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2.11 Abstrac t 

Pulmonaryy rehabilitation is an effective treatment for patients with stable chronic 

obstructivee pulmonary disease (COPD). However, most programs exclude patients with 

unstablee disease, with comorbidity and patients with asthma. 

Wee studied the short- and long-term clinical and physiological outcome of 3- to 6 

monthh inpatient pulmonary rehabilitation (IPR) in patients with unstable, moderate to 

severee asthma or COPD. 56 patients with asthma and 84 patients with COPD were 

includedd in a prospective, observational study with follow-up at 6 and 12 months post-

IPR.. 111 patients were admitted to hospital in the year pre-IPR (total 5856 days). 80% of 

thee patients had at least one comorbid condition. Exacerbation rate during IPR was 7 

(asthma)) to 10 per year (COPD). Use of oral corticosteroids decreased (p<0.001). 

Walkingg distance did not improve, but composite analysis showed that 62% (asthma) 

andd 36% (COPD) of the patients improved in at least 2 factors relevant to functional 

exercisee tolerance. Hospital days in the year after IPR decreased 4- (asthma: p=0.008) 

too 6-fold (COPD: p<0.0001). There was a high, but non-selective dropout. 

Inpatientt pulmonary rehabilitation in patients with unstable asthma of COPD results in 

decreasess in hospitalization and use of oral corticosteroids. 

2.22 Introductio n 

Pulmonaryy rehabilitation is regarded as a well-established and effective treatment for 

patientss with chronic obstructive pulmonary disease (COPD). It is known to improve 

healthh status and functional exercise tolerance [1;2]. Most pulmonary rehabilitation 

programss are outpatient programs designed for patients with stable COPD without 

comorbidityy [3;4]. Donner suggested that patients with unstable disease should 

participatee in an inpatient pulmonary rehabilitation (IPR) programme [3;4]. 

Inn contrast to the large body of literature on outpatient pulmonary rehabilitation, there 

aree only a few studies describing comprehensive results of IPR [5-13]. All these studies 

deall with patients with relatively stable COPD. There are no reports about the results of 

IPRR in patients with unstable disease. Only two studies on IPR included also some 

patientss with asthma, but these studies did not differentiate between asthma and COPD 

[14;; 15]. The patients referred to our hospital are often severely impaired and clinically 

unstable,, as characterized by exacerbations, recent hospital admissions and somatic 

and/orr psychosocial comorbidity. Therefore we conducted a prospective observational 

studyy on the short- and long-term results of multidisciplinary inpatient pulmonary 

rehabilitationn in patients with asthma or COPD. Because of the comprehensive nature of 
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thee IPR programme, we assessed outcome on lung function, medication usage, 

hospitalization,, functional exercise tolerance, health status, psychosocial functioning and 

disease-specificc coping. Part 1 of this paper describes the clinical and physiological 

aspects;; part 2 describes health-related quality of life and psychosocial functioning. This 

partt contains baseline characteristics; adverse events during IPR; short-term outcome of 

IPRR (i.e. pre/post-treatment change) and long-term outcome of IPR with follow-up 

measurementss at 6 and 12 months post-lPR. 

Theree were several reasons why this study has not been set up as a randomized 

controlledd trial. First of all, in the Netherlands IPR is an accepted treatment for patients 

withh severe asthma or COPD, and outpatient pulmonary rehabilitation already has 

provenn to improve health-related quality of life and functional exercise tolerance [1;2]. 

Randomizingg patients to conventional care would imply withholding them an accepted 

treatment.. Secondly, the long duration of the program (3 to 6 months) and follow-up (12 

months)) would cause an unacceptable delay in providing treatment to often severely 

impairedd patients. The need for immediate treatment has been used as an argument 

againstt randomization in IPR studies [16;17]. 

2.33 Patient s and method s 

Wee conducted a prospective, observational pre/post-treatment study with follow-up 

assessmentss at 6 and 12 months after discharge. All 140 patients with a clinical diagnosis 

off asthma or COPD referred for IPR from January 1996 to December 1997 were 

included.. 4 additional patients who were unable to complete questionnaires in the 

Dutchh language were excluded. Diagnosis was done according to ERS-criteria[18]. All 

patientss gave written informed consent. The study protocol was approved by the 

institutionall medical ethics committee. 

Alll baseline measurements were done during the 2-week diagnostic period preceding 

thee 3- to 6 month IPR program. Post-treatment measurements were done in the week 

priorr to discharge. Patients were invited by phone and by mail for the follow-up 

assessmentss at 6 and 12 months after discharge. If a patient was unable to attend the 

follow-upp assessment (due to illness, work or transportation problem), the questionnaires 

weree sent by mail with a pre-stamped and -addressed envelope. Patients who missed 

thee 6-month follow-up assessment were contacted again at 12 months. 
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2.3.11 Description of inpatient treatment programme 

Thee IPR-programme was performed by a multi-disciplinary treatment team, consisting of 

aa pulmonologist, psychologist, respiratory nurse, physiotherapist, exercise therapist, 

dietician,, social worker, therapeutic recreation specialist and occupational therapist. The 

mainn goals of the IPR-programme are reducing the impairment of daily functioning and 

preventionn of deterioration and exacerbations. Because patients with severe chronic 

asthmaa often experience similar problems as patients with COPD (deconditioning, 

inadequatee disease behavior, etc), the IPR programme is open to both types of patients. 

