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Abstract
Objectives—Despite decreasing mortality rates in acute lung injury (ALI), studies of long term
physical function in ALI survivors have consistently reported poorer quality of life persisting
years into recovery for reasons that are not completely understood. We sought to determine if
pulmonary dysfunction is independently associated with functional impairment among ALI
survivors, and to determine if high resolution computed tomography could be used to predict its
development.

Design—Secondary analysis of data from a randomized controlled trial in ALI.

Setting—Intensive care units at three academic medical centers.

Patients—Patients diagnosed with ALI who had high resolution computed tomography scans
performed at 14 and/or 180 days after diagnosis.

Interventions—None.

Measurements and main results—An objective radiologic scoring system was used to
quantify patterns present on chest high resolution computed tomography obtained at 14 and 180
days in patients with ALI. These scores were correlated in univariable and multivariable analyses
with pulmonary function testing and quality of life survey data obtained at 180 days. Eighty-nine
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patients had evaluable data at day 14, and 47 at 180 days. At 180 days, increased radiologic scores
for reticulation were associated with a decreased total lung capacity, forced vital capacity, and
diffusing capacity for carbon monoxide (p values all <0.002). Decrements in quality of life
attributable to pulmonary dysfunction were most strongly associated with higher radiologic scores.
Additionally, radiologic scores at 14 days independently predicted poorer quality of life at 180
days, accounting for age, severity of illness, pneumonia as the ALI risk factor, and length of time
on mechanical ventilation.

Conclusions—Among survivors of ALI, increasing chest high resolution computed tomography
involvement correlated with restrictive physiology and poorer health related quality of life,
implicating pulmonary dysfunction as a potential contributor to activity limitation in these
patients.
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Introduction
Despite the lack of specific medical therapies to treat acute lung injury (ALI), mortality in
this disorder has decreased to approximately 20–30% in academic medical centers and
remained relatively static over the past decade(1;2), resulting in an increasing number of
ALI survivors. Given the bilateral, severe lung involvement that is the sine qua non of ALI,
coupled with the ubiquitous use of mechanical ventilation in these patients, it seems
plausible that pulmonary dysfunction could contribute to poorer health-related quality of life
among ALI survivors. Nevertheless, investigations have consistently attributed long-term
functional impairment in survivors to neuromuscular weakness(3–5), while the contribution
of residual pulmonary dysfunction has received less attention(6;7).

While prior investigations examining pulmonary function testing (PFT) in ALI survivors
have reported normalization of median values for most parameters within months,
approximately 25% of survivors exhibit a physiologic pattern consistent with restriction.
This observation is exemplified in one well-characterized cohort of ALI survivors followed
by Herridge and colleagues, where the percent predicted forced vital capacity (FVC), total
lung capacity (TLC) and diffusing capacity for carbon monoxide (DLCO) were all below
80% one year after diagnosis(3), findings that persisted out to 5 years(4). Recent
investigations in ALI survivors cared for with a low tidal volume ventilation strategy have
confirmed these observations at 6 to 12 months (5–7). Published data suggest poorer quality
of life in these ALI survivors (3;5;6), with reported correlations between pulmonary
physiology and quality of life(5;6). However, it is unclear whether PFT abnormalities
observed in ALI survivors are primarily from pulmonary or neuromuscular pathology since
neuromuscular weakness has the potential to present as restrictive abnormality on PFTs.
Therefore, the contribution of persistent pulmonary pathology to quality of life in ALI
survivors remains incompletely understood.

Establishing the relative contribution of pulmonary impairment versus neuromuscular
weakness to quality of life in ALI survivors has potentially important ramifications for
therapy. To address these issues, we examined prospectively collected data from a cohort of
ALI patients enrolled in a randomized controlled trial of granulocyte-macrophage colony
stimulating factor (GMCSF). We hypothesized that among ALI survivors 180 days (6
months) after diagnosis, the extent of chest HRCT reticulation would correlate with PFT
abnormalities suggesting restrictive dysfunction, and with poorer quality of life measured
using validated questionnaires. Additionally, we postulated that the extent of chest HRCT
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reticulation at 14 days after ALI diagnosis would be associated with the subsequent
development of PFT abnormalities consistent with restriction, and impaired quality of life
180 days after diagnosis.

