
Respiratory systemRespiratory system  



PointsPoints  

VentilationVentilation  

DiffusionDiffusion  

PerfusionPerfusion  



FunctionFunction  
TheThe  mainmain  rolerole  ofof  thethe  respiratoryrespiratory  systemsystem  isis  toto  
workwork  closelyclosely  withwith  thethe  heartheart  andand  bloodblood  toto  extractextract  
oxygenoxygen  fromfrom  thethe  externalexternal  environmentenvironment  andand  
disposedispose  ofof  wastewaste  gases,gases,  principallyprincipally  carboncarbon  
dioxidedioxide..    
ThisThis  requiresrequires  thethe  lungslungs  toto  functionfunction  asas  anan  efficientefficient  
bellows,bellows,  expellingexpelling  usedused  air,air,  bringingbringing  freshfresh  airair  inin  
andand  mixingmixing  itit  efficientlyefficiently  withwith  thethe  airair  remainingremaining  inin  
thethe  lungslungs..    
TheThe  lungslungs  havehave  toto  provideprovide  aa  largelarge  surfacesurface  areaarea  
forfor  gasgas  exchangeexchange  andand  thethe  alveolialveoli  wallswalls  havehave  toto  
presentpresent  minimalminimal  resistanceresistance  toto  gasgas  diffusiondiffusion..  ThisThis  
meansmeans  thethe  lungslungs  havehave  toto  presentpresent  aa  largelarge  areaarea  toto  
thethe  environmentenvironment  andand  thisthis  cancan  bebe  damageddamaged  byby  
dusts,dusts,  gasesgases  andand  infectiveinfective  agentsagents..    
HostHost  defencedefence  isis  thereforetherefore  aa  keykey  prioritypriority  forfor  thethe  
lunglung  andand  isis  achievedachieved  byby  aa  combinationcombination  ofof  
structuralstructural  andand  immunologicalimmunological  defencesdefences..    



Of the first seven divisions, the bronchi Of the first seven divisions, the bronchi 

have:have:  

  

walls consisting of cartilage and walls consisting of cartilage and 
smooth muscle smooth muscle   

epithelial lining with cilia and goblet epithelial lining with cilia and goblet 
cells cells   

submucosal mucussubmucosal mucus--secreting glands secreting glands   

endocrine cells endocrine cells --  Kulchitsky or APUD Kulchitsky or APUD 
(amine precursor and uptake (amine precursor and uptake 
decarboxylation) containing 5decarboxylation) containing 5--
hydroxytryptaminehydroxytryptamine  

  



In the next 16In the next 16--18 divisions the 18 divisions the 

bronchioles have: bronchioles have:   

  
nono  cartilagecartilage  andand  aa  muscularmuscular  layerlayer  
thatthat  progressivelyprogressively  becomesbecomes  thinnerthinner    

aa  singlesingle  layerlayer  ofof  ciliatedciliated  cellscells  butbut  
veryvery  fewfew  gobletgoblet  cellscells    

granulatedgranulated  ClaraClara  cellscells  thatthat  produceproduce  aa  
surfactantsurfactant--likelike  substancesubstance..  

  



The ciliated epitheliumThe ciliated epithelium  







BreathingBreathing  

LungLung  ventilationventilation  cancan  bebe  consideredconsidered  inin  
twotwo  partsparts::    

thethe  mechanicalmechanical  processprocess  ofof  inspirationinspiration  
andand  expirationexpiration    

thethe  controlcontrol  ofof  respirationrespiration  toto  aa  levellevel  
appropriateappropriate  forfor  thethe  metabolicmetabolic  needsneeds..    

  





