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the more eggshaped the 'hoop'. The total shaded area
in the figure can be proved mathematically to represent
the total amount of work done in the inspiratory and
expiratory phases of one respiration.

WORK OF BREATHING Fig. 7 illustrates what

~
happens to the amount

~ of the work of breath-
: ~_.- ing in certain ab-
~~ normal states. The
ffi22 ~_.,- figure shows a series of

·~ bellows similes repre-
~ senting different patho-
• ,- logical states, with cor-
,~ responding pressure-
~ volume curves. For
2~ simplicity, the volume
·~ of air moved per respi-
~ ration is the same in
i ~n 1.1 .,' all examples, namely

900 ml., with the
~~ exception of the 'tra-
f ~ " .•_', cheotomy' example in
• which there must ob-
;~ viously be a smallerI iJ-- volume to move be-
~ ::e.....-. cause of the exclusion
= 17 of the nozzle 'dead-
F.ig. 7: Pressure-volume ~aphs for space'. In addition, for
fIbroSIS, emphysema, obeSity, bron- simplicity only one
chospasm and tracheotomy are .' .
each shown on a light background changmg factor IS
drawing of the normal. P=pres- shown in each diagram.
sure in cen~~tres.or water. V= This obviously cannot
volume of aIr ill millilItres. apply in life, since in

all cases multiple factors play a part.
The first two bellows similes represent normal inspiration

and expiration with the normal pressure-volume curve,
as in Fig. 6.

A heavy thick spring represents increased elastic resis­
tance such as may occur in diffuse pulmonary fibrosis,
other resistances in the diagram remaining normal. The
'hoop' flattens out towards becoming a straight line, since
the elastic factor alone, uncomplicated by non-elastic
factors, produces a straight pressure-volume line. But the
pressure change associated with the movement of the
standard 900 ml. of air is greater; therefore, the 'hoop'
is steeper. The total shaded area indicates that the total
work of one respiration is greater than normal.

A thin light spring represents reduced elastic resistance,
as in emphysema. Because the non-elastic resistance factor
dominates, the 'hoop' becomes more ovate; because the
elastic resistance is less than normal, less pressure change
moves a given amount of air, and the slope of the 'hoop'
becomes flatter. The total work of one respiration is
actually less than normal in this example, but it must
yet again be emphasized that in emphysema the advantage
of there being less elastic resistance is more than offset
by a number of disadvantageous factors.

A normal spring with thickened bellows fabric represent­
ing non-elastic tissue resistance increases the work needed
to overcome non-elastic resistance, and the result is a
more ovate 'hoop' and a greater than normal amount of
total work for one respiration. This situation arises, e.g.
in the very common condition of obesity.

A narrowed nozzle represents bronchospasm, which
causes increased non-elastic resistance and results in a
curve much the same as that seen in other causes
of increased non-elastic resistance such as obesity,
kyphoscoliosis, or fractured ribs.

Lastly, if the length of the nozzle is excluded by in­
serting a 'tracheotomy' tube near its attachment to the
bellows fabric, there is much less non-elastic resistance
from airway deadspace, and the volume of air to be moved
during each respiration is less by the volume of the end
of the nozzle. The pressure-volume curve shows the lesser
volume of air moved, and the 'hoop' is narrowed since
elastic resistance now plays a relatively greater role in total
resistance. The total work of one respiration, as shown by
the total shaded area, is clearly less than normal.
Tracheotomy, in other words, reduces the work of
breathing.

The concept of the work of breathing is a most im­
portant one, since an increase uses more oxygen without
necessarily increasing ventilation. Increased work is
accompanied by dyspnoea; reduction of work reduces
dyspnoea.

CONCLUSION

An understanding of the mechanics of breathing enables
us to appreciate the rationale of the clinical and laboratory
recognition of respiratory failure and of its treatment.

