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Effects of Passive Leg Raising on Stroke Volume and Blood Pressure
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Abstract

Objective This study investigated the efficacy, durability and possible adverse
effects of passive legraising (PLR) by examining the entire course of cardiovascular
responses to PLR.

Methods/results Continuous measurements of cardiovascular parameters were
performed on eight healthy subjects, using a non-invasive finger blood pressure
measurement system during PLR. Blood pressure significantly increased during PLR
at each angle of raise : 20°, 30°, and 40°. This blood pressure increase was found to
be mainly due to an increase in stroke volume, which remained almost constant until
the end of the 10 minutes of PLR. No significant differences in values of cardiovascular
parameters were found between the different raise angles. Transient changes in
cardiovascular parameters occurred when legs were returned to the horizontal
position, including considerable transient falls of stroke volume and total peripheral
vascular resistance. In patients with deteriorated cardiovascular functions, this might
cause a severe transient fall of blood pressure triggering cerebral ischemic attack.

Conclusion PLR increased blood pressure mainly due to an increase in stroke
volume. The raise angle of 20° was sufficient to produce this PLR effect.
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Fig.1 Measurement procedure. One sequence of the PLR experiment consisted of 300-s rest, 600-s PLR, and
180-s post-PLR rest. The sequence was repeated 3 times using a different PLR angle each time (20°, 30°,

or 40°) in randomized order in 1 day.
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Table 1 Resting Values of Cardiovascular Parameters
Cardiovascular Parameter Mean SD
Systolic Blood Pressure (mmHg) 122.2 6.0
Diastolic Blood Pressure (mmHg) 67.7 5.6
Mean Blood Pressure (mmHg) 82.9 5.8
Heart Rate (bpm) 55.6 6.1
Stroke Volume (mL) 86.0 7.2
Cardiac Output (L/min) 4.8 0.8
Total Peripheral Resistance (MU) 1.1 0.2

300-s measurements taken immediately before PLR
N = 72; 8 subjects x 3 repetitions
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Fig.2 Time course of mean blood pressure changes (n=24) during one sequence of the PLR experiment

(shown as normalized values) for 3 different angles (20°, 30°, and 40°).

cut smoothing.

Data were plotted after high-
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Fig.3 Time course of heart rate changes during one sequence of the PLR experiment. Mean values (n=24;

shown as normalized values) of 3 different PLR angles (20°, 30°, and 40°) were plotted after high-cut
smoothing.
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Fig.4 Time course of stroke volume changes during one sequence of the PLR experiment. Mean values (n=24;

shown as normalized values) of 3 different PLR angles (20°,
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Fig.5 Time course of cardiac output changes during one sequence of the PLR experiment. Mean values
(n=24; shown as normalized values) of 3 different PLR angles (20°, 30°, and 40°) were plotted after
high-cut smoothing.
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Fig.6 Time course of total peripheral vascular resistance changes during one sequence of the PLR experiment.
Mean values (n=24; shown as normalized values) of 3 different PLR angles (20°, 30°, and 40°) were
plotted after high-cut smoothing.
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(2) TRELAFECRHRCEDODERSSUELA AXBIZBWT, &2 TOTEEEAETHEI
ER TR EF#ZRL7ZZDIE, SBP (PLR20°:102.3+0.73%,
AXH -BRXMH - CRMIZHIT L &WMEME p-value=0.004, PLR30":1036+0.75%, p-value<
prePLR L DI EZ Zh TN O M LAETIT 00001, PLR40°:104.0+0.80%. p-value<0.0001).

o> 7kREZ/RT (Table 2),

Table 2 Mean values of parameters for each section normalized by pre-PLR values

PLR Section A Section B Section C
angle Mean SEM  p-value Mean SEM  p-value Mean SEM p-value
20°  102.3*%F  0.73  0.004 104.2*** 0.89 <0.0001 103.0* 1.09 0.010
SBP  30° 103.6%** 0.75 <0.0001 103.8*** 0.64 <0.0001 102.6*** 0.67 0.0008
40°  104.0%*#* 0.80 <0.0001 105.5%** 1.10 <0.0001 103.3** 1.06 0.005
20°  100.9 0.68 0.198 101.5 0.80  0.083 102.7* 1.10  0.021
DBP 30° 102.2* 0.93 0.028 103.5%*  1.02  0.003 104.1**  1.25 0.003
40°  102.6**  0.73  0.002 103.8*%** 0.81 <0.0001 103.0%*  0.95 0.005
20°  101.4* 0.62 0.034 101.7* 0.75 0.034 102.5% 1.00  0.019
MBP 30° 101.7* 0.77  0.035 102.0 132 0.145 102.5 1.44  0.098
40°  102.7%%  0.64  0.0003  103.7*%* 0.65 <0.0001 102.7**  0.86 0.004
20°  99.0 0.48  0.050 97.3*%% 0.73  0.0009  97.5% 0.90 0.011
HR  30° 100.0 0.79  0.993 99.8 1.12 0.860 100.0 0.85 0.989
40°  100.4 0.80  0.6000  99.8 1.04 0.833 101.4 1.14 0218
20°  103.6%** (0.84 0.003 103.6**  0.96 0.001 100.2 096 0.872
SV 30°  102.9% 1.07 0.013 102.0 .23 0.120 97.3* 0.97 0.012
40°  103.1*%*  1.03  0.006 102.6* 126 0.048 98.5 1.30  0.251
20°  102.5% 0.94 0.015 100.8 1.15 0474 97.5% 1.12  0.038
CO 30°  103.7*%*  1.26  0.008 100.6 1.17  0.604 98.0 1.17  0.104
40°  103.6* 1.46  0.023 102.4 1.57  0.141 100.0 1.77  0.994
20°  98.8 0.96 0.240 101.1 1.17  0.361 105.4%*  1.60 0.002
TPR  30° 99.0 1.17 0393 103.2 1.56 0.053 106.7*%** 1.75  0.009
40°  99.5 1.49  0.757 101.8 1.73 0316 103.4 1.89  0.082
n=24

* p <0.05; ** p <0.01; *** p <0.001

SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood
pressure; HR: heart rate; SV: stroke volume; CO: cardiac output; TPR: total peripheral
vascular resistance. section A: 120 s section begins at 60 s of PLR; section B: 120 s
section begins at 420 s of PLR; section C: 120 s section begins at 60 of post-PLR
resting.

p-values were the results of pared 7 test with pre-PLR resting values.

Multiple comparisons (Bonferroni) between different angles showed a significant
difference only for CO in section C between the 20° and 40° PLRs (p < 0.05).

MBP (PLR20°; 1014062 %, p-value=0.034,
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