Thee standardized programme with individual adaptations consists of several clinical and 

psychosociall aspects [3;19]: optimisation of the medication regimen; disease education 

(causes,, pathophysiology, symptoms, treatment); education on medication and correct 

usee of medication (total education time varying from 1 hour/week for all patients to 2-3 

hours/weekk for patients needing extensive help with use of their medication); training of 

adequatee disease behavior and self-management skills, including an individualized 'what 

too do' list to prevent exacerbations when lung function decreases or symptoms increase; 

extensivee psychosocial counseling (1 to 4 hours/week); chest physiotherapy; and 

exercisee training with varying intensity depending on the individual tolerance. Exercise 

trainingg consisted of diverse upper and lower extremity exercises, ranging from 3 times a 

weekk 30' interval training with low intensity ADL-related exercises for patients with very 

severee COPD, up to 5 times a week (45' to 60' each session) interval and endurance 

trainingg with moderate to high intensity for patients with moderate severe asthma or 

COPD. . 

Afterr the diagnostic period, patient-specific treatment goals are formulated by the 

treatmentt team in consultation with the patient. 

2.3.22 Outcome measures: physiological and clinical aspects 

Lungg function measurements were performed by trained lung function assistants, using a 

bodyplethysmographh and pneumotachometer system (Masterlab, Jaeger, Wurzburg, 

Germany).. Self-reported dyspnea was assessed with the MRC/ECCS dyspnea item (range 

11 - 5) [20]. Lung function measurements at baseline included forced expiratory volume 

inn one second (FEV.,), FEN^ as percentage of the predicted value (FEV1%pred), forced 

vitall capacity (FVC), FVC as percentage of the predicted value (FVC%pred), total lung 

capacityy (TLC) and residual volume (RV) [21]. At discharge and follow-up, only FEV1 and 

FVCC were measured. 

Functionall exercise tolerance was measured with six-minute walking tests (6MWT), 

whichh were performed in a quiet corridor of 40m. The walking test protocol was slightly 

modifiedd from Steele [22]: no encouragement was given [23] as not to interfere with 
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self-pacing.. We set the threshold for clinically relevant change at 30m [24]. Because self-

pacingg may cause some patients to walk less post-treatment, we recorded also other 

importantt aspects of functional exercise tolerance [25]: oxygen saturation, heart rate, 

perceivedd dyspnea and perceived effort (Borg scale [26]), which were used for 

compositee analysis {simultaneous qualitative analysis of multiple, related factors; see 

below).. Transcutaneous oxygen saturation (St02) and heart rate were measured with a 

portablee pulse oximeter (N20-PA, Nellcor Puritan Bennett, Pleasanton, USA). Perceived 

dyspneaa and perceived effort were rated with the modified Borg scale (range 0 — 10) 

[26]. . 

Thee medical chart was used for information on hospitalization rate and number of 

hospitall days in the year pre-IPR, lung medication, comorbid conditions existing at 

admissionn and adverse events happening during IPR. Hospitalization rate and number of 

hospitall days in the year pre-IPR were checked with the patients' self-report. Post-IPR 

hospitalizationss were taken from the patients' self-report. Medication use was recorded 

att admission and discharge from the I PR-programme and taken from the lists provided 

byy the hospital pharmacy. Usage was recorded for oral corticosteroids in milligram/day, 

inhaledd corticosteroids in microgram/day, number of different long-acting 

bronchodilatorss (including theophylline), number of different short-acting 

bronchodilators,, number of psychotropic drugs and oxygen. Comorbid conditions 

existingg at admission were recorded from the medical chart, using the diagnosis from the 

pulmonologistt and medical correspondence. Information about adverse events 

happeningg during IPR was also recorded from the medical chart. We defined the 

followingg categories of adverse events: death; exacerbations requiring oral 

corticosteroids,, antibiotics or both; new comorbidity; admission to the intensive 

treatmentt facility of the asthmacentre for severe exacerbations; discharge to another 

hospitall due to severe comorbidity. 

Att discharge patients were asked to rate self-perceived change on a 5-point scale in 

diseasee symptoms, exercise tolerance, disease knowledge, medication knowledge, 

knowledgee of correct use of medication. The 5-point scale included "much improved -

improvedd - the same - worse - much worse". 

2.3.33 Statistical Analysis 
Thee sample size calculation was based on a pilot study with the health status 

questionnairee and is described in Part 2 (see chapter 3). All statistical analyses were 

performedd with Statistica for Windows 5.1 (StatSoft, Tulsa, OK). 
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2.3.3.11 Analysis of non-response 

Wee expected selective dropout of the most seriously ill patients, both during the IPR-

programmee and during the follow-up period [9]. Differences in drop out rate between 

patientss with asthma or COPD and between levels of severity were tested using #2. 

