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BIOCHEMICAL PROBLEMS IN COLONIC OCCLUSION.

CHAPTER 1.

INTRODUCTION.

Intestinal occlusion is one of the commonest forms of 
surgical emergency and much has been written on its problems, 
but investigations tend to be divided into

(a) Work on intestinal strangulation,
(b) Simple obstruction below the Ampulla of Vater,
(c) Low ileal closed loop obstruction.
Very little seems to have been written about acute 

obstruction of the colon and the author has not been able to 
trace any literature concerning biochemical problems specific­
ally dealing with this type of alimentary occlusion. There­
fore he considered that the biochemistry of this condition 
was well worth some investigation, particularly in view of its 
relative frequency, and that the results might be compared
with those obtained by other workers on blockage of the upper
part of the alimentary canal.

In order to do this, 40 consecutive cases of obstruction 
of the colon admitted to Glasgow Royal Infirmary and Glasgow 
Victoria Infirmary were examined before operation and for 
three days after operation, and a chemical analysis of their 
blood made at approximately' 24 hour intervals.

 — oOo------



-  2 -

CHAPTER 2.

INCIDENCE.

Colonic occlusion is a frequent form of intestinal 
blockage. Thus? out of a total of 474 cases of acute mechan­
ical intestinal obstruction admitted to Croydon General 
Hospital during the years 1931-8 ana to the Royal Sussex 
County Hospital, Brighton, during the years 1932-8, the author 
founa 112 cases of colonic occlusion. These figures compare 
with the 951 cases of colonic obstruction out of 6,892 cases 
of acute intestinal occlusion investigated by Vick (156) from 
21 of the largest voluntary hospitals in Great Britain.

Total Cases Colonic Obs. %
Author 474 112 23
Vick 6,892 951 14

Of 3 other series investigated by the author, one was 
not sufficiently differentiated to be of service (9), one 
showed 8 cases of colonic obstruction out of a series of 25 
cases of intestinal occlusion (48) and the third, a series of 
241 cases of intestinal obstruction, did not include those 
with blockage of the colon "because the results were so bad" 
(51). Incidentally, the appalling death rate in obstruction 
of the colon 1ms also been emphasised by Austin (9) and by 
Shier (140).
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By far the most frequent cause of colonic obstruction 
is carcinomaj there being 106 cases in the author’s series 
and 895 in Vick’s series, and so, approximately 19 out of 
every 20 patients admitted to hospital with occlusion of the 
colon suffer from carcinoma. In the series under investiga­
tion, no patient suffered from any cause of obstruction other 
than carcinoma.

Colonic Obs. Ca. of Colon %
Author 112 106 95
Vick 951 895 94

In clinical practice, there are only two other likely 
causes of occlusion of this part of the alimentary tract,

1. Congenital abnormalities.
2. Volvulus of the caecum or sigmoid.

As has been shown by the above figures, both of these condi­
tions must be extremely rare and neither the author’s nor 
Vick's figures show any cases of congenital obstruction of the 
colon. This may also be due to the fact that children are 
sent to special children’s hospitals in most of Vick’s cases, 
but it is not true of the cases at Croydon.

In regard to volvulus, it must be pointed out that this 
condition, although forming a block to the passage of faeces, 
causes symptoms of strangulation of the bowel and the patho­
logy is quite different to that of ordinary obstruction of the 
bowel (2) (4) (5) (6) (100) (118). On the other hand, the
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majority of patients who are acutely obstructed from a cancer 
of the colon are not ill from the carcinoma but from the 
mechanical effects of blockage of the lumen of the gut. (139).

0O0
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CHAPTER 3.

BIOCHEMICAL CHANGES IN INTESTINAL OBSTRUCTION.

(a) Dehy dration.
Dehydration is one of the most important biochemical 

changes occurring in intestinal obstruction. This fact 
has been stressed by many authors (8) (10) (30) (50) (52) 
(56) (58) (63) (66) (67) (68) (69) (70) (75) (76) (79)
(80) (91) (95) (104) (112) (113) (124) (146) (160) (164) 
(165) (168) and some think that it is the main cause of 
death. (56) (88) (154) (161).

It bears comparison with water loss occurring not 
only in the physiological state of sweating which may 
become serious under certain conditions (24) (25) (99)
(109) (147), but also in the excessive vomiting of 
pregnancy, (40) (69) (81) (82), the cyclical vomiting of 
children, (87), acute vomiting and diarrhoea, (19) (23)
(85) (132) (136) (137), and with that occasioned by the 
experimental loss of gastric (37) (42) (53) (86) (103)
(132) (158), duodenal, (53) (157), pancreatic, (37) (46) 
(53) (86), and intestinal juices. (38) (93).

It has been shown by Church (22) that water loss up 
to 10% leads to serious illness and up to 20%. to death.
If the average volume of digestive fluids secreted by an 
adult man in 24 hours are as follows:- (105)
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Saliva
Gastric
Bile 500 c.c 

500 c.c 
3,000 c.c

1,500 c.c 
2,000 c.c

Pancreatic
Enteric

7,500 c.c

then their complete loss would he much greater than the 
total blood volume, which may he taken as 6,000 c.c. in 
the average individual. (171). Fortunately, this total 
loss does not usually occur, for some of the juices seem 
to he reabsorbed and it appears probable that, as mechan­
ical distension of the bowel causes a fall in blood 
pressure, (6) (59), there may be a lessened secretion of 
juices, although Herrin (93) says that increased intra- 
intestinal pressure causes a true succus entericus to be 
formed, thus aggravating the dehydration. That the 
pressure in the lumen of the gut is increased in intest­
inal obstruction has been shown by Owings and McIntosh 
(125). Even if there be an occlusion below the Ampulla 
of Vater at the lethal line of Draper Maury, (117), a 
considerable proportion of the intestinal juices may be 
reabsorbed at a lower level and thus death may be post­
poned.

Total loss may occur, however, not due to the obs­
truction but during its treatment. The action of con- 
tiuous duodenal or intestinal suction, beneficial in 
regard to the vomiting and to the distension of the 
bowel, may cause a serious negative water balance in the
body. (1) (13) (14) (92) (126) (131) (159) (160)
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This water loss tends to cause a blood volume reduc­
tion, but the fluid reserves in the tissues are able to 
counteract this for a time, (5) (134), and variation in 
the one gives an immediate response in the other. (134). 
These fluid reserves are very considerable and may amount 
to as much as 20%-25% of the body weight (36) (84) or 13 
litres - more than tv/ice the total blood volume. Thus 
dehydration is not necessarily accompanied by blood 
volume reduction, but, if it does occur, there may follow 
a lowered blood pressure with consequent lessened digest­
ive secretions. The beneficial effect of isotonic sal­
ines (11) (15) (25) (32) (48) (57) (65) (67) (69) (71)
(112) (140) (142) (159),. is at least partly due to the 
fact that they increase the extra-cellular tissue fluids 
(89).

The matter is further complicated by the fact that 
water metabolism in the human body is also regulated, 
apart from fluid intake, by

1. The pituitary gland controlling its excretion.
2. Salt metabolism, which is intimately associated

with that of water in order to keep up the 
very constant osmotic pressure of the 
blood.

3. The plasma proteins which are the main factors
in controlling normal blood volume. (119) 
(143) (148).
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Ob) The -plasma -proteins.
As has been said previously, there is a definite 

relationship between the plasma volume and the plasma 
proteins, and any alteration in the latter will tend to 
cause a corresponding increase or decrease in the former, 
provided that there are ample fluid reserves in the 
tissues. As the extracellular tissue fluids are normally 
twice the blood volume in quantity, it is obvious that 
there is ample reserve for all normal contingencies.

It has been shown, however, that the plasma volume 
varies with relatively minor abnormal conditions. Gibson 
and Branch (6G) have demonstrated that anaesthesia causes 
a decrease in the volume which runs parallel with the 
degree of elevation of the blood pressure, and that, by 
the end of an operation, the circulating volume is still 
further diminished, and may fall again at the beginning 
of the recovery period. Yet none of their cases showed 
the clinical signs of surgical shock.

Similarly, Keeley and his co-workers (96) noted a 
reduction in plasma volume in burns, but the blood press­
ure was maintained well above shock level. They and 
Weiner and Elman (162) maintain that the serum proteins 
are normal even in severe burns and that they are only 
diminished terminally. On the other hand, Cuthbertson 
and Tompsett (35) have shown that the plasma, proteins 
fall in shock.

The problem may become even more confusing. Of the
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three proteins present in the plasma, one may alter in 
proportion to its fellows. Thus fibrinogen is said to 
be raised in acute infections and its alteration is 
considered to be the main cause of alteration of the 
corpuscle sedimentation rate (171).

