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Introduction 

Death from any cause is regrettable, and that 
1Qm a preventable one more so. That a simple 
procedure like sternal puncture may be attended 

^Jth fatality is very disturbing and calls for a 
ull analysis when this occurs. This paper 
describes two cases in whom this happened and 
. 

0 suggests an explanation of the mechanism 
Evolved in causing the deaths. 

Case records 
. The first case occurred at a military hospital 

*945. On a preliminary examination a 

'^gnosis of kala-azar was made, and as the 
spleen was only slightly enlarged, it was decided 
9 Perform a sternal puncture to confirm the 
la?nosis. The doctor attempting the puncture 
vas experienced in the procedure, and he was 
a 

competent general physician conversant with 
,le problems involved. After novocain infiltra- 

^?n of the soft tissues and the periosteum, a 

e Brothers make of sternal puncture needle 
7as suitably guarded to expose 8 mm. of the 
1 ricking end. It may be mentioned here that 

(> 

ls Needle is guarded by a screw-guard which 

nann?t slip. It was considered at the time, and 
Proved afterwards at autopsy, that the needle 

of f?larded could not pierce the posterior plate 
,, 

-he sternum, under ordinary circumstances; 
guard being of the type that cannot slip, 

e needle could not go beyond the pre- 
etermined length. And yet when the needle 

whS ̂ Us^.ec^ ^n> there was a gasp from the patient 
0 rapidly became shocked, and died within 

;t|lee minutes. Anti-shock measures were 

^0Pted without avail though it was not realized 
ti 

? 
e time that death had occurred from any- 

ni1?^ a severe sudden shock; the clinical 

with 
6 ^esembled that of pulmonary embolism h which many are familiar. 

Plat autoPsy *t was found that the posterior 
fi 

6 ,0^ sternum had the minutest puncture 
, ?ugh which the tip of the needle could just 
the ? 

^^uded. Opposite this puncture hole, 
wal^ ̂ as a ^a.ceration f inch long in the anterior 
n 

? 
?* .the right ventricle. There was hasmo- 

nrp1Cardium an<^ death had occurred from 

of t}Ure ?n ^ear^ preventing further action 

^ 
the organ. With the cadaver lying supine, 

o? ?en<^ the needle introduced through the 

he^1?a^ route could not be made to touch the 
ho 

^le autopsv was performed within an 

we ,r ' ^eath- The other relevant findings 
Par-0 ? 

SB -?^ an early stftge of kala-azar, the 
8 1 

asite being seen in smears taken from the 

to nu 
an<^ ^le serum giving a positive reaction 

Chopra's; antimonv test. Death was decided 

to have been due to a traumatic rupture of tlie 
heart from the sternal puncture, though a 

certain amount of uneasiness was felt in view of 
the fact that it was assumed that the needle 
could not have touched the heart. 
The second case died under similar circum- 

stances in a civil hospital in 1946. The order 
of events was approximately the same as in the 
first case. The needle was guarded by a plate 
and there was a possibility that the guard had 
slipped. But this was in fact not so; the 

guard was placed so as to expose 11 mm. of 
the needle and this was a safe length for the 

particular patient as considered at the time and 
also as confirmed at autopsy. The operation 
was performed by a competent surgeon who. 

however, had not performed this operation 
before. Novocain infiltration was used and no 
sooner had the needle been pushed into the 
sternum than the patient gasped and became 
shocked. Death took place in not less than two 
minutes, perhaps after four minutes. The 

surgeon had an opportunity of discussing the 
first case some time ago, and rupture of the 
heart was.x at once thought of. The autopsy 
revealed a laceration 7/8 inch long in the right 
ventricle and a hsemopericardium. The other 
findings were normal except for an aortic 

incompetence. The operation had been under- 
taken to study the bone-marrow for ansemia. 

In both cases the laceration was larger on 

the pericardial aspect than on the endocardial, 
and the measurements are of the pericardial 
aspect. 

Discussion 

That two deaths should have occurred in the 
course of a rather simple surgical procedure 
and the absence of a satisfactory explanation 
for these was rather tantalizing. The matter 
was discussed with several people who were used 
to the procedure and the best criticism that 
could be offered was that there was an error in 

fixing the guards; but this was in fact not so. 
Even if it was, the happenings would not have 
been fully explained, for it is known that a 

puncture of a muscular organ is easily sealed 
off immediately after the needle is removed; 
intracardiac injections are not attended with 

haemorrhage into the pericardial sac. 

A review of the cases made several facts stand 
out. Firstly, the needle had punctured the 

posterior plate of the sternum, though to a very 
minute degree only, in each case. Secondly, as 
no premedication was used, the patients were 
rather apprehensive and probably held their 

breath. Thirdly, death was in each case due to 
arrest of the heart from continued haemorrhage 
into the pericardial sac. Fourthly, the laceration 
involved the right ventricle and was nearly an 
inch long. Fifthly,- the needle could not have 
touched the heart under ordinary circumstances. 