Materials and Methods
Data were derived from an NIH-sponsored SCCOR project investigating the efficacy of
GMCSF in a double blind randomized controlled trial for ALI (8).

Subjects examined
Individuals meeting criteria for ALI or ARDS by the American-European Consensus
Conference definition were considered for enrollment(9). Patients with evidence of pre-
existing chronic lung disease, including a history of GOLD stage III-IV COPD or interstitial
lung disease (from any cause), were excluded. Enrolled subjects received standardized
ventilator management based upon ARDS Network protocols(10). For our analysis, we
evaluated patients with chest HRCTs performed at 14 and/or 180 days after ALI diagnosis
and with PFTs available at 180 days after diagnosis (figure 1). Reasons for excluded patients
not having had these tests performed included: death (either prior to 14 days or prior to 180
days), inability to safely tolerate HRCT per attending physician, lack of transportation to
follow up site, persistent hospitalization at scheduled time for follow up, patient unwilling to
proceed with study, investigator withdrawal of patient from the study, or study being halted
by sponsor prior to completion of the 180 day follow up. Clinical data collected in the parent
trial was used in our analyses. Mean daily tidal volume, positive end-expiratory pressure,
and plateau pressure exposures were calculated by summing all available daily values for
these parameters collected while patients were on mechanical ventilation, and dividing by
the total number of days on mechanical ventilation.

High resolution CT scans
Chest HRCTs were performed at 14±2 and/or 180 days post ALI diagnosis. Mechanically
ventilated patients were on ≥ 10 cm H2O PEEP during the HRCT(11). All patients
underwent imaging at end-inspiration. Sections were obtained with 1.25-mm collimation
and were reconstructed by using a high-spatial-frequency algorithm. All images were
viewed at window settings optimized for assessment of lung parenchyma (window width,
1300 HU; window level, −500 HU). Completed HRCTs were evaluated by two chest
radiologists using established methods (12;13). Images at 5 levels were assessed: aortic arch,
1cm above the dome of the right hemidiaphragm, and 3 additional levels equally spaced
between these two levels. At each level, lungs were divided into anterior and posterior zones
by drawing a horizontal line across the image, creating four quadrants for analysis per level.
Specific radiologic patterns were quantified in each quadrant, including ground-glass
opacification (GGO), intense parenchymal opacification (IPO), and reticulation. The extent
of involvement for each pattern was assigned a numerical score, where 0=no involvement;
1= <5% involvement/minimal/not normal; 2= 5–25% involvement; 3=26–49% involvement;
4=50–75% involvement; and 5=greater than 75% involvement. For each radiologic pattern,
the average score (range, 0–20) was calculated by summing all quadrant values for each of
slice, adding these values together, and dividing by the number of slices with complete data.
Missing data was scored as 0. Higher scores indicated more involvement by a given pattern.

Follow up of ALI survivors
In addition to the 180 day chest HRCT scan, patients underwent additional testing at 180
days after diagnosis including measurement of medical research council (MRC) scores (14–
16), and PFTs. Additionally, patients completed short form (SF)-36 questionnaires (3–6;17)
and St. George’s Respiratory Questionnaires (SGRQ)(6; 18–19). A clinically meaningful
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change in one’s SF-36 physical function score is 5 points (17), whereas a clinically
meaningful change in the SGRQ is 4 points (18).

Statistical Analyses
Analyses with continuous data were performed with Student’s t test or the Wilcoxon rank
sum test. Categorical data was analyzed using Fisher’s Exact Test. Correlation coefficients
between continuous data were calculated by Spearman’s method. Linear regression was
used to determine the association between HRCT scores (both from the 14 day and 180 day
time points) and PFT parameters with (1) SF-36 scores, or (2) SGRQ scores, adjusting for
potential confounders in these models. Finally, for some analyses, patients were stratified as
having restrictive impairment (FVC and RV both <80% predicted) or not having restrictive
impairment (FVC or RV ≥80% predicted) (20–21). Changes in HRCT scores over time in
patients stratified using these criteria were evaluated using repeated measure ANOVA. Two-
sided p values of <0.05 were deemed to be significant. JMP software (version 9, Cary, NC)
was used in analyses.