Cuthbertson and Tompsett (35) suggest that increased 
globulin is associated with healing processes, but they 
also say that trauma causes a rise in globulin ana a fall 
in albumen. Weiner and Elman (163), although maintaining 
that the serum proteins are normal in severe thermal 
bums, have shown that the albumen-globulin ratio varied 
from 2.9 to 3.2, indicating a relatively greater loss of 
globulin to albumen, but that it returned to normal as 
the burn healed. It is therefore difficult to correlate 
the findings of Cuthbertson ana Weiner because tissue 
destruction would appear.to have been as great, if not 
greater, in Weiner’s cases.

These results do not help in assessing possible 
changes in the protein ratio in colonic obstruction.
Apart from alteration due to dehydration, there might be 
no change in the ratio of albumen to globulin, because 
tissue destruction is not marked in the bulk of cases 
and the only other possible cause is that based on the 
theory of proteose intoxication in intestinal obstruction 
put forwara by Cooke, Whipple and Van Slyke (164) (165) 
(167). They suggest that in occlusion of the bowel the 
cause of death is due to excessive protein breakdown.
That proteolysis meg occur from dehydration has been
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shown by McKay (111) anu Marriott (115).
If proteins were set free in the blood stream, then 

one would expect the total proteins to be raised, but 
McKay (111), Orr and Haden (124) and Whipple and Cooke 
(165) all agree that proteins are broken down to the non­
protein nitrogen state and, therefore, they would not 
alter the plasma protein level. Thus we are forced to 
conclude that if there be any changes in the values of 
the proteins they must be due to either severe dehydrat­
ion or to some unknown effect of the obstruction.

(c) Non-protein nitrogen relationship.
The non-protein nitrogen of the blood has been 

shown to be raised in intestinal obstruction by many 
workers including Cooke (28), Cooper (SO), Falconer and 
Lyall (48), Felty and Murray (50) and Haden and Orr and 
their co-workers (65) (68), in fact, Falconer and Lyall 
(48) maintain that it is the only constant biochemical 
change present in occlusion of the bowel. Levels as 
high as 400 mgm. per 100 c.c. of blood have been observed 
(68). The main cause of the high nitrogen figure is the 
increased blood urea and the latter has been noted many 
times in experimental obstruction of the bowel (10) (28)
(86) (95) (104) (112) (113) (151) (166).

Theories as to the cause of the high N.P.N. (12).
1. Dehydration.

(a) According to McKay (111) and Marriott (115) 
dehydration is the cause of proteolysis
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ano. this would lead to an increased blood 
urea.

(b) Teitelbaum (148) has shown that dehydration
can cause a raised blood urea.

(c) Dehydration leads to an oliguria and this might
lead to a retention of waste solids (39) 
(58) (85) (146) (173) (174).

These findings might be supported by other con­
ditions in which dehydration and a raised blood urea 
are known to exist together such as after operation 
(39), haematemesis (135), and the vomiting of preg­
nancy (40) (64) (81) , but Underhill and Carrington 
(153) say that there is no rise in urea in burns 
although dehydration is present.

2. Changes in the osmotic pressure of the plasma.
Another theory advanced for the raised blood 

nitrogen is that, owing to the loss of electrolytes 
in the vomit, urea is retained by the kidneys in an 
effort to keep up the osmotic pressure of the blood
(87).

In favour of this is the remarkable improvement 
noticed in patients after the administration of 
sodium chloride. Against it is the fact that urea 
permeates all the tissues of the body and would not 
therefore regulate the osmotic pressure (105), and 
Hastings and Eichelberger (89) have shown that the 
extracellular tissue fluids contain all the chloride



-  12 -

and that muscle is not ordinarily permeable to 
chloride.

3. Alkalosis.
Owing to the loss of hydrochloric acid in the 

vomit, a state of alkalosis may exist. Pelty and 
Murray (50) and Hastings (91) have demonstrated 
that, in obstruction of the upper bowel, the pH of 
the blood rises. A.M.Cooke (27) and Oakley (121) 
have shown that alkalosis causes a decrease in 
kidney function so that urea may be retained.

4. Transitory renal failure.
Brown and Eusterman (18) have suggested that 

there is a transitory renal failure, but Haden and 
Orr (68) and Whipple (166) say that this is not the 
case and that microscopic examination of the kidneys 
post-mortem shows no definite changes in them.
Cooper (30) and McCance and Lawrence (106) say that 
the kidneys are not like those of a chronic nephr­
itis and that, if the patient recovers from his 
obstruction, renal sequelae have never been record­
ed. However, there are factors which may help in 
causing renal failure and which cannot be passed 
over lightly.
(a) Lowered blood pressure.

It has been shown by Aird and Henderson (6) 
and Gendel and Pine (59) that distension of the 
bowel causes a fall in blood pressure and, in obs­
truction of the colon, this distension is well
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marked, particularly in the caecum, (21) (57) (62) 
(129) (133) (159), and it occurs early in the obs­
truction (62) (128).

It is also recognised that intestinal strang­
ulation, especially in its more severe forms, is 
likely to cause a fall in blood pressure because of 
depressor substances in the venous blood (100) (117) 
or in the peritoneal transudate (6).

The majority of patients suffering from colon­
ic occlusion are over 60 and, although some may have 
high blood pressures, most of them tend to have low 
pressures, due to the onset of senile myocarditis.

Whether the lowering of the blood pressure is 
sufficient to cause renal failure is doubtful unless 
it is severe enough to cause greatly reduced glomer­
ular pressure or virtual cessation of blood flow 
through the kidney, but in favour of the latter 
condition is the finding of Marriott (115) who says 
that reduced blood flow is present in obstruction.
It should be borne in mind, however, in view of the 
warnings by Aird and Henderson (6) and Knight and 
Slome (100) that sudden relief of intestinal occlus­
ion may set free depressor substances in the blood 
stream and that the blood pressure fall may bring 
about death although the obstruction is relieved.
(b) Dehydration.

If there is not sufficient water taken into 
the body there may not be sufficient blood to fill
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the glomerular capillaries and so a smaller quant­
ity of urine is passed. It has been calculated by 
Church (22) that at least 600 c.c. of water are 
required daily to act as solvents for the waste 
urinary solids and even then the urine would have 
a specific gravity of 1030. Thus dehydration may 
cause a reduction in urinary volume and solids may 
be retained in the system and signs of renal failure 
develop (39) (58) (85) (146) (174).

It has been shown by Hastings and Eichelberger 
(44) that hypertonic salines cause diuresis and this 
may account for some of the beneficial effects of 
salines. On the other hand, Rachmilewitz (132) says 
that the oliguria is not the cause of the high urea 
and there is ample evidence to show that urea may be 
raised in spite of polyuria (27) (106) (121).
(c) Plasma volume.

A fall in plasma volume causes a rise in plasma 
proteins and hence a rise in the colloidal osmotic 
pressure of the plasma. This in turn reduces the 
glomerular filtration unless the arterial blood 
pressure rises in compensation. Prom what has been 
said previously, this is not likely.
(d) Increased blood viscosity.

This condition may decrease the circulation 
rate owing to the number of red cells and so reduce 
the efficiency of the kidney. It is a well known 
finding in intestinal obstruction (3) (41) (75) (93)
(110) (115).



- 15 -

(e) Alkalosis.
As has been said previously, A.M.Cooke (27) and 

Oakley (121) have shown that alkalosis causes a de­
crease in kidney ̂function. The retained non-protein 
nitrogen increases the alkalosis and so a vicious 
circle is set up (12).

"We may therefore conclude that signs of funct­
ional renal failure are common, but that ex­
cretion of urea, as judged by the height of the 
blood urea, may appear to be defective while 
other functions of the kidney are still relat­
ively normal" (105).

5. Hepatic inefficiency.
This might be due to liver disfunction per se 

or brought about by the excessive vomiting.
6. Nervous control.

Little seems to be known about a possible nerv­
ous control of nitrogen metabolism but, in view of 
the relationship between the anterior pituitary and 
growth, there may be some control present.

7. Proteolytic.
It has been suggested that the cause of the 

high urea is excessive protein breakdown (111) (124) 
(165) and Haden and Orr and their co-workers (76)
(80) (88) (124) maintain that there is a greater 
protein breakdown in intestinal obstruction than 
can be accounted for by starvation alone. The 
proteolysis may be aided by dehydration according 
to McKay (111) and Marriott (115).
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(d) Chloride metabolism.
Possible alterations in the level of the blood 

chlorides in intestinal obstruction have been investig­
ated by many workers including A.M.Cooke (27), Falconer 
and Iy s.ll (48), Felty and Murray (50) and Haden and Orr 
(65), Hastings and Murray (91) Mclver and Gamble (110) 
ana McVicar (112) and all are agreed that there is a fall 
in the level. Bisgard (16) seems to be the only person 
who says that there is no alteration.