The basic work on which this paper is based, was carried
out in the Cardio-pulmonary Unit of the Council for Scientific
and Industrial Research in the Department of Medicine of
the University of ·the Witwatersrand and the Johannesburg
General Hospital. Thanks are due to the photographic unit
of the Department of Medicine for making the diagrams.
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Hoewel die boomslang (Dispholidus typus) volop in Suid­
Afrika voorkom, word gevaIle van boomslangbyt baie
selde gesien. Persone wat met slange werk of hulle ver­
troeteI, is gewoonlik die slagoffers van hierdie slang, want
die boomslang self is nie baie aggressief nie en sy tande

is ver na agter in die kaak gelee (opisthoglypha), wat dit
vir horn moeilik maak om 'n stewige greep op 'n liggaams­
deel te bekom.

Die literatuur oor hierdie onderwerp is baie beperk.
Vit mediese bronne kon slegs die beskrywing van 'n enkele
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geval, wat in die Kameroen voorgekom het,! opgespoor
•word, hoewel Christensen,2 na aanleiding van 5 gevalle wat
by die Suid-Afrikaanse Institullt vir Mediese Navorsing
voor 1955 aangemeld is, 'n kort oorsig van die belang­
rikste kenmerke in gevalle van boomslangbyt gee. Ver­
dienstelike bydraes tot ons kennis van hierdie toestand
is egter deur slangdeskundiges gelewer. Reeds in 1919 het
Fitzsimmons,3 destyds hoof van die slangpark in Port
Elizabeth, die siektebeeld goed beskryf in sy boek The
Snakes of South Africa, en meer onlangs is 'n klassieke
beskrywing deur Broadley' in 'n slangjoernaal gepubliseer.

Benewens die gebrek aan kliniese publikasies, is die
nadoodse bevindings in gevalle van boomslangbyt nog nie
voorheen beskryf nie. In die lig van hierdie feite word
'n geval van boomslangbyt beskryf met volledige kliniese
en patologiese besonderhede.

SIEKTEGESKlEDENIS

'n 43-jarige BJanke man wat slange as troeteldiere aangebou
het, is 5 dae nadat by deur 'n boomslang gebyt is na ons
verwys met vermoedelike nierversaking. Die voorafgaande ge­
beure kan kortliks soos volg saamgevat word:

Op 20 SepTember 1961 om 11.30 nm. is hy deur 'n boom­
slang op sy linkerwysvinger gebyt. Slegs een giftand bet die
sagte weefsel op die dorsum van die vinger deurdring en,
nadat die slang versorg is, is 'n tourniquet om die vinger
geplaas. Ongeveer 15 minute later is poIivalente antiserum
(Suid-Afrikaanse Instituut vir Mediese Navorsing) ingespuit:
10 m!. in die onderarm en 10 m!. in die bo-arm. Die tourniquet
is biema ook om die onderarm aangebring. Enkele minute
nadat die byt toegedien is, bet die pasient erge oksipitale
boofpyn ontwikkel wat van korte duur was maar gevolg is
deur duiseligheid en geringe verwarring. Aanvanklik bet by
baie gebraak, maar sIegs 'n gevoeI van naarbeid bet hierna
voortgeduur. Binne een uur bet bloeding vanaf die mond- en
neusslymvliese voorgekom. Later dieselfde nag bet bloedings
onder die vel verskyn, eers in die Iinkerskouergebied, daarna
op die regterenkel, en met die verloop van dae oor die laer
ruggebied, beide arms en beide bene. Gepaard hiermee was
die urien ,donker' van k1eur, maar die pasient kon nie met
sekerbeid se of dit bloed bevat bet of nie.

Die volgende oggend, 21 September 1961, is by na 'n
plattelandse hospitaal geneem waar nog 5 mJ. polivaJente
antiserum toegedien is. Die bloedings onder die vel bet gelei­
delik toegeneem en ten spyte van vars bloed en die toediening
van fibrinogeen intraveneus bet sy toestand steeds versleg.

