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ABSTRACT

Patients suffering from Inflammatory Bowel Disease (IBD) as a
group uniformly suffer from nutritional problems, Nevertheless the
extent, severity and clinical significance of Protein Energy
Malnutrition (PEM) in the various clinical presentations of these
diseases remains unclear. 1In particular little is known of the
nutritional status of the ambulatory patient with IBD. Confusion
still exists over the long term nutritional changes following
colectomy for colitis. Whether intravenous nutrition (IVN) should
be prescribed in patients admitted to hospital for acute

exacerbations of IBD still remains contentious.

Recent work suggests that the significance of PEM relates to the
associated impairments seen in various organ systems eg.,
impaired respiratory muscle function. Furtherﬁore, there is other
data to suggest that nutritional therapy may result in improvement
in some of these physiological functions long before there is any
measured change in the patient's nutritional status.
Through direct measurements of Body Composition (by neutron
activation analysis in conjunction with tritium dilution) together
with tests of physiological function (hepatosecretory proteins,
skeletal muscle function, respiratory muscle function, wound
healing and psychological function) work has been directed to
clarify the following clinical questions:-
1. How extensive is the problem of protein depletion in the
various clinical presentations of IBD?

2, What are the long term changes in body composition following



surgery for colitis? and what is the nature of this
restorative process. Is there a return to normal
body composition? and if so, what is the duration
of this recovery process?

3. What are the effects of a short course of IVN

in patients suffering severe exacerbations

of IBD?

The results of these clinical studies have reaffirmed the high
incidence of PEM in patients suffering from acute exacerbations of
IBD, furthermore this work has established the existence of
persisting protein deficits in the ambulatory patient with IBD who
is in clinical remission. Contrary to previous reports, fully
convalescent patients following surgery for colitis, were found to
have normal body stores of protein and water. The timing of this
restorative process was found however to take many months.

A 2 week course of IVN was found not only to prevent further
loss of body protein in a group of patients presenting with
severe exacerbations of IBD, but also within a few days (4 days)
lead to a significant improvement in hepatosecretory function,
respiratory muscle function, skeletal muscle function, wound
healing and psychological function. The magnitudes of these
improvements although not complete was probably significant
clinically. Following these early improvements, subsequent
improvement was slow over many months and was dependent on an

increase in body stores of protein.
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PREFACE
The clinical studies reported in this thesis were performed over
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position of Temporary Lecturer in Surgery, University of Auckland.
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assessment and management of patients with complex fluid,
electrolyte, and nutritional problems, many of whom were

suffering from acute exacerbations of IBD,

It was through this early clinical experience that I became
interested in examinining the problem of Protein Energy
Malnutrition in this clinical group of patients and examining the

efficacy of IVN.

All studies included in ‘this thesis had ethical approval by the
Auckland Hospital Ethical Committee and all raw data may be found

at the end of each respective chapter.

Subsequently and over the period of this clinical research, the
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SECTION 1 : INTRODUCTION AND LITERATURE REVIEW



CHAPTER 1 : THE PROBLEM OF SURGICAL MALNUTRITIOR

Part i, Introduction

"With the pleasure of eating is joined hunger, and that after no
very equal sort. For these two, the grief is both the more
vehement and also of longer continuance, For it riseth before the

pleasure, and endeth not until the pleasure die with it.,"

SIR THOMAS MOORE, UTOPIA, The Second Book "Of Their Journeying or

Travelling Abroad, with Divers Other Matters."

Starvation and weight 1loss are universal accompaniments of
surgical illness. Anorexia, fear and starvation necessitated by
investigation or the operative procedure can only act to compound
this problem. This weight loss is too often associated with
abnormalities of physiological function. An appreciation of this
association was clearly seen in 1950, with the Minnesota

experiment (Keys et al 1950)

The clinical significance of surgical weight loss had been also
previously clearly demonstrated more than 50 years ago when a
Cleveland surgeon Hiram Studley(Studley 1936), carefully
controlling for the age of the patient; the operating surgeon and

the type and 1length of the procedure, found a striking

correlation between the magnitude of pre-operative weight loss and



post-operative mortality.



Part ii : Problems of Classification

For the adult surgical patient suffering from malnutrition there
are major problems of classification.Early investigators examining
malnutrition in hospitalised adult patients for the first time,
attempted to apply a pre-existing system of assessment, based on
childhood Protein Energy Malnutrition (PEM). Unfortunately the
differences between these two «clinical situations were not
appreciated. For instance, weight per height, and anthropometry
had only a crude relationship to protein energy status in the
adult (Frisancho, 1984) ., striking contrast, diminished velocity
of growth in the child was one of the very earliest and most
sensitive indicators of developing PEM(McLaren et al, 1972).
Furthermore the clinical spectrum of these two illnesses was
quite different.

For instance, Kwashiorkor was almost unknown in adult patients

with PEM., The vast majority of PEM in adult surgical patients

being the Marasmic form.

Investigators who had catergorised malnourished patients in
hospitals, treated PEM as if it were a single simple diagnosis.
As a consequence of this difficulty they have been satisfied to
employ as indicators of PEM, tests that are inappropriate for the
Marasmic form eg., the use of depression of 1levels of serum
proteins, i.e. albumin, transferrin, pre-albumin, retinol-binding

protein. Such tests were not affected by chronic starvation, but



rather were more often more affected by co-existing diseases

eg., liver disease or infection rather than nutritional status,

Similar criticism can be made of the other prognostic indices that

have been developed(Bquy et al 1980, Lowe et al 1983, Harvey et

al 1981). The Prognostic Nutritional Index of Mullen and Co-

workers (Buzby et al 1980) p.g peen widely applied. Although it
has been shown to be highly predictive of outcome in surgical
patients, it is not a nutritional index, It is interesting that
Harvey et al, 1981 chose not to relate their index to nutritional
status But called it a "Hospital Prognostic Index".

Blackburn and Bistrian made no attempt to distinguish between
different forms of PEM which they termed Marasmic and adult

(Bistrian 1977)'

Kwashiorkor - like syndrome In recent years they

have used the term "hypoabluminaemic malnutrition (Bistrian et al

1975) which seems more appropriate than to liken this condition to
Kwashiorkor,as all other <clinical features of this disease are
absent,

Bistrian and Blackburn pointed out that the Marasmic form in
adults is generally well tolerated and is not in itself 1life

(Bistrian et al 1975). This is not the case in

threatening
children, Adult Marasmus does however progress rapidly to
hypoalbuminaemic malnutrition when the catabolic stress from
injury or infection supervenes. These patients have a much
greater risk of being anergic, becoming septic and of failing to
(Harvey et al 1978; Harvey et al 1979)

survive,

It is clear from this discussion that there are problems



classifying the adult surgical patient with malnutrition. They
represent a heterogenous group with different prognoses and
different responses to nutritional therapy. A clearer distinction

of these nutritional syndromes must therefore be an urgent task.



Part iii : Body Composition in Health and Disease
In the words of Francis Moore, " the study of body composition is

the study of the gross chemical anatomy of the living body.”"

(Moore et al 1963)

The Body Cell Mass as defined by Francis Moore (Moore et al
1963) is the homogeneous energy exchanging work.performing moiety
of body tissue,

At the present time until we have a direct measurement of
intracellular protein, the Body Cell Mass (BCM) remains the
fundamental metabolic unit. It comprises approximately 30-45% of
the body weight and includes the skeletal muscle and visceral
parenchyma.

These two components of the BCM have different implications for
body function and composition.

The skeletal muscle mass can rest between exertions, varies widely
in disease or disuse and ‘is essential only for the mobility of the
skeleton. By contrast the visceral parenchyma must function for
the most part each day, oxidizing substrates, exchanging energy
and using oxygen while the body as a whole is resting. These
visceral componeﬁts of the BCM do not decrease in size during
wasting diseases.

The basic metabolic rate or basal metabolic expenditure at rest
measures the energy turnover largely of the visceral components

of the body cell mass, because the muscular components are now at

rest and are burning very little fuel,



The Extracellular Supporting Tissue

Surrounding and supporting the BCM is a heterogeneous group of
structures, tissues and fluids identified as extracellular
tissues, These consist of fluid components on the one hand and
solids on the other, The fluid components comprise the
extracellular fluid with its division into the plasma, the lymph ,
the interstitial fluid and the transcellular fluids. The
extracellular solids include tendon, dermis, collagen, elastin,
fascia and most significant by weight, the skeleton. The liquid -~
solid partition of the extracellular tissue is subject to wide
fluctuations in disease because of the accumulations of

extracellular water which is sodium-rich and potassium poor.

Hydration of the Fat Free Body

As body fat is chiefly anydrous and varies widely in individuals
it is important to index changes in total body water to the weight
of lean tissue present ie., the Fat Free Body Mass (FFM). The FFM
is equivalent to body weight minus Total Body Fat (TBF).

In disease states the average hydration of the FFM can vary
(usually upwards) but only within certain well defined limits,
These 1limits have been defined according to the extreme
conditions; wasting by loss of cells alone, or the accumulation of
extracellular fluid.

According to Moore and Boyden (1963) nearly all disease results
in an increased hydration of the body. In the situation of
pathological water accumulation the co-efficient rises to near

0.85. In other work Dr Moore suggests that the <clinical



implication of this is that wasted patients with high hydration
rafios are intolerant of salt and water, and hence have a
tendency towards oedema, hypoproteinaemia and hypotonicity(moore
1959), jowever recent work (Beddoe et al 1985) suggests that some
starving patients do not have this problem and when salt and water

restriction is applied too vigorously to this group, hypovolaemia

may become apparent,

Body Fat
The body fat component is considered as an anhydrous

accumulation of neutral triglycerides. Of all the components of
body composition the total mass of body fat is the most variable.
Very obese females may have 50% of their body weight as fat,
whereas very well trained muscular afhletes will show fat contents

around 10% of body weight.

The Skeleton

This component of the extracellular tissue is dry, heavy, dense,
fat free and potassium free. It is thus a component of
extracellular solids that contain a large weight of fat free

solids, but only a small amount of potassium.

Body Composition in Wasting Disease, Anabolic Recovery, Dietary

Weight Loss, Corticosteroid therapy and Major Surgical Stress

The characteristic compositional change of wasting disease is a
loss of fat, fat free mass and an increasing hydration. The

skeletal muscle mass bears the brunt of this cellular wasting.



Visceral components of the BCM are relatively spared.
The extracellular phase tends to be maintained as wasting

(Moore et al 1963) , the clinical

proceeds. As Dr Moore describes
appearance of these patients is one of "skin, bones, tendon,

fascia and plasma volume cachexia."

The Phenomenon of Anabolism

Anabolic recovery from wasting is commonly seen in the recovery
phase of any wasting disease eg., acute exacerbations of
Inflammatory Bowel Disease (IBD).

Weight is gained through resynthesis of muscle tissue and later
there is restoration of body fat stores.

Characteristically there is less water gained than weight with a
gradual restoration of the BCM, associated with a gradual

diuresis of extracellular water and salt,

Corticosteroid Therapy

Corticosteroids are potent at producing a selective loss of the
BCM with preservation of fat stores. The extracellular water

space is also increased.

Sepsis

The patient with an exacerbation of IBD is very typical of the
stressed surgical patient. The characteristic compositional change
is a loss of cellular mass indicative of celluar catabolism,
accompanied by an obligatory sequested accumulation of

extracellular fluid. This cellular catabolism is among the most

-10-



rapid seen in man and has been appropriately termed by Dr Moore

as "Septic post- traumatic catabolism“(noore et al 1963). It is

not surprising therefore that these patients are critically ill.

It is clear from this brief introduction to body composition that
a surgical patient subjected to surgical stress, starvation,
inflammatory or malignant disease complicated further by possible
infection can only respond compositionally in a very uniform way -
so beaufifully described by Frances Moore ~- "a loss of lean
tissue, chiefly cellular protein (mainly skeletal muscle) slight
relative preservation of fat stores and a uniform tendency for an
increasing hydration of body tissues (extracellular)",

During recovery from illness, through the process of anabolism,
these body compositional changes will be restored towards
normality.

In this thesis I will endeavour to examine and to characterise my
patients with IBD in terms of some of these body compositional
changes. Where possible, I will relate these changes to the
clinical state or presentation of their illness, the presence of a
surgical complication, I will attempt to relate body composition
to organ physiological function,

Finally the body compositional changes in recovery will be

examined.

-11-



Part iv : The Effects of Surgical Malnutrition - Abnormalities

of Organ Function,

The compositional and metabolic changes of malnutrition mentioned
in the previous section of this chapter do not occur in isolation
but rather may be associated with abnormalities in many organ
systems. It is the presence of these abnormalities that culminate
in these patients having a high risk of post-operative

complications(St“dley 1936; Buzby et al 1980; Mullen et al 1980;

Windsor et al 1988).

Psychology

The intellect remains clear but there is a personality change with

inability to concentrate, irritability and apathy(xeys et al

1950).

Skeletal Muscle

Along with wasting of skeletal muscle, and muscle weakness there

is a selective atrophy of the Type II muscle fibres with a

consequent increase in muscle fatiguability(churCh et al 1984;

Russell et al 1983)

Respiratory Function

Malnourished patients have a reduced capacity to sustain adequate
levels of ventilation from the effects both on the central nervous
system and respiratory muscle. Neural ventilatory drive is

impaired and inspiratory and expiratory muscle weakness is

-12-



demonstrable (Rochester et al 1984; Lopes et al 1982). Furthermore
these patients have a significantly increased risk for developing

post-operative pneumonia(Windsor et al 1988c)

Cardiovascular System

Malnourished patients have been found to have a bradycardia, low
systolic and diastolic blood pressure , reduced cardiac output

and reduced heart size (Abel et al 1979),

Gastrointestinal tract

Achlorhydria and diarrhoea are frequent. There is a reduction in
organ size, associated with villous atrophy and brush border

(Betzhold et al 1984)  pepatosecretory

enzyme deficiencies.
proteins are all reduced in patients suffering from PEM. Low
levels of plasma proteins in patients presenting for major

surgery(Young et al 1981) j.ve furthermore been correlated with

many other indices of malnutrition.

Wound healing

Using a new method to assess the wound healing response it has
been shown that early PEM is associated with an impaired wound
healing response similar to that seen in patients with severe

veight loss (Havdock et al 1987)

Immune function

PEM is frequently associated with an acquired immune

deficiency(suPrina et al 1984) g.uore immune deficiency is more

-13-



frequently associated with Kwashiorkor. In Marasmus the serum
albumin levels are better maintained and the immune function

appears to be less severely affected. (Bistrian et al 1977).

~14-



Part v : The High Risk Surgical Patient — A Problem of

Identification

It has been claimed that various indices of nutritional state will
identify patients who have a high risk of developing post-
operative complications. Hence these indices would be useful for
selection of candidates for pre-operative nutritional

support(Buzby et al 1980; Mullen et al 1980; Rainey et al 1983)

(Studley et al 1936),

Profound weight loss some anthropometric

indices (Hickman et al 1980; Klidjian et al 1980)’ tests of muscle
function(Klidjian et al 1980) ,,4 measurements of plasma proteins
(including albumin, transferrin, prealbumin and combinations of
these) (Hickman et al 1980; Pettig;ew et al 1986; Mullen et al
1980) have all been used as indicators of increased surgical risk.
Recently Pettigrew et al, 1986 examined these indices more
closely and it would appear that weight loss and a variety of
anthropometric indices are not clear indicators of risk, whereas
measurements of grip strength and low levels of plasma proteins
are, to some extent, indicators of post-operative risk.

Furthermore, it has recently been shown (Windsor et al 1988) yp,¢
a thorough clinical examination which assessed major organ
function proved to be as effective as any other indicator in

identifying subjects at risk(Pettigrew et al 1986).

-15-



Part vi : The Effect of Nutritional Repletion

"Thy food shall be thy remedy" - (Hippocrates 400 BC)

There are body compositional studies that demonstrate that
nutritional therapy result in a rapid accumulation of fat and
glycogen and a slower accumulation of protein (Hill et al 1978).
These effects only occur after weeks and months. Nevertheless
there are some potentially usful effects of short term
intravenous nutrition (IVN) which have been recently demonstrated.
With adequate energy intake metabolic expenditure rises, liver
and muscle glycogen are restored and body fat is laid down(Hill
et al 1984). There is a partial restoration of type II muscle

fibres which may be associated with increased muscular

endurance(Church et al 1984; Russell et al 1983) quore is some

evidence that malnourished patients will have improved ventilatory

function following short term nutritional replétion(RoCheSter et

al 1984).

The effect of short term IVN on wound healing has been examined
and it appears that the wound healing response returns to normal
in some patients after 1-2 weeks of IVN(HaydoCk et al 1984).

There is now good evidence (Hill et al 1989) tpat the changes in
protein stores that occur following two weeks of IVN depend on the
relative effect of two competing processes: protein depletion and
metabolic stress. With moderate to severe protein depletion ( 30%
depletion of body protein stores) there is a marked tendency to
gain protein with IVN. When the patient is post-operative stressed

or septic, this tendency for protein gain may be reversed.

-16-



In conclusion there is experimental data that appears to show
improvement in a number of organ functions over a period of 1 - 2
weeks of IVN. However, in the presence of continuing sepsis,
positive nitrogen balance is not achieved and there seems to be a

less favourable benefit on organ function.

Effect on Nutritional Therapy on Surgical Outcome

There have been a number of prospective studies (Williams et al

1977; Muller et al 1982; Holter et al 1977; Mullen et al 1981)
examining the efficacy of pre-operative IVN in reducing post
opefative complications in patients undergoing ma jor
gastrointestinal surgery. The overall conclusion of these studies
is consistent with the previous experimental data and suggests
that some malnourished patients will benefit from 1 - 2 weeks of
IVN. The proportion of patients that will benefit from nutritional
support is however small - Hence one of the main problems we face
currently is selecting which patients should receive nutritional

therapy.
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CHAPTER 2 ;THE PATIERT WITH INFLAMMATORY BOWEL DISEASE

Part 1 Background

The term Inflammatory Bowel Disease (IBD) refers to two chronic

inflammatory disorders of the gastrointestinal tract;- Crohn's

disease and ulcerative colitis.

Crohn's Disease

This disease was first described as an entity in 1932 by Crohn,
Ginsberg and Oppeﬁheimer. It was initially felt to be confined to
the ileum, but later the small bowel (regional enteritis) and in
1960 Lockhart-Mummery and Morson confirmed its presence in the
colon., It is an inflammatory condition invol;ing all layers of
the bowel wall (Whitehead 1980; Williams 1964)  macroscopically
the features include;- thickening of the bowel wall, narrowing of
the bowel 1lumen, discontinuous or skip lesions, together with
discrete or confluent ulceration with deep fissures and/or
fistula,

Anatomically more than two thirds of patients have small bowel
disease, but the colon is also involved in a similar proportion.
The prevalance of Crohn's disease varies on average between 10-70
cases per 100,000, The disease is most common in people of
European origin and is 3-8 times more common in those of Jewish

origin (Gilat et al 1979).

The aetiology of Crohn's disease is unclear. Some have suggested
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an infectious aetiology (Cave et al 1978)  and tissue infiltrates

have been shown to cause cytopathic affects in tissue
culture(GitnICk et al 1979). No transmissible agent has ever been
isolated.

Some investigators have suggested a cell mediated aetiology but it
remains uncertain whether the changes described are important
aetiologically or whether they relate to the disease itself,
Smolen et al 1982; Rena et al 1980; Rossen 1980; have provided
evidence for a genetic basis,

Diet has also been considered as a causal factor but there is no
data directly linking this or other environmental factors to the
disease.

The natural history of Crohn's disease is extremely variable.
Nevertheless, the picture is one of diarrhoea with colicky
abdominal pains in the majority and gradual worsening symptoms

over a period of years.

Once the disease has progressed to the stage of necessitating
surgery, subsequent recurrence is common.

Complications from this disease are common and 10 -20 % of
patients die from their illness.

