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Abstract

In this prospective study of 45 patients, we tested the hypoth-
esis that markedly elevated levels of plasma von Willebrand
antigen (vWf-Ag) a marker of endothelial cell injury, might
predict the development of acute lung injury in patients with
nonpulmonary sepsis syndrome. Acute lung injury was quanti-
fied on a four-point scoring system. At the time of entry into
the study, none of the 45 patients had evidence of lung injury.
Subsequently, 15 patients developed lung injury and 30 pa-
tients did not develop lung injury. The mean plasma vWf-Ag
level was markedly elevated in the 15 patients who developed
lung injury compared with the 30 patients who did not develop
lung injury (588±204 vs. 338±196, percentage of control, P
< 0.01). Furthermore, a plasma vWf-Ag level 2 450 was 87%
sensitive and 77% specific for predicting the development of
acute lung injury in the setting of nonpulmonary sepsis. In
addition, the combination of a plasma vWf-Ag > 450 and non-
pulmonary organ failure at the time of entry into the study had
a positive predictive value of 80%for acute lung injury. Also, a
plasma vWf-Ag level > 450 had a positive predictive value of
80% for identifying nonsurvivors. Thus, in patients with non-
pulmonary sepsis, an elevated level of plasma vWf-Ag is a
useful, early biochemical marker of endothelial injury and it
has both predictive and prognostic value. (J. Clin. Invest.
1990. 86:474-480.) Key words: endothelial cells * acute lung
injury * von Willebrand antigen level * sepsis * adult respiratory
distress syndrome - shock

Introduction

A number of in vitro and in vivo studies have reported that
endotoxemia and bacteremia cause injury to endothelial cells
( 1-4). In addition, several investigators have reported that von
Willebrand factor antigen (vWf-Ag)' is primarily a product of
endothelial cells and is also a sensitive marker of endothelial
cell injury (5-8). Therefore, in this study we have examined
the hypothesis that elevated levels of plasma vWf-Ag would
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identify which patients with sepsis syndrome were likely to
develop acute lung injury.

Markedly elevated levels of plasma vWf-Ag have been re-
ported in adults and children with acute respiratory failure (9,
10). However, no studies have examined the possible predic-
tive value of an endothelial cell marker in patients with sepsis
syndrome before the onset of acute lung injury. In a prelimi-
nary study of several plasma markers of endothelial cell injury,
we found that the levels of angiotensin converting enzyme and
lactic dehydrogenase isoenzymes did not predict or correlate
with the development of acute lung injury in sepsis (1 1). How-
ever, we found, as previously reported (9), that elevated levels
of plasma vWf-Ag were present in patients with established
acute respiratory failure. Wealso found that elevated levels of
plasma vWf-Ag (> 450, percentage of control) were present in
six patients with nonpulmonary sepsis who did not have respi-
ratory failure, but then subsequently progressed to develop
acute lung injury.

Therefore, we studied a larger number of patients prospec-
tively to define the sensitivity and specificity of vWf-Ag as a
predictive plasma marker for the development of acute lung
injury in patients with nonpulmonary sepsis. In addition, we
examined several commonly measured clinical variables in-
cluding systolic and diastolic blood pressure, arterial pH, as
well as circulating leukocytes and platelets to determine their
predictive value in identifying which patients with sepsis syn-
drome would progress to develop acute lung injury. Wealso
analyzed the impact of renal, hepatic, central nervous system,
and hematologic organ failure that was present at the time
sepsis syndrome was diagnosed on the development of acute
lung injury as well as on the final outcome.