Op 23 September 1961 is by na Pretoria oorgeplaas. Uit­
gebreide onderbuidse bloedings was nou aanwesig. Sy bemo­
globien was 65%, die plasmafibrinogeen 0 mg. per 100 m!. en
geen· stolling van die bloed kon aangetoon word nie. Op
bierdie stadium was by reeds uremies met 'n bloedureum­
waarde van 216 mg. per 100 mJ. en relatief normale elektro­
lietverhoudings.

Die toestand bet feitlik onveranderd gebly op 23 en 24
September behalwe dat die urienvolume geleidelik afgeneem
bet tot ongeveer 200 miJIiliter oor 'n 12-uur periode. Hema­
turie was deurgaans teenwoordig. Gedurende bierdie periode
is aJtesaam 8 gram fibrinogeen intraveneus toegedien tesame
met It liter bIoed. In 'n poging om die bloedingsneiging onder
beheer te kry, is vitamien-K, en protarniensulfaat ook toege­
dien. Ander middels wat gedurende hierdie tydperk toegedien
is, is orale metielprednisoloon (,medrol') en demetielcblorte­
trasiklien (,Iedermycin').

Met oorplasing na ons op 25 September bet die pasient
emstig siek voorgekom. Hy was sui en by tye selfs verward;
aHe ledemate was erg pynJjk met beweging. Die hele linkerarm
was dik geswel met 'n groot hemorragiese bulla op die dorsum
van die linkerhand. Die enkele bytplek, met geringe sero­
bloederige afskeiding, was duidelik sigbaar op die linker­
wysvinger. Sy temperatuur was subnormaaJ, die bloeddruk
120/50 mm.Hg en die polsspoed 100 slae per minuut. Die
arteriele puJsasies was waterhamer van aard en swak tasbaar
in die linkerarm en -been. AJbei voete was koud, en die
linkerbeel.l dikker as die regterbeen. Opvallend was die teen-

woordigheid van uitgebreide subkutane bloedings met 'n
anemie en geelsug. Hierdie bloedings het feitlik oor die hele
liggaam voorgekom, maar was veral duidelik oor die skouers,
lumbale gebied en perineum. Daar was enkele submukeuse
bloedings op die tong, maar geen subkonjunktivale bloeding
nie. Hematurie was ook nog teenwoordig.

Ten spyte van die bloedoortapping wat by intussen gehad
bet, bet sy hemoglobien gedaaJ na 40%. Bloedmonsters het
steeds vloeibaar gebly onder enige tekens van stolling, en
die plasmafibrinogeen-gehalte soo voorheen 0 mg. per 100
mJ. Die bloedplaatjies was normaal. 'n eutrofiel-Ieukositose
het nou na vore getree en die bloedureum, asook die serum­
kalium se waarde het 'n styging getoon (ureum 252 mg.;
kalium 6·2 m.ekw./!.), terwyl die alkalie-reserwe gedaaJ bet
na 16 m.ekw./!' Die serumbilirubien was 2·88 mg. per 100
mJ., boewel die pasient, weens die anemie, erger geel voor­
gekom het.

Die behandeling op bierdie stadium wa hoofsaaklik gemik
teen die nierversaking asook die aanhoudende bloedverlie . Die
urienvolume het binne 12 uur verbeter met gewone konserwa­
tiewe behandeling, en die nierversaking was hiema nie meer
'n belangrike probleem nie.

Ten spyte van die verbetering in nierfunksie en verdere
varsbloed-oortappings het sy toestand geleidelik versleg. Die
volgende dag het hy melena ontwikke!. Hy was rusteloos, en
hoewel hy aanvanklik sleg met tye gedisorienteerd wa , het
by mettertyd stuporeu geword. Geen stolling van sy bloed
kon ter eniger tyd aangetoon word nie en die plasmafibrino­
geen bet deurgaans 0 mg. per 100 m!. gebly. Die geelsug het
ook geleidelik toegeneem en die lewerfunksieproewe op 26
September 1%1 was soos volg: Totale protei'ne 5 G. per 100
m!. (albumien 3·0 G. per 100 m!. en globulien 2·0 G. per
100 mJ.); timoltroebeling I; timolvlokking 0; kolloiedale goud
6; sinksulfaat 3; totale bilirubien 5·7 mg. per 100 m!.; gekonju­
geerde bilirubien 2+; en alkaliese fosfatase 4·0 King Arm­
strong-eenhede.