AirwayAirway  resistanceresistance  
FromFrom  thethe  tracheatrachea  toto  thethe  peripheryperiphery,,  thethe  airwaysairways  becomebecome  
smallersmaller  inin  sizesize  ((althoughalthough  greatergreater  inin  numbernumber))..  TheThe  crosscross--
sectionalsectional  areaarea  availableavailable  forfor  airflowairflow  increasesincreases  asas  thethe  totaltotal  
numbernumber  ofof  airwaysairways  increasesincreases..  TheThe  flowflow  ofof  airair  isis  greatestgreatest  inin  
thethe  tracheatrachea  andand  slowsslows  progressivelyprogressively  towardstowards  thethe  peripheryperiphery  
(as(as  thethe  velocityvelocity  ofof  airflowairflow  dependsdepends  onon  thethe  ratioratio  ofof  flowflow  toto  
crosscross--sectionalsectional  area)area)..  InIn  thethe  terminalterminal  airwaysairways,,  gasgas  flowflow  
occursoccurs  solelysolely  byby  diffusiondiffusion..    
TheThe  resistanceresistance  toto  airflowairflow  isis  veryvery  lowlow  ((00..11--00..22  kPakPa/L/L  inin  aa  
normalnormal  tracheobronchialtracheobronchial  treetree),),  steadilysteadily  increasingincreasing  fromfrom  thethe  
smallsmall  toto  thethe  largelarge  airwaysairways..  AirwaysAirways  expandexpand  asas  lunglung  volumevolume  
isis  increasedincreased,,  andand  atat  fullfull  inspirationinspiration  ((totaltotal  lunglung  capacitycapacity,,  
TLC)TLC)  theythey  areare  3030--4040%%  largerlarger  inin  calibrecalibre  thanthan  atat  fullfull  
expirationexpiration  ((residualresidual  volumevolume,,  RV)RV)..  InIn  chronicchronic  obstructiveobstructive  
pulmonarypulmonary  diseasedisease  (COPD)(COPD)  thethe  smallsmall  airwaysairways  areare  narrowednarrowed  
andand  thisthis  cancan  bebe  partiallypartially  compensatedcompensated  byby  breathingbreathing  atat  aa  
largerlarger  lunglung  volumevolume..    



Control of airway toneControl of airway tone  
ThisThis  isis  underunder  thethe  controlcontrol  ofof  thethe  autonomicautonomic  nervousnervous  systemsystem..  
BronchomotorBronchomotor  tonetone  isis  maintainedmaintained  byby  vagalvagal  efferentefferent  nervesnerves..  
ManyMany  adrenoceptorsadrenoceptors  onon  thethe  surfacesurface  ofof  bronchialbronchial  musclesmuscles  
respondrespond  toto  circulatingcirculating  catecholaminescatecholamines;;  sympatheticsympathetic  nervesnerves  
dodo  notnot  directlydirectly  innervateinnervate  themthem..    
AirwayAirway  tonetone  showsshows  aa  circadiancircadian  rhythmrhythm,,  whichwhich  isis  greatestgreatest  atat  
0404..0000  andand  lowestlowest  inin  thethe  midmid--afternoonafternoon..  ToneTone  cancan  bebe  
increasedincreased  brieflybriefly  byby  inhaledinhaled  stimulistimuli  actingacting  onon  epithelialepithelial  
nervenerve  endings,endings,  whichwhich  triggertrigger  reflexreflex  bronchoconstrictionbronchoconstriction  viavia  
thethe  vagusvagus..  TheseThese  stimulistimuli  includeinclude  cigarettecigarette  smoke,smoke,  inertinert  dustdust  
andand  coldcold  airair;;  airwayairway  responsivenessresponsiveness  toto  thesethese  increasesincreases  
followingfollowing  respiratoryrespiratory  tracttract  infectionsinfections  eveneven  inin  healthyhealthy  
subjectssubjects..  InIn  asthma,asthma,  thethe  airwaysairways  areare  veryvery  irritableirritable  andand  asas  
thethe  circadiancircadian  rhythmrhythm  remainsremains  thethe  same,same,  asthmaticasthmatic  
symptomssymptoms  areare  usuallyusually  worstworst  inin  thethe  earlyearly  morningmorning..    





Static spirometryStatic spirometry  

parametersparameters  independent on independent on timetime  



Lung Volume MeasurementsLung Volume Measurements  

Measured by dilutional techniques Measured by dilutional techniques 
(helium dilution or nitrogen washout) (helium dilution or nitrogen washout) 
or by displacement techniques in a or by displacement techniques in a 
body boxbody box  

The FRC is measured and then the The FRC is measured and then the 
other measurements are other measurements are 
determined:determined:  

TLC = inspiratory capacity + FRCTLC = inspiratory capacity + FRC  

RV= FRC RV= FRC ––  ERV (expiratory reserve ERV (expiratory reserve 
volume)volume)  



  DynamicDynamic  spirometryspirometry  

    

–– FForcedorced  Vital CapacityVital Capacity  ––  FVCFVC  

–– Forced Expiratory Volume in One SecondForced Expiratory Volume in One Second  --  
FEV1FEV1  

