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ABSTRACT

BACKGROUND
As more patients survive the acute respiratory distress syndrome, an understanding of
the long-term outcomes of this condition is needed.

METHODS

We evaluated 109 survivors of the acute respiratory distress syndrome 3, 6, and 12
months after discharge from the intensive care unit. At each visit, patients were inter-
viewed and underwent a physical examination, pulmonary-function testing, a six-
minute-walk test, and a quality-of-life evaluation.

RESULTS

Patients who survived the acute respiratory distress syndrome were young (median age,
45 years) and severely ill (median Acute Physiology, Age, and Chronic Health Evalua-
tion score, 23) and had a long stay in the intensive care unit (median, 25 days). Patients
had lost 18 percent of their base-line body weight by the time they were discharged
from the intensive care unit and stated that muscle weakness and fatigue were the rea-
sons for their functional limitation. Lung volume and spirometric measurements were
normal by 6 months, but carbon monoxide diffusion capacity remained low through-
out the 12-month follow-up. No patients required supplemental oxygen at 12 months,
but 6 percent of patients had arterial oxygen saturation values below 88 percent during
exercise. The median score for the physical role domain of the Medical Outcomes
Study 36-item Short-Form General Health Survey (a health-related quality-of-life meas-
ure) increased from 0 at 3 months to 25 at 12 months (score in the normal population,
84). The distance walked in six minutes increased from a median of 281 m at 3 months
to 422 m at 12 months; all values were lower than predicted. The absence of systemic
corticosteroid treatment, the absence of illness acquired during the intensive care unit
stay, and rapid resolution of lung injury and multiorgan dysfunction were associated
with better functional status during the one-year follow-up.

CONCLUSIONS
Survivors of the acute respiratory distress syndrome have persistent functional disability
one year after discharge from the intensive care unit. Most patients have extrapulmonary
conditions, with muscle wasting and weakness being most prominent.
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HE ACUTE RESPIRATORY DISTRESS SYN-
drome is characterized by bilateral pulmo-
nary infiltrates on frontal chest radiogra-
phy, a ratio of arterial oxygen tension (PaO,) to the
fraction of inspired oxygen (FiO,) of 200 or less,
and the absence of clinical evidence of left atrial
hypertension.® As survival rates improve among
patients with the acute respiratory distress syn-
drome,?s there is a growing need to understand the
long-term effects of this condition and its treatment.
Patients who survive the acute respiratory dis-
tress syndrome are at risk for physical and neuro-
psychological complications of the lung injury it-
self, associated multiorgan dysfunction, and their
long stay in the intensive care unit (ICU). Several
investigators have evaluated morbidity among sur-
vivors using pulmonary-function tests,°-21 neuro-
psychological and cognitive assessments,22-26 and
quality-of-life measures,27-31 and most have indi-
cated that there is persistent morbidity after dis-
charge from the ICU. However, no study has pro-
spectively performed individualized assessments of
physiological, functional, and quality-of-life meas-
ures during the year after discharge from the ICU
to ascertain the main determinants of functional
disability. Therefore, the goal of this study was to
characterize long-term pulmonary and extrapulmo-
nary function in a prospectively identified cohort of
patients who survived the acute respiratory distress
syndrome.

METHODS

STUDY DESIGN
This longitudinal study was conducted at four uni-
versity-affiliated medical-surgical ICUs in Toronto
from May 1998 to May 2002; the last patient com-
pleted his stay in the ICU in May 2001. We identified
potential patients from a prospective, daily screen-
inglog. Patients were eligible for enrollment if they
were at least 16 years of age, had a PaO,:FiO, ratio
0f 200 or less while receiving mechanical ventilation
with a positive end-expiratory pressure of at least
5 cm of water, evidence of air-space changes in all
four quadrants on chest radiography, and an iden-
tifiable risk factor for the acute respiratory distress
syndrome. Patients were excluded if they were im-
mobile before being admitted to the ICU, had a his-
tory of pulmonary resection, or had a documented
neurologic or psychiatric disease.

We obtained written informed consent from the
surrogate decision maker near the time of the pa-
tient’s admission to the ICU. Written consent for the

one-year follow-up was obtained directly from the
patient at the time of discharge from the ICU. This
study was approved by the institutional ethics com-
mittee at each of the participating hospitals.

