VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

P
R

CHANGES OF BLECTROLYTES IN URINE_AND SIFRUM

-

ARTER INJURY

THESTS FRESESTED FOR DEGREE OF M.Sc,

BY

ABIUL GRAYUR RAHIMI, M,D., EABUL UNIVERSITY, (AFGI@NISTAN ).

DEPARTHENT OF PATHOLOGICAL BIOCHENISTRY,

ROYAL TNFIRMARY,

GLASGOW, C.4.




ProQuest Number: 10647409

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uesL

ProQuest 10647409

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.

ProQuest LLO.

789 East Eisenhower Parkway
P.Q. Box 1346

Ann Arbor, M 48106- 1346



ACKNOWIEDGEMENTS o« o o o © 2 o ®© 6 ¢ ¢ o o & & ¢ ¢ & e—0-—

CONTENTS

..I- INTRO DIICT I DN L ] L ] L ] L] [ © o T ? ° o L L] L ] . L] L] [ L] . a
L }mTHODS L ] L ) ® [ ] [ ] L. L o L L] -] L] [ ] - . L] * [ * ° [ 4 L]
III MA.TERIALS [ ] [ L] * L] L 4 L] L] [ ] L] L] [ ] L 3 * L] * - L L L L
v COLLECTION OF SAMPIES ¢ o o o o o « o ¢ ¢ o o o o o ¢
v RESULTS -
a) Results for severe head injury patients eeeecee
b) Results for mild head injury patients ceeeeecncos
c) ‘Patients wgth long bone injury who were studied
at 20'-2203[“13101113 [ 3 30 B BN B BE BN BN NN BN O B BN BN BN N R BN NN BF AR NN N N N J
d) Patients with long bone injury who were sgudied
in high environmental temperature 29% 30°C ambient
e) Urinery excretion of Na, Cl, K, Ca and Mg in
patients with long bone injury at 20 and 30
AMDICHBT eceoscecccosesssccssnsssnsssacsscvonnsssnsns
f) Serum electrolytes in patients with long bone injury
housed at 20 C and 30 C ambhient feaccssenocessOo Y
g) Total nitrogen excrgtion in gatients with long bone
injury housed at 20 C and 30 C ambient eceeccscee
% h) Amino acid excretion in Urine seeecessecenccccosse
jv i) Skin temperature S0t ENOCeIOIICEIEIRISIOELIREBOIOIIOTOTS
j) Oxygen congumption and resting metabolic emergy
expenditure (R.M.E.) in patients at low and high
ambient tempel‘ature tesessestsas st e EPRNCAORY
vIi GENERAL DISCUSSION ¢ o o« o ¢ o o o ¢ o o 2 o o ¢ o o &
VII S[]MMABX L ] L] * L] L . [ ] » .. L (] * * L ] L] L] 9 * * ® L L J L2
VIII BIBLIOGRAPHY © - [ ] [ ] L] L] L] L] L] [ ] [ .Q L] L * L] L] [ ] . o L ] LJ

26

28

31

32

37

L2

48

55

56

57

57
58

61
63
76
84




ACKNOWLEDCEMENTS

The work for this Thesis was cerried out in Glasgow Royal Infirmery
while I was in receipt of a Fellowship from the World Heelth Ozganization

in this countzy.

L4

I would specially like to thank Professor H.G, Morgem for providing
facilities in the Biochemistry Depantment of Pathological Biochemistry

for my work.

I also wish to thank as my advigor Six David Cuthbertson for his

help and guidance,

I am grateful to Trofessor R.M.8, Smellie of the University of

Glasgow for acting as my supervisom,

My thanks axre e&lso due to Dr, G.S. Fell for his technical advice

and help during this investigation.

I wish also to thank the staff of the Intensive Care Unit and the
Accident and Orthopaedic Division of Glasgow Royal Infirmary forx

providing facilities for my work.

I am indsebted also to Miss C.M, Smith, Dietitian, Glasgow Royal

Infirmary, for preparation of the patlients' diets.




L INTRODUCTION

Injuries disturb the biochemical pathways in the hody. These
digturbances vary according to the extent of the injury and alao depend
on the nutxritional state of the patieﬁt-prior to injury and on the

temperature of his eavironment. Generally spesking the severity and

“duration of the changes very with the severity of the injury. There is

bhoth alcatabolic rhase and an anabolic phase following all but minoxm
injuries. The catabolic phase which coxresponds to the post-shock reaction
to the injury, follows a period of depressed heat production which occurs
during the shock period. The maiﬁ anabolic phase takes place during the
time the patient —gtaris to convalesce and to regain appetite. The catabolic
phagse is characterised by nltrogen loss from the injﬁrad subject and the
anabolic phagse by nitrogen rebantion which is associated with the healing
process (Cuthbertson, 1942; 1970). Cuthbertson aleo introduced the terms

of 'ebh'! and 'flow' of metabolic activity following injury.

The biochemicel changes do not only affeat protein but also caxrbohydrate
aad 1lipid nmetabolism. There is also a disturbance of water and electrolyte

balance.

In 1952 Mb@re and Ball graded injuries from Grade 1 to Grade 10. These
numerical gradings ave approximately egqual to the number of days during
which the mebabolism of severe cases is seviously disturbed. In Grade 1
they included an injury such as hexniorrophy end in Grade 10 a severe bumn,
Gastrsctomy was Orade 5 and while orthopeedic injuries have turned out to

be rather higher on the scale than might be expected.




Disturbhance of Protein Metabolism

Normally the nitrogenous end products of protein metabolism are
excreted in the urine. Significant extra renal losses, however, can ocour
from diasxrhoea, intestinal fistulae, purulent discherges, exudates from

>

burns or pleural and peritonesl effusions.

In the normal adult who is stable in weight, nitrogen intake equals
output, whoun measured ovexr sgeversl days end is about 1015 g_nitrogen/day.'
The convexsion from nitrogen to protein can be made by taking 1 & nitrogen
as equivalent té 6.25 g of dry protein or o 30 g of wet muscle. During -
starvétion if a patient loses 15 g of nitrogen in the wrine; he ﬁaa utilised
agpproximately 9 g of his body protein., To meke effective use of distaxry

pﬁotein, energy needs must be adequately covered.

After moderste to severe traumas, 5-6 g of nitrogen or less are lost
deily in the first days because protein intake is low and the energy intake
is also generally low, The patient goes into negative nitrogen balance,
After severe trauma, the wrine nitrogen excretion is approximately 15-18 g/day
during the first 10-12 dsys and there may be an additionsl exira renal lozs
from the exudate of $urns. In gastrectomy the total deficit may somebimes
be only 30 g nitrggen over the period. Whilst after severe burns the total
deficit rises to several hundred grammes of nitrogen.

The nitrogen loss cannot he completely prevented by increasing protein
or energy intake at the height of the catabolic phase, though it may be
reduced conziderably for a time. This post-treumatic nitrogen loss may be

termed obligatoxry..




Following major injuries not only is the urinaxry excretion of
nitrogen high and the patient in negative balance in respect of nit;ogen,
but he also goes into a deficit of sulphur and phosphorus. In this
laboratory it has been shown that at a high environmental temperature, 30°C,
the excretion of nitrogen tends to be reduced. _The initial catabdlic
phase is partially suppresged_compareﬁ to subjects housed at ordinary

tenperatures.

Thevan&bolio rhase, in terms of nitrogen belance, starts some days
or even weeks after the injury, when nitrogen begins to be retained. Theve
is o welation between the degree of nitrogeﬂ excretion and the severit& of
the trauma. This significant loss of nitrogen following treuma was first
mentioned by Cuthbertson (1930; 1932; 1936 and 1942). He suggested that
it might be & besic reaction by the organism to provide fuel for energy’
purposes and to enable it to survive the period when out off from food

or restricted in its supply through injuxry.

Amino ac;d disturbance.

After injury, small increases in amino acid levels occur in.the Bexum,
Norxmally the essential amino acids are not excreted in the urine except
in traces. Naxdf'(1954) found that amince acids were excreted in the
urine after burns. He mentioned that both essential and non-essentisl

amino acids were increased in the urine after injuvy.

The essential amino acids, threonine, valine, leucine, isoleucine,
lysine and methionine, not normelly detected in the urine were found

occasionally. This seems related to the amount of total nitrogen excretiom

and also depends on the severity of the injury.




Disturhance of carbohydrate metabolism.

Following injury ﬁhe blood suger level rises and induces a transient
glycosuris for several houns, or even for severel days. In animals this
is related o the severity of the injury and duration of the ;;bb' phase,
The level of lactate riges in the plagma and there is a fall in the basal
oxygen consumpiion., In 1955 Howexd gf al., found that a panritial resistance
0 insulin developed post-injury. The immediate source of glucose is
liver glycogen (hepatic vein blood is richer in glucose then heart blood).
The ultimate source of glycogen is partly from breskdowm of ﬁusole |
glycogen to lactate followed by its synthesis to glycogen in.the liver and_l
vartly by gluconeogenesis from amino acids of protein catabolism., Thia |
gxplaing why in animals killed after injury, the muscle stores of glycogen
may be depleted whilst those of the livexm axe near normal. The breakdown
of glycogen is mainly & result of a high level of adrenaline in the
circulation because the gluconeogenesis oonfrol is by glycocorticold
hormones, Nervous impulses probably play a part, because hyperglycaemia
ney he prevented by previous section of the peripherai nerves to the
injuvred limhb,

Vhat is the;gignificance of this hyperglycaemisa when the basal
metabolism is reduced as seen in shock? Green and Stoner (1949) conéidered
it to be a primitive defence mechanism whereby the body can supply energy
for recovery and where there is incomplete breskdown of cexbohydrate in

the face of inoreased demands fox carbohydrate in the injured limb.

Lipid digturbance.

The free fatty acide are greatly incressed for the first days,



because the subsequent rise in heat production is due to the oxidation of
protein rather than fat (Caixnie et al., 1957). At first a lot of fatty
acids may be oxidised to ketone bodies. Iipidaemie occurs efter injury

but it -has nothing to do with fat emboli, which ocours after ﬁéemorrhage,

burning or local cold injuey (Sevitt, 1967).

Fluid and electzolviea.

Fluid and electrolyte changes aftex 1njux& can be congidered undex
three headinés. |
1) Thexeimay be an increased dietary intake and/or increased output
in the urine. |
2) There may be excessive extra renal losses from yomiting ox aweating
-or other souxcés.
3) There may be an altevation in hormonal control of rensl funchion
by antidiwrebic hormone and increass in corticosteroid similer to

that occurring in hyperaldosteronism,

There may be an endogenous disturbance from existing kidney disease,
Finally, there may be an abnormal disturbance of body fluid such as can

occux in generalised anasarca of heart failure.

Thée factors which are responsible and initiated at the local level
are the secretion of histumine, serotésiin and bradykinin. The role of the
hypothalamic, anterior pituitary and the adrenal cortical hormones such as
aldosterone and coxtisol ave very important as are those of the thyroid
and pancreas. ACTH is necessasry to produce cortisol, but not for the

secretion of aldosterone. Renin affects aldosterone seoretion, and the




role of increased serum potassium is still being investigated.

Sodium_digturbance.

In 1938 Wilson and his co-workers for the first time described that
a oonsiderable fall in the level of serum sodium followed extensive burns
in man, It wag found thaet this could be restored rapidly to a normal

- level by deoxycorticosterone acetate. The retention of sodium and

chloride has long been known $o occux ia fevers.

In 1923 Gamble et al., repoxted that during the first few days of
fasting there is a loss of sodium which is in excess of the amount contained
in the catabolised tissue and is presumably due $o the loss of exiza-

K :
celluler fluid. -After the first elx days of a 15 day fast the Na ratio

in the urine corresponded to that in muscle tissue.

In 1939 Cuthbertson et al., reported that the injured enimal fed an
adequate diet hehaved differently, in that there is eithex no ﬁrinary
loss of sodium or only & slight loss. Wilkinson et al., (1949), Mooxe
end Ball (1952) and Wilkinson (1961) provide@ further description of the
changes of sodium and chloxide in the boéy in different forms of injury.
Upjohn (1958), Wilkinson (1950) and Wilson (1938) reported that there is

retention of body;aodium with a concomitent loss of body potassium,

Balance studles showed that an initial period of sodium vetention
in the body is followed by a period of excretion, The period of retention
of sodium depends on the sevexrlty of the trauma, but it is slightly less
than the period of protein catabolism., DIuring the period of retention

the urine sodium excretion amounts to about 10 meq/day. This retention
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of sodium in the body cannot be influenced by giving salt to the patient.
The retention of sodium in the body following moderate to severe injuxry
geems to be obligatory. Nothing is to be gained by routinely giving -

o

saline after traums unless there is an extra renal loss.

The body has no aefence against the overdose of saline fluid which
mey be retained in the body and cause oedems. The kidneys are responsible
for sodium conservation. If there be extra renal loss of sodium such as
in vomiting, sweating, gastric aspiration, draining from fistulae, etc.,
the renal conservetion can be nullified. ! |

|

For the treatment of patients it is important to know about the
extro renal losses of sodium and make quantitative corrections. During
fever there is some sodium loss in sweat, but there sre low levels of -
goddum in the sweat of stressed subjects. DIatients who do not retain
godium in the body may be suffering from suprarenal disease ox receiving
long-term steroid therepy oxr have chronic nephritis or some head injury.
These patlients ave obviously at misk, as they heve difficulty in maintaining-
their extracellulax volume. Sometimes, in serioualy ill_patients, the
gerum sodium concenbtration may fall althbugh there is no extra renal loss.
This is ascoounted.for by a shift of sodiwm into the intracellulax |
compartment . It is obviously important to recognise this. The giving of
sodium will only increase this tendency, therefore éne rust be waxry of |

giving sodium to patients with no evident exira renasl loss ox low serum

goddiun,

Potasasinm disturbance,

Less then twenty years ago the exisience of potassium depletion and




intoxiocation were virtually wunlknown. The excess excretion of potassium
efter traums was first described by Cuthbertson (1930) end was subsequently
noted by Mooxre and Béll (1952). In 1939 Cuthbertson pointed out that a
potassium loss occurs in the rat with expefimental fracture a&& for a
pexiod may be relati&aly greatexr thén that of nitrogen in terms of
concantrations initially in muséle. An incressed urinary excretion of
potagssiuwn paralleling the incressed urinary niirogen lbss is one of the
chavactenistics of injuny (Cuthbertson, 1942; Wilkinson et al., 1950; _

‘Wilkinason, 1961).

Tn 4967 Lowis studied the composition of lymph in the injuxed Lindb
of experimental animais and composltion to that from uninjuved limb, He
found after a burn of 60°C in the rot. that the potassivm ion remained
intracellular. Even after burning at 80°C there waé only a small incresse
in the concentration of potassium in the lymph end he mentioned that it
could be accounted for by the haemolysis which occurred end which resulted

in merked increase in serum potesslium a&s a direot result of cellular damage.

Metabolism of potassium after injury.

