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To investigate the application of a cough-creating thrust for the re
moval of airway-obstructing foreign material, the thrust was applied to 
■-:■* adult male anesthetized volunteers at the waist, at the low chest 
level , a n d at the m i d c h e s t l eve l , w i t h the s u b j e c t s in b o t h the 
horizontal-lateral and the sitting positions. Air volume, peak air flow 
rate, and airway measurements were made. Both the low chest and 
midchest thrusts produced significantly better results than did the ab
dominal thrust. There were no side effects attributable to the thrusts. 
The ease of application and consistently better level of results indicate 
that the chest thrust is the technique of choice. The application of the 
chest thrust should be integrated into the concepts of basic life-support 
and cardiopulmonary resuscitation. 

Guildner CW, Williams D, Subitch T: Airway obstructed by foreign material: 
the Heimlich maneuver. JACEP 5:675-677, September 1976. airway, ob
structed; Heimlich maneuver; cardiopulmonary resuscitation; life-support. 

INTRODUCTION 
The Heimlich maneuver, described 

by Henry Heimlich, MD, in the June, 
1974 issue of Emergency Medicine, 
'""- received wide attention in the 

^ media as a means to relieve 
ui way obstruction caused by chok
ing on a piece of m e a t or o ther 
foreign mater ial . The maneuver is 
performed by posit ioning yourself 
behind the victim and encircling his 
waist with your arms. The thumb 
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side of your fist is placed against the 
pa t i en t ' s abdomen j u s t above the 
navel and below the rib cage. The fist 
is grasped with your other hand and 
pressed into the patient 's abdomen 
with a quick upward thrust . The pro
cedure may be repeated. 

METHOD 

Six adult male volunteers, having 
given wr i t t en , deta i led, informed 
consent , were anes the t i zed wi th 
methohexi ta l , in t ravenous ly , plus 
halothane, nitrous oxide, oxygen and 
succinyl choline prior to intubation. 
The succinyl choline was adminis
tered in a slow intravenous drip thus 
avoiding fasciculations. 

An 8.5 mm ster i le , plast ic , low 
pressure-cuffed endot rachea l tube 
was placed us ing direct laryngos-

copy. The cuff was inflated suffi
ciently to prevent air leak during 
positive pressure venti lat ion. Suc
cinyl choline was discontinued, spon
taneous venti lat ion re turned, and 
anesthesia maintained with 0.5% to 
1% halothane. 

Dur ing each appl ica t ion of the 
thrust , total airflow and peak flow 
rate were measured in each subject. 
Airway pressure curve recordings 
measured at the endotracheal tube 
were made with four of the subjects. 

Total volume and peak flow rate 
were measured simultaneously with 
a Monghan M403 pulmonary func
tion analyzer. A one-way valve was 
incorporated into the system so that 
only expired flows were measured. 
The analyzer was calibrated in line 
wi th a Coll ins 13.5 l i t e r w a t e r 
spirometer before the studies were 
done. 

Airway pressure m e a s u r e m e n t s 
were made with an IR-4 Electronics 
for Medicine pressure recorder and 
an Altech MS10 pressure transducer. 
The equipment was calibrated prior 
to each thrust. A permanent printout 
was obtained for each recording (Fig
ure). The transducer was inserted in 
the endotracheal tube so that it to
tally occluded the orifice. 

The subjects were hyperventilated 
to the point of controlled respira
tions, so tha t no spontaneous res
piratory effort would be recorded, 
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Fig. Sample peak pressure tracings, (left) Abdominal and chest thrusts applied to subject in sitting position, (right) 
Abdominal and chest thrusts applied to subject in horizontal position. 

and allowed to reach a resting expi
ration (functional residual capacity) 
prior to each determination. 

The maneuver was applied at two 
locations other than the abdomen — 
the low chest and midchest. For the 
low chest position, the rescuer is be
hind the subject, locates the xiphoid 
and g ra sps his fist two or th ree 
finger breadths above the xiphoid 
over the sternum. For the midchest 
position, the rescuer is behind the 
subject, grasps his fist a t the nipple 
line over the sternum. For the Heim-
lich or abdominal position, the res
cuer is behind the subject, grasps his 
fist at the waist or just above the belt 
line and thrusts up toward the dia
phragm. 