Results
Description of cohort

The overall cohort was comprised of 89 patients who had PFTs and/or HRCTs available for
analysis (figure 1). Overall demographic data for the 14 and 180 day groups is presented in
table 1. These 89 patients had APACHE II scores of 18.1±7.4. Clinical characteristics of the
47 included patients who returned for 180 day follow up were similar to the 42 included
patients who did not return (p>0.10 for all comparisons). Examination of data on the 67
patients enrolled in the parent trial, but not excluded in our final cohort of 89 patients
revealed a 43% 28 day mortality that would clearly limit follow up, as well as higher
severity of illness scores, and fewer ventilator-, ICU- and hospital-free days, along with a
higher average PEEP and plateau pressure exposure. The percentage of patients among those
excluded also contained a greater absolute percentage of African-Americans.

Key features of HRCTs and 180 day data
HRCT average scores for reticulation, GGO, and IPO patterns were examined at each time
point. For all 3 patterns, scores significantly decreased over time (p<0.05 for all
comparisons, figure 2). Unique HRCT scores and the overall HRCT score within patients
who had two available scans (the first at day 14 and the second at day 180) were moderate-
to-highly correlated (reticulation, r=0.60; GGO, r=0.54; IPO, r=0.45; and overall, r=0.68).
Median values for the majority of PFT parameters examined at 180 days in the 47 patients
were greater than 80% predicted (table 2). However, as reported previously, approximately
25% of survivors had abnormal PFT values (defined as values <80% predicted). Five of the
47 subjects (11%) had MRC total scores ≤48 at 180 days, consistent with neuromuscular
weakness (15;16). Median role physical SF-36 scores were most abnormal in these ALI
patients at 180 days; for the SGRQ domains, activity scores were most abnormal.

Among ALI survivors, 180 day chest HRCT scores correlate with 180 day PFT parameters
To address our hypothesis that restrictive dysfunction specifically due to pulmonary disease
is present among a subset of ALI survivors, the relationship between HRCT scores and PFT
parameters were examined from patients who had both tests performed at 180 days (top half
of table 3). Higher reticulation scores were strongly associated with a decreased FVC (r=
−0.60, p=0.0004), while higher GGO scores were strongly associated with a decreased TLC
(r= −0.50, p=0.001) and RV (r= −0.50, p=0.007). The IPO score was inversely associated
with the DLCO (r=−0.60, p=0.0004). Overall HRCT scores were mostly strongly associated
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with a decreased TLC (r= −0.60, p=0.003). Notably, not all patients with abnormally low
PFT values had concurrently elevated HRCT scores at the 180 day time point (supplemental
digital content-1).

Among ALI survivors, 180 day HRCT scores correlate with 180 day HRQoL
To determine if the degree of HRCT abnormalities in ALI survivors indicated pulmonary
dysfunction that affects quality of life, HRCT scores were examined in association with
SF-36 and SGRQ scores. In 37 patients who had undergone both HRCT exams and
completed the SF-36 questionnaire, moderate strength associations between poorer SF-36
physical function, role physical, and physical health subtotal scores with HRCT reticulation,
GGO, IPO, and overall scores were observed (r ≤ −0.40, p<0.05 for all comparisons, top of
table 4a). However, reticulation and overall HRCT scores at 180 days demonstrated a
moderate-to-strong correlation with poorer SGRQ impacts scores, activity scores and total
scores (r = −0.50 to −0.60, p<0.003 for all comparisons, top of table 4b). Relationships
between reticulation HRCT scores with quality of life indices were most pronounced, as
illustrated in figure 3. PFT parameters at 180 days are associated with clinical factors and
HRQoL. Using these data, moderate-to-strong associations between the FVC, TLC, and
DLCO (uncorrected) and SF-36 parameters (r= −0.50 to −0.60, supplemental digital
content-2) were observed, while somewhat weaker negative associations were observed
between the 180 day SGRQ scores and the 180 day FVC and TLC (r= −0.40 to −0.50,
supplemental digital content-2). We examined the relationship between PFTs and
characteristics of critical illness, and determined that pulmonary-specific clinical patient
factors were also associated with 180 day PFT variables, including the average plateau
pressure exposure (versus TLC, r=−0.55, p=0.0001; versus FVC, r= −0.34, p=0.02) and the
number of ventilator-free days (versus DLCO, r=0.41, p=0.005). Similarly, pneumonia as a
primary or secondary risk factor for ALI was associated with a lower RV (88±21% vs.
112±37%, p=0.01), while a primary pulmonary cause for ALI (e.g. pneumonia or aspiration)
was associated with a higher FEV1/FVC ratio (83±8% vs. 74±7%, p=0.0002); no
relationship between the qualifying PaO2/FiO2 and any PFT parameter was observed.
Neither APACHE II scores nor week one SOFA scores correlated with any PFT variable at
180 days. However, at 180 days, the MRC score displayed a modest relationship with the
FVC (r=0.41, p=0.004), and the DLCO (uncorrected) (r=0.42, p=0.005).