SEVERITY OF ILLNESS AND COURSE

IN THE ICU

We used the Acute Physiology, Age, and Chronic
Health Evaluation (APACHE II)32 to determine the
severity of illness within the first 24 hours after each
patient was admitted to the ICU. Scores can range
from 0 to 71, with higher scores indicating more se-
vereillness. We also determined the Multiple Organ
Dysfunction Score33 and a modified Lung Injury
Score34 daily from day O (the day of eligibility) to day
7 and then twice per week for the duration of the
stay in the ICU. The Lung Injury Score is an ag-
gregate of the score for the chest radiograph, hy-
poxemia, positive end-expiratory pressure, and
respiratory-system compliance. Since respiratory
compliance was not measured as part of this study,
amodified Lung Injury Score was used, which con-
sisted of the sum of the first three components.
The Multiple Organ Dysfunction Score can range
from 0 to 24, with higher scores indicating more
severe dysfunction. The Lung Injury Score can range
from 0 to 4, with higher scores indicating more se-
vere lung injury. Other characteristics of the patients
during their stay in the ICU are outlined in Table 1.

FOLLOW-UP PROTOCOL
We evaluated patients in an ambulatory clinic 3, 6,
and 12 months after they were discharged from the
ICU. At each visit, the patient was interviewed; un-
derwent a physical examination, pulmonary-func-
tion testing, posteroanterior and lateral chest ra-
diography, resting oximetry, and a standardized
six-minute-walk test3> with continuous oximetry;
and completed the Medical Outcomes Study 36-
item Short-Form General Health Survey (SF-36),
which measures the health-related quality of life.3¢
The SF-36 includes eight multiple-item scales that
assess physical functioning, social functioning,
physical role, emotional role, mental health, pain,
vitality, and general health. Scores for each aspect
can range from 0 (worst) to 100 (best). When a fol-
low-up appointment was missed, the patient was
given an opportunity to reschedule or request a
home visit. Home visits were limited to a round-trip
travel time of 10 hours from the greater Toronto
area (approximately 700 km). On home visits, pul-
monary-function testing was limited to spirometry
and no chest radiograph was obtained.
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ONE-YEAR OUTCOMES IN SURVIVORS OF THE ACUTE RESPIRATORY DISTRESS SYNDROME

Table 1. Characteristics of Patients with the Acute Respiratory Distress Syndrome (ARDS) at Enrollment and in the ICU,
According to Whether They Survived to Discharge.

Surviving Patients Patients Who Died
Characteristic (N=117) (N=78) P Value*
Age —yr 0.02
Median 45 50
Interquartile range 36-58 39-68
Male sex — no. (%) 66 (56) 48 (62) 0.55
Preexisting organ dysfunction — no. (%)t 72 (62) 69 (88) <0.001
Preexisting pulmonary disease — no. (%) 13 (11) 16 (21) 0.12
APACHE Il scoref <0.001
Median 23 28
Interquartile range 17-27 22-33
Maximal Lung Injury Scoreq| 0.002
Median 3.7 4.0
Interquartile range 3.0-4.0 3.7-4.0
Multiple Organ Dysfunction Score||
Day 0 (date of eligibility) 0.03
Median 9 10
Interquartile range 7-11 8-12
Day 3 <0.001
Median 9 11
Interquartile range 7-12 9-13
Day 7 <0.001
Median 8 11
Interquartile range 7-10 9-13
Day 14 0.02
Median 7 12
Interquartile range 5-9 8-15
Risk factor for ARDS — no. (%)**
Pneumonia 62 (53) 50 (64) 0.12
Sepsis 48 (41) 46 (59) 0.01
Trauma or burns 26 (22) 3(4) <0.001
Pancreatitis 10 (9) 3(4) 0.20
Other 40 (34) 16 (21) 0.04
Requirement for renal-replacement therapy — no. (%) 14 (12) 26 (33) 0.004
Tracheostomy — no. (%) 60 (51) 13 (17) <0.001
Days of ventilator use 0.001
Median 21 13
Interquartile range 12-40 8-27
Length of stay in ICU — days <0.001
Median 25 13
Interquartile range 15-45 8-27
Length of hospitalization — days <0.001
Median 48 18
Interquartile range 27-77 10-31

* The Wilcoxon rank-sum test was used for continuous variables, and the Pearson chi-square test was used for categorical variables.
Preexisting organ dysfunction was defined on the basis of documented clinical diagnostic categories that included the following:

neurologic, cardiac, gastrointestinal, respiratory, renal, hematologic, liver, or vascular disease; immunocompromised host; dia-
betes; history of cancer (except nonmelanoma skin cancer) within the previous five years or active cancer at the time of ICU ad-

mission; and previous organ or bone marrow transplantation.

