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INTRODUCTION 


   Acute exacerbation of COPD is associated with significant mortality and 
 morbidity. The economic and social burden is created by the acute exacerbation 
 of COPD. COPD constitutes fourth leading cause of death in the world, causing 
 5.6% of all deaths worldwide.  It is important to identify the factors associated 
 with the poor outcome among patients with acute exacerbation of COPD.  


The  acute  exacerbation  of  COPD  patients,  present  not  only  with  the 
 features  of  acute  respiratory  infections,  but  also  a  number  of  metabolic 
 disorders  like  hyponatremia,  hypokalemia,  hypomagnesemia, 
 hyperbilirubinemia,  elevated  renal  parameters  arising  either  because  of  the 
 disease  process  or  as  a  consequence  of  the  therapy  like  beta  2  agonists, 
 steroids, diuretics. Very often they are missed, thus overlooking the coexisting 
 metabolic  abnormalities  may  contribute  to  great  morbidity  and  mortality. 


Serum electrolytes are important for nerve conduction and muscle contraction. 


Hyponatremia,  hypokalemia  and  other  electrolyte  disorders  cause  cardiac 
 arrhythmias,  convulsions,  coma,  renal  insufficiency,  hampered  nerve  muscle 
 conduction  and  respiratory  muscle  paralysis  and  even  death.    Thus  this  study 
 aims at evaluating serum electrolyte levels in acute exacerbation of COPD. 
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AIMS AND OBJECTIVES 


To  study  the  level  of  Serum  electrolytes  in  patients  with  Acute 
 exacerbation of COPD.  


Assessment  of  acute  exacerbation  of  COPD  based  on  severity  of 
 dyspnea  using  Modified  Medical  Research  Council  Dyspnoea  Scale,  Clinical 
 examination and  Pulmonary Function Tests. 


       


  



(13)3 


REVIEW OF LITERATURE 


Global Initiative for Chronic Obstructive Lung Disease (GOLD) defines 
 COPD as a  disease state characterized by persistent respiratory symptoms and 
 airflow  limitation  that  is  not  fully  reversible  .It  is  due  to  airway  and  alveolar 
 abnormalities  usually  caused  by  significant  exposure  to  noxious  particles  or 
 gases. Symptoms of COPD are cough, sputum production, dyspnea.3 


Under normal conditions, maximum lung function is attained at around 
 20 years of age in men, little later than in women. Until 35 years of age, lung 
 function remains stable indicating a plateau phase. Thereafter at 40 years of age  
 lung  function  begins  to  decline  which  is  seen  in  women  earlier  than  in  men. 


Hence in healthy non smokers , rate of decline in lung function is 15 -30 ml per 
 year  starting  from  35  years  of  age.  Therefore  in  healthy  adults  accelerated 
 decline in FEV1 predisposes to COPD. 


These  spirometric  definitions  in  COPD  according  to  various  guidelines  are  as 
 follows: 


BTS       FEV1<80%predicted and FEV1/FVC<0.7 
 GOLD      FEV1/FVC <0.7 


ERS       FEV1/FVC<88%predicted in men  
 FEV1/FVC <89% predicted in women 
 Spirometric  ATS      FEV1/FVC<O.75 


NICE       FEV/FVC<0.7 and FEV1<80% predicted 
ATS/ERS      FEV1/FVC<_0.7 



(14)4 


COPD  includes  emphysema  and  chronic  bronchitis.  Chronic  bronchitis 
 is defined as excessive secretion of bronchial mucus and is manifested by daily 
 productive  cough  for  3  months  or  more  in  at  least  2  consecutive  years. 


Emphysema is defined as abnormal permanent enlargement of air spaces distal 
 to  the  terminal  bronchiole,  with  destruction  of  alveolar  walls  and  without 
 obvious fibrosis. The classic definition of COPD requires presence of chronic 
 airflow  obstruction  that  is  determined  by  spirometry  .  Chronic  respiratory 
 symptoms  also  exist  in  people  with  normal  spirometry  and  smokers  without 
 airflow  limitation  will  have  varying  degrees  of  emphysema1.  Although  these 
 patients are not included in classic definitions of COPD , they may have similar 
 disease process. 


ANATOMY  


  Respiratory  System comprises of 
 1.  Upper respiratory tract and 


2.  Lower respiratory tract 


UPPER RESPIRATORY TRACT 


The upper respiratory tract is  arbitrarily regarded as that part above the 
cricoid  cartilage.  It  has  several  important  functions  besides  air  conduction, 
including  swallowing,  air  conditioning,  smell  and  speech.  Its  components  are 
nose, paranasal sinuses, pharynx and larynx. 
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LOWER RESPIRATORY TRACT 


TRACHEA 


   The  trachea  extends  from  the  larynx,  which ﬁxes  it  through  the  hyoid 
 bone to the skull, down to its bifurcation in the mediastinum at the level of the 
 ﬁfth  thoracic  vertebra .  At  its  lower  end  it  is  anchored  to  the  mediastinum  by 
 the  two  main  bronchi  and  by  oblique  connective  fibres  running  to  the  dorsal 
 surface of the pericardium. Its length is 10-12cms. The trachea is oval in cross-
 section, being slightly longer in transverse than in sagittal diameter. It is lined 
 with  a  mucous  membrane  of  pseudostratiﬁed  ciliated  columnar  epithelium 
 containing  goblet  cells.  The  trachea  divides  into  right  and  left  main  bronchi. 


The left runs more horizontally than the right, above the left atrium. . Bronchi 
 then  divides  into  secondary,  tertiary  bronchi  eventually    into  terminal 
 bronchioles1. 


The air passage is divided into 23 segments, 1 to16 segments- passage 
of  air    and  17  to  23 segments  -  in  gaseous  exchange.  Each  main  bronchus 
divides into three lobar bronchi. On the right side, one each to the upper lobe, 
middle lobe and lower lobe. On the left  side, one each to upper lobe, lingular 
lobe and remainder of the lower lobe. Then these divide into segmental bronchi 
to individual segments2. 
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BRONCHOPULMONARY SEGMENTS


Bronchopulmonary segments of human lung. Left and right upper lobes: 


(1)  apical,  (2)  posterior,  (3)  anterior,  (4)  superior  lingular,  and  (5)  inferior 
 lingular segments. Right middle lobe:(4)lateral and(5)medial segments .Lower 
 lobes (6):superior (apical), (7) medial-basal, (8) anterior-basal, (9) lateral-basal, 
 and  (10)  posterior-basal  segments.  The  medial-basal  segment  (7)  is  absent  in 
 the left lung1. 


ALVEOLI 


The  lungs  consist  of  600  million  alveoli,  which  form  the  respiratory  unit. 


The epithelium of alveoli contains two different types of cells. They are  


1.  TYPE 1 CELLS – SQUAMOUS EPITHELIAL CELLS, surface lining 
of alveoli 
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2.  TYPE  2  CELLS  –    that  secretes  surfactant,  which  reduces  the  surface 
 tension inside the alveoli. 


PULMONARY CIRCULATION  


 Venous  return  to  right  atrium  enters  the  right  ventricle.  It  is  pumped  into 
 pulmonary  artery  which  in  turn  reaches  the  pulmonary  capillaries.  In  the 
 pulmonary  capillaries,  exchange  of  oxygen  and  carbon  dioxide  occurs.  The 
 oxygenated blood reaches the Left atrium and then to left ventricle, from which 
 blood is pumped via aorta  all over the body. 


Dual blood supply for lungs -  


1.  pulmonary arteries supply venous blood  


2.  Bronchial arteries which give oxygenated blood 


LYMPHATIC SYSTEM 


Lymphatic drainage of lungs is divided into 
 1. SUPERFICIAL PLEXUS and 


2. DEEP PLEXUS 


 Visceral  pleura  is  drained  by  Superficial  plexus  and  peri  -bronchial 
 tissues by deep plexus. 