The hypoehloraemia is chiefly due to the loss of 
chloride in the vomit, and all who have found this cond­
ition agree that the higher up in the alimentary canal 
the site of obstruction, the more profuse is the vomit­
ing and the lower the level of the blood chlorides. It 
is thus well marked in pyloric stenosis and in occlusion 
of tne upper intestine. A low blood chloride level is 
not confined to intestinal blockage, but may be found in 
other conditions in which vomiting is a feature such as 
the vomiting of pregnancy (40) (64) (81) (82) and the 
cy clical vomiting of children (87).

There is another factor which may aid in the loss 
of chloride from the body, namely, dehydration. It is 
now well established that the "cramps1’ of miners and 
stokers are due to excessive sweating, which brings about 
a chloride loss (45) (147), and that sodium chloride 
deficiency may occur in the tropics as a result of per­
spiration (101) (108). Animals may suffer as well as man, 
hence the reason for animals going to "salt licks" where
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they may make good their deficiency. ICeeley and Gibson 
(96), however, say that there is no alteration of the 
blood chloride level in burns although there is dehyd­
ration.

On the other hand, barrow and Yannet (36) and Gamble 
and Boss (56) have shown that loss of sodium and chloride 
causes signs of dehydration, so it is possible for a 
vicious circle to be set up. A point of practical im­
portance is stressed by Mclver and Gamble (110) who say 
that the amount of hypochloraemia in intestinal obstruct­
ion is no guide to the degree of dehydration present.

The fall in chloride has been accounted for by Haden 
and Orr (65)(66)(67) (68) (69) (70) (71) (72) in their 
theory that not only is chloride accidentally lost in 
the vomit, but that the bulk of the chloride is used in 
some way as a protective agent to "fix" the toxins of the 
obstruction, and so render them harmless. They suggest 
that the following reaction may take place:-

x -4- NaCl -I- H2C03 —  NaHCOg +  x.HCl
(toxic) (non-toxic)

They offer in support of their theory their contention
that the amount of chloride lost from the body cannot be
accounted for by the loss through vomiting. Thus loss
of chloride according to their view is not one of the
possible causes of death but is an attempt by the body

to prevent it.
This has influenced Scudder and his colleagues (138) 

(139) (173) to investigate the potassium level of the
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plasma in view of the fact, first established by Amberg 
and Helmholtz (7), that sodium antagonises the action of 
potassium in the body. Falconer and Osterberg (49), 
however, have shown that there is no relationship between 
chloride fall and the potassium level of the plasma. 
Similarly, although there are usually alterations in 
chloride and non-protein nitrogen, there is no evidence 
that the one is clinically related to the other. This 
bears resemblance to the case reported by Kerr and 
Lendrum (98) in which a papilloma of the gall-bladder 
secreted sodium chloride but did not seem to affect the 
non-protein nitrogen level of the blood.

In regard to replacement of water and chloride in 
those suffering from intestinal obstruction, Falconer 
and lyall (47) are of the opinion that rehydration is 
more important than the replacement of chloride. This 
is of interest because Haden and Orr discovered that the 
use of ’’large quantities of saline” relieved the symptoms 
of occlusion of the bowel, and some of the improvement 
may have been due to the use of fluid rather than of 
actual chloride solution. On the other hand, they state 
that glucose solution does not relieve the symptoms of 
intestinal obstruction and so they suggest that the use 
of sodium chloride is specific, but even then it does 
not entirely rule out the value of water.

(e) Potassium factors.
In the search for the toxin of intestinal occlusion
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Scudder (138) considered the possibility of potassiura as 
the cause of the symptoms, particularly because of its 
well-known depressant action on the heart, first shown 
by Howell in 1901 (95) and later verified by Carlson (20) 
and Mathison (116). He was also influenced by the simil­
arity of the symptoms of acute intestinal obstruction and 
adrenal insufficiency. His colleagues, Zwemer and 
Sullivan (174), had shortly before suggested that potass­
ium was regulated by the adrenal cortex and Thom and 
Garbutt (150), Nilson (120) and Truszkowski and Zwemer 
(152) by their experiments, agreed with this view. His 
hypothesis was supported by the fact that sodium chloride, 
which is of great value in the treatment of intestinal 
obstruction, is directly antagonistic to the action of 
potassium in the human body (7).

As a result of his initial experiments on 8 cats, 
Scudder (138) came to the conclusion that the potassium 
of the plasma in intestinal obstruction rose to levels 
which were definitely toxic, and that the secretion of 
potassium into the gastric lumen, followed by vomiting, 
was. a means whereby the body attempted to get rid of this 
poisonous element. He showed that the concentration of 
potassium in the vomit was much higher than that in the 
plasma ana he associated the increased level in the 
plasma with the increased blood density.

His results, however, require further analysis. Of 
the 8 animals used in the experiments, one had an obs­
truction of the oesophagus, two had occlusions below the
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Ampulla of Vater, one had a blockage in the middle of 
the transverse colon and the remaining four had strang­
ulated loops. Thus his sweeping statements are based on
observations on 3 animals with intestinal obstruction, 
for the first animal could not vomit and, as has been 
emphasised previously, the condition of strangulation 
is totally different to simple occlusion of the bowel.
In addition, there was an initial fall in the plasma 
potassium in nearly all the cats and the rise seemed 
terminally. In the animal with colonic occlusion, the 
potassium fell for the first 5 days.

In a later series of 25 patients suffering from
acute intestinal obstruction in which Scudder and Zwemer 
(139) investigated the potassium of the plasma, 5 were 
not investigated until after treatment had commenced and, 
of the remainder, it was raised in 7 cases only and was 
lov/ in 5. Thus their results are quite indefinite and 
hardly justify their conclusion.

Since then Bisgard (16) has investigated the level 
of potassium in animals suffering from various conditions. 
He found it raised in approximately half the animals 
suffering from intestinal obstruction. He was not impress­
ed with his results and he did not think that potassium 
was the toxic factor. He was of the opinion that changes 
in the potassium level were incidental to changes in the 
plasma volume as it was influenced by alterations in 
blood pressure produced by shock ana anaesthetics. The 
latter has been confirmed by Larson and Brewer(102).
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Bisgard agreed with Scudder Ts findings that there was a 
terminal rise in all animals.

Falconer and Osterberg (49) found a fall of plasma 
potassium in intestinal obstruction and said that their 
results did not correspond to any particular factor.
They, too, thought that an> alteration in the level was 
incidental to the other changes, although they recog­
nised that potassium was lost in the.vomit. As a result 
of their findings, they have suggested the use of 
Ringer’s solution instead of normal saline for the treat­
ment of intestinal occlusion in order to make good the 
loss of potassium as well as the loss of chloride.

It is, therefore, not surprising that a similar 
difference of opinion exists in the results obtained on 
the estimation of the plasma potassium in haemorrhage. 
Kerr (97), who investigated the problem in 1926, said 
that there was a rise, and so did Thaler (149) in 1935, 
but Stewart and Rourke (145) in 1936 said that there was 
no rise. Of interest, too, is the fact that Keeley and 
Gibson (96) say that there is no significant change in 
the plasma potassium level in burns although other chem­
ical changes similar to those occurring in intestinal 
obstruction have been mentioned previously. In assoc­
iation with these remarks, it should be remembered that 
similar changes in the adrenal cortex have been observed 
in intestinal occlusion and in burns, so that if potass­
ium were regulated by the adrenal cortex, then one would 
expect similar potassium changes in both conditions.



- 22 -

(f) Peculiarities of colonic occlusion.
As has been mentioned in the Introduction, most work 

on alimentary obstruction has been done on blockage of 
the duodenum and jejunum, but it must be pointed out that 
this type of obstruction is rare clinically (110). It 
is therefore necessary to consider factors in regard to 
the physiology of the colon and the pathology of its 
tumours which might influence the biochemistry of occlus­
ion of this part of the intestine.

Although absorption of some substances may take 
place in the distal colon (33), the functions of the two 
halves of the colon are considered to be different for 
the following reasons:-

(1) The proximal part of the colon is developed
from the mid-gut along with the absorptive 
small intestine, while the distal part is 
developed from the hind-gut.

(2) The proximal part of the colon is of larger
calibre and its walls are thinner than the 
smaller thick walled distal portion.

(3) The prevailing type of movement in the proxim­
al part of the colon, particularly at the 
caecum, is churning, whereas the prevail­
ing type in the distal part is propulsion.

(4) The content of the proximal part of the colon
is liquid, whereas that of the distal part 
is solid or semi-solid.

In regard to the water content of the colon,
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Steggerda (X44) found that the faeces became approxim­
ately 10% more concentrated in each of the four parts of 
the colon, namely, caecum, ascending colon, descending 
colon and rectum. He thought that there was a direct 
relationship between water absorption and the blood 
supply to the parts, but Bonoff (17) considered it to be 
related to the amount of mucus present.

The type of tumour in the halves is also different 
(9). In the caecum and ascending colon it is of the
proliferative kind, whereas in the rest of the colon it
is usually of the ring stricture variety. Therefore, 
owing to

(1) The greater calibre of the proximal colon,
(2) The fluidity of its contents,
(3) The type of tumour,

obstruction of the proximal colon is rare compared to 
the rest of the colon. (140).

