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INTRODUCTION 


Chronic  Obstructive  Pulmonary  Disease  (COPD)  is  a  major  cause  of  chronic 
 morbidity and mortality throughout the world. Many people suffer from this disease 
 for  years  and  die  prematurely  from  it  or  its  complications.  COPD  is  the  fourth 
 leading  cause  of  death  in  the  world,  and  further  increases  in  its  prevalence  and 
 mortality can be predicted in the coming decades (Lopez AD, 2006).  


COPD  is  the  only  leading  cause  of  death  that  continues  to  increase  in  prevalence; 


WHO (world health organization) is currently predicting that within 20 years COPD 
 will be the third major cause of mortality worldwide (Norman, 2000). 


The  goals  of  the Global  Initiative  for  Chronic Obstructive Lung Disease  (GOLD) 
are  to  increase  awareness  of  COPD  and  decrease  morbidity  and  mortality  from  the 
disease.  GOLD  aims  to  improve  prevention  and  management  of  COPD  through  a 
concerted worldwide effort of people involved in all facets of health care and health 
care  policy,  and  to  encourage  an  expanded  level  of  research  interest  in  this  highly 
prevalent disease. A nihilistic attitude towards COPD continues among some health 
care  providers,  due  to  the  relatively  limited  success  of  primary  and  secondary 
prevention  (i.e.  avoidance  of  factors  that  cause  COPD  or  its  progression),  the 
prevailing  notion  that  COPD  is  largely  a  self-inflicted  disease,  and  disappointment 
with  available  treatment  options.  Another  important  goal  of  the  GOLD  is  to  work 
toward  combating  this  nihilistic  attitude  by  disseminating  information  about 
available  treatments  (both  pharmacologic  and  nonpharmacologic),  and  by  working 
with a network of experts — the GOLD National Leaders — to implement effective 



(10)COPD  management  programs  developed  in  accordance  with  local  health  care 
 practices (GOLD, 2006). 


Tobacco smoking continues to be a major cause of COPD, as well as of many other 
 diseases. A worldwide decline in tobacco smoking would result in substantial health 
 benefits  and  a  decrease  in  the  prevalence  of  COPD  and  other  smoking-related 
 diseases.  There  is  an  urgent  need  for  improved  strategies  to  decrease  tobacco 
 consumption.  However, tobacco smoking is not the only cause of COPD, and it may 
 not even be the major cause in some parts of the world. Furthermore, not all smokers 
 develop  clinically  significant  COPD,  which  suggests  that  additional  factors  are 
 involved  in  determining  each  individual's  susceptibility.  COPD  may  be  caused  by 
 other environmental  factors such  as cooking fumes, pollutants, passive smoking, or 
 other inhaled toxins or by developmental changes in the lungs (Smith, 2000). 


 Thus, investigations of COPD risk factors, ways to reduce exposure to these factors, 
 and the molecular and cellular mechanisms involved in COPD pathogenesis continue 
 to  be  important  areas  of  research  to  develop  more  effective  treatments  that  slow  or 
 halt the course of the disease (GOLD, 2006). 


At present treatment of COPD is mainly symptomatic and bronchodilators form the 
mainstay  of  treatment.  Currently  long  acting  anticholinergic  tiotropium  and  long 
acting  β2  agonists  (LABAs)  like  salmeterol  and  formoterol  are  available  for 
maintenance therapy of COPD (Rabe et al., 2007). Metered dose inhaler (MDI) is the 
most  commonly  used  drug  delivery  device  in  COPD  patients  with  or  without 
spacers/holding  chambers,  as  inspiratory  flow  is  less  in  COPD  patients  especially 
those with severe obstruction. There is lack of published information on combination 



(11)of  long  acting  bronchodilators  and  their  effects  on  lung  function  parameters 
 especially  inspiratory  capacity  (IC)  which  correlates  more  with  the  sensation  of 
 dyspnea than forced expiratory volume in 1 second (FEV1) especially when severity 
 of  obstruction  increases  (O'Donnell  et  al.,  1999).  There  is  wide  interpatient 
 variability  in  perceived  symptoms  of  COPD,  particularly  sensation  of  dyspnea. 


Therefore  acute  improvement  in  spirometric  parameters  such  as,  FEV1   may  not 
 always correlate with relief of symptoms and increased exercise tolerance; though IC 
 closely  correlates  with  reduction  of  hyperinflation  both  at  rest  and  during  exercise 
 and  thus  reduction  of  dyspnea  (Boni  et  al.,  2002,  Diaz  et  al.,  2000,  Marin  et  al., 
 2001). 


There are no published studies on effects of long acting bronchodilators delivered by 
 a  dry  powder  inhalation  device  (DPI)  known  as  Transhaler  in  COPD  patients. 


According to present literature, each and every DPI varies in its resistance and flow 
rate (Clark and Hollingworth, 1993). Keeping this in mind we intended to study the 
effects  of  addition  of  formoterol  to  tiotropium  administered  by  dry  powder  inhaler 
(DPI)  in  terms  of  changes  in  lung  function  parameters  such  as,  FEV1, FVC  (forced 
vital  capacity)  and  IC  as  well  as  improvement  in  exercise  tolerance  by  six  minute 
walk test (6 MWT).   
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AIMS AND OBJECTIVES OF STUDY 


AIM: 


To  study  the  acute  bronchodilator  efficacy  of  tiotropium  versus  a  combination  of 
 tiotropium and formoterol both as dry powder inhalers in COPD by spirometry over 
 24 hours.  


PRIMARY OBJECTIVES: 


1.  To  compare  mean  change  in  trough  (at  24  hours)  FEV1, FVC  and  IC  with 
 tiotropium versus a combination of tiotropium and formoterol. 


2.  To compare AUC0-12 h & AUC 0-24 h for  FEV1,  FVC and  IC with tiotropium 
 versus a combination of tiotropium and formoterol. 


SECONDARY OBJECTIVES: 


1.  To compare peak responses for  FEV1, FVC and  IC with tiotropium versus a 
 combination of tiotropium and formoterol. 


2.  To  compare  improvement  in  exercise  tolerance  as  measured  by  6  minute 
 walk test  [6  MWT] with tiotropium versus  a combination of tiotropium  and 
 formoterol. 


3.  To  compare  dyspnea  as  assessed  by  Borg  Dyspnea  Scale  measured  before 
 and after the 6 MWT. 


4.  To compare changes in pulse rate and oxygen saturation over 24 hours with 
tiotropium versus combination of tiotropium and formoterol. 
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REVIEW OF LITERATURE 


1. Definition(s): 


Chronic  Obstructive  Pulmonary  Disease  (COPD)  is  a  preventable  and  treatable 
 disease  with  some  significant  extrapulmonary  effects  that  may  contribute  to  the 
 severity in individual patients. Its pulmonary component is characterized by airflow 
 limitation  that  is  not  fully  reversible.  The  airflow  limitation  is  usually  progressive 
 and  associated  with  an  abnormal  inflammatory  response  of  the  lung  to  noxious 
 particles or gases (Rabe et al., 2007). 


According to the definition of the European Respiratory Society (ERS) COPD is "a 
 disorder  characterized  by  reduced  maximum  expiratory  flow  and  slow  forced 
 emptying of the lungs; features which do not change markedly over several months. 


Most of the airflow limitation is slowly progressive and irreversible" (Aalbers et al., 
 2002). 