The thrus t methods were applied 
at all three levels with the subject in 
the horizontal- lateral position and 
then repeated with the subject in the 
sitting position, leaning forward. 

Four or five rescuers applied the 
maneuvers on each of the six sub
jects. The rescuers included four men 
weighing between 170 lb and 210 lb, 
one woman weighing 110 lb, and one 
13-year-old boy weighing 95 lb. The 
subjects' weights ranged between 175 
and 220 lb. 

Every effort was made to have 
each rescuer apply the maneuver 
with the same vigorous, hard thrust 
a t each of the three levels of applica
tion. 

The t echn ique of de l ive r ing a 
"sharp blow between the shoulder 
b l a d e s " was also appl ied severa l 
times. This procedure was so ineffec
tual in creating airflow or increased 
pressure wi th in the chest , it was 
abandoned. 

RESULTS 
The recordings of airflow volume, 

peak flowrate and pressure are listed 
in the Table. 

Each volunteer was interviewed 90 
minutes after the end of the proce

dure and again the next day. Each 
was a sked to repor t a n y aching, 
soreness, pain, or discomfort. All re
ported a sore throat lasting from 24 
to 72 hours, most likely due to irrita
t ion from t h e endo t r achea l tube . 
None indicated any discomfort of the 
chest or abdomen nor has had any 
adverse effects from the procedures. 

DISCUSSION 
The low and midchest thrusts pro

duced better results than did the ab
dominal thrust . The midchest thrust 
produced slightly better results with 

Table 
AIRFLOW VOLUME, PEAK FLOWRATE AND 

PRESSURE FOR EACH POSITION 

Horizontal 

abdomen 

low chest 

midchest 

abdomen 

low chest 

midchest 

FVC-liter 

.29 

.35 

.23 

.38 

.52 

.44 

(Range) 

.08-.74 

.10-.87 

.08-.54 

.08-.92 

.17-1.03 

.18-.84 

PF-liter 
min 

55 
68 
60 

(Range) 

36-98 

33-105 

38-83 

Sitting 

65 
94 
99 

24-97 

53-148 
54-154 

Peak 
Pressure 
mm HG 

17 

25 
19 

19 
32 
34 

(Range) 

10-30 

20-32 

18-21 

10-29 
20-44 

26-42 
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the subject in a sitting position than 
did the low chest thrust, while the 
latter was more easily and quickly 
applied and produced better results 
with the subject horizontal. The data 
on airflow and pressures, which indi
cated the chest thrus ts resulted in 
greater airflow and pressures than 
the abdominal thrust, suggests that 
the chest thrusts should be the more 
effective method. 

The lack of side effects attributable 
to the thrust and the relative safety 
of the procedure were impressive. 

CONCLUSION 
We feel the emergency manage

ment of an obstructed airway due to 
foreign m a t e r i a l should not be 
thought of as an isolated technique 
but rather should be integrated into 
the basic life-support concepts of car-
diopulmonary resuscitat ion.1 Also, 
there should be separate procedures 
for the conscious and unconscious 
victims of airway obstruction. We 
recommend the following: 

Conscious victim with airway 
obstruction. This person, who usually 
has been eating or has a foreign body 
in his mouth, suddenly cannot speak, 
cough, or breathe. Prompt action is 

ind ica ted , preferably while t h e 
victim is still conscious. He should 
not be left alone. When complete 
airway obstruction is recognized, the 
following sequence should be applied 
with the victim sitting or standing: 

1) Back blows — four in rapid suc
cession; if ineffective — 

2) Abdominal or chest th rus t — 
repea t un t i l effective or un t i l 
victim becomes unconscious. 