Methods

Patient selection. The entry criteria for patients with suspected sepsis
syndrome were the presence of a temperature 2 38.3 or < 35.00C, and
a systolic blood pressure < 100 mmHg or a drop of 20 mmHg or more
in the systolic blood pressure from the base-line value that could not be
attributed to dehydration or cardiac failure. A total of 62 patients were
recruited into the study. Subsequently, seven patients were subse-
quently excluded because review of their data indicated their hypoten-
sion was related to hypovolemia or cardiac failure, or there was no

evidence to support sepsis as the etiology of their hypotension; 10
patients were excluded because they already had evidence of lung
injury (score > 0 as explained below) when first seen. Thus, a total of
45 patients were included in the final results of the study. All patients
were cared for either in the intensive care unit at the University of
California Medical Center (n = 21) or in the medical or surgical inten-
sive care unit at San Francisco General Hospital (n = 24). The patients
were recruited from two sources: from already hospitalized patients
whose onset of presumed septic shock was within 4 h of entry into the
study, or from patients whose time of onset of septic shock was less
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certain because they were admitted to the intensive care unit from the
emergency department or from the operating room.

Of the 45 patients included in the final analysis, 16 had no prior
history of major medical or surgical diseases. Of the remaining 29
patients, the underlying medical disorders were malignancy (n = 10),
cirrhosis (n = 6), renal disease (n = 5), cardiac disease (n = 3), intrave-
nous drug abuse (n = 2), and miscellaneous disorders (n = 3). A total of
four patients received corticosteroids during their hospitalization.

Assessment of lung injury. The assessment of acute lung injury was
based on a composite four-point scoring system that included evalua-
tion of the chest radiograph and arterial oxygenation, as well as the
respiratory system compliance and level of positive end-expiratory
pressure (PEEP) in patients who were intubated and mechanically
ventilated. This scoring system was similar to the one that we have
used in the past (12), and was recently described in detail (13).

The details of the lung injury scoring system are provided in Table
I. To score the chest radiograph, each lung was divided into an upper
and lower zone by an imaginary horizontal line originating from the
hilum. Each chest radiograph was then evaluated by an observer who
was unaware of the patient's clinical or laboratory status. For evaluat-
ing oxygenation, we previously used the arterial to alveolar partial
pressure ratio (Paoh/PAo2) (12, 14). However, we now prefer using the
single Pao2/Fio2 ratio because it is more easily calculated and provides

Table I. Components of the Lung Injury Score

Value

Chest roentgenogram score
No alveolar consolidation
Alveolar consolidation in one quadrant
Alveolar consolidation in two quadrants
Alveolar consolidation in three quadrants
Alveolar consolidation in all four quadrants

Hypoxemia score

Pao2/Fio2
Pao2/FiO2
Pao2/FiO2
Pao2/FiO2
Pao2/FiO2

Respiratory system compliance score when
ventilated (ml/cm H20)

Compliance
Compliance
Compliance
Compliance
Compliance

PEEPscore when ventilated (cm H20)
PEEP
PEEP
PEEP
PEEP
PEEP

2300
225-299
175-224
100-174
< 100

280
60-79
40-59
20-39
. 19

.5
6-8
9-11

12-14

215

Score

No lung injury 0
Mild-to-moderate lung injury 0.1-2.5

Severe lung injury (ARDS) > 2.5

The final value is obtained by dividing the aggregate sum by the
number of components that were used. Abbreviation: ARDS, adult
respiratory distress syndrome.

a similar evaluation of oxygenation (13). The respiratory system com-
pliance and PEEPcomponents were included in all patients who were
mechanically ventilated.

To quantify the extent of acute lung injury, we averaged separately
the gas exchange, radiographic, respiratory system compliance, and
PEEPvalues. Wetotaled all points in each category and divided by the
total number of categories. The maximum number of points assigned
could be 16. This score would be divided by 4 which would then yield a
maximum score of 4. Onthe basis of these scores, we classify the extent
of lung injury into one of three categories: no lung injury, 0; mild to
moderate lung injury, 0.1-2.5; severe lung injury, > 2.5 (Table I).

To determine the development of lung injury in our patients, all of
whomhad a lung injury score of 0 at the time of entry into the study,
each patient had a lung injury score calculated once every 24 h for a
total of 72 h. The maximum score recorded during that time period
was used to define the extent of acute lung injury.