The most common complication 1leading to surgery is intestinal
obstruction secondary to a stricture.

Fistula formation may occur leading to sepsis and malabsorption.
Anaemia is common through persistent mild haemorrhage as are
arthritis and disorders of the eye, skin, mucous membrane and

liver,
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Renal disorders are not uncommon. In addition to urinary tract
infections, secondary to enterovesical fistulas, bowel
inflammation may involve the ureters with subsequent obstruction.

Oxalate stones secondary to hyperoxaluria have been related to

(Dobbins et al 1976)

steatorrhoea . Following surgery (the presence

of ileostomy) uric acid stones are common. In one series; an

incidence of 18%(Ge1zayd et al 1968) compared to 3.8% in the

normal population(scott et al 1977). The risk of calcium oxalate

stones is also increased(Bamback et al 1981)

Ulcerative Colitis

This 1is a similar chronic inflammatory disease of unknown
aetiology. It chiefly affects the mucosa of the rectum and left
colon.

It was first described in 1875 by Wilks and Moxon. The incidence
of ulcerative colitis is approximately 4 per 100,000 again it is

(Bonneure et al 1968). It occurs

higher in those of Jewish origin
between the third and sixth decade.

As with Crohn's disease, the cause is unknown. An infectious
agent would seem 1likely but there is no good evidence
implicating agents such as chlamydia, cytomegalovirus, or yersinia

in the pathogenesis of ulcerative colitis (Taylor-Robinson et al

1979,Swarbrick et al 1979). Several studies have attempted to
associate toxin from clostridium difficile (the agent responsible

for pseudomembranous colitis), with relapses of rpp(Bolton et al

1980)

There are more cases of ulcerative colitis in families of patients
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with the disease (10-15%) than in families of control patients -
although data suggesting a genetic hypothesis is far from
complete.

Ulcerative colitis is an inflammatory disease confined to the
mucosa with the primary lesion being the crypt abscess,.Lateral
extension and coalescence of crypt abscesses may undermine mucosa
leaving an area of ulceration and the formation of pseudopolyps.
Although generally confined to the mucosa, severe disease may
extend through the deeper muscular layers predisposing to
dilatation, perforation or stricture.

The clinical course of ulcerative colitis is highly variable. The
onset of the disease may be insidious or abrupt. The symptoms may
range from small amounts of rectal bleeding to fulminant diarrhoea
with colonic haemorrhage and prostration. Most patients (60-75%)
will have intermittent attacks and symptomatic remissions between

attacks (Edwards et al 1964) 5_j5% of patients will be troubled

by continuous symptoms without any remission,
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Part ii : Mechanisms of Malnutrition in Patients with Inflammatory

Bowel Disease

Diminished Food Intake

Diminished food intake plays a chief factor in causing
malnutrition in patients with IBD. Dietary restriction occurs
voluntarily by the patient to avoid abdominal cramps or lessen the
diarrhoea. It may be imposed by medical staff to control symptoms

or allow diagnostic procedures,

Malabsorption

Malabsorption is present in those patients who have extensive
mucosal involvement or have undergone a major bowel resection., It
is chiefly seen with fat and fat soluble vitamins (Beeken et al
1975). Bile salt malabsorption will also be present in this group

of patients due to depletion of the bile salt pool(Heaton 1977)

Increased intestinal secretion with nutrient loss

A protein losing enteropathy is a prominent feature of both active
Crohn's disease and ulcerative colitis. Buckell et al 1977 ,
measured the faecal protein in 50 colitics and observed losses of
up to 26gm/day in acute colitis compared to 1 gm/day in normal
controls,

Florent et al 1981, observed a linear relationship between
intestinal protein loss and the Crohn's Disease Activity Index
(CDAI). This increased protein 1loss soon exceeds the livers

ability to synthesise protein leading to hypoalbuminaemia.
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There are also losses of blood,electrolytes and trace elements
in the lumen of the gut, This leads to anaemia, hypokalaemia,

hypomagnesaemia and zinc deplet:ion.(w°1man et al 1979).

Drug Nutrient Effects

While the judicious use of drug therapy may help control symptoms
in most patients and thereby improve well being and even dietary
intake, many of the drugs in common use by these patients have
negative effects on nutritional metabolism. Corticosteroids can
exert an addition catabolic effect on patients who may already be

under stress,

Energy and Protein Utilisation

Many patients with IBD are metabolically stressed and hence may
well have increased nutrient requirements. Certainly this is true
in the presence of frank infection, abscess or fever.

It has previously been shown that it is impossible to achieve a
positive nitrogen balance in the presence of an undrained intra-
abdominal abscess. Whole body protein turnover was measured in
19 patients with IBD following an intravenous tracer dose of 15N-

(Powell- Tuck et al 1984)

glycine . The results showed a correlation

between the rate of protein catabolism and disease severity.

(Hill et al 1988), massive protein losgsses of 2%

In another study
per day were noted in septic patients, despite IVN. Furthermore in
the same study, even despite drainage of the sepsis the Crohn's

fistula patients failed to achieve positive nitrogen balance.
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Part iii Prevalance of Nutritional Deficiencies in Inflammatory

Bowel Disease

Despite the 1limitations of nutritional assessment there has
already been a high prevalence of nutritional deficiency in
hospitalised patients previously noted. The situation with

ambulatory patients is however less clear.

(Driscoll et al 1978).:-

Evidence of Macronutrient Prevalence %
Deficiency

Weight loss 65-75

Growth retardation 40
Hypoalbuminaemia 25-80

Micronutrient Deficiency

Anaemia 60-80
Iron deficiency 40
Low vitamin Bl2 48
Low serum folate 54-64
Low serum magnesium 14-33
Low serum potassium 6-20
Low serum vitamin A 21
Low serum vitamin C 12
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Low serum 25-OH-vitamin D 25-65

Low serum zinc 40-50

Vitamin K deficiency )

Low serum copper ) all

Metabolic bone disease )described

Pellagra Ybut no

Vitamin E deficiency )frequency
)given

Protein Energy Malnutrition

PEM is the most common nutritional deficit in hospitalised
patients. This presents as weight loss in adults and growth
retardation in younger patients.

High prevalences of weight loss range from 60-80% in large series

of hospitalised patients (Rosenberg et al 1985; Van Patter et al

1954; Mekhjian et al 1979). Harries et al 1982 found 20% of an
unselected consecutive group of ambulatory patients to be
significantly underweight. Similarly Lanfranchi et al 1984 found
40% of out- patients with Crohn's disease were significantly
underweight and had similar reductions in anthropometric
measurements.

Similar weight losses have been described in patients with active
ulcerative colitis(Goligher et al 1968)

Investigators have found that mid-arm circumference of the non
dominant upper limb is a very useful nutritional marker in these

patients. Not only does it correlate with body weight but also

other nutritional markers, eg., albumin, prealbumin, ferritin,
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calcium and lymphocyte count. (Harries et al 1982; Harries

et al 1984; Heatley 1986)

The nutritional state of these patients is dependant on the
clinical presentation. Major nutritional depletion was found in
the groups requiring urgent surgery, or sustaining a major
complication.(ﬂill et al 1977b)

Standard nutritional indices may be successful in detecting a
severe degree of PEM, but less sensitive at detecting early
nutritional deficits,(Ward et al 1982; Blackburn et al 1977)

It is interesting that Cooper et al 1986, and Turnberg et al
1978, when examining the body composition of fully convalesent
patients after panproctocolectomy found a permanent subclinical
reduction of the fat free body mass and total body protein of
these patients. This work is certainly at variance with the
earlier study of Hill et al 1977b and furthermore is inconsistent

with the «clinical appearances of these fully convalescent

patients.

Electrolyte and Mineral Deficiencies

Potassium - reductions in total body potassium have been found in
patients with active Crohn's disease. This reduction was found to
be well correlated with disease severi.ty(Lehr et al 1982).

Hyponatraemia and hypochloraemia-reductions have have frequently
been found in patients with Crohn's disease(Kiefer 1955; Beeken
1975). Using isotopic techniques Clarke et al 1967 reported an 11%

reduction in total body water and a 7% reduction in total

exchangable sodium in 21 ileostomy patients compared with healthy
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controls and these findings were later confirmed by Hill in a
similar'study(ﬂill et al 1975). However, in the two more recent
studieg(Cooper et al 1986; Turnburg et al 1978) _.4quctions in

total body water and extracellular fluid were not found. Clearly

there is a need to clarify this situationm.

Magnesium - Symptomatic hypomagnesaemia has been reported in
Crohn's disease (Gerlach et al 1970, Beeken 1975, Main et al 1981)
This problem is especially seen after extensive small bowel

resection with chronic diarrhoea.

Calcium - Hypocalcaemia is often present in patients with IBD, It
often reflects hypoproteinaemia, but it also reflects decreased
intake,loss of absorptive surface, loss secondary to steatorrhoea

and concomitant steroids. (Ladefoged et al 1§80; Krawitt et al

1976: Kimberg et al 1971)

Fat Soluble Vitamin Deficiencies

Malabsorption of fat soluble vitamins is common in Crohn's disease

and includes Vitamin A deficiency, vitamin D and K (Main et al

1983).

Water Soluble Vitamin Deficiencies

Folic acid deficiencies are variably reported in patients with IBD

ranging from 5% (Beeken 1975) to 63%(Franklin et al 1973).

Vitamin Bl2 absorption strongly correlates with the extent of

terminal ileal disease (Gerson et al 1973)
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Trace Element Deficiencies.

Iron deficiency anaemia is common secondary to chronic blood loss
(Lehr et al 1982,Hellberg et al 1982)

Zinc deficiency in Crohn's disease is chiefly due to
gastrointestinal loss secondary to diarrhoea. Significant
reductions in plasma and hair zinc have been documented
particularly in children with Crohn's disease and growth

retardation. (Solomons et al 1977)
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Part iv Management of patients with Inflammatory Bowel Disease

No single therapeutic regimen should be considered routine for any

individual patient with IBD. Nevertheless there are 4 aspects to

management : -
1. General supportive measures
2, Treatment with anti-inflammatory and immunosuppressive

agents directed against the disease process itself,

3. Management of the patients nutritional status, including
careful nutritional assessment and enteric and parentral
administration of nutrients.

4, Surgical intervention.

In the following section 1 will review aspect 3 ~ nutritional

management in detail after discussing the other three.

General Supportive Measures

Symptomatic measures are required for patients with acute
exacerbations, These include bed rest, analgesia and careful
correction of fluid and electrolyte abnormalities and correction

of anaemia.

Anti-inflammatory and Immunosupressive Agents

Steroid therapy plays a major role in the treatment of symptomatic

(Summers et al 1979).

relapse of Crohn's disease Unfortunately

large doses of steroids are frequently necessary for long periods
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with a high rate of unacceptable side effects.(Singleton et al

1979). There is no evidence that the frequency of recurrence or
long term outcome is altered by maintenance steroid therapy.
Sulfasalazine has been used frequently in the treatment of
patients with symptomatic Crohn's disease.

In the large National Cooperative Crohn's Disease Study
Sulfasalazine appears to be as effective as Prednisolone in
diminishing the activity of disease (Summers et al 1979)
Immunosuppressive agents - Azathioprine and 6-mercaptopurine have
been used with success to suppress both the intestinal symptoms
and extraintestinal manifestations of Crohn's disease in the

steroid refractory patient. (Nyman et al 1985; 0'Donoghue et al

1978)
Controlled trials have also demonstrated that steroids similarly
increase the incidence of complete remission in the initial attack

or during an acute exacerbation of ulcerative colitis.(Truelove et

al 1955)

Follow up studies show that the benefits of a short course of
steroids were transitory (Truelove et al 1955). Other studies
indicate that maintenance doses of steroids are mnot useful in
prolonging the remission(Truelove et al 1959; Lennard-Jones et al
19652) and hence the question of the most effective form of
maintenance therapy is still open and the long term benefit of

steroid therapy has not been adequately assessed.

Sulfasalazine has been found useful to achieve remission in
patients with mild colitis(Lennard-Jones et al 1960).

Furthermore once remission has been achieved by corticosteroid
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therapy, sulfasalazine appears to reduce the frequency of

(Lennard-Jones et al 1965b).

subsequent relapse Azathioprine

appears to have no role in most cases of ulcerative colitis,

Surgery for Inflammatory Bowel Disease

Unlike ulcerative colitis, the prognosis after operation for
Crohn's disease, is never sure. This is because of its high rate
of recurrence following resection of diseased bowel, Surgery is
only indicated when the patient becomes incapacitated by symptoms
or is suffering from recurrent or sustained intestinal obstruction
or when an inflammatory mass is present together with fistulas,
Surgery is often followed by a good deal of immediate post-
operative morbidity not to mention a 50% recurrence rate at 15
years, Resections followed by re-resection may lead to a variable
amount of intestinal malabsorption,

Elective surgical treatment for Crohn's disease &ffecting chiefly
or entirely the 1large bowel, is usually colectomy with an
ileorectal anastomosis or ileostomy and complete proctocolectomy
in the presence of rectal disease,

For emergency treatment of Crohn's colitis, ileostomy and sub-
total colectomy would be the procedure of choice.

Ulcerative colitis surgery is generally indicated in 5 general
situations, Refractory severe colitis, refractory chronic disease,
steroid dependance, growth retardation and or to prevent colitis
related cancer,

For many years the accepted elective surgical treatment for

ulcerative colitis was ileostomy and complete proctocolectomy.
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This operation was highly effective in curing the disease but its
major drawback was the permanent stoma - Admittedly with modern
ileostomy care the disadvantages of a stoma can be markedly
reduced but it is understandable that patients with colitis who
are young should be strongly attracted to alternative forms of
operation which may avoid a stoma, During the past 8-10 years
there has been a dramatic swing of surgical fashion towards the
more frequent use of these variants. Without question, the
enthusiastic revival of interest in the old NISSEN/RAVITCH
operation of proctocolectomy with ileoanal anastomosis is chiefly
responsible for the recent change in colitis surgery fashion.

What has helped to secure the success that eluded it previously
has been the incorporation in the technique of construction of a
pelvic ileal pouch which has reduced the severity of initial
diarrhoea and improved continence. During the past 8 years thié
operation has been exlusively used in several centres and has been

shown to be safe and provide good functional results (Beck et al

1986)

For acute colitis, ileostomy and subtotal colectomy is the
preferred procedure. It has the advantage of being easy to

perform and also preserves the rectum.
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Management of the Patient's Nutritional Status

In the previous section 1 have already indicated the high
prevalence of nutritional deficiency in patients with IBD,

It is not surprising therefore that the overall therapeutic
strategy has been to ensure adequate intake of nutrients while
modifying dietary intake to decrease gastrointestinal symptoms.
Both Intravenous nutrition (IVN) and Enteral Nutrition (EN) may
improve nutritional status as determined by body weight,
anthropometry , nitrogen balance, serum proteins and total body
nitrogen(vogel et al 1974; Dean et al 1976; Mullen et al 1978;
Elson et al 1980; Dickinson et al 1980; Muller et al 1983; Meryn
et al 1983; Jacobson et al 1984; Ostro et al 1985; Voikt et al

1973; Rocchio et al 1974; O'Morain et al 1980; Lochs et al 1984;

O'Morain et al 1984).

In addition both IVN and EN have been previousiy shown to improve
linear growth in children and young adults with growth
retardation, (Morin et al 1980; Navarro et al 1982)

As malnutrition has been long associated with increased morbidity
it has been suggested that nutritional repletion should result in
decreased operative morbidity.

This question has not been addressed however, in a controlled
trial specifically in patients with IBD. However, one trial
(Dickinson et al 1980) studied 27 patients with ulcerative colitis
and 9 patients with granulomatous colitis (all undergoing acute
exacerbations). Patients were treated with Prednisolone , bed

rest and intravenous fluids. 19 patients were randomised to

receive total parental nutrition while the remaining 17 received
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an ad 1lib hospital diet. Mortality (0/19 vs 1/17), ultimate
surgery (9/19 vs 6/17), and recurrence rates (8/19 vs 7/16) were
all apparently unaffected by the administration of IVN.

There is to date no controlled trial evaluating nutritional
support as primary therapy in Crohn's disease. IVN and EN are
generally widely used only after conventioﬂal treatment has
failed. They are used in conjunction with other medical treatment
and furthermore there is no consensus on what constitutes medical
failure. The definitions of remission have been subjective and
imprecise but often refer to the ability to avoid surgery during
that exacerbation.

Retrospecfive and uncontrolled prospective studies of IVN in
Crohn's disease have reported hospital remission rates of 23-100%

in patients receiving 3-6 weeks of IVN and long term remission

rates of 19_72%(Voge1 et al 1973, Dean et al 1976; Mullen et al
1978, Fischer et al 1973; Fazio et al 1976; Reilly et al 1976; Bos

et al 1980; Ostro et al 1985)

There have been only 2 prospective randomised controlled trials
of IVN in Crohn's disease. In the earlier study of Dickinson et al
1980; the number of patients was too small to draw conclusions.
Greenberg et al 1988, have reported the results of a prospective
trial in which Crohn's patients who failed conventional medical
management were randomised to receive 3 weeks of IVN, defined
fomula diet (EN) or an oral diet with partial parenteral
nutrition(PPN). The 3 groups did equally well with hospital
remission rates between 58% and 71%. Since the follow-up periods

of the groups were not stated, meaningful comparison of the long
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term remission rates can not be made. It can however be concluded
that bowel rest is not essential in reducing remission 1in
refractory Crohn's patients.

The long term remission rate is not clear since each study has a
different follow up period. Nevertheless the long-term rate varied
from 17-77% with follow-ups, ranging from 3-120 months.
Greenberg's recent paper goes far to disprove the theory that
bowel rest can promote healing of the bowel through reducing

intraluminal antigenicity (Matuchansky et al 1986; Rhodes et al

1986).

There is now increasing evidence that glutamine is essential for

the normal structure and function of the intestine (Souba et al

1985). The lack of glutamine in IVN solution, together with the

complications of IVN use even in specialist centres (Ang et al

1986) makes IVN use possibly disadvantageous in some of these
patients.

There are fewer studies examining the effect of IVN in the
management of ulcerative colitis (Vogel et al 1974; Dean et al
1976; Mullen et al 1978; Elson et al 1980;; Dickinson et al 1980;
Fischer et al 1973; Fazio et al 1976; Reilly et al 1976) quare

has been only one randomised prospective study(DICklnson et al

1980) and this indicated no beneficial effect of IVN. The main
difficulty again relates to standardisation of disease severity.
This explains the variation in the remission rates (9-80%).
Nevertheless, when all studies are considered the average

remission rate is a little more than 41%.

Elemental diets given orally or through a nasogastric tube have

_35_



also been used as a treatment for both Crohn's disease (Voikt et
al 1973; Rocchio et al 1974; O'Morain et al 1980; Lochs et al
1984; O'Morain et al 1984; Axelesson et al 1977) _ .. .icerative
colitig(Rocchio et al 1974; Axelesson et al 1977)

O'Morain et al 1984, randomised 21 patients to conventional
(steroid) therapy or an elemental diet. The patients had
equivalent short term remission rates.

When all reported studies are combined the overall short term
remission rates in Crohn's disease treated with an elemental diet
is 64%. This figure is similar to the overall hospital remission
rate for IVN treated patients of 59%.

Few studies have examined the effect of elemental diets in acute
ulcerative colitis, The reported hospital remission rate is about
34%, similar to the 41% overall rate reported with IVN,

In summary IVN and EN have been used to treat Crohn's disease and
ulcerative colitis patients both as primary therapy modalities,
but more often as a back up when conventional medical therapy has
failed. The expense and complications of IVN, and to a lesser
degree EN, necessitate the design of trials to prove or disprove
the efficacy of these therapies, IVN and EN should be considered
potentially valuable but largely unproven adjuncts to conventional
medical therapy in terms of trying to achieve remission in the
presence of acute exacerbations of these two diseases.
Enterocutaneous, colocutaneous and enterovesical fistulas have
all been treated with IVN and EN,

Unfortunately the success of nutritional intervention in the

healing of fistulas has been difficult to estimate and generally
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disappointing.