Differencess at baseline in FEV1r walking distance, medication use and number of pre-IPR 

hospitalizationss between I PR-completers, treatment dropouts and study dropouts were 

testedd with ANOVA or the non-parametric Friedman ANOVA. In case of significance, a 

post-hocc test (Tukey HSD for unequal sample size) was performed. Treatment dropouts 

includedd patients who preliminarily terminated the IPR and patients transferred to 

anotherr hospital due to comorbidity. Patients who completed the IPR but refused 

furtherr cooperation in the outcome study or did not complete the questionnaires 

despitee reminders were labelled as study dropouts. If the dropout was selective indeed, 

thee treatment dropouts should have worse scores than I PR-completers. Study dropouts 

weree not expected to differ from IPR-completers. 

Wee also checked for differences between follow-up completers and dropouts by 

comparingg baseline scores and pre-post IPR change scores. Drop-out during follow-up 

wass divided into illness-related (death or unable to cooperate due to primary of 

secondaryy comorbidity) and other reasons (unwilling to corporate any further; no 

reactionn despite reminders; organisational problem). Patients with any missing follow-up 

assessmentt were labelled as dropouts for this analysis. Selective dropout would imply 

worsee scores for illness-related dropouts on both baseline and change scores. 

2.3.3.22 Baseline and change analysis 

Descriptivee statistics using mean and standard deviation or median and interquartile 

rangee (iqr) were computed. Normality of scores and change scores was assessed with the 

Shapiro-Wilkk W test [27]. Differences between patients with asthma and patients with 

COPDD at baseline and in pre/post-IPR change scores were assessed with %2 (gender, 

severity),, the Mann-Whitney U-test or the unpaired t-test. Long term change in 

functionall exercise tolerance was evaluated for each diagnosis apart with repeated-

measuress ANOVA [28]. 

Thee analysis of change in number and duration of hospital admissions was done in two 

steps.steps. First, the hospital admissions in the 6-months pre-IPR and 6-months post-IPR were 

comparedd in the patients who completed the 6-month follow-up. Second, in patients 

withh complete follow-up, hospital admissions in the year preceding IPR and the year 

post-IPRR were compared with the Wilcoxon matched pairs test. 
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2.3.3.33 Interpretation of change 

Statisticall significance of pre/post-IPR change was assessed with the Wilcoxon matched 

pairss test or the paired t-test. Statistical significance was accepted at a=0.05. The 

minimall important difference (MID) of the 6MWT is 54 m in patients with stable COPD 

[29].. Because we performed an unencouraged 6MWT and there is a large difference 

00 m) between encouraged and unencouraged 6MWTs [23], we set the threshold for 

clinicallyy relevant change at 30 m for this group of patients [7;24;30]. 

Wee define composite analysis as a simultaneous qualitative analysis of multiple, related 

factors.. For composite analysis of factors related to functional exercise tolerance in the 

6MWTT [25] we used the following thresholds for clinically relevant change: 

 change in desaturation: >2%: improvement; <-2%: deterioration; else unchanged 

(nott measured in patients with asthma) 

 change in perceived dyspnea (Borg-score): >2 points: improvement; <-2 points: 

deterioration;; else unchanged 

 change in heart rate increase: <-15 beats/min: improvement; >15 beats/min: 

deterioration;; else unchanged 

 change in 6-minute walking distance: >30m: improvement; <-30m: 

deterioration;; else unchanged. 

Patientss were marked as: 

 improved with 2 or more factors improved above the thresholds or when walking 

distancee was the only factor that improved above the threshold; 

 deteriorated with 2 or more factors deteriorated above the thresholds or when 

walkingg distance was the only factor deteriorated above the threshold; 

 unchanged with 3 or more factors unchanged; 

 unclear with all other combinations (i.e. less desaturation and less distance; higher 

distancee and higher heart rate increase). 

2.44 Result s 

2.4.11 Baseline description 

Generall characteristics of 56 patients with asthma and 84 patients with COPD are 

shownn in table 2 .1 , anthropomorphic and lung function parameters in table 2.2. As 

expected,, did patients with COPD have highly significant lower values on all lung 

functionn parameters (all p<0.0001) than patients with asthma. Reversibility of airways 

obstructionn in patients with asthma was small: 6.0%, but significantly higher as in 

patientss with COPD. 
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1111 of 140 patients were admitted to hospital for an exacerbation in the year pre-IPR 

(seee table 2.1 for details for each group). Admitted patients had an average of 2.5 (sd 

1.4)) admissions and a mean of 52.8 (sd 42.6) hospital days in the year pre-IPR. We 

countedd a total of 5848 hospital days, of which 3770 days (64%) in the 6 months pre-

IPR.. There were significantly more patients with COPD than patients with asthma 

admittedd to hospital, but there were no differences in the number of admissions or days 

inn hospital per patient. 

