intra-abdominal pressure, Passive leg raising, Mechanical Ventilation.

INTRODUCTION

Fluid treatment is the first-line therapy in critically We included patients in our trial with circulatory
sick hypotensive patients because insufficient fluid failure, were receiving mechanical ventilation while
supply is harmful @, Passive leg raising increased sedated, and had a pulse pressure variation (App) of
stroke volume was used to forecast fluid response in greater than 12%. We also chose to track intra-
individuals who are extremely ill @. Although multiple abdominal hypertension.
studies ? 3, indicated that passive leg raising had good Blood pressure during systole of less than 90 mmHg
sensitivity in septic and postoperative patients, the IAP indicates circulatory failure, chronic lactic acidosis, or
levels of the patients who were included in these studies a requirement for vasoactive medications.
were not disclosed. The tidal volume for each trial subject was kept to

Intra-abdominal hypertension (IAH) lowered a minimum of 8 ml/kg. These were the specific criteria
venous return, which reduced cardiac output *®); this is we used to exclude people: Exclusions include those
due to constriction induced by increased IAP of the who are under the age of 18, women who are pregnant,
inferior vena cava . The foundation of the passive leg those who have a known mitral or aortic valve disease,
raising movement is the recruitment of splanchnic and those who have deep vein thrombosis or are wearing
leg blood . The ICU common pathophysiology of elastic compression stockings, and those who have
intra-abdominal hypertension affects this maneuver's severe acute respiratory distress syndrome that prevents
capacity to identify fluid responsiveness ©. them from finishing the PLR.

This study purpose to determine if intra-abdominal
hypertension, which reduces venous return, affected the Measurements:
ability of passive leg raising to detect fluid At baseline, demographic information and
responsiveness in critically ill patients. ventilator parameters (tidal volume, plateau pressure

(Ppiat), and end expiratory pressure) were collected (such
PATIENT AND METHODS as age, gender, weight, height, body mass index, and the
Our study was performed on four hundred patients simplified Acute Physiology Score II).
who were responders to volume expansion in the period A trained researcher who was uninformed of the
from April 2020 till October 2022 in the Critical Care clinical data orally implanted an esophageal Doppler
Department Faculty of Medicine Helwan University, in probe into each patient (Cardio Q: Gamida Eaubonne,
the general intensive care unit after approval of the France).

ethical committee.

3913
Received: 05/11/2022
Accepted: 06/01/2022



https://ejhm.journals.ekb.eg/

To achieve the best signals for descending aorta
blood velocity, the optimal probe location was
modified.

The programme continuously measured the aortic
blood flow and automatically determined the average
stroke volume over 10 seconds. Before the trial began,
the stroke volume was checked, and 400 patients had
their stroke volume assessed twice by skilled fixed
investigators.

The mean difference between the two values was
computed and divided by that value. The monitor's
algorithm (Philips Intellivue Mp 70; Philips, Suresnes,
France) was used to automatically determine the pulse
pressure fluctuations (Apps) © 19

Heart rate, mean arterial pressure, systolic
pressure, and diastolic pressure were all measured.

After injecting 25 ml of saline and zeroing the
transducer at the midaxillary line, the IAP was
measured in the supine position using the bladder
pressure in accordance with the standards of the
worldwide Conference of Experts on Intra-abdominal

Hypertension and Abdominal Compartment Syndrome
an.

Study Design:

Study protocol included only surgical postoperative
patients with abdominal surgery and App > 12% who
fulfilled the inclusion criteria which is base 1 up right
45° position underwent passive leg raising maneuver
(PLR) then returned back to base 2 upright 45° again
then underwent volume expansion by 500 ml saline
where patients were classified into responders to
volume expansion and Non-responders to volume
expansion, non-responders to volume expansion were
not analyzed (false positives of App) and were excluded
forty cases from the study as they were non-responders
to volume expansion which started by four hundred &
forty patients; then the responders to volume expansion
were classified into responders to passive leg raising
(PLR+) and non-responders to passive leg raising
(PLR-), then retrospective comparison between the two
groups were done.