2.1 Pathogenesis: 


Oxidative  Stress:  Oxidative  stress  may  be  an  important  amplifying  mechanism  in 
COPD (Rahman, 2005).  Biomarkers of oxidative stress (e.g., hydrogen peroxide, 8-
isoprostane)  are  increased  in  the  exhaled  breath  condensate,  sputum,  and  systemic 
circulation of COPD patients. Oxidants are  generated by  cigarette smoke  and  other 
inhaled  particulates,  and  released  from  activated  inflammatory  cells  such  as 



(14)macrophages and neutrophils (MacNee, 2001). Oxidative stress may also account for 
 a reduction in histone deacetylase activity in lung tissue from COPD patients, which 
 may lead to enhanced expression of inflammatory genes and also a reduction in the 
 anti-inflammatory action of glucocorticosteroids (Ito et al., 2005). 


Protease-Antiprotease  Imbalance: There is compelling evidence for an imbalance 
 in the lungs of COPD patients between proteases that break down connective tissue 
 components and antiproteases that protect against this. Protease-mediated destruction 
 of elastin, a major connective tissue component in lung parenchyma, is an important 
 feature of emphysema and is likely to be irreversible. 


Differences in inflammation between COPD and Asthma: Although both COPD 
and  asthma  are  associated  with  chronic  inflammation  of  the  respiratory  tract,  there 
are marked differences in the inflammatory cells and mediators involved in the two 
diseases,  which  in  turn  account  for  differences  in  physiological  effects,  symptoms, 
and  response  to  therapy  (Table  1).  However,  there  are  greater  similarities  between 
the lung inflammation in severe asthma and COPD. Some patients with COPD have 
features  of  asthma  and  may  have  a  mixed  inflammatory  pattern  with  increased 
eosinophils.  Finally,  people  with  asthma  who  smoke  develop  pathological  features 
similar to COPD (Thomson, 2004). 



(15)Table 1: Differences between COPD and asthma 


COPD  Asthma  Severe Asthma 


Cells  Neutrophils ++ 


Macrophages +++ 


CD8+ T Cells 
 (Tc1) 


Eosinophils ++ 


Macrophages + 
 CD4+ T Cells 
 (Th2) 


Neutrophils + 
 Macrophages 
 CD4+  T  and  CD8+ 


T Cells 


Key Mediators  IL-8,  TNF-α,  IL-1β, 
 IL-6, NO+ 


Eotaxin,  IL-4,  IL-5, 
 IL-13, NO+++ 


IL-8, IL-5, IL-13, 
 NO++ 


Oxidative 
 Stress 


+++  +  +++ 


Site of Disease   Peripheral  airways, 
 lung  parenchyma, 
 pulmonary vessels 


Proximal airways  Proximal airways 
 Peripheral airways 


2.2 Pathophysiology 


There is now a good understanding of how the underlying disease process in COPD 
leads  to  the  characteristic  physiologic  abnormalities  and  symptoms.  For  example, 
decreased  FEV1  primarily  results  from  inflammation  and  narrowing  of  peripheral 
airways,  while  decreased  gas  transfer  arises  from  the  parenchymal  destruction  of 
emphysema. 



(16)Airflow Limitation and Air Trapping:  


The  extent  of  inflammation,  fibrosis  and  luminal  exudates  in  small  airways  is 
 correlated  with  the  reduction  in  FEV1  and  FEV1/FVC  ratio,  and  probably  with  the 
 accelerated  decline  in  FEV1  characteristic  of  COPD  (Hogg  et  al.,  2004).  This 
 peripheral  airway  obstruction  progressively  traps  air  during  expiration,  resulting  in 
 hyperinflation.  Although  emphysema  is  more  associated  with  gas  exchange 
 abnormalities  than  with  reduced  FEV1,  it  does  contribute  to  air  trapping  during 
 expiration.  This  is  especially  so  as  alveolar  attachments  to  small  airways  are 
 destroyed when the disease becomes more severe. Hyperinflation reduces inspiratory 
 capacity such that functional residual capacity increases, particularly during exercise 
 (when  this  abnormality  is  known  as  dynamic  hyperinflation),  and  this  results  in 
 dyspnea  and  limitation  of  exercise  capacity.  It  is  now  thought  that  hyperinflation 
 develops  early  in  the  disease  and  is  the  main  mechanism  for  exertional  dyspnea 
 (O'Donnell  et  al.,  2001).  Bronchodilators  acting  on  peripheral  airways  reduce  air 
 trapping,  thereby  reducing  lung  volumes  and  improving  symptoms  and  exercise 
 capacity. 


Gas Exchange Abnormalities: 


Gas exchange abnormalities result in hypoxemia and hypercapnia, and have several 
 mechanisms  in  COPD.  In  general,  gas  transfer  worsens  as  the  disease  progresses. 


The  severity  of  emphysema  correlates  with  arterial  pO2  and  other  markers  of 
ventilation-perfusion (VA/Q) imbalance (GOLD 2006). 



(17)Mucus Hypersecretion: 


Mucus  hypersecretion,  resulting  in  a  chronic  productive  cough,  is  a  feature  of 
 chronic  bronchitis  and  is  not  necessarily  associated  with  airflow  limitation. 


Conversely,  not  all  patients  with  COPD  have  symptomatic  mucus  hypersecretion. 


When present, it is due to mucous metaplasia with increased numbers of goblet cells 
 and enlarged submucosal glands in response to chronic airway irritation by cigarette 
 smoke  and  other  noxious  agents.  Several  mediators  and  proteases  stimulate  mucus 
 hypersecretion  and  many  of  them  exert  their  effects  through  the  activation  of 
 epidermal growth factor receptor (Burgel and Nadel, 2004). 


3. MANAGEMENT OF COPD 


3.1 Clinical Features and Diagnosis of COPD 


       In any patient 40 years of age or more, diagnosis of COPD should be considered 
 if they present with following clinical features:  


1.  Dyspnea that is progressive, worsening over time, worse after exercise and is 
 persistent. 


2.  Chronic cough which may be intermittent and may be unproductive 
 3.  Chronic sputum production 


4.  History  of  exposure  to  risk  factors  like  active  or  passive  tobacco  smoking, 
 exposure to smoke from domestic cooking. 


Diagnosis is confirmed by a spirometry. Spirometry is the gold standard for as it is 
most reproducible, standardized and objective tool of measuring airflow limitation.  



(18)Table  2:  Spirometric  Classification  of  COPD  Severity  Based  on  Post-
 Bronchodilator FEV1 (GOLD 2006) 


Stage I: Mild  FEV1/FVC < 0.70  FEV1 > 80% predicted 


Stage II: Moderate  FEV1/FVC < 0.70  50%  <  FEV1  <  80% 


predicted 


Stage III: Severe  FEV1/FVC < 0.70  30%  <  FEV1  <  50% 


predicted 


Stage IV: Very Severe  FEV1/FVC < 0.70  FEV1  <  30%  predicted or 
 FEV1 < 50% 


predicted  plus  chronic 
respiratory failure 



(19)Figure 1: GOLD Classification of COPD and Treatment at each stage of COPD 


3.2 Cholinergic and Adrenergic Pathways in COPD  


There are 5 subtypes of muscarinic acetylcholine receptors M1-M5. Of these M1, M2


and  M3  are  present  in  human  lungs  (van  Koppen  et  al.,  1987)  (Figure  2).  These 
 receptors are expressed on the airway ganglia and nerves, on airway smooth muscle, 
 on airway mucous glands, and on pulmonary vascular endothelium (Belmonte, 2005). 


