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Acute lung injury (ALI) and acute
respiratory distress syndrome
(ARDS) are associated with a
high mortality and significant

long-term morbidity (1–3). Although ALI/
ARDS was originally considered to affect
the lung diffusely, computed tomography
(CT) studies indicated that the areas of lung
with normal aeration could be preserved,
and coexist with poorly and nonaerated tis-
sue, leading to the “baby-lung” concept (4).

It is accepted that the inflammation and
neutrophils (PMNs) play a key role in ALI/
ARDS (5–7) and that their accumulation is
a hallmark of ALI, despite the fact that ARDS

can develop in severely neutropenic patients
(8). Furthermore, PMNs are primary effectors
of ventilator-induced lung injury (9–11),
which can aggravate ALI/ARDS.

Positron emission tomography (PET) with
[18F]-fluoro-2-deoxy-D-glucose (18FDG)
(12–16) can be used to image and quan-
titate cellular metabolic activity in vivo.
In several lung inflammatory processes,
both in humans (17, 18) and in animal
models (19–23), the increased metabolic
activity can be ascribed, almost exclu-
sively, to PMNs activation.

In patients with ALI/ARDS, it is un-
known whether PMNs activation is diffused

throughout the entire lung, similarly to
what has been suggested for the increase in
vascular permeability (24), or if it is patchy,
as is the increase in lung density (25). Gain-
ing knowledge on the distribution of PMNs
activity and its relationship to lung density
is important, because it could offer insights
into the pathophysiology of ALI/ARDS. For
example, metabolic activation confined to
poorly and nonaerated areas would indicate
that the baby lung is spared by activated
inflammatory cells, whereas activation con-
fined to aerated areas would suggest that
regional collapse may protect tissue from
inflammatory cells activation, triggered in-
stead by ventilatory stretch. Furthermore,
knowing the intensity and/or the regional
distribution of the inflammatory process
might lead to better tailoring of individual
therapeutic and ventilatory strategies.
However, the methods currently available
to monitor the presence of PMNs in the
lungs, like bronchoalveolar lavage (26) and
lung biopsy (27), are unable to provide
comprehensive information on the topo-
graphical distribution of lung involvement.

Consequently, we combined 18FDG-PET
and CT imaging to assess the magnitude and
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spatial distribution of PMNs activity and
test whether activation occurred only
within a certain lung density range.

MATERIALS AND METHODS

Investigational Protocol. The protocol was
approved by our institution’s ethical commit-
tee and informed consent was obtained ac-
cording to the committee’s recommendations.
Patients were recruited from the general in-
tensive care unit (ICU) of a university hospital.

Inclusion criteria were as follows:

● Diagnosis of ALI/ARDS according to the 1994
European/American Consensus conference
(28), requiring mechanical ventilation.

● Planning by the attending physician of a
thorax CT scan as a part of the patient’s
clinical management.

Exclusion criteria were as follows:

● Pregnancy
● Age �18 years
● Impossibility of patient’s transport accord-

ing to the attending physician
● Lung surgery in the last 4 weeks
● Oliguria (urinary output �0.5 mL�kg�1�hr�1) or

anuria
● Known or suspected cancer
● History of chronic lung disease
● Logistic reasons (e.g., PET/CT camera unavail-

able until patient had lost eligibility criteria).

Once a patient was judged eligible for the
study, the PET/CT scan was scheduled, usually
within 1 or 2 days; on the day of the study,
eligibility was confirmed. Ten patients were
enrolled from September 2006 to October
2007. The PET/CT study being usually per-
formed around 2 PM, the enteral or parenteral
nutrition and any glucose-containing infusion
were stopped at 6 AM to ensure a fasting period
of at least 6–8 hours. In patients undergoing
insulin therapy, this was stopped as well. Be-
fore transport from the ICU to the PET/CT
facility, blood glucose was tested to confirm a
level between 80 and 140 mg/dL.

Before transport, the following variables
were measured with the patient on volume-
controlled ventilation at settings selected by the
attending physician: hemodynamic variables
(heart rate, invasive arterial blood pressure, cen-
tral venous pressure and, if a pulmonary artery
catheter was in place, pulmonary arterial pres-
sure, pulmonary artery occlusion pressure, and
cardiac output by thermodilution); ventilatory
settings (positive end-expiratory pressure
[PEEP], respiratory rate, tidal volume [VT],
mean airway pressure, FIO2). Expiratory and in-
spiratory pauses were performed to measure,
respectively, total PEEP (PEEPtot, which in-
cludes intrinsic PEEP) and plateau pressure
(Pplat). Respiratory system compliance (Crs) was
computed as: Crs � VT/(Pplat � PEEPtot).