Sixthly and finally, there was no other cause of 
death found. 
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The heart is a very muscular organ, con- 

stantly stretching and contracting in diastole 
and systole respectively. That the tension in 
the heart is increased by holding the breath is 
an accepted fact of physiology. Holding of the 
breath causes an increased carbon-dioxide 
tension in the venous blood and this increased 
C02 tension enhances the extensibility of the 
cardiac muscle fibre during diastole. A person 
can by holding his breath, therefore, make his 
heart a little larger than normal, and a larger 
heart will tend to come nearer the sternum. 
This heart will be more stretched than normal. 
It is easy to visualize how an apprehensive 
person will, by holding his breath, bring the 
heart nearer to the posterior surface of the 
sternum and thus make it more susceptible to 
possible trauma from even a minute portion of 
the sternal puncture needle. It is also easy to 
see that while a contracted heart may throw 
off a needle, a relaxed heart may not be able to 
do so; in fact in a relaxed muscle a small prick 
will be rapidly converted into a tear if behind 
the relaxed muscle there is some other force. In 
diastole of the heart while the muscle is relaxed, 
there is a constantly rising pressure within the 
heart. Here then were the circumstances that 
could explain the two deaths. The apprehensive 
patient holds his breath, renders the heart 

slightly larger in size and more extensible, 
brings it nearer the sternum, where it is touched 
off by the small unsuspected portion of the 

needle, the rising tension of the heart converts 
the minute puncture into a laceration, and 

hsemopericardium follows. 

A series of experiments was then conducted 
by dropping sharp needles weighted near their 
business ends on to football bladders which 
were put under varying degrees of tension. A 

high tension threw off the needles; a very relaxed 
bladder did not offer the needle any foothold 

though a mark was sometimes made. A medium 

pressure was found to be optimal for produc- 
tion of a puncture. If the bladder was kept 
attached to the pump, and the needle was 

dropped when the bladder was about two-thirds 
stretched, a puncture was easily produced, and 
the pressure of the pump overcoming the 

elasticity of the bladder, the puncture was made 
into a rent. Though suggestive, the experiments 
did not conclusively prove anything, for the 
same needle similarly weighted and dropped on 
the bladder under the same optimal tension did 
not always* produce the tear. It was considered 
necessary to discover some more cogent explana- 
tion which, by itself or in conjunction with what 
has been said above, would explain all the 

phenomena. 
It has been seen that in performing a sternal 

puncture, the needle is often pushed in by a series 
of jerky movements rather than by a steady 
pressure. These jerky movements give rise to 
two other movements. Firstly, with .each jerk, 
the sternum tends to flatten out and come in 

closer contact with the heart, and secondly with 
each jerk the patient becomes more apprehensive, 
causing the man to hold his breath and thus 

setting in motion the mechanism described above 
whereby the heart is rendered more liable to 
trauma from the sternal puncture needle. The 

jerks also damage the soft tissues in front of 
the sternum and reduce their depth, and allow 
the needle to go a trifle deeper. There is, thus, 
an unintentional and unsuspected increase in the 
range of the needle. 

If heavy pressure is used in forcing the 
needle through the cortical layer of the sternum, 
there will be further sterno-cardiac approxima- 
tion. One jerk may not puncture the heart, for 
the heart may be contracted in systole, but the 
next very well may, when the heart may be in 
diastole and by force of circumstances detailed 
above held pressed behind the sternum with 
the wall relaxed but the intracardiac pressure 
rising. 

Experiments were then made on cadavers. It 
was seen that with the force of the jerky move- 
ments associated with sternal puncture, the 
sternum could be pressed down for nearly an 
inch and the soft tissues could be reduced in 

depth for up to 4 mm. If the anterior 
mediastinum which is after all only a potential 
space is fully obliterated by the heart, and there 
is an unsuspected increase in the range of the 

needle, there is nothing to prevent a traumatic 
rupture of the heart. 

There can be little doubt that the two deaths 
occurred in the above manner, the sequence of 
events being as follows :? 

1. Apprehension caused holding of the breath 
and this in turn led to stretching of the heart 
and its approximation to the sternum. 

2. Jerky movements caused an unsuspected 
increase in the range of the needle; they also 
caused more approximation of the heart to the 
sternum. 

3. The needle, then, unsuspectingly pierced 
the posterior plate of the sternum and caused a 
small prick in the apposed heart. 

4. The heart having been put on the maximal 
stretch both by diastole and increased C02 
tension, the prick rapidly became converted into 
a laceration by the rising intracardiac pressure. 

5. Hsemopericardium followed leading to 

mechanical arrest of the heart, and to death. 

Conclusion 

It will be seen that a whole set of conditions 
has to be fulfilled before the catastrophe can 

occur in the above manner. It is not unlikely 
that this does not happen so very often, and 
may explain why there are so few 'deaths in 

attempting this operation. This, if true, is 

indeed a fortunate coincidence seeing how very 
casually sternal puncture is generally under- 
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token. The lessons taught, in any case, should 
not be ignored. They are :? 

1. Apprehension in the patient should be 
forestalled by suitable premedication. 

2. The adjustment of the needle should be 
checked just before the operation. In doubt it 
should be guarded too much rather than too 
little. 

3. Only the minimum amount of force should 
pe applied and that in a steady pressure, and not 
ln jerks; in fact, great gentleness should be 
used. 

4. The anatomy of the regions affected 
should be visualized before the operation, and the dangerous nature of this apparently simple 
Procedure remembered. 

5- The routine for performing the operation 
should be standardized and converted into a 

ritual, as other pre-operative measures have 
been. The adherence to a strictly followed 
1Qutine renders mistakes easy of detection. 

Summary 
1- Two cases are described in which death 

occurred after sternal puncture. 2. Death was in both cases due to a rupture ?f the right ventricle following a prick by the 
needle, causing hsemopericardium and arrest of the heart. 

The possible mechanism leading to the 
rupture is discussed and results of certain 
exPeriments made in this connection are 

mentioned. 
4* Certain precautions are suggested to 

Prevent such catastrophes. 
Note.?The production of a laceration of the heart by the contracting heart itself rubbing 

against a protruding needle presupposes too much 
Penetration by the needle, and is to be explained 
y carelessness, and does not form part of this 

P?Per, which merely tries to point out some 
hitherto unrecognized dangers of sternal puncture. 
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