Collection of blood and assays. Samples of venous or arterial blood
were obtained in heparinized (dry) glass tubes. The tubes were centri-
fuged at 4VC at 3,000 g for 10 min within 30 min of collection. The
plasma was then stored at -70'C. The specimens were sent in dry ice
to Chicago for the vWf-Ag assays. Plasma vWf-Ag was quantified by
gel rocket immunoelectrophoresis according to published methods
(15, 16). Because the vWf-Ag levels in patient samples often exceeded
control values by as much as 15-fold, the samples were repeatedly
diluted until rocket peaks fell in the midzone of the standard curve.
The assays were done without any knowledge of the patient's clinical
data. Reproducibility was tested by analyzing paired specimens; the
results, expressed as percentage of control, were 760/784, 275/296,
448/424,307/330,480/452,424/453,300/400, 159/180,700/672, and
401/448. The mean±standard deviation of the 10 paired samples was
427±186/443±175. The standard error of the mean for the daily varia-
tion was 3%, and the standard error of the mean within an assay
was 2%.

Patient classification and collection of clinical data. All patients
who met criteria for nonpulmonary sepsis syndrome and who had a
lung injury score of 0 at the time of entry into the study were classified
as group I if they did not develop lung injury (score remained 0) or
group II if they developed lung injury (score > 0) during the first 72 h
after entry into the study.

Blood for routine bacterial culture as well as specimens for culture
of any suspected source of infection were obtained from all patients.
The patient's clinical respiratory status was evaluated at the time of
admission to the study along with vital signs, physical examination
findings, chest radiographic abnormalities, arterial blood gas values,
laboratory data, and when available, respiratory system compliance,
ventilator variables, and systemic and pulmonary hemodynamics.

The presence or absence of nonpulmonary organ failure was deter-
mined by the following criteria: renal failure was defined as a serum
creatinine > 2.0 mg/dl; hepatic failure was defined as a serum total
bilirubin > 2.0 mg/dl in association with a prothrombin time that was
3 s or more greater than control; hematologic failure was defined as a
platelet count < 75,000/mm3 or a total white blood cell count < 1,000
cells/mm3 or evidence of disseminated intravascular coagulation; neu-
rologic failure was defined as obtundation (not attributable to seda-
tion) or the presence of a primary central nervous system abnormality
(seizures, recent cerebrovascular accident, or head trauma). The pa-
tient's history was reviewed to determine the presence or absence of
chronic diseases that contributed to nonpulmonary organ failure at the
time of entry into the study. Clinical data were recorded every 24 h for
a total of 72 h. Also, the patient's clinical outcome (death or discharge)
was documented.

Statistics. All data are presented as mean±standard deviation. The
differences in plasma vWf-Ag levels, pH, Pao2, Paco2, systolic blood
pressure, diastolic blood pressure, white blood cell count, organ failure,
and mortality between groups I and II were analyzed by an unpaired
Student's t test. x2 analysis with Yates correction was also used to test
for a significant predictive value of a plasma vWf-Ag level > 450 (per-
centage of control) for identifying which patients were destined to
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Figure 1. Individual points represent the maximum lung injury for
each of the 15 patients in group II plotted against time (24, 48, or 72
h) when maximum lung injury occurred. The lung injury score is de-
scribed Methods and in Table I. All these 15 patients had a lung in-
jury score of zero at the time they were entered into the study with
the diagnosis of nonpulmonary sepsis syndrome.

develop lung injury as well as which patients were not likely to survive.
Weaccepted P < 0.05 as indicating statistical significance (17). Stan-
dard formulas were used to calculate sensitivity, specificity, as well as
the positive and negative predictive value of plasma vWf-Ag and the
presence or absence of nonpulmonary organ failure at the time of
diagnosis (17).

Results

A total of 45 patients were studied who met the criteria for
sepsis syndrome and had no evidence of lung injury at the time
of entry into the study. Of these 45 patients, 30 did not develop
lung injury (group I), and 15 patients did develop lung injury,
all of whom had bilateral infiltrates on the chest radiograph
(group II). The majority of group II patients reached their
maximum lung injury score within 48 h but in four patients
the maximal injury occurred at 72 h (Fig. 1).