Blood gases were measured from arterial
and, if available, mixed venous samples (AVL
Omni 6, Roche, Basel, Switzerland). Venous
admixture was computed according to the
Berggren equation (29).

During transport, and throughout the per-
manence in the PET/CT facility, clinical care
was provided by a physician and a nurse un-
involved in the study procedures. Mechanical
ventilation was provided by an ICU ventilator,
and invasive arterial blood pressure, electro-
cardiogram, peripheral oxygen saturation and
expired CO2 were continuously monitored.
Ventilatory settings, sedation, and fluid ther-
apy were maintained constant throughout the
study period, unless clinically advised.

At the end of the study, collection of the
aforementioned variables was repeated in the ICU.

Finally, we recorded ICU outcome (survival
or death) of each patient.

Image Acquisition and Analysis. We used a
GE Discovery ST (GE Medical Systems, Milwau-
kee, WI) PET/CT, with an axial field of view of
approximately 18 cm (47 3.27-mm-thick sec-
tions, separated by 0.48-mm intervals), equipped
with an eight-slice CT. The section of thorax to
be imaged was selected on the scout view just
above the diaphragm. Once the selection was
made, care was taken to avoid any further move-
ment of the patient on the examination table. A
spiral CT scan (140 kV, 80 mA, slice thickness
3.75 mm, no interval between slices) of the cho-
sen section was obtained while holding the pa-
tient apneic (by switching the ventilator to con-
stant positive airway pressure modality) at the
same mean airway pressure as during mechan-

ical ventilation, to ensure the best possible cross-
registration between the CT scan and the PET
acquisition to follow, performed during tidal
ventilation. The patient was then advanced to
the PET detector; the tomograph ensures the
cross-registration of the same axial field-of-view
between the CT and the PET acquisition. A bolus
of 18FDG (�300 MBq) was rapidly injected in-
travenously, 5 seconds after that the acquisition
of sequential PET frames was started with the
following protocol: 12 frames lasting 10 seconds
each (12 � 10�), 10 � 30�, 8 � 300�, 1 � 600�,
for a total imaging time of 57 minutes.

Dynamic PET data were reconstructed by or-
dered-subset expectation maximization iterative al-
gorithm (30–32) and corrected for decay, scatter,
random counts, and attenuation (using CT).

Images were analyzed with a software spe-
cifically developed in the Matlab environment
(Matlab R2007a, The Mathworks, Natick, MA).
Lung fields (region-of-interest [ROIL]) were
manually outlined on the CT images, carefully
avoiding the large airways, vessels, and pleural
effusions. The ROIL, displayed as thick yellow
lines, was overlapped with the last frame of the
corresponding PET scan, and the fused
PET/CT image was used for a visual assess-
ment of the location of 18FDG uptake.

For quantitative image analysis, we used
the graphical method of Patlak et al (33).
Briefly, an additional ROI was defined in the
center of the descending aorta over at least
15–20 slices (34) to determine the time course
of blood activity. The activity in ROIL divided
by blood activity was plotted as a function of
the integral of blood activity divided by blood
activity (Fig. 1). After a steady state in cellular

Figure 1. Representative Patlak plot for a patient with acute respiratory distress syndrome (corresponding
in the tables to patient 4, filled symbols) and for a spontaneously breathing control subject (empty
symbols). [18F]-fluoro-2-deoxy-D-glucose activity in a region of interest (ROI), divided by blood activity, is
plotted as a function of the time integral of blood activity divided by blood activity. The slope of the linear
part of this relationship corresponds to the uptake rate of [18F]-fluoro-2-deoxy-D-glucose (Ki).
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18FDG uptake is reached, the plot follows a
straight line, for which the slope indicates the
18FDG uptake rate constant (Ki). Because this
parameter is expected to increase with the
number of cells per voxel (e.g., in the case of
increased CT density due to an increase in the
ratio of pulmonary parenchyma-to-gas vol-
ume), we also normalized Ki by the mean
fractional density of the lung, computed as
(CTMEAN � 1000)/1000, where CTMEAN is the
average CT number of the ROIL: KiDENS �
Ki/([CTMEAN � 1000]/1000).