Die urienuitskeiding was nou baie goed, en hoewel die
ureum steeds gestyg het (305 mg. per 100 m!.), bet die kalium­
waarde na 4·2 m.ekw./!' gedaal en die asidose ietwat verbeter
(Re03, 18 m.ekw./!.). Die serumkalsium was op die stadium
7·4 mg. per 100 mJ., die fosforgehalte 2·4 mg. per 100 m!. en
die uriensuur Il·6 mg. per 100 mJ. Die hemoglobien het intus­
sen verbeter na 55%, maar heelwat normobla te (20 per 100
witbloedselle) het nou in die perifere bloed ver kyn, en die
bloedplaatjies het minder as normaal voorgekom.

Die nag van die 26ste het die bloeddruk begin daa!. Pressor­
stoW>ve en var bloedoortapping is sonder enige sukses
toegedien. Lumbaalpunksie, gedoen op 27 September, bet
'n druk van 250 millimeter water getoon. Die vog was
xantochromies maar helder, met 'n prote'iengehalte van 66
mg. per 100 m!. globulien 0, en geen elle teenwoordig nie.
Daar was nog geen aanduiding van bloedstolling nie, en 00
by verskeie vorige geleenthede, geen plasma-fibrinogeen aan­
toonbaar nie.

Ten spyte van 'n daling in die bloedureum na 265 mg. per
100 m!. en aanhoudende vars-bloedoortapping, tesame met
pressorstowwe, is die pasient dieselfde dag oorlede - presies
8 dae nadat hy gebyt is.

NEKROP lE VERSlAG

M akroskopiese Bevindings
Samevattend was die makroskopiese bevindings die van 'n

volwas e Blanke man met 'n kJein wond op die laterale kant
van die linkerwysvinger, met gee! ug van die vel en slymvlie e,
asook veelvuldige petegiele bloedings wat oor die hele lig­
gaam versprei was.

Inwendige ondersoek het bloedings onder die ereuse vliese
van al die holtes getoon. Veelvuldige groot bloeding was
teenwoordig in die interko tale en psoa spiere a ook in die
subkutane weef e!. .

Die kardiova kuJere tel el was makroskopies gesond afge­
sien van subepikardiale bloedings wat veral uitge proke was
by die basis van die hart om die openinge van die vena
cava inferior. Enkele interstisiele miokardiale en subendokar­
diale bloeding was ook ge ien.

Die asemhalingsorgane het ook geen noemenswaardige
afwykings getoon behalwe tuwing en edeem van die longe
en subpleurale bloedings nie.
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gctoon Die.

A/b. .t. Fi rienl mbus in 'n senlrllle 'eom van die: lewer met om·
rin ende sonaJe nclcrose en tu ini. H. E. x

A/b. J. ier met granulere hemoglobien- ilinders in die bui5e m, allD­
duidina VlUl 'n lerminaJe tubuJere nekrose. H. . E. X 320.

tubu]ere neh e ( Cb. 3), maar geen aoder duidelike palolo­
gi e afwyking in die blood ate of bui e nie. Groot bloeding
wa in die pelvi e fibrovetweef el aanwe ig.

Hart. 'tle an die harl hel enkele areas van inlerstisiele
bloed.i.ng getooo, maar geen fibriemrombi in die blood ate nie.

