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Assessment of 5-year outcomes
of life satisfaction in survivors
after rehabilitation programs:

a multicenter clinical trial

Farshid Rahimi-Bashar®*, Mahmood Salesi®?, Keivan Gohari-Moghadam®3,
Ali Fathi Jouzdani®*, Mohamad Amin Pourhoseingholi®* & AmirVahedian-Azimi®¢*

Using a rehabilitation program for the survivors of acute respiratory distress syndrome (ARDS) could
be one of the important and fundamental steps to improve the pulmonary function and health-
related quality of life (HRQoL) of patients. This study was carried out to evaluate the effect of two
rehabilitation techniques (Family-Based Empowerment Model (FECM)/Continuing Care Model (CCM),
or both of them) on pulmonary function, and HRQoL in ARDS survivors. From December 2009 to June
2016, ARDS survivors from mixed medical-surgical ICUs at four academic teaching hospitals in Tehran,
Iran, were randomly assigned to one of three intervention groups (A, B, or C) or a control group (D).
Pre- and post-interventions, pulmonary functions and HRQol status of patients in all groups were
collected 48 times via clinical measurements and various questionnaires during 5 years of follow-up.
Significantly improvement was seen in the intervention groups compared to the control group, and
the greatest benefit was observed in patients who received mixed of FCEM and CCM rehabilitation
techniques. Co-administration of FCEM and CCM can improve pulmonary function as well as the life
satisfaction of ARDS survivors. As a result, the execution of the empowerment model by nurses is
recommended for ARDS survivors and the participation of their families at the same time.

Trial registration: NCT02787720 (ClinicalTrial.gov, 24/05/2016).

Acute respiratory distress syndrome (ARDS), as it is currently defined by Berlin criteria', is characterized by: (a)
Timing within 1 week of known clinical insult or new or worsening symptoms; (b) Chest imaging with bilateral
opacities not fully explained by effusions, lobar/lung collapse, or nodules; (c) Origin of edema not fully explained
by cardiac failure or fluid overload; and Oxygen impairment defined as mild (200 mmHg < partial pressure of
alveolar oxygen (PAO,)/fraction of inspired oxygen (FiO,) <300 mmHg, with positive end-expiratory pressure
(PEEP) or continuous positive airway pressure (CPAP) =5 cmH,0), moderate (100 mmHg < P/F <200 mmHg,
with PEEP =5 cmH,0), or severe(PaO2/FiO2 <100 mmHg, with PEEP >5 cmH,0)? It may occur in the set-
ting of varied physiologic insults including pneumonia, sepsis, trauma or massive transfusion, and survivors
often face a prolonged recovery course which includes reduced health-related quality-of-life (HRQoL), includ-
ing disturbances to physical, mental (anxiety, depression, posttraumatic stress disorder [PTSD]) and social
health®~’. Moreover, pulmonary function impairment and reduced exercise capacity had been found in about
half of the survivors of ARDS®. At 1-year following hospital discharge, the patients recovering from ARDS have
demonstrated evidence on pulmonary function testing (PFT) of reduced diffusing capacity of carbon monoxide
(DLCO; up to 80%), airflow obstruction (up to 20%), and chest restriction (up to 20%)*!°. As such, rehabilita-
tion practices have focused on both improving pulmonary function, and HRQoL, an increasingly important
and useful measure of pulmonary rehabilitation that complements traditional ‘hard outcomes’ (e.g., mortality)
to evaluate the impact of disease and benefits of medical interventions'"!.
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Figure 1. The flowchart of participants in the trial study.

Two contemporary models of the rehabilitation include the continuous care model (CCM)*?, and the family-
centered empowerment model (FECM)'*. CCM model focuses on the effective, interactive, and balanced roles
of healthcare providers, the patient, and the support structure so as to effectively influence the patients’ attitude
toward the disease, improve treatment compliance and participation. This model was associated with improved
HRQoL in renal transplant recipients's, patients following coronary artery bypass graft surgery'é, and the patients
with diabetes mellitus'’.

FCEM was developed to improve the care and outcomes of the patients with chronic diseases and has previ-
ously been evaluated and validated in several chronic disease states'*. Family engagement in the rehabilitation
process may potentially have beneficial effects, including the improvements in mental and physical function,
and reduced burden of disease'®!. The primary aim of model is to empower the patient/family unit to promote
health quality. The model has four stages: (a) determining perceived threat (group discussion method); (b)
self-efficacy (problem-solving method); (c) improving self-esteem (educational participation method) and (d)
process and outcome evaluations'.

Little data is available comparing the effectiveness of pulmonary rehabilitation models in the ARDS survivors.
We investigated the impact of pulmonary rehabilitation programs on ARDS survivors using either FCEM and
CCM models or a hybrid FCEM-CCM model as compared to routine care on HRQoL.

Results

Participants of the study. From December 2009 to June 2016, 283 out of 367 ARDS survivors in the
mixed medical-surgical ICU at four academic teaching hospitals in Tehran, Iran, met the inclusion criteria.
Two-hundred eighty-three eligible patients were included and evenly randomized into four groups. A total of
143 patients due to reasons such as permanent ventilator dependence (n=21), change of code status from "full
code" (n=27), revoked consent (n=23), death (n=24), and incomplete data (n=48), were excluded from the
final analysis. Therefore, 35 patients remained in each group, and 140 patients entered the final analysis. Figure 1
shows the flowchart of participants in the trial study.

Demographic and clinical characteristics at baseline and over 5-years. 140 subjects were included
in the analysis. The mean age of the participants was 62+ 8 years, with more than half of the patients was female
(n=82, 58.1%). Demographic and clinical characteristics at the baseline are presented in Table 1 for all groups
of study. Patient’s demographics were similar among groups, including age (P=0.165), sex (P=0.525), BMI
(P=0.590), pre-ARDS BMI=30 (P=0.24), ARDS risk factors (P=0.85), family size (P=0.12), marriage status
(P=0.156), urban residence (P=0.63), and working full-time or part-time (P> 0.05). In addition, no significant
difference was observed among the groups of study in terms of clinical characteristics. The only exception was in
renal replacement therapy, which was significantly different among the groups (P=0.043).