At the time of entry into the study, the mean systolic and
diastolic blood pressure was approximately 10 mmHg lower
in the group II patients compared to the group I patients
(Table II). This difference reached statistical significance for
the diastolic blood pressure, although there was considerable
overlap in the individual data values. The mean pH was also
significantly lower in the group II patients although again there
was considerable overlap (Table II). There was no difference in
the levels of circulating white blood cells at the time of entry
into the study (Table II). The mean platelet counts were also
similar between the two groups.

Review of the patient's medical history indicated that the
incidence of chronic diseases that may have contributed to
nonpulmonary organ failure was similar in both groups (23%,
group I; 28%, group II). However, by the time of entry into the
study, the overall incidence of nonpulmonary organ failure
was 93% in group II compared with 50% in group I patients (P
< 0.05) (Table III). Furthermore, mortality was significantly
higher for group II patients (93%) compared with group I pa-
tients (30%) (P < 0.05). In fact, only one patient survived in
group II and this was the only group II patient without organ
failure at the time of entry into the study.

The organisms responsible for the sepsis syndrome, the
anatomic source of sepsis, and the presence or absence of a
positive blood culture were similar in the two groups (Tables
IV and V). A positive blood culture was found in 50%of group
I patients and 53% of the group II patients. Gram-negative
organisms were the primary cause of sepsis in 77% of group I
patients and in 73% of group II patients. Escherichia coli was
the most common(40%) cause of sepsis syndrome overall.

The mean plasma level of vWf-Ag for the 15 patients in
group II who developed lung injury was 588±204 (percentage
of control), a value nearly twice as high as the mean plasma
vWf-Ag level of 338±196 (P < 0.01) for the 30 patients in
group I who did not develop lung injury. The individual data
for each of the patients in groups I and II are shown in Fig. 2.
Using a plasma vWf-Ag 2 450 as a cutoff, the test was 87%
sensitive and 77% specific for the development of acute lung
injury (P < 0.0005, x2) (Table VI). The positive predictive
value for lung injury of a plasma vWf-Ag > 450 was 65% and
the negative predictive value was 92%. Wealso tested the effect
of combining both a plasma vWf-Ag > 450 and the presence of
one nonpulmonary organ failure at the time of entry into the
study for predicting lung injury. With this approach, the posi-
tive predictive value increased to 80%, the sensitivity declined
to 80%, and the specificity increased to 87%.

Wealso tested the possible value of an elevated plasma
vWf-Ag level for identifying patients who were not likely to
survive. Using a plasma vWf-Ag > 450 as a cutoff, the test was
significantly predictive of mortality (P < 0.005, x2) with a
sensitivity of 70%, specificity of 80%, and a positive predictive
value of 80%.

Discussion

The primary purpose of this study was to determine the po-
tential value of elevated levels of vWf-Ag in the plasma for
predicting which patients with sepsis syndrome would progress
to develop acute lung injury. A secondary goal was to learn
more about the relationship of nonpulmonary organ failure at

Table II. Comparisons of Blood Pressure, Arterial pH, and White Blood Cell Counts at Time of Entry into the Study

Blood pressure

Patients Systolic Diastolic Arterial pH White blood cells

n mmHg cells/mm3

Group I (no progression) 30 92±17 52±12 7.43±0.08 14,479±9,252
Group II (progression) 15 84±13 43±13* 7.35±0.1 1* 13,164+11,309

Data shown as Mean±SD. * P < 0.05.
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Table III. Frequency and Distribution of Nonpulmonary Organ
Failure at the Time of Entry into the Study
for Nonpulmonary Sepsis Syndrome

Patients with Distribution of organ failure
failure of at at time of entry into study

least one
nonpulmonary

Classification organ Renal Hepatic Hematologic CNS

n (%)

GroupI(n =30) 15 (50) 8 3 4 11
GroupII(n= 15) 14(93)* 7 6 8 8

Abbreviation: CNS, central nervous system.
* P < 0.05 comparing the percent with at least one nonpulmonary
organ failure in group II compared with group I.

the time sepsis syndrome is diagnosed to the development of
lung injury and mortality.