Tabl ee 2.1: genera l characteristic s 

totall patients 

diagnosiss mild/moderate/severe 

genderr (male / female) 

agee (years) 

diseasee duration (years) 

FEV,, (L) 

FEV,, %predicted 

MRCC dyspnea (N with maximal score) 

ex-smokers s 

pack-years s 

patientss with hospital admission(s) 
inn year pre-IPR 

Asthm a a 

56 6 

4 / 2 5 / 2 7 7 

13/43 3 

466 (iqr 26) 

155 (iqr 33) 

2.333 (sd 0.93) 

77.11 (sd 23.4) 

433 (76.7%) 

266 (46.4%) 

21.55 (sd 11.4) 

37(66.1%) ) 

COPD D 

84 4 

55 / 15 / 64 

4 4 / 4 0 0 

622 (iqr 15.5) 

100 (iqr 12) 

1.044 (sd 0.50) 

36.66 (sd 13.6) 

700 (83.3%) 

655 (77.4%) 

44.00 (sd 31.9) 

74(88.1%) ) 

p-valu e e 

0.002 2 

0.001 1 

<0.0001 1 

0.1 1 

<< 0.0001 

<< 0.0001 

ns s 

<0.0001 1 

0.0008 8 

0.002 0.002 

admissionss per patient # 2.6 (sd 1.4) 2.5 (sd 1.4) ns 

dayss in hospital per patient # 52.3 (sd 49.0) 53.0 (sd 39.4) ns 

totall hospital days 1917 3931 0.007 

Dataa are presented as N (percentage) or as median (interquartile range) or as mean (standard 
deviation).. ns=not significant. # in patients with admissions 

80%% of all patients had at least one comorbid condition, most frequently cardiovascular 

diseasess (n=42), mobility disorders (39), overweight (19), psychological disorders (25), 

allergyy (29), metabolic diseases (n = 14, including 5 patients with diabetes mellitus). 

Patientss with asthma did have significantly more allergic diseases (p=0.012) and 

overweightt (p=0.003), while the patients with COPD had more cardiovascular diseases 

(p=0.008).. Furthermore, 96 patients had osteoporosis (55% of the patients with asthma 

andd 77% of the patients with COPD; p=0.006). 
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Tabl ee 2.2: bod y composition , lun g functio n and functiona l exercis e toleranc e at 

baselin e e 

weightt (kg) 

bodyy mass index 

fat-freee mass (kg) 

FEV!! (sd), L 

FEV̂ ^ %predicted (sd) 

FEV̂ ^ reversibility, %predicted 

FVCC (sd), L 

FVCC %predicted (sd) 

TLCC (sd), L 

TLCC %predicted (sd) 

RVV (sd), L 

RV%predictedd (sd) 

6-minutee walking distance, m 

pre-testt 02-saturation, % 

minimall 02-saturation, % 

post-testt 02-saturation, % 

pre-testt dyspnea, borg-score 

post-testt dyspnea, borg-score 

perceivedd exertion, borg-score 

heartt rate increase, beats/min 

Meanss (sd). 6MWD: N asthma = 53; 
disorderss and patients who were too 

Asthm a a 

78.3(21.0) ) 

27.9(7.1) ) 

51.2(9.9) ) 

2.32(0.92) ) 

77.11 (23.4) 

6.0(7.4) ) 

3.08(0.99) ) 

78.11 (18.6) 

5.66(1.35) ) 

102.8(15.5) ) 

2.255 (0.84) 

125.0(35.3) ) 

490.0(167.4) ) 

97.0(1.6) ) 

--

96.4(2.2) ) 

1.6(1.5) ) 

3.55 (1.6) 

3.7(1.8) ) 

35.7(25.4) ) 

COPD D 

71.0(16.1) ) 

24.9(5.2) ) 

47.8(10.1) ) 

1.044 (0.50) 

36.6(13.6) ) 

2.6(3.7) ) 

2.49(0.91) ) 

71.33 (18.7) 

6.755 (1.57) 

115.44 (20.9) 

3.977 (1.25) 

185.44 (50.5) 

327.7(165.2) ) 

95.0(2.0) ) 

90.7(3.5) ) 

92.6(3.3) ) 

2.33 (1.4) 

3.9(1.6) ) 

3.7(1.5) ) 

18.8(17.0) ) 

p-valu e e 

0.3 3 

0.09 9 

0.02 2 

<0.00001 1 

<< 0.00001 

<0.00001 1 

0.0004 4 

<0.00001 1 

0.0003 3 

0.0005 5 

<0.00001 1 

<0.00001 1 

<0.00001 1 

0.006 6 

--

<0.00001 1 

0.049 9 

0.2 2 

0.9 9 

0.0002 2 

NN COPD= 72. Missings caused by patients with mobility 
illl to perform a walking test 

Short-- and long-acting bronchodilators were used by almost every patient (see table 2.3). 