Unconscious victim with airway 
obstruction. Sudden collapse and loss 
of consciousness requires immediate 
attention. Even when someone has 
been eating, this emergency may be 
due to stroke, fainting, heart attack 
or respiratory depression from some 
other cause, as well as to anoxia from 
foreign body obstruction of the air
way.2 

Whatever the cause, the first prior
ity is to assure an open airway and 
provide artificial ventilation if neces
sary. If the patient is not breathing 
but can be ventilated, artificial ven
tilation should be instituted. If there 
is no pulse, cardiopulmonary resusci
tation, including closed chest hear t 
compression, should be initiated. If 
attempts to ventilate indicate foreign 

body obstruction, a t tent ion should 
immed ia t e ly be d i rec ted to t h e 
additional manual maneuvers in the 
following sequence: 

1) Ventilate (mouth-to-mouth). If 
unable to ventilate — 
2) Back blows (four in rapid suc
cession). If ineffective — 

3) Abdominal or chest t h r u s t s 
(four). If ineffective — 
4) Finger probes (if jaw relaxed). 
If unsuccessful — 
5) Repeat sequence of 

a) Ventilate 
b) Back blows 
c) Abdominal or chest thrusts 
d) Finger probes. 

6) Persist. 
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Correction: An error appeared in Table 2 of "Approach to Acid-Base Problems in the Critically III and Injured" 
by Wilson and Sibbald published in the July 1976 issue of JACEP. The Table with the corrected portion in bold 
face type appears below, in the right-hand column (alkalosis). 

Table 2 
ACID-BASE ABNORMALITIES 

AS DEFINED BY THE pC02 AND BICARBONATE LEVELS 

pC02 
(mm Hg) 

>45 

35—45 

<35 

Bicarbonate (mEq/liter) 

<21 

Combined metabolic 
& 

respiratory 
acidosis 

Metabolic 
acidosis 

Metabolic acidosis 
& 

respiratory 
alkalosis 

21 —26 

Respiratory 
acidosis 

Normal 

Respiratory 
alkalosis 

>26 

Metabolic alkalosis 
& 

respiratory 
acidosis 

Metabolic 
alkalosis 

Combined metabolic 
& 

respiratory 
alkalosis 
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Abstract 

In ii previous case report a standard chest compression successfully removed a foreign body from the airway after the Heimlich 
manoeuvre had failed. Based on this case, standard chest compressions and Heimlich manoeuvres were performed by emergency 
physicians on 12 unselected cadavers with a simulated complete airway obstruction in a randomised crossover design. The mean 
peak airway pressure was significantly lower with abdominal thrusts compared to chest compressions, 26.4 ± 19.8 cmH^O versus 
40.8+ 16.4 cmH20, respectively {P = 0.005. 95% confidence interval for the mean difference 5.3-23.4 cmH,0). Standard chest 
compressions therefore have the potential of being more effective than the Heimlich manoeuvre for the management of complete 
airway obstruction by a foreign body in an unconscious patient. Removal of the Heimlich manoeuvre from the resuscitation 
algorithm for unconscious patients with suspected airway obstruction will also simplify training. © 2000 Elsevier Science Ireland 
Ltd. All rights reserved. 

Keywords: Airway obstruction; Basic Life Support (BLS); Cardiopulmonary resuscitation (CPR): Chest compression; Education; Guidelines 

1. Introduction 

Foreign body airway obstruction is an uncom
mon but preventable cause of cardiac arrest, with 
an incidence of 0.65-0.9/100.000 [1,2] as a cause 
of death. In choking victims who stop breathing 
the European Resuscitation Council (ERC) rec
ommends up to five sharp slaps between the shoul
der blades, followed by abdominal thrusts (the 
Heimlich manoeuvre) if this fails. If the victim 
becomes unconscious, this is to be followed by 'the 
sequence of life support' [3]. The American Heart 
Association (AHA) recommends the Heimlich ma
noeuvre with alternating finger sweeps as the only 
technique [4], arguing that back blows may not be 

* Corresponding amhor. Tel.: +47-23016819; lax: + 47-23016799. 
E-mail address: audun.langhelleCo-ioks.uio.no (A. Langhelle) 

as effective as Heimlich manoeuvre in adults [5,6]. 
The AHA also claims that this will simplify train
ing [4J. 

Based on a single case report Skulberg [7] sug
gested that standard chest compressions could be a 
better technique. If this is true, two additional 
goals might be achieved. It would simplify what 
needs to be learned for CPR and reduce the time 
without circulation from chest compressions in 
patients with cardiac arrest. We have therefore 
conducted a study of the airway pressure gener
ated by chest compressions compared to abdomi
nal thrusts in recently dead patients. Human 
cadavers were selected instead of animals, as the 
shape of the chest is different between animals and 
humans which makes extrapolation of data from 
one to the other unreliable. 