First, there have been no randomised trials comparing IVN or EN
with standard medical therapy.

Furthermore most studies have reported total fistula healing
rates regardless of whether fistulé arise de novo or post-
operatively. It would be anticipated that post-operative fistulas
would have a much higher healing rate since the communicating
bowel would wusually be macroscopically normal with no distal
obstruction,

Three IVN studies reported an in-hospital fistula healing rate of
49% (34/70) with a permanent healing rate of 35% (24/68) (Elson et
al 1980; Muller et al 1983; Ostro et al 1985).These percentages
are reasonably similar to those of the earlier literature reviewed
by Driscoll et al 1978 who found a 43% hospital healing rate and a
30% long term healing rate.

More recently Hill et al 1988, reviewing 28 patients with Crohn's
fistula found that spontaneous healing was much less than in
earlier reports.For the 10 fistulas arising in the post-operative
period from the small intestine wall, with no macroscopic evidence
of Crohn's disease, 4 fistulas healed spontaneously and 6
required surgery.

0f the remaining 16 patients the fistulas developed in the early
post-operative periods either from an anastomosis where some
remnant of the disease remained or from another area of diseased
bowel. None of these fistulas healed spontaneously with IVN.
Hence, whether IVN or EN actually improves fistula healing rate

over conventional therapy is debatable. The data suggests that
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IVN may cause long term healing in wup to one third of patients -
these patients represent however that group where fistulas had
arisen from macroscopically normal bowel.

Finally, 1IVN or EN has been used for those patients with IBD
who through surgery or extensive disease are left with a severe
short bowel syndrome. A number of these patients have received
IVN for long periods. Fleming et al 1977, has indicated the

efficacy of this treatment.

-38-



CHAPTER 3 : SUMMARY AND AIMS OF THESIS

Summary It is clear from this introduction that patients suffering
from IBD uniformly suffer varying degrees of PEM. The severity of
this PEM in the various clinical presentations is not known
accurately. Previous studies have relied heavily on indirect
measurements of nutritional status and furthermore little is known
of the nutritional status of the ambulatory patient with IBD and
confusion still exists over the long term nutritional changes

following colectomy for colitis.

Whether IVN should be prescribed in patients admitted to hospital
for acute exacerbations of IBD still remains contentious. There is
to date no evidence that IVN leads to either a lowering of post-
operative morbidity or that it promotes cliniéal remission.

Recent work (Windsor et al 1988), suggests - that the clinical
significance of PEM relates to its associated impairment affecting
many organ systems eg., respiratory muscle function.

There is data to suggest that nutritional therapy may result in
improvement in many of these physiological functions long before
there is any measured change in the patients nutritional status.
It would therefore seem reasonable to examine the efficacy of IVN
for this group of surgical patients in terms of changes in these

clinically important physiological functions,
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Aims of Thesis

In the following chapters I will

Examine the problem of PEM by using direct measurements of
body composition., In particular I will measure the
changes in total body protein, total body fat and total

body water in the various clinical presentations of IBD,

I will examine the longitudinal changes in total body
protein, fat and water following surgery for colitis.

Work will also be directed at measuring the water

in 2 groups of convalescent patients: Ileostomy vs

J-pouch to determine whether the superior functional
results following J-pouch confer any body compositional
advantage. I will re-examine the widely accepted principle
that ileostomy patients have an increased risk of developing
urinary calculi and relate this to the relative risks of

stone formation following J-pouch.

I will assess in a group of patients suffering severe
exacerbations of IBD, th effect of a 14 day course of IVN,
on skeletal muscle function, respiratory muscle function,
hepatosecretory function, wound healing and psychological

function along with the changes in body composition.
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SECTION 2 : METHODS
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CHAPTER 4 : EVALUATION OF WEIGHT LOSS

Throughout this thesis weight loss was determined simply as
remembered well weight - current measured weight,
The accuracy of this result therefore depended on the accuracy
with which the original weight could be estimated by the patient,
Weight is however nearly unique in that it is a measurement that
many people make on themselves. Therefore many patients can give
some estimate of their weight when they are well and there is good

evidence that this estimate is reliable and accurate (Stewart

1982).An alternative to recalled weight is predicted or standard
weight, This is the mean weight of a group of healthy persons of
the same age, sex and height as the patient and is usually taken
from published tables, However, for individual patients it is
important to realise that it is subject to large errors since it
makes no allowance for the wide variation of individual weights
about the mean. Furthermore as in the case of the patients in my
clinical studies, they were chiefly young patients and they had
suffered very long periods of chronic illness., For example in
section 5 my 19 patients had a mean age of 30 +/- 12 SD years and
had a mean duration of illness of 6 years, with a range of 6
months - 19 vyears, Hence a predicted well weight would be
especially inappropriate for them. It has now been clearly shown
that it is more reliable to estimate weight loss by using the

patients recalled well weight than by using published tables
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(Morgan et al 1980).
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CHAPTER 5 : ASSESSMENT OF BODY COMPOSITION

Part 1. Total Body Protein

Body composition analysis was based on a five compartment model of
the human body (Beddoe et al 1984, Beddoe et al 1985) o441 Body
Protein (TBP) was calculated from direct measurement of total body
nitrogen (TBN) made by in vivo neutron activation analysis

(IVNAA). This technique relies on the unique association of the

element nitrogen with protein in the human body. In particular

TBP = 6.25 TBN

Anderson (and colleagues 1964) pointed out in 1964 that
measurement of TBN would allow assessment of muscle wasting and
malnutrition,

TBN can be measured by two IVNAA methods namely the delayed gamma
method and the prompt gamma method.

Delayed gamma IVNAA depends on the 14N (n,2N) 13y reaction which
requires exposure to neutrons of a very high energy ( greater than
11.3 MeV). Monitoring the reaction is achieved by measuring the
0.15 MeV gamma rays from subsequent positron annihilation. On the

other hand,the prompt gamma method depends on the 14N (n,y) 15N*

reaction: 15y* de-excites very quickly (10'15 second life time) to
stable 15N*, emitting a range of gamma rays of which the 10.8 MeV
gamma is the one monitored.

The value of either IVNAA technique over conventional nitrogen
balance is primarily that it affords an estimate of total body

protein at any given time, where balance techniques can only
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provide net changes in total body protein. Moreover,IVNAA is
logistically more suitable over long study periods and does not in
principle suffer from the cumulative systematic errors that almost
inevitably occur with the nitrogen balance technique .

The system constructed at Auckland see Figure I was developed for
assessment of body composition in critically ill surgical and
intensive care patients, It consists of two 7.6 Ci Pu-Be sources
(neutron output 2.2 x 107 neutrons per second per source) placed
above and below the subjects who lie supine on a scanning couch.
To 5 x 4 inch Nal gamma ray detectors are placed such that their
axes are orthogonal both to the scan axis and to the beam axis.
The subject is slowly scanned through the neutron beam and
composite gamma ray spectra over the trunk and upper leg regions
are collected by conventional pﬁlse height analysis, the whole
scan taking a total time of about 36 minutes.The precision of the
estimate of total body protein was measured by repeated scanning
of an anthropomorphic phantom containing physiological
concentrations of the major body elements. This was +/- 0.30 kg
(+#/- 2.6% of total body protein in reference man(Reference Man
1975)/ An analysis of two human cadavers gave excellent agreement
in the measurement of body nitrogen between chemical and neutron

activation analysis, to within 40 g (2.7%) in one and 4 g (0.6%)

in the other (Rnight et al 1986)'

Part ii : Total Body Water
Ten millilitres of a stock solution containing tritiated water

(THO) in a concentration of 10uCi/ml were drawn up into a 10 ml
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syringe. The needle was then changed and the full syringe with
needle and cap attached was then weighed together with a size
21g butterfly needle with protective cover on a precision balance.
The THO was then injected intravenously through the new needle and
through the butterfly needle (following a baseline venous sample
for tritium, and plasma proteins 20(mls)).

The empty syringe was then weighed with needle and cap attached
together with butterfly and cover. The mass of the THO stock
administered was obtained by subtraction.

A 20 ml sample of venous blood was taken from the opposite arm 2%
hours later, The blood was centrifuged and the serum removed.
Aliquots of serum were assayed for THO by scintillation
counting. Serum water concentration was obtained by weighing a
sample of serum before and after drying to constant weight, All
tritium counts were assumed to have derived from the water in the
serum sample. Standards of stock solution were assayed in
sextuplicate, subjects serum samples in triplicate. The precision
of this method involves a random error in weighing the syringe,
dilution of stock solution for assay, determination of serum
water, counting statistics in both standards and samples and
pipeting of both standards and samples prior to scintillation
counting. The overall precision was estimated at 1%-2% standard
deviation for total body water (TBW) (+/- 0.6 kg, ie 1.5% of
water of reference man),

Total body water was assumed to be the space into which the THO
was distributed and no correction has been made for non-aqueous

exchangeable hydrogen.
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Part iii : Total Body Minerals

The total body mineral (TBM) compartment was small compared to
the three major compartments and could be estimated with
sufficient accuracy by assuming that it represented a constant
fraction of the FFM in normal individuals, The mineral and
glycogen compartments was assuméd to be 1linearly related to
skeletal size (product of height, mediastinal thickness and
biacromial diam) according to a regression equation derived in
normals (r = 0,91, CV = 8.5%) (Beddoe et al 1984). It has been
previously shown that errors in the estimates of the mineral and
glycogen compartments propagate (in quadrature) to very small

errors in FFM.

Part iv : Fat Free Body Mass
The FFM was derived by adding TBP and TBW together with the
estimated total body minerals and glycogen; FFM having a typical

precision of +/- 1.6%.

Part v : Total Body Fat

Total Body Fat was estimated as the difference between body weight
and the sum of total body water, protein, minerals and glycogen
(FFM). The precision of the estimate was +/- 0.8 kg ( +/- 6.4% of
fat in Reference Man) and was most affected by the measurement of
TBW . In the analysis of the cadavers, the different estimates,
relative to chemical measurements of TBF, were high by 0.23kg in

the first and low by 0.94 kg in the second (Rnight et al 1986)
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0f all the major body compartments the most elusive to measure in
the living subject is undoubtedly TBF. We are still dependant on
its measurement though indirect means including densitometry
(usually underwater weighing), skinfold anthropometry, imaging
techniques (X-ray radiometry - computer scanning), electrical
conductivity or impedance measurement and finally the method we
employ ie the measurement of other major compartments and
subtraction of these from measured body weight( the so called

difference method)

Densitometry the use of densitometry to estimate body fat utilises

the physical principle that body fat is much less dense than the
other compartments of the body and secondly and more importantly
on the assumption that variations in body density are the result
of variations in body fat content. This implies that the demsity
(D) of the fat free body mass is assumed to be constant and
therefore that

Mf 1
_OL—

M D

Where Mf and M are the mass of fat and body mass respectively. The
most commonly used equation is that proposed by Siri et al 1956.

ME = 4.95 - 4.50
M D
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Which assumes densities of 0.90 and 1.100g/cc for fat and fat free
mass respectively. Since this is an indirect method of measuring
body fat, there are biological as well as technical sources of
error that affect the precision and accuracy of the calculated
body fat, Siri calculated that the variation in density of fat and
the 1lean body mass (LBM) would give rise to a precision standard
deviation in the estimate of fat in normal man of the order of
3.8%2 of body fat. However, the possibility of important
systematic errors arising from the underwater technique should not

4, (Buskirk 1961) g ihermore it will be stressed

be underestimate
later in this chapter that the density of FFM varies not only in
surgical patients but even in well volunteers. Finally underwater

weighing would be inappropriate for most patients purely for

logistical reasons,

Skinfold anthropometry

The proportion of Body Fat stored in the subcutaneous compartment
is quite variable, According to Lohman (1981) estimates by various
investigators range from 20 to 70 percent depending on factors
such as age, sex, obesity and measurement technique,

In clinical practice measurements can be reliably made only in two
or three sites and these wusually include biceps and triceps
skinfolds with or without subscapular skinfold,

There have been many equations relating body density to functions
involving skinfold thickness at one or more sites. The more widely

used sets of regression relationships is that reported by Durnin
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and Womersley 1974;

D =C - Logy, (Z s;)
¢

Where S; is the mean measured skin fold thickness at a specified
site and where C and m are the tabulated linear regression
constants. The error on the estimate of body fat for a typical
individual however using this method is around 24%. Furthermore it
should be emphasised that the above computations assume that the
relationship between density and total body fat is free from
biologiéal imprecision which is not the case since the density of
the lean body varies considerably owing to variations 1in
hydration, minerals and protein between individuals,

Hence it is clear that skinfold anthropometry has no place in body
composition and similarly it is wunsuitable for measurements of
body fat in individuals or small groups. This would be especially
true of patient studies in which major changes in body composition
are suspected.

Imaging techniques Computerised tomography would allow calculation

of the total fat. Its major limitations however are its costs and

the necessary radiation dose.

Electrical conductivity In this technique (Harrison et al 1982,

Presta et al 1983) the differential conductivity of fat and lean

tissue is exploited with the latter displaying better conductivity
owing to its greater electrolyte concentration. Measurement of
total body electrical conductivity (TOBEC) can be achieved by

placing the subject in a large solenoidal coil driven by a 5HZ
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oscillating radio frequency current; impedance measurement can be
used to derive conductivity, which is a function of lean body
mass,

To date validation of the TOBEC method in human studies has been
against densitometric estimates of lean body mass (Presta et al
1983) » consequently the method suffers from the same validation
problem as other indirect techniques calibrated via densitometry.
The advantages of this method are that it is rapid,
reproducible,safe, non invasive, and applicable to most groups of

hospitalised patients,

Difference methods Undoubtedly the most simple form of the

difference method is the use of measured total body water (TBW) to
determine the fat free mass (FFM) by the relation;
FFM = TBW/f

Where f is the assumed fraction of the FFM thaé consists of water;
f is wusually taken to be 0.73 for normal man based upon the
studies of Pace and Rathburn 1945, Recent work by Streat et al
1985, has shown however that this ratio varies from 0.685 to
0.754 in normal subjects with a mean value of 0,729 and 0.67 to
0.83 (mean = 0.74) in a group of patients presenting for
nutritional support implying that application of 0,73 will lead to
gross errors in individual values of FFM or TBF and large
systematic errors in the mean values of these entities.

It was Cohn et al 1981 using the technique of IVNAA who first
considered several variables, TBW, determined by tritium dilution,
TBP by IVNAA and bone mineral mass (BMM) by IVNAA, The FFM was

considered to be the sum of these three entities so that TBF is
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again obtained by the relationship TBF = M-FFM. It is important to
note that in a large series of normal volunteers Cohn and
colleagues found that skinfold anthropometry consistently
underestimated TBF relative to their difference methods. A
similar difference was confirmed with our own method using IVNAA
and tritium dilution (Streat et al 1985).

Indeed our own work showed that under estimation of TBF is even

greater in a group of patients presenting for nutritional support

than in normal subjects.

Part vi ASSESSMENT OF PROTEIN DEPLETION

The measured values of TBP were compared with values predicted
from multivariate predictor equators that related measured TBP to
age, height, sex and weight. Hence the protein stores for a
particular patient were expressed as a percentage of their
predicted TBP on the basis of predictor equations developed
locally (Beddoe et al 1985)

TBP was measured in 126 normal subjects and was regressed for each

sex against the variable age in years (A), height in em (H) and

weight in kg (M) yielding the following regression equations.

Males TBP (kg) = 0.061H + 0.126M - 0.032A - 6.334

Females TBP (kg) = 0,095H + 0,067M - 0.018A - 10.631

The mean protein index for the normal volunteers was 0.99 +/-

0.11SD for females and 1.03 +/- 0.12SD for males,
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Part vii ASSESSMERT OF FAT DEPLETION

The measured value of TBF were compared in a similar way with
values predicted from multivariate predictor equations that
related measured TBF to age, height and sex. Hence fat stores were
expressed as a percentage of predicted,

Males TBF (kg) = - 0.165H + 0,72A + 36.44

Females TBF (kg) = + 0.0797H + 0.107A + 0.038

Part Viii RADIATION DOSE

The total radiation dose equivalent to each subject has been
conservatively estimated as approximately 50 mREM, about 30 mREM
maximum being from the neutron activation procedure (assuming a
quality factor of 10) and approximately 20 mREM from the tritium
(quality factor unity).

Part ix HYDRATIOR OF THE FAT FREE BODY MASS TBW:FFM

Throughout this thesis my index for the state of hydration was the
value of the ratio TBW/FFM. In a previous study (Beddoe et al
1985) of 68 normal volunteers the mean value for TBW:FFM for 35
females was found to be 0.726+/- 0.015 (SD) with a range 0.692-
0.757 and similarly for 33 males the mean value of TBW/FFM was
found to be 0,711 +/- 0.012 (SD) with a range 0.688-0.729.

The precision of the TBW:FFM ratio was in practice largely
affected by the precision in the measurement of protein (already
discussed). This implies a precision in the ratio of the order of
1.5%2 as calculated for Reference Man, Clearly as far as the

TBW:FFM ratio is concerned one can have confidence in individual

values,

_53_



Part x MEASUREMENT OF EXTRACELLULAR WATER VOLUME (ECW)
The extracellular water volume (ECW) was determined by bromide

(Cheek 1953). 50 mls of a 5% sodium bromide solution were

dilution
infused slowly over a 5 minute period following a background
sample of 10 mls of intravenous blood. An estimate of the bromide
space was performed on a 10 ml sample taken from the contralateral

arm three hours following injection. The assay (Drongowski et al

1982) involved sample deproteinisation by adding a 1.0 ml of ice
cold perchloric acid (0.6M) to 0.5 mls of sample. Following
centrifugation at 2000 rpm at 4°C for 5 minutes 1 ml of
supernatant was transferred to a test tube containing 1.0 ml of
0.6% sodium chloride and 1.0 ml of 0.0375% gold chloride.
Absorbance was recorded with a spectrophotometer at 350 nM
wavelength exactly 30 seconds after the addition of the
supernatant to the NaCL-AuCL3 solution. The spectrophotometer was
zeroed with distilled water. The standards used in the assay
were 5,10,15 and 20 mg% NaBr made up with distilled water. These
standards produced a linear absorbance curve to a concentration
of NaBr of 40 mg%. Corrected bromide space equaled:-

Amount of bromide administered

x 0.90 x 0.95 x 0.94

Bromide concetration in plasma

where 0.90 corrects for the amount of intracellular bromide, 0.95

corrects for the Donnan equilibrium and 0.94 corrects for the

proportion of water in plasma,
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Intra and interassay variation using this technique has been
reported as extremely small correlation coefficient 0,995
(Drongowski et al 1982). In our own laboratory the precision for
this analysis was +/- 3.4%SD.

A major problem however with this technique 1is one of
interpretation:- It is quite clear from the literature as early as
(Deane et al 1951) that intracellular chloride may exist in quite
high concentrations even in health but certainly in states of
illness it may range from 21.2-29.5 meq litre. Hence the old
assumption that chloride is confined to the extracellular fluid
(and hence defined by bromide dilution) has to be abandoned.

My measurements of ECW employed in two of the clinical studies
therefore may suffer from these interpretation problems, Certainly
one can only consider grouped data and even then the ECW:FFM ratio
must be considered only as an adjunct to the more precise TBW:FFM
ratio,

Part xi TOTAL BODY POTASSIUM (TBK)

A shadow shield counter has been built recently in our
department for the determination of Total Body Potassium (TBK),
based on the detection of the 1.4 MeV gamma rays emitted by the
naturally occurring radioisotope (0.01%) 40y,

It consisted of two cylindrical Nal detectors placed above and
below the patient and were housed in lead shields (see Figure
II). Lying in a supine position on a motorised bed, the patient
traversed from head to foot between the detectors, The time for
each scan was preset and was related to the height of the

patient (typical scan time varied from 12-18 minutes). The
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instrument was calibrated using the 4OK gamma rays from KCL
solution of approximately physiological concentration (51,3
mmoles), in phantoms of varying weight and width, Calibration
scans were performed in the same way as those adopted for patients
and the observed count rate per gram of K as a function of weight
was determined. The overall precision of this technique has been
determined to be in the range of 1.6 - 2.8% (Mitra et al 1988) ,,
interlaboratory comparison of TBK has been made in a few
individuals, The average of all ratios of values obtained at
other centres to that obtained with the Auckland system has been
found to be 0.96 +/~- 0.06.