Table 2 are shown the results of repetition a 5-year summary of demographic and clinical variables, includ-
ing organ dysfunction, pulmonary dysfunction, coexisting illness, smoking status, and ability to return to work
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Variables Group A Group B Group C Group D Total P-value
Gender, female (%) 24 (68.6) 20 (57.1) 20 (57.1) 18 (51.4) 82 (58.6) 0.525
Marriage, married (%) 14 (40) 17 (48.6) 21 (60) 23 (65.7) 75 (53.6) 0.163
Living, City (%) 19 (54.3) 16 (45.7) 14 (40) 18 (51.4) 67 (47.9) 0.639
BMI > 30 before ARDS, No (%) 21 (60) 27(77.1) 28 (80) 26 (74.3) 102 (72.9) 0.242
Cause of ARDS (%)

Pneumonia 8(22.9) 2(5.7) 3(8.6) 4(11.4) 17 (12.1)

Sepsis 10 (28.6) 9(25.7) 8(22.9) 9(25.7) 36 (25.7)

Trauma or burn 8(22.9) 13 (37.1) 11(31.4) 11(31.4) 43 (30.7) 0.859
Pancreatitis 7 (20) 8 (22.9) 10 (28.6) 9(25.7) 34 (24.3)

Others 2(5.7) 3(8.6) 3(8.6) 2(5.7) 10 (7.1)

Any renal replacement therapy, yes (%) 23 (65.7) 26 (74.3) 19 (54.3) 15 (42.9) 83 (59.3) 0.043
Any paralytic agent, yes (%) 21 (60) 22(62.9) 20 (57.1) 20 (57.1) 83 (59.3) 0.995
Any systemic glucocorticoid therapy, no (%) 18 (51.4) 21 (60) 18 (51.4) 21 (60) 78 (55.7) 0.791
Tracheostomy, no (%) 19 (54.3) 17 (48.6) 14 (40) 18 (51.4) 68 (48.6) 0.659
HFO technique, no (%) 20 (57.1) 19 (54.3) 18 (51.4) 16 (45.7) 73 (52.1) 0.801
Working full-time before ARDS, yes (%) 19 (54.3) 25(71.4) 14 (40) 20 (57.1) 78 (55.7) 0.070
Working part-time before ARDS, no (%) 24 (68.6) 28 (80) 19 (54.3) 21 (60) 92 (65.7) 0.124
Age, mean (SD) 62.89 (10.16) | 61.66 (6.89) |59.29 (6.45) 62.94 (6.75) 61.69 (7.77) 0.165
Family number, mean (SD) 5.2 (1.94) 5.51(1.8) 5.8 (1.39) 6.11 (1.37) 5.66 (1.66) 0.120
BMI, mean (SD) 23.97 (3.2) 23.37 (2.05) |23.65(3.46) 23.14 (1.41) 23.53 (2.65) 0.590
ICU length of stay, mean (SD) 56.43 (6.97) 54.8 (6.4) 55.57 (3.53) 55.8 (7.45) 55.65 (6.23) 0.752
Non-ICU length of stay, mean (SD) 20.71 (5.11) 19.4 (4.21) 21.94 (14.64) |22.97 (12.24) |21.26(10.08) |0.486
SAPS III first days, mean (SD) 3134 (426) |32.8(824) |31.8(6.7) 3414 (891) |3252(7.25) |0.384
SOFA II first days, mean (SD) 15.91 (3.57) 14.8 (1.57) 14.71 (3.63) 15 (3.96) 15.11 (3.32) 0.411
APACHE 1V first days, mean (SD) 24.54 (2) 25.14 (2.47) | 24.49 (2.21) 24.57 (1.75) 24.69 (2.12) 0.537
LIS, mean (SD) 3.06 (0.64) 3.03(0.62) |3.03(0.57) 2.91 (0.66) 3.01 (0.62) 0.780
MODS, mean (SD) 14.06 (1.39) 14.03 (0.99) | 13.78 (0.94) 14.49 (1.4) 14.09 (1.21) 0.097

Table 1. Demographic and clinical characteristics at the baseline for all groups of study. Group

A =FCEM + CCM; Group B=FCEM; Group C=CCM; Group D =routine care. HFO: High frequency
oxygenation; BMI: Body mass index; ICU: Intensive care unit; SAPS: Simplified Acute Physiology Score; SOFA:
Sequential Organ Failure Assessment; APACHE: Acute Physiology and Chronic Health Evaluation; LIS: Lung
Injury Score; MODS: Multi Organ Dysfunction Score.

(Generalized Estimation Equations (GEE) model and Panel analysis are available in Supplementary Table 2). All
3 groups as intervention groups (groups A, B and C) were merged and compared to the control group (group D)
in both models as the additional analysis. Return to work differed significantly between intervention and control
groups, with both GEE and Panel analysis showing a higher chance of returning to work for group A than groups
B, C, and D. The likelihood of returning to original work was greatest for Group A, followed by groups B, C, and
D. The results held true for the groups A, B, and C combined vs. group D as controls.

The odds ratio (OR) for GEE and Panel models indicated a decrease in coexisting illness for patients in inter-
vention groups vs. controls, with group A <B <C<D, respectively. No significant association between existing
organ dysfunction and intervention group was noted (P>0.05), but the chance of existing pulmonary dysfunction
was statistically lower for group A vs. controls (group D) based on GEE (OR: 0.38, P=0.021) and Panel analysis
(OR: 0.007, P=0.027). No significant differences were noted for the groups B and C (P> 0.05). Although smok-
ing was different in the fourth and fifth years of follow-up, only the GEE model indicated a significant difference
between group A and controls (OR: 0.430, P=0.04) (Supplementary file, Fig. 2).