Preexisting pulmonary disease was defined as follows: any obstructive lung disease (asthma, chronic bronchitis, emphysema,
or bronchiectasis); any restrictive lung disease (any pulmonary parenchymal or extrapulmonary restrictive process); previously
documented chronic hypoxemia, hypercapnia, or both; secondary polycythemia; or documented pulmonary hypertension.
Scores for the Acute Physiology, Age, and Chronic Health Evaluation (APACHE I1) can range from 0 to 71; higher scores indicate
more severe illness.

9§ The Lung Injury Score did not include measures of static compliance.34 The cumulative score was the sum of the chest radiography,

(=)

hypoxemia, and positive end-expiratory pressure scores. Scores can range from 0 to 4; higher scores indicate more severe lung injury.

| The Multiple Organ Dysfunction Score can range from 0 to 24; higher scores indicate more severe multiorgan dysfunction.
**Patients could have more than one risk factor; 47 percent of patients had two or more risk factors, and 42 percent had both direct
(e.g., pneumonia) and indirect (e.g., sepsis) risk factors.
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VALIDATION OF DATA

Inclusion and exclusion criteria were independent-
ly verified for each patient by a principal investiga-
tor and a coinvestigator at each ICU. Discrepancies
were resolved by an ICU physician who was not in-
volved in the study. We audited the data base by ob-
taining a random sample of 10 percent of all charts
and abstracting and independently verifying all ICU
variables.

STATISTICAL ANALYSIS

The primary outcome measure of the study was the
distance walked in six minutes 3, 6, and 12 months
after discharge from the ICU. This measure provides
astandardized, objective, integrated assessment of
the cardiopulmonary and musculoskeletal system
that is relevant to daily activities.3°

A sample of 100 patients was required to dem-
onstrate a difference of 50 m in a six-minute-walk
test at each follow-up between patients with mod-
erate lung injury (Lung Injury Score, less than 3.0)
and those with severe lung injury (Lung Injury Score,
3.0 or higher) with an alpha level of 0.05 and a sta-
tistical power of 80 percent. Since these outcomes
have not been reported for survivors of the acute res-
piratory distress syndrome, we based our estimates
on data from patients with chronic obstructive pul-
monary disease. We used a difference of 50 m be-
cause this is validated as a minimal clinically impor-
tant difference among patients with chronic lung
disease.3”

We summarized continuous variables with me-
dians and the 25th and 75th percentiles (the inter-
quartile range) and used the Wilcoxon rank-sum test
for comparisons between survivors and those who
died. We summarized categorical variables using
proportions and 95 percent confidence intervals
and used the Pearson chi-square test for compari-
sons between survivors and those who died. We
used Fisher’s exact test when appropriate.

We performed univariate analyses to evaluate the
potential determinants of long-term function ex-
pressed as the distance walked in six minutes. Mul-
tiple independent variables were identified a priori.
Variables significant in the univariate analyses
(P<0.2) were considered for inclusion in the multi-
variable linear regression analysis. We included age
and sex in the final multivariable models because
they are independent determinants of the distance
walked in six minutes.38 We performed the multi-
variate analysis using a backward stepwise selection
for each follow-up period (3, 6, and 12 months), and

covariates remained in the multivariable model if
the associated P value was less than 0.2. This was
done to maximize the number of covariates in each
model and increase the variance explained (R2). SAS
software (version 8, SAS Institute) was used for all
statistical analyses.

RESULTS

CHARACTERISTICS OF THE PATIENTS

Over the 36-month recruitment period, we enrolled
198 of 228 eligible patients. Reasons for exclusion
are outlined in Figure 1. Two patients with prior

| 719 Patients screened |

—

| 228 Eligible |
33 Excluded
21 Declined
9 Missed evaluation
3 Excluded after audit
| 195 Enrolled |
78 Died |
| 117 Patients survived |
4—-| 8 Declined |
| 109 Included |
4"| 5 Died |
3-Month follow-up
83 of 104 survivors
(80%) evaluated
(18 missed evaluation
and 3 lost to follow-up)
4"| 4 Died
6-Month follow-up
82 of 100 survivors
(82%) evaluated
(8 missed evaluation
and 10 lost to follow-up)
4—-| 3 Died
12-Month follow-up
83 of 97 survivors
(86%) evaluated
(3 missed evaluation
and 11 lost to follow-up)

Figure 1. Enrollment of Patients with the Acute Respira-
tory Distress Syndrome and Follow-up for the First
12 Months after Discharge from the ICU.
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pulmonary lobectomies and one patient with a his-
tory of psychiatric disease were excluded after the
audit. Consent was obtained from 109 of 117 survi-
vors, and these patients were included in the study
(Fig. 1).

