EDITORIALS

monitored appropriately. Second, Gattinoni et al.
did not address the issue of how much potentially
recruitable lung is sufficient for clinicians to con-
sider the use of higher PEEP levels in a given pa-
tient. Third, even if a patient is found to have a
large amount of recruitable lung, the study does
not address how to decide which level of PEEP
should be used. Finally, the use of CT is not a
pragmatic solution to the calibration of PEEP in
most clinical settings. The use of simpler clini-
cal or physiological variables to predict or esti-
mate recruitment has been suggested. In contrast
to a previous report by Gattinoni et al.,*2in the
current study, the mode of injury — pulmonary
(direct) or extrapulmonary (indirect) — was not
helpful in predicting the potential recruitability
of the injured lungs. However, data from the cur-
rent study by Gattinoni et al. and another study**
suggest that physiological variables (e.g., the ratio
of the partial pressure of arterial oxygen to the
fraction of inspired oxygen) may be of greater
practical value, even though the sensitivity and
specificity of these findings may be less than those
of CT. All these issues must be addressed before
any of these approaches can come into wide clin-
ical use.

A major message from Gattinoni et al. is that
future studies investigating the optimal strategy
for the setting of PEEP levels must take into ac-
count the degree to which the lungs can be re-
cruited. In this postgenomic era, Gattinoni et al.
demonstrate that sound physiological principles
are still relevant to our understanding of disease
processes. Such principles, along with advances
in knowledge of cellular and molecular biology,
should lead to improvements in the care of our
critically ill patients.

Dr. Slutsky reports having received consulting fees from BOC
Medical, Hamilton Medical, Maquet, and Kinetic Concepts (KCD);
and Dr. Hudson, lecture fees from KCI.

We are indebted to George Volgyesi and Tom Whitehead for
their help in creating the video clip of the ex vivo lung model,
from which the figure was generated.

From the Departments of Medicine and Critical Care Medicine,
St. Michael’s Hospital; and the Interdepartmental Division
of Critical Care Medicine, University of Toronto — both in
Toronto (A.S.); and the Department of Medicine, University of
Washington, Seattle (L.H.).

1. Ware LB, Matthay MA. The acute respiratory distress syn-
drome. N EnglJ Med 2000;342:1334-49.

2. Rubenfeld GD, Caldwell E, Peabody E, et al. Incidence and
outcomes of acute lung injury. N Engl J] Med 2005;353:1685-
93.

3. Ashbaugh DG, Bigelow DB, Petty TL, Levine BE. Acute respi-
ratory distress in adults. Lancet 1967;2:319-23.

4. Slutsky AS. Ventilator-induced lung injury: from barotrauma
to biotrauma. Respir Care 2005;50:646-59.

5. Montgomery AB, Stager MA, Carrico CJ, Hudson LD. Causes
of mortality in patients with the adult respiratory distress syn-
drome. Am Rev Respir Dis 1985;132:485-9.

6. The Acute Respiratory Distress Syndrome Network. Ventila-
tion with lower tidal volumes as compared with traditional tidal
volumes for acute lung injury and the acute respiratory distress
syndrome. N Engl ] Med 2000;342:1301-8.

7. Dos Santos CC, Slutsky AS. The contribution of biophysical
lung injury to the development of biotrauma. Annu Rev Physiol
2006;68:585-618.

8. Slutsky AS. Lung injury caused by mechanical ventilation.
Chest 1999;116:Suppl 1:98-15S.

9. Brower RG, Lanken PN, Maclntyre N, et al. Higher versus
lower positive end-expiratory pressures in patients with the acute
respiratory distress syndrome. N Engl ] Med 2004;351:327-36.
10. Gattinoni L, Caironi P, Cressoni M, et al. Lung recruitment
in patients with the acute respiratory distress syndrome. N Engl
J Med 2006;354:1775-86.

11. Grasso S, Fanelli V, Cafarelli A, et al. Effects of high versus
low positive end-expiratory pressures in acute respiratory dis-
tress syndrome. Am J Respir Crit Care Med 2005;171:1002-8.

12. Gattinoni L, Pelosi P, Suter PM, Pedoto A, Vercesi P, Lissoni
A. Acute respiratory distress syndrome caused by pulmonary
and extrapulmonary disease: different syndromes? Am J Respir
Crit Care Med 1998;158:3-11.

Copyright © 2006 Massachusetts Medical Society.

Antioxidants and the Prevention of Preeclampsia —

Unresolved Issues
Arun Jeyabalan, M.D., and Steve N. Caritis, M.D.

Preeclampsia is a pregnancy-specific, multisys-
tem disorder that can have considerable adverse
effects on the mother and the fetus. In develop-
ing countries, preeclampsia is a major cause of
death among pregnant women.® In the United
States, 15 percent of premature births and their
attendant complications are attributable to pre-

eclampsia.? Thus, numerous strategies intended
to prevent preeclampsia — such as the use of
antiplatelet agents and supplementation with cal-
cium — have been studied, but without success.?*

More recently, antioxidants have been proposed
as a potential preventive strategy on the basis of
data suggesting that endothelial dysfunction is
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fundamental to the development of preeclamp-
sia®> and that increased oxidative stress, particu-
larly in the placenta, may contribute to the en-
dothelial dysfunction. Support for this concept
comes from observations that markers of oxida-
tive stress are increased and endogenous antioxi-
dant capacity is reduced in women with preeclamp-
sia.® Although the magnitude of the oxidative stress
and of the reduction in antioxidant activity in
women with preeclampsia is the subject of con-
siderable controversy, there has been interest in
the use of supplementation with vitamin C and
vitamin E to reduce oxidative stress, limit the in-
jury of endothelial cells, and prevent or reduce the
severity of preeclampsia.”®