 Lymphatics are absent in alveoli2. 



(18)8 


PHYSIOLOGY 


    Normal lung volumes are as follows - 


1)  Tidal  volume: The  amount  of  air  inspired  in  or  expired  out  during  quiet 
 breathing (500-750 ml). 


2)  Residual  volume: The  volume  of  air  remaining  in  lungs  at  the  end  of  a 
 maximal forceful expiration (1200 ml). 


3) Inspiratory reserve volume: Maximum air that can be inspired in at end of 
 normal inspiration (3100ml). 


4)  Expiratory  reserve  volume: Maximum  air  that  can  be  expired  out  after 
 normal expiration (1200ml). 


Lung Capacities 


1. Vital capacity: Total amount of air that can be expired after deep inspiration 
 (4800ml). 


2. Functional residual capacity: (RV+ ERV).  Amount of air after the normal 
 expiration (2400 ml). 


3.  Inspiratory  capacity:  (IRV+  TV) Maximum  amount  of  air  that  can  be 
 inspired after normal tidal expiration (3600 ml).   


4.  Total  lung  capacity:  (TV+IRV+ERV)    Amount  of  air  in  lungs  after 
maximum inspiration (6000ml). 
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FEV1- Forced  expiratory  volume  in  one  second  is  defined  as  the  volume 
 exhaled at  end of first second of forced expiration. It has the  most significant 
 value in patients with COPD. 


FVC- Forced vital capacity is amount of air forcefully exhaled from lungs after 
 maximum inspiration. 


FEV1/FVC- It is the ratio of FEV1 to FVC expressed as a percentage. A value 
 of less than 70 percent is diagnostic of COPD. 


ETIOLOGY 


Cigarette smoking is by far the most important cause of COPD. Nearly 
 all  smokers  suffer  an  accelerated  decline  in  lung  function  that  is  dose-  and 
 duration-dependent.  One  major  study  reported  yearly  decreases  in  FEV1  of 
 66.1  mL  per  year  in  men  and  54.2  mL  per  year  in  women  who  continued  to 
 smoke, compared to 30.2 mL per year in men and 21.5 mL per year in women 
 who  sustained  smoking  cessation.  Fifteen  percent  develop  progressively 
 disabling symptoms in their 40s and 50s.  


Approximately  80  percent  of  patients  have  significant  exposure  to 
 tobacco  smoke.  The  remaining  20  percent  are  exposed  to  environmental 
 tobacco  smoke,  occupational  dusts  and  chemicals,  and  indoor  air  pollution 
 from biomass fuel used for cooking and heating in poorly ventilated buildings. 


Outdoor air pollution, airway infection, environmental factors, and allergy have 
also been implicated in chronic bronchitis.  
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Hereditary  factors  like  deficiency  of  alpha-1-antitrypsin  have  been 
 implicated  in  emphysema.  Atopy  and  the  tendency  for  bronchoconstriction 
 develop in response to nonspecific airway stimuli may be important risks.  


Childhood lower respiratory tract infections are commonly regarded as a 
 risk  factor  for  COPD.    Lung  growth  and  alveolar  development  continue  into 
 early  childhood  hence  it  could  be  said  that  lower  respiratory  tract  infections 
 during  childhood  might  produce  permanent  damage  and  impair  lung  growth 
 and development1.  


Airway  hyperresponsiveness  (AHR)  defined  as  a  acute  decline  in 
 maximal  airﬂow  in  response  to  inhalation  of  bronchoconstrictors  like 
 methacholine  or  histamine1.  In  COPD,  Airway  hyperresponsiveness  is 
 associated  with  accelerated  decline  of  FEV1  and  is  a  negative  prognostic 
 marker. AHR leads to consideration of the “Dutch hypothesis,” which ascribes 
 role  of  allergy  in  COPD.  There  are  several  possible  mechanisms  for  the 
 increased AHR in smokers with COPD. 


1.  Geometric  factors  related  to  an  increased  thickening  of  airway  walls, 
 producing  a  narrowed  airway,  leading  to  greater  rise  in  resistance  in  a 
 narrowed airway for a given shortening of airway smooth muscle. 


2.  Central deposition of inhaled aerosols as a result of airways obstruction. 


3.   Loss  of  airway  wall  support  as  a  result  of  loss  of  alveolar  walls  in 
 emphysema. 


4.   Increased airway epithelial permeability resulting in airway wall edema. 
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PATHOGENESIS 


Many  pulmonary  function  abnormalities  occur  in  COPD,  but  the 
 defining  feature  is  the  persistent  decline  in  maximal  forced  expiratory ﬂow. 


Increased  airway  resistance,  increased  residual  volume,  increased    residual 
 volume/total  lung  capacity  ratio  (RV/TLC),    decreased  inspiratory  capacity 
 maldistribution  of  ventilation,  and  ventilation-perfusion  mismatching  are  also 
 typical features. 


Airflow Obstruction  


Persistent  reduction  in  FEV1  and  FEV1/FVC  is  the  characteristic 
physiological abnormalities of COPD. The reduced FEV1 is not reversible with 
inhaled bronchodilators, though reversible upto 15%  is common.  COPD thus  
differs  from  asthma  where  reversibility  of  airflow  limitation  with  inhaled 
bronchodilators  is  characteristic.  Maximal  inspiratory ﬂow  is  relatively  well 
preserved  in  the  presence  of  a  markedly  reduced  FEV1.  Such  discrepancies 
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between  inspiratory  and  expiratory ﬂow  suggest  that  the  reduction  in  forced 
 expiratory ﬂow  in  COPD  is  not  due  to  ﬁxed  narrowing  or  obliteration  of 
 airways,  but  instead  there  is  airway  instability  with  narrowing  during  forced 
 exhalation.  Airﬂow  during  forced  exhalation  is  the  result  of  the  balance 
 between the elastic recoil of the lungs promoting ﬂow and the resistance of the 
 airways  that  limits ﬂow.  In  normal  lungs,  as  well  as  in  lungs  affected  by 
 COPD,  maximal  expiratory ﬂow  diminishes  as  the  lungs  empty  because  the 
 lung  parenchyma  provides  progressively  less  elastic  recoil  and  the  cross-
 sectional area of the airways reduces so that the resistance to airﬂow increases. 


The  decrease  in ﬂow,  coincident  with  the  decrease  in  lung  volume,  is  readily 
apparent on the expiratory limb of a ﬂow-volume curve. In the early stages of 
COPD, the abnormality in airﬂow is evident only at lung volumes at or below 
functional  residual  capacity,  appearing  as  a  “scoopedout”  lower  part  of  the 
descending  limb  of  the ﬂow  volume  curve1.  In  more  advanced  disease,  the 
entire curve demonstrates decreased expiratory ﬂow. The relative contributions 
of  diminished  elastic  recoil  and  increased  airway  resistance  in  reducing 
maximal expiratory airﬂow can be quantiﬁed from ﬂow-pressure curves . With 
decreased  elastic  recoil  the  curve  has  a  normal  slope,  but  it  terminates 
prematurely.  In  contrast,  with  increased  airway  resistance  the  slope  becomes 
less  steep,  reﬂecting  the  necessity  for  increased  driving  pressure  for  any  level 
of airﬂow. In theory, therefore, it is possible to distinguish between emphysema 
(“decreased  elastic  recoil”)  and  small  airway  pathology  (“increased  airway 
resistance”) as the cause for the reduced FEV1. The situation is more complex, 
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however,  because  most  people  with  COPD  have  both  emphysema  and  small 
 airway  pathology.    Elastic  recoil  affects  the  stiffness  of  small  airways.  When 
 elastic  recoil  is  reduced,  the  curve  may  be  shifted  to  the  right  because  of 
 increased airway collapsibility.  