The netabolism of potassium is in a sense the reverss of that of
goddun, Aftex tf&uma there is an initial period.of loss, followed later
‘hy a period of xetention corresponding to the period of anﬁbolism. About
99 per cent of the tobtal body potassiuvm is intracellular, and during the
catabolic phase conaequent on injuny,potassium is inevitably released
from the tissues. The surplug potessiwm is normally excreted, so that

the potassium concentration in the serum vemains unchanged. Similanly
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during the anabolic phase of convalescence potassium is retained

intracellularly.

o

The daily intake of rotassium is approximately 100 m mol and in
norral conditionsg thia amount is excreted. FPotasgsium ions are set free
~ during the mobilization of ;moﬁéin. This awmounts to about 2.5-3.5n mol/kg
of protein. The patients with a negative balance of pﬁotein around
15 g would show a negative balance of potassium of sone 45 m mol. This -
ratio is known as KiN ratio. Increased renal excretion of potassium
following tréﬁma starts almost at'onge and is frequently greateat on
the first day and the extent depends upon the severity sud duration of
the trauma,. It has been reported that aftex gastrectony the negative
balance of potassivm is 50 m mol on the first day followed by a losg of
20-30 m mol/day, These figures are less than the figures for normel
logs on an average diet. It is thus not necessary to give added potessium
following trauma unless the patient is unable to xesume noxmel feeding
wvithin a reasonable time. Normally the ratio of K:N in urine is
2.5-3.5 m mol K:1 g nitrogen, but this changes markediy if there is any
alteration in poﬁgasium metabolisn. In extensive burns iajury there is
little need to give the patient supplementery potassivm, The extra
renal loss of potasaium from the bowel, or from any purulent discharge
is usually very smell, except in extensive burns, when it is necessaxy

to give some potassium to the burned patient.

After btraums there is a considerable change of distribution of
potassium wilthin the body. Since potassium is the main intracellular

cation, any shift of water acxoss the cell membrane is accompanied by a
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change in intracelluler potassium concentration. An indication as to
vhether potassium is being mobilized by a change in the degree of
cellulay hydration or by protein breakdown, can be obtained by measurement

of the K:N ratio.

If this zatio reaches to 5-6:1 it indicates a change in celiular
hydeation. This ratio is 2.5-3.5 in the breakdown of ywotein. It is
also gtated that following trauvme, povassium crosses céll nembranes,
because of increased nmembrane permeability.” The main result of this
ohahge‘is the development of an alkalosis as a part of the well knéwn

hypokalaenia alkalosls syndrome.

Disturbance of chloxide.

Not much is known aboult changes in chloride following injury. In
1952 Moore and Ball pointed out that the disturbance of chloxide

paxrallels that of sodium,

Digturbance of magnesium,

Magnesium'defioieney can occur in patients post-operatively if

intravenous therapy is prolonged and ina&equate replacements axe given.

In 1968 Walker et al., reported that urinary nagnesium bends to
behave like nitrogen and shows an increased excretion.duming the second
to £ifth or sixth deys following injuxry., Levey et al.; (1956) and
Macbeth end Mabbott (1964) studied the serum electrolyte concentration
in eight patients subjected-to gaastric surgery. They reported that
there 1s no significant difference between the pro-operative serum

nagnesivm concentration of the patients, as compared with a control gzoup.
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They mentioned that surgical ﬁatients on drainage need av least 100 mg
of magnésium pex day éiven intvavenously to wremain in balance and thgt
therse is no correlation found between magnesigm belance and that of
godium, potassium ox-chloxide. But theve wag a close relationshipl
between the amount of maegnesium lost in the gastric drainage fluid

and the volume of fluid removed.

Hoynes et al.,(1952) studied the wrinary magnesium excretion of
patients undergoing various surgical procedurss, and also the excretion
of magnesium by patients given 60 to 150 mg ACTH per day as a substitute

for surgicel stress.

The injection of ACTH produced greater metabolic changes in
magnesium than dlid the surgery. The patients usually showed decreased
urinery excretion of magnesium following thginjecﬁion of this hoxrmone
and the wmagnesium content of the urine increased for & day oxr so aftex
cegsation of the treatment before veturning to its no;mal level. These
investigatiéra suggested that the urinery excretion of mesgnesium is
gimilax to that of sodium in that it is under the contr§1 of the hormones

of the adrenal cortex.

Thoren (4963) reported that only small quanti#ieé of magnesium are
lost in fluid aspivated from the etomach which contains less than
0.5 m mol Mg/L. But the fluid im diarrhoesl stools, ox in the discharge
from an intestinal fiaﬁul&e‘om from an ileostomy may contein as much

aa 3 m mol Mg/L.

Denick gt 8l.,(1969) studied the urinary excretion of megnesium in
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obese men who were on & low magnesium intake. They repoxrted that forx
ten subjects the -mea.ﬁ loss of magnesium was 4.6 m mol per day. Momé
magnesium was lost dﬁxing the first 25 days of a fast, than thereafter.
There is some corzelation of magnesium loss with nitrogen loss during
the eaxly pexioda; but none with calciun exc;etipn or with the amount
of ketone bodies excreted. The &dministration of glucose reduces, at
least temporarily, the exéretian of magnesium; Robert et al., (1970),
have statad that the serwn magn951um level in severely injured patients
such as amputations, drops from 2 mg/100 m1 to 1.6 mg/100 ml, returning
o normal by the fourth day after operation, Semum levels in their
group 2 injuﬁiea e.8., appendicectomy, changed'from_1.9 mg/iOO al o
105 mg/iOO'ml. They oconcluded that the serum magnesium level>and
urinary excretion of magnesiun alterwimmediately post-Operativély and
then return to normal. There is also a relation in the degree of change

%o the type of injury.

Calcium and phosphorus digsturbance.

Walker et 5;,; (1968) zeported #hEH a fall in urinaxy output
following major surgery of the soft tissues and that this correlated
ﬁell with the fall in sodium output. Drenick et g&@(1969) studied the
correlation between magnesium, calcium and nitrogen logs after prolonged
fasting of obese males. They pointed out that there ié a xrelation
between magnesium end nitrogen output in urine, but none between calcivm |
and nitrogen output. _

Min e} al., (1970) reported that the ratio of calcium to magnesium

—raow
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in urine in 20 normal subjects varied between 0.6 to 1.5 m mol (meen

1.1 m wol). In hyperparathyroidism this ratico is higher 0.8-3.7 m mol

(meen 2.3 m mol). Ingle et &l., (1%47) and Wyme et al., (1960) 2186

gtudied the urinary excretion of calcium and phosphorus_&ftex operation

and theiln conclusions from their work on fouxrteen patients who had

received abdominal opex&%ions wene as follows: -

a) A marked phoapﬁorus diuresis occurs with & peak at 8 to 12 hours
post-opexration. i

qb) Phosphorus retention beginsAz days after opsration.

6) Post-operative rotention of urinary calcium occurs.

Nine further patients whose opexrations were classed es extensive
superficial dissections, exhibited & similar, bubt much less marked
pattérn of excuetion. 'A cédleium diuvesis was & frequent feature of
+his group. Cuthbextson (19303 1932) had earlier drawvm attention to
the varallelism in the excessive uwrinexy excretion of phoaphorus,

sulphur and nitrogen following fracture bui not of calolun,

Disturbance of osmolality aftex injury.

After injury serum is often found t0 be hypoosmolanr, Hypo-osmolality
is always associated with a low plasme godiuvm, It is produced by |
(a) sodium depletion (b) excessive watex retention (o) potessium depletion,
or by eany combination of these three conditions. After iraumg - including‘
sungleal injuxy - it is usuél for plasma ocsmolality to fall by up to
about 7 per cent., Flasma sodium falls from 140 to 130 m mol/L and

renaing depressed for some 3 to 4 days aftex injuxy.
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A number of faotors may ocause a more pronounced and longer lasting
hypo-osmolelity. They include excessive infusions of hypotonic solutions,
severe or prolongsd operations with incomplete replacement of blood loss,
electrolyte d6pletio§ (Naf and K+), pre~existing cardiac failure, ;
hepatic or renal failure or the poat-operative development of changes
in urine composition., The osmolality of uri£e riaea almost immediately
and especially when water-intake is xestricted, and remaing high for a

week ox ten &aya.

Water disturbances after injury.

During the»past twenty yeaﬁs much Work.ha§ been done snd recoxded
on water end salt retention which occurs after trauma or operation. In
geneiai, gnd ﬁﬁxticﬁl&xly during xecent years, this disturbance of_salt
and water metabolism has been described as due to & secretion of
adaanocomtical—hormones, eapecially aldosterone, hecsuse of the stimulation
of the adrenal giands by trauwma. It is understood that ACTH or cortisone

con couse a retention of salt and watexn in the body.

Three points are imporvant for electrolytes and water disturbance
after dnjury in the body.
1)  Primary water retention.

2)  Early sodiuvm retention.

3) Ilaote sodium retentionm.

All three are due to adwenocortical qotivity. In 1932 Cuthbertson

reported oliguria or snuxla within 24 houvs, in some cases of trauma.

In 1949 Cooper, Tob and Coller showed cle&ily that there was a rotention
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of water after operation, with an oliguria of high specific gravity.

This was shown also by Moyer et al., (1949).

Arviel (1951) and Zimmerman (1951) have observed and noted, the
dilution of extracellular fluid which occurs aftexr operation, though
not specificslly associating this with water retention. Hawdy (1950)
suggested that the oliguria was due to a reléase-of adrenocoxriical
hormones., I% is usually éﬂsumed that the metébolic rate rises seven
per cent foxr each 1°F in the body and for 1% & 13 per cent xise has
been calculated. So that a febrile rise causes en increase in insensible
watey loss after injury. The metabolic rate is incressed aftsr
aceidental or suvgical injury by up to 100 per cent or more following
seveﬁe burng and this also causes an inoreassed insensible loss of
vaten., The rate of water loss by evaporation on the surface srea of the
body depends upon the humidity of the ambient air as well as its
temperoture and reate of flow over the body. Fluid shift occurs after
injury into the injured awea because of the formation of exudete; this

is noat obvious in burna,

Energy requirement.

-~

There are several explanstions for the loss of weight and increased

oxygen conpumpbion which cocur after major operation and trawea,

It may be that the ecarly increase in the oxidation of fat is to
provide for a sudden increase in energy expenditure in men. Thers is
normally about a 10 per cent incresse in energy expenditure aftex

surgexy, but it does not completely explain thils phenomens in some of
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the patients studied. It has been rzeponted that the metabolle rate is
ralsed for 5 to 6 days after opevation or accidental trauma, and if

the patient has not any infection, it then begins to decline. Cuthbextaon
(1932) has pointed out that duving 12 days after severe compound fractures
or operation the respiratory quotient.varied from 0,76 %0 0,85 aﬁd
gradually increassed to 1.15. He concluded that over & period of 4 days
‘oxygen consumption follows the nityogen excretion in the urine, dbub

then tends to fall from the fourth day onwards although the urinary
nitrogen excrotion may still wemsin high. The consumption of food has
been resumed by this time and is again providing a8 najoxr praoportion of

the energy requivement,

In 1957 Caixnie ot al., foﬁnd that in xrats aftéx fenux freacture,
the rise in heat loss paralleled the extra urinery nitrogen output and
oxidation of protein equivalent to the extra nitrogen excreted cpuld
account fox the iﬁcmease in heat production. They concluded that the
increase in heat production wag moxre likely to be due to an increase in
protein catabolism than to any changes in carbohydrate or fat wmwetabolism.
In 1957 Cuthbexrtson re-exémihed his earlier work on man (1932) end
proposed the following explenation: = |
1)  Duxing the first week after injury the enexgy 1iberated can bhe

accounted for by the oxidation of protein equivalent to the extra

nitrogen excreted and that there is no increase in the oxidalion
of fat snd cexhohydrate,
2) In rats heat production does nob iise after injuny if the rats

have previously been on a proieine-free dietb.
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3) In edrenalectomised mats there is no rise in nitrogen excretion
following fracture unless they are maintained on a constant dose

of cortisona,

o

Caldwell (1962) found no protein catabolic response to burns in
vats which were kept at 30°C ambient and he pointed out that this was
because less heat was lost by evaporation of the exudate at the surface
- of the injured skin at this high temperature.‘ In 1967 Miksche and

Caldwell stated +that the loss is due to a smaller heat loss by radiation.

In. 1967 Campbell-&nd Cuthbertson éonfirmed this in fractured rats
vhere there is no exudation denanding extxa'heat production. Caldwell
(1967) also observed this in mats after fracture of the femur. It seemﬁ
likely that aince the high environmental temperature reduces heat loas,
and thus energy expenditure, it also reduces the need for tissue

catabolisn,

Pnvivonmental tempexaturae.

In recent years much work has been done on the effect of high
tenperature and the response to injury.  High enviromnmental temperature,
humidity and wind velocity together, change the metabolic pathway of
injured petients.

Hule of al., (1959) have reported that the weights of kidney, liver
and spleen do not incresse in vats at a high environmental temperature,
but that the thymus gland weight has a direct welationship to the
environmental temperature. Heroux end Gridgeman (1958) studied the

tissue woights of the rats which were kept in 30°C and 6°C ambient and
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they meported that the cold envivonment  does not affect brain,
genitalia or lung weight, but reduces the weight of some other organs.
When ﬁice were kept in a cold temperature -300 ambient, thein oxygen
congumption and hainr groﬁth increased and they had a lighter weight of
gkin than control mic;, as veported by Barnett (1956) and Barnett et al.,
(1965). On theoretical grounds, one might expecf cold exposure to
result in incressed food consumption. The lighter weight of skin
veported by Barnett to occum on cold exposure may be due to energy
demands preventing peripheral fat depositioqf At high environmental
temperatﬁre food intake and oxygen consumption wiil fali-aa will -
voluntary eotivity. Thus a reversal of the effect secondary to food
intake as noted for cold exposure msy be expected. All environmental
temperatures below body surface temperature will impose an obligaetory
heat logs on the animal and may thﬁa be consideved stresgful, DBody
surface temperature in the vat is about 3400, depending on skin blood
flow, environmental temperaturve and the interpretatién of "sunface",
The results of Hume et al., (1959) which indicated that the adrenal

wgight was lowest at 34°Cm3500 would support the above in so far asg

adzenal weight may or may not reflect adrenal activity.

Knigge et al.,(1960) and Kolby et al., (1967) reported that both
cold and hot temperatures will lead to stimulation of coxticosteroid
secretion within 24 hours, bub Tilstone and Roach (1969) reported that
the basel plasma coxrticosterone levels in rals held at 30°C ambient

is lower thenm in the control rats at 20°C ambient.
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Effect of environmental temperature on protein metabolism,

You et al., (1950) have weported that the urinary nitrogen is
highex in the burned rats atb 1.500 ambient than &t normal room’
temperature and they wmentioned that the high excretion of nitrogen in
the urine in the burned rat in cold weather appears to depend on
thyroid, or on advenal stimulation, Caldwell et al., (1962; 1966) and
Mikécha gﬁ,g;,,(1967) reported no increase in oxygen consumption, heat
produétion, ox urinary nitrogen excretion when the burned xat is kept
in an envirommental temperature of 3000. Cuthbertson and his colleagues
(19663 1968) héve'shovn that in 10@3 bone injury in men and in the xat
there is a significent reduction in nitrogen exoretion in sn envirzonmental

temperatuée of 3000.