Orall corticosteroids were used by 62.5% of the patients with asthma (range: 1 to 50 

mg/day)) and by 70.2% of the patients with COPD (range: 1.5 to 40 mg/day). Inhaled 

corticosteroidss were used by 94.6% of the patients with asthma and by 70.2% of the 

patientss with COPD. One-third of all patients used psychotropic drugs and one quarter 

off the patients with COPD used supplemental oxygen. 
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62.5 5 

94.6 6 

92.9 9 

100 100 

33.9 9 

0 0 

5(10) ) 

800(1100) ) 

11 (D 

2(1) ) 

0(1) ) 

70.2 2 

70.2 2 

89.3 3 

96.4 4 

32.1 1 

25 5 

Comparisonn of the baseline 6-minute walking test showed that patients with COPD had 

significantlyy lower values than those with asthma on walking distance (p<0.00001), pre-

testt and post-test 02-saturation (p=0.006 and 0.00001), heart rate increase 

(p=0.00002)) and pre-test dyspnea {p=0.049) (see table 2.2). 

Tabl ee 2.3: pre-IPR medicatio n use 

Asthm aa COPD 

mediann (iqr) * % patients using median (iqr) * % patients using 

orall corticosteroids (mg) 5 (10) 

inhaledd corticosteroids (|ug) 1000 (800) 

long-actingg bronchodilators (N)# 1 (1) 

short-actingg bronchodilators (N)# 1 (1) 

psychotropicc drugs (N) 0 (1) 

supplementall oxygen 

** median computed over all patients; # number of different bronchodilators used 

2.4.22 Non-response analysis 

Theree were 20 treatment dropouts and 13 study dropouts in the inpatient phase of the 

study,, resulting in 107 patients with complete pre- and post-treatment assessments (see 

tablee 2.4). 29 patients dropped out at the 6-month follow-up (including 3 deaths), of 

whomm 9 completed the 12-mo assessment. Another 28 patients missed the 12-mo 

follow-up.. This results in 78 patients with complete data at 6 months post-IPR and 50 

patientss at 12 months post-IPR. There were no significant differences in dropout rates 

betweenn patients with asthma and patients with COPD or between levels of severity. 

Theree were no clinical or physiological differences between IPR-completers, treatment 

dropoutss and study dropouts. The main reasons for study-dropout were refusal to 

cooperate;; no contact with patient despite several attempts; organizational problem. 

Thee main reasons for treatment/illness related dropout were discharge to another 

hospitall because of (new) comorbidity; preliminary termination of IPR; death; too ill to 

participatee or in hospital. 

Theree were a few significant differences between study-completers, illness-related 

follow-upp dropouts and dropouts during follow-up for other reasons. In patients with 

asthma,, illness-related dropouts had more combined steroid/antibiotic courses than 

completerss (p=0.06) and other-reason dropouts (p=0.04); other-reason dropouts 

improvedd more on self-confidence (p=0.01) and they reduced more on psychotropic 
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drugss (p=0.01) than completers. In patients with COPD, other-reason dropouts showed 

largerr baseline use (p=0.02) and reduction (p = 0.002) of short-acting bronchodilators 

thann study-completers; illness-related dropouts had a higher fat-mass at baseline than 

bothh study-completers (p=0.02) and other-reason dropouts (p = 0.03). 

Tabl ee 2.4: dropou t durin g IPR and follow-u p 

IPR(nn = 140) follow-u p (n = 107) 

(PRR treatment study study dropouts: # dropouts: # 
completerss dropouts dropouts completers illness related other reasons 

Asthma:: 19 8 2 10 0 9 

mi ld /moderate e 

Asthma:: severe 20 3 4 8 3 9 

C O P D :: mi ld/moderate 16 2 2 6 2 t 8 

C O P D :: severe 52 7+ 5++ 26 10++ 16 

totall 107 20 13 50 15 42 

## patients w i th a missing assessment at 6 or 12 or both are labelled as dropouts 

++ including 1 death post-IPR; ++ including 2 deaths post-IPR 

2.4.33 Ac/verse events during IPR 

Adversee events during IPR were common, mostly exacerbations treated with courses of 

orall steroids (in 94 patients, range 1 to 11 courses per patient), antibiotics (n = 65, range 

11 to 4 courses) or combined courses (in 78 patients, range 1 to 9 courses). Significantly 

moree patients with COPD than patients with asthma were treated with oral steroid 

coursess (p=0.01). The median number of courses per month was 0.6 (iqr 0.6) for 

patientss with asthma and 0.8 (iqr 0.8) for patients with COPD. This would give an 

exacerbationn rate of about 7 per year in asthma and 10 per year in COPD. Patients with 

severee exacerbations were admitted to the intensive treatment facility of the 

asthmacentre.. There were 80 admissions (857 days) for a total of 21 patients with 

asthmaa and 34 patients with COPD. Comorbidity caused another 11 admissions (123 

days,, from 9 patients). Other adverse events included discharge to another hospital due 

too severe comorbidity (n = 4); new mobility problems (n=4); other new somatic 

problemss (n = 10). 