HRCT scores at 180 days are associated with pulmonary-specific clinical factors
As with 180 day PFTs, pulmonary-specific indices in ALI patients were also associated with
180 day chest HRCT scores, including average PEEP exposure (r=0.38, p=0.02 versus
GGO; r=0.33 p=0.05 versus HRCT total score) and average plateau pressure exposure
(r=0.37, p=0.03 versus reticulation; r=0.54, p=0.0007 versus GGO; r=0.48, p=0.003 versus
HRCT total score). Moreover, a diagnosis of pneumonia as either a primary or secondary
risk factor for ALI was associated with significantly higher chest HRCT scores at 180 days
(3.2 (IQR 1.6–10.1) versus 1.8 (IQR 0–3.4), p=0.03 for difference in overall HRCT score
between groups). There were no significant differences in HRCT scores between patients
with primary pulmonary versus those with non-pulmonary etiologies of ALI, and as was
seen with PFT data, no significant relationships were observed between any HRCT score
and APACHE II score, SOFA score, qualifying PaO2/FiO2 ratio, or the number of days on
the ventilator (p values all >0.05). In contrast to what was observed with PFTs, no
significant associations between 180 day MRC scores and chest HRCT scores for
reticulation (p=0.33), GGO (p=0.70), or IPO (p=0.46) were observed.

Pulmonary dysfunction is independently associated with HRQoL in ALI
Multivariable analyses were performed to understand the influence of pulmonary
dysfunction, neuromuscular weakness, and severity of illness on 180 day HRQoL. At 180
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days, the FVC was the only variable independently associated with the SF-36 physical
health subtotal score when 180 day overall HRCT score, the TLC value, MRC score,
APACHE II score, age, number of days on the ventilator, average plateau pressure exposure,
and pneumonia as ALI risk factor (yes/no) were included in the model (R2 for model 0.34, β
for FVC 0.75±0.16, p<0.0001). In contrast, the 180 day chest HRCT overall score (β=0.99,
p=0.07) as well as the FVC (β= −0.49, p=0.03) were both associated with a poorer SGRQ
total score at 180 days, accounting for these same potential confounders (R2 for model 0.37).

Chest HRCT scores at 14 days predict restrictive PFT abnormalities at 180 days
To determine if radiologic patterns on chest HRCTs obtained at 14 days after ALI diagnosis
would correlate with restrictive physiology at 180 days, data from 43 ALI patients who had
had both studies performed were examined (bottom of table 3). Reticulation scores at day 14
were associated with a lower 180 day TLC (r=−0.60, p<0.0001) and DLCO (r=−0.50,
p=0.0005). The overall HRCT score was similarly associated with these two parameters, and
with a decreased RV (r= −0.50, p=0.003). GGO and IPO scores were also inversely
associated with the TLC. Figure 4 highlights the relationships between 14 day chest HRCT
scores and % predicted TLC. When patients were stratified on the presence or absence of
restrictive physiology at 180 days (using the criteria of FVC and RV <80%, yes or no),
reticulation, GGO, IPO and overall HRCT scores all decreased significantly over time for
each group of patients (p values <0.03 for within groups change over time). However,
HRCT scores in the restricted group were significantly higher at both the 14 and 180 day
time points for all pattern scores and the overall score (reticulation, p<0.0001; GGO,
p=0.0001; IPO, p=0.0007; overall, p<0.0001 for comparisons between restricted and non-
restricted groups).