–– PeakPeak  respiratoryrespiratory  flowflow  --  PEFPEF  

–– Forced Expiratory Volume in One Second Forced Expiratory Volume in One Second 
Expressed as a Percentage of the Forced Vital Expressed as a Percentage of the Forced Vital 
CapacityCapacity  --  FEV1/FVC %FEV1/FVC %  

--    Mean Forced Expiratory Flow during the Mean Forced Expiratory Flow during the 
Middle Half of the Forced Vital CapacityMiddle Half of the Forced Vital Capacity  

–– FEF 25FEF 25--75%75%  



Ventilatory dysfunctionVentilatory dysfunction  

ObstructiveObstructive: : airways collaps during airways collaps during 
exspiration, airexspiration, air--trapping phenomenontrapping phenomenon  

  

RestrictiveRestrictive: : difficulties in inspiration, difficulties in inspiration, 
lung tissue scarring, infiltration or weak lung tissue scarring, infiltration or weak 
muscles, lung volumes decreasemuscles, lung volumes decrease  

  

CombinedCombined  



Lung Volume PatternsLung Volume Patterns  

Obstructive DiseaseObstructive Disease: Characterized : Characterized 
by hyperinflation and gas trapping by hyperinflation and gas trapping 
((decreaseddecreased  PEF, FEV1/FVC, PEF, FEV1/FVC, increased increased 
TLC and RV/TLC)TLC and RV/TLC)  

Restrictive DiseaseRestrictive Disease: Characterized by : Characterized by 
generalized reduction in lung volume generalized reduction in lung volume 
(decreased TLC, RV and FRC)(decreased TLC, RV and FRC)  



Types of spirometersTypes of spirometers  



Graphs 

Volume-time Flow-volume 

Expiration 

Inspiration 

FEV1 



FlowFlow--volume loopsvolume loops  
TheThe  relationshiprelationship  betweenbetween  maximalmaximal  flowflow  ratesrates  onon  
expirationexpiration  andand  inspirationinspiration  isis  demonstrateddemonstrated  byby  thethe  
maximalmaximal  flowflow--volumevolume  (MFV)(MFV)  loopsloops..      
InIn  subjectssubjects  withwith  healthyhealthy  lungslungs  thethe  clinicalclinical  
importanceimportance  ofof  flowflow  limitationlimitation  willwill  notnot  bebe  apparent,apparent,  
sincesince  maximalmaximal  flowflow  ratesrates  areare  rarelyrarely  achievedachieved  
eveneven  duringduring  vigorousvigorous  exerciseexercise..    
InIn  patientspatients  withwith  severesevere  COPD,COPD,  limitationlimitation  ofof  
expiratoryexpiratory  flowflow  occursoccurs  eveneven  duringduring  tidaltidal  breathingbreathing  
atat  restrest..ToTo  increaseincrease  ventilationventilation  thesethese  patientspatients  
havehave  toto  breathebreathe  atat  higherhigher  lunglung  volumesvolumes  andand  alsoalso  
allowallow  moremore  timetime  forfor  expirationexpiration  byby  increasingincreasing  flowflow  
ratesrates  duringduring  inspiration,inspiration,  wherewhere  therethere  isis  relativelyrelatively  
lessless  flowflow  limitationlimitation..  ThusThus  patientspatients  withwith  severesevere  
airflowairflow  limitationlimitation  havehave  aa  prolongedprolonged  expiratoryexpiratory  
phasephase  toto  theirtheir  respirationrespiration..    



FlowFlow--volume graphsvolume graphs  

Normal   Restrictive Obstructive 







  Note changes in lung volume and Note changes in lung volume and   in flow in in flow in 
COPDCOPD  and and   relative flow in restrictive diseaserelative flow in restrictive disease  