Wechose to limit this study to patients with sepsis for a
number of reasons. First, they represent a relatively homoge-

Table IV. Microbiology and Anatomic Source of Sepsis
in Group I Patients

Positive
Anatomic origin blood

No. of sepsis Causative organism(s) culture

1 UTI Enterobacter
2 Biliary E. coli
3 Cellulitis Streptococcus +
4 Fasciitis Clostridia, Pseudomonas
5 Biliary Enterobacter +
6 UTI E. coli +
7 UTI E. coli +
8 UTI E. coli -

9 UTI Pseudomonas
10 Septic arthritis E. coli
11 Peritoneal Multiple enteric organisms
12 UTI E. coli -

13 Biliary Aeromonas +
14 Peritoneum Candida +
15 UTI E. coli
16 Peritoneum Multiple enteric organisms
17 Peritoneum E. coli +
18 Peritoneum Streptococcus +
19 Cellulitis Streptococcus
20 UTI Candida
21 UTI E. coli +
22 Peritoneum Bacteroides +
23 Biliary Bacteroides, E. coli
24 Endocarditis Staphylococcus aureus +
25 Peritoneum Klebsiella +
26 Peritoneum E. coli +
27 Endocarditis Staphylococcus aureus +
28 Biliary/Perit E. coli, Clostridia perfringens
29 Peritoneum Multiple enteric organisms
30 UTI E. coli +

Abbreviation: UT!, urinary tract infection.

Table V. Microbiology and Anatomic Source of Sepsis
in Group II Patients

Positive
Anatomic origin blood

No. of sepsis Causative organism(s) culture

1 Peritoneum Bacteroides +
2 Cellulitis Pseudomonas
3 Peritoneum Mucormycosis
4 Fasciitis Staphylococcus aureus +
5 UTI M. Morganii
6 UTI E. coli +
7 UTI E. coli +
8 Peritoneum E. coli +
9 Peritoneum Streptococcus pneumoniae +

10 Peritoneum Salmonella
11 Osteomyelitis Pseudomonas
12 UTI E. coli
13 Cellulitis/Biliary Staphylococcus aureus/Klebsiella +
14 Peritoneum E. coli +
15 Pentoneum E. coli

Abbreviation: UTI, urinary tract infection.

nous group of patients with a high risk of developing acute
lung injury (13, 18-20). Secondly, we have developed a well-
coordinated system at two hospitals for identifying patients
with sepsis syndrome early in their clinical course (12).
Thirdly, data from studies in animals and in humans has indi-
cated that endothelial injury occurs early in endotoxemia and
bacteremia (3, 4, 21), and thus there is an experimentally based
rationale for the hypothesis that elevated levels of vWf-Ag in
the plasma might be an early plasma marker of impending
acute lung injury. Fourthly, our pilot clinical project in a few
patients provided encouraging results in that a plasma level of
vWf-Ag above 450 might be predictive of lung injury in pa-
tients with sepsis syndrome (1 1).

In addition, we decided to concentrate on patients who did
not have lung injury at the time of enrollment because it has
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Figure 2. The individual data points represent the plasma von Wille-
brand factor antigen level (percentage of control) measured at the
time of entry into the study. The 30 patients who did not develop
lung injury comprise group I and the 15 patients who developed lung
injury represent group IL.
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Table VI. Value of Plasma von Willebrand Factor Antigen Level
> 450 for Predicting the Development of Acute Lung Injury
in Nonpulmonary Sepsis

Plasma von Willebrand
factor antigen level*

Patient classification < 45q > 450O

Group I: no progression (n = 30) 23 7
(True negative) (False positive)

Group II: progression to lung 2 13
injury (n = 15) (False negative) (True positive)

* Plasma von Willebrand factor antigen levels are expressed as per-
cent of control.
* P < 0.0005 by x2 analysis with Yates correction.

already shown that vWf-Ag levels are elevated in the plasma
once acute respiratory failure occurs (9), and we confirmed
this finding in our preliminary study (1 1). Furthermore, once
lung involvement is present, the value of an elevated plasma
marker is diminished considerably.