At baseline, 1AP, ventilator data, and demographic
information were all measured. Each of the four
consecutive phases involved the measurement of
hemodynamic parameters. The patient was placed in a
semi-recumbent position for the initial measurements
(the "base 1" condition) (i.e. with the body at an angle
of 45° to bed plane).

About a minute after the legs were raised, second
measurements were collected at the aortic blood flow
peak of the legs had been lifted to a 45-degree angle by
an automated bed elevation mechanism (in the "PLR"
condition).

Third, the restoration of the baseline (in the semi-
recumbent position) following PLR monitoring (in the
"base 2" condition).
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Fourth, Following VE, measurements were taken using
500 ml of saline over a 30-minute interval (in the
volume expansion [VE] condition).

Patients were labeled as false positives for App and
were excluded from analysis if their between base 2 and
VE, the stroke volume did not increase by at least 12%.
Considering the increase in SV brought on by PLR,
patients were subsequently split into two groups: PLR
responders (PLR+) and non-responders (PLR-).
Retrospective comparisons between the two groups
(PLR+ and PLR-) were made. A 12% rise in SV was
thought to be clinically meaningful 2. Passive leg
raising non-responders (PLR-) were believed to be a
false negative for PLR, mechanical ventilation
parameters were not changed during the study.

Ethical consent:

The study was authorized by Helwan University's
Ethical Institutional Review Board. All study
participants provided written informed permission
after being informed of our research's goals. The
Declaration of Helsinki for human beings, which is
the international medical association's code of
ethics, was followed during the conduct of this study.

Statistical analysis

SPSS version 20 for Windows® (IBM SPSS Inc,
Chicago, IL, USA). The median and interquartile range
serve as representations for continuous variables. The
qualitative parameters were noted in terms of quantity
and percentage. A Mann-Whitney U test was used to
compare the PLR+ and PLR- groups, and a Wilcoxon
rank-sum test was employed to evaluate the change in
data from one stage to the next. The threshold for
significance was set at a P-value of 0.05 or less. In order
to calculate the area under the curve + SEM for intra-
abdominal pressure, a receiver-operating characteristic
was used. The intra-abdominal pressure cut off value for
false negative PLR prediction with the greatest
sensitivity and specificity was determined using the best
accuracy and best positive probability ratio.

To identify patient characteristics that were
independently associated with PLR non-response, a
stepwise multivariate logistic regression was used. The
odds ratio and their 95% confidence intervals (95% CIs)
were computed, with the exception of intra-abdominal
pressure, for which the threshold value was established
using the receiver-operating characteristic curve. For
guantitative data, a threshold was established using the
population's median value.

RESULTS
All demographic data and mechanical ventilation
settings were non-significant statistically.
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Table (1): Demographic and Mechanical ventilation data

Non-responders to leg Responders .
raising to leg raising Test of sig.

N (%) N (%) P .

Mean + SD Mean + SD Value Value Sig.
Male 113 (56.5%) 113 (56.5%) ”_

Sex Female 87 (43.5%) 87 (43.5%) X*=0 . NS
AGE 48.78 +9.09 48.82 +9.02 034 0.969 NS
Height 170.06 + 6.01 79.98 + 5.84 t=0.1 0.918 NS
Weight 80.13 +5.99 79.8 +5.84 t=0.25 0.800 NS
BMI 2357+ 1.8 23.54 +1.84 t=0.17 "0.868 NS
APACHE Il 7.16 + 1.49 7.15+1.53 t=0.03 0.974 NS
MV VT 641 + 47.93 639.8 + 46.75 t=0.25 0.800 NS
Settin P.P 2259+ 1.7 22.6 +1.66 t=0.06 0.953 NS
g PEEP 50+1.2 50+1.1 t =-0.05 9.966 NS

All hemodynamics parameters were non-significant statistically when compared between the two groups, except the
intra-abdominal pressure which was significant statistically.