Caldwell (1962) suggested thet the diminution of.the protein
catabolic response to burns by »ats kept ot BOOC wvas due to the fact
that environmental 6ompensation now existed foxr the obligatory heat loss
resulting from fluid evaporation from the bumm suxface, but as already
indicated such an explanétion was found to be applicable to bone injury,

as Campbell and Cuthbertson (1967) have discussed.

The high environmental temperature of 30°C favours healing of skin
wounds in the rat (Cuthbertson and Tilstone, 1967). The cause of this -
may be an inoreased peripheral blood flow. Cuthbexteon and Tilstone
(1968) reported that bone healing is probably not affected by exposure
$0 30°C ambient. The high environmeutai temperature (30°-32°C) appears

to affect favourably the healing of burus end other skin lesions, but
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probably also does have an epprecisble effect on the deep tissue.
The presence of & high envizonmental temperature in homeothermic
aninals appears to include induction of nocelerated healing at the
surface particnlarly of the extwemities in . men, and may osuse changes
in heat producing biochemical weactions. It obviously produces an

increass in peripheral cizceulation,

factors which are responsible for changes in msetebolic pathways after

trauna.,

P

1) Immobilizetion. Disuse atrophy through immobilization by pain ox

fization was thought to account Loz the wasting of the mascles, alc.,
following injury, but the classical work of Dietrick (1948) showed thatb
gimple immobilization was responsible for only a sm&il negative nitrogen
balance (2 g per day) and only & very small negative balance.
Sodium/potasaium remained noxmal, thevefore the part played by immobilization

is small,

" Cuthbertson (1930; 1942) had earlier shown thet this post-traumatic
tissue catabolism is not due to immobilization or disuse atrvophy because
although when a limb is fixed in & splint there 1s only & smell increment
in the urinary output of sulphur, nitrogen and phosphorus and later of
caleium, and that these increases lagt only a short time snd sre not

neanly ez large as after injuxy.

2) Starvetion. The effects of stanvation on metabolism ave generally

gimilay to those of trauma. Nitrogen balance is negative to o gimilayr

exbent to that seen after moderate tramms, but this is immediately
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correctable by glving protein., Potassium is also in negative balance
but the eaxly high loss seen on the first day after traume is absent.
Sodium retention is only noted after starving for 4-5 days, whereas

it is soen immedistely following trauma, It has been shown (&ilkinson,
et al., 1950) that while starvation undoubtedly accounts for some of

the continuing urinary exc:etion of nitrogenous material after operation,
the large increase in nitxrogen, pétassium, sulphur and vhosphorus
excretions are related meinly to the induction of the injury and this
pattern of urinary excretion is diff'erent to that found during atngation.
Therefore it may be concluded thet st&rv&ﬁién may well oonﬁzibutg_to the
metabolic xe5pﬁnse to traume, bub this is bj no-means the whole stoxy

(Clark, 1967).

Role of the corticosteroid.

After injury the pituvitaxry xepidly secrstes an increased amount of
ACTH and this resulis in the production by the adrenals of corticoateroids

of potent metabolic activity.

Bume and Egdahl (1953; 1959) have helped show the pathways by which
the pituitsxry is sctivated. Thgse pathways nust include stimuli fronm
peripheznal nerveé because corticotrophic activity is greatly minimized
by previous sections of peripheral nerves or thelr tracts in spinal coxd,
The different fibres from parts of the vascular tree conduct pressure
atimuli in response to haemorrhage or hypotension, The activity of
the brain ig less well knovm, but areas of the hindbrain end hypothalamus

appear to stimulate the pituitexry. The flow of stimuli occurs in tThe
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absence of any nervoug connection so stimulation is probably humoral.
Expexriments involving the wemoval of the cersbral cortices suggest
that these hizhor oentres exert & continuous suyppressive role uver
pituitary coxrticotrophic sctivity. 4&s a result of these stimmli the
adrenal cortex produces its hormones. The most copiously secreted one
is 1l-oxy=17-hydroxycorticosterone (hydrooortésone). This is largely
responsible for the changaé in orpanic meﬁaboliam resulting in
inonreasad nitéogen excretion, decreased giucoae_toleranoe and changes
in formed slements of blood Q.&+y @08inophil level. Hydrocoxtisoné

2180 has 8 mild effect on inorganic metabolism, tut is not the most

importent controller of sodium, potassium and water metalkolien.

Aldosherone has been shown to have a powerful action on tﬁe inoxrganic
notebolism of vhe body (Cuthbertaon and Tilgstone, 1969), and i% has been
suggested that this hormone is not wholly under the control of ACTH
and changes in electrolytes can ooour withoul the participation of
anterior pltultery aotivity. It has been pointed out that this hormone |
is excreted by the outer contical adrenal (Zona glomerulosa). A étudy
of a sories of "cold" operations showed & consistent rise in the excrebtion
of this hozmons, ;Studies were also performed altering the pre-operative
vogime (e.g., low sodlum intake) and it was found that altering the
vegime had little effac% on aldosterone output. This was more olosely
rolated to the megnitude of trauma than to any other vexishle so fax
gtudied.

In 1956 Iiddle showed that concentration of sodiuvm (L.e., lowered

sodium level) in the sexum did not give vise to incressed aldostenone
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production, but actually ceused a decrease in circulating aldosterone,
and also they found that dehydration caused increased aldesterone
production and they‘searched for the presence of volume, receptors,

Tt hes been known that the vascular tree énd particularly thaf which
is in the right adrivm (volume receptors) is the area which when

stimulated ceuses aldosterone production,

It has been suggested that these receptors have a central
connection which is in the diancephalon and that they control the
aldosterone production, It seems thalt production of aldosterone ia

humoral rathez than nervous.

It is also possible that the kidney is the source of the hormone
which stimulates aldosterone pﬁoduction in responge to volume changes
in the vascular tree, espocially the juxtamedullany glomeruli. The
role of postevior pituitary hormone is important in mainteining watex
balance in stressed patients. It 1s known that trauma causes a
decrease in urinary output. In this mechanism the role of AN isw
importent. In the normel person the serum osmolality is controlled
by the post pituitany, but the kidneys sre also zesponsible forx
maintenance of fhis balance by excretion of solutes and the reabsorptibn
of water. In 1958 Verney stated that ARl is controlled by the'activiﬁy
of ramifications of the carotid circulation, which tmansmit‘impulses,
controlled by osmotic pressure via the hypothalamus t0 the
neurohypophysis. Normally, if plasma is dilute AIH is inhibited and

when plasme is concentrated ATH is stimunlated. In Hreumatic states

the plasma tends to be dilubted and the urine concentrated, and



production of ADH may be controlled by osmolality of the sexrum, It
is assumed that the need for conservation of fluid and of the
civonlating volume takes precedence over the mechanism of normal

osmotic regulation, \

In the tzaumétised patient his serum ig dilubte, his osmotio
regulating apparatus takes & back seat and he becowmes eﬁtremely
sensitive to overtransfusion with hypotonic fluids (Mbyer,‘1950).
Meny suthors have postulated the paxticipation of ADH as the:pmimé '
facﬁoﬁ in the genesis of tﬁe water retention which characterised
the §ostmtiaumatic gtate. The rate of production of AIH is xelated

to-the degree and type of the stimulus.

The following factors are responsible for the production of AIM,
a) Blood loss is a potent sﬁimulus; |
b) Pulling of the abdominal viscers is one of the strongest stimali.
o) Ansesthesia is not & strong stimulus. ,

d) Incision is but a mild stimulus,-

The mechanian of AIH control is still being studied but volume
receptors in the left atrium have been implicated and distension of
the left atrium in dogs produced diuresis, but section of the vagus

abolished it.
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1. Sediuwwm and potassimm in serum and urine were measured by IL
Flamephotometer Model 144 (Instrumentation Laboratory).
C.V., 0,7% for Na C.Ve 1.5% for K (C,V. = Co~efficient variation).
2. Chloride in serum and urine were measured by E,E.L., Chloride meter
(Bvans Blectrostenun Itd)e CoV, 1.3% for C1
3. Celeium, magnesiuwm and zine in urine and caleiwn and wognesium in
gexrum were egtimated by atomic absorption spectrophotometry
(S.P, 90 Pye Unicam), C.V. 1,8% for Ca  C.V. 3.6% for Mg C.V. 5% For 2
Lk, Seruwm and urine osmolality vere measured by freezing point é
depression (Advanced Scientific Osmometer), |
5. Total ﬁlpha~amino nitrogen.in urine by the method of Rubenstein
et al, (1959)., C.V. less than 2%
6. TPaper chromatography was used for the detection of amino acid in
urine by wethed of Ivor Smith, 2nd Ed. Vol. 1,
7. Creatinine in the uvrine was measured by the Standard Technicon Method,
The Blakiston Co, Ed. p. 506, C.V, 2%
8. Creatine concentration in the urine was estimated by the method Conn, 1960,
modified by Tilstone and Fell (1970). C.V. & 4 %
9. Total nitrogen in uvine by a modified Kjedalil wethod, Munro and Fleck,
(1962), C.V. less than 2%
10, Ammwonium in the urine was estimated by the method of Fawcett el al. (1960).
C.V. less than 2%
11. Urea wos measured in serum and urine by the method of Seavey et al. (1961),
C.V, 2% .
12, Glycosuria and ketonurie were detected by the Clinstix test and
Aceto test of Ames Co.
13, Oxygen consumption and resting wetabolic energy expenditure (R.M.E,)
were estimated by the closed circuit method of Bemedicet and Roth,
(See text C.V, > 25% ) .
14, Skin temperature was measured by & Univergal thermometer with 4 probes

(Eleetrolaboratoriet, Copenhagen), less than 0,29 .V,
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Two clinical hot rooms weve congtructed in Ward 27 (Orthopaedic Unit)

of Glasgow Royal Infirmary. |

Daily protein and energy intakes wefe calculated fxrom the tables of
MeCance and Widdowson (1960).

The Asgtrup method @aa used for measuring of blood, pH, Base Excess,

and pCo,,. : '

Patients with leng bone injury at low and high environmental temperature
were studied for 9 - 12 days after injury. The dietary regime was
gimilar for the patients at normal ward temperathres (20—2200) and

thoge at 29~3000. The total energy intake of the patients was around
2500—kca1/day and protein accounted for 13-14 per cent of the total
calories. The food consumption was slightly higher in the patients

who were in the higher auwbient temperature, but statistically ﬁhié

wag not a 3ignificant difference. The‘diets contained around 13g/N/day.-
The intake of water or other fiuids such as lemonade were Haken in |
greater awount in the patients in the hot clinieal.rooms; Urine was
collected every 2% hours fox the various analyses. [Paeces were not
collected since the faecal excretion of nitrogen is not affected b}
injury (Cuthbertson, 19293 1936), and the nitrogen excretion in the

faeces is norwally around 10 per cent of the dietary nitrogen.
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TR A8 TS HRTANNAICES

Clinical subjeoctas.

This present investigation wes carwied cut on fouxr groups of patients.
Some hed been admitted to the Intensive Came Uni% and were specially
gelected, obhers were cases admitted to Ward 27 of the Orthopasedie
Unib of the Glasgow'Royal Infirmaxry.

The fizsd two groups of subjects had either severe head injury with
one ox mozre long hone frastuves or were cases of mild head injury with
chest invglfement, and the rest of the patients had one or more msjox
long bone fﬁactﬁrea-wiﬁhouﬁ head ox chest injuxry and were held at

20°¢ ox 30°C ambient.

Patients with mevere head injuny

Neme Age Sex Type of injuxy

Cunning 32 nale hend end chest injury
Noyxming 56 male head and bons injuxry

Miller : g0 . nole head injury

Dolan 24 ' nale - head aﬁd bone injury

Canol 148 female head injuxy

Gillesple ) 20 male head and bone injury

Iveving 41 male head, bone and spleen injuzy
Smith 26 mele head injury

Waltexr 19 nalo head and bone injury

MeCoxnack 49 male head and bone injury



29

Severe head injury (Fatal cases),

Ten cases were investigated with severe head inmjury. Nine of
then were male and one was female. The age of the patients varied
from 18 to 80 years, TIive of these patients also had fractures with

their head injury.

The pationts were studied at ondinary ward tenperatures. They hed
been admitted to the hospital unconscious and never regained
consclousnens. They died bLetween 4 and 9 days after injury except

one who remgined alive for 17 days after the dey of his injury.

Mild hend injuny.

This group were admitited unconscious and regeined conscionsness
one or two days after thelx injury.A There were eight such caaeé,
seven male and one female; slx of these patients also suffered from
chest injury as well ag mild head injury. The age of the patients
varied between 20 to 57 yeawrs. The patients were studied ab normal

temperature.

Patienta with fracture (20-22°C) embient.

Ten cases were investigated with one ox moxre long bonse fraciures
and were studied in an environmental tempsrature of 20-22°C embient.
Seven of the patients had one or more long bone fractures, one had a
laceration of the left leg end the leg was subsequently amputated.
Two underwvent the severe operation of'Chamnley'arthrOplaﬂty. Al

of the aubjscts were male and their age vanrlsd from 18 to T4 years,
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The severity of their injury ranged between 1% to 7 vnite (axbitrary
wnits of dawage). The patients were on a controlled but self
selected diet,which was provided with the co-operation of th; diet

kitchen. »

Patients with fraciures held at high environmental temperature

(29-30°C) embient.

|
]
i
I

!
There were nine cases and ono of the patients was studied for

" two periods when he was in hospital, These subjects had fractures
and all of them were male and their age varied fwxom 18 0 67 yeauvs,
The severity of their Injuries veried between 2 and 5., The diet of
tha,pmtients was voughly the seme diet which hed been given 1o the

patients at 20~22°C embient.
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IV, COLLECT ION OF SAMPLES

The samples which were collected for this investigation were

blood and 24 houx ugine collections{

The blood wes dvawn on the 3wd, 5th and 10th days after injuzy
from_the vatients who were studied in low and high environmental

temperaturen.,

Blood samples were collected from the patients who had severe
head injuzyland nild head injury. The serum was removed immediately
and gtored in thé deap temperature. The 24 hour urine was collected
in a plasbic bottle with 5 ml of 10% thjmol in isoPrq?anol as a
preservative and gtored in deep freeze. For measuremaent of
anmonivm ion urine wag collected in plastic bottles éhich contained

0.25 g of chlorxamphenicol, 0.5 g streptomycin and 50 ml of toluene,
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a) Results for severe head injury patients.