Chest HRCT patterns at 14 days predict 180 day HRQoL
To determine if 14 day HRCT scores could be utilized in the prediction of 180 day HRQoL,
correlations between these data were evaluated. As illustrated in the bottom of table 4a,
higher day 14 chest HRCT reticulation and overall scores demonstrated strong correlations
with poorer SF-36 role physical (r= −0.50, p=0.0003; r=−0.50, p=0.001, respectively), and
with the physical health subtotal (r=−0.50, p<0.001; r=−0.50, p=0.002, respectively) scores
at 180 days. Similarly, when 14 day HRCT scores were compared with SGRQ scores from
180 days, moderate-to strong correlations (suggesting poorer quality of life) were noted for
activity, impact and total SGRQ scores in relationship to scores for reticulation, GGO, and
the overall HRCT score (bottom of table 4b). Figure 5 illustrates some of the key
relationships between reticulation HRCT scores with quality of life indices whereregression
coefficients demonstrated the most pronounced correlations.

HRCT scores at 14 days are associated with pulmonary-specific clinical factors
To examine potential clinical influences on the 14 day HRCT patterns, clinical variables
were examined in the context of HRCTs. Higher overall HRCT scores were associated with
fewer ventilator-free (r=−0.34, p=0.002), ICU-free (r=−0.40, p=0.0002), and hospital-free
(r=−0.45, p<0.0001) days; no relationships between this HRCT value and either age,
qualifying PaO2/FiO2, APACHE II or week one SOFA scores was evident. Overall HRCT
scores did not differ based on pulmonary versus non-pulmonary etiology of ALI; however,
in patients who had pneumonia as either a primary or secondary ALI etiology, the median
14 day score was 15 (IQR 9–25) versus 12 (IQR 4–17), p=0.04. No differences in 14 day
HRCT scores were observed that varied according to gender, randomization to active study
drug, race, or 28 day survival.
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HRCT scores at 14 days are independently associated with HRQoL in ALI survivors at 180
days

In multivariable analyses, day 14 chest HRCT reticulation scores were independently
associated with SF-36 physical function (p=0.04), role physical (p=0.0004), and physical
health subtotal (p=0.005) scores at 180 days, accounting for the patient’s age, the number of
days on the ventilator, whether or not the patient had pneumonia as an ALI risk factor, and
severity of illness (APACHE II scores). The GGO and overall HRCT scores were also
independently related to these SF-36 domains, accounting for these covariates. The
parameter estimates were the highest when 14 day HRCT reticulation scores were fit in
these models (see supplemental digital content-3).

Chest HRCT reticulation scores were also determined to be independently associated with
SGRQ activity scores (p=0.0002), impact scores (p=0.008), and the total score (p=0.002) in
a multivariable model, again accounting for patient age, number of ventilated days, whether
or not the patient had pneumonia as an ALI risk factor, and severity of illness. Similarly,
GGO and overall scores were independently correlated with SGRQ activity, impact, and
total scores accounting for these same four covariates. Once again, the parameter estimates
were highest when 14 day HRCT reticulation scores were included in these models
(supplemental digital content-3).

Discussion
In these investigations, using prospectively collected data from ALI patients, we observed
that a subset of patients have both PFT and HRCT abnormalities 180 days after diagnosis.
Moreover, at this time point, the degree of chest HRCT reticulation, GGO, and IPO (and
their combination) correlated with a lower FVC, TLC, RV, and DLCO, consistent with
restrictive pulmonary dysfunction. Additionally, as 180 day reticulation HRCT scores
increased, a clinically relevant decrease in HRQoL was evident. In multivariable analyses,
the quantity of HRCT involvement and the FVC at 180 days were independently associated
with impaired HRQoL on validated surveys, independent of neuromuscular weakness, age,
and severity of illness. The association between 180 day HRCT abnormalities, restrictive
pulmonary physiology, and quality of life suggests that persistent respiratory dysfunction
has a measureable impact on the physical capabilities of ALI survivors. Separate analyses
using data from HRCTs obtained at day 14 after ALI diagnosis revealed a negative
association between reticulation and overall HRCT scores with 180 day TLC, RV, and
DLCO. These 14 day HRCT scores also predicted poorer HRQoL, independent of age,
severity of illness, pneumonia as the etiology of ALI, and length of time on the ventilator.
These latter data suggest that HRCTs obtained during hospitalization could aid in
prognostication of long-term outcomes for ALI survivors.