The actual median follow-up times for the visits
at 3, 6, and 12 months were 2.0, 7.1, and 12.6
months, respectively. The rate of in-person follow-
up at the three-month visit was 80 percent; 18 pa-
tients were not evaluated, because they were in a re-
habilitation facility and inaccessible or because they
declined a home visit. The rate of in-person follow-
up at the 12-month visit was 86 percent. Forty-four
percent of the patients received at least one home
visit during the one-year follow-up period. Twelve
patients died during the 12-month follow-up peri-
od, reflecting a 1-year mortality rate of 11 percent.
Most deaths (9 of 12) occurred during the first six
months after discharge from the ICU and were re-
lated to preexisting medical problems. Three pa-
tients died with multisystem organ failure, two died
of hospital-acquired pneumonia, one died suddenly
athome, one died of respiratory arrest, one of a pul-
monary embolus, one of new-onset acute leukemia,
one of hepatic failure, and two of unknown causes.

The median age of the patients with the acute
respiratory distress syndrome who survived to be
discharged from the ICU was 45 years, and 56 per-
cent were male (66 of 117) (Table 1). The APACHE
II score, Lung Injury Score, and Multiple Organ
Dysfunction Score reflect the severity of illness in
these patients. This group of patients spent a medi-
an of 25 days in the ICU and 48 days in the hospital.
Twelve percent required renal-replacement therapy
in the ICU. After discharge from the ICU, only one
patient continued to undergo dialysis, and this pa-
tient had end-stage renal disease at admission.

GLOBAL ASSESSMENT

At the time of discharge from the ICU, patients who
survived the acute respiratory distress syndrome
were severely wasted and had lost 18 percent of their
base-line body weight (Fig. 2). Seventy-one percent
of patients (59 of 83) returned to their base-line
weight by one year. All patients reported poor func-
tion and attributed this to the loss of muscle bulk,
proximal weakness, and fatigue. Most patients had
alopecia, which resolved by six months. Ten patients
(12 percent) had marked and persistent pain at the
sites of insertion of chest tubes at one year. Six pa-
tients (7 percent) had entrapment neuropathies.
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Figure 2. Mean (+SE) Change in Weight from Base Line
among Patients with the Acute Respiratory Distress Syn-
drome at the Time of Discharge from the ICU and at 3, 6,
and 12 Months.

Four (5 percent) had enlargement and immobility of
large joints as a result of heterotopic ossification.
Six (7 percent) were troubled by the appearance of
their tracheostomy sites and had them surgically re-
vised. Three patients (4 percent) had contractured
fingers or frozen shoulders because of immobility
during their stay in the ICU. Two patients (2 percent)
underwent successful treatment of tracheal stenosis
with laser excision of tissue.

PULMONARY-FUNCTION TESTING, CHEST
RADIOGRAPHY, AND OXYGEN REQUIREMENTS
Patients had a mild restrictive pattern on lung-func-
tion testing, with a mild-to-moderate reduction in
carbon monoxide diffusion capacity at three months
(interquartile range, 54 to 77 percent of the predict-
ed values) (Table 2). Median carbon monoxide dif-
fusion capacity improved by 9 percentage points
from month 3 to month 12 (from 63 percent to 72
percent of the predicted value). Median lung volume
and spirometric measures were within 80 percent
of the predicted values by six months. Because of
weakness, six patients were unable to perform pul-
monary-function tests at the three-month assess-
ment. Chest radiographs were normal in 80 percent
and revealed minor changes in 20 percent at one
year. When present, radiologic changes included
linear fibrosis, isolated areas of pleural thickening,
and small, bullous cysts. None were receiving sup-
plemental oxygen at the 12-month visit. Two pa-
tients were still receiving supplemental oxygen at
the six-month visit: one died shortly thereafter, and
the other no longer required oxygen at rest or on
exertion after the six-month appointment.
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from the ICU.