<

Sodiwm, ehloxide,*potasmium, calcivm, magnesium and creatinine
excretion were inve;tigaéed in ten cases of severe head injury. The
total deily excretion ave expressed as m mol, .The volume of urine,
anino acida, and the osmolality wore also measured during the period
of observation., Qualitative tests were used for the exocxetion of
glucose and ketone bodies in the gamples. Nine petients died between

the 4th and 9th days and one lived to the 17th day af%éx iﬁjury,

Changes in ucine excretion (Figure 1 and 2). -

5

Sodium and chloride excretion. - It was evident that these ions were

pax&llel'in gix of the patients after injury. Fatients Smith,-Norming,
Walter and Gillespie showed exceptions to this during the period of
investigetion. Sodium and chloride excretion were initially pavallel
in the case of Smith, but sodium excretion rose higher than chlovide
on the 4th day after injury. OChloride excretion was highexv then
godium in Noxming on all days of observation., Gillespie showed a
higher oxeretionl of sodium then chloride foxr the firvat two days aftex
injury, thea the excuetion of these lons was very low up to 2 m mol/day
on the fourth day of obsexvation., This rattern was not observed in
other patients. Irving showed o wemarkebly low sodium and chlonide
excretion for the fivet five days aftgr injury. Then he excreted

incressed amownta of chlozwide and sodiuwm on the sixth day of observation,
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This was followed hy o second period of low godium and ghlorida
gxcretion., This bhehaviour in the excrebion of sodiuvm end chloride

was not obzevved in the other psitients.

Potagsium excration.

The patients were in negative balance of potassium durning the
fizgt day after injury. The excretion of potagsium differed from one
day to enother in patients during the period 6f observation. 4
gongtancy in the pattern of potassium excretion was not observed
in the ﬁ&ti@nta alter injury, (illeapie had a low excretion of
2 nm mol/day of potassivm in wrine on the founth day aftex injuvy.
This kind of low excretion of potasaiwn wasg not observed iu nive

othey patients after Injury.

Caleium end maenesium excvetion.

It was ohserved that caleium and wmagnesivm excretion were low on
gll days of investigation in nins of the patlients. The oxception wes
Dolan in whon the excretion of calcium and megunesivm were high on all
days after injuxy. I% was also found that caleiuvm and nagnesium
oxcretion were parallel ducing the period of observation. The ratio
of uninary celeitm and megnesiun excretion was 0.7 to 0.8 showing a
rather lower éxcxeﬁi n of calciua then is noxmally found (Normel

Caslg = 1.1), (En et al., 1970).

Creatinine excretion.

The erestinine excoretion varied from one dsy to the other after

2,

injery. It wan evident that cvestinine excretion vanged Irom 2 to 3 g/c



Two of the patients Halligan and Irving excreted more than
3 g cr@atinine/d&y in the firet few days after injury. No relation
hetween c¢reatinine, potassium and magnesium excretion was obasrved

after injuny,

¥

Volume of urine and osmolality.

The patients showed:polyuzia for one or two da&a-after injuzy.
Gillespie exoxreted the high volume of 3500 ml of wrine on the first
day after injury. This was followed by an even higher excretion of
up to 6000 ml nrine/é&y on the second day. But on the third daynhe
exhibited an snuria and by the fourth day oligﬁria. This early
polyuria was not observed in the nine othen ﬁatients Suring

invegtigation.

34

Irzving showed polyuria for the firsgt three days but this was then

followed by 6ligumia for one day and then by a further period of

polyurdia, This pattern was not observed in nine other pstients duving

investigation, It was observed thal urine osmolality wag high in the

patients after injury.

Glycosuris and ketonuria.

Glycosuris was present in oll of the patients for one to three
days after injury (Taéle T), Ketonuria was observed in wnine of the
petients (except Carol) for one or thvee deys during investigation
(Table I). Jasundice was observed on the seventh day in tha case of

Tyving, but aone of the other patients showed any sign of jauundioce

during investigotion,
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Serun eleotrolytes end acid base balance,

Three patients were investigated for Na, Cl, X, Ca, Mg, 002,
ogmolality, urea, pil, pGO? and Bage excess (BE) in the blood and

plasma after injury.

It was obsérved that the cation and anion conqentration in the
sexum were changed from one d&y{to-another duminé the perded of
obaexvgtiog (Table I, III'&nﬁ IV). Acidosis and alkalosis either
respifatcry or metabolic were also 6bserved in the patients during™ -
this period. The patients showed hyperchiqr&emia-and'hypéroamolality
on the last few days of obsexvation. Not mucﬁ difference was
observed in the levels of K,-Ca and‘Mg in the serum. during. y i
investigation., The concentration of urea in the gsrum was normal
except fox Gillespie. This patient had & level of 120 mg/100 wl of
urea on the third day after injury. i, p002 and ﬁE changed from §n9
day to enothexr aftexr injury.

Summery for patients with severe head injury.

The patiehts showed polyuria and then oliguria and there was also
remurranc@,qf yolyuria.

Uzine oamoiality‘waa high, and the patients had an increaged urinexry
loss of sodium and chloxide for one or two deys which was then followed
by netention of these ions. Na snd C1 excretion were pavellel bub there
was no consistency in potassium exovetion., Celcium and megnesium excretion
were Low, %% xatio, 0,7-0.8 (normal-1.1), and were excreted in parallel,
Hypernatvaemia, hyperchloraemia and hyperosmolality were obsecrved in the

logt few days after injury, but with no changes im serum . potassium



TABLE 2.

SERUM ELECTROLYTES

IRVING
| s/ e/ | /100 | &0
wﬁ%m after Blood Urine
injuxry Na c1 K €O, Ce Mg Osmol ures urea H p0, BE
1 138 o7 3.8 31 2.4 1 1.2 300 28 - 7.68 | 30 | +1
2 131 96 3.1 30 2,31 1.2 288 15 3.8 7.44 44 G 43
3 139 98 3.5 30 2.3 1.1 292 38 3.2% whbm 34 0
4 144 108 3.5 30 2.5 1 1.2 304 48 2.9 7.35 43 | -2
5 144 104 3.8 26 2.4 { 1.3 308 48 2.8 7.41 32 | -4
6 149 109 4.1 29 2.2 1.2 304 59 - 7.29 48 | -4
7 158 116 wyo 29 2.3 1.1 330 70 - 7.36 35 -5
8 55" | 104 | 3.9 | 28 | 2.4 1.2 | 324 41 120 |.7.36 0 50 |49
9 147 107 4.2 26 2.5 1 1.3 318 44 2.4 7.29 1 95 | =3
30 144 104 41 30 2,21 1.2 308 46 1.9 7.29 45 | -6




TABLE 3 .
CILLESPIRE T SERUM ELECTROLYTES -

! ' ‘ i
*. . m mol/1 m0s1/100 | mg/100m1} me/
o i s nl 100m1. h
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Date after W :_:-w ; i _ ; |
injury Na c1 K | acm Ca Mg ! Osmol Blood Urine ; = }
o 3 4 . urea | urea | I
H T
W

143 102 4.3 26 2.4 1 1,2 ! 300 32 "~ 0.8 17.33

2 1446 | 109 1 5.5 28 . 2,5 1.3 302 28
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caleivm,; magnesium and urea,

Both acidoslis and alkelosia, either respivatory or metabolio,
were observed. Glycosuria and ketonuria were preseant on one or

two doys early affer injuxy.
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b) Rasults fox mild head injury patients.

Light patients were investigated for sodium, chloride, potasaium,
calciun, magnesiwm, smmonium, creatinine excretion in 24 héﬁr urine
collactions after injury. The volume of urine and osmolality wexne
measured during obmervation. Glycosuxia &md ketonuyia were also

checked qualitatively,

Pabtieats with mild head injury

Nomo éﬁg Sex Type of injuny L
Collins 24 nale | head, chest and bone injuny.
Smith 42 - male head, chest and tone injury,
Pendex 57 male head injury

Balford 26 mnole head injury

Jaackson 40 male head, chest and bone injury.
Friel 45 mnele head, ochest and bone injury.
Cagsidy 34 female head and bone injuxry

Shield 52 male head, chest and bone injury.

Urinery excrebtion (Fig. 3 and 4).

Sodium and chloride excretion. « I% was evident that sodium snd

chloride were parellel in sevem of the petients after injury.
Patient Smith showed a higher chloride than sodium excretion in the

4Ath, 5th and 6th days after injury.
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Potasgium excrebion.

It was observed that the patients were in negative balance of
potasaiwm in the first one or two days after injury. Patients Cassidy,
Balford»&nd Friel, showed a high potassium excretion of up to
150-200 mmol/day on tge fiﬁst day after injury. .Thié.high potassiun
excretion was not observed in four other patients duving investigation.
The potassium excretion altered from déy to day in the patients after
injury.

Caloium end magnesiun excrebion.

It was evident that calcium and magnesium excretion were parallel
in seven patients. Patient Balford showed & high magnesium excretion iﬁ '
the 2nd, 3rd and 4th days afterx injumy. This was not 6bserved in seven
other patients.  Patient Smith showed & raised caloiuvm and magnesium
excretion on the 8th day after injury. The potassium, sodium, chloxide
and ammonium excretion were also high at this time., Patient Friel
showed high caloium and magnesium excretion on the 6th day after injury.
He did not show high sodium chloride and potassium on the ssme day; but
apmoniun excretion was higﬁ? Patlent Belford showed high caloium and
nagnesium excretion on the 7th dey after injury. Sodium end chloride
excration were not Increased but potassium and amwonium excretion were
reised on this dey. DPatient Pender had a low calcium and magnesium
excrevion at all times. Cassidy showed low caleium excretion fox the
firet six deys after injury, but megnesium excretion was not depressed.

Creatinine exoretion,.

The excrebtion of creatinine did not show much alteration. The
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patients exoreted 2-3.5 g/day of creatinine,

Anmonium exoretion.

It was observed that ammonium excretion wag high in the patients
after injury. The ammonium excretion vaxrlied from one day to the othex

days in the patients after injuxy.

Excretion of urine volume and osmolality.

Six of the patients showed polyuria for the first one or two days
after injury. Patients Jackson and Friel showed oliguria in the first
one or two days during'oﬁser#ation then followed polyuria in the last
fow deys after injury.

Urine osmolality was high durving observatlion in the patients after
injury. | |

Glycosuria and ketonuriae.

Table 5 shows glycosuria and ketonuria in the patients after injury.
It was evident that the patients showed glycosuria for one to three days
during observation.

Ketonuris was present in six patients for one to three days after

injury, but patients Pender and Shield, did not show keboauris after injury.

Serum electrolyte§.

Three patients were investigated for sodium, chloride, potassiunm,
002, caloium, magnesium; urea, osmolality, pH, p002 and Base exoess in
the blood after injury. Tables 6, 7 and 8 show the serum electrolyte
concentratiéns for the patients after injury.

Patients Pender and Collins showed early hyponatraemia and
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TABLE 6

PENDER SERUM ELECTROLITES

Eomﬂ\w mg/ 100

n mol/1 ml
Days after : 1 co i Blood -
injury a C1 K 2 Ca Mg Osmol uren, yo'i ﬁQOm BE
1 120 92 3.2 24 2,2 7.1 266 24 T.52 28 0
2 110 a2 3.4 24 2.1 1.1 268 23 Tdd 34 9]
3 130 a7 5e2 26 2.2 1.%5 284 30 T.4 39 -4
4 132 96 3,7 { 24 2.1 1,2 288 32 7.36 | 139 -3
5 137 o7 4,0 28 2,2 1.2 250 32 7.46 36 +2




TABLE T

SERUM ELECTROLYTES

COLLINS
mOsm/kg | mg/100m1
m Eow\w
Teys after ._ co Biood ﬂ

injury Na c K 2 Ca ¥g Osmol urea pE
1 131 | 102 £.1 26 2.4 1.2 278 - 7.34
2 128 98 3.4 25 2.4 1.1 272 - 7.38

3 129 99 4.4 | 24 2.3 1.2 272 26 -
4 433 | 102 3.9 |25 | 2.2 1 1.3 282 48 7.4
5 140 109 3.4 27 2,5 1.2 278 28 7.37
6 143 108 4.3 23 2.3 1.2 300 29 T.45
7 | 138 | 101 2.0 | 22 | 2.3 | 1.3 278 30 7.46
3 135 | 100 35 |25 | 2.5 | 1.2 - - 7.47
g 134 Qﬁoo 3.6 24 2.3 1.1 2e0 32 ) 7.4
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TABLE &

SERUM ELECTROLYTES

FRIEL
Osm/k 100
m HoH\H = QB\ s EM\, =
Days after Osmol Blood
v _ Co 1 - -
injuzy Ne ¢l X 2 Ca Mg ures pH WQON EE
1 145 118 3.8 27 2.2 1.1 310 26 7.48 38 +7
2 140 140 3.6 26 2.3 4,15 300 28 T.41 33 -3
3 138 102 4.0 ! 28 2.4 1.2 289 25 7.23 30 -4
4 142 140 4,% 27 2.2 1,2 208 26 7.3 52 -2
m \mwm @8 wam mw m-m Ac\w WOO m&- nﬂaww.\w &.N ..lm
S 142 102 4,2 26 2.4 1.2 306 28 T.4 36 -4
i )
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nypoosmolality in the first fev days affter injury. The sexun sodium
in Pender was only 110 mmol/L . on the second day of observation, and
the chlorids concentration was also low, This kind of hyponat§g@mia
and hypoosmolality wéze not observed_in thefother patients. Serum
osmolality zreflected %he concentration of sodium in the serum. It
-wag also noted thaﬁ balance of cations and anions was altered when

the patients had an acid-base distuvbance., No alteration in merum

ures wag found,
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Summery fox patlents with mild head injuxy.

Polyuria was ohsevved in the patients, bui the volume of urine
was lower thaan the severe head injury patients.h Exceretion of sodium -
and chloride %ere parellel but there was no regular paitern of
potagsium excretlion, »

Calciumr and magnesium excretion were low in the first one or two
days and there was nd change in the last few days after injury.

Excretion of calcium and magnesium were parsllel, i
Creatinine excretion and urine osmolality were high afta¥ injury,
Ammoﬁia excretion was high, but it changed from day to day.
Hyponatraemie, hypochloraemis and hypoosmolality were observed in
the fivst few days after injury, then ssrum values returned to normal.
No ohanges in serum pobassium, calcium, magnesium or uzrea concentration
were found.
There was acidosis and alkalosis either respiratory or metabolic

after injury. Glycosuria and ketonunia were observed for one or two

days.
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¢) Patients with long bone injury who were studied at 20-22°C ambient,

Ten patients with long bone injury were investigeted for sodiuwm,
chloride, potassiuvm, caloium, magnesivm, creatine and total nitrogen
excretion in 24 hour” urine collections after trauma. The daily .

volume of urine and osmolality were also measured,

Glycosuria and ketonuria were detected qualitatively in the samples,
Baily enerxgy inteke and nitrogen balance were also calculated forx

the patients during the period of observation (Urinexy ¥ - Food N =

(Nu b Nf) .

Changes in urinary excretion (Fig. 5 end 6).

Sodium and chloride exeretion. = Nine of the patients showed parallel

axpx&tion of godiun and chloride during obgervation. DBut Nelson excreted
more chloride than sodiwm during the first thvee days after injuey,

Then he showed & parallel excretion of sodium and chloride., There was
retention of sodinm and chloride in nine of the patients for one or iwo
days aftier injury butb Neiaon ghowed a retention of sgodiwm and chloride

fox several days during observation.

Potegsiumn excretion.