M1, M3, and M5 muscarinic receptors are coupled to the stimulatory G protein (Gq), 
and  the  M2  and  M4  are  coupled  to  the  inhibitory  G  protein  (Gi/o)  (Proskocil  and 
Fryer,  2005).    Activation  of  preganglionic  M2  muscarinic  receptors  inhibits 



(20)Figure 2: Airway muscarinic cholinergic receptors  


Muscarinic acetylcholine receptors (mAChRs) on pulmonary parasympathetic nerves 
 and airway smooth muscle (Belmonte, 2005). 


Figure 3: Airway smooth Muscle relaxation 



(21)Airway smooth muscle:  


Airway smooth muscle contains mixed population of M2 and M3 mAchRs in ratio of 
 4:1  (Mak  and  Barnes,  1990).    In  most  of  the  species  contraction  of  airway  smooth 
 muscle  is  mediated  by  acetylcholine-induced  activation  of  M3  mAChRs,  which 
 preferentially couple to the heterotrimeric G protein Gq11, resulting in stimulation of 
 phospholipase  C  and  an  increase  in  intracellular  calcium  (Caulfield  and  Birdsall, 
 1998).  Parasympathetic  nerves  maintain  airway  tone  by  releasing  acetylcholine 
 which activates M3 receptors (Nadel, 1977, Roffel et al., 1990) . 


Postjunctional  M2  muscarinic  receptors  inhibit  β2-adrenergic  receptor  mediated 
 increase in adenylate cyclase and limit bronchodilation (Ehlert, 2003, Walker et al., 
 2004) (Figure 3). 


Nonselective antagonists that block M2 muscarinic receptors, in addition to blockade 
 of  the  M3,  on  airway  smooth  muscle  may  provide  additional  bronchodilation  by 
 removing the inhibitory effect they have on β2-agonist induced relaxation (Billington 
 and Penn, 2003). 


Combination therapies targeted on both muscarinic and adrenergic receptors should 
 provide potentially additive and greater bronchodilation compared with a β2-agonist 
 or a muscarinic antagonist alone. 


β2-agonists facilitate release of acetylcholine from parasympathetic nerves (Zhang et 
 al., 1995a, Zhang et al., 1995b). But in vitro studies on human tracheal and bronchial 
 smooth muscles have shown inhibition of acetylcholine release (Rhoden et al., 1988).  


The  balance  of  the  muscarinic  and  adrenergic  receptor  regulation  of  airway  nerve 



(22)and  smooth  muscle  activity  is  important  for  normal  lung  function  (Proskocil  and 
 Fryer, 2005).  


Tiotropium:  


Inhaled muscarinic anticholinergics are highly charged quaternary ammonium salts, 
 that  are  poorly  absorbed  across  membranes  and  thus  had  low  oral  and  systemic 
 bioavailability  and  low  blood–brain  barrier  penetration  but  still  highly  potent 
 antagonists at mAChRs (Belmonte, 2005). 


Figure 4: Structure of Tiotropium 


As anticholinergic therapy is effectively “antibronchoconstrictor” therapy rather than 


“bronchodilator” therapy, the onset of activity of these agents is not expected to be as 
 rapid as that seen with active bronchodilator therapy through the use of an inhaled β2


agonist (Belmonte, 2005). 



(23)Tiotropium  bromide  is  a  novel,  inhaled,  once  daily  anticholinergic  bronchodilator 
 that  has  been  approved  for  use  in  patients  with  COPD.  Its  unique  feature  is  the 
 persistence  of  bronchodilation  for  more  than  24  hours  and  has  a  unique  kinetic 
 selectivity  with  very  slow  dissociation  from  M1  and  M3  muscarinic  receptors 
 (Anthonisen et al., 1994, Barnes, 2000, Disse et al., 1999, Vincken et al., 2002). Its 
 not known whether this kinetic selectivity is clinically important; however, since M2


autoreceptor  blockade  is  associated  with  enhanced  acetylcholine  outflow  from  the 
 vagal  nerve,  whereas  muscarinic  M3  receptor  blockade  inhibits  most  of  the 
 postjunctional effects of acetylcholine (Gosens et al., 2006). 


Tiotropium bromide has a long half-life (t1/2) at M3 mAChRs (35 h) compared with 
 M1  mAChRs  (t1/2-  15  h)  and  M2  mAChRs  (t1/2-  3.6  h),  as  defined  by  radioligand 
 dissociation  studies.  These  results  suggest  a  “kinetic”  selectivity  and  as  such 
 demonstrate a long duration of action consistent with once-daily dosing. Presence of 
 a reactive epoxide on the tropane ring portion of tiotropium bromide could create a 
 covalent  interaction  with  key  amino  acids  on  M3  mAChRs  but  not  with  other 
 mAChRs, leading to the reported “kinetic” selectivity for M3 mAChRs (Disse et al., 
 1999). 


Improvements  in  inspiratory  capacity  and  forced  vital  capacity  are  greater  with  the 
long  acting  agent  tiotropium  than  with  ipratropium,  suggesting  that  sustained 
relaxation  of  airway  muscle  is  needed  to  produce  the  most  significant  changes  in 
these  measures.  Reductions  in  dyspnea  scores  and  improvements  in  exercise 
tolerance  would  be  expected  to  result  in  improvements  in  patient  perception  of 
quality of life with COPD (Belmonte, 2005). 



(24)Dyspnea  is  one  of  the  most  important  symptoms  in  COPD  (Belmonte  2005).  Gold 
 standard of diagnosis and assessment dyspnea is the patient’s self-report, as assessed 
 by  some  commonly  employed  scales,  such  as  the  Borg  scale  (Borg,  1982). 


Improvement of dyspnea in COPD is probably dependent on changes in lung volume, 
 because  changes  in  hyperinflation  (as  measured  by  improvements  in  inspiratory 
 capacity  and  forced  vital  capacity  and  a  reduction  in  functional  residual  capacity) 
 correlate with reduced dyspnea scores during exercise testing (O'Donnell et al., 2004, 
 O'Donnell et al., 1999). 


With  tiotropium,  improvement  in  forced  vital  capacity  continues  for  8  d  of  once-
 daily therapy  as the drug  reaches pharmacologic steady state.  It  is thought that this 
 progressive  improvement  probably  reflects  incremental  improvements  in  the 
 ventilatory condition of the lung, as airways that had previously been closed begin to 
 open (van Noord et al., 2002). 


3.3 Beta 2 Adrenergic Agonists 


The β2  receptor  exists  in  an  active  form  and  an  inactive  form,  in  equilibrium.  The 
 receptor is in the activated form when associated with α unit of the G protein. The β2
 agonist  attaches  to  the β2  receptor  in  the  muscle  cell  membrane.  This  activates 
 stimulatory  G  protein,  bound  to  the  intracellular  side  of  the  cell  membrane. 


Adenylate  cyclase  is  activated  by  G  protein,  which  increases  the  synthesis  of  3’-5’ 


cyclic  adenosine  monophosphate  (cAMP)  from  adenosine  triphosphate  (ATP). 


cAMP  causes  smooth  muscle  relaxation  by  inactivating  myosin  light  chain  kinase, 



(25)which  is  an  enzyme  that  causes  smooth-muscle  contraction.  Increased  cAMP  also 
 inhibits intracellular calcium release, leading to relaxation of airway smooth muscle 
 and decreasing the sensitivity of contractile proteins. β2 agonist potency is a function 
 of its affinity to the receptor and its efficacy. Albuterol has a relatively low affinity, 
 whereas salmeterol and formoterol have high affinities.   