Table 2. Recovery of Pulmonary Function among Patients with the Acute
Respiratory Distress Syndrome during the First 12 Months after Discharge

Variable

Forced vital capacity (% of predicted) 72 (57-86)

Forced expiratory volume in one
second (% of predicted)

Total lung capacity (% of predicted)§ 92 (77-97)
Residual volume (% of predicted)§

Carbon monoxide diffusion capacity 63 (54-77)
(% of predicted) {9

3 Mo
(N=71)*

6 Mo
(N=77)F

12 Mo
(N=80)x

median (interquartile range)

80 (68-94) 85 (71-98)
75 (58-92) 85 (69-98) 86 (74-100)
92 (83-101) 95 (81-103)

107 (87-121) 97 (82-117) 105 (90-116)

70 (58-82) 72 (61-86)

* Ten patients were too sick to be evaluated at three months (six were too weak and
unable to sit up, two were cognitively unable to be tested, and two were isolated be-
cause of an infection with methicillin-resistant Staphylococcus aureus), and two oth-
er patients were also not evaluated.

Four patients were too sick to be evaluated at six months (two were cognitively un-

able to be tested, and two were isolated because of an infection with methicillin-
resistant S. aureus), and one other patient was also not evaluated.

I Two patients were cognitively unable to complete testing at 12 months, and one

other patient was also not evaluated.
§ This variable could not be assessed during home visits.
9§ Carbon monoxide diffusion capacity was not corrected for hemoglobin.

688

DISTANCE WALKED IN SIX MINUTES
The distance walked in six minutes improved over
the 12 months after discharge from the ICU but
still remained lower than the predicted value38 (Ta-
ble 3). The patients attributed exercise limitation to
global muscle wasting and weakness, foot drop (as
aresult of nerve-entrapment syndromes that began
in the ICU), immobility of large joints (heterotopic
ossification441); and dyspnea. The proportion of
patients whose arterial oxygen saturation fell below
88 percent during the six-minute-walk test (defined
as “persistent pulmonary morbidity”) was 10 per-
cent at 3 months, 8 percent at 6 months, and 6 per-
centat 12 months.

RETURN TO WORK
One year after discharge from the ICU, 49 percent
were working, and the majority of these patients
had returned to their original position (Table 4). Re-
ported reasons for not returning to work were as fol-
lows: persistent fatigue and weakness, poor func-
tional status as a result of foot drop and immobility
of large joints, work-related stress, voluntary retire-
ment, and job retraining.

N ENGL J MED 348;8 WWW.NEJM.ORG

QUALITY OF LIFE

The scores for all domains of the SF-36 improved
from 3 to 12 months after discharge from the ICU
(Table 3). The scores for the physical role and phys-
ical functioning domains improved dramatically
during the year, paralleling the incremental im-
provement in the distance walked in six minutes.
Atoneyear, scores for all domains except emotional
role were below those of an age- and sex-matched
control population.39 At 3 months, 15 patients did
not complete the SF-36 questionnaire, and 6 of
those attributed this to fatigue or weakness. At
6 and 12 months, six and three patients, respective-
ly, did not complete the questionnaire, and the rea-
sons were not specified.

RELATION BETWEEN PATIENTS’ CHARACTERISTICS
AND DISTANCE WALKED IN SIX MINUTES

The results of univariate analyses are presented in
Table 4. As compared with a Lung Injury Score of
3.0 or more, a score of less than 3.0 was significant-
ly associated with a shorter distance walked in six
minutes at 6 months (P=0.009) but not at 3 months
(P=0.98) or 12 months (P=0.82). Treatment with
any systemic corticosteroid during the admission
to the ICU, the presence of illness acquired during
the ICU stay, and the rate of resolution of the lung
injury and multiorgan dysfunction during the ICU
stay (as reflected by the slope of the Lung Injury
Score and the Multiple Organ Dysfunction Score,
respectively) were the most important determinants
of the distance walked in six minutes during the
first year of follow-up.

The results of multivariate analyses are also pre-
sented in Table 4. The slopes of the Lung Injury
Score and the Multiple Organ Dysfunction Score
were highly correlated; thus, only the slope of the
Lung Injury Score was included in the final models.
The APACHE II score and the presence of any illness
acquired during the ICU stay were highly associated;
the former was more informative at three months
and the latter more informative at six months. The
absence of systemic corticosteroid treatment during
the stay in the intensive care unit had the strongest
association with a longer distance walked in six
minutes at three months (R2=0.31). Atsix months,
the absence of illness acquired during the ICU stay
and a rapid resolution of lung injury (on the basis of
the Lung Injury Score) during the ICU stay predicted
alonger distance walked in six minutes (R2=0.37).
The only factor associated with a longer distance
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walked in six minutes at 12 months was rapid reso-
lution of Tung injury during the ICU stay (R2=0.10).