Although obstruction be present, food, water and 
intestinal secretions may pass into the proximal colon, 
at least for a time, and increase the distension there
(133). At this stage the valve action of the ileo- 
caecal orifice does not allow regurgitation. Thus 
vomiting is not an early feature in colonic occlusion 
and so dehydration and other chemical alterations may 
not be present during the first few days of the obs­
truction (133).

oOo
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CHAPTER 4.

METHODS.

In the investigations under consideration, certain chem­
ical changes in the blood of the patient were estimated before 
operation and for three days after operation at approximately 
24 hour intervals. Venous blood was used because not only is 
it easy of access but the concentrations of electrolytes in 
the various extra-cellular fluids are fairly closely predicted 
from the concentrations in venous serum (£4) .

As it was intended to calculate serum potassium and as 
the whole blood potassium is many times that of the serum 
potassium, it was decided to allow clotting of the blood to 
take place ana to make all the calculations on serum. Fibrin­
ogen was therefore lost from the total proteins but, as its 
calculation is said to be of little value clinically (83), and 
as Cuthbertson and Tompsett (35) say that oxalate reduces the 
total protein content of the serum, its loss was considered to 
be of little importance compared with the degree of accuracy 
likely to be obtained in the calculation of the serum potass­
ium and the total and individual protein contents.

Before proceeding to the examination of likely abnormal 
bloods, determinations were carried out on 12 normal bloods 
in order to obtain accuracy and familiarity with the methods. 
In connection with the former, many of the bloods were re­
examined twice and many of the abnormal bloods also were re­
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estimated, especially those with marked abnormal figures.
The following estimations were carried out:-

1. The serum chloride concentration.
2. The serum potassium concentration.
3. The h.P.lT. of the blood.
4. The total protein concentration of the serum.
5. The albumen concentration of the serum.
6. The globulin concentration.
7. The albumen-globulin ratio.

1. The serum chloride concentration.
This determination was carried out after the manner 

of Van Slyke’s modification of Whitehorn's method (155). 
Owing to the hygroscopic action of the thiocyanate used 
for titration, a control with distilled water was carried 
out daily.

2. The serum potassium concentration.
The method used for this was the platinic chloride 

micro-method of Shohl and Bennett (141) in which the 
pota-ssium of the serum is first converted into potassium 
chloro-platinate and then, by the addition of potassium 
iodide, into the wine-coloured iodo-platinate. This is 
then titrated with thiosulphate.

This method has the advantage that it is based on a 
precipitate of definite and constant composition and its 
accuracy is such that 0.1 mgm. of K ( the amount in 
0.5 c.c. serum) can usually be determined with an error 
within ±  4%, and 0.4 mgm. with an error within i  2%
(141). Controls were carried out daily. The end point 
is also quite definite. This is not the method used by 
Scudder and his colleagues, nor by Falconer and Osterberg.
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S. The N.P.N. of the blood.
This was estimated by a rnicro-Kjeldahl method (£3). 

The digestion was done by sulphuric acid and the cataly st 
employed was selenium. This ms.de the digestion much 
quicker, and no alteration could be found in results 
checked with samples using the older and slower method 
of copper sulphate as the catalyst.

4. The total -protein concentration of the serum.
For this investigation the total nitrogen of the 

serum was estimated by the micro-Kjeldahl method, selen­
ium being used as the catalyst. From this result the 
non-protein nitrogen figure obtained by the previous 
determination was deducted. This gave the nitrogen fig­
ure for the proteins of the serum and from it the amount 
of the total proteins was calculated. This procedure is 
much more accurate than refraction or colorimetric 
methods.

5. The albumen concentration of the serum.
6. The globulin concentration.

In these determinations the globulin was precipit­
ated by 22% sodium sulphate and the albumen filtered off. 
It is very important to use a very fine filter paper 
otherwise globulin will come through in the filtrate.
The albumen was digested by sulphuric acid and its amount 
estimated from the nitrogen figure obtained after making 
allowance for the N.P.N.

The globulin figure was obtained by subtracting the
albumen result from the total protein figure.

------ oOo-----
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CHAPTER 5.

CASES.

Case 1.
Man, aged 73.
Constipated 5 days. Abdominal pain. Vomiting slight. 
Carcinoma of splenic flexure.
Operation - caecostomy.
Death 4 days after operation.

Preop. 24 Hours. 48 Hours 72 Hours
. Chlor. 520 510 520 541
Potass. 20.33 16.8 12.9 14.86
N.P.N. 43.68 36.4 35.0 30.8
T.P. 5.85 5.77 6.43 6.02
Albumen. 3.85 4.10 4.78 4.35
Globulin. 2.0 1.67 1.65 1.67
A-G Katio 1.92 2.46 2.89 2.60

Case 2.
Man, aged 74.
constipated 4 days. Abdominal pain. Vomiting slight. 
Carcinoma of sigmoid.
Operation - descending colostomy.
Recovery uneventful.
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Preop. 24 Hours 48 Hours 72 Hours
Chlor. 541 510 530 541
Potass. 27.14 25.0 27.37 ' 23.07
N.P.N. 42.0 39.2 33*6 28.0
T.P. 6.26 6.06 6.09 5.95
Albumen. S.37 4.05 3.98 3.93
Globulin. 2.89 2.01 2.11 2.02
A-G Ratio 1.17 2.01 1.89 1.95

Case 3,
Man, aged 58.
Constipated 6 days. Abdominal pain. Vomiting marked. 
Carcinoma of sigmoid.
Operation - descending colostomy. Small intestine greatly 

distended.
Recovery after stormy convalescence.

Preop. 24 Hours. 48 Hours 72 Hours
Chlor. 496 466 • 488 519
Potass. 27.37 28.5 24.6 22.3
N.P.N. 173.6 218.4 194.0 120.0
T.P. 5.85 4.70 4.61 4.97
Albumen. 3.93 2.87 2.98 3.24
Globulin. 1.92 1.63 1.63 1.73
A-G Ratio 2.05 1.76 1.83 1.87
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Case 4 .
Womanj aged 65.
Constipated 6 days. Abdominal pain. Much vomiting. 
Carcinoma of sigmoid.
Operation - descending colostomy.
Recovery slow.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 477 456 488 510

Potass. 17.59 18.77 18.9 16.8
H.P.N. 74.2 82.6 68.6 56.0

T.P. CP no 5.46 5.23 5.75
Albumen. 3.74 3.25 3.86 4.12
Globulin. oH<M 2.21 1.37 1.63
A-G Ratio 1.78 1.47 2.82 2.53

Case 5.
Man, aged 69.
Constipated 4 days. Abdominal pain. Vomited once. 
Carcinoma of descending colon.
Operation - caecostomy.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 583 562 583 603
Potass. 15.64 22.3 21.5 20.3
N.P.N. 16.8 22.4 21.0 18.2
T.P. 6.28 5.72 5.94 6.27
Albumen. 3.32 3.71 3.34 3.15
Globulin. 2.96 • O H 2.60 3.12
A-G Ratio 1.12. 1.85 1.28 1.01
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Case 6.
Woman, aged 59.
Constipated 6 days. Abdominal pain. Vomited slightly. 
Carcinoma of hepatic flexure.
Operation - caecostony.
Re c o v ery unint errupt ed.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 541 520 530 562
Potass. 12.52 13.3 16.8 21.1
N.P.N. 26.6 32.2 CO ro ro 28.0
T.P. 6.39 6.97 7.41 7.00
Albumen. 3.09 3.60 4.03 3.89
Globulin. 3.30 3.37 3.38 3.11
A-G Ratio 0.94 . 1.07 1.19 1.25

Case 7.
Man, aged 58.
Constipated 4 days. Abdominal pain. Vomited once. 
Carcinoma of rectum.
Operation - descending colostomy.
Recovery uninterrupted.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 562 551 572 603
Potass. 16.4 17.6 18.4 17.6
H.P.H. 26.6 29.4 28.0 23.8
T.P. 6.83 6.65 6.31 6.49
Albumen. 3.74 3.59 3.46 3.52
Globulin. 3.09 3.06 2.85 2.97
A-G Ratio 1.21 1.17 1.21 1.19
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Case 8.
Man, aged 58.
Constipated 4 days. Abdominal pain. Vomited once. 
Carcinoma of sigmoid.
Operation - descending colostony. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Houre
Chlor. 562 583 551 572
Potass. 15.64 20.3 20.7 19.2
N.P.N. 25.2 30.8 32.2 29.4
T.P. 6.32 5.58 5.05 5.34
Albumen. 2.93 3.06 3.65 3.48
Globulin. 3.39 2.52 1.40 1.86
A-G Ratio 0,86 1.21 2.61 1.87

Case 9.
Man, aged 61.
Constipated 4 days. Abdominal pain. Vomiting marked. 
Carcinoma of splenic flexure.
Operation - caecostomy.
Death on 3rd day after operation.