Maximum  expiratory  and  inspiratory  ﬂow-volume  (MEFV,  MIFV) 
curves  in  a  normal  subject  (left),  a  subject  with  mild  airway  obstruction 
(middle) due  to COPD and a subject with advanced obstruction (right) due to 
COPD. The FEV1 is indicated on the volume axis by a vertical bar . TLC=total 
lung  capacity;  RV=residual  volume;  FVC=forced  vital  capacity.  There  is 
development  of  convexity  of ﬂow  to  the  volume  axis  in  mild  obstruction, 
despite preservation of a large peak expiratory ﬂow, a normal FVC and only a 
small  reduction  in  FEV1/FVC  ratio.  Inspiratory ﬂow  is  normal.  In  advanced 
COPD there is marked decrease of FEV1, FVC and maximal expiratory airﬂow 
.Inspiratory ﬂow  is  also  markedly  reduced,  but  spared  relative  to  expiratory 
ﬂow. 
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The  arterial  oxygen  tension  (PaO2)  usually  remains  near  normal  until 
 the FEV1 is decreased to about half of the predicted level; even a much lower 
 FEV1  may  be  associated  with  a  normal  PaO2,  atleast  at  rest.  An  elevation  of 
 arterialPCO2  (PaCO2)  is  not  expected  in  COPD  until  the  FEV1  is  less  than 
 about one-fourth of predicted; even then an elevation in arterial carbon dioxide 
 tension (PaCO2) may not occur. Pulmonary hypertension due to COPD that is 
 severe enough to cause cor pulmonale and right ventricular failure occurs only 
 in  persons  who  have  a  marked  decrease  in  FEV1  (one-fourth  of  predicted  or 
 less) and chronic hypoxemia (PaO2 under 55 mmHg). 


MALDISTRIBUTION  OF  VENTILATION  AND  VENTILATION- 
 PERFUSION MISMATCH 


Maldistribution of ventilation and ventilation-perfusion mismatching are 
characteristic  of  COPD  and  reﬂect  the  heterogeneous  nature  of  the  disease 
process  as  it  affects  the  airways  and  lung  parenchyma.  Nitrogen  washout 
during  breathing  of  100  percent  oxygen  is  delayed  due  to  poorly  ventilated 
regions.  In  type  A  (“pink  puffer”)  COPD,  there  is  a  substantial  amount  of 
ventilation  distributed  to  high  ventilation-perfusion  regions.  In    type  B  (“blue 
bloater”)  COPD,  there  is  a  substantial  amount  of  pulmonary  blood  ﬂow 
perfusing  low  ventilation-perfusion  regions.  Most  people  with  COPD  are  not 
easily  classiﬁed  as  either  type  A  or  type  B.  They  have  both  high  and  low 
ventilation-perfusion regions. 
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HYPERINFLATION 


Hyperinﬂation  is  deﬁned  as increase  in  functional  residual  capacity, 
 increased residual volume to total lung capacity, increase in total lung capacity 
 or decrease in inspiratory capacity to  total lung capacity is common in COPD  
 .Hyperinﬂation is beneﬁcial as it favours preservation  of  maximum expiratory 
 airﬂow.  As  lung  volume  increases,  elastic  recoil  pressure  increases  leading  to 
 enlargement  of  airway  lumen  and  airway  resistance  decreases.  However, 
 hyperinﬂation has following adverse effects on mechanics of thorax. 


1. Hyperinflation displaces the diaphragm to a flattened position leading to loss 
 of    effective  transmission  of  positive  abdominal  pressure  to  chest  wall  during 
 inspiration. 


2. The shortened muscle fibers of the diaphragm are less capable of generating 
 inspiratory pressures. 


3.  The  ﬂattened  diaphragm  must  generate  greater  tension  to  develop 
 transpulmonary pressure required to produce tidal breathing.  


Because  the  thoracic  cage  is  distended  beyond  its  normal  resting 
volume,  during  tidal  breathing,  the  inspiratory  muscles  must  do  work  to 
overcome  the  resistance  of  the  thoracic  cage  to  further  inﬂation  instead  of 
gaining the normal assistance from the chest wall recoiling outward toward its 
resting  volume. Typically hyperinﬂation increases further on exercise because 
airﬂow obstruction limits lung emptying during rapid breathing. The net effect 
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is increased work of breathing, diminished capacity for exercise, and increased 
 dyspnea.  The  inspiratory  capacity  (IC)  is  commonly  reduced  in  COPD. 


Reduction of the IC has prognostic signiﬁcance that is independent of FEV1. 


DYSPNEA 


Dyspnea  is  seldom  a  complaint  until  the  FEV1  has  fallen  below  about 
 60  percent  of  predicted.  Dyspnea  compromises  their  activities  and  quality  of 
 life. The mechanisms of dyspnea in COPD are as follows.  


1.  An  increased  sense  of  effort  relating  to  the  pressures  needed  from  the 
 respiratory  muscles  relative  to  their  maximum  pressure-generating  capacity  is 
 thought to be one factor in producing dyspnea.  


2.  Signals  of  “length-tension  inappropriateness”  from  the  respiratory  muscles 
due to hyperinﬂation constitute another factor.  
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3.  Hypercapnia  and  hypoxemia  play  only  a  small  role,  except  in  acute 
 situations.  Oxygen  administration  decrease  breathlessness  by  reducing 
 ventilation during exertion. 


SMALL AIRWAYS 


Approximately  40  years  ago,  Hogg  and  colleagues  discovered  that 
 airways 2mm or less in internal diameter normally contribute only a minor part 
 of  the  total  airway  resistance,  but  these  airways  become  the  principal  sites  of 
 increased airway resistance in COPD.   


Small  airways  in  the  lungs  of  individuals  with  COPD  typically  show 
multiple  abnormalities  which  include  goblet  cell  metaplasia,  replacement  of 
surfactant-secreting  Clara  cells  with  mucus-secreting  cells  and  inﬁltration  of 
the  walls  by  inﬂammatory  cells  in  severe  disease  may  include  lymphoid 
follicles.  .These  changes  are  accompanied  by  increased  connective  tissue  and 
mesenchymal  cells  in  the  subepithelial  and  adventitial  compartments  of  the 
airway  walls.  Alveolar  tissue  surrounding  small  airways  normally  provides 
radial  traction  on  bronchioles  at  points  where  alveolar  septa  attach.  Loss  of 
these  bronchiolar attachments as a result of  proteolytic destruction contribute 
to  airway  distortion,  narrowing,  and  instability.  Advanced  COPD  has  been 
shown to be associated with a loss of many of the smaller airways and a similar 
significant loss of the lung microvasculature3. 
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LARGE AIRWAYS 


Cigarette smoking results in enlargement of mucus  glands,  goblet cells 
increase  in  number  leading  to  cough  and  mucus  production  thus  defining 
chronic  bronchitis.  In  response  to  cigarette  smoking,  goblet  cells  not  only 
increase in number, but in extent through the bronchial tree. Bronchi  undergo 
squamous  metaplasia,    disrupting  mucociliary  clearance  eventually  causing 
carcinogenesis2.  Although  not  as  prominent  as  in  asthma,  patients  may  have 
smooth-muscle  hypertrophy  and  bronchial  hyperreactivity  leading  to  airflow 
limitation.  Neutrophil  influx  has  been  associated  with  purulent  sputum  in 
respiratory  tract  infections.  Neutrophil  elastase  is  the  most  important 
secretogogue. 
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LUNG PARENCHYMA 


Emphysema  is  the  destruction  of    the  respiratory  bronchioles,  alveolar 
 ducts  and  alveoli.;  their  walls  become  perforated  and  later  obliterated  with 
 coalescence  of  the  delicate  alveolar  structure  into  large  emphysematous  air 
 spaces.  Large  numbers  of  macrophages  accumulate  in  respiratory  bronchioles 
 of essentially all smokers.  Neutrophils and T lymphocytes particularly CD8+ 


cells are  increased in the alveolar lavage of smokers.  


