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AIRWAY PRESSURE CHANGES DURING “ BAG SQUEEZING”
I. H A C K f, A. K A T Z ,f C. E A L ES, B.Sc. (Physio therapy) (W itw atersrand)t

SU M M AR Y

Pressure data during controlled ventilation on a  ven­
tilator, "bagging” and  slow  “bagging” are reviewed. The  
technique fo r  e ffective  “bagging” is suggested.

IN TRO DUC TIO N

A  study was done to  c larify  and understand  th e  very 
widely used physio therapeu tic  technique  of “ bag- 
squeezing” . I t  was a ttem pted  to  establish the  relevance 
of the  ra te  o f pressure  change w hich occurs during 
“ bag-squeezing” com pared w ith the  tidal ven tilation  of 
a p a tien t on a ven tilato r. F rom  a  physiological p o in t of 

~~'fiew, th e  follow ing were also investigated: relative d an ­
g e rs , ' indications and  con tra-ind ications and the  ap p ro ­
priate  technique of using th e  self-inflating bag.

T he A m bu-bag is a  self-inflating, m anually  operated  
bag consisting o f an  inner lining o f n a tu ra l ru b b er and 
an  o u ter covering of N eoprene. T he o u ter lining allows 
fo r the  au tom atic  re tu rn  of th e  bag to its original shape 
a fte r com pression. A ttached  to the  bag is a  one-way 
non-rebreath ing  valve. On com pression of the  bag, air 
is directed through the  valve to  the p a tien t and during 
expiration  and release of th e  bag th e  expired a ir is 
allowed ou t in to  th e  atm osphere  with very little , if 
any, resistance thus p reven ting  reb rea th ing  in to  the bag. 
T h e  volum e delivered by  m ost bags is up to 1,2 to  1,3 
litres when com pressed m axim ally. On norm al com pres­
sion, the  bag yields abou t 600 - 800 ml. If  required , a 
positive end expira to ry  pressure (PE E P) valve can be 
attached  to  the  bag, w hich can m ain tain  a P E E P  of up 
to 10 cm water. A ir, w hich m ay be enriched with 
oxygen, passes from  the  bag th rough  the  n o n -re tu m  
valve v ia the connector tub ing  to  th e  in tubated  pa tien t 
(either endotracheal tube or tracheostom y).

“B ag-squeezing” is a m anual technique fo r  hyp erin ­
flation of the lungs w hich is used extensively in  in ten ­
sive care units by physio therapists. It is used in con­
junction  with chest m anipu lations (vibrations, shaking, 
rib  springing) and suctioning.

rfLjndications for the use of an Ambu-bag
'^R esusc ita tion

In com bination  w ith a sim ple face  m ask fo r  any form  
of respiratory  fa ilu re  un til a  definitive airw ay has been 
established. O nce the  endotrachea l o r tracheostom y 
tube is in situ, “bagging” m ay be continued —  th e  bag 
now being attached  d irectly  to  the  in tubation  tube. F o r  
the  inexperienced operator, m outh  to  m outh  resuscita- 
ion is probably a safer m ethod.
Inability to cough

“ Bag-squeezing” is used in con junction  with suction­
ing to stim ulate a  cough reflex. A fte r “bagging” the 
expiratory  phase of respiration  is assisted with m anual 
com pression o r v ibration  o f the  tho rax  in o rd er to gain 
a m ore forceful expiration  and to aid rem oval o f secre­
tions. F o r exam ple, when a p a tien t on elective pen- 
to th a l loses his cough reflex, “ bagging” and vibrations 
a re  used during  trea tm en t to  sim ulate a cough and 
m ove the secretions.

* S tudent p ro ject presented  fo r B.Sc. Physio therapy  IV. 
Sub-D epartm ent o f Physio therapy, U niversity  of the 
W itw atersrand (1980). 

t  B.Sc. Physio therapy  IV  1980.
^ Part-tim e lecturer, Sub-D epartm ent of Physiotherapy, 

U niversity  o f the  W itw atersrand.

O PSOM M ING

D ata om tren t drukke  gedurende gekontroleerde venti- 
lasie terw yl pasiente m e t ’n ventila tor behandel word, 
“bagging” en stadige ' bagging” w ord nagegaan. Die 
tegniek vir doeltre ffende “bagging” w ord voorgistel.

R ein fla tion
Reinflation o f m icroatelecta tic  areas a fte r  suctioning. 