0300-9572 00$ - see I'ronl matlcr <t> 2000 Elsevier Science Ireland Lid. All rights reserved. 
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2. Materials and methods 

The study was approved by the Regional Com
mittee for Medical Research Ethics and performed 
in the Emergency Medical Service System of Oslo. 
Cadavers are not covered by the Helsinki declara
tion, and the ethics committee did not require 
informed consent from relatives. Twelve unse-
lected recently dead adults of either sex were stud
ied immediately after unsuccessful resuscitation 
from prehosptial cardiac arrest. While still intu-
bated and with the cuff inflated to create an 
airtight seal, the tracheal tube (ID 8.0 mm) was 
connected to a handheld pneumotachograph 
(VentCheck™, model 101, Novametrix Medical 
Systems, CT, USA) for airway pressure measure
ments. The proximal end of the sensor was 
plugged to stimulate complete airway obstruction. 

The peak pressures achieved with five standard 
chest compressions were compared with peak pres
sures achieved with five abdominal thrusts (Heim-
lich manoeuvre) in a randomised, crossover 
design. Before starting each procedure it was en
sured that the lungs were in the resting expiratory 
position. Four male emergency physicians weigh
ing 80-90 kg performed the procedures. All were 
advanced life support instructors with many years 
of practical CPR experience. Both procedures 
were performed according to the European Resus-

Q Chest compressions ■ Abdominal thrusts 

1 2 3 4 5 6 7 8 9 10 11 12 

Patient (no.) 

Fig. 1. Airway pressures with chest compressions and abdom
inal thrusts on twelve recently dead adults with complete 
airway obstruction. The airway pressure is significantly lower 
with abdominal thrusts than chest compressions (P - 0.005). 

citation Council guidelines [3]. The abdominal 
thrusts were given kneeling astride the supine ca
daver. Two paramedics controlled the perfor
mance of the procedures and recorded the results. 
The physicians received no feedback and were 
blinded from the results. Patient sex, age, particu
lars about their size/shape and complications dur
ing CPR such as rib fractures or lung aspiration 
were recorded. 

The mean pressures generated by the five chest 
compressions were compared to the mean pres
sures generated by the five abdominal thrusts us
ing Jandel SigmaStat© statistical software 
(Erkrath, Germany). Each cadaver served as its 
own control. After assessing the distribution of the 
data distribution, a paired /-test was used. Data 
are presented as means ± SD. 

3. Results 

Ten recently dead men and two women with a 
mean age of 68 + 15 years and mean body weight 
of 80 ±15 kg were studied. Rib fractures were 
noted in three patients and pulmonary aspiration 
in one during the preceding resuscitation. One 
patient was very thin and the physician noted that 
he felt very little resistance in the epigastric region 
during abdominal thrusts before he felt the verte
bral column. One corpse was extremely obese with 
a potbelly. 

The mean peak airway pressure was signifi
cantly lower during abdominal thrusts compared 
to chest compressions, 26.4 ± 19.8 cmH20 versus 
40.8 ± 16.4 cmHzO (/» = 0.005, 95% confidence in
terval for the mean difference 5.3-23.4 cmHaO) 
(Fig. 1). In all but one cadaver, the extremely 
obese subject, the mean airway pressure was 
higher with chest compressions compared to ab
dominal thrusts. In two cadavers, the very thin 
subject, and an 80 kg woman with pulmonary 
aspiration, there was no detectable airway pressure 
change at all with abdominal thrusts (patients 1 
and 2, Fig. 1) 