Emphysema  is  classified  into  distinct  pathologic  types  which  include 
 centrilobular, panlobular   and paraseptal .  


1.  Centrilobular  emphysema  is  most  frequently  associated  with  cigarette 
 smoking.  It  is  characterized  by  enlarged  air  spaces  found    in  association  with 
 respiratory bronchioles. Centrilobular emphysema is usually most prominent in 
 the upper lobes and superior segments of lower lobes and is often  focal.  


2.  Panlobular  emphysema  refers  to  abnormally  large  air  spaces    distributed 
 evenly  within  and  across  acinar  units.  Panlobular  emphysema  is  commonly 
 observed in patients with α1AT deficiency and has a predilection for the lower 
 lobes.  


3. Paraseptal emphysema occurs in 10–15% of cases. It is distributed along the 
pleural  margins  with  relative  sparing  of  the  lung  core  or  central  regions.  It  is 
commonly  associated  with  significant  airway  inflammation  and  with 
centrilobular emphysema4. 
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The  current paradigm for the pathogenesis of emphysema comprises a series of 
 four interrelated events:  


1.  Chronic  exposure  to  cigarette  smoke  in  genetically  susceptible  individuals 
 triggers  inflammatory  and  immune  cell  recruitment  within  large  and  small 
 airways and in the terminal air spaces of the lung. 


2.  Inflammatory  cells  release  proteinases  that  damage  the  extracellular  matrix 
 of airways, vasculature and gas exchange surfaces of the lung. 


3.  Structural  cell  death  occurs  through  oxidant-induced  damage,  cellular 
 senescence  and  proteolytic  loss  of  cellular-matrix  attachments  leading  to 
 extensive loss of smaller airways, vascular pruning, and alveolar destruction. 


4.  Disordered  repair  of  elastin  and  other  extracellular  matrix  components 
 contributes to air space enlargement and emphysema. 


INFLAMMATION 


As reﬂected in the deﬁnition of COPD, inﬂammation occupies a central 
role in the pathogenesis of COPD. The inﬂammation paradigm is that smoking 
and other types of inhaled irritants leads to recruitment of inﬂammatory cells to 
the  lungs  and  airways  and  that  products  of  these  recruited  cells  injure  lung 
tissue  and  disrupt  normal  mechanisms  of  lung  repair.  Inﬂammation  is 
prominent in airways and lung parenchyma in biopsies, surgical specimens and 
postmortem  material  from  individuals  with  COPD.  Other  indicators  of 
inﬂammation are increased inﬂammatory cells in bronchoalveolar lavage  ﬂuid 
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and  sputum,  increased  volatile  products  of  inﬂammatory  cells  in  exhaled 
 breath.  Inﬂammatory  cells  associated  with  COPD  include  neutrophils, 
 eosinophils,  macrophages and lymphocytes. Once the inﬂammatory process is 
 initiated  by  smoking  the  process  may  persist  long  after  smoking  has  stopped. 


Unlike  nonsmokers,  macrophage  accumulations  are  found  in  respiratory 
 bronchioles  in  smokers  and  BAL  fluid  from  smokers  contains  many 
 macrophages  compared  to  the  numbers  in  BAL  fluid  from  nonsmokers. 


Besides  releasing  proteinases  that  might  degrade  the  extracellular  matrix  of 
 lung  alveolar  macrophages  in  COPD  make  chemotactic  factors  that  recruit 
 other inﬂammatory cells to the lungs. 


Expression of interleukin-8 (IL-8), macrophage inﬂammatory protein-1α 
 (MIP-1α), and monocyte chemoattractant protein-1(MCP-1) are upregulated in 
 bronchiolar epithelium in COPD. T cells from COPD lungs produce cytokines 
 that  stimulate  production  of  matrix  metalloproteinases  by  macrophages. 


Peptides  of  elastin  are  chemotactic  for  inﬂammatory  cells the  elastin  peptides 
present  in  the  lung  are  crucial  to  the  inﬂammatory  process,  suggesting  that 
destruction  of  the  lung’s  extracellular  matrix  may  be  a  self-perpetuating 
process.  Overexpression  of  cytokines  such  as  IL-13  or  γ-interferon  by  lung 
cells  leads  to  emphysema  that  is  mediated  by  proteinases  from  inﬂammatory 
cells.  CD4+and  CD8+T  cells  and  B  cells  accumulate  in  alveolar  and  airway 
tissue in COPD and form bronchus-associated lymphoid tissue (BALT) in the 
walls  of  small  airways  and  an  increasing  BALT  in  small  airways  correlates 
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with increasing GOLD stage. Exposure of antibodies to endothelial cells elicits 
 alveolar septal cell destruction. 


PROTEINASE-ANTIPROTEINASE IMBALANCE 


Proteinases  of  several  biochemical  classes  and    different  inhibitors,  are 
 implicated  in  the  pathogenesis  of  emphysema.  Serine  proteinases,  especially 
 neutrophil  elastase,  and  several  matrix  metalloproteinases  (MMPs),  especially 
 MMP-1 (collagenase), MMP-9 (gelatinase B), MMP-12 (macrophage elastase), 
 and  MMP-14  (MT1-MMP,  membrane-type  1  MMP),  have  been  the  most 
 important.  Neutrophils  and  macrophages  are  the  exclusive  sources  of 
 proteinases  involved  in  COPD.  Now  it  is  appreciated  that  other  types  of 
 inﬂammatory  cells  and  even  structural  cells  of  the  lungs  may  produce 
 proteinases  that  promote  emphysema.  Besides  degrading  matrix  proteins, 
 proteinases exert other effects that relate to the pathogenesis of COPD such as 
 releasing  cell-bound  and  matrix-bound  chemokines,  activating  growth  factors, 
 and  inducing  expression  of  mucin  genes.  However,  alpha  1-AT  deﬁciency  is 
 still  the  only  situation  of  proteinase-antiproteinase  imbalance  in  COPD  in 
 which  both  the  proteinase  (neutrophil  elastase)  and  its  inhibitor  have  been 
 established. It must be emphasized that little is known about proteinases in the 
 pathogenesis of the small-airway pathology of COPD.  


OXIDANT-ANTIOXIDANT IMBALANCE 


Reactive oxygen species in cigarette smoke or released by inﬂammatory 
cells  and  structural  cells  of  the  lungs  in  response  to  smoke  may  lead  to  lung 
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injury.  Up  to  20  mg  of  tar  may  be  deposited  in  a  smoker’s  lung  per  cigarette 
 smoked. This tar contains more than 1017 stable, long-lived radicals per gram. 


The  gas  phase  of  tobacco  smoke  contains  1015  organic  radicals  per  puff  of 
 smoke although in general these small oxygen- and carbon-centered species are 
 more  short-lived  and  reactive  than  the  radicals  in  the  particulate  phase. 


Tobacco  smoke  appears  to  prime  neutrophils  and  alveolar  macrophages  to 
 generate  elevated  amounts  of  reactive  oxygen  species  such  as  hydrogen 
 peroxide,  hydroxyl  radicals,  and  superoxide  radicals.  The  lung  tissue  of 
 smokers contains signiﬁcantly more iron than that of nonsmokers, providing a 
 catalyst  for  the  production  of  hydroxyl  radicals  from  H2O2.  Smokers 
 demonstrate  increased  production  of  neutrophil  myeloperoxidase,  which  is 
 capable  of  yielding  oxidized  halogens  such  as  hypochlorous  acid  (HOCl). 