Health-related quality of life findings. Table 3 presented the results for HRQoL variable scores, includ-
ing QoL, perceived stress, state anxiety, trait anxiety, Barthel index (BI), Kessler psychological distress scale
(K10), six-minute walk test (6MWT), and a free walking index (WI) test. QoL improved via the study across
all groups, with significantly greater improvements noted in the intervention groups (A, B, and C) compared to
controls (61.3£4.7 vs. 24+6, P<0.0001). The greatest benefit was observed in Group A that the mean score of
QoL was significantly increased from 21 +2 to 86+ 3 (P<0.0001). GEE and Panel analysis models (Supplemen-
tary file, Table 3) indicated positive effects of the intervention on increasing BI via 5-year follow-up for interven-
tion groups vs. control group (17+1.8 vs. 10+ 1.8, P<0.0001). During the study, K10 scores decreased across
all groups with significantly greater improvements noted in the intervention groups (A, B, and C) compared
to controls (24+6 vs. 33.5+4, P<0.0001), and the greatest benefit was observed in group A (23+6 vs. 26£5,
P<0.0001). However, state anxiety increased across intervention groups (A, B and C) as compared to group D,
with the greatest increase belonging to group A (45+7 vs. 80+0.2, P<0.0001). Trait anxiety remained stable
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Variables Years Group A Group B Group C Group D P-value*
First, yes (%) 27 (77.1) 14 (40) 18 (51.4) 0(0) <0.0001
Second, yes (%) 30(857) | 23(65.7) |24(686) | 3(8.6) <0.0001
Returned to work Third, yes (%) 32(91.4) 26 (74.3) 28 (80) 5(14.3) <0.0001
Fourth, yes (%) 33(94.3) 30 (85.7) 33(94.3) 7 (20) <0.0001
Fifth, yes (%) 33 (94.3) 32(91.4) | 34(97.1) 11 (31.4) <0.0001
First, yes (%) 8 (22.9) 7 (20) 11(314) | 0(0) 0.006
Second, yes (%) 19 (54.3) 13 (37.1) 16 (45.7) 0(0) <0.0001
Returned to original work Third, yes (%) 22(62.9) 18 (51.4) 19 (54.3) 0(0) <0.0001
Fourth, yes (%) 27 (77.1) 23(65.7) | 26 (74.3) 1(2.9) <0.0001
Fifth, yes (%) 31(88.6) 25(71.4) 29 (82.9) 5(14.3) <0.0001
No (%) 9(25.7) 6(17.1) 9(25.7) 10 (28.6)
One (%) 6(17.1) 7 (20) 7 (20) 6(17.1)
First 0.963
Two (%) 11 (31.4) 16 (45.7) 12 (34.3) 12 (34.3)
>Two (%) 9(25.7) 6(17.1) 7 (20) 7(20)
No (%) 12 (34.3) 7 (20) 9(25.7) 4(11.4)
Second One (%) 13 (37.1) 14 (40) 17 (48.6) 13 (37.1) 0.001
Two (%) 10 (28.6) 14 (40) 9(25.7) 11 (31.4)
>Two (%) 0(0) 0(0) 0(0) 7 (20)
No (%) 14 (40) 9(25.7) 12 (34.3) 1(2.9)
One (%) 15 (42.9) 15(429) | 17 (48.6) 13 (37.1)
Coexisting iliness Third Two (%) 6(17.1) 11 (31.4) 6(17.1) 15 (42.9) <o.0001
>Two (%) 0(0) 0(0) 0(0) 6(17.1)
No (%) 18 (51.4) 10(286) |13(37.1) | 0(0)
Fourth One (%) 14 (40) 17 (48.6) | 19(54.3) 13 (37.1) 00001
Two (%) 3 (8.6) 8(22.9) 3(8.6) 13 (37.1)
>Two (%) 0(0) 0(0) 0(0) 9(25.7)
No (%) 20 (57.1) 12(343) | 15(429) | 0(0)
Fifth One (%) 13 (37.1) 17 (48.6) 19 (54.3) 9(25.7) <0.0001
Two (%) 2(5.7) 6(17.1) 1(2.9) 6(45.7)
>Two (%) 0(0) 0(0) 0(0) 0(28.6)
First, no (%) 30 (85.7) 29 (82.9) 31(88.6) 0 (85.7) 0.926
Second, no (%) 32(914) | 29(829) | 31(88.6) 0 (85.7) 0.735
Existing organ dysfunction Third, no (%) 31(88.6) 29 (82.9) 31(88.6) 0 (85.7) 0.880
Fourth, no (%) 31(88.6) 30 (85.7) 32(91.4) 0 (85.7) 0.865
Fifth, no (%) 33(94.3) 32(91.4) | 34(97.1) 0 (85.7) 0.327
First, yes (%) 19(54.3) | 23(657) |24 (68.6) 9(54.3) 0.477
Second, yes (%) 13 (37.1) 20 (57.1) 22(62.9) 9(54.3) 0.160
Existing pulmonary dysfunction Third, yes (%) 10 (28.6) 18 (51.4) 20 (57.1) 9 (54.3) 0.066
Fourth, yes (%) 7(20) 16(45.7) | 19(54.3) 9(54.3) 0.010
Fifth, yes (%) 3(8.6) 13(37.1) | 17 (48.6) 9(54.3) <0.0001
No (%) 8(22.9) 10 (28.6) 12 (34.3) 5(42.9)
First <1P/M (%) 20 (57.1) 19 (54.3) | 18(51.4) 4(40) 0.693
>1P/M (%) 7(20) 6(17.1) 5(14.3) 6(17.1)
No (%) 18 (51.4) 11 (31.4) 14 (40) 15 (42.9)
Second <1P/M (%) 17 (48.6) | 22(62.9) |20 (57.1) 17 (48.6) 0.423
>1P/M (%) 0(0) 2(5.7) 1(2.9) 3(8.6)
No (%) 25(71.4) 15 (42.9) 20 (57.1) 17 (48.6)
Smoking Third <1P/M (%) 10 (28.6) | 20(57.1) | 14 (40) 16 (45.7) 0.121
>1P/M (%) 0(0) 0(0) 1(2.9) 2(5.7)
No (%) 30 (85.7) 21 (60) 26 (74.3) 17 (48.6)
Fourth <1P/M (%) 5(14.3) 14 (40) 8 (22.9) 16 (45.7) 0.019
>1P/M (%) 0(0) 0(0) 1(2.9) 2(5.7)
No (%) 33(94.3) 25(71.4) 30 (85.7) 19 (54.3)
Fifth <1P/M (%) 2(5.7) 10(28.6) | 5(14.3) 15 (42.9) 0.003
>1P/M (%) 0(0) 0(0) 0(0) 1(2.9)

Table 2. Changes in demographic and clinical characteristics over 5-year follow-up based on rehabilitation
models in four groups of study. Group A =FCEM + CCM; Group B =FCEM; Group B=CCM; Group
D =routine care. *Chi-square test.
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Variables Measurement Group A Group B Group C Group D P-value*
BI First (mean + SD) 7.57+0.85 7.75+0.78 7.66+0.87 7.91+0.85 0.274

Last (mean + SD) 19.17£0.92 15.89+2.07 16.17£2.47 9.49+1.79 <0.0001
K10 First (mean + SD) 25.74+5.44 26.74£5.5 24.6+£4.21 26.37+5.42 0.330

Last (mean+SD) 23.11+6.14 25.86+6.22 24.46+4.87 33.51+£3.9 <0.0001

First (mean + SD) 214+1.72 22.0+1.83 22.14+2.29 21.71%£2.22 0.433
Quality of life

Last (mean + SD) 85.74+2.6 49.4£5.95 48.6+5.69 24.4+584 <0.0001

First (mean + SD) 4537+7.21 45.06+6.23 44.37+7.21 44.06+6.23 0.838
Anxiety state

Last (mean +SD) 79.97+0.17 65.26+8.07 62.31+8.98 50.4+7.22 <0.0001

First (mean +SD) 54.49+4.36 53.43+3.85 54.71+4.17 53.54+3.81 0.440
Anxiety trait

Last (mean +SD) 53.94+3.55 54.97+3.92 54.31+4.78 56.03+3.88 0.154
s First (mean + SD) 34.57+3.83 33.49+2.71 33.23+1.97 33.91+2.02 0.190

tress

Last (mean +SD) 69.91+£0.51 61.43+5.61 52.29+5.26 46.26+3.92 <0.0001
SMWT First (mean +SD) 71.24£5.31 67.12+£5.94 66.67 £6.25 73.8+6.59 0.151

Last (mean +SD) 533.73+221.76 509.86+209.05 509.72+210.88 417.74+259.86 <0.0001
Wi First (mean +SD) 569.91+£42.47 536.97 £47.5 533.37+49.97 590.4+52.67 0.131