Part xii MUSCLE PROTEIN

For the estimation of muscle protein I have utilised a
mathematical model developed by Burkinshaw et al, 1979, This model
makes it possible to estimate the protein contents of muscle and
non-muscle lean tissue from total body nitrogen and potassium. The
errors of estimation are too large to allow conclusions to be
drawn from a single measurement of an individual but they do
permit mean values for groups of subjects to be compared (+/- 0.3

kg SD muscle protein).

MP = (TBK-Ryyx TBN) x 6.25/RM_RNM(muscle protein)
RM = ratio of potassium to nitrogen in FFD muscle (3.0)
RM = ratio of potassium to nitrogen in non-muscle (1.33)

A measurement of total body nitrogen alone does not show what
fraction of the total protein is in muscle, but the fraction could
be estimated if the body content of some other substance,

distributed differently between muscle and other tissues was also
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measured. Potassium is a suitable substance.

The model:

Underlying observations and assumptions:

The model relies on two observations:

a) Pure lipid , ie the fat extractable from adipose tissue,
contains no potassium or nitrogen.

b) The ratio of the concentration of potassium to that of
nitrogen has different values in muscle and non-muscle lean
tissue.

Mean values of potassium concentration range from 76.7 to 107

mmol/kg fresh fat free muscle - the weighted mean value being 91

mmol/kg.

The concentrations of nitrogen in muscle is taken as 28.1 gl/kg

fresh fat free muscle ("Reference man").

Further assumptions:-

a) The concentration of potassium and nitrogen in muscle and
in non muscle lean tissue are the same in every individual

b) The concentrations are unchanged when tissue is gained or
lost ie. the tissue gained or lost by either compartment
has the same composition as that in the rest of the

compartment.

Derivation of the equations:

Let K and N be the total amounts of potassium and nitrogen in the
body.

Let K, and N be the amounts of the two elements in muscle and Kn,

Nn the amounts in non-muscle lean tissue then:-
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K = Km + Kn (1)

N = Nm + N (2)
n

Let r = K/N

Tm o= Km/N = 3.03
m

rn = Kn/Nn = 1.33

rN =r N + rn

m m
This equation allows us to calculate from measured values of total
body potassium and nitrogen, the amount of nitrogen and hence

protein in muscle.

Using square brackets to denote the concentration of an element,
and Mm denoting the mass of muscle in the body we may write:
Nm = [Nm] Mm

substituting from equation (3) and transposing:

M =K-r N

m n (4)
[INJ(r -1r)
'm m n

Similarly if Mnis the mass of the mean non-muscle lean tissue, it

can be shown that:

N = N-K (5)
r -7
m n
and
M = r N-K (6)
n “m—

[Nn] (rm-rn)

Substituting into equations (3) to (6) the average values for K in

mmol and N in g then:

N = K- 1.33N (7)

m T I.7T0

N = 3.03-K (8)
1.7
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K -1.33 N

51.0

3.03N-K

61.2

(9)

(10)
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LEGENDS FOR FIGURES

Figure 1I.

Shows the IVNAA facility.

Department of Surgery, University of Auckland,

A typical critically ill patient having determination of TBN

Figure II1

Shows the shadow shield, Whole Body Potassium Counter,

Department of Surgery,

University of Auckland
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FIGURE I

FIGURE II
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CHAPTER 6 : MEASUREMENT OF RESTING ENERGY EXPENDITURE

It was as early as 1769 when Lavoisier was able to recognise the
fundamental nature of oxidation in combustion and respiration.
However, it was not until this century with the development of
physiological chemistry that the true value of indirect
calorimetry was realised through the efforts of Lusk and Benedict
(1931).

The measurement of energy expenditure 1is referred to as
calorimetry in which energy is measured as heat, Calorimetry is
based on the law of the conservation of energy. This law states
that energy can neither be created nor destroyed which means that
the energy content of any system such as the human body can be
increased or decreased only by the amount of energy that is added
or subtracted from the system. Calorimetry as applied to human
studies may be divided into two types. Direct célorimetry is the
measurement of energy expenditure in the form of heat, all types
of energy in the body are converted to heat and then measured,
Since energy is wutilised in animal tissues by means of chemical
reactions, it is possible to evaluate energy utilisation from the
mesaurement of the substances consumed and products formed. In
indirect calorimetry, energy expenditure is determined from
measuring the amounts of oxygen consumed and carbon dioxide
produced. It may be performed in either of two ways. In the open-
circuit method, the subject is permitted to breath air from the
environment, while his expired air is collected for volumetric

measurement. The gas volume is then corrected for standard
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conditions and is analysed for its oxygen and carbon dioxide
content with a subsequent calculation of 0, consumption and Co,
production, In the closed-circuit system the subject often
breaths from a reservoir containing pure oxygen and as the gas is
expired by the subject, carbon dioxide is constantly removed by
some material such as soda lime. The decrease in the gas volume
in this closed system is related to the rate of the oxygen
consumption from which the metabolic rate is then calculated.
Indirect calorimetry in this thesis was performed wusing a
modification of the ventilated hood technique orginally described
by Kappaéoda et al 1974,

Part 1 DESCRIPTION OF THE INDIRECT CALORIMETER APPARATUS

Figure 1 shows an exploded diagramatic view of the indirect
calorimeter, The components of the system are labelled in
thefigure A to J

A is the rigid perspex head canopy which has an oversized aperture
to facilitate passage of the subject's head. Attached to the
aperture is a neck collar made of an impervious woven nylon
material with an elasticated border to provide a snug fit around
the subject's neck,

B is the room air intake portal.C is the mixing chamber with a
capacity of about 50 litres, It ensures good mixing of the
expiratory gases with the air stream.

The temperature of the gas stream is measured with a thermometer
mounted inside the mixing chamber and the flow rate measured by a
gas rotometer, D. Beyond the measurement of flow, portals, E,

allow continuous sampling of the air stream for the analysis of
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oxygen and carbon dioxide.

F is a Servomex paramagnetic oxygen analyser 0A.540 (Sybron/Taylor
Instrument Analytics Ltd, Crowborough, Sussex, England) with a
drying chamber containing silica gel to rid the sample gas of
water vapour,

G is an ADC infra-red carbon dioxide analyser, type SSI (The
Analytic Development Co Ltd, Pinder Road, Hoddeson, Herts, England
EN11 0AQ).

F and G draw off sample gas at a rate of 0.5 and 1.5 litres per
minute respectively. The 1linearised analogue signals from the
analysers are conveyed to H, a Yokogawa two channel flatbed pen
chart recorder model 3021 (Yokogawa Electrical Works, 9-32 Nakacho
2-chrome, Musashino-shi, Tokyo 180,Japan).

I is a variable torque rotatory.gas pump able to be set to the
appropriate flow rate by a transformer in seriés.

The calibration gas cylinder, J, contains a nominal gas mixture of
207 oxygen and 1% carbon dioxide with the balance composed of
nitrogen, This prescription gas was previously analysed by the
Lloyd-Haldane technique utilising the Lloyd-Haldane apparatus to
give an accuracy of +/- 0,01%.

The apparatus was located in a dedicated, quiet room with
dimmable lighting at the end of a surgical ward suite. The room
was air conditioned the air being kept within a temperature range
of 21 to 25 degrees centigrade and at about 50% water vapour
saturation. The barometric pressure recording was obtained by
telephone link with the city weather authority and adjusted by a

standard increment appropriate to the elevation difference.
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Part ii STANDARD TECHNIQUE

At the beginning of each recording day, the silica gel container
in the oxygen analyser sample line was recharged with fresh dry
ingredient. Both analysers were switched on, as was the pump
which generated the flow of air through the system. The pen-chart
recorder was turned on. A minimum of 15 minuﬁes warming up time
was necessary to prevent baseline drift in the readings of both
oxygen and carbon dioxide concentrations and air stream flow. The
rotometer reading was adjusted to the standard flow rate (60
litres per minute) by adjusting the transformer rheostat of the
pump. The gas analysers were calibrated on room air as the low
calibration standard aﬁd from the prescription gas as the high
standard. The patient was wheeled into the study room before
which he must have been lying quietly on his bed for 30 minutes,
The initial measurement was performed after an overnight fast,
before any nutritional support had started. This was the Resting
Metabolic Expenditure (RME). Subsequent measurement during the
period of IVN included the dietary induced thermogenesis and was
termed the Resting Energy Expenditure (REE). An explanation of the
test and reassurance about the adequacy of the hood ventilation
(ten times the minute volume, 601/min versus 61/min) was necessary
for the initial test., The head canopy was passed over his head
and the elasticated collar adjusted for comfort. The lights were
dimmed. The typical test lasted for 30 minutes, the first ten
minutes of which was the time taken for stabilisation of the
trace recordings at new plateau positionms.

A typical trace recording is shown in figure 1II. The higher
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plateau in each case represent the recording of the calibration
gas as the high standard and the lower plateau the actual patient
record, The baselines are the readings for room air and
constitute the low standard. It can be seen that the expired
concentrations of oxygen and carbon dioxide can be determined
simply by proportion. The barometric pressure and temperature
readings were recorded. Frequent checks of the rotometer were
made to ensure standard flow conditions, After at least 20 minutes
of steady-state recording of oxygen and carbon dioxide
concentrations, the head canopy was removed, It took about 5
minutes for return of the traces to the baseline positions on the
pen-chart recorder,

The calculation of V0,, VCO, and REE:

Figure III shows a worksheet for the calculation of oxygen
consumption (V0,); carbon dioxide production (VCO,); respiratory
quotient (RQ), and energy expenditure, either resting or metabolic
expenditure (RME) or resting energy expenditure (REE). The steps

are as follows:-

a) Measure and record the temperature of the air stream with
the thermometer in the mixing chamber.

b) Record the barometric pressure obtained from the city
weather office., Adjust for elevation difference.

¢) Using (a) and (b) derive and record the STP factor from
Standard Temperature and Pressure tables (Geigy 1975)

d) Calculate the adjusted air stream flow rate by multiplying

the measured flow (i.e., 60 L/min by the STP factor.)
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e) Record the concentrations of oxygen and carbon dioxide in
the calibration gas mixture previously determined by the
Lloyd-Haldane method of volumetric gas analysis.

f) Measure and record the span of the deflection on the pen
chart recorder of the oxygen and carbon dioxide traces
during calibration.

g) Measure and record the span of the deflection plateau
of the oxygen and carbon dioxide traces during the
subject reading.

H) Derive the change in oxygen and carbon dioxide
concentrations of the subject reading by multiplying
the ratio of the subject and calibration spans by
the difference of the gas concentrations between the
calibration gas mixture and'room air,

i) Multiply these results by the adjusted fiow rate
derived in (d) to obtain the VO, and VCO, in L/min.

j) Multiply Vo, and VCO, by a factor of 1.44 to change
the units to L/day.

k) Express VCO, over VO, as a ratio to derive the RQ.

1) Multiply the VO, by a caloric conversion factor derived
from tables utilising the RQ value (Geigy 1975) to
obtain the RME/REE in units of Kcal/day.

Metabolic Stress

The measured values of RME were compared with the values predicted
from equations that relate resting metabolic expenditure to the
fat free mass (FFM, the sum of water, protein, minerals and

glycogen in kg) This regression equation was derived from 136
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normal subjects who underwent direct measurment of RME and FFM.
RME (Kcals/day) = 13,58 FFM + 554 (males and females)

In this way it is possible to devise a "stress index" defined as
the ratio of the measured RME to the predicted RME. If the stress
index was greater than 2 SD's above the mean for the normals
(1.00 +/- 0.18) ie., > 1.18 or > 118% of predicted normal, then
the patients were deemed to be metabolically stressed.

Part iii ASSUMPTIORS AND ERRORS

Respiratory gases must be collected, stored and analysed. Each
step presents possibilities for errors from loss, dilution or
addition of gases. The collection of these gases may not be
complete through leaks which may themselves cause different types
of errors. Another source of error would be initial calibration
against gas mixtures of known composition. Even the most
prestigious of companies may provide gas mixtures that are far
from their stated composition.

The open-circuit method of indirect calorimetery assumes that all
gas exchange occurs across the lungs. Also the respiratory gas
equations treat 0, and CO, as ideal gases. Johnson et al 1980, has
pointed out that this is correct for 0, and for N, but is only
partially true for C0, thus introducing a small error. A more
important error is related to the water vapour where the expired
air is assumed to be saturated and complete dryness is required
for the use of the gas equations, neither of these conditions may
be totally correct,

Despite these assumptions and obvious sources for error, indirect

calorimetry still remains a very useful clinical tool especially
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in the context of the patient who has sustained major weight loss

or is suffering from a catabolic stimulus much as the patients

studied in this thesis,
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LEGENDS FOR FIGURES

Figure I.
Shows an exploded diagram of the Indirect Calorimeter,
Figure II

Indirect Calorimetry pen-chart trace recording,

A and B are the baseline readings of the concentrations in room

air of 0, and CO, respectively.

C and D are the plateau readings of the concentrations in
calibration gas mixture of 0, and Co, respectively.

E and F are the plateau readings of the concentrations in
effluent gas mixture from the head canopy of 0, and
respectively.

Calibration spans in mm for 0, and CO, (Sc and S'c) are

perpendicular distances between A - E and B - F respectively.

Figure III

Worksheet for the calculation of V02, VCOZ, REE and RQ.
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FIGURE III

DATA ENTRY:

. . P

Baranetric pressure | B

Temperature T degrees C
STPD factor (fram tables) STPD

Flow rate f 1/min

O2 calibration span sc m

O2 measurement span sm mm

F02 calibration gas FcOZ

00, calibration span s!

2 ¢ mn
CDZ measurement span s'm mm
FCDZ calibration gas FCCX')2
CALCULATIONS::

(1) Adjusted flow rate F' = f X SIPD
— Pt -3
(2) \/O2 =f"'x 10 - X (0.2094 - FcOZ) X Sm/sc
3

(3) VCDZ =f'X10"- X (FCCX')2 - 0.0003) X s'm/s'c

(4) B = V00,0,
(5) Caloric factor, Cf. = 4,677 + (RQ - 0.7)/0.7 X 0.863

(6)RE".E'.=Cf.X\/OZX1.41«l

L/min

ml /min

ml/min

Kcal/ml

./day




CHAPTER 7 : PLASMA PROTEINS

Plasma albumin, transferrin and pre-albumin levels were determined
from venous blood drawn immediately before and after the 7 and 14
days study period. Plasma transferrin and pre-albumin were
measured by laser nephelometry using appropriate anti-sera
(transferrin, Herhingwerke, Prealbumin DAKO) see below. Plasma
albumin was assayed on a SMA auto analyser by the bromocresol
green method. Normal ranges for our laboratory are 35-50 g/l for
albumin, 176-340 mg/100 ml for transferrin and 22.0-38.1 mg/100ml

for pre-albumin (for details of analysis see below).

Part i TRANSFERRIN

1. Dilution of Samples (all in duplicate)

a. Standards N-std—protein—se;um (or LN-std-protein-serum)
1/60 10 ul of std + 590 ul of saline
1/80 10 ul of std + 790 ul of saline
1/120 300ul of the 1/60 std + 300 ul saline
1/160 300ul of the 1/80 std + 300 ul saline
1/320 300ul of the 1/160 std + 300 ul saline
1/640 300ul of the 1/320 std + 300 ul saline
b. Controls (i) std-human-serum
(ii) Quantitrol (note reconstituted vials only
stable for 1 month).
dilute 1/151 (10 ul + 1.5 ul saline)
C. Patient samples (pretreated with lipoclean)

dilute 1/151 (10 ul + 1.5 ml saline)
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Low results repeat at 1/101 dilution (10 ul + 1 ml saline)

High results repeat at 1/201 dilution (10 ul + 2 ml saline)

2. Dilution of antisera

Dilute 1/40 Need 0.2 ml per tube
i.e. 90 assays = 0,46 ml antisera + 17.54 ml saline
After dilution antisera filtered through 0.22 um millipore

filter (allow for a little loss in filtering).

3. Reaction
a, Into numbered cuvettes add 100 ul of each sample
b. Add 200 ul antisera mix, immediately take blank
reading
c. Leave covered 1 hr at room temperature for 2 hours.
d. Mix, take second reading.

Part ii PREALBUMIN

1. Dilution of samples (all in duplicate)
a. Standards (duplicate) std - human - serum

1/15 30 ul of std + 420 ul saline
1/20 30 ul of std + 570 ul saline-
1/30 200 ul of 1/15 std + 200 ul saline
1/60 200 ul of 1/30 std + 200 ul saline
1/120 200 ul of 1.60 std + 200 ul saline
b. Controls (i) Ln - std - protein serum
(ii) Normal

Dilute 1/31 (30 ul + 900 ul saline)



C. Patient samples (Pretreated with lipoclean)

Dilute 1/31 (30 ul + 900 ul saline)

Low results repeat at 1/11 dilution 30 ul + 300 ul

High results repeat at 1/41 dilution 30 ul + 1200 ul
(Computer will tell you if the result is out of the range
of the std curve).

2, Dilution of antisera

Dilute 1/8 need 0.2 ml per tube

1.3 ml antisera + 9.1 ml saline

i.e. 52 assays

2 ml antisera + 14 ml saline

80 assays

After dilution antisera filtered through 0,22 um millipore filter

NOTE: lose a little in filtering so make 0.1 ml more than needed.

3. Reaction
a, into numbered cuvettes add 100 ul of each sample
b, add 200 ul antisera, mix, immediately take blank
reading
c. Leave covered at room temperature
d. Mix, take second reading.
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CHAPTER 8 : URINE AND ILEOSTOMY CHEMISTRY

Urine Chemistry

All patients and controls underwent 2 consecutive 24 hour
collections to allow an average 24 hour analysis to be performed.
The first bottle containing acid (calcium and oxalate) and the
second bottle thymol (uric acid). Analysis commenced immediately
the collection was complete,

Sodium and Potassium Content

The content of sodium and potassium was determined using an
automatic analyser (BM/Hitachi System 704).

Calcium Content

The content of calcium was determined using an automatic analyser
(MB/Hitachi System 704) Reference range 2,5-7.5 mmol/day
(Auckland Hospital),

Uric Acid Estimation

The method for uric acid estimation utilised the uricase reaction
(Town et al 1985) Reagents.
1, Stock borate buffer, 0.5 mole/L, pH about 9.5
Dissolve 31g boric acid, 10g sodium hydroxide, and
1 g lithium carbonate in water and dilute to 1L
2, Working borate buffer.
Dilute to stock solution 1:10 with water.
3. Stock colour reagent
Dissolve 0,3g copper sulfate and 0,68 neocuproine

in water in a 1 dL volumetric flask. Add 1 drop of



1 mole/L HCL and then dilute to 1 dL with water and mix
well,
4, Working colour reagent

Dilute the stock reagent 1:10 with water

5. Enzyme reagent.
Catalase solution in glycerol (Boehringer Mannheim
Biochemicals, Indianapolis).
Uricase solution 2mg/ml (Boehringer Mannheim
Biochemicals, Indianapolis)
As needed, mix together &4 volumes of the uricase
solution, 1 volume of the catalase solution and 3
volumes of water. Prepare only the amount needed for
the days work and store mixture in the refrigerator

when not used.

6. Standards. The standards are the same in the previous

method.