Mediann length of stay was 160 (interquartile range 108) days in patients with asthma 

andd 128 (iqr 77) days in patients with COPD. 
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2.4.44 Pre-post IPR change 

Thee use of oral corticosteroids decreased significantly in both groups of patients (see 

figuree 2.1). This decrease was accompanied by median increases in the use of inhaled 

steroidss of 200 ug (asthma, p = 0.1) and 300 ug (COPD, p=0.002). The number of 

differentt short- and long-acting bronchodilators and psychotropic drugs did not change. 
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Figuree 2.1 Median pre-posttreatment change in daily dose of oral corticosteroids (in 
mg).. Box plot layout: median (square dot); 25-75% (box); min-max (whiskers); outliers 
(points). . 

Theree were no significant changes in lung function variables, except for FVC%predicted 

inn patients with asthma (p = 0.009). Walking distance improved non-significantly in 

patientss with asthma, but not in patients with COPD (see table 2.5). Borg-scores 

exertionn did not improve significantly; dyspnea improved only in patients with asthma 

(p=0.006).. Minimal 02-saturation during the walking test improved in patients with 

COPDD (p=0.0006). Composite analysis of walking distance, desaturation, dyspnea and 

heartt rate increase showed that 36% of the patients with COPD improved relevantly in 

22 or more factors and that 28% deteriorated in 2 or more factors (see table 2.6). 62% of 

thee patients with asthma were improved in 2 or more factors, while 22% showed 

deterioration. . 

Bothh groups of patients reported large subjective improvement on the questions 

pertainingg to self-perceived change. Knowledge about lung disease, medication and 

correctt use of medication improved in 70% to 85% of the patients. Both groups 
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reportedd improved exercise tolerance (80% in asthma, 77% in COPD) and less disease 

symptomss {72% and 63%). 

Tabl ee 2.5: Pre-post-treatmen t chang e in 6MWT 

walking g 
distancee (m) 

minimall 0 2 -
satuu ration 

perceived d 
breathh lessness 

perceived d 
exertion n 

heartt rate 
increase e 

before e 

4733 (185) 

--

3.8(1.3) ) 

3.8(1.6) ) 

35.0(25.7) ) 

Asthm aa (n=37) 

after r 

500(225) ) 

--

2.99 (1.8) 

3.33 (1.5) 

37.9(25.6) ) 

pp value 
change e 

0.1 1 

--

0.006 6 

0.1 1 

0.3 3 

before e 

328(166) ) 

90.6(3.2) ) 

3.8(1.5) ) 

3.77 (1.5) 

19.7(18.1) ) 

COPDD (n = 58) 

after r 

334(195) ) 

91.9(2.7) ) 

3.6(1.7) ) 

3.55 (1.8) 

17.11 (18.2) 

pp value 
change e 

0.6 6 

0.0006 6 

0.5 5 

0.4 4 

0.2 2 

Valuess are presented as means (SD). Smaller N caused by patients with mobility problems or being 
tooo ill to perform exercise testing. 

Tabl ee 2.6: composit e analysi s of pre/posttreatmen t chang e in factor s relate d to 

functiona ll  exercis e toleranc e 

%% improve d % unchange d % deteriorate d % unclea r 

asthmaa (n = 37) 

COPD(nn = 58) 

62.2 2 

36.2 2 

10.8 8 

25.9 9 

21.6 6 

27.6 6 

5.4 4 

10.3 3 

2.4.55 One-year follow-up 

Thee number of hospital admissions, as well as the number of patients with admissions 

andd the number of days in hospital all showed three- to tenfold decreases which were 

significantt in both groups (see table 2.7 and figure 2.2). Repeated-measures anova's for 

walkingg distance and FEV^ showed no significant changes. There was selective dropout 

inn the follow-up scores for walking distance and lung function: some patients were 

unablee (ill, traveling too exhausting, in hospital) to come to the asthmacentre to perform 

aa walking test and lung function testing. Because these patients filled in the 

questionnairess at home, they are not missing from the results reported in part 2 (see 

chapterr 3). 
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Tablee 2.7: Change in hospital admissions 

Asthma ,, 6-mo period , n = 29 

pre-IPRR post-IPR p change 

COPD,, 6-mo period , n=49 

pre-IPRR post-IPR p change 

patientss with hospital 
admission(s) ) 

totall admissions 

totall hospital days 

12 2 

15 5 

495 5 

4 4 

4 4 

51 1 

0.02 2 

0.07 7 

0.02 2 

35 5 

65 5 

1495 5 

7 7 

10 0 

312 2 

<0.0001 1 

<0.0001 1 

<0.0001 1 

Asthma ,, 12-mo period , n = 18 

pre-IPRR post-IPR p change 

COPD,, 12-mo period , n = 32 

pre-IPRR post-IPR p change 

patientss with hospital 
admission(s) ) 

totall admissions 

totall hospital days 

9 9 

19 9 

326 6 

3 3 

3 3 

82 2 

0.04 4 

0.007 7 

0.008 8 

27 7 

76 6 

1363 3 

8 8 

13 3 

236 6 

<0.0001 1 

<0.0001 1 

<0.0001 1 

1800 0 

600 0 

300 0 

66 months pre-IPR 

66 months post-IPR 

p=0.02 2 
II 1 

asthm aa (n=29) 

p=0.00003 3 
II 1 

COPDD (n=49) 

Figur ee 2.2: Total hospital days in 6 months before and after IPR 
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2.55 Discussio n 

Thiss study describes a group of severely impaired and unstable patients with asthma or 

COPD.. The severity of illness and instability is reflected by the very high amount of days 

inn hospital in the year pre-IPR, the large amount of comorbidity and the high number of 

exacerbations.. These were also the main reasons for referral to our I PR-program. 