Severe obstruction 



FlowFlow--volume loopsvolume loops  
TheThe  measuremeasure  ofof  thethe  volumevolume  thatthat  cancan  bebe  forcedforced  inin  fromfrom  RVRV  inin  
11  secondsecond  (FIV(FIV11))  willwill  alwaysalways  bebe  greatergreater  thanthan  thatthat  whichwhich  cancan  
bebe  forcedforced  outout  fromfrom  TLCTLC  inin  11  secondsecond  (FEV(FEV11))..  Thus,Thus,  thethe  ratioratio  
ofof  FEVFEV11  toto  FIVFIV11  isis  belowbelow  11..    
TheThe  onlyonly  exceptionexception  toto  thisthis  occursoccurs  whenwhen  therethere  isis  significantsignificant  
obstructionobstruction  toto  thethe  airwaysairways  outsideoutside  thethe  thorax,thorax,  suchsuch  asas  withwith  
aa  tumourtumour  massmass  inin  thethe  upperupper  partpart  ofof  thethe  tracheatrachea..  UnderUnder  
thesethese  circumstancescircumstances  expiratoryexpiratory  airwayairway  narrowingnarrowing  isis  
preventedprevented  byby  thethe  trachealtracheal  resistanceresistance  (a(a  situationsituation  similarsimilar  toto  
pursingpursing  thethe  lips)lips)  andand  expiratoryexpiratory  airflowairflow  becomesbecomes  moremore  
efforteffort--dependentdependent..  DuringDuring  forcedforced  inspirationinspiration  thisthis  samesame  
resistanceresistance  causescauses  suchsuch  negativenegative  intraluminalintraluminal  pressurepressure  thatthat  
thethe  tracheatrachea  isis  compressedcompressed  byby  thethe  surroundingsurrounding  atmosphericatmospheric  
pressurepressure..  InspiratoryInspiratory  flowflow  thusthus  becomesbecomes  lessless  efforteffort--
dependent,dependent,  andand  thethe  ratioratio  ofof  FEVFEV11  toto  FIVFIV11  becomesbecomes  greatergreater  
thanthan  11..  ThisThis  phenomenon,phenomenon,  andand  thethe  characteristiccharacteristic  flowflow--
volumevolume  loop,loop,  isis  usedused  toto  diagnosediagnose  extrathoracicextrathoracic  airwaysairways  
obstructionobstruction..  WhenWhen  obstructionobstruction  occursoccurs  inin  largelarge  airwaysairways  
withinwithin  thethe  thoraxthorax  (lower(lower  endend  ofof  tracheatrachea  andand  mainmain  bronchi),bronchi),  
expiratoryexpiratory  flowflow  isis  impairedimpaired  moremore  thanthan  inspiratoryinspiratory  flowflow  butbut  aa  
characteristiccharacteristic  plateauplateau  toto  expiratoryexpiratory  flowflow  isis  seenseen..    



UnacceptableUnacceptable  

CurvesCurves  

Delayed expiration 

Suboptimal initial blow 



Unacceptable Unacceptable 

curvescurves  

CoughCough  

Premature Premature 
terminationtermination  

–– (volume(volume--time curve time curve 
shown)shown)  

  

Variable effortVariable effort  



Scale effortScale effort  



ObstructiveObstructive  and and restrictiverestrictive  

diseasesdiseases  

obstructive 
bronchial asthma (alergic, 
non-alergic), chron. 
bronchitis, emphysema, 
COPD 

restrictive 
idiopatic pulmonary fibrosis, 
sarcoidosis, professional 
intersticial diseases, pleural 
diseases, pneumothorax, 
scoliosis, neuromuscular 
disorders, pneumonia 



Scales of obstructionScales of obstruction  

Grade FEV1/FVC FEV1(ml)

Very Severe

Severe

Moderate

Mild

Very Mild

<0.3

0.3-0.4

0.4-0.6

0.6-0.7

0.7-pred.

value

<600

600-1000

1000-2000

2000-3000

>3000



Scales of restrictive disordersScales of restrictive disorders  

Grade VC%

predicted

TLC%

predicted

Very Mild

Mild

Moderate

Severe

>80

60-80

30-60

<30

>90

70-90

50-70

<50



2222  ––yearyear--old patientold patient  

PrePre--bronchodilatorbronchodilator  

FVC    4.0(80%)FVC    4.0(80%)  

FEV1   2.0 (66%)FEV1   2.0 (66%)  

FEV1/FVC 50%FEV1/FVC 50%  

MVV 70L (665)MVV 70L (665)  

PostPost--bronchodilatorbronchodilator  

FVC   4.2FVC   4.2  

FEV1  3.0 (100%)FEV1  3.0 (100%)  

FEV1/FVC 73%FEV1/FVC 73%  

MVV 105 LMVV 105 L  



Arterial Blood GasesArterial Blood Gases  

Measurement of pH, pCO2 and pO2 Measurement of pH, pCO2 and pO2 
on room air is often done along with on room air is often done along with 
spiro, lung volumes and diffusing spiro, lung volumes and diffusing 
capacity to help characterize the capacity to help characterize the 
severity of diseaseseverity of disease  