Last (mean + SD) 23,202.97 £8040.55 | 21,467.0£7003.6 | 21,298.51+6933.34 | 18,871.46+8421.87 <0.0001

Table 3. Health quality of life variables over 5-year follow-up based on rehabilitation models in four groups of
study. Group 1=FCEM + CCM; Group 2 =FCEM; Group 3 = CCM; Group 4 = Control. BI: Barthel Index; K10:
Kessler Psychological Distress Scale; 6MWT: six-minute walk test; WI: walking index. *ANOVA.

throughout the study in groups B, C, and D (P>0.05), while decreasing in group A (54.5+4 vs. 54+3, P=0.042).
6MWT index increased for all groups during the 5-year follow-up. Significant improvement was observed for
aggregate intervention groups (A, B, and C) compared with controls (518 £213 vs. 418+260, P=0.032); how-
ever, the greatest individual benefit was observed in group A (71+5 vs. 533+221, P<0.0001). The WI also
increased for all groups throughout follow-up. When comparing aggregate intervention groups (A, B and C) to
controls, significant improvement was noted in the intervention cohort (P <0.05). However, when individually
comparing groups A, B, and C to group D, only group A was significantly better than controls (23,202 + 8040 vs.
18,871 +8421, P=0.025).

Pre- and post-intervention, as well as during a 5-year follow-up, repeated measurements of life satisfaction
items were evaluated by soft outcome via two SF-36 questionnaire items (physical and mental components score)
and two hard outcomes (K10) and (BI) in pre- and post-intervention and during the 5-year follow-up (Fig. 2).
Besides, to determine the time of better rate of BI and K10 index over 5-year follow-up, we used a multiple Cox
survival analysis (Supplementary file, Table 1). The results for BI indicated better scores for intervention groups,
compared to controls as the reference group. In group A, the hazard ratio (HR) of the score of BI upper than 14
was (HR: 87.65, P<0.0001) compared to controls (Supplementary file, Fig. 2a). Furthermore, the probability of a
higher score of BI (> 14) increased for those who reported only one coexisting illness through the follow-up (HR:
2.045, P=0.017). Besides, the HR of the lower K10 index was (HR: 2.179, P=0.048), and (HR: 2.409, P=0.009),
in the first and second intervention groups, respectively. While it was not significant for third groups (HR: 0.615,
P=0.264), compared to controls (Supplementary file, Fig. 2b). Besides, BMI (P=0.139) and Returned to work
first year (P=0.170) indicated no prognosis on KPDS.

Pulmonary function findings. Table 4 shows the outcomes of pulmonary function testing on ARDS sur-
vivors during a 5-year period. Throughout the follow-up period, all groups’ total lung capacity (TLC) rose. GEE
and Panel analysis indicated that TLC improvement amongst combined intervention groups (A, B, and C) was
significantly improved in comparison with controls (91+7 vs. 839, P<0.0001). Individual improvements were
noted for group A>B>C, respectively. The same improvement patterns were also observed for forced expira-
tory volume in 1 s (FEV,), forced vital capacity (FVC), and the diffusing capacity of lungs for carbon monoxide
(DLCO). The ratio of FEV1 to FVC (FEV1/FVC), was another significant increased pulmonary function test
which increased in all intervention groups, compared to controls (80+10 vs. 73+6, P<0.0001), according to
GEE and Panel analysis (Supplementary file, Table 4), but for total intervention groups, it was not significant
(P=0.109). Finally, RV test was decreased via the 5-year follow-up for intervention groups vs. controls and total
intervention groups according to both models (P <0.0001).

SEM findings. SEM was performed to identify direct and indirect factors influencing outcomes in the
patients experiencing. The normed XZ was 1.57, indicating excellent fit. Moreover, the RMSEA = 0.064, IFI=0.99,
and CFI=0.99 indicating that the model, including these factors performed better to describe the data. There-
fore, the modified model fits the data (Supplementary file, Table 5).

Among many factors included in the SEM to evaluate the impact of clinical factors on ARDS patient out-
comes, independent factors, including TLC, DLCO, FVC, FEV,, FEV /FCV, W1, and (6MWT) were significantly
increased by pooled intervention group (groups 1-3). While the effect of this variable decreased RV and K10.
DLCO directly correlated with K10 (8 =0.208, P<0.05), and K10 displayed a significant positive correlation with
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Figure 2. Repeated measurements of life satisfaction items during a 5-year follow-up. Horizontal axis (x-axis)
represents a different time of measurement as follows; Number 1: pre-intervention, Number 2: 10-day post
intervention, Number 3: 3-month post measurement 2, Numbers 4-9: following ups includes six 3-month
periods (6, 9, 12, 15, 18, 21), Numbers 10-13: following ups includes four 3-month periods (27, 33, 39, 45),

and Numbers 14-15: following ups includes two 12-month period (57, and 60) after intervention by deploying
family centered empowerment model (FCEM) and continuous care model (CCM).

both WI and (6MWT). No other variables displayed significant direct effects. No variables displayed significant
indirect effects amongst individual intervention groups. However, when pooling intervention groups (A, B, and
C), DLCO was identified as a mediator through which WI and (6MWT) indirectly associated with increased
K10 scores (Supplementary file, Fig. 3).

Discussion

This study was conducted to determine the effect of FCEM and CCM rehabilitation techniques on pulmonary
functions and HRQoL of ARDS survivors. According to the results, overall life satisfaction, including QoL,
mental health (perceived stress and psychological distress), and physical health (physical state, activities of daily
living, and exercise capacity), improved during the study in all groups, and significantly improvement was seen
in the intervention groups compared to the control group, and the greatest benefit was observed in patients that
used the mixture of FCEM and CCM rehabilitation techniques (group A). However, state anxiety increased
among the intervention groups compared to the control group, and the highest increase was related to the first
group that received FCEM and CCM programs, and trait anxiety was stable during the study in groups B and
C as intervention groups and group D as the control group, while in the first group (group A) a decrease was
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Variables Measurement Group 1 Group 2 Group 3 Group 4 P-value*
TLC First (mean +SD) 65.77+1.06 65.31+1.13 | 65.46+1.17 65.57+1.12 0.378
Last (mean +SD) 96.03+£6.12 94.37+£6.59 | 84.03+8.29 82.6+9.24 <0.0001
DLCO First (mean + SD) 57.29+1.27 57.11+£1.59 | 57.23+1.06 57.14+1.17 0.942
Last (mean+SD) 86.83+12.36 84.8+11.75 | 71.77 £6.69 68.94+6.69 <0.0001
FEVI First (mean +SD) 63.29+1.15 63.57+1.06 | 63.51+0.78 63.26+1.04 0.468
Last (mean +SD) 82.74+10.18 | 80.46+11.24 | 73.23+6.38 70.86+6.01 <0.0001
- First (mean + SD) 64.54+0.85 64.23+1.16 | 64.03+£1.49 63.86+1.35 0.119
Last (mean +SD) 92.00+11.16 | 91.17+11.41 | 79.6+13.87 72.8+8.85 <0.0001
FEVI/EVC First (mean + SD) 67.69+0.80 67.71£0.83 | 67.63£0.73 67.77 £0.60 0.879
Last (mean +SD) 85.31+£12.70 | 80.54+12.48 | 73.71£5.81 73.09+5.18 <0.0001
RV First (mean+SD) | 127.86+5.75 | 127.54+5.56 | 128.8+5.25 129.0+5.64 0.635
Last (mean +SD) 79.57+16.67 | 79.23+14.36 | 97.37+11.44 | 101.57+13.18 <0.0001