4. Discussion 

In this study we achieved higher airway pres
sures with standard CPR chest compressions than 
with abdominal thrusts in recently dead subjects 
with complete airway obstruction. 
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Since the introduction of abdominal thrusts by 
Heimlich in 1974 [6] there has been debate and 
controversy regarding which manual rescue tech
nique is most efficient in choking victims. Most 
studies have compared abdominal thrusts, various 
chest thrusts and back blows [5,8-10]. For uncon
scious patients the suggested technique has been 
the Heimlich manoeuvre with rescuer sitting 
astride the patient. In the unconscious, markedly 
obese victim the AHA advocates chest thrusts (the 
hand position being identical to that for chest 
compressions) as an option. This is in contrast to 
our findings, where the noticeably corpulent sub
ject was the only one where abdominal thrusts 
generated a higher airway pressure. In 1992 Skul-
berg [7] suggested that chest compressions might 
be more effective than the Heimlich manoeuvre in 
the unconscious subject. This was based on a case 
where the Heimlich manoeuvre failed to dislodge a 
foreign body in an unconscious patient. As the 
patient also was pulseless, CPR was then started, 
and the airway was cleared with the first chest 
compression. The present study confirms Skul-
berg's hypothesis. We are aware of only one study 
of standard CPR chest compressions for foreign 
body removal. Gordon et al. {8] compared chest 
compressions with the Heimlich manoeuvre in six 
adult, anaesthetised volunteers and found pres
sures in the same range for the two methods (23 
versus 17 cmH20, respectively). Their findings 
have, to our knowledge, never been published in a 
peer-reviewed journal and there is no specific de
scription of the way they performed the chest 
compression other than 'standard external com
pression'. It is not known if chest compressions 
were done according to the current recommended 
guidelines. It would not be ethical to do 4-5 cm 
compression of the sternum in healthy volunteers 
because of the significant risk of causing damage 
such as rib fractures, and the pressures achieved 
by Gordon et al. were lower with both techniques 
than in the present study. 

In 1978, Ruben et al. [10] compared the Heim
lich manoeuvre with sternal thrusts on six cadav
ers and found higher pressure with the latter. 
median 18 (range 0-62) versus 30 (range 16-40) 
cmHiO, respectively. 

It has been speculated that the removal of a 
foreign body is dependent both on the pressure 
required to dislodge it and the ability to maintain 
pressure and potential air flow over time [8.11]. 

Thus, while a precordial thump might give a high 
peak pressure, it is sustained for only a very brief 
period with low flow rates [8]. The pressure is 
applied for a longer time with chest compressions. 
In the study by Gordon et al. [8] the airflows both 
with a partial airway obstruction and an open 
airway were similar for the Heimlich manoeuvre 
and chest compressions. 

Substituting chest compressions for the Heim
lich manoeuvre in unconscious patients has poten
tial advantages in addition to creating a higher 
airway pressure. It will remove one step in manag
ing an unconscious patient with cardiac arrest. 
The patient will be treated identically whether or 
not there is a foreign body airway obstruction. 
This should reduce confusion and improve train
ing and practical performance. There is much evi
dence in the literature that the learning and 
retention of CPR skills is not very efficient (12-
14]. There are many psychomotor skills to achieve, 
and there has been a drive towards simplifying 
CPR in the hope that this will reduce rescuer 
confusion and improve performance [15]. If re
moval of a foreign body can be achieved by chest 
compressions, this will also reduce the time with
out circulation in the patient with cardiac arrest. 

In conclusion, the present findings indicate that 
standard chest compressions are more effective 
than the Heimlich manoeuvre for treating com
plete airway obstruction by a foreign body. 
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Letters to the Editor 

Langhelle et al. (Resuscitation 2000;44:105-108), 
using cadavers, found chest compressions yielded 
higher airway pressures than Heimlich maneuvers 
when the airway was obstructed. They conclude 
one should use chest compressions rather than 
Heimlich maneuvers to expel a foreign body from 
the airway. That recommendation is an error simi
lar to one made by Guildner 25 years ago [1] when 
the Maneuver was first discovered. The correct 
method must be based on physics, not speculation. 

The facts are as follows: 
1. Patrick, a physician and engineering professor 

at Purdue University, pointed out the well-es
tablished scientific fact that the transmission of 
energy is related to the duration of pressure. A 
spike of pressure provides negligible kinetic 
energy to the obstructing object [2]. Patrick 
demonstrated it is the flow of air from the 
lungs toward the mouth, resulting from the 
Heimlich maneuver that transmits kinetic en
ergy to a foreign body sufficient to carry it out 
of the airway and mouth [3]. The Heimlich 
maneuver consists of pressing the diaphragm 
upward, which diminishes the volume of the 
chest cavity, and compresses the lungs uni
formly, thus producing a flow of 940 cm3 of air 
in 1/4 s (a flow rate of 205 l/min) [4]. That is 
why the maneuver has successfully saved the 
lives of tens of thousands of people throughout 
the world. 