Procedure

For each sample add 3.0 ml of borate working buffer to each of the
tubes, then add 100 uL of sample to each tube. To one of the pair
add 20 uL of the enzyme solution and mix. Set up similar pairs
using 100 uL of working standard and 100 ulL of water, Allow all
tubes to stand at room temperature for 10 minutes, then add 1 ml

of the colour reagent to each tube and mix. Allow tubes to stand



for 5 minutes. Read all the tubes without enzyme against blank
without enzyme and all tubes containing enzyme agains the blank
with enzyme at 454 NM, Subtract the absorbance of tube containing
sample plus enzyme from the absorbance of tube containing sample

without enzyme. Do the same for the standard,

Calculation:

A(-e) - A(+e) of sample Conc of Conc of
x =

A(-e) -'A(+e) of stanard standard sample

Where A(-e) of sample = absorbance of sample without enzyme, A(+e)

of sample = absorbance of sample with enzyme, A (-e) of standard

absorbance of standard without enzyme and A (+e) of standard

absorbance of standard with enzyme,

Normal Values

The amount of uric acid excreted in the urine depends in part on
the diet. With an ordinary diet the normal amount excreted may
vary between 2,5-5 mmol/day (Normal range Auckland Hospital)
Oxalate

Urinary oxalate was measured using an enzymatic method (Commercial

kit (Sigma)) (Parkinson et al 1787)
Principle
Oxalate is oxidised to hydrogen peroxide and carbon dioxide by

oxalate oxidase, The hydrogen peroxide reacts with 3- methyl -2-



benzothiozolinone hydrozone (MBTH)) and 3 =~ (dimethylamino)
Benzoic acid (DMAB) in the presence of peroxidase to yield an
indamine dye which has a maximum absorbance at 590 nm

Oxalate + 0 Oxalate Oxidase
2 > 200y

+ Hy0,

Hy,0, + MBTH + DMAB peroxidas3 Indamine dye + H,50

Reagents

1. Oxalate reagent A, Stock no: 590~10 contains;
3 - (dimethylamino) benzoic acid 32 umol (DMAB)
Peroxidase (EC 1.11.1.7 Horseradish) approx 50 u
Oxalate oxidase
(EC 1.2.3.4, Barley)
Also contains buffer salts and stabilizers. Store in
the refrigerator.
Reconstitute with oxalate reagent B. 9.0 ml
Invert gently to dissolve the contents - do not shake,
Reconstituted reagent is stable for at least 4 weeks

when stored in the refrigerator, longer in the freezer,

2, Oxalate reagent B stock No; 590-1 contains;
3- Methyl -2 - Benzothiozolinone 0.2 mmol/L
MBTH
buffer, preservative and stabilizers,

Store in the refrigerator.

3. Oxalate standard stock no; 590-50
Contains;

Oxalic acid



Preservative added,

Store in the refrigerator.

4, Oxalate extraction vial stock no: 590-4

5. Sodium hydroxide 0.2 M

Method

Extraction;

1, Add 1.0 ml acidified urine, standard or control to
appropriately labelled extraction vials,
Cap tightly and mix on the shaker for 5 minutes,

2, Allow the absorbent to settle,
Aspirate and discard the liquid

3, Add 2.0 ml of water to each vial, cap, shake for
2-3 minutes and allow the absorbent to settle.
Aspirate and discard the water.

4, Add 1.0 ml 0.2 M sodium hydroxide to each vial, cap
tightly and mix for 5 minutes.
Allow the absorbent to settle.
Using a pipette transfer the extracts to suitably

labelled tubes.

Assay
1. Reconstitute 1 vial oxalate reagent A with 9.0 ml of

oxalate reagent B, Invert gently to dissolve.



2. Measure the absorbances of standard controls, and extracted

samples with an autoanalyser (Cobas Fara)

The 24 hour urinary oxalate reference range for 23
clinically healthy adult males and females on an

unrestricted diet using the method described were:

Males 0.08 - 0.49 mmol/24 hours

Females 0,04 - 0,34 mmol/24 hours

Glycosaminoglycans Estimation

Urinary glycosaminoglycans (GAGS) was determined using Alcian blue
8GX ~ The basic method is described in detail in the paper
(Whiteman 1973). Standard (GAGS) solution (20 ul containing

1-10ug of glycosaminoglycan) of 50 ul of centrifuged urine for
patients and controls were mixed with 1 ml of a reagent
containing 0,05% Alcian BLue 8GX and 50 mmol-MgCl, in 50 mmol-
sodium acetate adjusted to pH 5.8 with acetic acid.

After equilibration for 2 hours at room temperature, the GAGS -
Alcian Blue complex was separated by centrifugation at 2000g for
15 minutes. After the precipitate had been washed with ethanol
(2ml) it was dissolved with 1 ml of 40% Manoxol IB solution. The
Ega0 of the resulting clear blue solution was measured in lcm
microcuvettes using a SP500 spectrophotometer, The
glycosaminoglycan contents of the urine samples were determined by
reference to a calibration curve constructed by using chondroitin-

4-sulphate as standard. The normal range for urinary GAGS has been



previously quoted as 14.9 +/- 0.6 mean +/~ SEM mg/L (Bambach et al

1981).

Ileostomy Chemistry

To estimate the sodium and potassium content of ileostomy fluid, a
sub-sample of stool was weighed, homogenised and centrifruged and
the supernatent was analysed by flame photometry (Conning flame

photometer)



CHAPTER 9 : WOUND HEALING RESPONSE

The method used to measure the wound healing response was that of
Goodson and Hunt (1982)., This included the subcutaneous
implantation of thin walled Gore-tex tubes (lmm diameter) (Gore
and associates) along the line of a standardised needle track
wound on the lateral aspect of the upper arm. The implants were
inserted on day O, the day prior to commencing IVN and day 7
following one week of IVN. The implants remained in situ for seven
days before extraction. An attempt was made to make two wounds of
similar lengths (about 5-7 cm in 1length). The wound healing
response was assessed from the amount of hydroxyproline in the
implants at the end of the implantation period.

For method of insertion and analysis see below:

We have had previous experience with this technique in our
department (Haydock et al 1987) ,n4 the limitations as to its use
have been discussed in detail elsewhere (Haydock et al 1987). Even
for a single implant there is the difficulty in being quite sure
what the changes mean in biological terms. It maybe incorrect to
class this response as solely a wound healing response, rather the
accumulation of collagen in these tubes depends on a complex
cascade of biological events. These events begin with acute
inflammation and cellular invasion, macrophage stimulation,
fibroplasia and then the final step of collagen production. This
technique is really measuring more than just the wound healing

response - it detects a deficiency in acute inflammation and



cellular invasion and hence has widespread implications for host

defence.

Gore-Tex Insertion And Anaylsis,

1. 5 cm lengths of Gore-Tex were heat sealed to 15 cm lengths
of prolene 0 (3.5 metric) suture material. (enough heat to
melt the polypropylene but not the teflon. about 220°C).
They were then packaged and steam sterilised.

2, Following two very small intradermal blebs of local
anaesthetic at the entrance and exit points of the wounding
needle the Gore-Tex was placed in the upper outer aspect of
the arm by inserting a 3 inch 14 gauge angiocath subdermally
but with the tip projecting from the skin. The needle was
withdrawn and the Gore-Tex inserted into the angiocath
teflon liner hub, prolene end first. The Gore-Tex tube was
pulled through until midway along the lumen'of the
angiocath andheld while the angiocath was removed. The
withdrawing of the angiocath pulled the Gore-Tex straight
and ensured an unkinked reproducible placement. The
prolene filament was trimmed to within 10 mm of the skin
and a dressing was applied.

3. After 7 days the Gore-Tex was pulled out
by gentle tension on the prolene.

4. The prolene was cut off and the Gore-Tex washed in
distilled water in a shaking water bath at 37°C for 2 hours.

5. The entire 5 cm of Gore-Tex was hydrolysed in 6M

hydrochloric



acid for 18 hours at 116%. The porous nature of the Gore-
Tex allowed good penetration of the acid and released into
solution the amino acids. The hydrolysate was sub-
sampled and analysed by a standard autoanalyser method

for hydroxyproline.

6. The Gore-Tex was then boiled in concentrated nitric acid
for 5 hours. This oxidised any residual organic material
and decomposed the stump of prolene filament., Provided the
acid did not boil away there was no damage to the teflon
tube as shown by scanning electron micrographs. After the
aéid wash the Gore-Tex is boiled in distilled water and oven
dried overnight at 50°%c.

7. The Gore-Tex was "massaged" to restore the texture of the
expanded teflon by pulling it through the fingers a few
times, re-attached to new prolene and resterilised.

8. Note the hydroxyproline was expressed as nmol/mg Gore-Tex
because the Gore-Tex varied in wall thickness within and
between batches and if length was used errors may have
occurred because the volume of Gore-Tex available for cell

infiltration per centimetre would vary.



CHAPTER 10: SKELETAL MUSCLE FUNCTIOR

The tests of skeletal muscle function used in this thesis have
been extensively validated for nutritional assessment in recent
years.

Maximal Voluntary Grip Strength has been previously shown not only
to relate to the total body protein stores (Windsor et al 1988b)
but also to be a sensitive index of post-operative risk(Klidjian
AM et al 1977)’ (Windsor et al 1988a)_

Involuntary skeletal muscle function as defined by the contraction
and relaxation characteristics of the adductor pollicis muscle
using an apparatus similar to that described by Edwards et al
1977, Jeejeebhoy 1986, Lopes et al 1982, Russel et al 1983 a,b,c,;
Chan et al 1986 and has proved to be a sensitive index of both
malnutrition and also nutritional repletion.

(Lopes et al 1982) that the rate of

It has been already shown
skeletal muscule relaxation in malnourished patients was up to 25%
lower than normal subjects., With this slower rate of relaxation
there is a shift in the force frequency profile of the muscle ie.,
fusion of muscle twitches and tetany occurring at lower
stimulating frequencies. This 1leads to an increase in the
Force:Frequency ratios : F10:¥20, F10:F50.

These changes relate to intrinsic properties of the muscle

itself.
Part i MAXIMAL VOLUNTARY GRIP STRENGTH

Was measured in the dominant hand using a vigorimeter, The seated

patient was instructed to squeeze the vigorimeter quickly and
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maximally to give a reading on the meter in Kgs. Three readings
were made with 15 seconds intervals and the best of the three
attempts were recorded as the maximal voluntary grip strength,
Half the patients in the first clinical study had grip strengths
measured using an earlier vigorimeter (Ortopedia, West Germany)
with a 50 mm bulb, The coefficient of variatioﬁ for this method
was 5.45% and the normal range for men was 100-180 KPa and for
women 55-100 KPa. The vigorimeter itself was calibrated regularly

and had a coefficient of variation of 2,4%,

In the majority of the clinical studies a new isokinetic
dynamometer was employed reading in Kgs. This instrument was
designed and built with the assistance of the Biomedical
Workshops, University of Auckland School of Medicine, The
deflection following maximal 8rip was so small that it was truely
isometric. The bar being depressed by the and grip (See Fig I,
was connected to a stain gauge (Kyowa KFC-2-C1-16). The stain
gauge was calibrated and found to be linear r=0.98 (Cv=1.5% over
the range of 5 to 60 Kg.

With regard to the precision of this instrument the coefficient
of variation for this instrument was 3.9% and the normal range
for men was 31-59Kg and for women 22-40Kg,

Maximal voluntary grip strength was measured in 128 normal
subjects (70 with the bulb and 58 with the new vigorimeter). Grip
strength was regressed against the variables age in years (A),
height in cm (H) and sex (M=1, F=0), yielding the following

regression equations;



GS = - 36,59 + 25.1 (sex) - 0,48A + 0.72H

(bulb, KPa)

GS = - 45.92 + 12.0 (sex) - 0.12A + 0.49H

(kg)

Thus by relating the respective measured value for GS to the
predicted value from the above regression equation it was
therefore possible to derive a Grip Strength Index (GI) for the
patient. The mean GI for normal volunteers with bulb was 1.00 +/-
0.18 (Sp) and 1.00 +/- 0.16SD for the standard vigorimeter i.e, if
the patients GI were < 0.68 (or 2 SD's below the means of the
normal population) then they were considered to have impaired

grip strengths.



Part ii INVOLUNTARY SKELETAL MUSCLE FUNCTION

Using an apparatus based on the principles of Edwards et al 1977,
developed and constructed with the assistance of the Biomedical
Engineering Workshops, University of Auckland School of Medicine
measurements of the involuntary force generated by the abductor
pollicus muscle were obtained by selective stimulation of the
ulnar nerve at the wrist with supra-maximal voltages (80-120
volts). A square wave pulse of 50 microseconds durations at
frequencies increasing from 10 HZ to 50 HZ for ome to two seconds
at a time was used. In this manner the F10:F20 and F10:F50 force
ratios were obtained, together with the maximal force F50. These
tests were preceeded by warming the hand to 40°C with an electric
lamp held at a fixed distance from the hand., The effects of post
tetanic potentiation were standardised by a fixed order of
testing. All measurements were performed in duplicate,

Equipment (see Figure II)

The subject's dominant hand and lower arm was supported in the
apparatus. A sling was placed around the interphalangeal joint of
the thumb and connected to the force transducer (Model B5102-50
IOPI, Serial 7117, Transducer Inc., Winter California). This force
transducer was tested for linearity over the range of 100 grams to
10 kg at 3 monthly intervals (r=1, CvV=3,9%)

Ulnar nerve stimulation

Was performed with a saline soaked gauze covered electrode held to
the subjects wrist by the examinder at a point previously found to
produce a maximal stimulus. This method was found superior to a

pervious method where the stimulating electrode was initially



secured to the hand rig itself, owing to slight displacement of
the electrode following unavoidable stimulation of the wrist
flexors,

The square pulse stimulus was provided by a Grass Physiological
stimulator (Model 544D, Serial 4MO3V0, Quincy Mass, USA). The
frequency output of the stimulator had a precision of 1%,

Force measurement

The force transducer was connected to a strain gauge amplifier and
to a multi channel pen recorder. Unfortunately during the period
of my research 1 was not able to acquire a pen recorder
sufficiently fast to record the maximal relaxation rate with
acceptable precision. The force transducer was calibrated
immediately prior to testing by applying a number of loads (0-
10kg) to the sling.

Normal values and precision

The normal values for F10:F20 and F10:F50 were 48 +/- 4% and 33
+/- 3% (x +/- SEM) respectively with no difference between the
sexes., The mean value of F50 was 5.6 +/- 0,5Kg for males and 4.3
+/- 0.4 Kg for females, The coefficient of variation for these 3
parameters of involuntary muscle function were 17.6%, 14% and 10%
respectively. Clearly this level of precision was inadequate for a
single individual but adequate to draw conclusions from grouped

data.



LEGENDS FOR FIGURES

Figure I

A patient having maximal voluntary grip strength measured.

Figure II

A patient having Involuntary Skeletal Muscle Function assessed.
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CHAPTER 11 : RESPIRATORY MUSCLE FUNCTION

Many tests have been used previously to assess respiratory muscle
function. Most of these have been however in the field of exercise
physiology rather than in the clinical situation.

The tests of respiratory muscle function used in this thesis, have

(Arora et al 1982) and are

already been validated extensively
particularly appropriate for use at the bedside or in conjunction
with other measurements used in this thesis to assess PEM,

Part i RESPIRATORY MUSCLE STRENGTH

Respiratory muscle strength (RMS) was measured as the mouth
pressure with a Validyne bidifferential pressure transducer (model
MP45 Validyne Engineering Corp , Northridge CA 91324, Range +/- 50
cmH,0) during Maximal Static Ihspiration (MIP) at functional
residual lung capacity and during Maximal Static Expiration (MEP)
at total lung capacity (Arora et al 1982 ;Cook .et al 1964) o
value of RMS was the average value of MIP and MEP expressed in cms
of water,

MIP - during the test, the patient was sitting up on the edge of
the bed or in a chair as upright as possible. The patient was
given maximal encouragement, and the procedure was carefully
explained. It was important to get a good mouthseal with a plastic
scuba type mouthpiece (Hewlett Packard). A valve unit was designed
which was incorporated into the mouthpiece unit to allow for the
different measurements (MIP,MEP,and MVV) without the need to break

the air seal at the lips. An intentional air leak (using a lmm

diameter screw valve) was built into the mouthpiece unit for the



measurement of MEP. The air leak ensured that the glottis remained
open, which prevented falsely high values due to activity of the

(Black et al 1969, Kelly et al 1982)  qyua patient

cheek muscles
was observed while breathing through the open valve. Then the
patient was asked to expire all air (Residual Volume), the valve
was closed and the patient was asked to breath in as deeply as
possible (maximal suck). This pressure was recorded by the
Validyne on a multichannel pen recorder. This measurement was
repeated twice and the best value was recorded. A time period
(ninimum of 2 minutes) between each measurement was insisted to
allow a return to normal normal respiratory rate between each
reading. The Validyne had been previously calibrated by applying
a series of normal pressures to the Validyne documenting them on
a Dekamet Accoson Mercury sphygmomanometer column simultaneously
through a Y connection. Calibration of the pressure transducer
was performed monthly 'in our laboratory confirming constant
linearity (r=0.99) From a previous large study of 60 normal
volunteers (Normal Study 1986, Unpublished Data) the normal values
of MIP were: 117 +/- 44 (SD) cmH,0 males and 75+/- 29 (SD) cmH,0
females,

The coefficient of variation for this measurement from 20 repeated
measurements was 2,0%.

MEP - In a similar manner the patient was asked to breath in as
much air as possible, (Total Lung Capacity) with valve open, the
valve was then closed and the patient blew out (as hard as
possible), ensuring a good mouthseal with the air leak valve

open.. The measurement was repeated twice ensuring an adequate



rest in between. The normal values of MEP in our laboratory were
124+ /- 42 (SD) cmH,0 males and 75 +/- 26 (sp) cmH,0 females,

The coefficient of variation for MEP was 12,7%. The combined
measurement of RMS had a coefficient of variation of 7.7%Z. As an
index of repeatibility over time the correlation coefficient of 53
paired normal measurements measured 1 week apart was 0.90

(P=0,0001)



Part ii MAXTMAL VOLURTARY VENTILATION
Maximal Voluntary Ventilation (MVV) can be used, and has been used

previously, as a measure of respiratory muscle endurance (Arora et

al 1982). This is measured at a fixed respiratory rate and usually
over 60 seconds ~ Maximal minute ventilation (MMV) or even maximal
sustainable ventilation (MSV) which is the level of ventilation

sustainable over 15 minutes (Rochester et al 19848).

However,
Aldrich et al 1982 have shown that MSV correlates with respiratory
muscle endurance and that a 12 second MVV correlates well with the
MSV., Thus I have used the MVV over 15 seconds as my index of
respiratory muscle endurance.

Maximal voluntary ventilation or endurance of the respiratory
muscles was measured at a fixed frequency (Arora et al 1982).

The MVV was measured (as cumulative inspiratory volume in litres
per minute) using a digital pneumotachygraph (Hewlett Packard,
Model 47303A, Vertex Series) which calculated air volume from air
flow over the 15 second period., A size 3(47303-60050) pneumotach
(or linearised Fleisch type flow transducer) was used., This had an
internal diameter of 45 mm and a maximal flow rate of 12.5 litres
per second. The analog flow accuracy was +/- 5%, The pneumotach
was fitted to the mouthpiece unit used for the measurement of MIP
and MEP. To measure MVV the valve was left open and the air leak
and tubing to the pressure transducer were both closed.
Calibration of the flow transducer was performed at six monthly
intervals confirming constant linearity (r=0.,99).After checking

the Pneumotach settings and prewarming (39°C) - the patient was

instructed to breath in and out as hard and deeply as possible,



The rate of breathing was standardised by having the patient
breath in, in sequence with flashing green 1light (a visual
metronome) The inspiratory volume was recorded on the digital
display for a full 15 seconds. This value was multiplied by 4 for
inspiratory volume per minute then by 2 to gain total volume moved
in full respiratory cycle. Normal values for MVV, in our
laboratory were 142 +/- 26 SD L/minute males and 81 +/- 18 SD
L/minute females

The coefficient of variation for this index of respiratory muscle
endurance was 4.3%. The correlation coefficient of 53 paired

results 1 week apart was 0.80 (P=0.0001)



Part iii SPIROMETRIC TESTS

Forced expiratory volume in one second (FEV1) Vital Capacity (VC)
and Peaked Expiratory Flow Rate (PEFR) were determined by standard
spirometric techniques (Macklem 1986, Diament et al 1967) g..n
parameter was measured in triplicate, with the highest wvalue
taken. FEV1 and VC were measured using a portable vitalograph
spirometer. Calibration of the spirometer was performed with the 1
and 3 litre syringes, confirming linearity (r=1).