DISCUSSION

We found that patients who survived the acute res-
piratory distress syndrome have persistent function-
al limitation one year after being discharged from
the ICU, largely as a result of muscle wasting and
weakness and, to a lesser extent, to entrapment neu-
ropathy, heterotopic ossification, and intrinsic pul-
monary morbidity. Our results suggest that the in-
ability to exercise is primarily due to extrapulmonary
disease; our impression is that impaired muscle
function had an important effect on the long-term
outcomes in these patients.

We postulate that the observed muscle wasting
and weakness in survivors of the acute respiratory
distress syndrome is multifactorial and may be due
in part to corticosteroid-induced and critical-ill-
ness—associated myopathy. The results of multivari-
ate regression analysis support this hypothesis. At
three months, we found that the use of any systemic
corticosteroid treatment is the main determinant of
the ability to exercise. At six months, the effect of the
use of systemic corticosteroids is lost and the bur-
den of illness acquired during the ICU stay and rate
of resolution of illness (as reflected by the slopes of
the Lung Injury Score and the Multiple Organ Dys-
function Score) become the important determi-
nants of exercise capacity. A variety of changes in
the nerves, muscles, or neuromuscular junctions
may also explain our findings of muscle wasting and
weakness, such as anterior-horn cell loss as a re-
sult of hypoxic myelopathy, the polyneuropathy of
critical illness, atrophy or disuse myopathy result-
ing from prolonged use of sedation and paralytic
agents, mitochondrial myopathy, and prolonged
post-paralysis syndrome.*2

The results of the six-minute-walk test and qual-
ity-of-life assessments are consistent with data pub-
lished previously. Cooper and colleagues noted de-
creases in the distance walked in six minutes in a
group of survivors of the acute respiratory distress
syndrome who were evaluated one to two years after
they participated in a trial of mechanical ventila-
tion.43 Davidson and colleagues found that survi-
vors of the acute respiratory distress syndrome re-
ported an important decrement in the physical
functioning domain of the SF-36 23 months after
discharge from the intensive care unit.3° Angus etal.
demonstrated that the quality of life of these pa-

N ENGL J MED 348;8 WWW.NEJM.ORG

Table 3. Ability to Exercise and Return to Work and Health-Related Quality
of Life among Patients with the Acute Respiratory Distress Syndrome
during the First 12 Months after Discharge from the ICU.

Outcome 3 Months 6 Months 12 Months
Distance walked in 6 min
No. evaluated 80* 78% 81%
Median — m 281 396 422
Interquartile range — m 55-454 244-500 277-510
Percentage of predicted value§ 49 64 66
Returned to work — 13/83 (16)  26/82 (32)  40/82 (49)]
no./total no. (%)9
Returned to original work — 10/13 (77) 23/26 (88) 31/40 (78)
no./total no. (%)
SF-36 score**
Physical functioning
Median (normal value) 35 (90) 55 (89) 60 (89)
Interquartile range 15-58 30-75 35-85
Physical role
Median (normal value) 0 (85) 0 (84) 25 (84)
Interquartile range 0-0 0-50 0-100
Pain
Median (normal value) 42 (77) 53 (77) 62 (77)
Interquartile range 31-73 37-84 41-100
General health
Median (normal value) 52 (78) 56 (77) 52 (77)
Interquartile range 35-67 36-74 35-77
Vitality
Median (normal value) 45 (69) 55 (68) 55 (68)
Interquartile range 30-55 28-63 28-63
Social functioning
Median (normal value) 38 (88) 63 (88) 63 (88)
Interquartile range 19-69 38-88 38-100
Emotional role
Median (normal value) 33 (84) 67 (84) 100 (84)
Interquartile range 0-100 0-100 17-100
Mental health
Median (normal value) 68 (78) 70 (78) 72 (78)
Interquartile range 54-80 54-88 52-88

* One patient was positive for methicillin-resistant Staphylococcus aureus, one was

not evaluated, and one declined to be evaluated.

i Three patients were not evaluated, and one declined to be evaluated.
I One patient was not evaluated, and the distance walked was not recorded for one

patient.