VentilationVentilation--perfusionperfusion  

ForFor  efficientefficient  gasgas  exchangeexchange  itit  isis  importantimportant  thatthat  
therethere  isis  aa  matchmatch  betweenbetween  ventilationventilation  ofof  thethe  
alveolialveoli  ([Vdot]A)([Vdot]A)  andand  theirtheir  perfusionperfusion  ([Qdot])([Qdot])..    
ThereThere  isis  aa  widewide  variationvariation  inin  thethe  [Vdot]A/[Qdot][Vdot]A/[Qdot]  
ratioratio  throughoutthroughout  bothboth  normalnormal  andand  diseaseddiseased  lunglung..  
InIn  thethe  normalnormal  lunglung  thethe  extremeextreme  relationshipsrelationships  
betweenbetween  alveolaralveolar  ventilationventilation  andand  perfusionperfusion  areare::    
ventilationventilation  withwith  reducedreduced  perfusionperfusion  (physiological(physiological  
deadspace)deadspace)    
perfusionperfusion  withwith  reducedreduced  ventilationventilation  (physiological(physiological  
shunting)shunting)..    
InIn  normalnormal  lungslungs  therethere  isis  aa  tendencytendency  forfor  
ventilationventilation  notnot  toto  bebe  matchedmatched  byby  perfusionperfusion  
towardstowards  thethe  apices,apices,  withwith  thethe  reversereverse  occurringoccurring  atat  
thethe  basesbases..    



Physiological shunt and dead space 



ShuntShunt  and and deaddead  spacespace  



Pathological features of chronic bronchitis and emphysema.  



RespiratoryRespiratory  insufficiencyinsufficiency  
PartialPartial  
–– IsolatedIsolated  hypoxiahypoxia  ((thethe  

saturationsaturation  ofof  HbHb  maymay  bebe  
lowerlower, , thanthan  in in globalglobal  
insufficiencyinsufficiency))  

–– WhenWhen  onlyonly  a part a part ofof  lunglung  isis  
affectedaffected, , thethe  hypercapniahypercapnia  
maymay  bebe  compensatedcompensated  by by 
unaffectedunaffected  alveolialveoli  ((thisthis  
resultsresults  fromfrom  COCO22  dissociationdissociation  
curvecurve))  

–– On On thethe  otherother  hand, hand, thethe  
saturationsaturation  by Oby O22  in a in a blodblod  
flowingflowing  outout  ofof  healthyhealthy  alveolialveoli  
isis  almostalmost  100% (97100% (97--99%), 99%), 
thethe  hypoxiahypoxia  in in oneone  
pulmonarypulmonary  segment segment can‘tcan‘t  bebe  
compensatedcompensated  by  by  anotheranother  

GlobalGlobal  
–– HypoxiaHypoxia  withwith  hypercapniahypercapnia  

–– WhenWhen  wholewhole  respiretoryrespiretory  
systemsystem  isis  affectedaffected, , bothboth  
OO22  and COand CO2 2 exchangeexchange  isis  
affectedaffected  



ChronicChronic  obstructiveobstructive  pulmonarypulmonary  diseasedisease  

Pink puffersPink puffers  
–– emphysema emphysema 

predominancepredominance  

–– collapse of bronchioli collapse of bronchioli 
and alveolar septaand alveolar septa  

–– ↑↑  dead spacedead space  

–– respiratory insufficiency respiratory insufficiency 
occur only in late occur only in late 
stages, but high stages, but high 
respiratory effort to respiratory effort to 
overcome the deadovercome the dead  
space is necessaryspace is necessary  

–– α1α1--antitrypsin antitrypsin 
deficiency (hereditary deficiency (hereditary 
or acquired or acquired --  smokingsmoking))  

Blue bloatersBlue bloaters  
–– chronic bronchitis chronic bronchitis 

predominancepredominance  

–– obstruction of bronchioliobstruction of bronchioli  

–– ↑↑  shuntshunt  

–– partial, later global partial, later global 
respiratory insufficiencyrespiratory insufficiency  

–– hypercapnia occur only hypercapnia occur only 
in later stages in later stages ––  
respiratory effort does respiratory effort does 
not occurnot occur  

–– severe hypoxiasevere hypoxia––  
increased deoxyHbincreased deoxyHb  

–– mostly smokersmostly smokers  



pink puffers vs. blue bloaterspink puffers vs. blue bloaters  