2. The effectiveness of the Heimlich maneuver to 
produce a significant flow is also proven when 
the Maneuver is used to expel water from the 
lungs of drowning victims. A 1982 University 
of Pittsburgh study showed four Heimlich ma
neuvers yield a flow of water sufficient to clear 
the water from the lungs [5]. 

3. One important issue, which was not studied in 
the Langhelle paper, is the question of iatro-
genic injuries. Serious complications have been 
reported with great frequency, resulting from 

CPR [6–8]. The 1992 American Heart Associa
tion Guidelines for Cardiopulmonary Resuscita
tion and Emergency Cardiac Care warn, ‘Even 
properly performed chest compressions can 
cause rib fractures in some patients. Other 
complications may occur despite proper CPR 
technique, including fracture of the sternum, 
separation of the ribs from the sternum, pneu-
rnothorax, lung contusions, lacerations of the 
livers and spleen, and fat emboli’ [9]. In con
trast, in 1985, United States Surgeon General 
C. Everett Koop declared. ‘The Heimlich Ma
neuver is safe, effective and easily mastered by 
the average person. It can be performed on 
standing or seated victims and on persons who 
have fallen to the floor. It can be performed on 
children and even on one’s self’ [10]. 

4. Langhelle et al. accurately state, ‘There is much 
evidence in the literature that the learning and 
retention of CPR skills is not very efficient,’ 
but suggest CPR, without the Heimlich maneu
ver, will simplify the protocol for choking. In 
actuality, CPR is rarely needed after the Heim-
lich maneuver removes the choking object. 
Most importantly, adults and children have 
learned the Heimlich maneuver, and saved 
lives, having seen a 30-s public service an
nouncement on television. 

The Langhelle article repeatedly uses the term 
‘abdominal thrusts’. In his 1985 declaration, Sur
geon General Koop says, ‘... these methods are 
hazardous, even lethal. Chest and abdominal 
thrusts, because they refer to blows to unspecified 
locations on the body, have resulted in cracked 
ribs and damaged spleens and livers, among other 
injuries’ [10]. The correct technical description of 
the Heimlich maneuver is ‘subdiaphragmatic 
pressure’. 

The 1992 American Heart Association Guide
lines [9] recommend ‘that the chest thrusts be used 
in the markedly obese person...’ presumably be-
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cause the rescuer cannot reach around the victim. 
Langhelle notes, however, that with the rescuer 
astride the corpulent person in the supine position, 
as used for unconscious victims, that the Heimlich 
maneuver may be used successfully, which is a 
significant finding. 

Langhelle’s speculative recommendations can be 
reconsidered should new evidence indicate it is 
warranted. 
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Response to Heimlich and Spletzer 

We want to thank Dr Heimlich and Dr Spletser 
for this opportunity to discuss further the removal 
of a foreign body from the airway. The science 
pertaining to this technique was thoroughly re
viewed in the recent international guidelines pro
cess [1]. We do not recollect that one group of 
papers was seen as more speculative than others, 
thus, we forego a thorough discussion of specula
tion versus science. As stated in the guidelines, 
‘‘The level of evidence regarding any of these 
methods is weak, largely contained in case reports, 
cadaver studies, small studies involving animals or 
mechanical models’’ [1]. 

In our article, the potential importance of a 
maintained pressure over time is discussed, includ
ing the point that pressure will be maintained for 
a longer period with chest compressions than pre-
cordial thumps, and longest if the chest compres
sions have the recommended square wave form. 
We now speculate that chest thrusts and backslaps 
will come into the same category as precordial 
thumps. While we agree that the duration of the 
applied pressure is potentially important, we are 
unaware of strong human evidence for this. For
eign bodies have also been removed by backslaps. 
It is interesting to note that Ruben and Mac-
Naughton [2] found that a pressure of 70 m3 H2O 
applied in a series of impulses could eject a piece 
of raw beef, while a steady pressure of up to 100 
m3 H2O was ineffective. As referred to in our 
article, Gordon et al. [3] reported similar airflows 
with the Heimlich manoeuvre and chest compres
sions. We are a little uncertain why Heimlich and 
Spletser refers to Guildner et al. [4] who measured 
both pressure and air-flows in humans as specula
tive, as this is in contrast to other scientists who 
recommend Heimlich manoeuvre. We also find it 
difficult to discard Ruben and MacNaughton [2] 
who also find better results with other techniques 
than the Heimlich manoeuvre in humans. 