Table (2): Hemodynamic characteristics at baseline (Base 1 Step)

Nor= Responders to
Responders to zfssive le
Total population passive leg passive feg .
(n = 400) raising raising P-value Sig.
maneuver maneuver
(1= 200) (n = 200)
(Sr;r?;‘e volume 60.42 + 2.25 60.12 +3.25 60.74 +2.76 09 NS
E;;“Se pressure variation 16.07 + 1.51 16.04 + 1.98 16.1+1.34 08 NS
Heartrate (Beat/min) 106 + 3.06 106 + 3.02 106 + 3.09 0.442 NS
Mean arterial Blood
ressure (MAP) 68 + 1.9 68 +2.21 68 +1.73 06 NS
(Sg;t;’)“c Blood pressure 95+2.2 95 +1.92 95+3.12 08 NS
(DE;aBSIE,‘;“C Blood Pressure 55 + 2.4 55 + 1.67 55+ 3.1 07 NS
E;’T’]“HrZ' Venous pressure, 11+1.72 11+2 11+ 1.47 0.8 NS
Cardiac output L/min 6.1+1.85 6.1+1.9 6.1+1.73 0.8 NS
Intra-abdominal pressure 15 22 8 <0.001 S

All parameters were expressed in mean and standard deviation where the comparison between all the hemodynamics
parameters in the base 1 to PLR were all non-significant statistically, where comparing the same parameters between

Base 2 and volume expansion were all significant statistically.
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Table (3): Hemodynamics parameters for Non-responders to the passive leg raising maneuver at each step and
in between steps comparison

Passive leg o- VE volume
Base 1 raising value S Base 2 expansion p-value S
maneuver

S”Ok(enz’l‘)"“me 60.12+3.25 | 61.33+2.69 | 0.7 | NS | 59.71+2.11 | 7554+3.49 | <0.001 | S
Pulse pressure | 16 111 08 | 16.0642.04 | 0.75 | NS | 1504413 16.28+1.37 <0.00 | S
variation %
Heartrate | 161300 | 106+2.33 09 | NS | 106+2.18 95+3.62 <0001 | S
(Beat/min)
Mean arterial
Blood pressure 68 +2.21 68 +2.22 0.9 NS 70+ 1.64 78 + 3.45 <0.001 S
(MAP)
Systolic blood |~ g5 4 o5 95 +1.57 09 | NS | 96+2.77 110+5.83 <0.001 | S
pressure (SBP)
Diastolic blood
oressure (DBP) | 555167 55+2.2 08 | NS 55+2 66+2.72 <0.001 | S
Central venous
pressure 1142 11.5+0.97 07 | NS | 12+185 17.5+1.66 <0.001 | S
(mmHg)
Cardiac output | 5 4 g 6.2+1.63 06 | NS| 60+173 6.8+1.6 <0.001 | S
(L/min)

All parameters were expressed in mean and standard deviation where the comparison between all the hemodynamics
parameters in the base 1 to passive leg raising maneuver were all significant statistically in favor of the good response
to passive leg raising maneuver, also all parameters when compared between base 2 and volume expansion, were all
statistically significant expressing good response to volume expansion.

Table (4): The hemodynamics parameters for responders to passive leg raising maneuver at each step and in
between steps comparison

Passive leg VE volume
Base 1 raising p-value | S Base 2 . p-value | S
expansion
maneuver

Stroke volume
(ml)
Pulse pressure
variation %
Heart rate
(Beat/min)
Mean arterial
Blood pressure 68+1.73 |80+2.6 <0.001 | S 73 +2.01 85+ 4.26 <0.001 S
(MAP)
Systolic blood
pressure (SBP)
Diastolic blood

60.2+74.76 | 67.41+1.76 | <0.001 | S | 57.41+1.73 73.78+.2.7 <0.001 | S

16.1+1.34 14.2+1.39 | <0.001 | S| 16.09+1.37 10.08+1.38 <0.00I S

106+3.09 96+2.78 <0.001 | S 73+2.01 98+2.45 <0.00I S

95+3.12 107 +4.78 | <0.001 | S 103+3.68 118+4.51 <0.001 | S

55+3.1 67+4.25 <0.001 | S 63+3.51 72+4.29 <0.00I S
pressure (DBP)
Central venous
pressure 11+1.47 67+4.25 <0.001 | S 63 +2.14 18+1.64 <0.001 S
(mmHg)
Car?f’/‘fn?#)tp“t 6.1+1.73 | 6.3+1.91 | <0001 | S| 6.0+1.83 6.8+16 | <0001 | S

Figure (1) receiver operating characteristic curve of intra-abdominal pressure (IAP) to detect non-responders to passive
leg raising maneuver.
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Figure (1): ROC curve of IABP to detect non-responders

AUC 95% ClI p value

sig.