PEFR was measured using a Wrights flow meter, This was calibrated
by the Physiology Department at the University of Auckland Medical
School. fhe normal values for these 3 spirometric measurements in
our laboratory were 3788 +/- 923 SD litres, 4896 +/- 926 SD litres
and 578 +/- 87 SD L/min for males respectively and 2756 +/- 621 SD
litres, 3426 +/- 699 SD litres and 450 +/- 55 SD L/min for females
respectively.

The coefficient of variation for these 3 spirometric measurements
were 2,72 2.4% and 3% respectively. Again as a test of
repeatability the correlation coefficients of 53 paired results

performed 1 week apart with these 3 instruments were 0.99, 0.98

and 0.96 respectively.



LEGEND FOR FIGURE

Figure I

A patient undergoing respiratory muscle function assessment.
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CHAPTER 12 : PSYCHOLOGICAL FURCTION

Assessment of Psychological Function

The first psychological symptom self-report scale was the result

of Robert Woodworth's insight into the potential for each man "to

interview himself" (Woodworth 1918, See reference Derogatis L.R.

1974). Self-report possesses the singular advantage of reflecting

information for the "experiencing self", whereas the clinical
observer is 1limited to reporting "apparent versions of the
patients experience based on his behaviour and verbal report",

The Self-report Symptom Inventory has become one of the most
frequent means of operationally defining "normality" versus
"abnormality" and has been shown to have very high levels of

incremental validity (Sines 1959, see reference Derogatis L.R.

1974)_

The Clinical Psychometric Research Unit became involved with the
self-report measurement of psychological symptoms in the form of
the Hopkins Symptom Checklist (HSCL) (Derogatis 1974). In spite
of the reliability and validity of this check 1list the main
problem was that it had been developed totally for a research
instrument and had never been developed for use with the
individual patient, Hence the HSCL was superceeded by the SCL-90-
R.

The SCL-90-R is a 90 item self reporting symptom inventory
designed to prﬁyarily reflect the psychological symptom patterns
of psychiatric and medical patients.

I have used an abbreviated version of this (see figure I) scale
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employing 48 items each rated on a 5 point scale of distress (0-
4) ranging from "not at all" at one pole to "extremely" at the
other,

This modified scale is interpreted in terms of 5 primary symptom
dimensions and 3 global indices of distress.

Somatisation

Depression

Anxiety

Hostility

Additional

Global Severity Index (GSI)

Positive Symptom Distress Index (PSDI)

Positive Symptom Total (PSI)

The global indices have been developed to provide flexibility in
the overall assessment of the patients psychological status. They
communicate 1in a single score the 1level of depth of the
individuals psychopathology. The GSI represents the best single
indication of the depth of the disorder. The PSDI was a pure
measure of the intensity, in a sense corrected for numbers of
symptoms, The PST was simply a count of the number of symptoms
that the patient reports were positive.

Test Administration and Scoring

Under usual circumstances the modified SCL was completed by the
patient within 5-10 minutes. If necessary I would personally go
through the questionnaire with the patient,

The raw scores for symptomatic dimensions together with the 3

global scores were converted into T-scores, by plotting the
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individual patient's raw score on the gender appropriate normal
data sheet (provided with the manual Degoratis 1974). The relative
T-score normalised these volumes and communicated the patients
centile position relative to the norm (t=50). Thus a T score of 60
regardless of which symptom will place an individual in the 84th
percentile of the normative sample,

Interpretation of the SCL Symptom Profile

The SCL was evaluated in terms of global, dimensional and
symptomatic. The GSI reflected the overall level of distress, The
symptom dimensions communicated the nature as well as the
intensity of the individuals psychological symptoms and provided
important data concerning the pattern of a patients
symptomatology,

Normative Samples

The sources of normative data and descriptions were carefully
outlined in the manual (Derogatis 1974) They included a sample of
1002 heterogenous psychiatric outpatients, 974 normal volunteers
and a sample of 112 adolescent psychiatric outpatients,

Reliability of the SCL

Reliability measures concerning the primary symptom dimensions of
the SCL are essentially of two types. Internal consistency and
Test-Retest reliability.

The former serve to measure the homogeneity or consistency with
which the items selected represent each symptom. Test and retest
reliability is essentially a measure of stability of measurement
across time.

Internal consistency for the symptom dimension ranges from 0.84-
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0.90 and Test-retest reliability 0.78-0.86 (Derogatis 1974).

Profile of Mood Scores (POMS)

The POMS has been developed by McNair et al 1974, and measures 5

identifiable mood or affective states; Tension-~Anxiety,

Depression-Dejection, Anger-Hostility, Vigor-Activity, Fatigue-

Inertia (see figure 2).

The data has been derrived from 3 main sources:

1. Experimental clinical research

2, Routine clinical assessment program in a major university
medical centre psychiatry clinic.

3. Selected samples of normal college students.

The questionnaire included 55 items rated on a O0-4 point

intensity scale O = not at all, 4 = extremely,

Profile sheets were available for plotting POMS results on

appropriate normal data sheets. When raw scores were plotted they

automatically were converted into standard T-scores. The mean

standard score for each scale was 50 with a standard deviation of

10. Thus approximately 95% of the population upon which the norms

were based fell between standard scores of 30 and 70 for any given

scale., The POMS was self administrating for almost all the

patients. Most subjects completed the POMS in about 3-5 minutes.

Scoring

To obtain a score for each mood factor, the sum of the responses

was obtained. A Total Mood Disturbance Score was obtained by

summing the scores (with vigor weighted negatively) for the 5

primary mood factors.

A Total Mood Disturbance Score can be presumed to be highly
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reliable because of the intercorrelations among the five primary
POMS factors (Unfortunately there was no normative data available
for the final Total Mood Disturbance Score and hence it could only
be expressed as a raw value rather than as a T-score).

Reliability of POMS Factors;

All 5 mood scales have internal consistencies of 0.9 and re-test
reliability of 0.61-0.69. In addition in several studies ome or
more of the POMS factors have proved sensitive to the effects of
psychotherapy.

Fatigue Score

A fatigﬁe score (as defined by Christensen et al 1982) was defined
by a self assessment questionnaire. The fatigue scale (Figure
II1) was modified from that originally described and included 10
increments ranging from 1 (fit) to 10 (fatigued). The scale
quantified the subjective feelings of fatigue associated with
daily tasks eg., housework, walking etc., The patient simply
indicated where they felt they lay on this 10 point scale. This

was performed following completion of the POMS questionnaire.
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FIGURE LEGENDS

Figure I

The modified SCL self questionnaire

Figure II

The POMS self questionnaire

Figure III

The modified Fatigue-scale
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SCL
FIGURE I * INSTRUCTIONS

Below is a list of problems and camplaints that people sametimes have. Read
each one carefully and select one of the numbered descriptions that best describes
HOW MUCH DISCOMFORT THAT PROBLEM HAS CAUSED YOU DURING THE PAST WEEK INCLUDING
TODAY. Place that number in the open block to the right of the problem. Do
not skip any items and print your number clearly. If you change your mind, erase
your first number completely. Read the example below before beginning, and if
you have any questions please ask the doctor.

EXAMPLE
Descriptions
HOW MUCH WERE YOU DISTRESSED BY: 0 Not at all
— 1 A little bit
Example: Body aches ....... 3 2 Moderately
3 Quite a bit
4 Extremely
Headaches ...ceeveeacnnes Ceteesssennsonns 26 Trouble getting your breath ..
Nervousness or shakiness inside ....... . l 27 Hot or cold spells ..... ceeane
Faintness or dizziness .....ececeeee creeae 28 Numbness or tingling in parts
of your body ...ce0c0eee
Loss of sexual interest or pleasure '
29 A lunp in your throat .....

Feeling easily annoyed or irritated ..... I
30 Feeling hopless about future .

Pains in chest or heart ......ecc0eeeeeen l l
31 Weakness in parts of body ....
Feeling low in energy or slowed down l I
32 Feeling tense or keyed up ....

Thoughts of ending your 1ife ............ ]
— 33 Heavy feelings in arms & legs

Trembling teseessacecaserennanns ceeaeans [J
34 Thoughts of death or dying ...

Poor appetite ....cciceeccnacnncnes |'—l
: i 35 Overeating ......cccevveeees

Crying €asily ..cececiecnsccccacccacccnes |:| o

36 Having urges to injure or harm
Feelings of being trapped or caught |:| SOTEONE coessosorsassssncasses

Suddenly scared for no reason |j 37 Waking early in the morning ..

Temper out bursts that you can't control | 38 Disturbed or restless sleep ..

OnoonoOonoanoogod g

Blaming yourself for things ...... ceesess l::l 39 Urges to break or smash things
Pains in lower back ..... e ceeerr| || 40 Feeling everthing is an effort
Feeling 1onely «..eeeeeessss |:| 2 Spells of terror or panic ....
Feeling bluve ..... ceecessanes ceesens cenens |:[ 42 Getting into frequent arguments

Worrying too much about things | 43 Feeling so restless you can't
j— Sit GOWN ..cceesccvescssccnnce

Feeling no interest in things G 44 Feelings of worthlessness
eelin ‘ |

Feeling fearful ...... S . | .

45 Feeling samething bad is going
Heart pounding OF racing ......-.eeeees | | £O hADPPEN +evevevesssssanansss
Nausea or upset stamach ...........cccevss 46 Shouting or throwing things .. D

ening NAtUre ....esesesesecscs
Trouble falling asleep .......cvveeencncs

[]
Soreness Of MUSCLES ..oeeevecsnnssonarens . E] 47 Thoughts or images of a fright- D

48 Feelings of guilt ........ece. | I
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FIGURE II

Below is a list of words that describe feelings people have.

POMS

Please read each one

carefully and select one of the nuwbered descriptions that best describes HOW YOU
HAVE BEFN FEELING DURING 'IHE PAST WEEK INCLUDING 'IODAY.

The nunbers refer to these phrases:

Not at all
A little
Moderately
Quite a bit
Extremely

& W N = O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27

Worn out ......
Unhappy ecccecscocscenccscnanss
Clear-headed ....i.-vceceensane

Sorry for things done ........

Lively ...

SHAKY «vvveerens

ListleSs .eeeccesccesnes

Peeved cieesennse

Considerate ..ceesessccsscsscssscnns |

[]]

Active ...ccvecenns

Grouchy ..

—

Blue .cveensens
Energetic ....

HOpeless ....ivsseccecnascncccacnace
RelaxXed ccissscocvcsnccssssncncsscas

Unworthy .eeeescecsce

Spiteful

Sympathetic ....ccovieeneccccncsnss

Uneasy .cieseccsecs

JOOOO0oa

Restless ..cescese

i

-

Fatigued ....cecseresoscanens

L]

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

58

Helpful .....ccoccevvevonvnncnss I _l
ANNoyed ..ceeceesossccssssasane I

Discouraged .iieecscssccccessns "j

Regsentful .e.cceceeccccccnnnene ‘__—
NEIVOUS +.eceeesorancssnssnnnes i I
LONely cevievcuccrscssccrorasces ‘ 1

Miserable ......oevecsvsanssnes l:'
]
BitLer sovevevecrnecceooccnanss |_—|

tg
]
]
|
]
||
|

Cheerful .c..ceecescssosssscnes
Exhausted
ANXIOUS +cecevosccocsccnssoscee
Ready to fight ...cccoeenenrees
Good natured ..ecceerccescosrons
Desperat® .cceeesccssssassonces

S1uggish seeeeveesosossnsvsnnas

RebelliouS ..iceeccssocsssscscs

HElpleSSE .ececessccrscosnsscoses

Deceived ..iciseccccscccccccnce

FUriOUS .eovcecscoccccsscssssscs

Trusting s.eeeeessosassoscasces
Full of pep ecccceossssccconcncs
Carefree .....ccecceevcesccoccns I

TOLLAEIEd enerrrnsrernrnennens |
Vigourous ..cececeescecesvcsnses

Worthless ..ccscsccccsssascccns
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FIGURE ITI

FATIGUE SCALE

¢ y= FATIGULD - . ,
Cannot cope with daily chores
qa b ar short «walks, pronounced
i need for sleep.
7 = TIREY Particulariy doing housewark,
qardening or walking stairs,
f l- increased need for sleep.
4 SLIGHTLY TIRED  Can manage daily chores,
occasionally more strenuous tasks.
1 FIT Tired only by vinlent gxertion, normal

need far sleep.
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CHAPTER 13 INTRAVEROUS NUTRITION

All patients receiving IVN were fed exclusively by the parenteral
route for the duration of the 14 days study period. The nutrient
solution contained synthetic aminoacids (Synthamin 10%) and
calories as 50:50 dextrose: intralipid mixture. The presciption
was for total energy intake of 40 Kcals/Kg/day with a calorie to
nitrogen ratio of 150:1. The solutions were made up into 3 litre
bags for infusion through a constant volumetric infusion pump
(IVAC) into a central venous cannula. Careful fluid balance was
observed for all patients and hence knowing the volume of IVN
received by each patient, the total energy received could be
quantified, Electrolytes, minerals, trace metals and vitamins
were added to the nutrient solution as appropriate, In the
University Department of Surgery, Auckland Hospital we have had a
major interest in IVN for a number of years, It can be seen from
Figures 1,2,3, that approximately one hundred patients are fed
each year for approximately 17 days. It can also be clearly seen
that by far the biggest individual clinical group presenting for
IVN are those patients suffering from IBD., For specific details
concerning the patient selection, for IVN and other medical
therapy etc,, for the group of patients described in this thesis

please see Chapter 20.
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FIGURE LEGENDS

Figure I
Number of patients receiving IVN, Department of Surgery,

University of Auckland, 1983-1987
Figure II
Average duration of IVN for individual ©patients, Department of

Surgery, University of Auckland 1983-1987

Figure III

Disease breakdown for group receiving IVN during 1987,
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FIGURE I

Number of Patients on IYN
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FIGURE II

Average Time Spent on IYN
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FIGURE IIXI

87 I¥YN Di se Categories
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CHAPTER 14 : EXPERIMENTAL PROTOCOL

Immediately after the RME had been measured, body weight and
height were measured. After removing 30 mls of venous blood for
plasma protein measurements, tritium and bromide background, each
patient received 3.7 MBq (110uCi) of tritiated water together
with 50 mls of a 5% solution of NaBr (if in protocol)
intravenously and was then scanned in the IVNAA facility for 36
minutes., Some of the patients in the studies preceeded this scan
by a TBK estimation. A 20 ml venous blood sample was taken 2.5
hours after 3Hy0 +/- (NaBr) injection to estimate total body
water (and ECW),.

Following completion of body composition measurements these
patients while in the department also underwent objective testing
of voluntary and involuntary skeletal muscle function together
with tests of respiratory muscle function. Gore-Tex insertion and
explanation and administration of psychological tests were
performed at the bedside later that day.,

The tests of body composition plasma proteins, resting energy
expenditure, skeletal and respiratory muscle function together
with psychological and wound healing function were performed at
weekly intervals over the period of IVN ie, on day 0, the day

prior to commencement of IVN, and following 7 and 14 days of IVN.
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CHAPTER 15 : STATISTICAL METHODS

Student's 't' test

The Students 't' test (paired) has been used in this thesis to
determine the significance of changes in patients measured values
and to compare the patients measured values with that of their
matched controls,

I have agonised over the proper statistical treatment and
presentation of my patient sequential data eg., following surgery,
Chapter 17, and following nutritional intervention Chapters 21,22,
Generally the statistical analysis of data using paired 't'
testing repeatedly is inappropriate. However, following
collaboration with no less an an authority then biostatistian Dr
Lewis Burkinshaw it was concluded that paired 't' testing was
appropriate and correct in this setting. For instance if the ANOVA
or Scheffe's test was applied to the data in Chapters 21, 22, then
as might be expected these conservative tests showed 1less
convincing p values, but there were few differences in any of the
significant changes shown in my tables. Validity of my choice of
statistical methods was further confirmed by the initial
examination of this data with and without the control group
present with a one way ANOVA as it would be conceivable that the
controls maybe in some way dissimilar or may also change with
time etc., Relative to patients irrespective of the controls being
present or absent in the analysis a significant difference was
still found. This significant difference relates chiefly to the

relatively larger differences between patient's respective
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parameters over the treatment period to that at the time of
recovery. Nevertheless, it does mean however that it is
permissible to examine the changes of day 0 to day 7, and day 7 to
day 14 more closely,

One-way Analysis of Variance (ANOVA)

This test has been used to compare quantitative data when there
are more than 2 groups of unpaired data. It simply compares the
differences between the group means as compared within group
variation. If each sample is from a normal distribution then
estimates of the variances can be compared by considering the
rates of the variance estimates ie,, the F statistic, which is
documented for varying sample sizes and levels of confidence.

Chi-Squared (x2) test

This analysis with the yates correction factor has been employed
to compare qualitative data.

Wilcoxon Signed Rank Sum Test

When the quantiative data could not be assumed to be normally
distributed the Wilcoxon non parametric test was employed.
Nevertheless it is a well accepted test with critical values

provided in standard tables for the 5% and 1% level of confidence.
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SECTION 3 : THE PROBLEM OF PROTEIN ENERGY MALRUTRITION
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CHAPTER 16 : CHANGES IN THE BODY STORES OF PROTEIN, FAT AND WATER

IN IBD - A BODY COMPOSITIONAL SURVEY

Introduction

The extent and severity of PEM in patients suffering from IBD is not
known, Previous studies eg., (Hill et al 1977, Driscoll 1978 and
Harries et al 1982) have relied heavily on indirect measurements of
nutritional assessment(Grant 1986).

Furthermore the effects of PEM are far reaching ranging from

anergy(Higgi“s et al 1982) and impaired skeletal muscle function(LOPes

et al 1982), to local adverse effects on gastrointestinal function and
structure(Brown et al 1963), It is also clear that PEM has been
associated with an increased post-operative morbidity and mortality

(Kushner et al 1982)'

In this section I have.set out to objectively examined the "Problem"
in patients presenting with various clinical presentations of IBD. In
particular, I have directly measured the body stores of protein, fat and
water, together with measurements of resting energy expenditure. It was
hoped that a clear appreciation of the severity and extent of PEM will
be gained and a useful discriminatién between the clinical groups
presenting for nutritional support will emerge. I have therefore
examined the body compositional records of 170 clinical presentations of
IBD in the same clinical categories (as in the previous paper, Hill et

al 1977b): Ileostomy and J-pouch (42); remission (16), elective surgery
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(12) acute attack (54) wurgent surgery (17) and post-surgical

complications (12).
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Patients and Methods

A retrospective analysis of the body composition records of 107
patients was carried out covering a 6 year period from January 1983 to
October 1988, 54 patients had presented on more than one occasion (45
patients twice, and 9 patients three times), As these presentations
were separated by a long period of time, and their presentations in each
case were quite different, I have used them as though they were
Separate patients. Hence analysis was carried out on 170 clinical
presentations,

In all cases the diagnosis of IBD had been well established and the
clinical presentations were grouped into six categories according to the
Previous paper by Hill et al 1977b. The assessment of disease severity
was defined by the criteria of Truelove and Witts 1955; in the case of
ulcerative colitis and according to the Crohn's Disease Activity Index
(Best et al 1976), in the case of Crohn's disease. The ileostomy and J-
pouch patients were an unselected group of patients attending regular
follow-up., The patients in this group were all studied consecutively
over a number of weeks as outpatients.The remission group comprised a
further selected group of patients, who had to have quiescent disease,
These patients were also studied consecutively as outpatients over a
number of weeks for the purpose of this review.