It wan obsexvadith&ﬁ potassiun excvebion followed the totel nitrogen
axeretion in nine of the patients but Scott did not exhibit this parallel
excretion of potessiuvm with totel unitxogen excretion during the last
few days of obsexrvation., [He was in poaitive balanae of nitvogen during
the last few days aftex injury, bub potassium excretion was not much

different then as when he wag in negative balance of nitrogen,
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Patients with long bhone injury housed ab 20.22°0 ambient

Name ‘ Age Sex Type of injury Scale of injury
Nalson 69 . nale Fractune of claviouli
. ring of acetabulum,
femur and metacarpals &
Andrew 34 nale Fracture of tibia,
fibula and hunerus 5
Cexy 59 nale Compound fracituxe
: of tibla and fibula 5
Scott h 54 male ‘ Frecture of femux
- and tibis : 5
Camphell 32 '> male Amputetion of one leg .5
Dalrymple 53 ngle Chaxnley arthrdplasty
operation 7
MeInnes 55  male Fracture of £ emue 3
Adamgon 18 wele Fracture of femuv 2%
Connelly 68 male Chaxnley arthroplasty
operavion . 7
Moodie 74 ' mals Fracture of melleolus

and diglocation of enkle i



Calcium and magnesium excretion.

It was found that the calcium and magnesium excretion were pavallel
during obsenvation., Calcium and magnesium excretion were low foxr the
firet one or two days after injuny. Dalrymple showed high caiéium and
nagnesium excretion for several days after operation. This kind of high
celeiuvm and magneéium excretion wene not observed in other paiients.

Adamson showed high magnesium excretion on the seéond day aftex
injury which was not happening dthew patientg. Three of the patients
(Caxx, Moodie and Comnelly) showed low calcium and magnesium excretion
during the peﬁiod of observation. This was not observed in the remaining -
sgven patients.

24 hour urine wvolume.

The patients showed polyuria and oliguria., »

Four of the patients (Connelly, Moodie, Dalrxymple end Carr) showed
oliguria for several deys after injury. Ademson, however, showed polyuria
for the first four days after injury, then he showed oliguris fox one day
and this was followed by a second peviod of polyuria. This pathexrn was
not observed in nlne other patients. -

Urine osmolality.

It was evident that the patients showed high urine csmolality for
the first few days after injury.

Creatine excrebion.

In eight of the patients no mexked creatinurie wsa observed during
the firet ten days after injury. Two of the patients (McInnes and Dalrymple) -

showed high cneatine excretion duving the first day after injuny.
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It was obsenved that the oreatine excretion was also biphasic in
gseven of the pstients (Andrews, Melnnes, Scott, Dalrymple, Adamason and
Campbell) after injury. They excreted much creatine bebtwesn the fouﬁfh
to eighth day adfter injuny.

Three of the pa;ienta (Camr, Moodle and Connelly).excreted the
nowmal levels of creatine to be expected on & normal diet and this
despite the fact that two of the patients (Carr and Connelly) were in
negative balance of nitrogen during the period of observaﬁioﬁ. Althoug@
Conmnelly hed a severe head injury (Grads 7) it was observed that the
creotine exczétion did not follow the total nitrogen excretion as
noted in Lalrymple's case.

Fnergy intake.

It was observed that there is a relation between the enevgy intake
and totel nitrogen excretion in the urine aftex injury since food protein

is & constent proportion of the total intake of food in these casges,

Total nitrogen excretion.

Eight of the ten patients at normal waxd temperature were in nega%ive
halance of nitrogen after injuxy. Hoodie did not show any negative
balance of nitrogen during the firat two days after injury but this was
followed by a.negatiV@ balance., Andrew showed neg&ti%e balance of
nitrogen of up to 16 g/dsy between the fifth to ninth day after injury,
Such a high negative balance of nitrogen was not found in the other

injured patients during obacrvation,



Glycosuria and ketonuris.

Table 9 shows ﬁhé results of tests for glycosuria and ketomuria in
the patients. Seven of the p&tiantg.did not show glycosuvia during
obgervation, but the®others showed glycosuria for one oxr two days aftexr
injury. Andrew showed glycosuria in the second to fifth day aften
injury, then the glycosuria disappeared fox two days but his glycosuria
returned agein, This exceptional behaviowr was not seen in the othew
patients,

Table 9 shows rxesults of tests for ketonuria in the patients. It

wag evident thet kKetonuria was present in six of the patiente for one

or two days eftex injury.
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Summaxy for petients with long bone injury housed at 20.22°C anbient,

Oliguria was obﬂérved in the patients. Sodium gnd chloride excrgtion
wore porallel snd theve was a rebention of sodium and chloxide foxr several
days, Potassivm excretion followed the total nitrogen excretion and the
potients showed a negative balance of nitrogen., Calcium and nsgnesium
excretion were in parsellel and were low for the first one or two days.

No relation between magnesium and total nitrogen excretion was found,
but & relationsbip between total nitrogen excretion and enexgy iniake'
,w&g,né%ad which vas less ﬁﬁan that observed at 29M3O°G. Cregstine
excretion was normael at fivet end then increased markedly towards the
end of the period of obsexvation, However, there was no relation

between the $otal nitrogen excretion and the creatine excretion.

Urine osmolality was high and glycosuris and ketonuvie were preseﬁt
after injury. Not much change in serum sodium, chloride, calcium,
ma.gnesium and osmolality on the thixd, fifth énd tenth day after injury
wags found but the potassium concentration was highex on the fifth day
then on the third and tenth deys after injury. Both essential and
non-essential smino acids were excreted in the urine, Oxygen consumption
and resting meta;olio energy expenditure (R.M.E.) wore higher at first
than in the latexr period. Axillary temperature was also high in the

fivet three days. Big boe temperatuve wes high at fizst and decreased

after 9«12 days.
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d) Patients with leng bone injuny who were studied in high envivonmental

0 .
Fezperobure 29-30°C ambient,

Nine patients with long bone injury were studied in high cavivonmental
temporature. One of the Patients (McCow) was obsexrved during the two
periods, Sodium, chloride, potassivw,; calcivm, magnesium, crentine and
totel nibrogen ewcretion were obaerved in 24 hour urine collection
‘(Fig, ? and 8), ﬁaily urine volume and osmolality were also measured
during obaenvabtion, Glycosuria and ketonuris were tested qualitatively.
Doily nitrogen balence aud energy_inﬁake were also caloulated fox the

vatients after injuxy;

Sodiuvm and chloxride excretion,

Eight of the patients showed parsllel sodiuvm and chloride excrations
during observation, Bub one patient (Jackson) excxeted nore chloride
then sodium in the urine after injury. He showed a high ehlomidm
axeration of up to 400'mmal/day during the first three days after injury.
Thereaftex he showed porallel excretion of sodiuwn and chlowide fox fouw

days. Then he showed & high chlordde sxoretion foxz the second time.

This pattern was not found In sight other patienis,

»

Sodium and chloride excretlions were parallel in patient McCaw dn
the first day after injury end also in the second pewvled afier operation

during obsevvation,
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Patlients with long hone injury housged at 29m300C smblent®

Name

RO I

Jackson
Goxmen

Dolan
Shannon

McCaxr

Period 1

MoCaw
Poriod 2

Faulds

Kelly
Peobles

Fexguson

bge

17
42
14

39

18

18

50

67
32

Sex

—

* male
nale

male

male

wale

nnle

nale

nale
maleo

male

Type of injury

Fraoture of femur
Fraoture of humsrus

Fractures tibia,
fivula, pelvig,

Fyractures Ltibise,
fibuls.

Practure Lfemay

Operation on femux

pactures tibia,
fibule

Fracture femun

Frooture tibla

Feootures medial and |

lateral malleolus and
disloocetion of ankle,

Seale of dinjury
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Potassiwm excretion,

Excretion of potasainn was p&rallei to the total ailtrogen excretion
in all of the patlents during the observation peviod., Fatlent Jackson
excreted high potassium in the ithird daj after injury although he did
not show the high negetive balanca of nitxcgeﬁ which was expected
during the ssme period., Then he showed parallel excretion during the
rest of the period of observation., This excepilonal behaviour was nob

obgexrved in othex patienta.

Caleoium and nagnesium excretion.

It was obaémved that the calciﬁm and megnesium excretion were
pavallel during the period of ovassrvetion,

Four of the patients (Dolan, Faulds, Kelly and Gormen) showed low
caloium and magnesium excretion during the firet two days after injuny.
Caloiwm and nmagnesium excraetions were low in Kelly at all times after
injury. This exceptional behaviour was not seen in the other patients,
It was also observed that the caleiunm and megnesiuwm excretions in the
cage of McCaw differed dniing_the fivet period and the second period
of observation, He excreted high levels of calcium and magnesium bebween
the seventh to eighﬁh day after injury during the fivst psriod, but he
showed high calcium excretion only in the fivst five days of the second

period of obaervation,

24 hour urine volume.

£

Six of the petients (Dolan, McCew, Ferguson, Faulds, Kelly and

Peebles) showed oligurie for six to ten days after injury. Two of the
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patients (Jackson and Shannon) did not show oligurie during the entire
period of observation. One of the patients (Gorman) showed oliguvia
for the first three daye after injury, then polyuria. He excreted up.
to 4000 ml of urine on the eighth day after injury which was not seen

in other injured patients.

Osmolality.

Urine osmolality was high in the fivst few days after injury in

these patients dﬁring obaservalion, |

Creatine exoretion,

Four of the patients (Faulds, Kelly, Ferguson and McCaw) in the
firat period of obsexvation excreted the normal anounts of crestine,
Four others (Jackson, CGormen, Shannon and Dolan) did not excrete high
lovels of creatine in the urine during the first three days after injury
but they showed high cxeabtine execrebtion in the last fow days of
observabion., The excrebtion of orealine differed in the ocasse of McCaw
between his firvst and second perlods of observation., He did not ghow
& high creatvine excretion during the first nine days of observaiion,
but the excretion of creatine was high aftex hia operation in the
second pexriod. -

It was obéervea that there was not any parallsl relation between
creotine excretion and the tobtal nitrogen sxcretion in five patients
(Paulds, Kelly, Peebles)and(McCawin the first period of obserwvation),
and in Ferguson aftex injury; But in five other patients there was a
slight relation between creatine and the total nitrogen excretion

after Iinjuxy.
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Daily energy intake,

It was obgsexved that an intake of around 2000 keal energy intake
together with & high envivonmental temperature reduced the total urinaxy
nitrogen. But these two fagtors aid not reduce the total nitrogen
exeretion in the case ;f MeCaw duxing the £ifth to ninth days of the
f£iret period of obsexvation, It was algso obsekved that the patient,McCarw,
ghowed high total nitrogen exowetion on the fivst, second and thixd

days of the second period of obsevvetion, although he was on o high

energy intake end at the higher envivonmental temperature,

Total nitrogen excration.

Total nitrogen excration was lower &t the temperature of 3000 than
in patients who were studied at low (nomual) ambient énvizonmental-
temper@turesq The paitlients still showed a negative balance of nitrogen
during the peviod of observation but Gorman, however, .exhibited a high
negative balance of nitrogen fon nine days after injury, This high
negative balance of nitrogen wes not obaerved in the other patients at
the high ambient temperature. The patient Jackson was exceptional in
| showing & high negative balance of nitmagén of up to 22 g/day on the
sixth dsy after imjury. This behaviour was not found in other patients
at the high ambient tempervature. It was also obsevrved that the total
nitrogen excrebion by McCaw was different beitween perlods, It was
found that the high environmentel temperabure together with a sustained
energy intake reduced the increment in tobal nitrogen excretion following

injury and so saved body resexves,



Glycosuria and ketonuria.

Table 10 shows the resulits of tests for glycosurla and ketonuria‘
in the patients, we

Four of the patients did not show any glycosuria after injuxy.

Gorman showed glycosuris for aix deye after injury. Jackson
ghowed it fom only one day. This glycoouria disappeared for three days
then it reappeared on a second and third occasion after injury.
Glycosurie waa not ohserved during the fiwvst and second periodé of

obsexrvation on the patient McCew,



Glycosuria and kebonur

{9 patients).
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ratients with long bone injury housed at 29 ..woon ambient.

TABLE 10

8 B
o & a o
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o . . . e s g
Sumnary fox patients with long bone injury housed at 29-30"C smbient.

Oliguria wae observed fov seversl days, sodium and ¢hlorvide excrebion

were pavsllel and there was retention of sodium and c¢hlovide after injuxy,

Potagsium excretion followad the total nitrogen excretion. The
patients were in-ﬁegative-balanee nitrogen. Caloium and magnesium excretion
wvore low in the firet one ox two days af tex injury., The calcium and
magnesium excretion were in parallel, no relation was noted belween the
totel nitrogen excretion and creatine. There was a high urine osmolality,
glycosuria, ketonurie, esseﬁtial and non-gsgential amino sclduria were
ohgerved, No changes were seen in serum sodium, chloride, potassiumnm,
caloium, magnesium and osmolality on the third, fifih and tenth days afiex
injury. Oxygen consumption and rvesting meltabolic enescgy expenditure were
high at fizvet. Axillary tempersture was high in the fixst thres days
then decressed. The extra heat affected the bampersture of the skin
over the top of the blg toe moxe than the other parits of the body, such
as the skin over the bhiceps, abdomen ox forchead, raising the big tos
vemperature by 8»900 fyom its low level, but only increasing the other

. 0
skin sxreaes by some 0,5=17C,

»



1
%2

@) Urinary excretion of Na, €1, K, Ca and Mg in patients with bone

injury at 20%na 3000 anbient,

Ten patients with long bone injury at 20-22°C ambient and nine
petients with long bone injury at 29-30°C ambient were observed for Wa,
€1, X, Ca and Mg excretion after tvaume., One of the patients (McCaw)

wag studied in two periods while he was in hospital._

Sodium excration.

Table 11 shows the results of the daily mean values foxr Na excretion
in both groups aft low and high envivonmental temperature during the
periods of obmexvetion, Statistical calculation showed (P}0.05), that
there is no esignificant difference in the excretions bf Na during the

low and high ambient temperatures after injury.

Chloride exerstion.

Table 12 shows the results of chloxide excretion after injury.
Statistical resulte showed (P > 0,05) that there is no significant
difference in the excretion of chloride between the two groups of

patients at the high and low environmental temperatures,

-

Yoraggium excretion.

Table 13 describes the excretion of ypotassium affer injury. I%
vas obsexved that theve was a gignificant difference in the potasslum
excretion after injury between the groups (0.05 > P > 0.02), those at
the higher tempersture having in generél~& lower excretion than those

at 20°C,



, TABLE 11
, ¥a n wow\mww
o
Ambient 20-22°C
* : : m _ m
_Dove sfter injury 1 2 3 4 5 6 7 8 o P2
| :
Hean 105 o1 64 €0 71 95 95 | 106 71425 . ;130
iy
‘ S. D 65 53 30 32 4 32 45 24 22 W . 14
= b . 1
. ~n0
Ambient 29-3076
Days ESher injury 1 2 3 4 5 6 7 g
Zgan 342 55 56 L4 56 i..5% 25 o4
. n
S. D, hw.m 86 65 28 40 86 24 % 69

P » 0,05 . To gignificant difference
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Meam A@mwwwv urinary excretion of magnesium in long bene injury housed at 207C and 30°C ambient.