Numerous investigations involving ALI survivors have reported poorer quality of life
persisting months to years after the acute phase of illness (3–7). PFTs performed in these
patients have revealed physiologic abnormalities similar to our observations. Both
Heyland(6) and Orme(5) linked specific PFT abnormalities found in ALI survivors to long-
term functional outcomes, observing that SF-36 and SGRQ values correlated significantly
with PFT results among ALI survivors at 6 and 12 months. Our data support these earlier
observations, and the magnitude of the correlations we observed in univariate analyses
between the FVC, TLC, and DLCO with SF-36/SGRQ parameters was comparable to their
reports.

Our data demonstrated that certain pulmonary-specific clinical factors (e.g. a diagnosis of
pneumonia) were associated with both HRCT scores and PFT parameters; in contrast, the
MRC score, indicating neuromuscular strength, only correlated with PFTs at 180 days. Also,
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at 180 day follow up, we determined that individual PFT parameters were more strongly
associated with the SF-36, while HRCT scores were more strongly associated with the
SGRQ. Notably, the SGRQ focuses on quantifying respiratory symptoms (e.g. cough or
wheezing), the effect of respiratory problems on the ability to work or perform activities of
daily living, and the impact of respiratory problems on daily life. The pulmonary-specific
nature of these questions contrasts with SF-36 question content that does quantitate physical
capabilities, but does not explicitly query lung symptomatology. Along these same lines,
lung appearance on HRCT of the chest would be expected to reflect pulmonary-specific
pathology. Therefore, the stronger associations between SGRQ and chest HRCT (in
comparison to SF-36 and chest HRCT) as we observed provides additional support for
HRQoL dysfunction among ALI survivors specifically referable to residual pulmonary
impairment.

As lung biopsies are usually not performed patients with ALI, patterns observed in chest CT
imaging have indirectly provided insight to the natural history of ALI, and have an
acceptable risk in these patients. HRCT scanning of the chest days after ALI diagnosis
typically displays radiographic ground glass and intense parenchymal opacification patterns
(12), consistent with inflammation and airspace disease, whereas a predominantly reticular
pattern is observed months later (12;22), despite the use of low tidal volume ventilator
strategies(7). These dynamic HRCT changes in ALI prompted the development of a scoring
system to define the correlation between radiologic patterns and clinical outcomes.
Investigators reported that a higher overall composite score correlated with poorer short-
term outcomes in ALI, including mortality(13). Our work provides evidence that HRCT
radiologic scoring, particularly for reticulation, could provide useful information regarding
respiratory dysfunction among ALI survivors.

An abnormal fibroproliferative response to ALI represents one possible explanation for the
physiologic and radiologic abnormalities we observed. Translational ALI investigations
suggest that pulmonary fibroproliferation begins within 72 hours of ALI diagnosis (23–26),
and that pro-fibrotic activity is associated with important clinical outcomes, including
mortality(23–25). Histologically, moderate to severe fibrosis has been demonstrated in 20%
of ALI patients within 10 days of diagnosis, and has been associated with increased
mortality (57%) (27). Nevertheless, more recent investigations have called the relevance of
fibroproliferation to long-term ALI outcomes into question. Some investigations support that
pro-fibrotic mechanisms are harmful (28–29), but others have reported a relationship
between pro-fibrotic mechanisms and survival(30), as well as less time on mechanical
ventilation(31). At the current time, the exact relationship of mediators and cells involved in
long term functional outcomes, including restrictive pathophysiology, is not well
established.