The remainder of this review reports patient information that was
extracted retrospectively from the body compositional records
(Department of Surgery, University of Auckland) covering the period
January 1983 - October 1988, These records were chiefly of those
Patients who presented with either acute presentations of IBD or had

developed a post-operative complication following emergency or elective
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surgery. For the majority of those patients the body compositional

assessement was performed prior to commencement of IVN.

Body Compositional Methods

Assessment of protein depletion and fat depletion was made through
direct measurements of total body protein and total body water based on
a five compartment model of the human body. The ratio of TBW:FFM was
used as an index of hydrational status, The methodology and precision of

these measurements is discussed in chapter 5,

Assessment of Metabolic Stress

As outlined in chapter 6, metabolic stress was defined by relating a
Measurement of Resting Metabolic Expenditure (RME) determined by
indirect calorimetry to Predicted normal values of RME derrived from

regression equations.

Hepatosecretory Proteins

Plasma transferrin, pre~albumin and albumin levels were determined from
venous blood samples taken from patients by standard methods as outlined

in Chapter 7

Skeletal Muscle Function

As a test of Voluntary Skeletal Muscle Function, Maximal Voluntary Grip
Strength was measured., (see Chapter 10), During the period of this
review the instrument for measuring 8rip strength changed.Half the
patients had grip strength measured using a vigorimeter (Ortopedia, West

Germany) with a 50 mm bulb, producing a reading in kilopascals.
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The second ,latter half of the group had grip strength measurements
using a vigorimeter reading in Kgs., To allow a comparable measurement
for every patient, grip strength was reported as percentage of predicted
grip strength. There was a large normal data base for both instruments
allowing calculation of 1linear regression equations to predict grip
strength based on age, sex and height, The standard deviations for the
patients about their mean were similar for the two instruments (See

Chapter 10),

Statistical analysis

Quantitative data of these six groups was compared with a one way
analysis of variance (ANOVA).

Multiple group comparisons of these quantitative data were done using
the Fisher PLSD test, and the multi comparison significance level was
95%.

Comparison of these quantitative group data to that of normal control
data was done using Student's 't! test. Categorical data including the
disease frequency in the various six categories were evaluated using the

chi-square test with the Yates correction.
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Results
All raw data of the patients in this study appears at the end of this

chapter,

Table I shows the age, sex, weight, resting energy expenditure,
diagnosis and clinical findings of the six categories to which the
patients were allocated,

Patients in the remission category, (15 of whom were suffering from
Crohn's disease) together with the acute presentation groups weighed
significantly less than the patients with well functioning
ileostomies,J-pouches and those patients presenting for elective surgery
(mainly colitis).

All six groups had significantly increased resting energy expenditures
(P< 0.05) when compared with normal control values.

There were proportionally more patients witﬁ Crohn's disease in the
remission and acute non-surgical category than patients with ulcerative
colitis, Significantly less Crohn's patients came to elective surgery,
but equal ratios of Crohn's and ulcerative colitis patients required
emergency surgery. These patients experienced an equivalant complication

rate.

Table II shows the mean values for protein and fat storage expressed
both directly and as a percentage of predicted control values, for each
of the six clinical categories. Also shown are the mean values for: the
hydration of the fat free body mass, hepatosecretory proteins, maximal
voluntary grip strength, and the percentage weight loss of the six

groups.
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Patients presenting acutely with IBD had sustained significant weight
loss., This was especially seen in the group of patients that came to
urgent surgery, Severe protein depletion was uniformly present in
patients with acute presentations of their disease. This was
particularly maximal in those patients who. had sustained a major
complication following surgery. Less severe degrees of protein depletion
was still present, however, in both the remission group and in those
patients coming to elective surgery. Patients with well functioning
ileostomies and J-pouches were however, found to have near normal
protein stores.,

Fat stores were found to be normal for all groups except the post
surgical complication group. This group had significantly reduced fat
stores (P< 0.05).

The hydrational status TBW/FFM for all groups with the exception of
ileostomy and J-pouch was significantly increased from normal controls
(normal: 0.726+/- 0,002), P< 0,01, There was a tendency for this
overhydration to be most evident in those patients who sustained a
major complication.

Patients who presented as emergencies; acute attack, urgent surgery and
post-surgical complications, had significant lowering of plasma albumin,
transferrin and pre-albumin. These values tended again to be lowest in
those patients who had developed major complications after
surgery.Finally in table 11, as a test for skeletal muscle function, the
average value for grip strength is shown (expressed as percentage of
predicted).

Patients with active disease, together with those in the remission

category were found to have significantly impaired grip strengths when
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compared with normal controls P< 0,01 and P< 0.05 respectively (normal;
1.00 +/- 0.16(SD)). Grip strength was impaired further (P< 0.05) in
those patients who had sustained a major complication,

In the 42 patients with well functioning ileostomies and J-pouches,
together with those 29 patients presenting for elective surgery, grip
strength was not found to be different from the controls.

Table II1 shows for each nutritional parameter the percentage of
patients in each of the six clinical categories that were below the 95
percentage range from the normal control data,

I took an arbitary weight loss of 10% as by definition all the local
normal controls had not lost weight and hence it was not possible to
develop 95 percent confidence limits for this index.

This table shows, as would be expected from the data in tablell, the
frequency of abnormal values was greatest in those patients who
developed complications after surgery (43-100%). The frequency of
abnormal values was also high in patients who presented with an acute
attack (32-73%) and in those patients who required urgent surgery (28-
83%). It can also be seen from table III that not all of the indices
were successful at discriminating between the patients in the six
clinical categories.

Interestingly the clinical parameters; weight loss, plasma, albumin,
pre-albumin and maximal voluntary grip strength were found sensitive and
closely paralleled the incidence of protein depletion in these
patients.

Table IV compares the values of these nutritional indices for the two
diseases, in the 3 acute presentation categories. The magnitude of

impairment was similar , but Crohn's patients had lost more of their
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protein stores and tended to have a more impaired grip strength. There
was also a tendency for all 3 acute categories of ulcerative colitis
patients to have increased elevations of resting energy expenditure
compared with Crohn's patients, but this did not reach statistical

significance.
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Discussion

This present series demonstrated that protein depletion was a severe
and common problem in patients suffering from acute exacerbations of
IBD. It was present in a wide range of clinical presentations. Protein
depletion was severe in patients who presented acutely and required
urgent surgery. The extra stress of a major surgical complication was
well demonstrated with a progressive tendency for a further fall in
protein stores.

Similar high levels of protein depletion were present in the acute
exacerbations of both Crohn's and ulcerative colitis., This was contrary

to some reports (Harries et al 1982)

suggesting lesser degrees of
protein depletion with ulcerative colitis.

Protein depletion was not confined only to patients with acute illness.
A less severe degree of protein depletion was present in patients who
were clinically in remission, and also in those patients presenting for
elective surgery. The only group that were found to have near normal
protein stores were the group of fully convalescent patients who had
well functioning ileostomies and J-pouches (performed chiefly for
colitis).

Fat stores were not depleted significantly except in those patients who
had suffered a major surgical complication. This relative preservation
of fat stores in the presence of depleted protein stores has been noted
by other investigators(noore et al 1963) and reflected the effects of
major surgical stress and concomitant steroids. Furthermore convalescent

ileostomy and J-pouch patients tended to have increased fat stores. This

was contrary to the findings of Cooper et al 1986. The patients
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displayed increased resting energy expenditures. This was especially
seen in the two acute presentation groups. This was contrary to some

previous reports (Barot et al 1982).

My results suggested a 20%
elevation of REE when this was appropriately indexed to the fat free
body mass. This elevation was especially marked in patients suffering
from acute exacerbations of ulcerative colitis. Unfortunately the two
outpatient groups: ileostomy/J-pouch and the remission group had not
been starved preceeding this measurement, Hence their increased REE
most likely represented the thermogenic effects of their recent food
intake and comparison of their data with the other groups cannot be
made.

Groups of patients found to be protein depleted had also increased body
stores of water when compared to normal controls., This was in agreement

(Moore et al 1963). It was also interesting

with the findings of Dr Moore
that the ileostomy and J-pouch group were found to have normal stores
of body water. This was contrary to the widely accepted belief that the

presence of an ileostomy led to a state of chronic dehydration (Clarke

et al 1967b)

Plasma protein levels were found to be significantly lowered in the
three acute presentations categories, consistent with their high disease
activity, and lowered protein stores. This was in keeping with earlier
reports(Hill et al 1977b, Driscoll et al 1978, and Weeke et al 1971).
Not only were the mean levels for the acute groups significantly lower,
but there were high frequencies of patients in these groups with
significantly low levels of pre-albumin and albumin ranging from 55% in

the group having urgent surgery to 100% for the group experiencing

complications. Plasma transferrin levels proved less sensitive e.g. only

-130-



43% of the patients in the complication group had significantly 1low
levels.,

Grip strength has been previously shown not only to correlate well with
protein loss(Windsor et al 1986b) but can also identify a surgical group
of high risk(Klidjian et al 1980). The results of this study were in
agreement. The grip strengths for the remission group were however
also significantly impaired, consistent with their measured lower
protein stores and this must indicate that despite their "quiescent"
clinical appearance, these patieﬁts remain of increased surgical risk.
The acute presentation groups represented a selected hospital
population, but nevertheless were typical of any hospital population
suffering from acute exacerbation of IBD. They were furthermore similar

(Hill et al 1977b) and therefore I am

to the previous Leeds series
confident that 1 have not over—emphasised the severity and extent of
protein depletion in this group of patients. 'The outpatients were a
typical group of such patients with IBD attending regular follow up.
With respect to the question of precision for the measurement of protein
and fat stores, these were direct measurements with good precision (see
methods chapter 5) and hence were not subject to the problems with
anthropometry when it was used in such patients (Streat et al 1985).
These objective measurements of body composition successfully validate
the importance of the 6 clinical categories in assessing protein energy
malnutrition.

In addition I introduced and demonstrated the importance of skeletal
muscle function in the assessment of these patients. Grip strength was
found to be significantly impaired when the patients had suffered

severe protein loss, culminating in a surgical complication.
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The prevalence of PEM was at least as high as suggested by previous
reports(Hill et al 1977b, Driscoll et al 1978, Harries et al 1982). The
results of this study demonstrate that a proportion (44%) of patients
who were felt to have quiescent disease (chiefly Crohn's) remained
significantly protein depleted, despite a reasonable period of
convalescence.

I conclude that protein energy malnutrition remains a major problem for
patients suffering from IBD. This was especially true for patients
suffering from acute exacerbations of IBD, but lesser degrees of this
problem still existed even in patients in clinical remission,
Nutritional assessment and possibly intervention must therefore be
strongly recommended for all patients presenting to the hospital with
acute exacerbations of their disease,

Tests of skeletal muscle function may be a helpful adjunct when
performing a nutritional assessment.

Furthermore this retrospective body compositioﬁal survey raises some
additional questions:

First - what would be the effects of nutritional intervention in such a
heterogenous group? Any improvement during nutritional therapy would
have to be examined not only in terms of improvement in protein stores,
but also in terms of improvement in physiological functions eg.,
respiratory and skeletal muscle function. It would also be important to
relate the magnitude of any improvement in these systems to the level
of persisting impairment still present late in the convalescent period.
Secondly - this survey has demonstrated for the first time, normal
stores of protein and water after surgery for colitis. There is

therefore a necessity to test the validity of these observed changes
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after surgery and also the timing of these changes would be of most
interest, not only to the surgeon, but also to the young patient
wanting to learn more of the nature of his recovery.

I will describe my work directed at addressing these important areas in

the next few sections of this thesis,
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LEGENDS FOR TABLES

Table

Table

Table

Table

I

I1

I1I

Iv

Shows the age, sex, weight, resting energy
expenditure and diagnoses for six clinical
categories

Shows the mean values of protein and fat stores

for the six clinical categories,
Also shown are the mean values of: the hydration

of the fat free body mass; hepatosecretory proteins
maximal voluntary grip strength and percentage weight
loss.

Shows the percentage of low values ( < lower limit
of 95% range of normal) for the various nutritional
indice in each of the six clinical categories

Shows a breakdown of the mean value of each
nutritional indice in the 3 acute presentations
catergories, for both Crohn's and ulcerative
colitis patients.
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(Acute attack contimed )

Index

THd/ RE Predict Stress Albumin Trans Pre-alb Grip
TP Index TBF Index FFM RME Index

Pat Age Sex Height Diag Weight T Wt TBP  Predict Protein TBF Predict Fat
Loss

RYBE R B2 kK5 &&F 8&

O34 10 OO0 IO 1001 140

A A A A A A A A OO A" ! A

993
1001
1213
1056
1079
1132
1207
1152
17
1383

933
1132
1021
1620 1265
1049

1317

84 884 80
1073
1620 900
073 95
9%
1431
1183
1155

1017
1409
119

1368
1859
1372
746 1241
1521

SRUNSATNOdNI N AL SO ng
— — — - — — —

N\DMO\Lf\MCDO\M\OCD:TCDNO\m\DNO\

— N —

ROOSHRAENENLERBRYIE

[oNeNelNoNolNeoNoNo oo No oo NeololoNoNeoNo]

T ONM N~ moxoof?\m:r OO NMO I~

d‘MO\ l\O\NMLﬁl\CDMNHMO moo

NO\L(\HL(\M:T:T:T:TC\L(\\OO[\QCDCDO

SHEEPENRASNAY YR

NHCD O\CDMHNL(\M:TO\\OU\CD Lf\l\

REeL8As SERY ufo\&B
5858558555555885858

H0°0 + €L°0
€T g2
T+ G2
6°0 + g€E
£€0°0 + 02’1

LT+ 6ot
g€+ 90ET
00'0 + TGL°0
1°0 + 86°0
16°0 + 8°€1
0'T + 8Tl
20°0 + €£L°0

€0+ €6

ET): 89

PS OT + 991

PS 61 + §F

-146-



SECTION 4 : THE LONG TERM CHANGES AFTER SURGERY FOR ULCERATIVE

COLITIS
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CHAPTER 17 : THE LORGITUDINAL CHANGES IN PROTEIN, FAY ANRD WATER

FOLLOWING J-POUCH FOR ULCERATIVE COLITIS

Introduction

It has been suggested that patients with well functioning
conventional ileostomies for ulcerative colitis have a wide range
of body compositional abnormalities. Not only has it been
suggested that they remain chronically water and salt depleted
(Clarke, et al 1967b) but some investigators believe that as a
group these patients remain chronically depleted of nitrogen and
body potassium (Turnberg et al 1978), indicating a permanent
reduction of the fat free body mass. This is however inconsistent
with the clinical appearances of these fully convalescent
patients,

In the previous section, the results of my body compositional
survey demonstrated normal stores of protein and water after
surgery for colitis, There was therefore a necessity to test the
validity of these observed changes.

Furthermore, total colectomy with ileoanal J-pouch had been
shown to be safe and to provide good functional results (Beck et
al 1986) but 1little was known of the longitudinal changes
following this new procedure. Knowledge of the nature and timing
of these changes after surgery is not only important to the
surgeon but also to the patient., I therefore measured the
longitudinal changes in body composition of 21 patients having J-

pouches performed for ulcerative colitis (over at least a nine

month period following their initial surgery)
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Patients and Methods

21 patients who wunderwent ileoanal J-pouches were studied
longitudinally. Their surgery was performed for ulcerative colitis
in all cases and the clinical data for this group on initial
presentation can be seen in table I. (All raw data for these
patients may be found in the at the end of this chapter).

All 21 patients had their surgery performed by Professor Graham
Hill and were part of his personal series (Hill 1987).

Entry into this study began at the time of J-pouch formation (day
0). For the majority (n=13) this was their initial surgery for
chronic refractory symptoms and steroid dependence or for acute
colitis that could be settled down sufficiently by intensive pre-
operative medical treatment, For this group their surgery was
performed in two stages - stage I (day 0) being total colectomy,
mucosal proctectomy J-pouch ileoanal anastomosis together with a
temporary ileostomy. Stage II was closure of the temporary
ileostomys three months later.Eight patients entered this
longitudinal study having already had a previous total colectomy
and ileostomy, with preservation of the rectal stump. This
operation had been performed on average six months previously
There were three early major post-operative complications. Two
patients developed supralevator pelvic abscesses and one patient

developed a superior mesenteric artery syndrome(Christie et al

1988). All three patients required periods of intravenous
nutrition,

A further two patients required an initial period of post

operative IVN for ileostomy dysfunction., One patient developed
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serum hepatitis and two patients developed small bowel obstruction
following closure of their loop ileostomies., Four patients were
also troubled by episodes of "pouchitis" but in all cases these
episodes were brief, responded quickly to a short (one week)
course of metronidazole and were not present at the time of the
final body compositional evaluation

Study Design

Body compositional measurements were performed on Day O - time of
J-pouch formation, day 14, 14 days later, and again three months
later ( day 90) at the time of ileostomy closure.

The final body compositional assessment was made on average 15
months later (range 6 - 34 months) following closure of their
temporary ileostomys. At this time all patients included in this
series had good function with a mean frequency of bowel movement

of 4.3 +/- 1.4 SD stools per day.

Controls

Close matching of patients to controls was achieved for age, sex
and height. Controls were recruited, chiefly from either hospital
personnel or their friends and family, In all cases the
volunteers reported no ill health, were on no medication, and were

considered healthy.

Body Composition Measurements

Basic body habitus measurements, including body weight and height
were performed.

Body compositional measurements including TBP by IVNAA in
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conjunction with measurements of TBW by tritium dilution were
peformed by standard methods outlined in chapter 5. The FFM was
derived by adding TBP + TBW together with the estimate of total
body minerals (see chapter 5)

TBK was measured as described in chapter 5, using a whole body
shadow shielded counter. This facility was only made available
half way through this patient series and hence only 9 patients had
serial measurements of TBK.

ECW was measured by bromide dilution, The method and the
precision of these measurements are outlined in chapter 5. This
measurement of ECW was again only employed half way through this
patient series and hence only the later subset of 9 patients had

serial measurements of ECW,

Statistical Analysis

Quantitative data of all the patients and controls were compared
using a Student's paired 't' test.
Similarly comparison between the patient's sequential measurements

were compared with each other using a paired 't' test.
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Results

Table I shows the clinical data for the patients and controls.
Patients weighed significantly’ less on presentation than their
controls, with a mean weight loss of 8.5%.

Table II shows the 1longitudinal changes in body composition
following J-pouch formation.

There was a steady significant increase in body weight to control
values, with a mean gain of 4.9 +/- 2.2 kg for the group over the
study period. This corresponded to a slight overshoot above the
patient's remembered well weight,

Protein stores were significantly depleted at the time of J-pouch
formation with a further significant loss of 600gm of protein
following this surgery.

There was no significant restoration of these protein stores until
the final evaluation, many months (mean 15 mont£s,range 6 months -
34 months) following closure of ileostomy.

At this time the average gain in protein for the total group was
1.5 +/- 0.4kg with the majority of patients well on the way to
complete restoration.

Apart from losing fat over the time of their major surgery, there
was a marked tendency to gain fat during this period, with an
average gain of 2.2 +/- 1.4 kg . Patients had normal fat stores on
presentation, but had significantly increased fat stores (p <
0.025) at the time of final evaluation.

For the subgroup of 9 patients the changes in TBK closely
followed the changes in TBP . Significant potassium depletion was

found on presentation, with a further loss occurring over the time
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of surgery, followed by a slow but steady accumulation in TBK
throughout the convalescent period. The changes that occurred in
the FFM were similar with a gradual restoration towards a normal
control value seen by the time of their final evaluation, with an
average gain of 2.5 +/- l.4kg.