Duringg the programme, the use of oral corticosteroids decreased significantly in both 

groupss of patients, while the use of inhaled corticosteroids increased. Although there 

weree much changes in type and dosage of the other medications, a further indication of 

thee optimization of the medication regimen, the number of bronchodilators and 

psychotropicc drugs did not change significantly. Although walking distance did not 

changee significantly, most patients reported subjectively improved exercise tolerance. 

Thee number of hospital admissions decreased drastically. 

Thee reversibility of airway obstruction in patients with asthma was smaller than might be 

expected,, being a major criterium for a diagnosis of asthma. Most probably this low 

reversibilityy is caused by the regular use of oral or inhaled steroids, which could not be 

withdrawnn before lung function testing. In a large multicentre study, reversibility virtually 

disappearedd after starting the regular use of inhaled steroids in patients with asthma [31]. 

Apparently,, there is a large chronic component in this group, which is illustrated by the 

longg disease duration and the on average moderately lowered FEVr Despite the small 

reversibility,, the asthma group is clearly different from the COPD-group: they fulfilled 

thee clinical criteria and showed highly significant differences on all lung function and 

exercisee tolerance parameters. Whether the improvement in FVC in patients with 

asthmaa was caused by reduced hyperinflation could not be tested because lung capacity 

parameterss were not measured post-treatment. 

Thee severity of illness and instability in these groups of patients is illustrated by three 

indicators:: pre-IPR hospitalization rate, comorbidity and adverse events. The pre-IPR 

hospitalizationn rate in this study is 2 to 4 times higher then the rates reported in other 

IPR-studies,, including studies in the Netherlands (9-20 days) [6;10;13], The decrease in 

hospitalizationn in these IPR-programs varied from 0 to 12 days, which is much smaller 

thenn the six-fold decrease found in our study. This very large decrease could be partly 

explainedd by 'regression to the mean'. Patients are referred to I PR at a peak of disease 

activity,, which is illustrated by the finding that two-thirds of the hospitalizations occurred 

inn the half year immediately preceding the I PR-programme. Some patients will improve 

withoutt intervention, needing less hospital admissions. However, because COPD is a 
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progressivee disease, with continuous deterioration of FEV, and health status [32], it is to 

bee expected that most patients will deteriorate even further without intervention. 

Mostt patients had one or more comorbid conditions, often complicating treatment of 

thee lung disease and thereby necessitating inpatient multidisciplinary treatment. Patients 

withh comorbidity seem to be excluded from both in- and outpatient pulmonary 

rehabilitationn programs (at least those reported in the literature). Inclusion of patients 

withh comorbidity was only reported by Buchi et al. [12] and Stewart et a/. [13], both 

havingg about 40% patients with comorbidity. The high occurrence of osteoporosis is 

mostt likely caused by the extensive use of corticosteroids. 

Thee number of exacerbations during IPR was very high (about 7 per year in asthma and 

100 per year in COPD), highlighting the disease severity in these patients. Although in an 

inpatientt setting more exacerbations may be reported than in other settings, there 

remainss a large difference with the exacerbation rates found in large studies with 

outpatientss with COPD: 2 (ISOLDE trial [33]) to 4.9 (BRONCUS trial [34]) exacerbations 

inn two years. Seemungal et al. reported a median of 3 (range 1 to 8) exacerbations per 

yearr in a group of patients with COPD [35], although 49% of the exacerbations were not 

reportedd and probably not treated. 

Wee found no mean improvement in walking distance, with a wide range of change. This 

iss in contradiction to almost all studies on pulmonary rehabilitation. Wedzicha and 

coworkerss found a similar lack of improvement in walking distance in severely 

dyspnoeicc patients (highest MRC-score) [36], who also constituted the major part of our 

studyy group. The lack of change may be caused by an insufficient intensity of the 

exercisee training (which has been increased recently in recognition of recent findings 

[37;38]).. Another explanation for the lack of change is the attention for self-pacing, 

whichh often makes patients walk slower, but in a steady pace, preventing exhaustion, 

dyspneaa and desaturation. This is confirmed by the improvement in minimal 02 -

saturationn during the walking test in patients with COPD. Dyspnea improved only in 

patientss with asthma, while perceived exertion did not change. This lack of change in 

perceivedd symptoms may in part be explained by response shift: a change in the 

meaningg of one's self-evaluation, resulting from changes in internal standards or 

conceptualizationn [39] caused by the treatment itself. 