. TABLE 15
ﬁmsmaw\g@.

lmbient . 20-229¢

Days mmﬂ.ﬁ injury 12 m 3 4 5 W 6 7 8 9 1 90 F gy m 12
Mean {1322 2.9 3.9 {36 e P34 3.2 V361 3. www mum !
S.D. .41 2.6 | 1.6 [ 4.9 2.2 {4,8 {1.5 1.2 1.6 | 1.5 {1.3 Wom
Ambient 29-30°¢C

Deys efter injury i 1 2 3 4 5 6 7 8 9 10 F i1 112
Hean ¢ 3,21 3,5 |'2,8 | 3.1 |3.8 138 |39 |41 3.8 1 3.6 13.2 3.7
S.D, " 2.0{ 1.3 | 1.3 1.5 | 2.0 [2.3 |20 j2.1 $.5 | 1.4 1.7 1.2

P > 0,05 \ - Vo gignificant difference

WLy
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I% was obgexved that there is no significant diffevence in the

excretion of Ca and Mg in these patients after injuvy.

Ca P > 0,05 Table 14 ‘ .

Mg . P> 0.05 Table 15

Fig, 9 shows tﬁe mean urinavy excretion of Na, Cl, K, Ca and Mg
in patlents with long bone injury (10 patients at 20.22°C and 9 patients
at 30°C ambient).
It wos ohgsexved that potassium excretion was lower in the patieﬁts
in high environmental tenperature betﬁeen the sixth and twelfth days
after injury than the patients who wewre in low ambient. There was en
overall significant difference in potassium excretion between th§ two
ambients after injury, that at 20°¢C being the higher, Although the
Na, C1l, Ca and 'Mg exoretion were ab times different ot the two ﬁempexatufcéa

there was no significent difference except perhaps in the case of caleium,.

£) Serum electrolytes in patients with long bone injury housed at 20°C

and 30°C ambient.

Ten patients nursed at normal ward tempersture and S patients houaed
in the warn oubiclgs were obomerved for the level of Na, Cl, K, Ca, Mg and
osmolality in their serum after injury. The gamples were collected on
the 3rd, 5th and 10th days after injury. Tables 16, 17, 18, 19, 20, 21
and Fig, 10, show the concentratlon ofANag Cl, X, Ca and Mg and osmolality
in the sexyun on thege days after injury. -

It was observed that thene was not mach difference in the concentration

of electrolytes of the patients nursed at these two ambient temperaitures,
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Mean of chloride concentration in serum m sow\ 1 in patients with long bone injury

. {10 patients at 20°C and 10 patients at 30°C ambient).

S.D. Standerd deviation

"+ 8,E, Standexd ervor

P Y g hﬂw, E.uﬂ?w s M.m T o™y 20
£ ¥ my, P ‘ G £ A ) T xm 5.4 017
A AL DB L SOy o A 7 o g R
S5 O B BBl Byl g 54 & 58 59 T EY % a% &y
T R o. »», ETh OB %, mn B Yt 6 5 # ..u =5 b e el ]
A ALY 2l N m £ SNCES £85 & Ld ,,m\mfm By S
bt T, o P —= ! . T, Ty B P \J.,.uf
YU AEN e fats R TRy e S
%_{Nﬂ m.ﬁn %,...,. m/@ Nl o pﬂ(.\uf.m ,m e B B s o Tl B R fow

mbu <3 2 %Mu & =D M,f &l pem a P

See, p; i 4 5 : 2 oL 3 . &

3,4 b2 E LY P4 < 4 (e .Y
ﬂl

TABLE 17




2V FIEVL

N L A P -
- FH &y P R
o

i

'
“{I_ Og .
F2 WeD

a8830d

=
&
ity
Y
-7.=21
. &
‘gj y

TOTITIASD DEBPUBIS

STE
00
o * £

Wt WG

ﬁm

‘H°S
*{suerquE %OE 3@ swwetyed oy puE 0,02 3% sauetesd @g,}

roed Wy 1 /*{:m E TAZSS UT GOTLRIUSoUss um

7
= 5 ba b- &3
3l N |
R
7 S
AR T i
ol o s 3
[ ()
el (o=t B o AT
{\’5‘; - . Fg- &r's-:-‘?
) 4
Sumay R,

JozIZ DPIBPIELS

[a7a




N
iy

N
G

R LT TE—

u,h\
‘(‘«,‘w
P
T
::uny

Lo

e

o]

3

L4
9
FERY ° . SE
Q_z‘,:i" . wusth E}{L\ ﬂ; .
ot =3
&I - N |es|*F
FRN o . - \::;:.: .
+3 wpus :

LJ

fugd

sy
& %

’ &r-:{,g;‘

. L =
€2 ¢ i 1
:"«1’9“53 :,_ﬁ&, .p— E;’!f' ‘?)
s ‘ ETAEL f-";: ;&3 ; w;_ ;4:)
€l =h & et
S ezl s
rEN i

m_: haea]

22 891

3

e Ot

E

4B gue

Ga
o

oryed o) pue 5

- T
i

L
<

TTE 5,0

O{z’}m

oF

7 UL ©

20 3O

-

0T

&, - T
2VILEST

Y

ey g g T

e i



€5
Fii

o,
o
o

T

s
&
CATETY

it

SAY

U

R

-
)

o7

T
e
o =,

TELL:
)

m':}]

1;,1
‘::,&z‘;'
=g

wvkna -

P

1O

0%

rende

s

A,

v L‘k !

Ry
:é‘.r(,j ‘E{‘J

el
e

e g

aﬁ
W
G Ve

[~y
r b)
C%d

m:mga
o

&N

b
Ead
J'

%1:&’

g

e

OQ ss;

€n

b

TEIASD DITPURS

-
#
&

728

‘(aweTaEe 5 0 93 93

2 DIUSOTOO ENTECUSBE FO USSR

fts

Tesd up ffrom

3T S3U9F

o,
4

-
14

Lanluy sreg Sucy



Mezn of serum omﬁowmwwww.soma kg in patients with long bone injuxry

(40 pasients at 20°C end 10 patients a% 30°C ambient).

.8,D, Standard deviation S.B. Standerd error
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It was found that the potassium conecentration was higher in the
patients who were held at the lower amblant temperature than in those

housed ot 30°C on the f£ifth day after injury.

g) Total nitrogen excretion in patients with long bone injury housed at

20°C and 30°C ambient.

Fig. 11 shows the mean (3 dey periods) of nitrogen'balmnae in terms
of urinaxy N »~ food N (Num Nf) in patients housed at 20-22°C after injuey,
"It was observed that nine of the pati@ﬁta were in negative balance in
this sense duving the period of obgervation. One of the patients, howavefyq

4id not exhibii a negative balance of nitrogen after injury,

Fig, 12 shows the mean (3 day periods) of nitxogén balence in patients
who were held &t 29”3000 anbient after injury., It wes found that one of.
thaese, Andéew, wes in pogitive baleance of nitrogen, and eight of the others
were in negatlve balance duriang the period., Gorman was in consliderably
greater negative balance in respect of nitrogen than the other patients
after injury., It was also found that the nitrogen balence was diffééent
in the two periods MeCew was studied. The exoretion of total nitrogen

in his case was higher during the fixst three days of the second period

than duxing the compansble pasrlod of the fizgt study aftew injury.

h) Anino acid excretion in urine.

Pour patiente with long bone injury were invesitigated for measurenent
. 0
of slphe awino aclds, Two of the patlents were housed at 20-227C and two

at 29-30°C ambient.
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Urinaxy exeretion of essentisl amino acids in urine in patients

with long bone injury housed at 20°¢ and 30°G ambient after injury.

TABLE 23 - 7
i TSR O,
&
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‘ Q - :
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It was evident that the excretion of anino ecids in the urine
followed the total nditrogen excretien duving the pexiod of ohmervation,.
Both essential and non-espential amino aclds were found in the uxrine

after injury.

bl

Table 22 shows the non-essontial awino acids excretion in ithese
four patients, and Table 23 shows the easantiél amino sclda in the
urine of the other group of patients. It was evideny that the highest
excrebion of amino acids was in respect of the non-esgeutial glycine,
glutamine and serine, Thé other amino acids showed lowaer levels in
the urine aftexr injury., Methionine and ornithine were not excreted
by such petients. Leucine and lsoleucine, threonine and lysine were
also preaent in smell smount in the uvine duwning the éaxiod of
obaexvation. The other essential amino acide such as phenylalanine
and valine were only present in trace amounts in the urine after injuxy.

Tryptophan wag not found in the urine of the patvients after injuxy,

1) Skin temperature.,

L

Two groups of patieunls with long boﬁe injury were investigated fox
chenges of gkin btemperature, Nine of the patients housed at 20.22°¢ |
and nine othewva at 29m3000 ambiend, The tenpersture was messured each
day at 13.00 to 13.30h over different but resdily accessible parts,
nainly snterion of the injured patientis body, namely, forehead, mastold

processes, bilceps, axillae, abdomen, thighs and big tee. The xzoom

temperature waa vecorded at tha ssme time duning the peviof of obaservaition.

T4 was evident that the mean of the big toe (3 day pewiods) was highen
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in the patients who were in the high awbient environment then in the
patients who werwe at low environmenital temperatures in the first thres

iz

days of obhservation,

Table 24 shows temperatune of the skin over the big toe, the
axlllary, and ambieht temperatures in both groups of the patients after
injury. It was also evident that the bhig toe temperature decreased
during the last few deys after injury. Fig. 13 shows the »elation of
the big toe tempersture to the axillaxry and ambient temperatures in

both groups of the patients after injﬁxy.

It wase foﬁnd that the axlillary temperature vas high in both gyoups
of patients for the firet three deys after injury. The temperature of
the forehesd and over the wastoids was higher than the biceps in both
groups. It was found that the temééréture of the injured limb was

highex (1°m1g500) than the wninjured 1imb,

Effeoct of covering with a blanket or extra blanket,

It was found that one blanket raised the big toe ﬁempeﬂatune by
(30-500) in patieqﬁs who were in the Jlow embient temperature, but the
addition of a second blanket did not affect the same degree of rise asg
did one blaankst,

One blanket did not increase the biceps; mestoid, axillaxry ox
forehead temperature by more than 10m1,500 during the period of
observation,

&
The big toe tempersture was not increased by & blanket in the
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‘ﬁean (3 day periods) of the big tos, axillary and ambient

temperature in long bone injury in patients housed at 20-30"C ambient.
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patients who were at the high environmental temperabure and who wexe

already covered with ong or two blankets.

Iffect of additional heatb. w

One patient (Scott) was observed closely for seversl days for the
relation of the temperatures of the big toe, sxilla and ambient
tenperature after injury and at the high environmental tempevatune,
Thereafter he was for the last few days after injury housed at 20-22°
ambient. g

Fig. 14 shows the relafion of the big toe, axillary and smbient
temperatures of the patient, It was evident that when the patient
wag housad at ward temperasture the big ftoe alsc had a low %emperature.
But the big toe tempsrsture was still 300 higher than the ambient
temperature. When the temparature of the embient was raised o 29.500
it wes found thet the big toe tem?eratur@ was ralsed to 3400, 2 rise
of 7»800, duping the period of ocbservation, When the patient was
govered with one or itwo blankets the blg btoe temperatuxe changed by

only O.SOC compared to normal environmenﬁal temperature, VWhen the

experiment was repealted by the same procedure it wag found that identical

resulls were obt&fhe&.

It was evident that the extre heat raised the big toe temperature
by 70 to 8°C from the low temperature, DBut the other parts of the body
wore rolatively wnaffected, "It was obvious the big toe temporature was

moxe sensitive than the other perts of the body after injury.



TEMPERATURE c°

f

RELATION BETWEEN BIG TOE AND AMBIENT TEMPERATURE (MEAN 3 DAY PERIODS)

40f

20}

F14

J.SCOTT #FEMUR+TIBIA

.« ——————— e o &\T\lll/\/ AMBIENT

A.O — ————— o ——— 8~ —— -— - - — - -
20¢ AXILLARY
hb: hbz h
4 o h nt nt
of o . . F_nw\..f np L ei.o/@ M wOoO
20} BIG TOE
3 6 9 12 15 18 21

days after injury

op - operation
np * new plaster

h:heat b1-one blanket
nf-normal tfemperature  b2-two blanket
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j) Oxygen consumpbion and rveating mebtabolic energy expenditure (R.M.E,)

in patients at low and high anbient ftemperaturae.
Y et EA

Eight patiente with long bone injury were investvigated fox oxygen
comgumption and R.M.E: aftey injury.

Four of the petients (Moodie, ﬁalrymple,_Sebtt and Carr) were at
20-22°C ambient and four others (Ferguson, McCaw, Foulds end Shannon)
were at the high environmental temperature of 29m3000 during the period
of ohservation., McCaw, as has salready been mentioned, wag studled fox
two periods and his oxyéen congumption and BME, detorwined, The patients
were fashed from midoight $ill the time of mesasurving the oxygen
consumpiion and were rehearsed several tiwes with the apparatus., It was
realised that oxypen consumption was relatively higher in bhoth groups
of patienté during the firset few days than the last few days Quring the
period of observation, Teble 25 shows the oxygen consumpiion in ml/min
during all the days of obsewvation, This pattern was not observed in
the other patients, Shennon showed a high oxygen consumption on the
firvat dey after injury, |

In the case of McCaw, who was studied foxr two periods, it was observed
that thexre was nog much difference between the first and second peviods,
Table 26 shows the RME in both groups of patients aften injury. It
was naturally found ﬁha% the RME had a closo relation to the oxygen
consunption per minute after injury.