C ough production
P roduction  o f an  efficient cough w here th e  lung 

secretions are m ore difficult to rem ove because o f in ­
tubation .
Loosening secretions

“ B ag-squeezing” m ay m ove th e  w arm  saline which 
is injected in to  the  endotrachea l o r  tracheostom y tube 
into m ore distal airw ays and a round  the  alveolar walls, 
thus loosening secretions.
L im ited  respiratory e ffo r t

“Bagging” ensures periodic hyperinflation  of the 
lungs, as in spontaneous deep breath ing .
V entila tor m alfunction  or w hen ventilators are being 
cleaned

T h e  p a tien t is artificially ven tilated  using the  self- 
inflating bag.

Contraindications for the use of the Ambu-bag
Patients w ith  poor circulation a n d  low  cardiac output 

An undesirable  depression of th e  card iac  ou tp u t m ay 
result because of the positive pressure  generated  in the 
thorax.
Pneum othorax, intercostal drain or bronchopleural 
fistu la

In the  p a tien t with an undrained  pneum othorax , a 
clam ped in tercostal d ra in  o r in the  case o f a b roncho­
pleural fistula, because th e  increased airw ay pressure 
could lead to  a  tension pneum othorax .
Low  haem oglobin

In patients w ith a  low haem oglobin level who do not 
have a sufficient oxygen-carrying capacity  o f th e  blood. 
H yperinflation  of the  lungs in an  a ttem pt to  im prove 
b lood  oxygenation w ould serve n o  useful purpose. 
Bronchospasm  

In  severe b ronchospasm , the  very h igh in tra th o rac ic  
pressures created, could  increase the  bronchospasm .

RELA TIVE CO N T R A IN D IC A T IO N  F O R  TH E U SE  
OF A N  A M B U  BAG

In patients with m ultip le rib fractures, w here “ bagging” 
could dislodge th e  bones a t the  frac tu re  site w ith resul­
tan t piercing of a lung. In  this case a suggested tidal 
volum e o f 600 - 800 ml should be used fo r  “ bagging” .

Complications and Dangers
P neum othorax

G eneration  o f very h igh in sp irato ry  pressures could 
resu lt in th e  ru p tu re  o f alveoli, even in relatively  n o r­
m al lungs. T he probability  o f causing a pneum othorax  
is increased  in em physem atous patients, follow ing m ul­
tiple rib  frac tu res o r a fte r subclavian vein catheterisa- 
tion  (Lewis, 1978).
H ypotension

T he hypotensive p a tien t a lready  has a decreased car­
diac ou tp u t and the  com pensatory  m echanism  of peri­
pheral venous constric tion  in  an a ttem p t to  decrease the 
fu rth er drop in card iac  ou tp u t during positive pressure 
b reath ing  is ineffective. Severe hypotension m ay then
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T A B L E  1. N um erical d a ta  calculated from  graphs. Pressures in brackets represen t P E E P  values fo r those p a tien ts .

Average num ber
o f d ivisions Average num ber

during o f divisions V entila tor
controlled during Pressure

Patient ventilation “bagging” (cm H ,0 )
A. 11,0 19,125 32

(8)
B. 17,67 26,5 20

(5)
C. 18,67 27,125 28
D. 19,1 33 28

(4)
E. 25,25 33,5 28

(10)

Calculated
Pressure Pressure Percentage o f  

“bagging”Represented during
by one “bagging” greater than
division cm  (HiO) ventilation

2,18 41,69 55,28
(+ 8 )

37,50,85 22,5
(+ 5 )

1,5 40,69 45,32
1,46 48,18 62,79

(+ 4 )
20,680,71 23.79

(+ 10)

H ypoxia
T his can resu lt in patien ts w ith severe respiratory  

fa ilu re  if the  oxygen flow is inadequate  o r if “bagging” 
is n o t carried  o u t correctly  and the  p a tien t is underven­
tilated . As a p recau tion  the card iac  m on ito r should be 
used to  w arn  th e  operato r o f the  possible b radycard ia  
w hich m ay occur as a  resu lt o f th e  hypoxia.
D epression o f the respiratory drive

O ver-ventilation  of the  p a tien t can resu lt in the blow­
ing off o f carbon dioxide and depression of the resp ira­
tory  drive.

M ETHO D

Studies w ere conducted  on  five adult patients in the 
intensive care  un its o f the Johannesburg  G enera l H os­
p ita l. Patien ts w ere ventilated  on a  B ennet resp irato r via 
a  tracheostom y or an endotracheal tube. A  pressure 
transducer was attached to  the  Portex  connection  of 
th e  p a tien t’s catheter m o u n t and then  to a  recorder 
w ith an oscilloscope and tracer from  w hich graphs of 
pressure  changes w ere obtained. A  com parison could 
th en  be m ade betw een the p a tie n t’s resp iration  as con­
tro lled  by the  ven tila to r and th a t w hich was obtained 
from  “bag-squeezing” .