Table 4. Pulmonary function variables over 5-year follow-up based on rehabilitation models in four groups
of study. Group 1=FCEM + CCM; Group 2 =FCEM; Group 3 =CCM; Group 4 =Control. TLC: Total lung
capacity; DLCO: Diffusing capacity of the lungs for carbon monoxide; FEV: Forced expiratory volume in 1 s;
FVC: Forced vital capacity; RV: Residual volume. YANOVA.

observed. The stable situation of trait anxiety and the increasing rate of state anxiety can be a reflection of the
patient’s sense of empowerment in managing his or her own health. Besides, our interventions do not include
forced treatment or interventions that can change the nature of patients’ anxiety. Therefore, this level remained
stable'®. In terms of pulmonary function, measured factors, including TLC, FEV,, FVC, FEV,/FVC and DLCO
increased and RV decreased in all groups throughout the 5-years follow-up. Analysis indicated that the pulmo-
nary factors significantly improved among intervention groups compared to the controls.

A few studies reported the recovery of pulmonary functions, exercise capacity, and QoL in patients who sur-
vived ARDS20-22. A study by Hsieh et al.!!, showed improvement in pulmonary function and exercise capacity
in ARDS survivors of influenza A (HIN1) at 3 months after hospital discharge due to exercise, simple strength
training, and respiratory exercise as SPR. Although, they reported the improvement of the QoL of these patients
at 6 months after hospital discharge, even though there was no further improvement of their pulmonary func-
tions and exercise capacity. Evidence suggests that lung volume shows a strong tendency to return to normal 3
to 6 months after the acute phase?*!. However, 6% to 43% of patients develop an obstructive pattern, and 15%
to 58% develop a restrictive pattern in the first year of follow-up?%. In addition, previous studies showed that
1 year after discharge, the 6-min walking distance has increased compared to the findings of immediate post-
discharge period”*.

To date, no studies are examining the effect of FCEM and CCM methods and comparing them to standard
pulmonary rehabilitation on ARDS survivors. However, few studies were performed on the effects of these meth-
ods on the patients with other chronic illness'*-"°. The results of these studies about using an FCEM on caregivers
and family members of patients with chronic illness, have been shown some improvement in the quality of life
and mental health, which was consistent with our findings and reported the implementation of an FCEM inter-
vention can reduce the burden of disease, and improve the mental and physical health of patients**-°. According
to them, FCEM reduces the burden of care through its three axes: motivation, psychology (self-confidence, self-
control, and self-efficacy), and problem-solving capacity. In terms of effect CCM, several studies showed that
nurses could apply the CCM as an effective method to reduce risk factors and improve the lifestyle of patients
with chronic disease30. However, a study conducted by Mohammadi et al.”, to determine the effect of using CCM
at home on the QoL of patients with myocardial infarction (MI) showed that a rehabilitation program consisting
of training sessions on MI and its complications, diet food, and medicine, risk factors, etc. at home did not have
a significant effect on different dimensions of QoL of patients and there was no significant difference among the
groups. These discrepancies could be related to sample size, patient follow-up period, and type of chronic disease.

In general, the present study results showed that in all groups, in the post-intervention phase, pulmonary
function, exercise capacity (6MWD and WTI), and HRQoL improved. These improvements were significantly
higher in the intervention groups than in the control group. Among the intervention groups, the most improve-
ment occurred in group “A” patients who used FCEM and CCM rehabilitation methods. The findings support
the hypothesis that the synergistic effect of FCEM and CCM methods can significantly improve the patient’s
physical and mental function, reduce the burden of disease and improve the pulmonary function of ARDS sur-
vivors. CCM model’s major purpose is to provide ongoing follow-up treatment in order to manage the illness
and any potential consequences. Over the course of 12 weeks, four steps of identification, sensitization, control,
and assessment are completed; the first two take 3 weeks while the other two take 9 weeks. The FCEM model’s
primary purpose, however, is to empower the family system and the patient as a whole in order to enhance
their health. Perceived danger (severity and sensitivity), self-efficacy, self-esteem (confidence), and appraisal
are the phases. As a result, the CCM model’s basic and crucial concept of "follow-up and continuity of care" and
the FCEM model’s key concept of "the inseparable whole of the family and patient system" were merged; the
synergistic effect of the two very important concepts mentioned had a dramatic effect on the first group’s results
when compared to the other two intervention groups (each model separately). Besides, encouraging the patient,
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understanding the patient more, reinforcing positive and feeling responsive via the simultaneous participants
of family or friends (FCEM), and being in contact with a nurse (CCM), which creates a greater sense of support
and satisfaction. This is reflected in the results of physical and mental health scores.

To our knowledge, this is the first research that evaluates and compares the synergistic effect of FCEM and
CCM methods on pulmonary functions and HRQoL variables in ARDS survivors with standard pulmonary
rehabilitation. Besides, this multi-center study was well-designed with a suitable sample size and 5-year follow-
up. Nevertheless, this study had some limitations, which related to its nature. It was a randomized, controlled,
and blinded prospective study, and 5 years of follow-up of patients was very difficult and in terms of the loss of
follow-up has led to a decrease in sample size.

Finally, co-administration of FCEM and CCM may enhance pulmonary function as well as ARDS survivors’
life satisfaction. As a consequence, ARDS survivors and their families are encouraged to participate in the
empowerment paradigm, which should be carried out by nurses. Besides, further studies regarding the synergistic
effect of FCEM and CCM models on the care performance of caregivers, as well as the pulmonary functions and
QoL of ARDS survivors due to side effects, are suggested.