Cutoff point

Sensitivity | Specificity | PPV | NPV

IABP 1 10.991t01.000 | <0.0001 | S

>12

100% 100% 100% | 100%

Receiver operating characteristic curve of intra-
abdominal pressure (IAP) with cut off value of > 12
mmHg to prevent responding to passive leg raising
maneuver, with 95% CI 0.991 — 1.000 , p-value <
0.0001, sensitivity 100%, specificity 100%., positive
predictive value 100% and negative predictive value
100%.

DISCUSSION

In our study we decided to monitor IAP and to do
volume expansion in surgical mechanically ventilated
patients. Fifty percent false negative cases were evident
when applying the passive leg raising maneuver. We
found that intra-abdominal pressure of > 12 mmHg can
precisely identify these false negative results to
passively lifting your legs. A fluid loading that is
reversible technique is the passive leg raise movement
2,7, 12—15).

The thoracic compartment receives venous blood
from the legs and the splanchnic compartment when
patients are subjected to the passive leg raising
procedure (PLR), lifting the legs at a 45-degree angle
while keeping the body horizontal is how you do this .
This increase in venous return can increase stroke
volume so long as both ventricles contract along the
steep portion of the Frank-Starling curve (and cardiac
output).

Therefore, it is possible to assess how the heart's
load reliance changes when passive leg raising (PLR)
increases stroke volume. Numerous studies have shown
that passive leg raising (PLR) can distinguish between
patients who respond to volume expansion (VE) with
fluid and those who do not in patients who need
mechanical ventilation @3, those who breathe
spontaneously @49 and those who have arrhythmias
@, The patients' intra-abdominal pressure values were
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not stated in any of these articles, nonetheless, various
studies in the literature have demonstrated how this
parameter affects cardiac output and venous return “-6:1¢-
2D When AP surpasses right atrial pressure, the
abdominal inferior vena cava collapses and a vascular
water fall develops, reducing venous return. Takata
and colleagues proved this and introduced the novel
notion of "abdominal vascular zone Conditions" ®.

PLR depends on venous blood flowing into the
intrathoracic compartment from the legs and splanchnic
veins; IAH induced inferior vena cava compression
likely precluded a "endogenous venous return™ effect.

The pulse pressure variation did not diminish with
passive leg raising in the passive leg raising negative
group either, confirming the idea that there was no
increase in venous return.

Intra-abdominal hypertension is described as a
prolonged or recurrent pathologic rise in intra-
abdominal pressure of 12 mm Hg or greater by the
World Society of Abdominal Compartment Syndrome
(19, In the case of animal models, the threshold of intra-
abdominal pressure that reduces stroke volume has
variably been reported as 20 mmHg, 25 mmHg @921,
and 30 mmHg ©9. Pneumo-peritoneum was used to
maintain the intra-abdominal pressure at 10, 12, or 14
mmHg in further animal and human investigations © 22
23)

Despite the fact that ICUs tend to employ a
comparable range of pressure levels, none of these
research observed or discussed the impact of intra-
abdominal pressures between 12 and 24 mmHg @4,

In our investigation, passive leg raising (PLR)
false negative results occurred in around 50% of cases,
which is higher than previously reported in the
literature.
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This criterion of 8% is lower than our advised limit
of 12%, which might account for the divergence in the
findings. In twenty-two critically sick patients,
Lafanechere et al. @ found that a negative reaction to
passive leg raising (PLR-) resulted in an increase in
cardiac output of at least 8% predicted fluid
responsiveness with a 90% sensitivity.