β2 adrenergic agonists are classified as short acting (e.g. Salbutamol) and long acting 
 (e.g.  Salmeterol  and  formoterol).  Short  acting  β2  agonists  are  used  as  rescue 
 medication  in  emergency  situations  because  of  their  rapid  onset  of  action.  Their 
 action lasts for 5-8 hours (Op't Holt, 2007).  


Figure 5: Formoterol structure 


Figure 6: Salmeterol structure 



(26)Currently  two  LABAs  are  available  for  clinical  use,  salmeterol  and  formoterol. 


Single  inhaled  doses  both  of  formoterol  (12  mcg)  and  salmeterol  (50  mcg)  provide 
 comparable  bronchodilation  over  12  hours  and  have  tolerable  side  effects  (Celik  et 
 al., 1999). But  salmeterol and formoterol differ in chemical structure (Figure 5 and 
 6)  that  may  be  responsible  for  differences  in  their  pharmacokinetic  and 
 pharmacodynamic  properties  in  vitro.    Formoterol  elicits  faster  onset  of  action 
 comparable  to  salbutmol,  whereas  salmeterol  is  slower  in  onset.  Duration  of  action 
 was shown to be longer for salmeterol than formoterol in an in-vitro study (Naline et 
 al., 1994).  As a result of their structure, salmeterol and other LABAs are lipophilic 
 and diffuse into the cell membrane (Op't Holt, 2007). 


β2 adrenergic agonists are chiral drugs historically marketed as racemic mixtures of 
 an  active  R  (eutomer)  and  essentially  inactive  S  (distomer)  stereoisomer. 


Replacement of the racemates with pure eutomer formulations is called as chiral or 
 racemic  switch  (Boulton  and  Fawcett,  2002).  The  potential  advantages  of  chiral 
 switching  include  an  improved  therapeutic  index  through  increased  potency  and 
 selectivity and decreased side-effects; an improved onset and duration of effect; and 
 a  decreased  propensity  for  drug-drug  interactions,  mediated  largely  by  exploitation 
 of stereoselectivity in pharmacokinetic properties (Tucker, 2000). 


R-R  formoterol  which  is  active  enantiomer  of  formoterol  is  currently  under 
evaluation as once a day therapy in asthma and COPD (Buhl and Farmer, 2005). In 
one  study  in  asthma  patients  R-R  and  racemic  formoterol  didn’t  show  much 
difference  in  mean  maximal  response  in  FEV1  and  both  had  similar  propensity  to 
increase heart rate. There were no significant effects on FEV1 and heart rate with S-S 



(27)isomer (Lotvall et al., 2005). R-R formoterol has 1000 times greater affinity  to the 
 human  β2 adrenoceptor  than  S-S  formoterol,  with  receptor  binding  modulating 
 intracellular cAMP levels (Handley et al., 2002).  


Besides bronchodilator action β2-agonists also have some non-bronchodilator actions. 


β2-agonists  initiate  an  increase  in  mucus  clearance  and  ciliary  beat  frequency 
 (Johnson and Rennard, 2001). 


Crossover  studies  administering  the  pure  stereoisomers  and  racemate  of  albuterol 
 have not shown a clear superiority of the pure eutomer formulation over the racemate 
 in terms of either bronchial hyperresponsiveness, tachyphylaxis to bronchoprotective 
 effects or improvements in lung function (Jantikar et al., 2007, Ramsay et al., 1999). 


Clinical toxicity of β2-agonist distomers on any aspect of asthmatic lung function has 
 also  not  been  demonstrated  in  the  relatively  short-term  inhalational  studies  (single 
 dose or repeated dose studies <1  week) that have been carried out (Sjosward et al., 
 2004). The pharmacokinetics and metabolism  of β2-agonist stereoisomers appear to 
 be essentially similar whether administered as single stereoisomers or as racemates. 


Long-term inhalation therapy with β2-agonists in patients with COPD decreases the 
 duration of the bronchodilation produced by the same agents but does not affect the 
 peak response (Georgopoulos et al., 1990). 


3.4 Comparison between anticholinergic and β2-agonist bronchodilators 


No current drug therapies prevent the progression of COPD (Anthonisen et al., 1994, 
Pauwels et al., 1999, Vestbo et al., 1999). Smoking cessation is the only therapeutic 



(28)intervention  so  far  shown  to  reduce  disease  progression  (Jorenby  et  al.,  1999). 


Bronchodilators are the mainstay of therapy for patients with established COPD. In 
 the  treatment  of  COPD,  LABAs  given  twice  daily  cause  the  same  degree  of 
 bronchodilation  as  tiotropium  bromide  given  once  daily.  There  is  now  compelling 
 evidence,  at  least  in  more  severe  COPD,  that  a  major  benefit  of  bronchodilator 
 therapy  is  to  improve  lung  emptying  during  expiration.  This  reduces  hyperinflation 
 at  rest  and  during  exercise  and  so  improves  exercise  performance  (Belman  et  al., 
 1996).  The  choice  between  LABAs,  anticholinergic  drugs,  theophylline  or 
 combination  therapy  depends  on  individual  symptomatic  responses  (MacNee  and 
 Calverley,  2003).  Only  two  studies  have  evaluated  combination  of  long  acting 
 bronchodilators  recently,  both  concluded  with  superiority  of  combination  therapy 
 (van Noord et al., 2005, van Noord et al., 2006). 


Tiotropium  provides  significant  improvement  in  spirometry  and  lung  volumes. 


Clinically  relevant  outcomes  such  as  the  relief  of  dyspnea,  improvement  in  the 
quality of life  (health status), and reductions in the  frequency and severity  of acute 
exacerbations have been consistently obtained with tiotropium in clinical trials.  The 
peak  effect  may  take  some  hours  to  be  achieved;  therefore  tiotropium  is  not 
recommended  (or  approved)  for  the  rapid  relief  of  dyspnea.  It  is  recommended, 
rather,  that  when  patients  receiving  tiotropium  experience  “breakthrough”  dyspnea, 
they  should  take  a  rapidly  acting  β2-agonist  (Gross,  2004).  Tiotropium  is 
administered  by  both  DPI  and  MDI.  In  common  with  other  inhaled  drugs,  the 
majority of the delivered dose is deposited in the gastrointestinal tract and, to a lesser 



(29)extent, in the lung, the intended organ. Maximum tiotropium plasma concentrations 
 were observed five minutes after inhalation (Barnes, 2000).  


Combined  use  of  an  inhaled  LABA  with  tiotropium  bromide  should  provide 
 important  therapeutic  benefits,  as  these  drugs  have  distinct  and  complementary 
 pharmacological  actions  in  the  airways.  LABAs  have  alternative  mechanisms  of 
 action in addition to bronchodilatation (Johnson and Rennard, 2001). Anticholinergic 
 compounds  have  prominent  activity  in  reducing  neurogenic  control  of  mucus 
 hypersecretion whereas LABAs may increase mucociliary clearance and ciliary beat 
 frequency.  These  different  mechanisms  might  prove  to  be  complementary  if 
 tiotropium bromide was combined with a LABA (Tennant et al., 2003).  


In a study by Cazzola et al (2004), at 24 h, mean FEV1 was significantly higher than 
 pre-dosing value following tiotropium and combination of tiotropium and formoterol.  


Since  tiotropium  ensures  prolonged  bronchodilation,  whereas  formoterol  adds  fast 
 onset and a  greater  peak  effect, these  two drugs  appear  complementary  (Cazzola et 
 al., 2004). 