Methods

Trial design. This randomized controlled clinical trial was conducted to evaluate the effects of CCM or
FCEM or both on the life satisfaction of ARDS survivors. From December 2009 to October June 2016, 140 ARDS
survivors from mixed medical-surgical ICUs at four academic teaching hospitals in Tehran, Iran, were randomly
assigned to one of three intervention groups (A, B, or C) or a control group (D). Pre- and post-interventions,
pulmonary functions, and HRQoL status of patients in all groups were collected 48 times via clinical measure-
ments and various questionnaires during 5 years of follow-up. All parts of the study were reviewed according to
the Consolidated Standards of Reporting Trials (CONSORT) statement®®. The protocol study was reviewed and
approved by the Ethics Committees of Hamadan University of Medical Sciences (IR.UMSHA.REC.1400.604).
On June 1, 2016, the experiment was registered with Clinicaltrials.gov (NCT02787720). On release from the
ICU, the patient provided written permission. In circumstances where the patient lacked decision-making
ability, surrogate consent from the patient’s legal guardian or healthcare proxy was allowed. Furthermore, the
research followed the guidelines of the Helsinki Declarations®.

Eligibility criteria of participants. From December 2009 to June 2016, ICU patients with ARDS were
screened for eligibility. The diagnosis of ARDS was based on the Berlin definition', which was as follows; patients
with a BMI <40 suffering from ARDS with PaO,/FiO, <300 mmHg during mechanically ventilated (MV) with
an expected duration of controlled MV of more than 24 h and ability to tolerate PEEP titration (up to 21 or
15 cmH,0). Besides, the patients were eligible to enroll in this study if they met the following criteria: (a)
age > 18 years, (b) able and willing to provide informed consent, (c) willingness of a family member or friend of
patients to participate in the study, (d) has basic health literacy and can fill out questionnaire, and (e) full code
status. Patients aged less than 18 years and more than 85 years, pregnant women, patients at end-stage medical
condition, patients with a history of pulmonary rehabilitation, and patients with a history of neurological or
psychiatric disorders were excluded from the study.

Sample size, randomization and blinding. According to power estimates, each group would need 32
patient/family units to obtain a 95 percent confidence level and 90% power. Convenient sampling was used to
enlist participants. In terms of sample loss, the sample size in each of the intervention and control groups was
eventually determined to be 35. Eligible patients admitted to ICU were enrolled within 24 h and randomly
assigned to one of three intervention groups (A, B, or C) or a control group (D). Group (A) who has received
both FCEM and CCM programs via trainer. Group (B) received only FCEM via family member/friend as a
trainer. Group (C) who received only CCM via researcher as trainer, and group (D) who used routine care as a
control group. Randomization was achieved with a computer-generated random block design, which was drawn
up by an expert statistician who had no clinical involvement in the trial before the beginning of study. Block
randomization was accomplished using Random Allocation Software© (Informer Technologies, Inc., Madrid,
Spain) by computer-generated random. Randomly allocated numbers were placed into sequential containers
(i.e. ABCD, containers 1-4; BADC, containers 5-8, etc.) which were kept in a secure location until alloca-
tion consignment. The difference among groups was not disclosed, patients consented knowing that they were
undergoing pulmonary rehabilitation (PR), but without knowing the details. The assignment was made through
confidential communication between the patients and a third party not involved in the recruitment process.
Hence, patients and their family members, as well as data analyzers, were blinded to the assignment group and
the differences among the groups.

Intervention. The intervention package had three phases: pre-intervention, intervention, and post-inter-
vention phases (Supplementary file, Fig. 1, and additional explanation about methods).

Role of the designee and rehabilitation plan. Following informed permission, the selected family
member or friend (hence referred to as designee) remained with the patient as a ’unit’ throughout the trial. Dur-
ing stages 3 and 4, the designee attended the patient’s educational sessions, with stage 2 being optional based on
the designee’s preferences. All patients had similar inpatient rehabilitation programs. For the patients in three
intervention groups, outpatient rehab included daily exercise for 0-2 h/day. Exercise occurred between 8:00 and
10:00, and types included walking, jogging, bicycle, swimming, or other exercises according to patient prefer-
ence or resource availability and confirmed by the multidisciplinary medical team.
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Data collection. Age, gender, body mass index (BMI), marital status, family number, household size, urban
home location status, full- or part-time employment status, cause of ARDS, ICU, and hospital length of stay
were collected as socio-demographic and clinical characteristics of patients. Initial illness severity was compared
among groups using validated scales including Simplified Acute Physiology Score (SAPS)-IIT***!, Sequential
Organ Failure Assessment (SOFA)-1I°>*, Acute Physiology and Chronic Health Evaluation (APACHE)-IV*,
Lung Injury Score (LIS), and Multi Organ Dysfunction Score (MODS) at the first day of ICU admission®.
Moreover, select treatment requirements included renal replacement therapy, paralytic treatment (> 1 bolus dose
or continuous infusion), systemic stress-dose glucocorticoid treatment (e.g., Hydrocortisone 200 mg IVP x 1
then 100 mg IV three times daily for 5 days), tracheostomy placement, or use of high-frequency oxygenation
technique including high-frequency oscillation ventilation (HFOV) and high-frequency percussive ventilation
(HFPV). The high frequency techniques were specifically recorded as they are not part of routine ICU ventilator
care, unlike Bi-level ventilation or airway pressure-release ventilation (APRV). Prone positioning is not routinely
used in Iranian ICUs.

Research instruments. Life satisfaction in all ARDS survivors was assessed via several questionnaires and
tests in terms of physical and mental health as well as the quality of life index. Data collection tools consisted of
hard outcomes and soft outcomes. Hard outcomes included the Barthel Index (BI) activities of daily living index,
six-minute walk test (6MWT), free walking index (WI), and pulmonary function tests (PFT). Soft outcomes
included the short-form health survey of quality of life (SF-36) questionnaire, the perceived stress (PSQ-14)
questionnaire, state/trait anxiety, and the Kessler Psychological Distress Scale (K10). Both hard and soft out-
comes, except the PFT, were evaluated 48 times over 5-year or 60 months as follows; in the pre-intervention as
the baseline, monthly for 42 months continuously after the intervention, in the months 45, 48, 51, 54, 57, and 60
(explanation about each instrument are available in supplement file).

Statistical analysis. The sample size in each group was calculated to be 32, with a confidence level of 95
percent and a test power of 80 percent, assuming that the measure of the impact of FCEM and CCM on paren-
tal burden of care (middle effect size) is at least d=10. In terms of sample loss, the sample size in each of the
intervention and control groups was eventually determined to be 35. In order to control dropouts in this trial,
140 participants were recruited. Statistical analysis was performed using IBM" SPSS’ Statistics 21.0 (IBM Corp.,
Armonk, NY) and IBM" SPSS" AMOS™ 21.0 (IBM Corp., Armonk, NY). Discrete variables are expressed as
counts and percentages. Power calculations determined that 32 patient/family units were needed in each group
to achieve a 95% confidence level and a 90% power. Continuous variables are expressed as means and standard
deviations. Analysis of variance (ANOVA) and Chi-Square analyses was used to compare numeric and discrete
variables. Generalized Estimation Equations (GEE) and Panel Analysis were performed on longitudinal data,
and the results were expressed as odds ratios (ORs). Multiple Cox proportional hazards regression was used
to assess the effect of treatment groups on Barthel time and KPDS time. Structural Equation Modeling (SEM)
(more information about SEM are available in Supplementary file) was performed to examine the effects of
clinical factors on outcomes of acute respiratory distress syndrome, and the model was evaluated using the root
mean square error of approximation (RMSEA), the normed fit index (NFI), and the goodness-of-fit index (GFI).
Statistical significance was defined as p-value <0.05.