Oxidants  can  modify  and  inactivate  proteins,  protease  inhibitors  (such  as  α1-
AT  and  secretory  leukoprotease  inhibitor  and  histone  deacetylase  2,  which  is 
involved in glucocorticoid mediated anti-inﬂammatory responses. 
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Activation of signal pathways by oxidative stress. Ap-1 = activating protein 
 1; erk  = extracellular signal-related  kinase; ikk  = inhibitor  kb  kinase; jnk  = c-
 jun n-terminal kinase; nf-b = nuclear factor b; p= phosphate 


Directly relevant to the inﬂammatory hypothesis of COPD, oxidants can 
promote  inﬂammation  and  proteinase  expression  via  intracellular  signaling 
pathways  that  involve  mitogen-activated  protein  kinases  (MAPK),  nuclear 
factor (NF)-κB, and other pro-inﬂammatory signaling molecules .Oxidants can 
induce apoptosis.Oxidants may also facilitate proteinase-mediated extracellular 
matrix  degradation  by  enhancing  matrix  molecule  susceptibility  to  proteolytic 
cleavage,  and  may  participate  in  nonenzymatic  degradation    as  in  the  case  of 
the effects of hydroxyl radicals on type I collagen. 
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APOPTOSIS  


An early theory of emphysema development  was that alveolar  vascular 
destruction  preceded  loss  of  alveolar  tissue.  Blockade  of  vascular  endothelial 
growth factor (VEGF) signaling in alveolar endothelial cells or  genetic down-
regulation of VEGF production in alveolar epithelium produces apoptosis and 
non  inﬂammatory  emphysema  .  The  same  result  can  be  achieved  by  instilling 
the  pro-apoptotic  protein  caspase-3  into  the  lungs.  Cigarette  smoke  induces 
apoptosis of several lung cell types. 
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CLINICAL FEATURES   OF COPD 


    The classical symptoms of COPD are dyspnea on exertion, accompanied by 
 cough  and  wheeze.  Most  patients  have  a  smoking  history  of  at  least  20  pack 
 years. 


Shortness of breath 


Breathlessness  causes  most  disability  and  is  associated  with  loss  of 
function  over  time.  The  appearance  of  breathlessness  indicates  moderate  to 
severe  impairment  of  pulmonary  function.  Dyspnea  is  graded  using  modified 
Medical Research Council dyspnea scale. 
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COPD – ACUTE EXACERBATION: 


Acute  exacerbation  of  COPD    is  defined  as  an  event  in  the  natural 
course  of  the  disease  characterized  by  a  change  in  the  patient’s  baseline 
dyspnea, cough, and/or sputum that is beyond normal day-to-day variations, is 
acute in onset, and may warrant a change in regular medication in patients with 
COPD 
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 SYMPTOMS AND SIGNS 


Patients with COPD characteristically present in the fifth or sixth decade 
 of  life  complaining  of  excessive  cough,  sputum  production,  and  shortness  of 
 breath.  Symptoms  have  often  been  present  for  10  years  or  more.  Dyspnea  is 
 noted initially only on heavy exertion, but as the condition progresses it occurs 
 with  mild  activity.  In  severe  disease,  dyspnea  occurs  at  rest.  As  the  disease 
 progresses,  two  symptom  patterns  tend  to  emerge,  historically  referred  to  as 


“pink  puffers”  and  “blue  bloaters”.  Most  COPD  patients  have  pathologic 
 evidence of both disorders, and their clinical course may involve other factors, 
 such  as  central  control  of  ventilation  and  concomitant  sleep  disordered 
 breathing. 


Pneumonia,  pulmonary  hypertension,  cor  pulmonale,  and  chronic 
respiratory failure characterize the late stage of COPD. 
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In  the  early  stages  of  COPD,  patients  have  a  normal  physical 
 examination. Current smokers may have signs of active smoking like  nicotine 
 staining  of  fingernails.  In  patients  with  more  severe  disease,  the  physical 
 examination of the lungs is notable for a prolonged expiratory phase and  may 
 include  expiratory  wheezing.  In  addition,  signs  of  hyperinflation  include  a 
 barrel  chest  and  enlarged  lung  volumes  with  poor  diaphragmatic  excursion  as 
 assessed  by  percussion.  Patients  with  severe  airflow  obstruction  may  also 
 exhibit  use  of  accessory  muscles  of  respiration,  sitting  in  the  characteristic 


“tripod”  position  to  facilitate  the  actions  of  the  sternocleidomastoid,  scalene, 
and intercostal muscles. Patients  may develop cyanosis, visible in the lips and 
nail  beds.  Although  traditional  teaching  is  that  patients  with  predominant 
emphysema, termed “pink puffers,” are thin and non cyanotic at rest and have 
prominent  use  of  accessory  muscles,  and  patients  with  chronic  bronchitis  are 
more  likely  to  be  heavy  and  cyanotic  (“blue  bloaters”)  current  evidence 
demonstrates  that  most  patients  have  elements  of  both  chronic  bronchitis  and 
emphysema  and  that  the  physical  examination  does  not  reliably  differentiate 
the  two  entities.  Advanced  disease  may  be  accompanied  by  cachexia,  with 
significant  weight  loss,  bitemporal  wasting,  and  diffuse  loss  of  subcutaneous 
adipose  tissue.  This  syndrome  has  been  associated  with  both  inadequate  oral 
intake and elevated levels of inflammatory cytokines (TNF-α). Such wasting is 
an independent poor prognostic factor in COPD. Some patients with advanced 
disease  have  paradoxical  inward  movement  of  the  rib  cage  with  inspiration 
(Hoover’s  sign),  the  result  of  alteration  of  the  vector  of  diaphragmatic 
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contraction on the rib cage as a result of chronic hyperinflation. Signs of  right 
 heart  failure,  termed  cor  pulmonale,  are  relatively  infrequent  since  the  advent 
 of supplemental oxygen therapy. Clubbing of the digits is not a sign of COPD, 
 and  its  presence  should  alert  the  clinician  to  initiate  an  investigation  for  the 
 development of lung cancer, bronchiectasis, atelectasis. 


LABORATORY FINDINGS  


Spirometry  provides  objective  information  about  pulmonary  function 
and  to assesses the response to therapy. Pulmonary function tests early in the 
course of COPD reveal only evidence of abnormal closing volume and reduced 
mid-expiratory  flow  rates.  Reduction  in  FEV1  and  in  the  ratio  of  forced 
expiratory volume to vital capacity (FEV1% or FEV1/FVC  ratio) occur late in 
the course of COPD. Post-bronchodilator FEV1/ FVC less than 0.70 establishes 
the  presence  of  airflow  obstruction  (GOLD  definition).  In  severe  disease,  the 
FVC is markedly reduced. Lung volume measurements usually reveal a marked 
increase in residual volume (RV), an increase in total lung capacity (TLC) and 
an elevation of the RV/TLC ratio, indicative of air trapping.  
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Arterial blood gas measurements characteristically show no abnormalities early 
 in COPD other than an increased A–a–DO2. Indeed, arterial blood gas analysis 
 is essential when 


 (1) hypoxemia or hypercapnia is suspected,  


(2) the FEV1 is less than 40% of predicted, or  


(3) there are clinical signs of right heart failure. Hypoxemia occurs in advanced 
 disease,  particularly  when  chronic  bronchitis  predominates.  Compensated 
 respiratory  acidosis  occurs  in  patients  with  chronic  respiratory  failure, 
 particularly  in  chronic  bronchitis,  with  worsening  of  acidemia  during  acute 
 exacerbations.  Positive  sputum  cultures  are  poorly  correlated  with  acute 
 exacerbations and research techniques demonstrate evidence of preceding viral 
 infection  in  a  majority  of  patients  with  exacerbations.  The  ECG  may  show 
 sinus  tachycardia  and  in  advanced  disease  pulmonary  hypertension  may 
 produce  electrocardiographic  abnormalities  typical  of  corpulmonale. 


Supraventricular arrhythmias like multifocal atrial tachycardia, atrial flutter and 
 atrial fibrillation and ventricular arrhythmia also occur. 


