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lary line as the reference point for
both the supine and the prone
positions. Pelosi et al detected a
significant increase in MPAP,
PCWP, and CVP measurements
obtained while patients were prone
that returned to baseline levels
when the patient was returned to
the supine position. Pelosi et al
attributed the difference in hemo-
dynamics to the fact that the
midaxillary reference point was
used as the zero reference level
when the patient was prone. The
minimal change could be due to a
shift of the real zero pressure level
because of the ventral movement
of the heart in the prone position.
Vollman and Bander,8 however,
used the phlebostatic axis, relevel-
ing, and recalibrating with each
position turn to measure heart
rate, mean arterial blood pressure
(MAP), MPAP, PCWP, CVP, and
cardiac index in 15 critically ill
patients receiving mechanical ven-
tilation and found no significant
difference between measurements
obtained with subjects supine ver-
sus prone. The researchers estab-
lished interrater reliability for
measurement of MPAP, PCWP,
and cardiac index to ensure accu-
racy of values. Correlations ranged
from 0.94 to 1.0, with P < .001.

When hemodynamics are
assessed in prone patients, estab-
lishing the correct zero reference
point is essential for accuracy of
measurements. Although a large
randomized trial examining this

question is needed, most results
of published studies suggest that
use of the phlebostatic axis pro-
vides reliable reproducible data in
both prone and supine patients.

The question of whether it is
appropriate to tube feed prone
patients has not been studied. A
few published studies13,14 discuss
feeding prone patients. Voggen-
reiter et al13 held the tube feeding
for an 8-hour period that the
patient was placed prone on a
daily basis, stating that previous
observation of prone patients
revealed a retardation of stomach
emptying. Other clinicians, how-
ever, have had success feeding
prone patients. A number of fac-
tors are important to consider.
Patients are at most risk for aspi-
ration during the turning process.
Holding tube feeding for 1 hour
before the turn may ensure ade-
quate emptying of the patient’s
stomach.15,16 This step is important
to reduce the risk of aspiration.
Feeding is then restarted when the
patient is prone. Additionally,
tubes placed distal to the pyloric
valve also reduce the risk of aspi-
ration. Some clinicians place the
patient’s bed in a reverse Tren-
delenburg position to simulate the
30° elevation of the head of the
bed that is used when a patient is
supine to reduce the risk of aspira-
tion. Positioning the patient’s bed
in a reverse Trendelenburg posi-
tion while the patient is prone
places the trachea and esophagus
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Most studies to date that exam-
ined hemodynamic measurements
obtained with patients supine and
prone found no clinical or statisti-
cally significant difference between
measurements obtained with
patients in the 2 positions (see
Table). Most of these studies, how-
ever, did not mention how the zero
reference point was established for
the prone position. Only 2 stud-
ies8,12 clearly outlined the methods
used to establish the zero reference
point. Pelosi et al12 examined 16
critically ill patients receiving
mechanical ventilation in the
supine and prone position. The
investigators measured heart rate,
cardiac index, mean pulmonary
artery pressure (MPAP), pul-
monary capillary wedge pressure
(PCWP), and central venous pres-
sure (CVP); they used the midaxil-
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in an anatomic position that
increases the risk of aspiration.
Positioning the bed flat or with the
prone patient’s head down pro-
motes the use of gravity in the
event of evacuation of the
patient’s stomach contents.

A number of articles15-19 outline
the details on procedures that can
be used to turn critically ill
patients prone. Only one proce-
dure to date has been tested for
safety and effectiveness within a
research study.20

The science of prone position-
ing is in its infancy, and a number
of questions have yet to be
answered. For more information
and a detailed policy and proce-
dure for prone positioning, visit
www.vollman.com. ✙

Albert et al1 (1987)

Langer et al2 (1988)

Mutoh et al3 (1992)

Brussel et al4 (1993)

Pappert et al5 (1994)

Lamm et al6 (1994)

Fridrich et al7 (1996)

Vollman and Bander8

(1996)

Blanch et al9 (1997)

Jolliet et al10 (1998)

Mure et al11 (1997)

Pelosi et al12 (1998)

Voggenreiter et al13

(1999)

20

13

6

10

12

8

20

15

23

19

8

16

22

Animal (dogs)

Human

Animal (pigs)

Human

Human

Animal (dogs)

Human

Human

Human

Human

Animal (pigs)

Human

Human

PAP, PCWP, CO

PAP, CI

CVP, PAP, PCWP

CVP, MPAP,
PCWP, CO

MPAP, PCWP, CO

MPAP, PCWP, CO

MPAP, CI

PAP, MPAP,
PCWP, CO

CVP, MPAP,
PCWP, CO

CVP, MPAP,
PCWP, CO

MPAP, PCWP, CO

CVP, MPAP,
PCWP, CI

MPAP, CI

No

No

Mid chest and
recorded at 
end-expiration

No

No

Mid chest

Midaxillary

Phlebostatic axis 
and recorded at 
end-expiration

Position of catheter
checked on chest
radiograph

No

No

Mid chest

No

None

None

None

None

None

None

None

None

None

None

Difference in CO and
PCWP when abdomen
distended. No difference
with normal abdomen

Significant difference in
MPAP, PCWP and CVP;
no difference in CI

Significant difference in
MPAP and CI

CI indicates cardiac index; CO, cardiac output; CVP, central venous pressure, MPAP, mean pulmonary artery pressure; PAP, pulmonary artery
pressure; PCWP, pulmonary capillary wedge pressure.