Ethical approval. The protocol study was reviewed and approved by the Ethics Committees of Hamadan
University of Medical Sciences (IR.UMSHA.REC.1400.604). The trial was registered with Clinicaltrials.gov
(NCT02787720) on 24/05/2016. In addition, the study was conducted according to the Helsinki Declarations
guideline.

Data availability
All data collected and analyzed during the current study are available from the corresponding author on reason-
able request.

Received: 19 July 2021; Accepted: 11 January 2022
Published online: 27 January 2022

References

1. Ranieri, V. M. et al. Acute respiratory distress syndrome: The Berlin Definition. JAMA 307, 2526-2533. https://doi.org/10.1001/
jama.2012.5669 (2012).

2. Bashar, F. R. et al. Comparison of non-invasive to invasive oxygenation ratios for diagnosing acute respiratory distress syndrome
following coronary artery bypass graft surgery: A prospective derivation-validation cohort study. J. Cardiothorac. Surg. 13, 123.
https://doi.org/10.1186/s13019-018-0804-8 (2018).

3. Brower, R. G. et al. Ventilation with lower tidal volumes as compared with traditional tidal volumes for acute lung injury and the
acute respiratory distress syndrome. N. Engl. J. Med. 342, 1301-1308. https://doi.org/10.1056/nejm200005043421801 (2000).

4. Papazian, L. et al. Neuromuscular blockers in early acute respiratory distress syndrome. N. Engl. J. Med. 363, 1107-1116. https://
doi.org/10.1056/NEJMo0al005372 (2010).

5. Gattinoni, L. et al. Effect of prone positioning on the survival of patients with acute respiratory failure. N. Engl. . Med. 345, 568-573.
https://doi.org/10.1056/NEJMo0a010043 (2001).

6. Hashem, M. D. et al. Patient outcomes after critical illness: A systematic review of qualitative studies following hospital discharge.
Crit. Care 20, 345. https://doi.org/10.1186/s13054-016-1516-x (2016).

7. Bashar, E R. et al. Post-ICU psychological morbidity in very long ICU stay patients with ARDS and delirium. J. Crit. Care 43,
88-94. https://doi.org/10.1016/j.jcrc.2017.08.034 (2018).

Scientific Reports |

(2022) 12:1497 | https://doi.org/10.1038/s41598-022-05355-z nature portfolio


https://doi.org/10.1001/jama.2012.5669
https://doi.org/10.1001/jama.2012.5669
https://doi.org/10.1186/s13019-018-0804-8
https://doi.org/10.1056/nejm200005043421801
https://doi.org/10.1056/NEJMoa1005372
https://doi.org/10.1056/NEJMoa1005372
https://doi.org/10.1056/NEJMoa010043
https://doi.org/10.1186/s13054-016-1516-x
https://doi.org/10.1016/j.jcrc.2017.08.034

www.nature.com/scientificreports/

10.

11.

12.
13.

14.

15.
16.
17.
18.

19.

20.
21.
22.
23.
24.
25.

26.

27.

28.
. World Medical Association. World Medical Association Declaration of Helsinki: Ethical principles for medical research involving

30.

31.

32.

33.

34,

35.

. Schelling, G. et al. Pulmonary function and health-related quality of life in a sample of long-term survivors of the acute respiratory

distress syndrome. Intensive Care Med. 26, 1304-1311. https://doi.org/10.1007/s001340051342 (2000).

. Orme, J. Jr. et al. Pulmonary function and health-related quality of life in survivors of acute respiratory distress syndrome. Am. J.

Respir. Crit. Care Med. 167, 690-694. https://doi.org/10.1164/rccm.200206-5420C (2003).

Peters, J. I. et al. Clinical determinants of abnormalities in pulmonary functions in survivors of the adult respiratory distress
syndrome. Am. Rev. Respir. Dis. 139, 1163-1168. https://doi.org/10.1164/ajrccm/139.5.1163 (1989).

Hsieh, M. J. et al. Recovery of pulmonary functions, exercise capacity, and quality of life after pulmonary rehabilitation in survivors
of ARDS due to severe influenza A (HIN1) pneumonitis. Influenza Other Respir. Viruses 12, 643-648. https://doi.org/10.1111/irv.
12566 (2018).

Yang, J., Lin, R., Xu, Z. & Zhang, H. Significance of pulmonary rehabilitation in improving quality of life for subjects with COPD.
Respir. Care. 64, 99-107. https://doi.org/10.4187/respcare.06353 (2019).

Ahmadi, F. Developing and Evaluating Continuous Care Model in Controlling Patients with Coronary Artery Disease (Tarbiat
Modarres University, 2001).

Vahedian-Azimi, A. et al. Cardiac rehabilitation using the Family-Centered Empowerment Model versus home-based cardiac
rehabilitation in patients with myocardial infarction: A randomised controlled trial. Open Heart. 3, €000349. https://doi.org/10.
1136/openhrt-2015-000349 (2016).

Raiesifar, A. et al. Effect of applying continuous care model on quality of life among kidney transplant patients: A randomized
clinical trial. Iran. J. Kidney Dis. 8, 139-144 (2014).

Sadeghi Shermeh, M. et al. Effect of applying continuous care model on quality of life of patients after coronary artery bypass graft.
Iran. J. Crit. Care Nurs. 2, 1-6 (2009).

Ghavami, H., Ahmadji, F, Entezami, H. & Memarian, R. Effectiveness of applying continuous care model on quality of life level in
diabetic patients. Uremia Med. J. 16, 9-15 (2005).

Borhani, E, Najafi, M. K., Rabori, E. D. & Sabzevari, S. The effect of family-centered empowerment model on quality of life of
school-aged children with thalassemia major. Iran. J. Nurs. Midwifery Res. 16,292-298 (2011).

Shoghi, M., Shahbazi, B. & Seyedfatemi, N. The effect of the family-centered empowerment model (FCEM) on the care burden
of the parents of children diagnosed with cancer. Asian Pac. J. Cancer Prev. 20, 1757-1764. https://doi.org/10.31557/apjcp.2019.
20.6.1757 (2019).

Herridge, M. S. et al. One-year outcomes in survivors of the acute respiratory distress syndrome. N. Engl. ]. Med. 348, 683-693.
https://doi.org/10.1056/NEJMo0a022450 (2003).

Herridge, M. S. et al. Functional disability 5 years after acute respiratory distress syndrome. N. Engl. J. Med. 364, 1293-1304. https://
doi.org/10.1056/NEJMo0al1011802 (2011).