Preop. 24 Hours 48 Hours 72 Hours

Chlor. 498 509 541 —

Potass. 16.8 18.4 14.5 —

N.P.N. 40.6 61.6 71.4 —

T.P. 6.04 5.56 5.59 —

Albumen. 3.67 3.31 3.29 —

Globulin. 2.37 2.25 2,30 —

A-G Ratio 1.55 1.47 1.43
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Case 10.
Woman, aged 58.
Const ipateo. 7 days. Abdominal pains. Vomited once. 
Carcinoma of sigmoid.
Operation - descending Colostomy. Recovery uneventfol.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 598 583 572 604
Potass. 18.4 16.8 15.2 17.6
N.P.H. 16.8 23.8 18.2 19.6
T.P. 5.23 4.98 5.14 5.52
Albumen. 2.82 3.04 2.71 IV) 00

Globulin. 2.41 1.94 2.43 2.84
A-G Ratio 1.17 1.57 1.17 0.94

Case 11.
Man, aged 48.
Constipated 4 days. Abdominal pains. Vomited frequently. 
Carcinoma of descending colon. Much small bov/el distension. 
Operation - transverse colostomy. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Hours

Chlor. 477 488 520 551

Potass. 14.8 13.7 12.9 14.5

N.P.N. 50.4 53.6 46.2 35.0

T.P. 6.42 6.49 6.62 6.51

Albumen, 3.81 3.52 2.81 3.17

Globulin. 2.61 2.97 3.81 3.34

A-G Ratio. 1.46 1.19 0.74 0.95
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Case 12.
Man, aged 59.
Constipated 4 days. Abdominal pains. Vomited slightly.
Carcinoma of transverse colon.
Operation - caecostomy. Recovery uninterrupted.

Preop. 24 Hours 48 Hours 72 Hours
Chlor, 530 541 562 583
Potass. 15.25 13.3 14.9 15.6
li.P.N. 22.4 26.6 29.4 25.2
T.P. 6.25 6.40 6.16 6.24
Albumen. 3.47 3.23 3.54 3.41
Globulin. 2.78 2.17 2.62 2.83
A-G Ratio 1 op;JU . Cj kj 1.4S 1.35 1.20

Case 13.
Man, aged 27.
Constipated 4 days. Abdominal pains. Vomited slightly. 
Carcinoma of rectum.
Operation - descending colostomy. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 541 530 M l 562
Potass. 17.6 19.2 18.4 16.8
N.P.N. 22.4 23.8 26.6 21.0
T.P. 6.42 6.38 6.31 6.19

Albumen. 3.15 3.29 3.46 3.33

Globulin. 3.27 3.09 o c r; a . L-o 2.86

A-G Ratio 0.96 1.06 1.21 1.16
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Case 14.
Man, aged 62.
Constipated £ days. Abdominal pains. Vomiting slight.
Carcinoma of descending colon.
Operation - caecostomy, Recovery uninterrupted.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 519 498 530 551
Potass. 22.29 21.11 20.3 17.6
N.P.N. 33.6 37.8 39.2 30.8
T.P, 5.90 6.05 5.84 5.58
Albumen. 3.26 3.31 3.14 2.79
Globulin. 2.64 2.74 2.70 2.79
A-G Ratio 1.24 1.21 1.16 1.00

Case 15.
Man, aged 74.
Constipated 5 days. Abdominal pain. Vomited once. 
Carcinoma of sigmoid.
Operation - descending colostomy. Recovery uneventful.

Preop, 24 Hours 48 Hours 72 Hours
Chlor. 541 551 572 583
Potass. 14.1 14.9 16.0 16.4
N.P.N. 40.6 36.4 32.2 26.6
T.P. 6.48 6.32 6.24 5.98
Albumen. 3.54 3.43 3.29 3.18

Globulin. 2.94 2.89 2.95 2.80

A-G Ratio 1.20 1.19 1.12 1.14
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Case 16.
Man, aged 68.
Constipated 6 days. Abdominal pains. Vomiting marked.
Carcinoma of sigmoid. Much small bov/el distension.
Operation - descending colostomy. Recovery slow.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 498 477 509 530
Potass. 24.6 26.2 22.3 18.4
N.P.N. 102.2 121.8 96.6 88.2
T.P. 5.40 5.70 5.87 5.92
Albumen. 2.94 3.28 3.34 3.61
Globulin. 2.46 2.42 2.53 2.31
A-G Rafio 1.19 1.36 1.32 1.56

Case 17.
Man, aged 60.
Constipated 5 days. Abdominal pains. Vomited once.
Carc inoraa o f. s igmo id.
Operation - descending colostomy. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 541 541 562 572
Potass. 14.5 15.6 16.8 18.4
N.P.N. 37.8 35.0 29.4 25.2
T.P. 5.36 3.98 4.62 4.66
Albumen. 2.64 2.23 2.21 1.74

Globulin. 2.72 1.75 2.41 2.92

A-G Ratio 0.97- 1.27 
... ..........

0.92 0.60
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Case 18 >
Woman, aged 63.
Constipated 6 days. Abdominal pain. Vomiting marked.
Carcinoma of hepatic flexure.
Operation - caecostomy. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 488 477 510 541
Potass. 13.7 14.9 16.0 17.6
N.P.N. 33.6 30.8 26.6 21.0
T.P. 6.14 6.27 6.19 5.98
Albumen. 3.38 3.52 3.41 3.36
Globulin 2.76 2.75 2.78 2.62
A-G Ratio 1.23 1.27 1.23 1.28

Case 19.
Woman, aged 75.
Constipated 4 days. Abdominal pains. Vomiting profuse. 
Carcinoma of splenic flexure.
Operation - transverse colostomy, 
death on 2nd day after operation.

Preop. 24 Hours 48 Hours 72 Hours
Chlor, 456 435 --- ---

Potass. 26.2 29.3 --- ---

P.P.N. 81.2 110.6 -- --

T.P. 6.87 6.94 -- --

Albumen. 3.68 3.82 -- --

Globulin. 3.19 3.12 -- --

A-G Ratio 1.15 1.22 -- --
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Case 20.
Man, aged. 69.
Constipated 3 days. Abdominal pains. Vomited once. 
Carcinoma of splenic flexure.
Operation - transverse colostomy. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 562 541 541 551
Potass. 15.2 14.5 14.9 16.8
N.P.N. 22.4 26.6 23.8 25.2
T.P. 5.92 6,14 6.06 5.82
Albumen. 3.47 3.61 3.54 3.51
Globulin. 2.45 2.53 2.52 2..31
A-G Ratio 1.42 1.43 1.40 1.52

Case 21.
Man, aged 56.
Constipated 6 days. Abdominal pains. Vomiting marked. 
Carcinoma of transverse colon.
Operation - caecostomy. Much sma.ll bowel distension. 
Recovery slow.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 498 477 488 519
Potass. 20.3 19.2 18.4 18.4

N.P.N. 71.4 95.2 92.4 82.6

T.P. 5.76 5.94 6.11 6.04

Albumen. 3.38 3.47 3.44 3.32

Globulin. 2.38 2.47 2.67 2.72

A-G Ratio 1.42 1.40 1.29 1.22
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Case 22.
Man, aged 49.
Constipated 5 days. Abdominal pains. Vomited once. 
Carcinoma of sigmoid.
Operation - descending colostomy. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Hours
Chlor, 583 593 604 593
Potass. 15.6 19.9 20.7 19.2

I
• • 30.8 32.2 29.4 23.8

T.P. 5.53 5.62 5.54 5.41
Albumen. 3.67 3.74 3.71 3,58
Globulin. 1.86 1.88 1.83 1.83
A-G Ratio 1.97 1.99 2.06 1.96

Case 23.
Man, aged 67.
Constipated 5 days. Abdominal pains. Vomiting slight. 
Carcinoma of sigmoid.
Operation - descending colostomy. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 541 541 551 572
Potass. 15.2 14.9 14.5 16.8
N.P.N. 36.4 42.0 33.6 28.0

T.P. 5.92 6.14 6.18 5.98
Albumen. 3.86 3.98 3.89 3.82
Globulin. 2.06 2.16 2.29 2.16

A-G Ratio 1.87 1.84 1.70 1.77
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Cuss 24 a
Woman, aged 71.
Constipated 4 days. Abdominal pains. Vomiting marked. 
Carcinoma of sigmoid.
Operation - descending colostomy. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 498 498 530 551
Potass. 13.7 14.5 15.6 18.0
N.P.N. 49.0 58.8 51.8 39.2
T.P. 6.21 6.34 6.27 6.14
Albumen 3.75 3.89 3.68 3.62
Globulin. 2.46 2.45 2.59 2.52
A-G Ratio 1.52 1.59 1.42 1.44