IMAGING 


Radiographs  of  patients  with  chronic  bronchitis  typically  show  
nonspecific  peribronchial  and  perivascular  markings.  Plain  radiographs  of 
emphysema show hyperinflation with flattening of the diaphragm or peripheral 
arterial deficiency in about half of cases.  
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CT of the chest, particularly using high-resolution CT, is more sensitive 
 and specific than plain radiographs for diagnosis of COPD. It also enables the 
 discovery  of  coexisting  interstitial  lung  disease  and  bronchiectasis,  which  are 
 common  complications  in  COPD3.  Smokers  with  COPD  are  at  high  risk  for 
 development  of  lung  cancer,  which  can  be  identified  on  a  chest  CT  scan.  In 
 advanced  COPD,  CT  scans  can  help  determine  the  possible  value  of  surgical 
 therapy. 


   In advanced disease, pulmonary hypertension develops characterized by 
 enlargement  of  pulmonary  artery  in  imaging  and  pressure  gradient  in 
 echocardiography. 


TREATMENT 


The  treatment  of  COPD  is  guided  by  the  severity  of  symptoms  or  the 
 presence  of  an  exacerbation  of  stable  symptoms.  There  are  three  commonly 
 used ways to identify high-risk COPD patients who may require  more intense 
 treatment:  


(1) FEV1 less than 50% (GOLD III/IV),  


(2) more than two exacerbations within the previous 12 months and  


(3) one or more hospitalizations for COPD exacerbation in the previous year3. 
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1.  Smoking  cessation—  Tobacco  smoking  is  the  major  aetiological  factor  in 
COPD,  outweighing  all  other  factors.  In  most  patients  the  disease  is 
preventable  and  thus  cessation  of  cigarette  smoking  is  the  single  most 
important  factor  that  determines  the  outcome.  This  is  particularly  true 
during  the  early  stages  of  COPD,  when  both  symptoms  and  lung  function 
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may improve, whereas in older men smoking cessation only reduces the rate 
 of decline in FEV1 


2.  Oxygen  therapy—Supplemental  oxygen  for  patients  with  resting 
 hypoxemia  (PaO2  <  56  mm  Hg)  is  the  only  therapy  with  evidence  of 
 improvement  in  the  natural  history  of  COPD.  Proved  benefits  of  home 
 oxygen  therapy  in  hypoxemic  patients  include  longer  survival,  reduced 
 hospitalizations,  and  better  quality  of  life.  Survival  in  hypoxemic  patients 
 with  COPD  treated  with  supplemental  oxygen  therapy  is  directly 
 proportionate  to  the  number  of  hours  per  day  oxygen  is  administered.  In 
 COPD  hypoxemic  patients  treated  with  continuous  oxygen  for  24  hours 
 daily, the survival  after 36  months is about  65%—significantly  better than 
 the survival rate of about 45% in those treated with only nocturnal oxygen. 


Oxygen  by  nasal  prongs  must  be  given  for  at  least  15  hours  a  day  unless 
 therapy  is  specifically  intended  only  for  exercise  or  sleep.    Arterial  blood  gas 
 analysis is preferred over oximetry to guide initial oxygen therapy. Hypoxemic 
 patients  with  pulmonary  hypertension,  chronic  cor  pulmonale,  erythrocytosis, 
 impaired  cognitive  function,  exercise  intolerance,  nocturnal  restlessness,  or 
 morning headache are particularly likely to benefit from home oxygen therapy2. 


3. INHALED BRONCHODILATORS 


Bronchodilator  therapy  is  the  cornerstone  of  treatment  to  reduce 
symptoms and to increase exercise tolerance in patients with COPD. In contrast 
to  bronchial  asthma,  where  bronchodilator  therapy  can  return  ventilatory 
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capacity    the  effects  are  small  in  patients  with  COPD  because  of  structural 
 changes within the airways thus providing symptomatic relief. 


4. CORTICOSTEROIDS 


Chronic inﬂammation in the large and small airways is defining feature 
 in  COPD.  This  inﬂammatory  process  provides  a  rationale  for  the  use  of 
 corticosteroids  in  this  condition.  However,  the  use  of  corticosteroids  has 
 adverse  effects  has  long  term  treatment  is  not  recommended.  Oral 
 corticosteroids  indicates  that  a  signiﬁcant  improvement  in  FEV1  (>15%  and 


>200mL  improvement  in  FEV1)  occurs  in  10–20%  of  patients  with  clinically 
 stable COPD. Inhaled corticosteroid at doses of 400ug is used. 


5. THEOPHYLLINE 


Theophylline  is  taken  as  a  long-acting  oral  preparation  once  or  twice 
daily.  Although  it  is  possible  to  monitor  blood  levels,  because  the  drug  is 
protein  bound  there  is  a  poor  correlation  between  efﬁcacy  or  adverse  effects 
and  serum  levels.  Theophylline  is  a  bronchodilator;  it  improves  arterial 
oxygenation  and  exercise  tolerance.  If  typical  side  effects  such  as  nausea, 
vomiting,  tremor,  or  tachyarrhythmias  occur,  the  dose  should  be  adjusted 
irrespective of serum levels. It is still an effective second line drug for patients 
who  show  beneﬁt  or  prefer  inexpensive  oral  medications.  Theophylline  has 
other  putative  pharmacologic  actions  that  might  be  beneﬁcial  for  the  COPD 
patient  like  improvement  in  diaphragm  contractility,  prevention  of  respiratory 
muscle  fatigue,  increased  venti1latory  drive,  potentiation  of  catecholamine 
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function,    prevention  of  microvascular  permeability,increased  mucociliary 
 clearance,  prevention  of  late-phase  antigen  responses,  inhibition  of  mast  cell 
 histamine  release,  and  suppression  of  leukocyte  activation.  Recent  evidence 
 suggests  that  the  anti-inﬂammatory  effect  of  theophylline  is  mediated  by 
 augmentation  of  steroid  effects  through  activation  of  histone  deacetylase 
 (HDAC), an effect that is of particular importance in COPD patients who have 
 lower HDAC activity1. 


6. ANTIBIOTICS 


7. PULMONARY REHABILITATION 


An  exercise  regimen  for  twenty  to  thirty  minutes  of  low  intensity 
aerobic exercise for three times a week is recommended. 
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8. OTHERS 


Replacement  therapy  with  alpha  1  antitrypsin  for  patients  with 
 deficiency. Usually recommended for moderate to severe cases at a dose of 60 
 mg per  kilogram weekly.  In patients  with  very severe  COPD (FEV1 less than 
 35  percent  predicted)  about  half  show  protein-calorie  malnutrition,  hence 
 nutritional support is essential. 


VACCINATION STRATEGIES 


Vaccinations  can  prevent  serious  illness  and  death  in  mainly  elderly 
 COPD  patients.  Influenza  and  pneumococcal  vaccines  are  the  two  vaccines 
 commonly used. 


 SURGERIES 


1)  Bullectomy for bullae 


2)  Lung  volume  reduction  surgery  (LVRS)-indications  include,  symptoms 
 secondary  to  severe  emphysema,  marked  hyperinflation  and  CT 
 evidence of heterogenous emphysema. 