Normal values were calculated in an age- and sex-matched population according
to the method of Enright and Sherrill.38

This category includes return to school, home duties, volunteer work, or paid em-
ployment.

Data on one patient were not recorded.

“*The domains of the Medical Outcomes Study 36-item Short-Form General Health

Survey (SF-36) are defined as follows: physical functioning, the extent to which health
limits physical activity; physical role, the extent to which physical health interferes with
work or limits activity; pain, the intensity of pain and the effect of pain on patient’s
ability to work; general health, patient’s own evaluation of his or her health or health
outlook; vitality, the degree of energy the patient has; social functioning, the extent to
which health or emotional problems interfere with social activities; emotional role, the
extent to which emotional problems interfere with work or activities; and mental
health, general mental health. Scores for each domain can range from 0 to 100; higher
scores denote a better health-related quality of life. The normal Canadian values are
from Hopman et al.39 A total of 15 patients at three months, 6 patients at six months,
and 3 patients at one year did not complete the questionnaires. The numbers eval-
uated were therefore 68 at three months, 76 at six months, and 80 at one year.
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Table 4. Predictors of Distance Walked in Six Minutes during the First 12 Months after Discharge from the ICU.*

Variable 3 Months (N=383) 6 Months (N=82) 12 Months (N=83)
Multivariate Multivariate Multivariate

Univariate Analysis Univariate Analysis Univariate Analysis

Analysis (R2=0.31) Analysis (R2=0.37) Analysis (R2=0.10)

Age (in deciles)

B coefficient -30.2+14.1 -20.3+13.4 -15.4+13.1 -5.84+11.4 -0.4+12.6 -5.5+12.7
P value 0.04 0.14 0.24 0.61 0.98 0.67
Female sex
B coefficient -50.74+46.4 -18.55+41.9 -95.78+40.6  -111.5+37.5 -56.90+36.9 -52.0+£38.3
P value 0.28 0.66 0.02 0.004 0.13 0.18
No systemic corticosteroid
treatment
B coefficient 178.18+43.7 127.0+47.5 116.16+41.1 61.0+40.5 72.70+37.8 55.7+38.9
P value <0.001 0.009 0.006 0.14 0.06 0.16
Total days in ICU (increments
of 7 days)
B coefficient -16.8+4.9 -8.0+5.2 -5.5+4.7 -6.5+4.6 -2.8+4.2
P value 0.001 0.13 0.25 0.16 0.51
Slope of Lung Injury Score
B coefficient -529.4+180.4 -260.8+180.5 -591.33+£156.6 -493.3+155.5 -277.6+146.8 -260.1+146.9
P value 0.004 0.15 <0.001 0.002 0.06 0.08
APACHE Il score (increments
of 5 units)
B coefficient -33.2+14.9 -18.3+14.0 -21.6+14.0 -7.4+12.5
P value 0.03 0.19 0.13 0.56

lliness acquired during ICU
stay involving =1 or-
gan systems (vs.

none)§
B coefficient -108.4+45.8 -140.9+£39.0 -121.7+38.2 -150.0+37.4
P value 0.02 0.001 0.002 0.69

Maximal Lung Injury Score
during ICU admis-
sion (increments of

0.5 unit)t
B coefficient -3.2+23.6 -47.9+20.0 -4.5+18.7
P value 0.89 0.02 0.81
Lung Injury Score <3.0
(vs. =3.0)7
B coefficient -1.0£77.7 -175.1+65.8 -14.41+62.2
P value 0.98 0.009 0.82

Maximal Multiple Organ
Dysfunction Score
during ICU admis-
sion (increments

of 2 units) 9
B coefficient -32.9+14.9 -0.55+£14.1 -11.4+12.6
P value 0.03 0.97 0.37

Slope of Multiple Organ
Dysfunction Score€|

B coefficient -114.61+58.6 -165.96+47.3 -77.7£47.1
P value 0.05 0.001 0.10
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Table 4. (Continued.)
Variable 3 Months (N=83)
Univariate  Multivariate
Analysis Analysis
Total days of ventilator use
(increments of
7 days)
B coefficient -17.2+5.3
P value 0.002
Use of any paralytic agent
B coefficient -20.94+46.8
P value 0.66
Any use of high-frequency
ventilation during
ICU admission
B coefficient -26.05+49.7
P value 0.60
Body-mass index|
B coefficient 3.7+3.8
P value 0.33

6 Months (N=82)

Univariate Multivariate Univariate
Analysis Analysis Analysis
-5.0+£5.0 -3.7+4.5
0.32 0.41
-82.94+41.1 -33.94+38.0
0.05 0.37
-27.51+44.1 -2.80+39.4
0.53 0.94
0.81+3.2 0.66+2.6
0.80 0.80

12 Months (N=83)

* Plus—minus values are standard errors.