Lewer. nitte vao die lewer het die aam esigheid van veel­
vuJdige fibrieDtrombi in die eoa enlrali van byna aJ die

gevnlJe die lum 0 v n di
t.

nlleeo en
t verdn

A/b. J. eelvulwl:e peleS;ae b10edin in die: brein.

iu.
iJinde
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n n diffu
er n di I ng in
enlris nale ne' e

B PRE' G

Die klini e ers yn els t bierdie p ient getoon hel
pa b ie goed in met die beeld t oorheen r ed be 'ryf
i in gevalle an boom I ngbyt.1 Kenmerkende vro e
implome in bierdie ge alle is 'n erge kloppende boofpyn

duiseligbeid rusteloo heid, en die te owo rdigb id n
'n eienaardige moce gevoel. a rbeid n braking lr e gou
in en mag dae lank oortduur t die p i"nt ni' n
inbou Die. Die kenmerk, by ui lek, i.g.v. b msl ngb
i die ontwikkeliog an '0 erge bloedingsneiging. Binne ur
kom bloedings in die Iymvli van die mond en neu
voor, maar die mees dramati e teken i die ve kyning

an uitgebreide bloedings onder die el en in die piere,
met later self hematurie en !Delen . Hierdie ve kyn I
lei tot erge uilputling, met pyne deur die hele li a m
en mellertyd n beeld van ineen torting. B 'om ig be­
vindings in on geval was geelsug en die teenwoordigbeid
an l1ierversaking. Hoewel hierdie geval noodlottig a kan
erbelering na 7 - 10 dae intree met uiteindeli e be tel.'"
Daar b taan nog twyfel oor die presi m gaoi me

vir die erge bloedingsneigiog en die afw igbeid van bloed-
tolling in bierdie ge alle. G et en ba f m 5 het op

breed oerige wy e aangetoon dat die gif an die boom­
slang, beide in vitro en in vivo. n terk koaguJerende gif
i. a aanleiding van die werk van gle en H rri ,'.7 t
die lollende effek van proteoliti e ieme op bloed aan-
geloon he u bierdie ei us p kon saamh ng met die
prol in die gif van die boom I n - b deur om-
etting an protrombien n trombien (trip ien-tipe of deur

'n dire' e effe' op fibrinogeen (papaien-tipe. Hoewel dit
nog Die aangetoon i Die wil n tuleer d t bo m Iaog-
gif heel t trombopl tie e kti ileit b it w t blo tol- 'n
ling in die b nd wer eerder d t di gif 'n dire e uit-
wer ing p fibrinoge n hel

'n nmer in gevaLle n m I ng t i die een-
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UMMARY

The clinical and pathol{)gical findings in a fatal case of South
African tree nake (boomslang) bite is described. Literature
on this subject is scanty, and the findings at necropsy have
not been published previously.

The ymptoms, soon after the bite was inflicted, were essen­
tially tho e of severe throbbing headache. drowsiness, and
slight confu ion. Nausea and vomiting of increasing severity
soon followed. and within hoUTs haemorrhages appeared from
the mucous urfaces of nose and mouth. In time a marked
bleeding tendency was apparent with subcutaneous haemor­
rhages developing over ex ten ive areas of kin, as well as
haematuria and melaena. Additional findings in our case, not
previously described, were jaundice of a moderate degree and
renal failure. A most characteristic phenomenon was the
ab ence of coagulability of the blood and the presence of
afibrinogenaemia throughout the illness. r

At po tmortem examination evidence of haemorrhages
could be found in practically every organ, including muscle
and brain. Apart from this, the most interesting finding was
the presence of fibrin thrombi in the capillaries and larger
vessels of several organs, resembling the microscopical appear­
ance of thrombotic thIOmbocytopenic purpura. Other important
findings were an acute tubular necrosis of both kidneys and
marked hepatic necrosis of centrizonal type.