The contribution of sepsis to multiorgan failure, lung in-
jury, and a poor outcome has been well documented in a
number of studies of medical and surgical patients (22-25).
However, the data in this study provide a new perspective on
this issue because the entry criteria required the absence of
lung injury in patients with sepsis syndrome. Therefore, we
were able to evaluate the relationship of nonpulmonary organ
failure in septic patients to both the subsequent development
of lung injury as well as to mortality. Overall, 29 of the 45
patients in both groups had one or more nonpulmonary
organs failing at the time of entry into the study (Table III). Of
the 29 patients with nonpulmonary organ failure, 14 devel-
oped lung injury (group II) and 15 did not develop lung injury
(group I). Of the 14 patients in group II who had nonpulmo-
nary organ failure and progressed to develop lung injury, all 14
died. Thus, there were no survivors among the patients who
had one or more nonpulmonary organs failing at the time
sepsis syndrome was diagnosed and subsequently developed
lung injury. In contrast, 7 of the 15 patients with nonpulmo-
nary organ failure and no progression to lung injury did sur-
vive. Thus, these results emphasize the importance of respira-
tory failure as an additional adverse prognostic factor when it
occurs in the setting of nonpulmonary organ failure.

The incidence of chronic diseases was similar in patients in
groups I and II. Also, the incidence of positive blood cultures
and the frequency of gram-negative infection was the same in
the two groups. However, the group II patients had a signifi-
cantly lower arterial pH, a lower diastolic blood pressure, and a
higher plasma vWf-Ag level, all of which suggested more se-
vere systemic injury from sepsis. Although the arterial pH and
the diastolic blood pressure were lower in group II patients,
these indices did not predict lung injury or mortality because
of the overlap in the individual data points. However, the one
index that reliably predicted acute lung injury and mortality
was a plasma vWf-Ag > 450 (% of control) (Table VI).

The possible use of plasma vWf-Ag as a marker of vascular
endothelial cell injury is reasonable because vWf-Ag is synthe-
tized predominantly by vascular endothelial cells (6) and, to a
lesser degree, by megakaryocytes and platelets (26). In vitro,

vWf-Ag is used as a specific identifying biochemical marker of
vascular endothelial cells (5), and it can be released before the
cells are destroyed (7, 8). Most of the acute elevation of plasma
vWf-Ag probably represents a release from stored granules
rather than from a stimulation of synthesis. Because of their
vast number, it is likely that vascular endothelial cells are the
major source of plasma vWf-Ag under physiological and most
pathological conditions, including the sepsis syndrome. Al-
though the mechanisms that induce release of endothelial
vWf-Ag are unknown, it is conceivable that during sepsis and
inflammation the endothelium is exposed to increased levels
of histamine, thrombin, and the deposition of fibrin. These
events are known to induce release of vWf-Ag by cultured
endothelial cells and have been linked to an elevation of cyto-
solic free-calcium (7, 8, 27).

Elevated plasma vWf-Ag has been used to monitor vascu-
lar involvement in a variety of medical diseases. Plasma vWf-
Ag is elevated in the vasculitides of rheumatological diseases
(28), and is useful in monitoring the degree of vascular in-
volvement (29) as well as the response to therapy (30). Also,
other conditions characterized by vascular damage, including
primary pulmonary hypertension (31), nephritis (32), myo-
cardial infarction (33), and diabetic angiopathy (34), are asso-
ciated with elevated plasma levels of vWf-Ag. With the excep-
tion of two patients with diabetes mellitus, these illnesses were
not present in any of our patients and should not complicate
interpretation of the results.