Tiotropium  maintains  airway  patency  over  24  hours,  which  is  highly  desirable  in 
COPD.  This  is  the  most  likely  reason  for  the  superior  clinical  performance  of  this 
agent  compared  with  its  short-acting  counterparts  (Calverley,  2005).    Since  airflow 
obstruction in COPD is to some extent reversible, bronchodilators play an important 
role in the maintenance treatment of COPD, the more they reduce hyperinflation and, 
as a result improve dyspnea and exercise capacity. Since parasympathetic activity is 
the  dominant  reversible  component  of  airflow  obstruction  in  COPD,  inhaled  short-
acting anticholinergic agents (SAAC), in particular ipratropium became an efficient 



(30)and  safe  first-line  treatment,  especially  when  combined  with  a  short-acting  β2


adrenergic receptor agonist (SABA).  


Formoterol and ipratropium improved airway function and symptoms better than the 
combination  of  SABA  with  ipratropium  (D'Urzo  et  al.,  2001).  Today  sufficiently 
large  and  convincing  database  now  exists  to  propose  the  once-daily  long-acting 
anticholinergic  tiotropium  as  first-line  maintenance  treatment  for  all  chronic 
obstructive pulmonary disease patients in  global initiative for COPD (GOLD)-class 
II and above, with a step-up to its combination with a LABA in case of suboptimal 
clinical  effect.  The  combination  of  an  anticholinergic  compound  and  a  LABA  may 
have an additive effect on bronchodilation. The addition of inhaled corticosteroids is 
only recommended in stages III and IV (Gillissen et al., 2005). Both tiotropium and 
formoterol improve health related quality of life more than ipratropium. Tiotropium 
also  delays  the  time  to  first  exacerbation  compared  with  placebo.  The  reduction  of 
lung  hyperinflation  with  tiotropium  is  likely  to  contribute  to  the  improvements  in 
dyspnea  seen  in  COPD  patients  (Cooper  and  Tashkin,  2005).  Since  long  acting 
bronchodilators  provide  more  effective  and  longer  lasting  relief  of  symptoms  than 
short  acting  bronchodilators  they  should  be  used  for  patients  who  have  persistent 
symptoms  that  require  frequent  use  of  medication.  Two  studies  showed  additive 
effects for improvement in health status and for reduction in dyspnea and one study 
each  for  a  decrease  in  rescue  use  of  a  ß2  agonist  and  for  improvement  in 
exacerbations (Cooper and Tashkin, 2005). 



(31)In  India  the  combination  of  drugs  is  being  used  to  good  clinicalbenefit.  People  do 
 not  have  to  rely  on  multiple  inhalers,  whichimprove  compliance  with  treatment. 


Havingcombination therapy available helps ensure that the correctform of treatment 
 is dispensed to patients in a convenient andeasy manner and convenient combination
 certainly helps ensure better compliance (Koul, 2005). 


Several studies have shown a significant effect of bronchodilator therapy on exercise 
 capacity. Anticholinergic agents have significant beneficial effects in the majority of 
 studies,  especially  when  measured  by  steady-state  exercise  protocols,  like  6  MWT. 


There  is  a  trend  toward  a  better  effect  of  high-dose  compared  to  low-dose 
 anticholinergics.  SABAs  have  favorable  effects  on  exercise  capacity  in  more  than 
 two thirds of the studies; surprisingly, the situation is less clear for LABA (Liesker et 
 al., 2002). 


The  addition  of  a  second  bronchodilator  has  no  proven  advantage  for  improving 
 exercise test results, but this has not been studied extensively and not in sufficiently 
 large  studies.  The  majority  of  studies  reporting  a  measure  of  dyspnea  found 
 improvements, even in the absence of improvement in exercise capacity (Liesker et 
 al., 2002).  


In view of the well-documented additivity of ipratropium and a short-acting inhaled 
β2  agonistin  stable  COPD,  the  effects  of  combining  a  LABA  and  tiotropium  have 
recently  been  evaluated.  Cazzola  et  al  (2004)  failed  to  find  an  additive  effect  of 
single  doses  of  the  two  long-acting  inhaled  bronchodilators  on  FEV1  in  20  patients 
with  stable  COPD.  Van  Noord  et  al  (2005,  2006)  found  that  the  addition  of 
formoterol  to  tiotropium  in  two  separate  double-blind,  multi  dose  crossover  studies 



(32)(n = 74 and 95) led to a significantly and substantially greater improvement in FEV1


and FVC over that produced by tiotropium alone. Tiotropium once daily achieved a 
 greater  improvement  in  daytime  and  comparable  improvement  in  nighttime  lung 
 function  compared  with  formoterol  twice  daily.  A  combination  of  both  drugs  once 
 daily was most effective and provided an additive effect throughout the 24-h dosing 
 interval (van Noord et al., 2005).  


Combination  therapy  with  salmeterol  and  fluticasone  improved  pretreatment  FEV1


significantly  more  than  did  placebo  as  well  as  when  both  drugs  given  alone.  


Combination treatment produced a clinically significant improvement in health status 
 and the greatest reduction in daily symptoms. All treatments were well tolerated with 
 no  difference  in  the  frequency  of  adverse  events,  bruising,  or  clinically  significant 
 falls in serum cortisol concentration (Calverley, 2003).  Because inhaled LABAs and 
 corticosteroid combination treatment produces better control of symptoms and lung 
 function, with no greater risk of side-effects than  that with use of either  component 
 alone,  this  combination  treatment  should  be  considered  for  patients  with  COPD 
 (Calverley  et  al.,  2003)  . Moreover,  additional  studies  are  the  need  of  time  to 
 compare the efficacy and side effects of a combination of the two different classes of 
 long-acting  inhaled  bronchodilators  versus  a  LABA-inhaled  corticosteroid 
 combination in such patients (Tashkin, 2005).  


Tiotropium is able to modify inspiratory capacity even after an acute administration 
indicates its ability to affect expiratory flow limitation in a very fast manner, and this 
is  an  important  finding  that  allows  one  to  question    the  real  value  of  the  observed 
changes  in  FEV1 (Santus  et  al.,  2006).  All  classes  of  bronchodilators  have  been 



(33)shown  to  improve  FEV1  in  the  treatment  of  COPD,  although  there  may  be 
 differences to the degree of improvement. One of the properties not well documented 
 is that of maintenance of bronchodilation and tolerance to bronchodilation over time.  


Tolerance to bronchodilation seen with inhaled medications differs between classes. 


Specifically,  the  LABA  salmeterol  was  associated  with  diminishment  of 
 bronchodilating  effects  which  was  most  prominent  towards  the  end  of  the  dosing 
 interval. Although most of the observed tolerance with salmeterol appeared within a 
 few  weeks  of  chronic  administration,  further  evidence  of  diminished  effectiveness 
 was  observed  over  6  months  of  treatment  (Donohue  et  al.,  2003).  Bronchodilator 
 efficacy  with  tiotropium,  as  with  other  inhaled  anticholinergic  medications,  is 
 generally  sustained  with  no  evidence  of  tolerance,  however  response  to  salmeterol 
 decreased  over  the  time  course  of  the  study,  suggesting  the  development  of 
 tachyphylaxis  (Donohue et al., 2002). In contrast, a 12 month study of formoterol (a 
 full β2  agonist)  did  not  reveal  evidence  of  tachyphylaxis,  although  the  earliest  time 
 point  assessed  in  this  study  was  3  months  after  initiation  of  study  drug,  so  that  the 
 possibility of early onset tachyphylaxis cannot be excluded (Rossi et al., 2002). 