The original CT matrix, with a size of
512 � 512 pixels, was rescaled to achieve the
same dimension (128 � 128) and pixel size
(4.5 mm) of the original PET image. This
scaling process lowers the spatial resolution of
CT to a level similar to that of PET. To de-
scribe the intra-patient relationship between
lung density and 18FDG uptake, the original
ROIL was subsegmented (relying on the down-
scaled CT image) by allocating all the voxels
within “bins” that were 100 Hounsfield Units
(HU) wide (the first “submask” enclosed all the
voxels between �1000 HU and �900 HU, the
second one comprised all the voxels between
�900 HU and �800 HU, and so forth). For
each of these density-defined ROIs the Ki (KiD)
and mean CT values (CTD) were computed. We
emphasize that KiD, as opposed to KiDENS, is
not a density-normalized Ki, rather it is a
measure of the 18FDG uptake rate of lung
areas with a given density. Finally, using the
same binning procedure, we defined normally
aerated ROIs (comprising voxels with CT at-

tenuation between �900 and �501 HU) and
“collapsed or consolidated” (i.e., nonaerated)
ROIs (comprising voxels with CT attenuation
between �100 and �100 HU), and we com-
puted their Ki (KiNA and KiCO, respectively).
None of the aforementioned calculations was
performed on a voxel-by-voxel basis, rather on
the activity arising from a given ROI, which is
the average activity of the voxels in the ROI.

We also computed the relative weight of
the normally aerated and nonaerated (�100
HU � CT � 100 HU) tissue, by summing the
weight of the corresponding voxels and di-
viding it by the weight of the entire ROIL.
The weight of each voxel was computed as
([CTvox � 1000]/1000) � Volvox, where CTvox

and Volvox are the CT number and the volume
of the voxel, respectively.

Control Data. To obtain control values, the
same imaging protocol and data analysis were
performed:

a. In four spontaneously breathing subjects,
undergoing PET/CT for clinical indications,
without a known pulmonary disease;

b. In two ICU patients, being mechanically
ventilated (for 4 and 19 days) for a neuro-
logic disorder, who had normal gas ex-
change (PaO2/FIO2 �300 mm Hg).

Statistics. SPSS 14.0 was used for statisti-
cal analysis (SPSS, Chicago, IL). Although
variables were normally distributed (as as-
sessed by Kolgomorov-Smirnov Z test), given
the relatively small sample size and the differ-

ence in size among groups, we chose to use
the nonparametric Mann-Whitney U test for
comparison among groups. Wilcoxon’s
signed-rank test was used for paired compar-
isons (baseline vs. after PET/CT). Linear re-
gression was used to assess correlation among
variables. A p value �0.05 was considered sta-
tistically significant.

RESULTS

The main demographic and clinical
characteristics of the patients are shown
in Table 1. None of these parameters dif-
fered between before and after the
PET/CT study (data not shown).

In patients with ALI/ARDS, the meta-
bolic activity of the lungs was markedly
elevated in comparison with controls, as
shown by the Ki values (Fig. 2). This
difference persisted after normalizing Ki

by lung density (KiDENS).
The intersubject variability of Ki and

KiDENS was large (coefficients of variation
were 67.8% and 59.8%, respectively). Ki

did not correlate with mean lung density
(CTmean, r2 � .15) or with the relative
weight of either nonaerated (r2 � .21) or
normally aerated tissue (r2 � .14). How-
ever, Ki correlated negatively with PaO2/
FIO2 (Fig. 3; r2 �.48, p � 0.05). Although
attempting to assess the relationship be-
tween lung metabolic activity and the po-

Table 1. Main demographic, clinical, and physiologic patient characteristics

Patient No.

Mean 	 SD1 2 3 4 5 6 7 8 9 10

Age, yrs 75 71 71 62 47 62 70 73 74 59 66.4 	 8.8
Sex, M:F F M F M M M M M M M 8:2
ARDS etiology, Pulm:ExP Cryoglobuli-

nemia
(ExP)

Ab
Ingestis
(Pulm)

Sepsis
(ExP)

Mefloquine-
induced
pneumonitis
(Pulm)

Sepsis
(ExP)

Hemorrhagic
alveolitis
(Pulm)

Sepsis
(ExP)

HAP
(Pulm)

CAP
(Pulm)

CAP
(Pulm)