Oliveira, R. P, Teixeira, C. & Rosa, R. G. Acute respiratory distress syndrome: How do patients fare after the intensive care unit?.
Revista Brasileira de terapia intensiva. 31, 555-560. https://doi.org/10.5935/0103-507x.20190074 (2019).

Cooper, A. B. et al. Long-term follow-up of survivors of acute lung injury: Lack of effect of a ventilation strategy to prevent baro-
trauma. Crit. Care Med. 27, 2616-2621. https://doi.org/10.1097/00003246-199912000-00002 (1999).

Riasmini, N. M., Kamso, S., Sahar, J. & Prasetyo, S. The effectiveness of independent family group model to reduce caregiver burden
and improve the caregiver ability on providing care for elder person in community. Nurs. Health Sci. 1, 57-64 (2013).

Kwak, J., Montgomery, R. J., Kosloski, K. & Lang, J. The impact of TCARE' on service recommendation, use, and caregiver well-
being. Gerontologist. 51, 704-713. https://doi.org/10.1093/geront/gnr047 (2011).

Montgomery, R. J., Kwak, J., Kosloski, K. & O’Connell Valuch, K. Effects of the TCARE' intervention on caregiver burden and
depressive symptoms: Preliminary findings from a randomized controlled study. J. Gerontol. Ser. B Psychol. Sci. Soc. Sci. 66, 640-647.
https://doi.org/10.1093/geronb/gbr088 (2011).

Mohammadi, F, Taherian, A., Hosseini, M. A. & Rahgozar, M. Effect of home-based cardiac rehabilitation on quality of life in the
patients with myocardial infarction. Iran Rehabil. J. 7, 9-11 (2006).

Cuschieri, S. The CONSORT statement. Saudi J. Anaesth. 13, S27-s30. https://doi.org/10.4103/sja.SJA_559_18 (2019).

human subjects. J. Am. Coll. Dentists. 81, 14-18 (2014).

Nassar, A. P, Malbouisson, L. M. & Moreno, R. Evaluation of Simplified Acute Physiology Score 3 performance: A systematic
review of external validation studies. Crit. Care 18, R117. https://doi.org/10.1186/cc13911 (2014).

Hagq, A, Patil, S., Parcells, A. L. & Chamberlain, R. S. The simplified acute physiology score III is superior to the simplified acute
physiology score II and acute physiology and chronic health evaluation II in predicting surgical and ICU mortality in the “oldest
old” Curr. Gerontol. Geriatr. Res. 2014, 934852. https://doi.org/10.1155/2014/934852 (2014).

Vincent, J. L. et al. Use of the SOFA score to assess the incidence of organ dysfunction/failure in intensive care units: Results of a
multicenter, prospective study. Working group on “sepsis-related problems” of the European Society of Intensive Care Medicine.
Crit. Care Med. 26, 1793-1800. https://doi.org/10.1097/00003246-199811000-00016 (1998).

Ferreira, F. L., Bota, D. P, Bross, A., Mélot, C. & Vincent, J. L. Serial evaluation of the SOFA score to predict outcome in critically
ill patients. JAMA 286, 1754-1758. https://doi.org/10.1001/jama.286.14.1754 (2001).

Zimmerman, J. E., Kramer, A. A., McNair, D. S. & Malila, F. M. Acute Physiology and Chronic Health Evaluation (APACHE) IV:
Hospital mortality assessment for today’s critically ill patients. Crit. Care Med. 34, 1297-1310. https://doi.org/10.1097/01.ccm.
0000215112.84523.f0 (2006).

Marshall, J. C. et al. Multiple organ dysfunction score: A reliable descriptor of a complex clinical outcome. Crit. Care Med. 23,
1638-1652. https://doi.org/10.1097/00003246-199510000-00007 (1995).

Acknowledgements

Thanks to guidance and advice from the "Clinical Research Development Unit of Bagiyatallah Hospital", Bagi-
yatallah University of Medical Sciences, Tehran, Iran. Moreover, thanks to guidance and advice from the Shariati
hospital, Tehran University of medical sciences, Tehran, Iran.

Author contributions
All authors contributed to the study design. Testing and data collection were performed by M.S., ER-B., A.F-].
and A.V-A. The data analysis and interpretation was performed by M-A.P. and A.F-]. Drafted the manuscript
was written by K.G-M., and A.V-A. provided critical revisions. All authors approved the final version of the
manuscript for submission.

Competing interests
The authors declare no competing interests.

Scientific Reports |

(2022) 12:1497 | https://doi.org/10.1038/s41598-022-05355-z nature portfolio


https://doi.org/10.1007/s001340051342
https://doi.org/10.1164/rccm.200206-542OC
https://doi.org/10.1164/ajrccm/139.5.1163
https://doi.org/10.1111/irv.12566
https://doi.org/10.1111/irv.12566
https://doi.org/10.4187/respcare.06353
https://doi.org/10.1136/openhrt-2015-000349
https://doi.org/10.1136/openhrt-2015-000349
https://doi.org/10.31557/apjcp.2019.20.6.1757
https://doi.org/10.31557/apjcp.2019.20.6.1757
https://doi.org/10.1056/NEJMoa022450
https://doi.org/10.1056/NEJMoa1011802
https://doi.org/10.1056/NEJMoa1011802
https://doi.org/10.5935/0103-507x.20190074
https://doi.org/10.1097/00003246-199912000-00002
https://doi.org/10.1093/geront/gnr047
https://doi.org/10.1093/geronb/gbr088
https://doi.org/10.4103/sja.SJA_559_18
https://doi.org/10.1186/cc13911
https://doi.org/10.1155/2014/934852
https://doi.org/10.1097/00003246-199811000-00016
https://doi.org/10.1001/jama.286.14.1754
https://doi.org/10.1097/01.ccm.0000215112.84523.f0
https://doi.org/10.1097/01.ccm.0000215112.84523.f0
https://doi.org/10.1097/00003246-199510000-00007

www.nature.com/scientificreports/

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-05355-z.

Correspondence and requests for materials should be addressed to A.V.-A.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:1497 | https://doi.org/10.1038/s41598-022-05355-z nature portfolio


https://doi.org/10.1038/s41598-022-05355-z
https://doi.org/10.1038/s41598-022-05355-z
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Assessment of 5-year outcomes of life satisfaction in survivors after rehabilitation programs: a multicenter clinical trial
	Results
	Participants of the study. 
	Demographic and clinical characteristics at baseline and over 5-years. 
	Health-related quality of life findings. 
	Pulmonary function findings. 
	SEM findings. 

	Discussion
	Methods
	Trial design. 
	Eligibility criteria of participants. 
	Sample size, randomization and blinding. 
	Intervention. 
	Role of the designee and rehabilitation plan. 
	Data collection. 
	Research instruments. 
	Statistical analysis. 
	Ethical approval. 

	References
	Acknowledgements