Until recently, the data supporting the effica-
cy of supplementation with vitamin C and vita-
min E for the prevention of preeclampsia have
been limited.>*® Published trials have focused on
the use of antioxidants in pregnant women at high
risk for developing preeclampsia. In one random-
ized study involving 283 women at high risk for
preeclampsia on the basis of abnormal uterine-
artery Doppler waveforms or a history of the dis-
ease, women receiving antioxidant therapy had
a lower rate of preeclampsia than controls (8 per-
cent vs. 17 percent) and a significant improvement
in markers of endothelial and placental function
(the ratio of plasminogen-activator inhibitors
type 1 to type 2), as compared with controls.®
Another small trial involving 109 women at high
risk for preeclampsia — on the basis of a histo-
ry of the disease or the presence of chronic hy-
pertension, pregestational diabetes, or multi-
fetal gestation — failed to demonstrate a benefit
of antioxidant therapy; however, this study was
stopped early because of a loss of funding and
therefore was not adequately powered.’® A re-
cently completed placebo-controlled trial in a di-
verse group of high-risk women demonstrated
that supplementation with antioxidants did not
reduce the risk of preeclampsia but was associ-
ated with a significantly higher incidence of com-
plications — including low birth weight, fetal aci-
demia, gestational hypertension, and the need for
intravenous antihypertensive and magnesium sul-
fate therapies — than in the placebo group.*
The risks of some of these complications were
particularly increased in women with diabetes.

In this issue of the Journal, Rumbold et al.*2
report the results of a large randomized trial to

assess whether supplementation with antioxidant
vitamins during pregnancy reduces the risk of
preeclampsia. The authors studied 1877 nullipa-
rous pregnant women without medical or obstet-
rical complications who were randomly assigned
to daily supplementation with vitamin C (1000 mg)
and vitamin E (400 IU) or to placebo. There were
no significant differences between the vitamin
group and the placebo group in the risks of the
three primary outcomes: preeclampsia (6.0 per-
cent and 5.0 percent, respectively), death or a seri-
ous outcome in the infant (9.5 percent and 12.1
percent), or delivery of an infant with a birth
weight below the 10th percentile for gestational
age (8.7 percent and 9.9 percent).

Among the numerous secondary outcomes
evaluated by Rumbold et al., antioxidant therapy
was associated with a significant reduction in the
risk of the respiratory distress syndrome in the
infant (relative risk, 0.17; 95 percent confidence
interval, 0.04 to 0.75). But the therapy was also
associated with increases in the risk of hospital-
ization of the woman for hypertension (relative
risk, 1.54; 95 percent confidence interval, 1.00
to 2.39) and the use of antihypertensive therapy
(relative risk, 1.67; 95 percent confidence inter-
val, 1.03 to 2.69). The authors also noted a higher
frequency of elevated aminotransferase levels in
the vitamin group than in the placebo group;
however, liver-function tests were performed only
in the subgroup of women with clinical indica-
tions.

Rumbold et al. concluded that the results of
their study do not support the routine use of anti-
oxidant vitamins by nulliparous, low-risk pregnant
women to prevent preeclampsia or to improve
perinatal morbidity. This conclusion is reason-
able; however, it should be noted that this trial
was powered to detect only a reduction of 50 per-
cent or more in the risk of preeclampsia, given
the incidence of this outcome of 5 percent in the
placebo group. Thus, the possibility of a smaller
benefit in these women cannot be ruled out.

The study by Rumbold et al. leaves open im-
portant questions about possible harmful effects
of supplementation with vitamin C and vitamin E.
Certain adverse maternal outcomes were more
common in the antioxidant group than in the
placebo group. Because multiple comparisons
were made, the findings of potential harm could
be explained by chance alone. The observation
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that some adverse outcomes in this study were
similar to those reported in the recently published
trial involving pregnant women at high risk for
preeclampsia,'* however, is certainly of concern.
The high-risk population in the latter study was
heterogeneous, and it remains unclear whether
some subgroups of women may be at particular
risk for adverse effects of supplementation with
antioxidants and whether there might still be a
role for supplementation with antioxidants in
low-risk women.

The Maternal-Fetal Medicine Units Network
of the National Institute of Child Health and Hu-
man Development is currently conducting a mul-
ticenter trial in the United States of supplemen-
tation with vitamin C and vitamin E for the
prevention of preeclampsia, with an anticipated
sample of 10,000 low-risk women. The data safety
monitoring committee has decided to continue
this trial without modification, after reviewing
the results provided by Poston et al.!* There are
also ongoing international trials of antioxidant
therapy to prevent preeclampsia, some involving
women in developing nations, where the intake
of antioxidants may be less and the benefit of sup-
plementation may be greater than in developed
nations.

Until more data are available, given the scant
evidence of benefit and the potential for harm,
supplemental antioxidant therapy for the preven-
tion of preeclampsia should be limited to women
enrolled in randomized trials and should not be
prescribed as part of routine practice.

No potential conflict of interest relevant to this article was re-
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