6:4

Outcome at ICU
discharge, S:D

D S S D D D S S S S 6:4

Time on MV before study,
days

2 0 7 6 14 3 10 2 3 7 5.4 	 4.3

Heart rate, bpm 53 92 105 79 86 92 77 65 83 73 80.5 	 14.8
MAP, mm Hg 88 81 70 83 78 102 74 84 100 57 81.7 	 13.4
MPAP, mm Hg 30 30 N/A 24 31 39 N/A 24 28 28 29.2 	 4.7
PaO2/FIO2, mm Hg 185 197 149 93 157 138 194 180 217 120 163 	 39
PaCO2, mm Hg 34 42 33 57 46 41 39 45 53 61 45.1 	 9.4
FIO2 0.50 0.65 0.60 0.80 0.50 0.50 0.55 0.60 0.40 0.85 0.59 	 0.14
Venous admixture 0.28 0.26 N/A 0.37 0.30 0.31 N/A 0.23 0.24 0.28 0.28 	 0.04
PEEPtot, cm H2O 13 12 9 13 14 16 12 10 10 15 12.4 	 2.3
Tidal volume, mL/kg 6.8 6.0 10.0 6.3 7 6.6 6.8 7.0 6.4 5.4 6.8 	 1.2
Plateau pressure, cm H2O 33 23 18 27 28 25 25 18 17 31 24.6 	 5.7
Respiratory rate, bpm 30 24 20 20 30 24 28 16 20 32 24.4 	 5.4
Minute ventilation, L/min 11 12.1 10.1 11.1 12.1 10.9 10.8 7.3 8.8 11.7 10.6 	 1.5
Blood glucose, mg/dL 125 136 118 138 111 137 127 102 130 96 122 	 15

M, male; F, female; HAP, hospital acquired pneumonia; CAP, community acquired pneumonia; ICU, intensive care unit; S, survived; D, deceased; Pulm,
pulmonary; ExP, extrapulmonary; MV, mechanical ventilation; PEEPtot, total positive end-expiratory pressure (including intrinsic-PEEP); MAP, mean
arterial pressure; MPAP, mean pulmonary arterial pressure; N/A, not available.

In patients without a Swan-Ganz catheter, venous admixture and MPAP are not available. Each patient’s characteristics given on the day of the study,
collected before transport to the positron emission tomography/computed tomography facility. For dichotomic variables, the last column reports the ratio
between the two groups.
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tential injury arising from mechanical ven-
tilation, we could not find significant
correlations between either Ki or KiDENS

and Pplat or duration of mechanical venti-
lation, although when assessed by Spear-
man’s correlation coefficient both Ki and

KiDENS were correlated with duration of
mechanical ventilation (p � 0.05 for both).

The metabolic activity of the normally
aerated tissue (KiNA) of patients with ALI/
ARDS showed, on average, greater than
seven-fold increase compared with con-

trols (Table 2). In the two patients under-
going mechanical ventilation without
ALI/ARDS, KiNA was 16.5 and 7.1 � 10�4

mL�min�1�mL�1.
When qualitatively describing the re-

gional distribution of 18FDG uptake, we
recognized different patterns among pa-
tients. While in five patients (50%) 18FDG
uptake was highest in regions with the
highest density and progressively de-
creased in regions with lower density
(Fig. 4A), in three patients (30%) regions
with normal or mildly decreased aeration
had 18FDG uptake similar to or greater
than that of regions with lower aeration
(Fig. 4B). Finally, in two patients, 18FDG
uptake was lower than in the other pa-
tients and homogenously distributed
throughout the lungs.

Analogous results were found when
plotting the KiD values as a function of the
respective CTD values (Fig. 5). In three pa-
tients, the shape of the relationship be-
tween CTD and KiD was very different from
the rest of the population, as the highest
KiD values occurred in the density range of
normally or poorly aerated voxels rather
than in nonaerated voxels.

DISCUSSION

This study shows that the lungs of
patients with ALI/ARDS have an intense
metabolic activity, likely to arise from
activated PMNs. The magnitude and dis-
tribution of this activity were variable
among patients. However, a consistent
finding was that metabolic activation did
not involve only nonaerated areas of the
lung with severe loss of aeration, but also
areas detected by CT as being “normally
aerated” (the “baby lung”). Furthermore,
although the increase in regional meta-
bolic activity paralleled that in density in
some patients, other patients showed
higher metabolic rate in areas with nor-
mal or mildly reduced aeration than in
areas with severe loss of aeration.

We enrolled a small and heteroge-
neous cohort of patients, mainly because
of the clinical and logistic difficulties of a
study like this. For the same reasons, we
could not study all patients at the same
time point in the course of illness. How-
ever, while the small number of patients
can be seen as a limitation, and may
make some of our inferences somewhat
speculative, we believe that the heteroge-
neous sample enrolled is representative
of the patient population with ALI/ARDS
treated at our institution.