P ressure changes o f contro lled  resp iration  were 
recorded. (Fig. 1).

tion.

A  self-inflating bag was then attached to the distal
end o f the catheter m oun t and a  second tracing  was
recorded w hilst th e  p a tien t was being “ bagged” . (F ig „  
2). \

T he appropria te  P E E P  value was applied by m eans 
o f a  P E E P  valve attached  to  the bag, as requ ired  by 
the patien t.

T h e  techniques o f squeezing the bag involved the 
o p erato r com pressing the bag w ith bo th  hands, the 
u ln ar borders resting on  th e  bed for su p p o rt to m in i­
m ise m ovem ent a t the  tracheostom y site. T he bag was 
com pressed w ith bo th  hands to  give the  o p erato r some 
idea of the com pliance o f the lung. E ach com pression 
allow ed fo r the  delivery of a volum e of air sufficient 
to  hyperinflate  th e  lungs. T h e  p a tien t was “ bagged” five 
to six tim es w ith the  p a tien t in the supine position. 
In itia lly , a  sp irom eter was a ttached  to  the bag in an 
a ttem p t to m easure  the volum e of gas delivered to the 
patien t. This, how ever, proved inaccurate  because when 
the bag was a ttached  to the  oxygen, the sp irom eter 
needle m oved round  continuously  as a  resu lt o f the 
oxygen flow. It was estim ated that a  volum e of 1,2 to 
1,3 litres o f gas was delivered to  the patients.

F rom  the peak  pressures during contro lled  respiration  
the  m ean peak pressure  was calculated  by averaging the 
num ber o f divisions on  the  g raph  paper from  th e  base 
line to  the peak p ressure  po in t. T he average num ber 
of divisions w ere th en  equated  to  the m ean peak  p res­
sure  (in cm H .O). F rom  this d a ta  it was possible to cal­
cula te  how m any centim etres o f w ater one division7 
represented . T his value was then  used to  calculate t lif^  
p ressure  m easurem ents during  “bagging” . A  com parison 
was then m ade betw een the pressures o f controlled 
resp iration  and “ bagging” in term s of “ percentage 
g reater th an ” . (Table 1).

Finally , as a  com parison, slow gentle  “ bagging” to 
deliver a tidal volum e (600 - 800 ml) was included and 
pressure  tracings w ere recorded (Fig. 3).

Fig. 2. Pressure changes during “bagging”.

I iT E C l t  :: r t ' l ' 1I I r j ; x f t : i"t T;i::i:l£l;;:iEi:;;t;''n

Fig. 3. Pressure changes during slow, gentle “bag­
ging” (a much flatter graph with a much smaller 
peak pressure).
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RESULTS

A lthough each p a tien t’s p a tte rn  o f  ventila tion  d if­
fered depending on the  m achine setting and the 
p a tien t’s condition, th e  graph  traced ou t during “ bag­
ging” was found  to  be  relatively  un iform  fo r all patients 
tested and varied slightly depending on the  degree 
and ra te  o f com pression of th e  bag.

F rom  T ab le  1, it can  be seen th a t in each case there 
was an increased percentage pressure when “ bagging” 
was institu ted .

T he ra te  of increase in  pressure, determ ined by the  
gradient o f the g raph  (that is, change in Y -axis o r p res­
sure, divided by change in X -axis o r tim e), was h igher 
during “ bagging” , reaching a h igher peak pressure. 
(Table 2). O nce the  peak  pressure was reached, there  
was an initial g radual linear decline in pressure, fol­
lowed by a  very steep, a lm ost vertical decline in p res­
sure to the  resting level.

' Table 2. G rad ien ts of graphs of patients during 
ventilation  and “ bagging”.

G radient o f Gradient o f
Patient Ventilation “Bagging”
A. 0,34 1,55
B. 0,87 2,15
C. 0,83 1,64
D. 0,68 1,61
E. 0.92 1,03

DISCUSSION

T he high ra te  o f increase in pressure results from  a 
greater volum e of gas being delivered to the  p a tien t a t 
a faster ra te  during “ bagging” as opposed to  th a t of 
tidal ventilation. T his rapid  increase in pressure results 
in an increased flow in the cen tra l airw ays w hich is 
transm itted  to  the  m ore distal airw ays. W ith  this in ­
creasing flow, turbu lence in approxim ately  the  first 6 
or 7 generations of the  b ronchial tree  results, causing 
m ovem ent of any secretions p resent in these airways. 
Because a larger volum e o f gas is delivered a t a h igher 
pressure, gas is also forced beyond the secretions so 
th a t a high exp ira to ry  flow rate, assisted by  vibrations, 
will m ove secretions m ore centrally . In  addition , bette r 

^ ^ v e n ti la t io n  o f unobstructed  alveoli could result in col- 
,t r i la te ra l  airflow to alveoli w hich are  filled w ith secre- 

tions o r to collapsed alveoli w hose term inal bronchi 
are obstructed.