Compositee analysis, which is a simultaneous qualitative outcome analysis of several 

relatedd factors [25], of functional exercise tolerance gave a different picture: 62% of the 

patientss with asthma and 36% of the patients with COPD improved relevantly in 2 or 

moree factors. This result agrees better with the subjectively reported improvement of 

exercisee tolerance and with the wide range of change in several factors. Still, a 
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considerablee number of patients deteriorated in 2 or more factors, which is an 

illustrationn of the disease severity in these patients. 

Wee have the impression that the 6MWT may not be the most appropriate test when 

assessingg the effect of self-pacing and endurance training. Regrettably, we did not assess 

thee regularity of walking, which should improve due to self-pacing. Several patients 

reportedd on the post-treatment test that they could have walked much further than the 6 

minutess of the test. This indicates that a test of endurance would probably have been a 

betterr choice, although in the large number of patients with cardiovascular comorbidity 

speciall care is needed in case of strenuous exercise. 

Theree was a substantial dropout, both in the I PR-phase and in the follow-up phase of 

thee study. About twenty percent of the patients dropped out at each subsequent 

assessment,, totalling up to 64% dropout. This is comparable to the dropout rates of 50% 

andd 60% in studies on IPR by Stewart et al. [13] and Van den Broek [40], but higher 

thann in other studies on IPR (range 15 to 40%). Follow-up assessments were hindered by 

thee nation-wide function of our asthmacentre, making it impossible for far away living 

patientss to attend for walking and lung function tests. However, most of these patients 

didd complete questionnaires. We found no convincing evidence for selective dropout, 

ass was found in the study of Ketelaars and coworkers on IPR in patients with COPD [9]. 

Inn that study, reasons for non-response were mainly death and being too ill, with non-

respondentss having significantly worse quality of life scores post-IPR. Büchi et al. found 

thatt dropouts had a significantly worse health status (as mesasured with the SF-36) than 

studyy completers, but found no difference in clinical, psychological or demographic 

variabless [12]. Several studies found no differences between completers and dropouts 

[11;15;41],, although in the study by Bijl et al. [15] half of the dropout was illness-

related,, as in our study. Other IPR-studies did not test [13;16] or report dropout [42]. 

Youngg et al. studied non-adherence in outpatient pulmonary rehabilitation, and found 

noo difference in physiological measures, morbidity or health status between adhering 

andd nonadhering patients [43]. Nonadherent patients were more likely to be current 

smokers,, divorced, living alone, living in rented accommodation and experienced less 

disease-relatedd social support than adherent patients. 

Inn our study, there were a few significant but clinically unimportant differences between 

completerss and dropouts. The only difference in the expected direction was the higher 

numberr of combined steroid/antibiotic courses in illness-related follow-up dropouts 

(asthmaa only) as compared to study completers and other-reason dropouts. Based on 

thee lack of selective dropout, we conclude that the short- and long-term results are 

generaliziblee to the complete study group. To assess the influence of dropout and the 

robustnesss of the study findings, we performed a study that combined sensitivity analysis 
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andd imputation of missing data, which is described in chapter 4. This analysis showed 

thatt the dropout did not distort the study findings. Even when assuming a worst case 

scenario,, i.e. deterioration for the treatment dropouts and no improvement for the study 

dropouts,, the improvement in hospitalizations remained significant in COPD. In asthma, 

thee difference in hospitalizations remained significant in the sombre scenario (no 

improvementt for both treatment and study dropouts), but not in the worst case scenario. 

Theree are large differences in length of stay in IPR, with a range from as short as 10 days 

[8]] to as long as 10-13 weeks [6;9;41 ;44]. The longer length of stay of our program (18 

weekss in patients with COPD, 23 weeks in patients with asthma) is probably caused by 

thee higher severity and comorbidity of the patients referred to our asthmacentre. Other 

reasonss may be the focus on individualized treatment goals and the extensive training of 

self-managementt skills: modification of disease behavior requires a considerable amount 

off time. Recently, the length of stay for all inpatient pulmonary rehabilitation programs 

inn the Netherlands has been limited to 12 weeks under pressure of health insurance 

companies. . 

2.66 Conclusio n 

Thee high pre-IPR hospitalization rate, the high number of comorbidities, and the large 

numberr of adverse events during IPR suggest that the patients with asthma or COPD 

referredd for IPR in our asthmacentre are severely impaired, unstable patients. There was 

aa high, but non-selective dropout. Use of oral corticosteroids decreased significantly, 

accompaniedd by a small rise in inhaled steroids. Most patients reported improved 

exercisee tolerance, but mean walking distance did not improve. Composite analysis 

showedd that two-third of the patients with asthma and one-third of the patients with 

COPDD improved in at least 2 factors relevant to functional exercise tolerance. This I PR-

programmee resulted in a large decrease in hospitalization, both in patients with asthma 

(4-fold)) and patients with COPD (6-fold). 
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