Case 25.
Man, aged 57.
Constipated 6 days. Abdominal pains. Vomiting marked. 
Carcinoma of sigmoid. Muck small bowel distension. 
Operation - descending colostomy. Recovery stormy.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 477 456 467 510
Potass. 29.3 27.8 25.4 21.5
N.P.N. 93.8 113.4 107.8 85.4

T.P. 6.58 6.81 6.76 6.64

Albumen. 3.91 3.98 3.92 3.81

Globulin. 2.67 2.83 2.84 2.83

A-G Ratio 1.46 1.41 1.38 1.35
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Case 26.
Man, aged 60.
Constipated 4 days. Abdominal pains. Vomited once. 
Carcinoma of splenic flexure.
Operation - transverse colostomy. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 541 510 519 530
Potass. 18.4 17.2 19.2 18.8
N.P.N. 28.0 25.2 2.2.4 25.2
T.P. 6.58 6.81 6.76 6.64
Albumen. 3.91 3.98 3.92 3.81
Globulin. 2.67 2.83 2.84 2.83
A-G Ratio 1.46 1.41 1.38 1.35

Case 27.
Man, aged 68.
Constipated 4 days. Abdominal pains. Vomiting slight. 
Carcinoma of hepatic flexure.
Operation - caecostony. Recovery uninterrupted.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 519 530 551 572
Potass. 15.2 14.9 14.1 15.6
N.P.N. 39.2 50.4 44.8 35.0
T.P. 6.14 6.27 6.20 6.11
Albumen. 3.72 3.84 3.81 3.69
Globulin. 2.42 2.43 2.29 2.42

A-G Ratio 1.54 1.58 1.59 1.52
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Case 28.
Woman, aged 64.
Constipated 4 days. Abdominal pains. Vomited once. 
Carcinoma of sigrnoid.
Operation - descending colostomy. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Hours
Chlor, £83 572 572 593
Potass. 20.3 20.7 19.5 19.9
H.P.N. 32.2 30.8 25.2 23.8
T.P. 5.84 5.96 6.05 5.94
Albumen. 3.88 3.97 3.92 3.86
Globulin. 1.96 1.99 2.13 2.08
A-G Ratio 1.98 2.00 1.84 1.85

Case 29.
Man, aged 72.
Constipated 3 days. Abdominal pains. Vomiting slight. 
Carcinoma of sigmoid.
Operation - descending colostony. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 562 562 583 572
Potass. 17.6 IS. 4 16.8 16.0
N.P.H. 90 4 33.6 28.0 26.6

T.P. 5.76 5.87 5.92 5.81

Albumen. 3*54 3.65 3.58 3.48

Globulin* o pp 2.22 2.34 2.33

A-G Ratio 1 50JL « w* 1.64 1.53 1.49
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Case 30,
woman, aged 61.
Constipated 5 days. Abdominal pains. Vomited slightly.
Carcinoma of transverse colon.
Operation - colostony. Recovery uninterrupted.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 562 519 510 541
Potass. 14.9 15.6 15.6 17.6
K.P.N. 28.0 25.2 22.4 18.2
T.P. 5.86 5.93 5.85 5.76
Albumen. 3.41 3.53 3.47 3.39
Globulin. 2.45 2.40 2.38 2.37
A-G Ratio 1.39 1.47 1.46 1 .4o

Case 31.
Han, aged 59.
Constipated 5 days. Abdominal pains. Vomiting slight. 
Carcinoma of sigmoid.
Operation - descending colostomy. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 519 498 510 541
Potass. 13.7 14.1 15,6 16.8

N.P.N. 50.4 56.0 57.4 43.4

T.P. 6.18 6.21 6.16 5.98

Albumen. 3.61 3.58 3.49 3.41

Globulin. 2.57 2.63 2.67 2.57

A-G Ratio 1.40 1.36 1.31 1.33
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Case 32.
Man, aged 66.
Constipated 6 days. Abdominal pains. Vomiting marked.
Carcinoma of descending colon.
Operation - caecostomy. Much small bowel distension. 
Death on 3rd day after operation.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 488 466 477 ---

Potass 28.5 27.8 28.5 ---

N.P.N. 120.4 131.6 161.0 ---

T.P. 6.52 6.59 6.71 ---

Albumen. 3.92 4.03 4.10 ---

Globulin. 2.60 2.56 2.61 ---

A-G Ratio 1.51 1.57 1.57 ---

Case 33.
Man, aged 70.
Constipated 4 days. Abdominal pains. Vomited once. 
Carcinoma of descending colon.
Operation - transverse colostomy. Recovery uneventful.
.-'

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 541 530 551 562
Potass. 15.6 18.8 19.2 19.5
N.P.N. 32.2 35.0 30.8 25.2
T.P. 6.04 6.12 6.18 6.09
Albumen. 3.83 3.94 3.86 3.75
Globulin. 2.21 2.18 2.22 2.34

A-G Ratio. 1.73 1.81 1.74 1.60
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Case 34.
Man aged 70.
Constipated 4 days. Abdominal pains. Vomiting profuse.
Carcinoma of splenic flexure. Much ileal distension.
Operation — transverse colostomy• Convalescence stormy.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 456 446 477 498
Potass. 25.4 27.0 24.6 21.1
N.P.N. 96.6 112.0 116.2 100.8
T.P. 6.31 6.49 6.62 6.51
Albumen. 3.94 4.01 3.98 3.92
Globulin. 2.37 2.48 2.64 2.59
A-G Ratio 1.66 1.62 1,51 1.51

Case 35.
Man, aged 62.
Constipated 3 days. Abdominal pains. Vomiting marked. 
Carcinoma of ascending colon.
Operation - caecostomy. Convalescence uninterrupted.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 510 498 519 530
Potass. 14.5 14.9 16.0 18.4
N.P.N. 37.8 42.0 40.6 30.8
T.P. 5.89 5.95 5.91 5.84
Albumen. 3.71 3.80 3.74 3.67
Globulin. 2.18 2.15 2.17 2.17
A-G Ratio 1.70 1.77 1.72 1.69
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Case 36.
Man, aged 55.
Constipated 4 days. Abdominal pains. Vomiting profuse. 
Carcinoma of splenic flexure. Much ileal distension. 
Operation - transverse colostomy'.
Death 4 days after operation.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 477 467 446 435
Potass. 21.1 22.3 23.9 27.0
N.P.N. 72.8 86.8 102.2 112.0
T.P. 5 •  91 5.96 6.10 6.21
Albumen. 3.69 3.81 3.86 3.94
Globulin. C 'dj #  C.j dj 2.15 2.24 2.27
A-G Ratio 1.66 1.77 1.72

------------------1
1.74

Case 37.
Man, aged 73.
Constipated 4 days. Abdominal pains. Vomiting marked. 
Carcinoma ox hepatic flexure.
Operation - caecostomy. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 519 530 510 541
Potass. 22.3 21.5 21.5 19.9

N.P.N. 28.0 30.8 25.2 26.6

i 
n
 

• ►ti • 6.12 6.18 6.16 6.05
Albumen. 3.37 3.52 3.54 3.46
Globulin. 2.75 2.66 2.62 2.59

A-G Ratio 1.23 1.32 1.35 1.34
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CctS6 oS •

Man, aged 50.
Constipated'5 days. Abdominal pains. Vomited once. 
Carcinoma of sigrnoid.
Operation - descending colostomy. Recovery uneventful.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 562 541 530 551
Potass. 19.2 19.9 19.2 18.4
N.P.N. 22.4 28.0 32.2 25.2
T.P. 5.82 5.91 5.87 5.7 8
Albumen. 3.24 3.34 3.46 3.35
Globulin. 2.58 2.53 2.41 2.43
A-G Ratio 1.26 1.34 1.43 1.38

Case 39.
Woman, aged 68.
Constipated 4 days. Abaominal pains. Vomiting slight. 
Carcinoma of sigmoid.
Operation - descending colostomy. Recovery7 uneventful.

Preop. 24 Hours 48 Hours 72 Hours
Chlor. 541 541 562 583
Potass. 13.7 14.5 15.6 17.2
N.P.N. 42.0 47.6 50.4 44.8

T.P. 5.95 6.03 6.12 5.98

Albumen. 3.57 3.71 3.65 3.59

Globulin. 2.38 2.32 2.47 2.39

A-G Ratio 1.50 1.60 1.48 1.50
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Case 40.
Man, aged 59.
Constipated 4 days. Abdominal pains. Vomiting slight. 
Carcinoma of splenic flexure.
Operation - transverse colostomy.
Convalescence uninterrupted.

Preop. 24 Hours 4-8 Hours 72 Hours
Chlor. 541 530 541 562
Potass. 15.2 16.0 16.8 16.4
N.P.N. 39.2 44.8 36.4 28.0
T.P. 6.02 6.14 6.21 6.13
Albumen. 3.61 3.74 3.76 3.63
Globulin. 2.41 2.40 2.45 2.50
A-G Ratio 1.50 1.56 1.53 1.45

oOo
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CHAPTER 6.