Figure 2. [18F]-fluoro-2-deoxy-D-glucose uptake rate (Ki) of the imaged lung (A), in the individual
patients and as mean 	 SD. Despite large between-patients variability, Ki was higher than that of
control subjects (dashed line denotes mean Ki of controls). This could not be ascribed solely to
increased lung density, because the difference persisted after normalization by lung density (B). *p �
0.05 patients vs. controls.

Figure 3. Correlation among the metabolic activities of lungs, expressed as uptake rate of [18F]-
fluoro-2-deoxy-D-glucose (Ki), and PaO2/FIO2.
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To detect and quantify inflammation,
we used PET/CT with 18FDG, a technique
with several advantages: low invasiveness,
possibility of sampling a large fraction of
the lungs, and cross registration with CT.
For quantitative measurement of 18FDG
uptake, we computed Ki; i.e., the “influx
rate constant” of the tracer. Ki expresses
the net uptake of 18FDG by cells (taking
into account the rates of transmembrane
transport and phosphorylation) and is pro-
portional to their glycolytic activity (22). An

increase in Ki could be due to increased
metabolic activity of the cells or to an in-
creased number of cells. Several points re-
lated to interpretation of the 18FDG signal
need to be addressed. First, 18FDG is a non-
specific tracer, because it labels any cell
with an intense glucose uptake. Several
studies, performed both in humans (17, 18)
and animal models (19, 20, 22, 23) have
shown that, during pulmonary inflamma-
tory processes, the 18FDG uptake as mea-
sured by Ki can be attributed almost exclu-

sively to activated PMNs, possibly because
of the heavy dependence of these cells on
anaerobic glycolysis (35). Even when mac-
rophages are more abundant than PMNs,
PMNs are the cells uptaking 18FDG (19). In
a model of ventilator-induced lung injury,
Ki correlated with the number of PMNs
detected in the lung and decreased substan-
tially with progressive PMNs depletion (20).
Furthermore, we excluded all patients with
diagnosis or suspicion of cancer. For these
reasons, it seems reasonable to assume
that, in our patients, most of the 18FDG
signal arose from PMNs activated during
inflammation.

Second, in patients with ALI/ARDS, as
well as in normal subjects, the distribu-
tion of perfusion in the lung is not ho-
mogeneous (36, 37); however, this is un-
likely to affect 18FDG distribution, for
which uptake has been repeatedly shown
to be almost totally unrelated to regional
perfusion (38–42). Indeed, in experimen-
tal models of unilateral lung injury (15,
20), the injured lung always showed
greater Ki than the control lung indepen-
dent of whether blood flow favored the
injured lung or not.

Third, as long as the subject is normo-
glycemic, there does not seem to be a sys-
tematic effect of blood glucose on 18FDG
uptake. Indeed, in our patients, we did not
find a significant correlation between blood
glucose level and Ki (r2 �.13, p � not
significant). In this setting, normalization
of 18FDG uptake by blood glucose would be
more likely to introduce an additional error
than to improve the data quality (43, 44)
and is usually not performed. Taken to-
gether, these considerations suggest that
interindividual differences in blood glucose
levels had no impact on Ki.

Ki values differed greatly among pa-
tients. The increase and the interindividual
variability of Ki persisted when Ki was nor-
malized by lung density, to account for the

Figure 4. Representative images of cross-registered computed tomography (CT) and [18F]-fluoro-2-
deoxy-D-glucose (18FDG) positron emission tomography from two patients with acute lung injury/
acute respiratory distress syndrome. The CT image was acquired during a respiratory pause at mean
airway pressure. The gray scale is centered at �500 Hounsfield Units with a width of 1250 Hounsfield
Units. Positron emission tomographic images represent the average pulmonary 18FDG concentration
during the last 20 minutes of acquisition (from 37 to 57 minutes since 18FDG administration); the
color scale represents radioactivity concentration (kBq/mL). A, 18FDG distribution parallels that of the
opacities detected on CT (patient 7 in Tables). B, Intense 18FDG uptake can be observed in normally
aerated regions (patient 4 in Tables) (square 1), while activity is lower in the dorsal, “nonaerated”
regions of both lungs (square 2; patient 4 in Tables).