3.5 Outcome measures to assess response to therapeutic interventions in COPD 


The  question  of  whether  FEV1  really  describes  the  impact  of  bronchodilators  in 
COPD  remains  to  be  determined.  It  must  be  borne  in  mind  that  in  stable  COPD 
patients,  a  high  prevalence  of  expiratory  flow  limitation  exists  (about  48%),  even 



(34)when  the  severity  of  airway  obstruction  in  terms  of  FEV1  is  taken  into  account 
 (Calverley,  2005).  FEV1  –  the  gold  standard  for  assessing  bronchodilator 
 responsiveness  is  only  weakly  correlated  with  patient  centered  outcomes  such  as 
 dyspnea  (O'Donnell  et  al.,  1999)  especially  as  severity  of  obstruction  increases.  In 
 patients with COPD and expiratory flow limitation at rest, changes in inspiratory and 
 forced  vital  capacities  after  bronchodilator  use  may  represent  an  objective  tool  for 
 prescribing these drugs to attain symptomatic improvement and better quality of life, 
 even in the absence of a significant increase in FEV1 (Boni et al., 2002). 


In  patients  with  COPD,  indices  related  to  dynamic  hyperinflation,  such  as  IC  are   
 more  closely  related  to  exercise  tolerance  and  dyspnea  than  FEV1  and  FVC 
 (O'Donnell et al., 1999, Diaz et al., 2000, Marin et al., 2001). A study demonstrated 
 that  changes  in  FEV1  frequently  fail  to  detect  significant  functional  responses  to 
 bronchodilators in patients with chronic airflow obstruction (Pellegrino et al., 1998). 


Furthermore,  an  increase  in  IC  after  bronchodilator  administration  implies  a 
 reduction  in  dynamic  hyperinflation,  which  is  the  main  cause  of  reduced  exercise 
 capacity and dyspnea (O'Donnell et al., 1999). Accordingly, an increase in IC should 
 represent the main target for bronchodilator therapy. 


3.6 Inhaled drug delivery 


Treatment  of  pulmonary  disease  with  inhaled  aerosol  drugs  offers  advantages  over 
systemic  therapy,  including  a  more  rapid  onset  and  reduced  adverse  effects,  with 
both bronchodilators and corticosteroids, because of direct targeting of the lungs.  



(35)The inhalation route offers the fastest onset of action, maximal response and longest 
 duration  of  action  for  terbutaline  when  compared  with  the  subcutaneous  and  oral 
 routes  (Dulfano  and  Glass,  1976).  Nebulised  salbutamol  gives  the  best  relief  in 
 severe  asthma; in less severe cases,  however, a regimen combining the inhalational 
 powder  and  tablets  is  sufficient  and  more  convenient  (Grimwood  et  al.,  1981). 


However,  availability  of  inhaled  LABAs  with  12  hours  duration  of  action  has 
 obviated  the  need  for  oral  tablets  of  bronchodilators,  unless  patients  can  not  afford 
 inhalers.  


Three  major  categories  of  aerosol  generators  are  metered-dose  inhaler  (MDI),  dry 
 powder  inhaler  (DPI),  and  small-volume  nebulizer  (SVN).  Difficulty  in 
 synchronizing inhalation and  MDI  actuation was noted by Bell and colleagues as  a 
 rationale  for  the  introduction,  in  1971,  of  the  DPI  ‘SpinHaler’,  for  delivery  of 
 cromolyn sodium. More forceful inhalation generally results in better deaggregation, 
 more  fine  particles,  and  a  higher  lung  deposition.  Potentially  severe  airflow 
 limitation  in  COPD  raises  the  concern  about  whether  such  patients  can  perform 
 adequate  inhalation  through  a  DPI.  The  DPIs  in  current  use  have  inherent  but 
 different  resistances,  so  the  inspiratory  flow  needed  to  create  the  pressure  drop 
 necessary for optimal drug delivery differs among DPI models (Rau, 2006). 


All dry powder inhalers (DPIs) should be used with an inhalation that is ‘as deep and 
hard  as  you  can’.  This  type  of  inhalation  manoeuvre  with  a  fast  initial  acceleration 
rate is necessary so that the resultant turbulent force, which occurs inside the inhaler, 
can  break  up  the  formulation  of    the  dose  into  particles  that  are  most  likely  to  be 
deposited into the lungs as they join the inspired airstream (Al-Showair et al., 2007). 



(36)The higher the internal force that is generated, the better is the quality of the emitted 
 dose  with  respect  to  lung  deposition.  Hence,  all  dry  powder  inhalers  demonstrate 
 flow  dependent  dose  emission  and  this  effect  is  more  pronounced  for  some  DPIs 
 (Palander, 2000). 


Little  attention has been paid to the influence of the inspiratory flow profile on the 
 particle size distribution contained in aerosols generated by these devices. Failure to 
 make a deep and forcible inhalation at the start of the inhalation from a DPI increases 
 the  likelihood  of  the  dose  impacting  in  the  mouth  and  throat.  The  flow  during  the 
 initial  part  of  the  inspiratory  effort  may  be  important  in  determining  the 
 characteristics of the aerosol generated by a DPI (Everard et al., 1997). 


FPM (fine particle mass) refers to mass of particles released in an actuation that have 
an aerodynamic diameter of < 5 microns. These particles have the greatest potential 
to be deposited on to the airways during an inhalation. Larger aerosol particles tend 
to  deposit  in  the  oropharynx  and  are  swallowed  (Chrystyn,  2007).  The  general 
consensus is  that 30 L/ min should be achieved by patients when they use a DPI (Al-
Showair  et  al.,  2007).    Many  COPD  patients,  especially  those  with  moderate  and 
severe  obstruction,  have  problems  achieving  the  minimum  inhalation  rate  required 
through a DPI. Training patients to inhale ‘as deep and as hard as you can’ helps the 
patient to improve their inhalation rate through a dry powder inhaler. Although the 
increase  in  flow  through  a  DPI  was  relatively  small  on  many  occasions,  it  was 
enough to transform the dose from one that is most likely to be left in the mouth to 
one that is deposited into the lungs (Al-Showair et al., 2007). 



(37)The aerosol-generation force in a DPI is inspiratory flow. Powder drug formulations 
 are either in a pure form, such as that with budesonide in the Turbuhaler, or mixed 
 with  an  inactive  excipient  such  as  lactose.    Finely  milled  powder  particles  (<  5 
 microns) do not flow freely, because they possess cohesive force and static charge. 


The micronized drug particles can be agglomerated with larger “carrier” particles of 
 the excipient, to aid in particle separation (Newman and Busse, 2002).  To produce 
 suitably  small  drug  particles,  the  drug-excipient  agglomerate  must  then  be 
 disaggregated by shear forces during an adequate inhalation. It is for this reason that 
 DPIs require a relatively high inspiratory flow for drug delivery to the airways (Rau, 
 2005).  


In devices with a low airflow resistance, fast inhalation (maximal inspiratory effort) 
 resulted  in  a  PIFR  through  the  device  of  120  l/min,  compared  with  values  of  only 
 about  30  l/min  for  devices  with  very  high  airflow  resistance.  However,  in  terms  of 
 lung  deposition,  there  is  no  evidence  that  devices  with  a  high  resistance  to  airflow 
 are any more efficient or any less efficient than low-resistance devices. Each device 
 must  be  treated  on  its  merits,  and  attempts  to  predict  the  performance  of  one  DPI 
 based on the  performance of another one  with quite a different design have proved 
 unreliable (Newman and Busse, 2002). 