Oxygen consumption snd R.M, B, during fagting end one hour after lunch,

Two patients with long bone injury were studled for oxygen consumphion
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and BME at two different times on the same day. One of the patients,
Roden, was in low amblent tempevature and the other wes in the high
environmental btemperature, The patients were fasted from midn;ght
until the first of ¥the two times of observation which vexre carrvied

out on the same day the second test, the second iest being made onx

hour after lunch,

Table 27 shows the zesulis of this experiment during observation.
It was evident that the oxygen consumpbion was higher in the p&tient
who wag in the low smbient temperature than the patient housed at

29u3090, It was also observed thet the oxygen consuvmption wes higher

Sduring the fasting vime than one hour after lunch in the patient in

low ambient environmental temperature, But the patient who was in the
high environmental temperature exhibited a rather higher oxygen
oonsunption after lunch than altver fasting. The deta are too sparse

10 draw eonolusionav



"
i)

%

i tof
s ]
[N s
6 s
o &
(&
o

S

f g Ul
24 =0

—re
T,
¢
™5
U

Y
o O
L

AR ALY

T IR TR

¥
Y >, [N de
] T 3
-1;3 -
- S
gs-:J
e EUTT TN = 398 T P ok LK,
l“ﬁﬁ& sl ?gj
[54]
o ° o ,
- 3+ R
ezl @i = 0,
(£ o R
e
T == 0 g
b J"‘\\ 8
fy I
m\..
gazaly pmath 0 %‘3
e ° 3
n B (L (%
P | G @
gt
e X >y !,!,z-a
@':J ﬁ\@ &)
‘ s &
e o =1
ol ol d
OO
e A L AR B TS AL S TR I TS T

(]

-

3.
2]

[ih
o)

RS
T3 E

TOT

amsqg 8

Bl g
L le

EI'&?—C’ [

SRGY

e
w<

5,08 38

o3 QU0

L

Id53E

wrAT
Erery

P
st

&7

£g

8

o

ST

o

L’}_
(3

ToowleT ZUTLgsy PUT WL

-,
a i 'Ln‘ 2]

3

BINGTY

O w
Teu)

oe oo
Up {E°H



Vi. GENERAL DISCUSSION

The causs of the polyurla which has been found aflber both the severe

and mild head injuries ney be partly due to damage to the pitui%amy

gland resulting in & low secretion of ADH and partly as a wesult of
mannitold thevapy becauwse of its diurectic action, ITamage to the pituitexny
gland results in polyuria, low urine osmolality and a high free watoer
glearance, 10-16 ml e.g., ag in disbetes insiplidus, DBut in the patients
who showed polyuria theﬁe.than followed oliguxia end there was frequently
mecurrent pelyuria and oliguxia., Nevenrtheless the patients siudied
showad high urins osmolality because of a high urea excretion and low

free water clsaranca,

Mannitol therspy resulis in diuresis and beceause of the diuretic
there is rveduced blocd viscosity and vasoular resistance and an increase
in vensl flow (Rhiroza, 1971). However, the amount ofuﬁanniﬁol;whioh
has been tsken by these patients cennot be vesponsible foxr the degrec of
polyueia since it wag also noted that the patients also showed polyuria
without mannitol thevapy. As previously'suggested there may be danage
to the pitultary gland and that mannitol thevapy, togethex with othex

factors which are not clesx, are the cause of the polyuria.

The cause of the oliguris which hag heen obhgerved in these patienta
with long bone injury may be due to the secrstion of adrenocoxiical
hormones (Haxdy, 1950), especially aldoa#exone becauge of the stimulation
of the adrenal gland by injuny, or it méy be due in part Lo increase imn

insensible water loss because of +the increased metabolic rate which
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frequently occurs aftex the 'sbb'phase is over or mey be the ADH takes
part for this oliguria. It may also ke due in part to the formation of
an exudate or extravasation of blood into the injured ares, Oliguri#'
has also been rveporied in some cases durving the 24 hours following
receipt of injury (Gukhbertson, 1932), Cooper, Iob snd Cullen (1949),

and Moyern et al., (1949);

wardazzr

Sodium end chloride excrsiion were parallel in all the patients,
The results agree with those of Moore and Ball (1952) who examined
different kinds of injury. ‘But four of the patients with severe head
injuny showed exception to this general rule. The cause may well be
transfuaion of blood providing extra sodium fxom sodium citrate,
othexr possibilities sre danage to the brain ox from induced diuretic
gotion, oy as a result of aclidosis or alkalosis due to a8 low excretion -

of ACTH becaugse of the demage to the pituitaxry gland.

The cause of the retention of sodium and chloride may be the result
of an increassed secvebion of the adrenal gland, or the retention of water

together with Na and C1 in the injured avea (Upjohn, 1958; Wilkinson, 1958).

The reason why the sodium and shloxide excretions were not
gignificantly different in the patients held at the high and low ambient
temperatures may be due to the féot that the high environmental btemperature
i9 not of such an order as would induce mavked changes in urinary excretion‘
through extra renal loss in éweat. Although more sodlum and chloride

would ba likely to be excreted in the eweat of those at the high

environmental smbient 1t may be that the fectors inducing retention of
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sodium and chloride are changed in gome faghion in those patients

housed in the high eauvironmental temperature.

The cause of the varistlon in potassium excretion from day to dm&
in the patients within the sevexe aﬁd mild head injuries groups may be
s
damage to the pituitery glend with & low secreiion of ACTH, Other
agenss such aﬁlnanﬁitdlﬁthér&py, intravenous therapy with potassium, ox
infugion of %% glucose and isotonic solutions, scidosis, alkalosis,
polyuria, damage to the kidney, the severity of injury, or itimay e

that there ave other factors which we do not understand,

The reason for potagsium excrebion bheing different in the patients
and low and high envivonmental ﬁ@mper&ture is the fact that abt the high
environmental temperabure there is decreased hreakdown of the tissue
rewerves aud pexrhaps also sn effect on the membrane of tha cells which
decreanes the movenent of potassium from the intracellular to extra-
cellular space. The pobassium exoretion followed the total nitzrogen
cutput as had Been pravioualy observed by Cuthbertson (1942), Wilkinson,
8t al., (1950)iand Wilkinson (1961). Thg results in general agzeed with
the finding offthese authors, only one patient’s behaviour bheing

exceptional.

A high excretion of over 4.5 m mol/day shovws a disturbance of
caloinm metabolism in the body., The severe head injury cuses showed
low calcium and megnesium excretion during the period of observatlion.
The cause of this may be the low intake of caleiunm and nagnesivm by

these patients, or due to damnge of the brain and there are othex
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factors affecting the conservabtion of osleium end magnesium in the body.
Only one patient phowed 8 high calceium and magneslum excretion, The
cauga of this msy he the dietary intake of calcium and megnesium before
injury, When the calcium and nagnesiwe natio in uvine ie lov it may

;
be due to the extra potassium veleasad from the bmeskdorm of the tissues,

or becsmse of a decresmed secvetlon of ACTH (Haynos et al., 1952) or due

to an increase in magnesium excretion csused by the ingestion of glucose.

The resson for the 1lov excretion of caloium end magnesium in mild
head injury and bone injuny cases for one or two days after injury may

be eimply the low intake of calcoium and magnesium,

Talrymple and McCaw (mecond pariod obsexvation) showed o high
caloinm and magnesium excretion. The wveagon for this may be that the
Chaxnley arthzoplasty in the former and the applicatioh of Kunisochew
nail into the latter were agents which neleased calcium and magnesiunm
from the bone, although this was not the case in the pstient Connelly
who alao had the seme Charnley opewratvion, This patient showed oligura
after the operation, butb ﬁalrymple did not. The volume of urine
excreted by the latter might have caused an increase of calcium and
magnesinm excmetiéﬁ. The excretion of calciwa and magnesium wes slightly
higher in the patients et the high environmental temperature, It may
be that this causes an increase in the wreabsonption of calecium and
nagnesium by the intestinel wall, ox that the extra heat hes an effect
on the parsethyrold glands causing an increased parzihormone secretion,

or it may be that the tempersture decreases the reabgorption of caleium
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and magnesium in the kidaney. Little work has been done on the ealcium
and magnesium excretion of patients with bone injuries held in a high

environmental temperature.

A statistical aﬁalysis revealed no significant difference in caleium
and magnesium @xoretioﬁ for patients at the two ambient temperatures,
Walker et 2l., (1968) suggested that urinary magnesium follows the total
urinary nitrogen excretion after injury. In the present investigation

no such relationship was found., This may be peculiar to the nature of
the injuries studied, vavying from one type %o another., Walkex et al.,
(1968) also states that in cases studied megnesium excretion increased

- duwing the second to fifth days efter injury. The present study showed
that magnesium excretion was low duving the fiwnst to second days after

injury but there was not much difference in the rest of the perxiod,

Patients Dalrymple and Mclaw had a high magneaiunm excxetioh for
saveral days affer injury snd the posgsible reason for this has alveady
been discussed. That magnesium excretion depends upon the type of injury
and the dietary history of the patient before injury is apparent from

the results obtalned.

Dietrick gﬁ,éi,, (1969) studied magnesium excretion in fasting
subjects and found that it was related to total nitrogen excretion.
But the circumstances of the present observation are considerably
aifferent becsuse the magnesium excretion in our patients is partly
derived from the breakdown of both soft and bony tissue, and the

patients intake also plays a pert. The results of Dletrick gg,gl,,(1969)
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wera on subjects who had fasted and had thus zevo initake of magnesiun,

and alsc the subjects were not injured.

Robext et al., (1970) concluded that urinary magnesium changes
post-operatively and returns later to normal and that it is also related
. _ ,
to the type of injury. These last obsenvations agree with the results

pregented in this thesis,

Walkex eb 8l.,(1968) pointed out thet caleium excretion falls initially
along with sodlum. The present investigation did not show any relationship
of ecaleium to sodium excrebion., The veason for this might be the types
of injury and thelr severity, or age of the patient, ox level of dietavy
intake of caloium, Dietrick et al., (1969) stated that there is no

nelation between caloilum and total nitrogen exceretion in fasting subjects,

Cur results slso did not show any such relationship.

It was obsgerved that the excretion of ammonive was high after trauma,
The reason for this may lie in the disturbance of protein metabolism
accompanying an increased catabolic zate ox decresased anabolic rate, or
there may bo impairment iﬁ trangamingtion of smino acids, or snm incressed
formation of emmonium in fthe kidneys or even that liver anoxin may prevend
the normal conVergion to ures of the ammonium released by protein
gatabolism, Thig additional ammonium which is excreted in the urine, o
the ammonium whioh may be dervived from The subsequent breakdown of uves
in the urine, through microviological eclivity if the arine preservative

ig not adequate, may lead to a loss of nidrogen from the wxine on storage,

and in any svent this changes the distribution of the tolal nitrogen in
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the urine., MNore researvch is needed to £ind the exact csuse of asmmonium

excrebion after injury,

Urine osmolality was high in all patients after injuvy. The cauase
of the high urine osmg}ality mey be the high execretion of urea, ammonium,
cregtine, creslinine, glucose, phosphate, sulphate, amino acids, ketone
bodies end potassium, The increased excreﬁion'of ures and ammonium ion

has the greatest effect on urine osmolality.

Glycosuria ey oocur_in some casges after injury. The cause of the
glycoguria may be the démage to the kidney tubules or is an exprasaio&
of the gluconecgonesis resulting from the severity of the injury, ox
mey be the result of the hyperglycaemie which occurs after injury due to
the mobilization of glycogen to glucose ocaunsed by the seowetion of
catecholanines from the adrenal glanda, But it was found that the
patients showed glycosuris when the blood suger was normsl for a pexniod
of several days., Some of the patients had a second period of glycosuris,
suggesting that the renal threshold was also lowered because of ﬁemgoramy
renal impairmeﬁﬁ, The cause of the glycoguria may be insufficienﬁ
secretion of insulin to allow complete zeabsorption of glucose from the
renal tubulax ox Ehaﬁ there is damage to that part of the tutules of

the kidney which axe vesponsible for the renal threshold of glucose,

The cause of the ketonuria may be an impairvment in fat metabolism
(Cairnie, 1970)., Ketonuria was not seen in all of the patients, probably
because it is largely dependent upon the severity of the injury as well

ag on a disturtance of fat meteboligm,
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Creatine and creatinine excretion were high in some of the patients
after injury. This may arvise from the catabolism of muscle tissue ox
disuse atrophy of muscle, or actual physical damage to muecle. Some
patients did not show high creatine exoretion even although they were

N
in negative nitrogen belance aftsr their injury ox opersiion., This
difference in behaviour is difficult to explain. Sometlmes creatine
xoretion rose immediately after operation; e.g., the patients Dalrymple
and MoCaw (second period of observation) shoﬁed & high crestine excretion,

but the patient Comnelly who also had hed just as severe an operation

ag Dalrymple but did not show a high creatine excretion at any time,

Dalrymple and McoCew showed a high zine exoretion, but Commelly did
1not, thus these substances ave hehaving similarly. Délrymple showed
polyuria, but Connelly did not. The ceause of the low excretions of
zine and creatine in Connelly may be related to the degree of uiiﬁe
formation ox other factors which awe nobt understood.

Cuthbertson and Tompsett (1935) pointed out ﬁhét the maxinal urinary
excrebion of nitrogen following the primary injury occurred on average
on the sixth day after injury. The presént investigation showed a
veriable pattern of waximumm nitvogen excretion and this veried from one
patient to the other ond is due partly to the differing degress of
injury, the intake of protelin, the energy intake and the environmental

conditions,

One patient (Moodie) did not show a negative balence of nitrogen

although he was in a lov asmblent tempserature during obsexvation, The
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cause of<thié may be that the Injury, & fracture of the malleolus,

with diéiocation of one ankle, did not appear to affect his protein _
mebtabolism, Abbott and Albertson (1963); Dudley (1950, 1968) zep@rtea
that the ceuse of negative balance of nidtrogen may be the low intake

of protein in the diet af?er injuxry. Such a causs may be & considerable
contributory factor in the eavly days, e for example the patient
Goxman, but all the other patients showed & negative balance of nitrogen
despite an appavently adequate inteke of protein. Moore and Ball (1952),
Clark (ﬂ952) end Claxk (1967) pointed out that a second injury causes
less protein disturbance than the first, even though ithe second may be
move severe. Our resulis sgres with this for one patient, McCew; who

was studied fox two pexiods.

The high envizvonmental tempevature of 3003 raduces the incressed
heat production, and the protein catabolic response, resulting from
fracture of one or more long bones in the ret and in nan (Qampbell and
Cuthbertson, 1967), Cuthbexrison, Smith end Tilstone, (1968). It algo
enhances the rate of wound healing in the rat {(Cuthbertson and Tilstona,
19673 Caldwell, 1962) and in patientn with severe burns (Bare, Birke
and Liljedahl; 1965), This present investigation agrees with these
anthors findings with megard vo protein catabolism. We obgerved that
& high environmentel temperature ig one factor which can change the
probein response, but the enengy intake ig algo a very impoxtant one in
reducing the catabolism of protein after injuvy., The effact of the

high envirormental temperature may be to reduce the obhligatory increment



of heat production which arises from evaporation of water from a
burned area, but such an explanaiion does not fit the situstion when
long bone injuries are considered for these generally do not exhibit

evaporation from the wound arvea.

&

The peanlts of Nerdi (1954) in severely burned patiends showed the
rresence of both essential end non~eaggential amine acids in the uvine
as a consequence of injury. Similar results were found in the present
series for bone injuries. The cause of the essential amino sciduris
may be that the body cannot use the amino acids for synthesis of protein
at the time, or that the smino acids which have been found in the urins
are veleaged, £rom the breakdown of protein, as the result of injury,
or that there is a decrease in the vessbsorption of aminoe acids in the
tubules of the kidney, The cause of the high excretion of glycine may - -
be that this emino acid is more veadily filtered by the glomeruli
because of its low molecular weight, or that there may be a specific
disturbance in the body which causes the excretion of urine with o high
concentration of glycine, glutamic scid and serine rather then other

aning scids,

Wilson eb %T, (1938) pointied out the hyponatraemis of burned
patients., This present investigation also showed hyponatraemls,
hypochloreemia and hypo-osmolality in cases of nmild head injury during
the first few days after injury, but there was no hyponatraecmia ox
hypochloraemia or hypo-osmolality after long bone injury at 20°¢ ox 3000.