SUMMARY OF RESULTS.

1. Age. With the exception of one case whose age was 27, 
all the patients in this series were between the 
ages of 48 and 75.
Average. The average age was 62.35 years. The 

number of cases increased up to the age 
of 595 fell to a low level between the 
ages of 63 and 67? and a second, but lower, 
rise at the age of 68 fell gradually.

N u m b e r

7 57 0CS55 60

Males. The male cases included the man of 27 and 
the range covered the ages of 48 to 74. 
Their average age was 61,61 years.

Females. The female cases varied from 58 to 75, and 
their average age was 64.89 years.

Site of pxowth. The average age at the different 
sites of growth were as follows:-
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Site ho. of 
Cases

Average
Age

Asc. Colon 1 * 62.0
Hepat. Flex. 4 65.75
Trans. Colon 3 58.67
Splenic Flex. 8 65.25
Desc. Colon 5 63.0
Sigmoid 17 63.0
Rectum 2 42.5

Sex. There were 31 males and 9 females in the series.
In regard to the site of the obstruction the sexes 
were affected as follows:-

Site Males Females
Asc. Colon 1 -
Hepat. Flex. OCj o

C-

Trans. Colon 2 1
Splenic Flex. 7 1
Desc. Colon 5 -

Sigmoid 12 5
Rectum 2 -



Duration of obstruction.
No case had. been ill less than 3 days and none more 
than 7 days.
The average time was 4.62 days.
The average duration of* illness at the various sites 
was as follows

Site Duration
Asc. Colon 3.0
Hepatic Flex. 4.75
Trans. Colon 5.0
Splen. Flex. 4.0
Desc. Colon 4.6
Sigmoid 5.0
Rectum 4.0

Sites of obstruction.
The commonest site of obstruction was the signoid 
colon - 17 cases, forming 42.5% of all the cases.

Site No. of 
Cases

% of Total

Asc. Colon 1 2.5
Hepat. Flex. 4 10.0
Trans. Colon 3 7.5
Splen. Flex. 8 20.0
Desc. Colon 5 12.5
Sigmoid 17 42.5
Rectum 2 5.0



Obstruction of the left or distal half of the colon, 
from splenic flexure to rectum, accounted for no 
less than 32 cases, a percentage of 80, while obs­
truction of the proximal part alone accounted for 
only 8 cases, a percentage of 20.

• Death Hate.
There were 5 deaths during the period of observation. 
This is 12^% of the total cases.

Death Age Sex Duration Site Day after 
Op.

Case 1 73 M. 5 Splenic 4
Case 9 61 M. 4 Splenic 3
Case 19 75 F. 4 Splenic 2
Case 32 66 M. 6 Descend. 3
Case 36 55 M, 4 Splenic 4

The average age of the deaths is 66 years, which is 
only a little higher than the average age of the 
whole series.
There is no peculiarity in the proportion of the 
deaths in the sexes.
The average duration of the illness prior to oper­
ation is 4.6 days, which is almost the same average 
duration for the whole series. Four of the five 
deaths occurred in those suffering from carcinoma 
of the splenic flexure. This is no less than 50% 
of the cases occurring at this site.
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The fact that the greatest number of deaths occurr­
ed on the 3rd and 4th days tends to suggest that 
they died from some biochemical change or from ex­
haustion rather than from anaesthetic causes or 
paralytic ileus.

6. Biochemical Results.
Chlorides.

Thirty cases showed a low preoperative level.
6 of the remaining 10 showed a low normal level.
The average result was 526 mgm. per 100 c.c. serum. 
24 hours after operation. 27 cases showed a further 
fall in the serum chlorides, in 5 others it was the 
same as before operation, and in 8 it had commenced 
to return to normal.
The average result was 523 mgm.

On the 2nd day after operation, 1 patient died, 
2 patients did not show a rise in the level (Cases 
20 and 28), but in one of them (Case 28) the level 
was already normal, and in 5 others (Cases 8, 10,
30, 36 and 38) there was a still further fall. 
Therefore, 32 patients had started to make good 
their serum chlorides.
The average result on this day was 531 mgm.

On the 3rd day after operation, other 2 
patients died and, of the remaining 37, only 1 (Case 
36) failed to maintain a normal figure or to improve 
his chloride balance. This patient!s serum chloride 
continued to fall and he died on the following day.
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The average result for the 3rd day after operation 
was 552 mgm.

Highest Lowest Average
Preop. 598 456 526
24 Hours 593 435 523
48 Hours 604 446 531
72 Hours 604 435 552

Of the 5 deaths in the series, all had lowered 
chloride levels before death, but only in 3 (Cases 
19, 32 and 36) was it abnormally low, being 477 mgm. 
in Case 32 and 435 in Cases IS and 36.

Potassium.
24 cases showed a lowered potassium level before 

operation, 6 were within normal limits and 10 were 
above the normal. Normal was considered to be 
IS - 21 mgm. of potassium per 100 c.c. of serum (83).

On the day following operation, 19 of the low 
cases had commenced to rise, while the other 5 went 
lower still. 3 of the 6 normal levels became sub­
normal, while 5 of those showing raised levels went 
higher, but the other 5 became lower.

On the 2nd day after operation, 6 of the 10 
raised levels had commenced to fall, but the other 
3 were still rising. The 10th case had died. 17 
of the lowered cases were still rising. Thus the



bulk of the cases were returning to normal.
72 hours after operation the position was as 

follows. There was another death among the cases 
with a raised preoperative level and of the remain­
ing 8, 7 had definitely fallen towards normal, but
the 8th, whose potassium was still rising, died on 
the following day. One of the normal cases (Case 1) 
showed rather a low serum potassium and this patient 
died next day. 8 of the subnormal cases still 
showed a lowered result which, was continuing to fall. 
These cases, however, eventually recovered.

The question arose as to why 24 cases should 
have a lowered serum potassium and 10 should be 
raised. Some of the main facts about the latter 
group are in the following table:-

Case Age Durat. Site a T  ̂• J- •
Distems

Potassium Death
2 74 4 Sig. 27.1 o i-. nC:*-< . W 27.4 23.1 —

Oo 58 6 Sig. + ♦ 27.4 28 • 5 24.6 o£ A- # tJ —

14 62 c Desc. 22.9 21.1 20.3 17.6 —

16 68 6 Sig. + 24.6 26.2 22.3 18.4 —

19 75 4 Splen. + + 26.2 29.3 — — 2nd Day
25 57 6 Sig. 4- ♦ 29.3 27.8 25.4 21.5 —

32 66 6 Desc. *4* 4- 28.5 27.8 28.5 — 3rd Day
34 70 4 Desc- + + Oc. A 27.0 24.6 21.1 —-

36 55 4 Splen. + «► 21.1 22.3 23.9 27.0 4th Day
37 73 4 Hepat. 22.3 21.5 21.5 19.9 —



Age. The average age of these patients is 65.8 years, 
which is little different from the average age of 
the whole series.

Duration of illness. The average duration of these cases, 
4.9 days, is also very little removed from that of 
the whole series.

Sites. All sites appear to be proportionately involved.
Amount of small intestinal distension. This factor is

more striking in its relationship to the high level 
of potassium. Only 3 cases out of the 10 did not 
show marked small intestinal distension and in 2 
of them (Cases 14 and 37) the serum potassium was 
not very much over normal.

Deaths. Deaths in this group occurred only in those with 
marked small bowel distension and occurred on diff­
erent days of the illness.

N.P.N.
The bulk of the cases had raised serum N.P.N.

| before operation. In 13 cases it was within normal 
limits.

On the day after operation, the level rose in 
32 cases but dropped in 8 towards a normal level.

On the 2nd day after operation, there was a 
further rise in 13 cases, and in 1 it remained the 
same, but all the others showed a fall. Of the 13, 
2 died on the same day and 10 of the remaining 11 
showed a distinct return to normal on the 3rd day. 
The 11th died on the 4th day.



Thus all the cases were showing a distinct improve­
ment in their N.P.N. figures by the 3rd day after 
operation except those who were moribund.

The average N.P.N. results for the 4 days of 
observation were as follows:-

Preop. 1st Day 2nd Day 3rd Day
47.8 55.3 51.1 39.9

Total Proteins.
The remarkable thing about these results was 

that none was particularly high. The normal was 
considered to be from 5.6 - 8.5 grms. with an 
average of 7.0 grms. (83). The highest was in 
Case 19, where the total concentration was 6.87 

grms. This patient was the one who died on the 2nd 
day after operation.

The lowest figure obtained was in Case 10, the 
amount of the serum proteins being 5.23 grms.

On the 1st day after operation, nearly all the 
cases showed an increasing concentration of proteins.