Studies comparing measurements obtained with patients supine vs prone

Study (year)
No. of

subjects Study type
Variables
measured

Difference 
between positions

Reference 
point noted



References
1. Albert RK, Leasa D, Sanderson M,

Robertson T, Hlastala M. The prone
position improves arterial oxygenation
and reduces shunt in oleic-acid-induced
acute lung injury. Am Rev Respir Dis.
1987;135:628-633.

2. Langer M, Mascheroni D, Marcolin R,
Gattinoni L. The prone position in ARDS
patients: a clinical study. Chest. 1988;
91:103-107.

3. Mutoh T, Guest RJ, Lamm WJE, Albert
RK. Prone position alters the effect of
volume overload on regional pleural
pressures and improves hypoxemia in
pigs in vivo. Am Rev Respir Dis. 1992;
146:300-306.

4. Brussel T, Hachenberg T, Roos N,
Lemzem H, Konertz W, Lawin P.
Mechanical ventilation in the prone
position for acute respiratory failure
after cardiac surgery. J Cardiothorac
Vasc Anesth. 1993;7:541-546.

5. Pappert D, Rossaint R, Slama K, Gruning
T, Falke KJ. Influence of positioning on
ventilation-perfusion relationships in
severe adult respiratory distress syn-
drome. Chest. 1994;106:1511-1516. 

6. Lamm WJE, Graham MM, Albert RK.
Mechanism by which the prone position
improves oxygenation in acute lung
injury. Am J Respir Crit Care Med.

1994;150:184-193.
7. Fridrich P, Krafft P, Hochleuthner H,

Mauritz W. The effects of long-term
prone positioning in patients with trau-
ma-induced adult respiratory distress
syndrome. Anesth Analg.  1996;83:
1206-1211.

8. Vollman KM, Bander JJ. Improved oxy-
genation utilizing a prone positioner in
patients with acute respiratory distress
syndrome. Intensive Care Med. 1996;
22:1105-1111.

9. Blanch L, Mancebo J, Perez M, et al.
Short-term effects of prone position in
critically ill patients with acute respira-
tory distress syndrome. Intensive Care
Med. 1997;23:1033-1039.

10. Jolliet P, Bulpa, P, Chevrolet JC. Effects
of the prone position on gas exchange
and hemodynamics in severe acute res-
piratory distress syndrome. Crit Care
Med. 1998;26:1977-1985.

11. Mure M, Martling CR, Lindahl SGE.
Dramatic effect on oxygenation in
patients with severe acute lung insuffi-
ciency treated in the prone position. Crit
Care Med. 1997;25:1539-1544.

12. Pelosi P, Yubiolo D, Mascheroni D, et al.
Effects of the prone position on respira-
tory mechanics and gas exchange during
acute lung injury. Am J Respir Crit Care
Med. 1998;157:387-393.

13. Voggenreiter G, Neudeck F, Aufmkolk M,
et al. Intermittent prone positioning in
the treatment of severe and moderate
posttraumatic lung injury. Crit Care
Med. 1999;27:2375-2382.

14. Ball C. Use of the prone position in the
management of acute respiratory dis-
tress syndrome. Clin Effectiveness Nurs.
1999;3:36-46.

15. Balas MC. Prone positioning of patients
with acute respiratory distress syn-
drome: applying research to practice.
Crit Care Nurse. February 2000;20:24-36.

16. Vollman KM. Prone positioning for the
ARDS patient. Dimens Crit Care Nurs.
1997;16:184-193.

17. Curley MAQ. Prone positioning of
patients with acute respiratory distress
syndrome: a systematic review. Am J Crit
Care. 1999;8:397-405.

18. Klein DG. Prone positioning in patients
with acute respiratory distress syn-
drome: the Vollman prone positioner.
Crit Care Nurse. August 1999;19:66-71.

19. Gibson V. Artificial ventilation in the
prone position. Aust Crit Care. 1999;
12:18-22.

20. Vollman KM. The Effect of Suspended
Prone Positioning on PaO2 and A-A
Gradients in Adult Patients With Acute
Respiratory Failure [master’s thesis]. Long
Beach: California State University; 1989.

ASK THE EXPERTS