It is difficult to ascertain whether platelet activation con-
tributed to the elevated plasma vWf-Ag; it has been shown that
platelet activation may also lead to elevated plasma vWf-Ag
(35). Evidence for platelet activation in patients with acute
lung injury is found biochemically by documenting contact
system proteolysis of thrombi (36) and histologically by noting
pulmonary microvascular thrombi (37). There was no rela-
tionship between platelet levels and the plasma vWf-Ag in the
group II patients. In fact, in the group II patients, the platelet
count ranged from 30,000 to 301,000 cells/mm3 with a mean
value 132,286±96,061. Yet, 6 of the 15 patients in group II
had platelet counts below 75,000 cells/mm3. Their thrombo-
cytopenia, a gross measure of platelet activation, implies that
the platelets could have contributed to the elevated plasma
levels of vWf-Ag. Nevertheless, the hypothesis that endothelial
pertubation is a major source of high vWf-Ag levels should still
be valid since platelet activation is most likely to occur in the
setting of endothelial dysfunction.

At the beginning of this study, we reasoned that an elevated
level of plasma vWf-Ag could be reliably detected by obtaining
only one plasma sample early in the course of sepsis because
the half-life of vWf-Ag had been shown to be 13 h in patients
with von Willebrand disease (38). Also, the results of a recent
study showed that plasma vWf-Ag increased three hours after
the intravenous administration of endotoxin to normal sub-
jects and remained elevated at 24 h (21). However, factors that
affect the half-life of vWf-Ag in plasma have not been well
studied. Therefore, it is uncertain whether liver disease and
other organ failure alter the metabolism of the glycoprotein.
Wedid not find any relationship between liver failure and the
level of plasma vWf-Ag in this study.

Finally, do the significantly elevated plasma vWf-Ag levels
provide a new and useful predictor of acute lung injury in
patients with non-pulmonary sepsis syndrome? Using a

plasma vWf-Ag level above 450, the sensitivity of 87% is ex-
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cellent and the specificity of 77% is good. 13 of the 15 patients
in group II had plasma vWf-Ag levels above 450 but so did 7 of
the 30 patients in group I who did not develop lung injury.
Thus, the false-positive rate was 22%, which reduced the over-
all predictive value of a plasma vWf-Ag > 450 alone to 65%.
Adding diastolic blood pressure or arterial pH for the predic-
tion equation did not provide a more reliable index than
plasma vWf-Ag levels alone. However, if the presence of one
nonpulmonary organ failure was added to the requirement for
a plasma vWf-Ag > 450, then the positive predictive value for
lung injury in the setting of nonpulmonary sepsis increased to
80%. This combination of abnormalities would be useful for
selecting patients for trials of therapeutic interventions de-
signed to prevent or attenuate the development of acute lung
injury in patients with nonpulmonary sepsis syndrome.

There are some limiting factors in using plasma vWf-Ag
levels to predict lung injury in patients with nonpulmonary
sepsis syndrome that should be pointed out. First, as we re-
ported in a recent study (39), - 25% of patients already have
evidence of lung injury at the time sepsis is diagnosed. Sec-
ondly, by definition, we have excluded patients who developed
sepsis and lung injury from a primary pulmonary source.
Thirdly, there may be fragments of vWf-Ag present in septic
patients that are not measured by this assay (15, 16), but this
possibility does not alter the predictive value of this assay.
Fourthly, the current rocket immunoelectrophoresis method
for assay of the vWf-Ag plasma level is an overnight assay.
However, a more rapid ELISA assay has been developed that
may be useful clinically (40).

In summary, in patients with nonpulmonary sepsis, the
plasma vWf-Ag level was significantly elevated in the 15 pa-
tients who progressed to develop lung injury (588±204 vs.
338±196, percentage of control, P < 0.01). An elevated level of
plasma vWf-Ag was 87% sensitive and 77% specific for identi-
fying patients with nonpulmonary sepsis who were destined to
develop acute lung injury. Although there were 22% false posi-
tive results, the data indicate that elevated plasma vWf-Ag
levels are superior to any other presently known plasma
marker as a predictor of acute lung injury. Also, if the combi-
nation of both a plasma vWf-Ag > 450 and failure of at least
one nonpulmonary organ was used, then the positive predic-
tive value for the development of lung injury increased to 80%.
Moreover, the results of this study identified a group of pa-
tients with nonpulmonary sepsis syndrome who had a 100%
mortality if they had failure of one or more organs other than
the lungs early on in their clinical course, and then subse-
quently progressed to develop acute lung injury.
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