When  using  a  MDI,  the  recommended  technique  includes  ‘a  slow  and  deep 
inhalation’  that  is  equivalent  to  a  slow  vital  inspiratory  capacity  manoeuvre  and 
PIFR when using an MDI should be below 90 L/min (Pauwels et al., 1997). 



(38)When treatment is given by the inhaled route, attention to effective drug delivery and 
 training in inhaler technique is essential. The choice of inhaler device will depend on 
 availability,  cost,  the  prescribing  physician,  and  the  skills  and  ability  of  the  patient 
 (Rabe et al 2007). Three key factors in ensuring effective inhalation therapy are: the 
 characteristics  of  the  inhalation  device;  the  patient’s  knowledge,  attitudes  and 
 preference;  and  the  physician’s  familiarity  with  inhalers  and  their  skill  in 
 understanding the patient’s needs and preferences. Together, these factors influence 
 satisfaction  with  therapy,  which  may  affect  long  term  adherence  and  clinical 
 outcomes (Bateman, 2005).  


In India there are large numbers of devices available for dry powder inhalation which 
 are not there in international markets. There is absolute lack of published information 
 about the functionality and efficacy of these devices.  


. 



(39)
MATERIALS AND METHODS 


Patients with COPD as per GOLD guidelines were enrolled as the subjects for study 
 after they fulfilled inclusion and exclusion criteria. The study protocol was approved 
 by Institutional Ethics Committee, Christian Medical College and Hospital, Vellore.  


The study  was conducted from July 2006 to April 2007 on an outpatient basis. The 
 study  was  conducted  in  pulmonary  function  laboratory  in  the  Department  of 
 Pulmonary Medicine, Christian Medical College and Hospital, Vellore. All the study 
 subjects  gave written informed consent  before participating in the study.  The study 
 was carried out according to rules of Declaration of Helsinki.  



1. Study Subjects:  


All selected patients met the study criteria as per GOLD guidelines. 



1.1 Subject Recruitment: 


Subjects  were  recruited  from  the  outpatient  department  (OPD)  of  Pulmonary 
 Medicine, Christian Medical College and Hospital, Vellore. 



1.2 Inclusion Criteria: 


1.  Males and females aged   40 - 80 years. 


2.  Diagnosis of COPD (moderate, severe or very severe). 



(40)3.  Smokers or Ex-smokers with a history of 10 or more pack-years. 


4.  FEV1 less than 80% and FEV1/FVC < 70% of predicted. 


5.  Post bronchodilator reversibility less than 12 % and 200 ml. 


6.  Patients ready to give informed consent after being explained about the study. 



1.3 Exclusion Criteria:  


1.  History suggestive of asthma.  


2.  Any significant medical condition other than COPD which is not controlled. 


3.  Recent  episode  of  acute  myocardial  infarction,  cardiac  failure,  cardiac 
 arrhythmias within the last 6 months. 


4.  Exacerbation of COPD or respiratory tract infection 6 weeks before screening. 


5.  Current oxygen therapy or within last 6 weeks before screening. 


6.  Currently or within last 1 week on oral long acting β2 agonist or theophylline. 


7.  Prednisolone  or  other  oral  corticosteroids  more  than  10  mg/d  in  the  past  4 
 weeks. 


8.  Inhaled  long  acting β2  agonist  within  the  last  24-hour  period  or  tiotropium 
 taken  within  the  last  48-hour  period,  or  either  salbutamol  or  ipratropium 
 taken in last 8-hour period. 


9.   Symptomatic benign hypertrophy of prostate. 


10.  Narrow angle glaucoma  


11.  Known hypersensitivity to tiotropium or formoterol 


12.  Pregnant  or  lactating  females  or  females  of  childbearing  age  not  using 
medically approved contraceptives 



(41)Subjects  were  allowed  use  of  rescue  medication  (inhaled  salbutmol)  as  and  when 
 needed. 


 A  detailed  clinical  proforma  of  patient’s  history  and  physical  examination  was 
 recorded in CRF [Case Report Form]. A screening spirometry and 6 MWT (6 minute 
 walk test) were performed. Electrocardiogram and postero-anterior chest x ray taken 
 within last one year were reviewed.  



1.4 Informed Consent Procedure: 


      Information  sheet  and  consent  form  were  explained  to  patients  in  the  language 
 they  understand  and  adequate  time  was  given  for  them  to  make  a  decision  as  to 
 whether to take part in study or not. They were also informed of their independence 
 to withdraw from study anytime without giving any reasons.  



2. Study Design: 


A prospective, randomized, double blind, crossover study. 


If subjects met all criteria, then they were  randomly allocated to one of the 2 study 
 arms.   The patients were scheduled to come back for day 1 and day 2 of the study 
 with  minimum  of  72  hours  washout  period  (Maesen,  1995)  between  2  visits  and 
 maximum of 7 days.  


 On  day  1  and  day  2  subjects  were  sequentially  administered  the  study  drugs  in  a 
random fashion.  



(42)Figure 7: Study Design  
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3. Study Drugs: 


Study drugs were provided by Lupin pharmaceuticals Ltd., Mumbai. 


Formulation: Dry powder for Inhalation (DPI) - Transcaps 
 1.  TIATE (Tiotropium) 18 mcg 


2.  TIOMATE (Tiotropium 18 mcg + Formoterol  12 mcg) 


3.  Drug delivery device used: Transhaler (Lupin Pharmaceuticals Ltd.) 



4. Outcome Measurements: 



Study Parameters:  


FEV1: Forced expiratory volume in 1 second 



(43)FVC: Forced vital capacity 
 IC: Inspiratory capacity 


Pulse rate and oxygen saturation with pulse oximeter 
 6 MWT: six minute walk test 


Pulmonary Function Tests: 


Pre-dose  (baseline)  spirometry  was  done  between  7  a.m.  to  9  a.m.  on  all  the  study 
 days. Spirometry was done just before administration of study drugs and then at 15, 
 30, 60 minutes, 2, 4, 6, 8, 10, 12 and 24 hours post dose. In spirometry FEV1, FVC 
 and IC was measured over a 24-hour period.  Consumption of cola drinks, caffeine, 
 tea and chocolates was avoided on each study days for atleast 6 hours prior to visit 
 and  during  study  period.  Subjects  were  also  asked  to  withhold  smoking  during  the 
 study period. 


Spirometry was done with the pneumotachometer type MultiSpiro device (Figure 8). 


The  spirometer  was  calibrated  everyday  morning  before  doing  any  tests.  The 
 principal  investigator  was  trained  in  performing  spirometry  effectively  before 
 starting  the  study.  Patients  were  instructed  and  trained  adequately  to  perform 
 spirometry  with  maximal  effort  so  as  to  avoid  variability  due  to  patient  effort. 


Spirometry  was  done  according  to  standard  ATS  (American  Thoracic  Society) 
 guidelines, 1994 update (1995).  


Guidelines for performance of spirometry: 


•  Flow volume tracings should be smooth and free from any irregularities 



(44)•  Recording  should  go  on  long  enough  so  that  volume  plateau  is  reached  but 
 ideally not more than 15 seconds.  


•  Both  FVC  and  FEV1  should  be  the  largest  value  obtained  from  any  of  the 
 three  technically  satisfactory  curves.  FVC  and  FEV1  in  these  three  curves 
 should not vary by more than five percent or 100 ml, whichever is greater.  