On the 2nd day after operation, only 13 were 
still showing a rise in their serum protein figures. 
This included all those with marked small bowel dis­
tension except Cases 3 and 25, whose figures had be­
come lower.

Only 2 patients (Cases 16 and 36) were still 
rising above their preoperative levels on the 3rd 
postoperative day. 3oth of these cases had marked



small bowel distension, and Case 36 was one of the 
deaths. All the other cases showed a slight drop.

The average results of these cases are as 
follows:-

Preop. 1st Day 2nd Day 3rd Day
6.06 6.00 6.02 5.98

Albumen.
None of the serum albumen results was abnormally 
high, if the normal limits be taken as 3.8 - 5.2 
grms. with an average of 4,0 grms. (83). The 
highest concentration was 3.94 grms. in Case 34.
This was one of the patients with marked small 
bov/el obstruction. The lowest was 2.64% in Case 17.

Before operation there were only 9 cases whose 
albumen concentration was not below the low normal 
of 3.8%. All the other 31 had subnormal results.

On the day after operation 30 patients showed 
an increase in the amount of albumen present, but 
in 10 there was a slight fall. With the exception 
of those who were moribund and in whom there was an 
increasing concentration until death, there was a fall 
to a lower level in every case by the 3rd day after 
operation.

It has been impossible to account for a fall
i

in the serum albumen on the day after operation in
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the 10 cases previously mentioned. They include 
some cases with marked small intestinal distension, 
but the proportion is not near sufficient to draw 
an exact conclusion.

The average results for the whole series was 
as follows

Preop. 1st Day 2nd Day 3rd Day
3.52 3.58 3.57 3.50

Globulins.
In contrast to the albumens, no case had a 

globulin concentration below the accepted normal of 
1.6 - 3.4 grms. with an average of 2.0 grms. (83) 
before operation, and in no case was it above normal. 
The highevst figure obtained was 3.39 grms. in Case 8 
and the lowest 1.86 grms. in Case 22. Neither of 
these cases was abnormal in any respect.

On the first day after operation there was a 
drop in the globulin percentage in 26 cases. One 
other remained at the same level and the rest rose 
slightly.

On the 2nd day after operation, 26 cases showed 
a rise in concentration of globulin, the remainder 
showing a fall.

On the 3rd day, 17 cases were still showing a 
rise, while 18 were falling and 2 remained at the 
same level. It must be pointed out in connection 
with these calculations that many of the falls and
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rises were of the order of 0.01% or 0.02% and that 
the globulin results were obtained from the total 
protein results by subtracting the albumen figures 
and that any small alteration in the latter would 
cause a reflection in the globulin figures.

The average result of the whole series of 
cases was as follows

Preop. 1st Day 2nd Day 3rd Day
2.48 2.45 2.45 2.47

Albumen-Globulin Ratio.
9 cases were abnormally low, but no case was 

too high before operation. 2 of the former had 
small bowel distension and one of them (Case 19) 
died on the 2nd day after operation. The others 
did not appear to present any abnormal feature.

28 cases showed an increase in the ratio on 
the day after operation.

On the 2nd day after operation, 26 cases 
showed a fall in the ratio and on the 3rd post-op' 
erative day 21 of the 37 patients who were still 
alive showed a farther drop.

The average figures for the series were as 
follows:-
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Preop. 1st Day 2nd Day 3rd Day
1.43 1.52 1.53 1.48

7• Small Bowel Distension.
The relationship of gross small bowel distens 

ion to marked changes in the blood chemistry have 
been pointed out previously. It is interesting to 
tabulate these cases and to compare the results 
obtained.

Case Durat. Cl. K. N.P.N. T.P. A. G. A/G. Death
3 6 496 27.37 174 5.85 3.93 1.92 2.05 —
11 4 477 14.8 50 6.42 3.81 2.61 1.46 —
16 6 498 24.6 102 5.40 2.94 2.46 1.19 —
19 4 456 26.2 81 6.87 3.68 3.19 1.15 2
21 6 498 20.3 71 5.76 3.38 2.38 1.42 —

25 6 477 29.3 94 6.58 3.91 2.67 1.46 —

32 6 488 28.5 120 6.52 3.92 2.60 1.51 3
34 4 456 25.4 97 6.31 3.94 2.37 1.66 —
36 4 477 21.1 73 5.91 3 • 69 2.22 1.66 4

It is even more interesting to compare the average 
results of the above 9 cases with the average 
results for the whole series and with the remaining 
31 cases who did not show marked abdominal distension.
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Cl. , K. N.P.N. T. P. A. G. A/G.
Whole
Series 526 18.4 48 6.06 3.52 2.48 1.43

S.I.
Distended 480 24.2 96 6.18 3.69 2.48 1.50

S.I. Not 
Distended 539 16.7 34 6.02 3.48 2.48 1.40

,j:hus the following facts are brought out:-
(1) Chlorides are very low in every case and the

average for the 9 cases is well below the 
average of the whole series.

(2) Potassium results are high in these cases com­
pared with the average figure for the 
whole series. This is more noticeable 
when compared with the average results 
obtained in cases which had no marked 
abdominal distension, and which had sub­
normal potassium concentrations. Taken 
individually, 3 cases did show normal or 
subnormal results.

(3) N.P.N. Every case showed a result above the
average for the whole series. The average 
result is striking compeared with that for 
the whole series and for those cases not 
showing gross small bowel distension.

(4) Total proteins. There was an increased con­
centration of proteins compared with those
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not distended, although 4 cases were below 
all the average figures.

(5) Albumen. The albumen concentration was also
raised in this series. Only 2 cases were 
below the average for the whole series.

(6) Globulin. There was no alteration in the
amount of globulins present in any of the 
averages, b cases were below the average 
and 4 were above it.

(7) Albumen-Globulin ratio. There was a slight
increase in the ratio not only compared 
with those who were not distended but also 
with the whole series. Only 3 cases had 
ratios below the average of the whole 
series.

oOo



- 63 -

CHAPTER 7.

CONCLUSION.

The bloods obtained from a series of 40 consecutive 
cases of obstruction of the colon admitted to the Koyal and 
Victoria Infirmaries, Glasgow, were examined prior to opera­
tion and for 3 days after operation, provided that the 
patients were still alive.

The estimations made were:-
(1) Serum chlorides.
(2) Serum potassium.
(3) Serum non-protein nitrogen.
(4) Total proteins of the serum.
(5) Serum albumen.
(6) Serum globulin.
(7) Albumen - Globulin ratio.

The results show that:-
(1) The serum chlorides are low in the majority of cases and 

tend to become lower after operation before regaining 
normality.

(2) Some cases have a raised serum potassium, but the major­
ity have a lowered potassium value. The former are 
associated with small bowel distension, profuse vomiting 
and other marked changes in the blood chemistry. They

are the patients who are liable to die.
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(3) The non-protein nitrogen is raised in nearly every case 
and tends to become higher still after operation before 
returning to normal. All cases showed a return towards 
normal by the 3rd day after op erection except those who 
were moribund. 4 of the 5 deaths showed a rising N.P.N.

(4) The total serum proteins were within normal limits even 
in those cases with profuse vomiting. The majority of 
the results were on the low side.

(5) The serum albumen results were all low and the average 
figure for the whole series was distinctly low and sub­
normal .

(6) The serum globulin concentrations were a high normal.
(7) The albumen-globulin ratio was distinctly low.
(8) The lowered chloride value and the raised non-protein 

nitrogen cannot be due to vomiting and dehydration alone 
because their figures do not correspond.

(9) Potassium cannot be the lethal factor alone because it 
was not raised in 30 patients - 75% of the total. It 
was raised in 3 patients who died, but there were other 
factors of a more severe degree present in these cases.

(10) The lov/ered total protein content seems to be dependent 
on the lov/ered albumen concentration.

(11) Either the albumens were lowered or the globulins were 
increased, judging by the albumen-globulin ratio. As 
it has been shown that the total proteins and the 
albumen figures are lowered, it would seem that there 
is an actual loss of albumen in the blood. This com­
pares favourably- with Cuthbertson’s and Tompsett’s (35) 
findings in traumatic shock.
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(12) It is suggested from the total protein figures that, 
even allowing for the loss of albumen, there is no 
marked degree of dehydration present in these patients.

(13) These findings tend to support the observations of Van 
Beuren (154) and Warren (161) that no specific poison 
of intestinal obstruction exists.

(14) There is no true biochemical guide to the assessment of 
the severity of the illness but, from the results and 
from the above conclusions, it is recommended that, in 
clinical practice, attention should be paid to

(a) The high h.P.k., and its daily estimation
seems to be the best guide as to the 
progress of the illness:

(b) The lowered chloride level;
(c) Cases with much small intestinal distension.

hot only does it make operation more 
difficult, but it is a sign of severe 
detrimental biochemical changes. The 
importance of distension has been stressed 
by Gendel and Fine (59) also, and they say 
that it leads to a more rapid death.

oOo
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