3)  Lung transplantation .  
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SERUM ELECTROLYTES AND COPD 


   In  COPD  patients,  the  impairment  of  gas  exchange  induces  several 
hormones  renin,  angiotensin  II,  aldosterone  ,  atrial  natriuretic  peptide  , 
vasopressin    and  endothelial  factors  leading  to  water  retention  and 
hyponatremia. The systemic response to hypercapnia has the effect of reducing 
the renal blood flow and as a result, increasing water and sodium retention with 
the final effect of edema and hyponatremia. Chronic hypoxia and hypercapnia 
as a result of primary lung pathology, cardiac or renal failure and SIADH may 
also contribute to hyponatremia in those patients.  Hyponatremia itself may be 
a  predictor  of  poor  outcome  in  patients  of  COPD.  It  may  lead  to  central 
nervous  system  dysfunction,  confusion,  convulsions,  coma,  reversible  cardiac 
conduction  defect,  secondary  renal  insufficiency  and  even  death.  Along  with 
hyponatremia, hypokalemia may be another morbid accompaniment in patients 
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with COPD. Hypokalemia may be present independently or concomitantly with 
 hyponatremia. Hypokalemia in COPD may be attributed to respiratory acidosis 
 and  metabolic  alkalosis  or  long  standing  steroid  therapy.  Use  of  β2  agonists  
 may  also  contribute  to  hypokalemia  in  COPD  patients.  Acute  respiratory 
 failure  associated  with  hypokalemia  was  found  to  have  a  high  mortality  rate 
 among the COPD patients. High mortality in hypokalemia may be attributed to 
 cardiac arrhythmias or impaired nerve-muscle conduction.  
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MATERIALS AND METHODS 


SOURCE OF STUDY: 


   Primary data is collected by the principal investigator directly from the 
 cases  of  COPD  with  acute  exacerbations  admitted  in  the  medical  wards  in 
 Coimbatore Medical College and Hospital. 


STUDY DESIGN 


Prospective study 


STUDY POPULATION  


Patients with  COPD admitted for acute exacerbation in medical wards. 


STUDY PERIOD 


One year (January 2018 to December 2019) 


SAMPLE SIZE 100 


INCLUSION CRITERIA  


Patients with acute exacerbation of COPD. 


EXCLUSION CRITERIA  


Renal failure 


Congestive cardiac failure 
   Liver failure 



(51)41 


   Diabetic ketoacidosis 
 Pregnant women 


COPD patients admitted for causes other than acute exacerbation  
 METHODOLOGY   


Study is conducted on 100 patients of acute exacerbation of COPD who 
 are  admitted  in  Coimbatore  medical  college  and  hospital.  Diagnosis  is  made 
 based  on  history,  clinical  examination,  pulmonary  function  test,  modified 
 medical  research  council  grading  of  dyspnoea.  Age  and  sex  matched  healthy 
 controls  enrolled  from  general  population.  Two  samples  of  serum  electrolytes 
 level  measured  at  the  time  of  admission  and  at  the  time  of  discharge  of  the 
 patients. 


STATISTCAL METHODS 


       All the dates that were obtained, were entered in MS Excel and statistical 
analysis  was done  using  SPSS  Software.  Numbers  and  percentages  are  used  in 
reporting  Categorical  values.  Mean  and  standard  deviation  are  used  while 
reporting  Numerical  values.  Statistical  analysis  was  done  using  ANOVA,  
unpaired  T  test.  Statistical  significance  was  considered  if  p  value  was  less  than 
0.005 
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RESULTS 


TOTAL PARTICIPANTS – 130 


AMONG PARTICIPANTS 


GROUP  NO OF PATIENTS  PERCENTAGE 


CASES  100  77% 


CONTROLS  30  23% 


AGE DISTRIBUTION 


AGE IN YEARS  CASE  CONTROLS  TOTAL 


< 40  12  2  14 


41-50  17  5  22 


51-60  22  14  36 


61-70  30  3  33 


> 70  19  6  25 


77%


23%


GROUP


CASES CONTROLS
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SEX DISTRIBUTION 


SEX  GROUP 


CASES  CONTROLS 


MALE  60  18 


FEMALE  40  12 


12


17


22


30


19


2


5


14


3


6


< 40 41-50 51-60 61-70 > 70


AGE DISTRIBUTION


CASE CONTROLS


60


18
 40


12


CASES CONTROLS


GROUP



SEX DISTRIBUTION


MALE FEMALE
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SMOKING 


SMOKING  GROUP 


CASES  CONTROLS 


YES  55  24 


NO  45  6 


MEAN SPO2 


GROUP  SPO2 


MEAN  SD 


CASES  83.77  9.25 


CONTROLS  96.2  1.84 


P VALUE - 0.001 
 UNPAIRED T TEST 


SIGNIFICANT 


55


24
 45


6


CASES CONTROLS


GROUP



SMOKING


YES NO
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MEAN BMI 


GROUP  BMI 


MEAN  SD 


CASES  22.99  2.22 


CONTROLS  22.1  2.63 


P VALUE - 0.068 
 UNPAIRED T TEST 
 NON SIGNIFICANT 


83.77


96.2


CASES CONTROLS



MEAN SPO2


22.99


22.1


CASES CONTROLS



MEAN BMI
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MEAN FEV1 


GROUP  FEV1 (%PREDICTED) 


MEAN  SD 


CASES  52.23  15.5 


CONTROLS  95.36  7.42 


P VALUE - 0.001 
 UNPAIRED T TEST 


SIGNIFICANT 


MEAN FEV1/FVC 


GROUP  FEV1/FVC (%PREDICTED) 


MEAN  SD 


CASES  52.1  11.41 


CONTROLS  77.56  4.13 


P VALUE - 0.001 
 UNPAIRED T TEST 


SIGNIFICANT 


52.23


95.36


CASES
 CONTROLS



MEAN FEV1%
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MEAN SERUM SODIUM LEVEL AT ADMISSION 


GROUP 


SERUM SODIUM LEVEL AT ADMISSION 


MEAN  SD 


CASES  131.86  3.61 


CONTROLS  141.6  4.35 


P VALUE - 0.001 
 UNPAIRED T TEST 


SIGNIFICANT 


52.1


77.56


CASES
 CONTROLS



MEAN FEV1/FVC
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MEAN POTASSIUM LEVEL AT ADMISSION 


GROUP  SERUM POTASSIUM LEVEL AT ADMISSION 


MEAN  SD 


CASES  3.39  0.37 


CONTROLS  4.25  0.36 


P VALUE - 0.001 
 UNPAIRED T TEST 


SIGNIFICANT 


131.86


141.6


CASES CONTROLS



SERUM SODIUM LEVEL AT  ADMISSION


3.39


4.25


CASES CONTROLS



SERUM POTASSIUM LEVEL AT 

ADMISSION
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AMONG CASES (N=100) 
 AGE DISTRIBUTION 


AGE IN YEARS  NO OF PATIENTS  PERCENTAGE 


< 40  12  12% 


41-50  17  17% 


51-60  22  22% 


61-70  30  30% 


> 70  19  19% 


12%


17%


22%


30%


19%



AGE DISTRIBUTION


< 40 41-50 51-60 61-70 > 70
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AGE IN YEARS  SERUM SODIUM LEVELS 


MEAN  SD 


< 40  134.66  4.31 


41-50  132.76  3.58 


51-60  131.8  3.3 


61-70  131.36  2.98 


> 70  129.94  3.23 


P VALUE - 0.005 
 ANOVA 
 SIGNIFICANT 


134.66


132.76


131.8


131.36


129.94


127
 128
 129
 130
 131
 132
 133
 134
 135
 136


< 40 41-50 51-60 61-70 > 70



MEAN SERUM SODIUM LEVELS VS 

AGE
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AGE IN YEARS  SERUM POTASSIUM LEVELS 


MEAN  SD 


< 40  3.77  0.36 


41-50  3.45  0.42 


51-60  3.4  0.42 


61-70  3.35  0.29 


> 70  3.12  0.25 


P VALUE - 0.001 
 ANOVA 
 SIGNIFICANT 


3.77 3.45 3.4 3.35


3.12


0
 0.5
 1
 1.5
 2
 2.5
 3
 3.5
 4


< 40 41-50 51-60 61-70 > 70


Axis Title


Axis Title



MEAN SERUM POTASSIUM LEVEL VS 

AGE
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SEX 


SEX  NO OF PATIENTS  PERCENTAGE 


MALE  60  60% 


FEMALE  40  40% 


SEX  SERUM SODIUM LEVELS 


MEAN  SD 


MALE  131.7  0.36 


FEMALE  132.1  0.25 


P VALUE - 0.589 
 UNPAIRED T TEST 
 NON SIGNIFICANT 


60%


40%



SEX DISTRIBUTION


MALE FEMALE
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SEX  SERUM POTASSIUM LEVELS 