Figure 8: MultiSpiro Spirometer in Pulmonary Function Laboratory 


  



(45)Six minute walk test and Borg’s dyspnea scale: 


 6 MWT was done at 3 hours post dose. Thirty meters long straight corridor was used 
 for 6 MWT which was marked at 1 meter intervals. Corridor had adequate light and 
 ventilation  (Figure  9).  Patients  were  asked  to  walk  at  their  own  pace  and  as  much 
 distance they can cover in 6 minutes. 6 MWT was done according to ATS Guidelines, 
 (2002). At the end of each minute encouragement phrases were used as mentioned in 
 ATS guidelines, ‘You are doing well, you have --- minutes to go’ and ‘Keep up 
 the work, you have --- minutes to go’ at alternative minute during the 6 minutes. 


Borg’s 10-point scale (shown below) for dyspnea was administered before and after 
 6 MWT.  


Borg’s Scale for dyspnea 
 0     Nothing at all 


0.5 Very, very slight (just noticeable) 
 1    Very slight 


2    Slight (Light) 
 3   Moderate 
 4 Somewhat severe 
 5   Severe (heavy) 
 6     


7 Very severe 
 8 


9 


10 Very very severe 



(46)Figure 9: Thirty meter long corridor for 6 MWT 


At  the  beginning  of  the  6-minute  exercise,  the  patients  were  shown  the  scale  and 
 asked  to  grade  level  of  shortness  of  breath  using  the  scale.  The  patients  were  also 
 asked to grade the level of fatigue using the scale.  


At  the  end  of  the  exercise,  the  patients  were  reminded  of  the  breathing  number 
 chosen before the exercise and were asked again to grade the breathing level again. 


The patients were asked  to grade the level of fatigue, after reminding them of their 
grade before the exercise [as per 6MWT ATS guidelines (2002)]. 



(47) Pulse  rate  and  oxygen  saturation  were  also  monitored  along  with  spirometry 
 readings with a portable pulse oximeter (PALCO, MEDIAID model no. 340, USA).   



5. Sample size and Sampling 


Sample  size  was  calculated  to  be  21  patients  to  achieve  a  power  of  80%  and 
 significance level of 5 % in order to detect an effect size of 60 ml in FEV1 between 
 the two treatments with subject variability of 140 ml in both treatments. Convenient 
 sampling method was used. Anticipating a few dropouts, we recruited 27 patients for 
 the study. 



6. Randomization and Blinding:   


Since  the  sample  size  was  small,  to  achieve  balance  in  treatment  allocation  simple 
 permuted  block  randomization  method  was  used.  Pseudo  random  numbers  were
 generated  by  computer  using  Raloc  software  in  blocks  of  4  and  6  sizes  and  the 
 patients were randomly allocated to receive tiotropium first and combination later or 
 vice-versa.  Treatment  allocation  ratio  was  1:1  for  the  two  treatment  groups.  As  we 
 recruited 27 subjects, 14 patients received treatment in one sequence and 13 patients 
 received  it  in  opposite  sequence  to  avoid  bias  due  to  patient  performance  in  two 
 study periods.  


Both  the  patient  and  the  investigator  were  masked  to  the  drug  being  administered. 


Due  to  practical  difficulties  it  was  not  possible  to  prepare  exactly  matching 



(48)Transcaps  (Dry  Powder  Inhalation  formulation)  of  tiotropium  (TIATE)  and 
 combination of tiotropium and formoterol (TIOMATE). Tiate transcap is light green 
 coloured,  whereas  Tiomate  transcap  is  yellow  coloured  (Figure  9).  The  colour 
 difference  between  the  two  transcaps  was  not  very  obvious.  But  to  avoid  any 
 observer  bias  and  to  ensure  successful  double  blinding,  study  drug  administration 
 was  done  by  a  third  person  who  was  not  involved  in  recruiting  patients  and  in 
 assessing  the  bronchodilator  response.  Randomization  code  was  broken  after 
 analyzing the data.  


Figure 10: Tiate (Tiotropium), Tiomate (Tiotropium + Formoterol) and 
Transhaler (from left to right). 



(49)
7. Statistical Analysis 


All the measured parameters were normally distributed. We applied parametric tests 
 for  analysis.  Comparison  of  baseline  characteristics  between  two  treatments  was 
 done by paired‘t’ test.  Demographic data and pulmonary function characteristics of 
 the  study  patients  are  presented  as  mean  +  standard  deviation  (SD).  All  the  results 
 are expressed as means with 95 percent confidence intervals (95% CI) in parentheses 
 or means + standard error of mean (SEM). In all the figures in results the error bars 
 represent  SEM;  only  one  sided  SEM  is  used  to  avoid  overlapping  of  SEM  bars  on 
 each other from the two groups of treatments. For analysis we used 21 patients who 
 had completed both the treatment periods.  


As an expression of total effect of each treatment areas under time response curves 
 (AUC  0-12  hours  and  0-24  hours)  were  calculated  for  FEV1,  FVC,  IC  using 
 trapezoidal rule for individual patients. These AUC values were compared between 
 two groups using paired‘t’ test.     


For  time  course  of  bronchodilating  effect  we  did  paired‘t’  test  for  each  time  point 
with baseline (Di  Marco et al., 2006). Peak or maximum responses were calculated 
as  maximum  change  from  predosing  value  within  first  four  hours  of  study  drug 
administration (van Noord et al., 2005). Trough value was calculated by subtracting 
the mean value at 24 hours post dosing from the predosing value for FEV1, FVC and 
IC.  Comparison between two groups was done by calculating difference between the 



(50)particular  time  point  and  baseline  values  for  each  patient  in  that  group;  this 
 difference was then compared by paired‘t’ test.  


To  estimate  overall  difference  between  the  two  treatment  groups  we  used  general 
 linear  model (GLM) with subjects as  fixed effects where repeat  measures ANOVA 
 (analysis  of  variance)  and  F  statistic  test  were  performed  for  assessing  direct 
 treatment  effect  and  also  to  know  whether  there  was  any  significant  period  effect. 


Analysis was done for both within subject effects and between subject effects as the 
 former is more important in cross-over studies.  This was done by a statistician from 
 the department of biostatistics. 


We  used  SAS  (Statistical  Analytical  System)  and  SPSS.11  (Statistical  Package  for 
the Social Science, version 11, Chicago, USA) for data analysis. A probability level 
less than 0.05 (p<0.05) was considered as statistically significant.  



(51)
RESULTS 


Sixty  five  patients  were  screened  of  which  32  were  eligible  to  be  included  in  the 
 study,  but  5  patients  declined  to  give  consent.    Study  group  consisted  of  27 
 outpatients  (26  males,  mean  age  60.7+7.27  years),  clinically  diagnosed  with  stable 
 COPD (Table 3).  Mean  baseline forced expiratory  volume in 1 second  (FEV1) was 
 1.15 liters (95 % CI: 0.99-1.31 l) and mean forced vital capacity was 2.08 l (95 % CI: 


1.84-2.32 l). Mean percentage reversibility 15 minutes after salbutamol 400 mcg was 
 7.2+1(Table 3). Thirteen patients had moderate, 10 had severe and 4 had very severe 
 COPD.  Twenty  seven patients were randomized to receive both the study drugs, of 
 whom  14  patients  received  combination  first  and  tiotropium  later  and  13  patients 
 received tiotropium first and combination later. Six patients did not come for second 
 study  day  and  thus  had  only  observations  available  with  one  of  the  study  drugs  (4 
 patients  in  tiotropium  arm  and  2  patients  in  combination  arm).  Four  patients  gave 
 time constraints as reasons for withdrawal, and one patient could not continue due to 
 an injury and one patient failed to report. 


Thus  21  patients  completed  both  the  study  arms  (25  in  the  combination  and  23  in 
tiotropium arm).  
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