The pathogenesis of the haemorrhagic tendency and the
afibrinogenaemia are discussed in detail. As the venom of
this snake has a marked clotting effect on the blood of
both animal and man, the finding of multiple fibrin thrombi
in the capillaries and larger vessels at necropsy is interpreted
as additional evidence for a gradual defibrination of the
blood, and the development of afibrinogenaemia. The co­
existence of hypofibrinogenaemia and thrombosis has repeated­
ly been shown to occur in other cases of the defibrination
yndrome."· H It is our impression that although the defibrina­

tion is the most important reason for the bleeding tendency,

other factors. such as a toxic effect {)f the venom on capillary
endothelium and even proteolytic destruction of fibrin, through
activation of the fibrinolytic system. may contribute to this.
The marked hepatic necrosis inevitably enhances the haemor­
rhagic symptoms in the later phases of the condjtion.

Therapy is discussed briefly and it is emphasized that
specific antiserum, although not yet available. is the first line
of treatment and should be given as early as possible. In view
of our findings and the good results reported with anti­
coagulant therapy (heparin) in cases of Indian viper bites,
this form of treatment is suggested in cases of tree-snake bites.
In addition. transfusions of fresh blood should be given as
necessary and fibrinogen administered in large doses intra­
venously (at least 8 - 10 G./day).

Ons dank aan prof. H. W. Snyman. wat die manuskrip
gelees het, vir kritiek en nuttige wenke. Ook aan prof. C. J. N.
Loubser vir die makroskopiese bevindings en toestemming om
hierdie gegewens te publiseer, en aan mnr. G. J. de Swardt
vir die fotomikrografie.
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STAPHYLOCOCCAL COLONIZATION OF A VENTRICULO-VENOUS
CEREBROSPINAL-FLUID SHUNT
A. P. ROSE-IN ES, H. DE V. HEESE and S. KATZ

DepartmenTs of Neurosurgery and Child Health, University of Cape Town and GrooTe Schuur Hospital, Cape Town

The merits of ventriculo-venous cerebrospinal-fluid drain­
age in the control of common forms of progressive in­
fantile hydrocephalus are such that. since effective
techniques of achieving this drainage were devised,1·2 it has
superseded all methods used in the past to shunt fluid
beyond the subarachnoid space. The shunt consists essen­
tially of a catheter which is led from a lateral cerebral
ventricle, to leave the skull through a posterior temporo­
parietal burr hole, thence subcutaneously to the anterior
triangle of the neck, where the internal jugular vein is
entered. The catheter descends within this vein and the
superior vena cava, to discharge at its tip suspended in the
right atrium. This catheter system incorporates a non­
return valve through which the rate of flow of cerebro­
spinal fluid is hydrostatically governed by the fluid pressure
within the lateral ventricle.

This form of shunt promises to be a successful counter
to a dismaying condition in many of these children, and
will be u ed increasingly often. Therefore. the compli­
cations of so hopeful a procedure assume an added
importance.

We report here a case of bacteraemia due to staphy­
lococcal colonization of such a shunt in a hydrocephallc

child. This syndrome has recently been described by Cohen
and Callaghan for the first time, in 5 cases.3 We add this
case because of differences shown, and because the syn­
drome has some unusual pathological interest.

CASE REPORT
HiSTOry

A female hydrocephalic child was first seen by us at the
age of 39 months. She was a third child, born after a full­
term, normal pregp.ancy. but with difficult labour and delivery.
There had been jaundice from the 2nd to the 8th days of life.
During the next few weeks she was said to have been well.
but at 6 weeks of age vomiting had occurred. associated with
hemilateral seizures. Xanthochromic cerebrospinal fluid was
now found. and in the following months it became evident
that hydrocephalus was developing.

When she was 4 months old. a ventriculo-atrial shunt was
performed, using a Spitz-Holter type valve and catheter.

The first 3 postoperative weeks were said to have been
trouble-free, but from that time there was slowly progressive
ill-health. At first there were periods of unmanageable
irritability and refusal of food. At the age of 18 months
pyrexia with profuse sweating began to occur coincidently
with these times of fractiousness. Five months later the mother
noticed that the child's abdomen was enlarging. that at times
respiration was grunting, and that a rash appeared inter­
mittently on the legs. At this time enlargement of liver and
spleen and anaemia were reported. These symptoms pro-