Severe head injury showed hypernatraemia, hyperchlorsemia and hyperosmolality



73
in the terminal period though there was not much change at fivst,

The cause of the hyponatraemia, hypochloraemia &ﬁd hypo=osmolality
may be the intravenous therapy ot the vetention of Wa%ex or damage to -
kidney or brain. Hypernatraemia, hyperchloraemia and hyperosmolality
in severe head injury %ay be due t0 rensl failure ceusing a rise in
sodium, chloride, end ommolality. The reason for the absence of changes
in sodium chloxide and osmolality in the serum of the fraocture patients
who were on either the low oxr high amblent temperature mey ba:due to
the fact that these patients in general received little in the way of
intravenous therapy and that additionally, ths high euvivonmental
temperatune veduced the retention of water. The reason that potassium
concentration was alightly higher on the fifth day after injury in
patients who were in the normal envimonﬁental temperature, compared to
the patients who weore in high environmental temperature is perhaps
conged by the extra potassivm relessed from the breakdown of tissue.
The reason that there was no change in the calcium and magnesium
concentrations may be that these cations change more slowly in the
extracellular space than does sodium, chloride or potassium, It was
also obgerved that;there was no gignificent difference in urinary
godiwa, chloride, calcium and magaesium excretions at the high and Low
ambient temperatures, bt there was a gignificant diffevence in urinexry

polasgium excerebtlion.

Aoidogis and alkalosis elfher respivatory or metabolic arising

in mild and severe head injury mey be due to damage to the bxrain,

through increased intracranisl pressure avising from heematoma, or to



14

agpization of the gastvic contenta, or to aldosterone secretion,
diuretic therapy, chest injury, wenal failuwe, or through diwninished

resplratory function, or as a resuld of mechenical hypsrventilation,

The results of t@is investigation -owwdizgd did not show much
difference in oxygen consumption and the resting metabolic enexrgy
expenditure (RMEQ betwesn the low anbient and high ambient envirommental
temperatuxres., The causes of this nay be the varying severity of the
injuries or that the patients were not familiar with the tesi ox that
the environmental temperature and noise of the clinical hot rooms
scecounted for this lack of differvence, The experiments were not aumerous
anough and the results too scatitered to be able to show astatistically
a difference in oxygen consuapbion and RME, betwesn thé high and low
anbient temperatures. It was also observed that oxygen consumphtion
and BME were not much different when measured after fasting overnight,
and when measured one houx efter Junch, in these injuvred patients, bub

these lagt ovservations were too few in number,

Normally the oxygen'consumption snd RME axe increased by emobtion,
gstress or food intake., But in the case of injured patients there are
many faotors éuch;és pain, with accompanying high secretlion of the
catecholamines, the fact of hospitalisation, the high envirvonmental
temperature, ebc., which can all affect the oxygen consunpbion end BME,
It needs more woik on meny more patients to find cut what the effeoct

of food is on the oxygen consumption end RM#E.after injury. MNore is

known aboutbt normsl subjects,
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There is traumatic fever for a few @ays after injury (Cuthbertson,
1932). In this investigation the skin temperature was messuved at
the different psrts of the patients skin surface when honaed at low
and high ambient temperatures. The results sgree with those of .
Cuthbertson (1932). The reason that the skin temperature was higher
in the early days rether %h&n the last few days of the 10-12 day
pariods may be due to the release of more heat from the body in the
eaxly period reflecting the early itraumatic fevex, The cause:of the
glightly higher temperature in the injured limb ocompared to the
uninjured limb may be dve to the exira bandages, plastern, or exudate
formation of the limb or to increagsed catabolism erising from damage
of the tissue, oxr it way be that the injured limb releases more hest

from the surface than oocurs from the wninjured limb.



vII. SUMLRY

it RS

Urinary excretion changes

Ten patients ﬁith severe head injury, eight patients with mild
head dinjury, and %eg-patients with long bone injury were hospltalised
ot 20-22°C ambient and for copparison with the last & group of nine
petients with long bone injury were houged in cubiclé at 29m3OOC
ambient, one of the patients being gtudied over two period when in
hoapital, The total deily urinexy excrebion was idnvestigated in—
the head injuries to determine what changes took place in volume,
osmolality, Na, Cl, K, Ca and Mg exeretion after injury. The presence
of glycosurie and ketonurie were salso detected in the gamples during
observation, Crestinine excretion was aleo measured in the patlents

with mild and severe head injury. Awmonia excretion was also measured

in the petients with mild head injury.

Total nitrogen and creslbine excretion and total nitrogen inteke
were also estimated in patients with long bone injury housed at 20.22°%
and petients at 29-30°C. |
1) Polyurie wis found in patients with both mild end severo head
injury, but the urine volume was lowser in those with mild head injuxry.
It was also observed that in patients with severe head injuries g
pageond and thind period of polyuria or olignria could occur, but this

alteration did not happan with mild head injuries.

Oliguria wes generally observed in bone injuries for one ox two
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deys, but the excretion of urine was higher in the patients who wene

at the lowsr envivonmental tempsyrature.

2)  Sodium end chloride excreblons were parallel in the cases of
bone injuxry tmt in sgvere head injury six of the patients did not

phow this velationshlp end likewise two patients in the mild hsad
injury group were also exceptional. There was retention end then
depletion of msodium and chloxide in both the severe and wild head
injury gvoups. The patients with long boﬁe injury at 20-22°¢ and

at 29n30°C asmbient showed early retention of sodium and chloxide
{for one ox two deys after injury). The sbtatistical calculations
ghowed that there waé no gignificant difference in sodium and chloride

exeretions at the two different ambient temperatures,

P> 0,05 for sodium

P > 0,05 for echloride

3) Potaswium oxcretion in the patients with severe and mild head
injoery differed frxom one pabient to another and showed varlation
from one day to another, |

Potassium excretion in both groups of long bone injury generally
followed the total nitvogen excretion after injury. Statietically
there io a significent diffevence in potassium excretion in the

patients housed at low and high aubient tempersture.

0,05 > P > 0,02 .

4) Calcivm and magnesium excretlon generally were porallel in all
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groups of patients. Caleium and megnesium excretion was very low in
the patlents with severe head injury. The patients who had mild
head injury also showed low caleiwm and magnesium excoretion for the
first one or two days after injury only.

The celcium and magnesium excretion were low in both groups of
patients with long bone injury during the firsﬁ‘one or two days after
injury. The patients who were st the high environmental temperature
showed 8lightly higher calcium and maganesium excretions then did the
ratlents in low ambient.temperatuﬂe. But statistical calculation did

not show any significant difference between the low and high anbient

tempersture grouvs.

P > 0,05 for calciunm

P > 0,05 for magnesium

5)  Amuonia excration was high after injury, but this varied from
one day to the other and fxom one patient to snother (ammonia

excretion was observed only in nild head injuxy).

6) Urine osmolality was high in all four groups of patients aftewm

-

injury.

7) Glycosurie and ketonurile were present in the four groups of
patients for one or two days after injury, although one or two

exceptional patisnts did not show this,

8). COreatinine excretion was high, and this was estimated in mild

and severe hsad injury.,
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§) Creatine excrebtlon was lower in the first few days then in the
lagt few days of the 10=12 day period after injury. WMost of the
patients ghowed high cregtine exoretion, but three of the patienta
did not, albthough ﬁqp of the patients were in negative nitrogen

balance gt the tima.

Generally the creatine excretion rose immediately after suxgery,
but one of the patients who had a severe orthbpaedic operation
(Charnley evthroplasty) did not show a high creatine excretipn. It
was found that creatine did not follow the total nitrogen excretion
in these patients. The creatine excretion varlied from one patient

to another.

10) Total nitrogen excretion was higher in the ratients in the lowex
ambient envircnmental temperature compared to the patlients at the
high anmbient environmental temperature, It was alsé found that the
sotal nitrogen excretlion was high between the fourth to ninth deys
after injury. All the patients showed a negative balance of nitrogen

(except one).

The total nitrogen excretion confirmed previous work indicating
that at high environmental temperature there was & reduced excretion
of total nitrogen., The catabolic phase wag thus modified agreeing
with the observations from this laboratory (Cnthbertson, Smith and

Tilatone, 19685 1971). (In press),
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1) Amino acid excretion showed that both the essential and

' non-esgential amino acids were present in the wrine of patlents
with bone injuries, It confimms previous worlk (Nardi, 1954) in
hurned patients. The amivo acids excretion followed the toﬁél

nitrogen excretion after injury.

- 12) Chenges in serum electuolytes.

Threg patients with severe head injury and three patients with
mild head injury {one with chest injury) were investigated for Na,
Cl, K, Ca, Mg, CO?, urea, osmolality, pH, 3802 and Bagse éxcegs in

the blood svery doy during observation,

The patients who had main long bone injury housed st the low
osmbilenl end high ambient temperatures were obsenved for sodium,
chloride, potassium, calcoium, magnesium and osmolality in the ssrum.
on the 3nd, 5th and 10th days after injury. The following resulis
wers ohgerved,

Sodium, chloride, osmolality, pH, @002 and Basé excess changed
from one day tao the other,

Hypernatraemis, hyperchloraemis and hyperosmolality prior to
death were observed in severe hend injury ceses during the last few
days of the period of observaition,

The potassium, caleiuwm, magnesium and ures eoneen%zaﬁiona were
not much different during these last few days of obsevvailon.

Acidosie and alksalosis of either.respiratomy‘or metabolic origin

were observed during the investigatlom,
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13) _Serum_electrolytes in mild hesd injury.

Two of the patients showed hyponatraemia, hypochloraemia and
hypo-ogmolality in.the first four deys after injury, bubt the other

patient did not change much during this same time.

Potageium, calcium, magnesium snd urea concentrations did not
change during the period of ohservation,

™, pCO2 and base excessd aleo varied fyrom one day to anothex
during the period of investigation, Acidosis and alkalosis either
respiratory or metabolic were observed in these patients sfter injuxy.

It was found thgt ths sodium concentretion wes slighﬁ;y lovar
in the 3nd; 5th and 10th deys after injury.

There was no significent difference in sodium, chloride, calcium,

mognesium and osmolallty in the patients at the two ambient
temperatures after injury. The potassium concentrnation was slightly
higher on the fifth day for the patients who were at the low ambient
temperature than thogse at high ambient. Not much difference was

observed in calcium, magnesium and in osmolality.

14) Oxygen consumpbtion and Resting Metabolic Knergy expenditute (R.M.E.)

Oxygen consumption and R.M. B, were higher in both groups of
pabients during the fizst few days of lInvesiigation. It was also
observed in two patients that there was not much difference in oxygen
consumption and R.M.E, between the observation made after fasting in

two of the patients, one &b cach ambient temperature after injuny.
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15) Inevegy intake,

It wam observed.that over 2000 kc&l/day reduced the total
nitrogen excretion in the patients who were housed at 20-22°C ambiéﬁt
during the investigation. It was also found that over 2000 keal/dey
togethexr with s hig; environmental temperature markedly reduced the

total nitrogen excrebtion, but & low enevgy intake with high ambient

temperature did not produce the same effect as o high energy intake,

16) Skin temperature.

It was observed that the big toe temperature was higher at both
environmental temperatures during the first few days after injury
than during the last few days of observation. The axillary temperature
wag also higher in both groups of patients during the first three days
after injury than later, The forehead, biceps, abdomen, mastoid and |
thigh skin tenperatures of both groupa did not show much difference
between the esxly end later days of obsevvation, The thigh and
abdomen temperatures were slightly higher then those over the biceps

end forehead in both groups of pabieuts efter injuxy.

An extra blanket raised the big toe temperature of the patients
who were kept at 20-22°C ambient {3m400) but it did not affect the
patients who were in the 29»300C environmental temperatuxe, Two
blankets raised the big tos tempevature vather more; but the affeoth
was not additive. .

The high environmental teuperature raised the big toe temperature

by 8w99c and more effectively than did the blanket during observabion.
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It was noted that the patients who were in the high environmental
Tempezrature did not show much difference between skin temperature
of the big toe and the other paxrts of the body, bub the patients
who were in low ambient 20-22°C showed a remarkable difference
between the big toe temperature and the other paxts of the hody

after injury.

Cuthbertson and Tilstone (1968) showed in wats that th@lhigh
environmental temperature increased slightly, but significantly,
the rate of healing of superficial wounds in wvats. Mach more work
ig needed to find out if & hisgh environmental bempersature incresses
the rate of wound healing to the ssme degree in wan as in the rab
and if there is a differential effect in the different parte of
the body especially is there a difference between the lower or
&ist&l pavrty of the body and the upper or proximal parts of the body?
This investigation showed that the temperature of the skin of the
big toe ig lower than that over the biceps or abdomen and this may

sffect the rate of wound healing in these distal parts,
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Changes in urine excretion

1)

2)

3)

c
P

6)

Polyuria was found in Group I and Group II in the first few days
after injury, but patients in Group III (20°) and IV (30°C)

showed oliguria,

Sodium and chloride excretion were parallel in all groups and there
were -losses of Na and C1 in Group I and Group II in the first few
days after injury, but Group III and IV éhnmad retention of Na and
Cl. Mo significent difference was found in Na and Cl excretion

betwsen Group III and IV P > 0.05 for Na P) 0,05 for Cl.

Potassium excretion was variable in Group I and II, but followed

the total nitrogen excretion in Group III and IV.

There was a statistically significant difference between Group IIX

(20°¢) and 1V (30°C) in potassium excretion 0,05, P 0.02.

Calcium and magnesium excretion were parallel in all grouvs, but

was lower than normal in Group I. No significant difference
between Group III anﬁ IV was found, P:> 0 .05 for»Cé E}0.0S for
Ammonia, urine osmolality and creatinine excretion were higher than
normal subjects and rather variable, Glycosuria and ketonufia

wers present for one or two days after injury.

Creatine excretion was higher than for normal subjects, but the
- 4

increased amount of creatine excreted in the last period studied

after injury had no relationship to the total nitrogen excretion.



[

7) Total nitregen excretion was higher in Group III (ZDOC) than
Group IV (SDDE) and an energy intake of over 2000 kcal/day
together with the extra environmental heat reduced the total

nitrogen losses,

8) Both essential and non-essential amino acids were found in the

urins.

Changes in serum electrolytes

1) Hypernatraamia, hyperchloraemia and hyper-osmolality were found
in Group I in the last few days after injury, but little change
in Ca, K, Mg and yrea was noted at this time, pH, p802 and Base

gxcess were variable,

‘2) Hyponatraemia, hypochloraemia, hypo-osmolality were found in
Group IT at first after injury, but little change occcurred in
K, Ca, Mg and urea concentration in the serum, pH, pCD? and Base

excess were variable,

3) No statistically significant difference in ;erum Na, Cl, Ca, Mg
énd osmolality was found for patients at low and high environmental
temperature, OBut a tendency for serum K at the 5th &ay after injur

to be lower in the group held at 30°C than group 20°C was observed.

Othar estimation

4

1) Dxygsn consumbtion and Resting Metabolic Energy expsnditure (ReMLE.

were increased during the first few days after injury.



2)

Skin temperature was higher in the first few days than during

the last few days studied after injury. The big toe skin
temperature was more dependsnt upon the environmental temperature
than the other parts of the bodyf An extra blanket raised the
big tos temperature by 3—408, but the extra snvironmental

heat raised it by 8-9°C,