While our findings with this cohort of ALI patients are intriguing, they are not without
limitations. First, the number of patients with data available at both 14 and 180 days was
modest, and patients were racially homogeneous. The functional (and vital) status of some
enrolled patients who did not follow up is unknown. However, given that the data were
derived from a multi-center clinical trial where numerous possible confounders were
controlled, we believe that our observations provide novel insight to the potential utility of
HRCT in understanding ALI pathogenesis. Second, radiographic HRCT patterns were
scored by 2 chest radiologists with HRCT interpretation experience. Whether radiologists
without such HRCT interpretation experience would provide similar interpretations of these
patterns is unknown. Additionally, MRC scores could have varied from observer to observer
across sites affecting the validity of this outcome variable. However, clinicians performing
these examinations did not have access to other long-term outcome variables, thus
diminishing the potential for bias. Recently published investigations examining the
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reproducibility of MRC scores in patients, including critical illness survivors, suggest that
inter-rater reliability is in fact quite good in this population (32;33). Nevertheless, formal
nerve conduction studies/electromyographic testing in weak patients (with abnormal MRC
scores) would have been helpful in confirming true neuromuscular dysfunction in this
population (34). Finally, since enrolled patients were not screened with PFTs nor HRCT
prior to enrollment, it is possible that some had pre-existing lung disease that confounded
our results. However, a history of pre-existing lung disease was a specific exclusion criterion
for this study. Moreover, it seems equally possible that ALI contributed to persistently
higher HRCT scores at 180 days in a subset of survivors, particularly given the relatively
young age of the cohort (making diseases such as IPF less likely), and the severity of the
patients’ illness. Overall, the strength of these investigations lies in the prospective data
collection (including physiologic and radiologic data) in a sizable number of ALI patients
from multiple sites who were also receiving standardized ICU care, including a low tidal
volume ventilator strategy.

Conclusion
Based on physiologic and radiologic data, and their correlation with quality of life measures,
symptomatic pulmonary dysfunction is present in a substantial number of ALI survivors 180
days after the diagnosis of illness, independent of neuromuscular weakness. Further,
quantifying the extent of chest HRCT involvement 14 days after ALI diagnosis may
represent a useful, non-invasive strategy to predict symptomatic pulmonary dysfunction in
survivors. Our observations pave the way to establish the prevalence of pulmonary
dysfunction among ALI survivors more accurately, and to promote its earlier identification.
Developing these concepts will enable the development of therapies to promote survival and
enhance quality of life in ALI patients at risk for pulmonary dysfunction.
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Figure 1.
Derivation of study cohort from parent trial. *6 subjects had pulmonary function testing
performed at 180 days, but did not undergo an HRCT of the chest at 14 days while
inpatients. Eighty patients in the included group were randomized to study drug (43
GMCSF/37 placebo). ALI=acute lung injury; GMCSF=granulocyte macrophage colony
stimulating factor; HRCT=high resolution computed tomography; PFTs=pulmonary
function testing; HRQoL=health-related quality of life
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Figure 2.
Chest high resolution CT Scores for ALI patients in the cohort. At 14 days, scores for GGO
pattern were the most elevated, while at 180 days, reticulation and GGO scores did not differ
significantly. For all three patterns, scores decreased significantly over time (p<0.0001).
GGO=ground glass opacification; IPO=intense parenchymal opacification. Bars=means of
data; black lines=standard deviation.
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Figure 3.
Examining the relationship between 180 day high resolution CT (HRCT) scores and health-
related quality of life measurements revealed that as HRCT scores increased, quality of life
was adversely affected, as indicated by lower short form (SF)-36 scores and higher St.
George’s Respiratory Questionnaire (SGRQ) scores. (3a) HRCT reticulation score and
SF-36 physical health subtotal; (3b) HRCT reticulation score and SGRQ Total Score.
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Figure 4.
180 day percent predicted total lung capacity versus 14 day chest high resolution CT scores.
Examining the relationship between 14 day high resolution CT (HRCT) scores for (3a)
reticulation, (3b) ground glass opacification (GGO), (3c) intense parenchymal opacifiation
(IPO), and (3d) overall with the % predicted total lung capacity (TLC) at 180 days after ALI
diagnosis revealed significant inverse associations. The HRCT overall score was calculated
by totaling scores for reticulation, GGO, and IPO.
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Figure 5.
Examining the relationship between 14 Day high resolution CT (HRCT) scores and 180 day
health-related quality of life measurements revealed that higher HRCT scores correlated
with poorer quality of life. (4a) HRCT reticulation score and short form (SF)-36 physical
health subtotal scores; (4b) HRCT reticulation score and St. George’s Respiratory
Questionnaire (SGRQ) Total Score.
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Table 1

Demographic features from ALI survivors at with evaluable pulmonary function testing and /or high
resolution CT scan data at 14 and 180 days post ALI diagnosis, and features from excluded ALI patients
without such data.