The initial slow decline in pressure, once the  peak 
pressure has been reached (Fig. 2), could possibly be 
a ttribu ted  to leakage of expired a ir  back th rough  the  
valve in to  the  bag. B earing th is in m ind, slow gentle 
“bagging” w hich has a longer p lateau  (Fig. 3), will 
result in g reater rebreath ing . T herefore, it can be  con­
cluded th a t the slower the  bag is released th e  g reater 
the am oun t of reb reath ing  (Loehning et al., 1964).

A  large inspiratory  volum e with a h igh pressure 
change follow ed by a h igh exp ira to ry  flow ra te  is com ­
parab le  to  the  requirem ents fo r an  effective cough. An 
effective cough depends on  th e  velocity o f the  gas in 
the airways, w here velocity (v) is equal to flow ra te  (V) 
divided by cross-sectional a rea  (A): v =  V /A . A  sm all 
cross-sectional area and a h igh  flow ra te  will produce
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an effective cough (M acklem , 1974). “Bagging” is an 
a ttem p t to sim ulate this by producing  a h igh  expiratory  
flow ra te  in the tracheobronch ial tree.

In  th e  case o f P a tien t E , there  is no t as m arked  a 
change in  peak pressure and in g radient in “bagging” 
as com pared to contro lled  ventilation . T his can be a ttr i­
buted  to the fac t th a t th is p a tien t had severe b roncho­
spasm  and therefore  h igh airw ay resistance. A  relatively 
high peak pressure and g rad ien t were obtained even 
during  contro lled  ventilation .
Suggested Technique for Ambu-bagging

F rom  the results, the authors suggest th a t  the  follow ­
ing technique of “ bagging” be used  to  cause hyperinfla­
tion  of alveoli, co lla teral airflow and m ovem ent of 
secretions.

In  o rder to  deliver a  m axim um  volum e of gas to 
th e  pa tien t, the  bag should be held in bo th  hands, with 
the  u ln ar borders resting  on a  firm  surface, e.g. the 
bed, and  th en  com pressed sm oothly and  m axim ally 
w ith b o th  hands. T his technique enables the  operato r 
to  judge com pliance, com press th e  bag accordingly and 
thereby m inim ise the  possibility o f causing a  p n eu m o ­
thorax . A  firm  surface is suggested to  support the  
hands, to  m inim ise the m ovem ent o f  the  bag during  
com pression and  thus preventing pulling at the  tra ­
cheostom y site and d iscom fort fo r the patien t. G en tle  
“bag-squeezing” w ith one hand  will only resu lt in  deli­
very of a  tidal volum e and so the  desired effects will 
no t be  achieved. I f  gentle  “bag-squeezing” is used, the 
bag should be com pressed and released quickly to m in i­
m ise rebreath ing.

“Bagging” should be  used in con junction  w ith suc­
tioning. P rio r to  suctioning the p a tien t should be 
flushed w ith 100% oxygen in o rder to  p reven t the 
hypoxia which m ay  resu lt during  the p rocedure . The 
pa tien t is “bagged” five o r six tim es in betw een the 
suctioning procedures. T he “bagging” is com bined w ith 
vibrations w hich a re  com m enced as soon as the  opera­
to r has com pleted squeezing the  bag. T h e  v ibrations are 
continued th roughout the  exp ira to ry  phase in o rder to 
re in force  the h igh  exp ira to ry  flow ra te  in  m oving secre­
tions from  the periphery  to the  central airw ays. I f  the 
pa tien t is conscious, he is encouraged to  cough while 
the suction  catheter is being w ithdraw n. A fte r suction­
ing, the  p a tien t is “ bagged” again  ab o u t th ree  tim es to 
reinflate any a te lec ta tic  areas w hich m ay have occurred.

CONCLUSION

“ B ag-squeezing” perform ed as suggested is the  m ost 
effective m eans o f sim ulating  a  cough. A  large insp ira­
tory volum e is delivered a t a  h igh  pressure forcing air 
beyond secretions. T his is follow ed by a h igh expiratory  
flow ra te  propelling secretions to th e  proxim al airw ays 
w here they  m ay be suctioned o r coughed up and ex­
pectorated .
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