Monnet et al. @ discovered that a lower threshold
value could be utilised to identify between patients who
reacted to volume expansion and those who did not,
with 97% sensitivity, using a passive leg raise-induced
10% increase in cardiac output in 71 critically sick
patients. Only non-surgical patients, whose prevalence
of intra-abdominal hypertension was likely lower, were
evaluated by later writers ¢4,

On the other hand, 100 percent of our patients
received surgery. Therefore, the larger frequency of
intra-abdominal pressure may also help to explain our
high rate of false negative findings. The intra-
abdominal pressure in 79% of our patients was less than
12 mmHg. Also, compared to previously reported and
published research, we had a greater prevalence of intra-
abdominal hypertension. Malbrain et al. ®¥ discovered
that 58.8% of general ICU patients in their one-day
multicenter trial had intra-abdominal hypertension.

The ICU patients in the same research had an IAP
of > 15 mmHg in 28.9% of cases. In our investigation,
40 patients were removed because they despite a
hydration infusion, he did not respond pulse pressure
fluctuation of more than 12%. This indicator, which
serves as a stand-in for fluctuations in stroke volume,
has been demonstrated to reliably a fluid responsiveness
prediction. Michard et al. ®® showed a sensitivity of
94% and a specificity of 96%, and several additional
research supported these findings .

Right wventricular dysfunction patients have
previously shown that ICU patients typically exhibit
this index's false positive @7,

Additionally, the pulse pressure fluctuation in a
group of individuals with intra-abdominal hypertension
or abdominal compartment syndrome never been
carefully studied @®.

It was shown that intra-abdominal hypertension
causes a more pronounced rise in pulse pressure
variation (App), and that volemia-related alterations are
not the only cause of this variation. This conclusion was
made by Duperret et al. @9,

Although in cases of intra-abdominal hypertension
a threshold value of 20.5% was needed to evaluate fluid
responsiveness, pulse pressure variation (App) can
reliably predict fluid responsiveness. Renner et al. 4%
came at this conclusion using an animal model of intra-
abdominal hypertension.

As aresult, our forty false positives may have been
caused by the threshold value being higher than 12% or
by right ventricular dysfunction, as previously indicated
@ in other investigations ©?®, Due to the high intra-
abdominal pressure of (14, 16, 18, 20, 22 and 24 mmHgQ)
and the pulse pressure variation (App) of 12%, 14%, and
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16% in our forty eliminated false positive instances,
both processes may be contributing to the false
positivity.

One of the good impact of our study is that we had
done our study on a large scale of surgical patients
admitted in the ICU as a postoperative abdominal
surgery patients which is different from the vast
majority of studies done ¢7142%, One of the drawbacks
of our study is that we assessed intra-abdominal
pressure in the supine position shortly before base 1,
and we were unaware of the actual intra-abdominal
pressure that prevented venous return in the passive leg
raising posture. The World Society of Abdominal
Compartment Syndrome Consensus recommends that
intra-abdominal pressure be monitored consistently and
uniformly each time @V,

Aortic cross-sectional areas were calculated with a
normogram rather than measured when we evaluated
stroke volume fluctuation using esophageal Doppler,
which anybody may argue lacks accuracy ©9.

However, even in studies that connected
fluctuations in stroke volume with cardiac output,
thermodilution was still substantially associated with
the esophageal Doppler measurements of stroke volume
(30-34)

Our study carried a good correlation between intra-
abdominal pressure and its impact on passive leg raising
maneuver in a large scale of critically ill postoperative
mechanically ventilated patients.

CONCLUSION

Our study came to the conclusion that the passive leg
raising procedure did not predict fluid response in
critically sick surgical, mechanically ventilated patients
with an intra-abdominal pressure of > 12 mmHg.
Passive leg raising must be done with extreme caution
and attention since critical care units frequently have
high intra-abdominal pressure values. Therefore,
measuring AP in critically unwell patients is advised.

Supporting and sponsoring financially: Nil.
Competing interests: Nil.
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