Characteristic Included
Patients with
14 day data

n=89

Included
Patients with
180 day data

n=47*

Patients excluded
from analysis

n=67

Comparison
between

Included** and
Excluded
Subjects

APACHE II score on admission 18 (7) 19 (7) 23 (7) <0.0001

Highest total SOFA, week 1 10.7 (3.9) 10.2 (4.0) 12.8 (4.3) 0.002

Qualifying PaO2/FiO2 110 (49) 110 (49) 132 (58) 0.08

28 day survival, % 100% 97% 57% 0.0001

Ventilator-free days 12.0 (8.3) 12.8 (8.3) 6.6 (8.1) 0.0002

ICU-free days 8.4 (7.8) 9.0 (8.2) 4.5 (8.1) 0.009

Hospital-free days 5.0 (6.2) 5.8 (6.9) 2.6 (5.6) 0.02

Average daily tidal volume while on mechanical ventilation, mL 469 (90) 481 (89) 459 (83) 0.44

Average daily PEEP exposure while on mechanical ventilation,
cm H2O

7.8 (1.7) 7.8 (1.5) 9.2 (3.4) 0.001

Average daily plateau pressure while on mechanical ventilation,
cm H2O

23 (4) 23 (5) 26 (6) 0.0006

Sepsis diagnosis (1° or 2°), % 67% 60% 67% 0.86

Aspiration diagnosis (1° or 2°), % 16% 17% 24% 0.31

Pneumonia diagnosis (1° or 2°), % 62% 57% 67% 0.86

Pulmonary source (as 1°), % 51% 49% 49% 1.0

Average Age, years 48 (14) 46 (14) 49 (15) 0.48

Race (%white/%black/%other) 84%/12%/4% 83%/13%/2% 58%/37%/5% 0.002

Gender, % men 57% 60% 61% 0.74

Received active GMCSF, number (%) 39/89 (43%) 22/47 (47%) 23/66 (34%) 0.29

Subjects with HRCT of chest performed, number 84/89 37/47 0/66 n/a

Numbers in parentheses are standard deviations. APACHE=Acute physiology and chronic health evaluation; SOFA=sequential organ failure
assessment; PEEP=positive end expiratory pressure; GMCSF=granulocyte monocyte colony stimulating factor; HRCT=high resolution computed
tomography.

*
p>0.10 for all comparisons between patients who had data only at 14 days (n=43) compared to those with data at 180 days (n=47).

**
Comparison between 89 subjects included versus 66 who were excluded from subsequent analyses.
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Table 2

Results from assessments performed in ALI survivors at 180 days.

Parameter Results, n=47*

Forced vital capacity (FVC), % predicted 82 (71–95)

Slow vital capacity (SVC), % predicted 85 (68–96)

Forced expiratory volume in first second of exhalation (FEV1), % predicted 81 (69–97)

FEV1/FVC ratio, % 78 (70–85)

Total Lung Capacity (TLC), % predicted 86 (77–99)

Functional residual capacity (FRC), % predicted 82 (69–99)

Residual volume (RV), % predicted 94 (77–114)

Diffusing Capacity for Carbon Monoxide (DLCO), % predicted 68 (55–81)

Diffusing Capacity for Carbon Monoxide, Corrected for Alveolar Volume, % predicted 88 (71–99)

Medical Research Council Score 60 (56–60)

SF-36 Role Physical 50 (25–94)

SF-36 Physical Function 70 (20–90)

SF-36 Physical Health Subtotal 58 (31–76)

SF-36 Total Score 60 (33–84)

SGRQ Symptoms Score 18 (9–40)

SGRQ Impact Score 13 (0–36)

SGRQ Activity Score 32 (6–70)

SGRQ Total Score 20 (6–43)

Values are medians (intraquartile range). SF-36= short form 36; SGRQ=St. George’s Respiratory Questionnaire.

*
Three patients were unable to perform maneuvers to obtain lung volumes.
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