It was further of interest that in two cadavers in 
our study, the Heimlich manoeuvre gave no 
change in airway pressure, while the pressure in
creased in both with chest compressions. This 
cannot be explained by a poorly performed Heim-
lich manoeuvre, as it was done by a physician with 
25 years experience in in- and out-of-hospital 
emergency medicine, which included the removal 
of foreign bodies (both by the Heimlich man-
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oeuvre and backslaps). However, as long as an 
airway pressure of zero is upheld, a foreign body 
is not likely to be expelled based on physical 
principles. It is fascinating that Heimlich and 
Spletser refers to our one corpulent patient who 
had a higher pressure generated with the Heim-
lich manoeuvre as significant, while the rest of 
our discussion apparently is based on specula
tion. 

While it is true that complications can occur 
with chest compressions, the most dreaded com
plications can occur if the pressure applied is too 
low, viz. damage to abdominal organs. More im
portantly, it should be noted that the pulse 
check during basic life support has been de-em
phasised or removed [1]. The sensitivity and spe
cificity of the pulse check is too low. Thus, if a 
patient is unconscious and not breathing nor
mally, full CPR should be started if there are no 
other signs of a circulation. This is important 
whether there is a foreign body obstruction or 
not. 

We have no problems with the term ‘sub-
diaphragmatic pressure’. 

References 

[1] Adult basic life support. International Guidelines. Resus
citation 2000;46(1-3):29-71. 

[2] Ruben H, Macnaughton FI. The treatment of food-chok
ing. Practitioner 1978;221:725-9. 

[3] Gordon AS, Belton MK, Ridolpho PF, Safar P, Elam J. 
Emergency management of foreign body airway obstruc
tion. In: Advances in Cardiopulmonary Resuscitation. 
New York: Springer, 1977:39. 

[4] Guildner CW, Williams D, Subitch T. Airway obstructed 
by foreign material: the Heimlich maneuver. JACEP 
1976;5:675-7. 

Petter Andreas Steenac, 
Audun Langhellea, Lars Wikb, Kjetil Sundec 

a University of Oslo 
Oslo, Norway 

b Medinnova Science Foundation, 
Oslo, Norway 

c Department of Anaesthesiology 
Ullevaal University Hospital, 

0407 Oslo, Norway 
E-mail: p.a.steen@ioks.no 

PII: S0300-9572(00)00332-4 

On the existence of dragons 

We were very interested to note the recent 
correspondence between Dr Steen and Dr Oxer 
[1] on the subject of proving/not proving the ex
istence of oxygen toxicity in resuscitation and 
first aid. Zwemer et al. [2,3] have published two 
articles in ‘Resuscitation’ on the subject. In these 
experimental works, he has demonstrated that 
100% oxygen during experimental CPR leads to 
worse neurological outcome and periodic hy-
poxic ventilation during experimental CPR has 
no benefit compared to air ventilation. Liu et al. 
[4] has also contributed with similar data from a 
canine model, where less oxidation of brain 
lipids occurred when normoxia was used instead 
of hyperoxia. For some time there has been a 
discussion on the possible effects of oxygen free 
radicals, but there have been difficulties in deter
mining the precise role of these radicals. Re
cently, however, our group [5] has published 
data unequivocally demonstrating the increased 
effects of oxygen free radicals during reperfusion 
after experimental CPR, by demonstrating an in
creased plasma level of the isoprostane 8-iso-
prostaglandin F2o! This isoprostane has been 
validated as a highly sensitive and specific 
biomarker of in vivo non-enzymatic lipid peroxi-
dation. The fact that the level of 8-iso-
prostaglandin F2o! was highest in the plasma 
seems to provide the ill effects of oxygen in the 
brain during reperfusion. So now there is experi
mental evidence suggesting that oxygen toxicity/ 
dragons does occur during reperfusion after 
resuscitation and first aid, rather than the oppo
site. 
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