MEAN  SD 


MALE  3.3  0.38 


FEMALE  3.41  0.38 


P VALUE - 0.695 
 UNPAIRED T TEST 
 NON SIGNIFICANT 


131.7


132.1


MALE FEMALE



SERUM SODIUM LEVELS VS SEX


3.3


3.41


MALE FEMALE



SERUM POTASSIUM LEVELS VS SEX
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DURATION OF ILLNESS 


DURATON OF ILLNESS  NO OF PATIENTS  PERCENTAGE 


< 10 YRS  27  27% 


10-20 YRS  47  47% 


> 20 YRS  26  26% 


DURATION OF ILLNESS  SERUM SODIUM LEVELS 


MEAN  SD 


< 10 YRS  133.51  4.07 


10-20 YRS  131.74  3.16 


> 20 YRS  130.34  3.22 


P VALUE - 0.005 
 ANOVA 
 SIGNIFICANT 


27%


47%


26%



DURATION OF ILLNESS


< 10 YRS 10-20 YRS > 20 YRS
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DURATION OF ILLNESS  SERUM POTASSIUM LEVELS 


MEAN  SD 


< 10 YRS  3.61  0.42 


10-20 YRS  3.38  0.31 


> 20 YRS  3.18  0.26 


P VALUE - 0.001 
 ANOVA 
 SIGNIFICANT 


133.51


131.74


130.34


< 10 YRS 10-20 YRS > 20 YRS



DURATION OF ILLNESS VS SERUM  SODIUM LEVEL


3.61


3.38


3.18


< 10 YRS 10-20 YRS > 20 YRS



DURATION OF ILLNESS VS SERUM 

POTASSIUM LEVEL
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SMOKING 


SMOKING  NO OF PATIENTS  PERCENTAGE 


YES  55  55% 


NO  45  45% 


FEVER  NO OF PATIENTS  PERCENTAGE 


PRESENT  54  54% 


ABSENT  46  46% 


55%


45%



SMOKING


YES NO
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COUGH  NO OF PATIENTS  PERCENTAGE 


PRESENT  99  99% 


ABSENT  1  1% 


54%


46%



FEVER


PRESENT ABSENT


99%


1%



COUGH


PRESENT ABSENT
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CREPITATION  NO OF PATIENTS  PERCENTAGE 


PRESENT  43  43% 


ABSENT  57  57% 


WHEEZING  NO OF PATIENTS  PERCENTAGE 


PRESENT  85  85% 


ABSENT  15  15% 


43%


57%



CREPITATION


PRESENT ABSENT


85%


15%



WHEEZING


PRESENT ABSENT
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CYANOSIS  NO OF PATIENTS  PERCENTAGE 


PRESENT  33  33% 


ABSENT  67  67% 


CLUBBING  NO OF PATIENTS  PERCENTAGE 


PRESENT  31  31% 


ABSENT  69  69% 


33%


67%



CYANOSIS


PRESENT ABSENT


31%


69%



CLUBBING


PRESENT ABSENT
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SPO2 LEVEL 


SPO2  NO OF PATIENTS  PERCENTAGE 


> 95  0  0% 


94-85  57  57% 


84-75  25  25% 


< 75  18  18% 


0%


25% 57%


18%



SPO2 LEVEL


> 95 94-85 84-75 < 75
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SPO2  SERUM SODIUM LEVELS 


MEAN  SD 


> 95  0  0 


94-85  133.22  3.66 


84-75  130.56  2.94 


< 75  129.33  1.87 


P VALUE - 0.001 
 ANOVA 
 SIGNIFICANT 


0


133.22 130.56 129.33


> 95 94-85 84-75 < 75



SERUM SODIUM LEVEL VS SPO2


> 95 94-85 84-75 < 75
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SPO2  SERUM POTASSIUM LEVELS 


MEAN  SD 


> 95  0  0 


94-85  3.56  0.37 


84-75  3.21  0.21 


< 75  3.09  0.18 


P VALUE - 0.001 
 ANOVA 
 SIGNIFICANT 


0


3.56


3.21 3.09


> 95 94-85 84-75 < 75



SERUM POTASSIUM LEVEL VS SPO2
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CHEST X RAY 


CHEST X RAY  NO OF 


PATIENTS 


PERCENTAG
 E 
 EMPHYSEMA & CHRONIC 


BRONCHITIS  22  22% 


EMPHYSEMA ONLY  44  44% 


CHRONIC BRONCHITIS  27  27% 


NORMAL  7  7% 


22%


44%


27%


7%



CHEST X RAY


EMPYSEMA & BRONCHITIS EMPYSEMA ONLY
 CHRONIC BRONCHITIS NORMAL


EMPHYSEMA & CHRONIC 


BRONCHITIS  EMPHYSEMA ONLY 
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CHEST X RAY 


SERUM SODIUM 
 LEVELS 


MEAN  SD 


EMPHYSEMA AND CHRONIC 


BRONCHITIS  129.68  2.66 


EMPHYSEMA ONLY  132.54  3.68 


CHRONIC BRONCHITIS  131.33  2.98 


NORMAL  136.42  2.83 


P VALUE - 0.005 
 ANOVA 
 SIGNIFICANT 


129.68


132.54


131.33


136.42


EMPYSEMA &


BRONCHITIS


EMPYSEMA ONLY CHRONIC
 BRONCHITIS


NORMAL



CHEST X RAY VS SERUM SODIUM  LEVELS


EMPHYSEMA & 


CHRONIC BRONCHITIS  EMPHYSEMA 
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CHEST X RAY 


SERUM POTASSIUM 
 LEVELS 


MEAN  SD 


EMPHYSEMA & CHRONIC 


BRONCHITIS  3.15  0.22 


EMPHYSEMA ONLY  3.45  0.35 


CHRONIC BRONCHITIS  3.34  0.28 


NORMAL  3.91  0.53 


P VALUE - 0.001 
 ANOVA 
 SIGNIFICANT 


3.15


3.45 3.34


3.91


EMPYSEMA &


BRONCHITIS


EMPYSEMA ONLY CHRONIC BRONCHITIS NORMAL



CHEST X RAY VS SERUM POTASSIUM  LEVELS


EMPHYSEMA & 


CHRONIC BRONCHITIS  EMPHYSEMA 
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6 MIN WALK TEST 


6 MIN WALK TEST  NO OF PATIENTS  PERCENTAGE 


>350  12  12% 


250-349  30  30% 


150-249  53  53% 


<149  5  5% 


12%


30%


53%


5%



6 MIN WALK TEST


>350 250-349 150-249 <149
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6 MIN WALK TEST  SERUM SODIUM LEVELS 


MEAN  SD 


>350  136.41  3. 


96 


250-349  133.06  2.82 


150-249  130.34  2.88 


<149  129.8  1.78 


P VALUE - 0.001 
 ANOVA 
 SIGNIFICANT 


SERUM SODIUM LEVEL VS 6 MIN WALK TEST 


136.41


133.06


130.34


129.8


126
 128
 130
 132
 134
 136
 138


>350 250-349 150-249 <149
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6 MIN WALK TEST  SERUM POTASSIUM LEVELS 


MEAN  SD 


>350  4.01  0.41 


250-349  3.5  0.24 


150-249  3.2  0.23 


<149  3.18  0.13 


P VALUE - 0.001 
 ANOVA 
 SIGNIFICANT 


4.01


3.5


3.2 3.18


0
 0.5
 1
 1.5
 2
 2.5
 3
 3.5
 4
 4.5


>350 250-349 150-249 <149



SERUM POTASSIUM LEVELS VS 6 MIN 

WALK TEST
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