Table 2. Image-derived parameters

Patients with ALI/ARDS
Controls,

Mean 	 SD1 2 3 4 5 6 7 8 9 10 Mean 	 SD

KiNA � 104 (mL�min�1�mL�1) 23.5 30.6 37.4 198.7 145.1 31.7 42.3 31.8 37.2 260.3 83.8 	 85.6a 10.9 	 3.1
KiCO � 104 (mL�min�1�mL�1) 26.6 101.0 128.3 172.5 109.6 48.8 151.8 76.5 134.0 263.6 121.3 	 67.3 —
CTMEAN (HU) �343 �534 �668 �466 �409 �458 �479 �610 �652 �412 �503.2 	 109.7a �727.6 	 62.9

ALI, acute lung injury; ARDS, acute respiratory distress syndrome; KiNA, Ki values (net uptake rate of 18FDG, computed according to Patlak’s graphical
analysis 
33�) of lung regions with density in the range of normal aeration (i.e., with CT attenuation between �900 and �501 HU); KiCO, Ki values of lung
regions with density in the range of collapse or consolidation (i.e., with CT attenuation between �100 and �100 HU); CTmean, mean computed tomography
value of the lungs; HU, Hounsfield units.

ap � 0.05 vs. controls. Image-derived parameters for patients with ALI/ARDS and control subjects. Ki values of controls are similar to those reported
in the literature (17).
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effect that a greater amount of lung tissue
per unit volume of lung is expected to have
on Ki. When the increase in density is
due to edema, this normalization should
be conservative (20), since it is expected
to lead to an underestimation of meta-
bolic rate because edema does not con-
tribute significantly to 18FDG uptake as
measured by Ki (22).

In all patients with ALI/ARDS, metabolic
activity was markedly increased in lung
with density between �900 and �500 HU.
Previous studies showed that, despite pre-
served aeration, the “baby lung” bears func-
tional abnormalities. Although in the
course of lobar pneumonia, endothelial
permeability increased only in the affected
lobe, in patients with ALI/ARDS permeabil-
ity increased diffusely throughout the lung
(24, 45). Our study provides direct evidence
that, in patients with ALI/ARDS, the nor-
mally aerated parenchyma shows a sub-
stantially increased metabolic rate, likely to
reflect the presence of activated inflamma-
tory cells. This supports the concept that
the “baby lung” is as involved by the inflam-
matory process as the rest of the lung, even
though it maintains normal aeration. Me-
chanical ventilation is known as a powerful
inflammatory stimulus (20, 46–49). In our
population, there was a trend showing that
Ki were higher in patients ventilated for a
longer period; this might suggest that part
of the increase in metabolic activity was
due to mechanical ventilation. In the me-
chanically ventilated patients without ALI/
ARDS, the uptake of 18FDG in normally
aerated tissue was similar to that of spon-
taneously breathing controls and signifi-

cantly lower than that of patients with ALI/
ARDS. This finding suggests that the
increased metabolic activity in normally
aerated areas of patients with ALI/ARDS is
more likely due to the syndrome rather
than to mechanical ventilation per se; at
the same time, it is likely that mechanical
ventilation is an additional contributor to
the 18FDG signal, because it can amplify
the inflammatory stimulus. Another find-
ing is that, when analyzing the regional
distribution of Ki and specifically its rela-
tionship to lung density, two patterns could
be found: in seven patients, 18FDG uptake
rate was highest in regions with the highest
density and in three patients metabolic ac-
tivity was higher in normally or poorly aer-
ated regions than in nonaerated regions. In
normal lungs, Ki is expected to increase
linearly with lung density, as was indeed
the case for our control subjects, because
regions with higher lung density have rel-
atively more parenchyma (and hence cells)
and less air. The absence of such a correla-
tion in three patients with ALI/ARDS could
be explained by two factors. First, the less
aerated tissue could have a lower metabolic
activity than the more aerated tissue, but
the effect of this difference on the Ki mea-
surement would be offset or reduced by its
lower air content, with an increased num-
ber of metabolically active cells in each
voxel. Second, if the increase in lung den-
sity was caused by edema rather than by
alveolar collapse, two regions with different
densities as measured by CT could have
similar cell mass per voxel and hence sim-
ilar Ki. Further studies are required to in-

vestigate the causes underlying such differ-
ent behaviors.

CONCLUSIONS

Despite the fact that these preliminary
results need to be confirmed and expanded
in a larger sample of patients, this study
shows that in patients with ALI/ARDS, un-
dergoing mechanical ventilation for days,
the metabolic activity of the lung is sub-
stantially increased across the entire lung
density spectrum. This suggests that no
region of the lung is spared by the presence
of activated inflammatory cells; the inten-
sity of this activation and its regional dis-
tribution, however, vary widely within and
between patients.
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