T The Lung Injury Score did not include measures of static compliance.34 The cumulative score was the sum of the chest radiography, hypoxemia, and
positive end-expiratory pressure scores. Scores can range from 0 to 4; higher scores indicate more severe lung injury. The change in scores over time

during ICU admission is expressed as the slope of the score.

1 Scores for the Acute Physiology, Age, and Chronic Health Evaluation (APACHE Il) can range from 0 to 71; higher scores indicate more severe illness.

§ lliness acquired duing the ICU stay was defined on the basis of documented diagnostic categories that included the following: renal (need for renal-
replacement therapy), neurologic (new seizure, clinical suspicion of hypoxic brain injury, critical-iliness polyneuropathy, meningitis, or stroke on com-
puted tomography of the brain), gastrointestinal (clinical evidence of upper or lower gastrointestinal bleeding or new coagulopathy), and cardiac (ma-
lignant arrhythmia, documented myocardial infarction, or endocarditis).

9§ The Multiple Organ Dysfunction Score can range from 0 to 24; higher scores indicate more severe multiorgan dysfunction. The change in scores over
time during the ICU admission is expressed as the slope of the score.

| The body-mass index (the weight in kilograms divided by the square of the height in meters) was calculated at each period.

tients was compromised 6 and 12 months after hos-
pital discharge.3! Impaired muscle function may ex-
plain the compromised functional ability and quality
of life in our cohort and those studied by other in-
vestigators.

Many studies of patients with the acute respira-
tory distress syndrome have focused on pulmonary
morbidity and have shown that pulmonary function
returns to normal or is nearly normal by six months
to one year, with the exception of a persistent reduc-
tion in carbon monoxide diffusion capacity.6-21,27
A more recent study suggested that survivors of the
acute respiratory distress syndrome have important
pulmonary symptoms and may have substantial
limitations as a result of pulmonary disease related
to the syndrome.3°

These variable results may be due to several fac-
tors. First, the heterogeneity of acute lung disease
encompassed by the definition of the acute respira-
tory distress syndrome may be an important reason

for reported differences in pulmonary sequelae.
Some patients in this cohort did not have diffuse
alveolar damage. We found a 5 percent prevalence
of bronchiolitis obliterans organizing pneumonia
and bronchiolitis obliterans. These cases were di-
agnosed by open-lung biopsy, and treatment result-
ed in good pulmonary function. If other cohorts
had a significant prevalence of bronchiolitis oblit-
erans organizing pneumonia or bronchiolitis ob-
literans that went unrecognized and untreated, this
might explain prior reports of pulmonary fibrosis
and other unfavorable pulmonary outcomes in oth-
er cohorts. Second, muscle weakness may account
for the restrictive changes on pulmonary-function
testing and symptoms of dyspnea, but we did not
measure maximal inspiratory or expiratory efforts.
Finally, the long-term effect of an episode of the
acute respiratory distress syndrome may be related
to age and preexisting pulmonary function and may
thus be cohort-specific. In our cohort of patients
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who survived the acute respiratory distress syn-
drome, the median age was 45 years, few patients
had important pulmonary dysfunction before be-
coming ill, and only 6 percent of patients had per-
sistent pulmonary morbidity at one year.

We found that survivors of the acute respiratory
distress syndrome continue to have functional lim-
itations one year after their discharge from the ICU.
We still do not know how long it takes for these pa-
tients to recover fully from their critical illness or
whether complete recovery is possible in every case.
Since we did not follow a control group of ICU sur-
vivors who did not have the acute respiratory dis-
tress syndrome, the sequelae we observed may not
be specific to the syndrome, but rather may repre-

sent the typical residua of any severe, critical illness.
Our data demonstrate the need for a detailed study
of the nature of muscle wasting and weakness in
these patients to determine whether it is truly spe-
cific to the acute respiratory distress syndrome and
how we can change practices in the ICU and after

discharge to ameliorate this disability.
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