Also shown in table II are the absolute mean changes for TBW and
ECW ., With the significant increases occurring in the FFM
occurring over the same period, it is clearly more appropriate to
index these changes to the FFM,

Patients on presentation were significantly over-hydrated with a
substantially increased TBW relative to their relatively depleted
FFM. TBW was lost over the time of surgery but an abnormal state
of hydration existed at the time of ileostomy closure. A normal
state of hydration was, achieved by the time of final evaluation.
The sequential changes in ECW accounted for most of the measured
changes in TBW. The magnitude of the extracellular water expansion
(13%), however, on presentation far exceeded the measured
increased hydration of the FFM , suggesting that the expanded ECW
was associated with a decreased intracellular water volume
suggesting intracellular wasting. It is interesting to note that
this expansion of ECW persisted until some time following

ileostomy closure.
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Discussion
The characteristic compositional changes of any wasting disease is
a loss of lean cellular tissue and an increasing aqueous phase of

(Moore et al 1963). The effect of concomitant

body composition
steroid administration , in addition to chronic illness, can only
lead to a more selective loss of the FFM associated with a
relative preservation of fat stores, and a stronger tendency for a
greater expansion of the ECW compartment relative to cellular
tissue. The body compositional data of the patients on
presentation were clearly consistent with this,

The body compositional measurements over the time of surgery
confirmed a further loss of protein, together with also a
significant loss of body fat. Over this same early post-operative
period the patients had also undergone a major reduction of TBW
secondary to a significant retraction of the ECW , indicating that
the patients had entered the phase of anabolic convalescence.

At the time of temporary ileostomy closure , the majority of the
patients had not sustained significant gains in lean tissue, TBK ,
or TBP. Furthermore, the patients had become, again,
significantly overhydrated through a further expansion of the
extracellular phase similar to that seen at the time of their
initial presentation when the majority of patients were on
steroids and suffering from chronic illness.

This indicates that these patients were still suffering from a
significant metabolic stress.

Later in this 1longitudinal study following a rather variable

interval from the initial surgery, most patients were approaching
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normal body composition. To clarify the timing of this restoration
process further, table III shows the same previous body
compositional changes for a subset of 16 patients who underwent a
more uniform final assessment, all within 320 +/- 90 (sD) days,
(range 270 - 450) days following their initial surgery. The
changes for this subgroup were similar to that for the whole group
and hence within one year of their initial surgery most patients
approached normal body composition.

In Figure I the protein stores of each patient at the time of
their final assessment (expressed as percentage of their matched
control value) were plotted against the time that had elapsed
from ileostomy closure.

It was clear that these patients were a heterogenous group,
consistent with varying degrees of protein depletion on
presentation. Nevertheless there was a significant tendency for
an improvement in protein stores to cocur with time (p < 0.05).
Whether this related directly to ileostomy closure or merely the
total time interval from their initial surgery is unclear.

This longitudinal series again confirms my previous data. There
vas no deficit in TBW in the patients pre-operatively or post-
operatively, which was contrary to Hill et al 1975 with the Leeds'
longitudinal series indicating a persistent deficit of 12%.
However in the previous Leeds' study, they predicted normal body
water ratios using TBK to predict variations of body water from
normality. My methodology fortunately relies on the more sensitive
ratio of TBW/FFM. TBW has a precision of +/- 1.5% (SD) and FFM +/-

1.6% (SD) as most of the error again is due to tritium dilution,
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since 70% of the FFM is water.(Bedd°e et al 1985). I have already
demonstrated changes that occur in the ratio: TBW/FFM and hence
the difficulty one would encounter relying on predictions of TBW
based on TBK (an index of FFM) .My results also differ from the
results of Cooper et al 1986 and Turnberg et al 1978. 1 did not
demonstrate a severe persisting deficit of the FFM in these fully
convalescent patients, rather a gradual restoration towards
normality,

This longitudinal data also indicated initial preservation of fat
stores with significantly increased fat storage late in the
convalescent period. This has not been a consistent finding in the
literature, Certainly Cooper et al 1986 found that the amount of
TBF in their group of ileostomy patients who had not undergone an
ileal resection appeared to be normal. In another study, McNeal et
al 1982, showed normal fat stores in a smaller number of ileostomy
patients, But in this study, fat stores weré assessed by a
technique which was prone to considerable errors in such
situations (Streat et al 1985)

It could be argued that I have only demonstrated a return towards
normal body composition, following J-pouch and the situation may
be therefore still different with regard to patients with
conventional ileostomies. However, at the time of completing this
longitudinal study, the body composition of 14 ileostomy patients,
together with their matched controls, was also measured ., Their
data can be seen in table IV. It was clear that a similar
increased fat storage was Present in these patients together with

no persisting deficit of the FFM. It was furthermore, gratifying
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to note that there was a complete restoration of the FFM in this
similar patient series who were further convalescent (on average
14 years post operative), than the J-pouch group.

It is certainly gratifying now to be able to inform our young
patients presenting for total colectomy for ulcerative colitis,
that within one year following surgery they will once again enjoy
normal body composition.

This longitudinal study has not only indicated that near complete
restoration does occur, after twelve months of convalescence,
but the results may also suggest that the defunctionalised stage
may in iiself cause a number of quite serious metabolic sequelae.
Most authors advocate the use of a temporary diverting ileostomy
during the period of anastomotic healing., The function and
complications associated with temporary ileostomy following this
procedure have been previously addressed (Metcalf et al 1986), but
there are very few reports addressing the metabolic problems of
this defunctionalised stage. My results indicated that patients
gained 1little protein and manifested a state of overhydration to

the extent found in serious illness until their ileostomys were

closed.

Analysis of the patient body compositional data at time of initial
presentation confirms that they had a much erroded FFM associated
with a very expanded ECW. This state of overhydration would tend
to make them quite intolerant to a high salt load and possibly
suggests that a fluid regimen of salt restriction during the early

post-operative period would be efficacious to avoid the risk of
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further fluid overload. This would make an interesting future
study.

Finally I have also demonstrated that this group on presentation ,
were protein depleted and hence of increased surgical risk.
(Windsor et al 1986). For this reason in the presence of a post-
operative complication (and these were not wuncommon in this
present series) one should have a low threshold for nutritional
intervention.

I have previously alluded to the improved function following J-
pouch over that of conventional ileostomy.,. Whether my findings of
normal water and salt stores in J-pouch patients relates to the
presence of the J-pouch remains yet to be addressed.

I have attempted to answer this question in the next chapter by

closely comparing the salt and water metabolism of J-pouch

patients to that of conventional ileostomy patients.
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LEGENDS FOR TABLES

Table

Table

Table

Table

I

II

I1I

v

Shows the clinical data for the patients and controls

Shows the longitudinal changes in body composition
following J-pouch formation

Shows body compositional changes for a subset of 16
patients who underwent a more uniform final

assessment

Shows the body compositional data of 14 ileostomy
patients together with their matched controls,
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TABLE I

CLINICAL DETAILS OF PATIENTS AND CONTROLS

Jp*
Number 21
Sex M:F 13:8
Age (x + SD) Yrs 31 + 11
Range 15 - 52
Weight (x + SD) Kg 66 + 15
Range 44 - 89
Height (x + SD) cm 171 + 9
Range 153 - 187
Pre-op Weight Loss 8.5 + 1.5%
Diagnosis Ulcerative Colitis 21

Controls
21
13:8
33 +9
22 - 50
70 + 12
52 - 97
173 + 10
159 - 193

NS

P«

NS

.05

* These measurements refer to patient measurements on day O.

NS = not significant

paired 't' test
R = mean

SD = standard deviation
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TABLE II

CHANGES IN BODY COMPOSITION FOLLOWING J-POUCH

Control JP Day O JP Day 14 JP Day 90 JP Day 540
Body weight 70.5+2.7 66.1+3.3 62.1+3.0 65.4+3.0 71.0+3.8
(x:_SEM) KG : Cmm—eXmm——— ~==XXXXX~=== —==XXX====- ————XXXm=——=
________________________________ NS~——mcmmemmccccc e ————— e
—————————————————————— xx-———-———-————--——————
TBP 11.7+0.6 9.2+0.7 8.6+0.7 8.9+0.7 10.7+0.8
(x + SEM) KG ————XXXXX~-=~  —=-XX-==== =-===NS====~ ~==XXXX---
---------------- XXXX=~wmemmm——————————
----------------------------- XXX == — == me— e ——————
TBF 13.7+0.8 15.5+1.5 14.0+1.5 _ 15.7:1.2' 17.6+1.9
(x + SEM) Kg ---=NS--=-u-- ————XXm—m——— ====NS-==--=  —=w-- NS-----
————————————————————————————————— xx———————--———————————
T B K* 3562+265 3206+284 2978+239 3210+234 3339+239
(x + SEM) mmol = ------ XXX==~==  —me== D et X===m===  —--e- X-=-om-
_____________________ NS~ e e e
__________________________________ NS mmm e
FFM - 56.7+2.5 50.9+2.7 48.1+2.7 50.0+2.7 53.3+2.7
(x + SEM) Kg ———XX == -==XXXX-—--— ---XXX----- ———=XXXX-——-
—————————————————— x——————————————————————
----------------------------------- XXXX === == mmm— e ——
TBW 41.7+1.8 38.2+2.0 35.2+1.9 37.9+2.0 39.2+2.0
(x + SEM) litres ————XXXX————- ———XXXXX~=- -—=XXXXX-—— - —————
______________________ NS == mmmm e e
--------------------------- XXXXmmm == e ————m e —
E C W* | 18.9+1.4 21.7+1.7 19.5+1.1 21.5+2.4 18.9+2.0
(x + SEM)litres = - ----- X—=omm=  ————- X——m-- -=-NS-----=  ——-w- X-—=====
—————————————————————— x———————————-——————————
_______________________________ o
TBWFFM 0.735+0.004 0.750+0.006  0.737+0.007 0.761+0.008  0.734+0.003
(x + SEM)  ----- X~==== ————- NS-=--- ~———XXXX-m—  ———-- XXXX=~—~
—————————————————————— x-——————————————————-———
________________________________ NS-—c—cmecmcmmmc——— e m—— e
E_Cy&/F FM 0.31+0.01 0.40+0.03 0.37+0.02 0.39+0.01 0.33+0.02
(x + SEM)  ----- XXX====  —=--- X----- ---=NS-----  ————- X—==--
_________________________________ NS=— e e e
—————————————————— x————_____——_———_——_-_——_—

x = PL .05 xx = P<.025 xxx = P .01 xxxx = Pg .005 xxxxx = P< .0005

Paired t¢'test
* _ TBK and ECW were measured sequentially in a subgroup (N=9)
s = mean
SEM = standard error of the mean
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TABLE I1I

CHANGES IN BODY COMPOSITION FOLLOW J-POUCH (subset n = 16)

Control JP Day O JP Day 14 JP Day 90 JP Day 320
Body Weight 70.8+3.2 66.6+3.4 63.05+3.1 66.4+3.3 70.8+4.0
(x + SEM) KG = ----- X——--- —=-XXXX-—--- —-—XXX--- ———XX-——-
——————————————————————— xx————————————--—————
_____________________________ NSmmmm e e
TBP 11.6+0.7 9.2+0.7 8.5+0.8 9.1+0.8  10.8+0.7
(% + SEM) KG =—-=--- XXXXX=w==  —m—e—- XX===——- -=-=--NS---=- -——=XXX---
——————————————————— xx——-——-—--————_-—————
---------------------------------- XXX=———=———mmm—m -
TBF 13.5+0.9 17.1+1.7 15.4+1.4 16.9+1.4  18.4+2.1
(X + SEM) kg = —----- X—==mm m=——- XX=====  ————— X--==  —---NS----
————————————————————————————— xx————-————---———————————
FFM 57.1+3.1 49.9+3.0 47.5+3.0 49.8+3.2  52.3+3.0
(x + SEM) Kg —XXXmmm————— ————XXmm———— ————XXXX-~- ——XX---
———————————————————————— xx-—————————————--—
-------------------------------------- XXXX~=——m—m———————
T?W 42.0+2.2 37.2+2 34,.8+2.5 37.7+2.4 38.7+2.2
(x + SEM)litres = ------ XXXX=== = —————- XXX=——— ————XXXX=-~ ---NS---
___________________ NS—cmmmmm e cmm——mm
------------------------------- XXXX==——————————mmmm———————
T§W/FFM 0.732:0.005 0.745:0.006 0.739:0.008 0.762:0.01 0.737:0.004
(x + SEM)  —-----—- X---- ---NS--- -—-XXXX--- ——-XX----
_______________ NS-ecmccm e e ————————
_______________________________ NS mm e e e e
x = P£ 0.05 xx = P<0.025 xxx = P< 0.01 xxxx = P20.005 xxxxx = P¢ 0.0005
Paired 't' test
x-= Mean

SEM = standard error of the mean
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TABLE IV

CLINICAL DETAILS OF ILEOSTOMY PATIENTS

AND_CONTROLS

Ileostomy Controls P
Number 14 14 NS
Sex M:F 6:8 6:8 NS
Age (x+SD) yrs 44 + 12 45 + 13 NS
range 26 - 76 27 - 66
Weight (x + SD) Kg 63 + 10 68 + 7 NS
range . 51 - 87 63 - 76
Height (x + SD) cm 168 + 8 169 + 8 NS
range 156 - 186 157 - 183
TBP (x + SEM) Kg 9.3 + 0.6 10.5 + 0.6 NS
TBF (x + SEM) Kg 17.2 + 1.8 15.4 + 1.1 . NS
FFM (x + SEM) Kg 47.1 + 2.4 51.9 + 1.8 NS
TBK (x + SEM) mmol 2963 + 130 3233 + 95 <0.05

NS = not significant

Paired 't' test
X = mean

SD = standard deviation

SEM = standard error of the mean
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LEGENDS FOR FIGURE

Fig I. Shows the protein stores of each patient at the time
of their final assessment (expressed as a percentage
of their matched control value) plotted against the
time that had elapsed from ileostomy closure.
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CHAPTER 18 : METABOLISM OF BODY WATER AND ELECTROLYTES AFTER

SURGERY FOR ULCERATIVE COLITIS - ILEOSTOMY VERSUS J-POUCH

Introduction

Some authorities believe that patients with conventional
ileostomies are chronically water and salt depleted. (Clarke et

al 1967b) although this has recently been questioned (Cooper et al

1986, Turnberg et al 1978)

My recent longitudinal study presented in Chapter 17, on patients
following J-pouch had suggested normal stores of water and salt,
The situation with ileostomy had to be clarified. It would also
be very interesting to examine whether the presence of a well
functioning J-pouch confered advantage in terms of water and salt

metabolism to that following conventional ileostomy.

Patients and Methods

Patients All patients in the study had surgery for ulcerative
colitis., Fourteen patients with well functioning ileostomies
(mean output 456 +/- 46 SD g per day) together with twenty
patients with well functioning J-pouches (mean frequency of bowel
movement 4.3 +/- 1.4 SD per day) were studied as outpatients
together with their closely matched control groups, The
ileostomy patients had had their procedure on average 14 years
(range 1.5 - 30 yrs) previously., The 20 J-pouch patients were all

part of Professor Graham Hill's personal series(ﬂill' 1987), and
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their loop ileostomies had been closed on average 18 months (range
6 -~ 40 months) prior to this study. None of my patients had

undergone a significant small bowel resection,

Controls

To allow close matching of the two patient groups for age, sex,
weight and height, two separate control groups were recruited,
Normal volunteers were mainly recruited from either hospital
personel or their friends and families, In all cases the
volunteers reported no ill health, were on no medication and were

considered healthy.

Body Composition

Basic body habitus measurements including body weight and height
were performed,

Body composition measurements were carried oﬁt by techniques
outlined in Chapter 5, In particular TBP was derived by IVNAA in
conjunction with measurements of TBW by tritium dilution, The FFM
was derived by adding TBP and TBW together with the estimate of
total body minerals and glycogen.The ECW was measured by bromide

dilution, as described in chatper 5.

Urine and stool analysis

All patients and controls underwent 48 hour collections of urine
for volume and sodium and potassium content, as outlined in

Chapter 8,
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Statistical analysis

Quantitative data of the patient and control groups were compared
using Student's 't' test., The fluid spaces were plotted against
FFM and the results were compared by linear regression analysis.
RESULTS

Table I shows the clinical details of the two patient groups and
their respective control groups. The controls for the ileostomy
group and the J-pouch group were closely matched for age, sex,

height and weight. In figures I and II, TBW was plotted against

the FFM for ileostomy patients and the J=-pouch patients
respectively, These plots were compared with those of their
control groups. It can be seen that the regression lines were
almost identical for the patients and controls suggesting that
chronic dehydration was not present in either patient group.

In our laboratory we have previously shown that the normal
hydration coefficient of the FFM was 72.6 +/- 1.5% (SD) for
females and 71.1 +/- 1,2% (SD) for males (Beddoe et al 1985) 14
this present series the average hydration coefficient for all
the female controls was 74,1 +/- 2,5% (SD) and for the male
controls was 72,7 +/- 2,5% (SD). These values were not

significantly different from the normal data.In figures III and

1V, ECW 1is plotted against FFM for the ileostomy patients and
J-pouch patients respectively and these plots were compared with
those of their control groups. It can be seen that the regression
lines were similar for each patient group and their control group,
suggesting that ileostomy patients and J-pouch patients were not

depleted of ECW,
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The results of the 24 average hour faecal volume and 24 hour
faecal excretion of sodium and potassium are shown in table II
together with the results of the average 24 hour urine volume and
24 hour urine excretion of sodium and potassium in the two patient
groups and the control group.

It can be seen that there was no significant difference in either
the volume of stool or the electrolyte content of the stool
between the ileostomy and J-pouch patients, In this regard it is
interesting to note that none of the ileostomy patients were on
any medication to manipulate bowel function, whereas 40% of the J-
pouch patients were taking Loperamide (average dose 8mg/day).
Furthermore there was no difference in the weight of faecal
effluent between those J-pouch patients on medication and those
that were not, when the weight of effluent was indexed to their

body weight,
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DISCUSSION

There was no evidence in this study that patients with either
conventional ileostomy or ileoanal J-pouch were chronically water
or salt depleted. Although the faecal outputs of water and sodium
were similar after these procedures they vere 2-3 times higher
than those of normal subjects. For this reason urinary
conservation of water and sodium was to be expected but clearly
the patients were compensating well and there were no whole body
deficits,

These results were somewhat different to those described by
Clarke et al, 1967b who interpreted their findings in a group of
patients with well functioning ileostomies as showing a deficit of
total body water as well as a deficit of total exchangeable
sodium. Their findings based on body weight rather than the FFM
however, could be explained if their ileostomy patients had
greater fat stores than their closely matched controls.

I have tested this hypothesis in my patient series by measuring
the fat stores (ie. percent of body weight that was fat) directly
in both the patient groups and the controls, Both ileostomy and
J-pouch patients had significantly increased fat stores compared
with their controls: 27.3 +/- 2.3% (SE) ‘ileostomy v 22.4 +/- 1.5%
(SE) controls (P<.05) and 26.0 +/= 1.7% (SE) J-pouch v. 19.9 +/-
1.0 (SE) in controls (P<.005). Furthermore if I plot my own
ileostomy data against body weight (fig V) as was done by Clarke
et al, I also show erroneously a similar deficit in total body
water of 9%.

On the other hand my results were in agreement with more recent
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work particularly that of Cooper et al (1986) and Turnberg and his
colleagues (1978) . With regard to my finding of increased fat
stores, this has not been a constant finding in the literature
and certainly Cooper et al, 1986 found that the amount of TBF in
their group of ileostomy patients, who had not undergone an ileal
resection, appeared to be normal,

(McNeil et al 1982) gp,ued normal fat stores in a

In another study
small number of ileostomy patients but as mentioned previously
these were assessed by a technique which was prone to considerable
errors in such situations(Streat et al 1985)

Finally, it is 1important to stress that despite having
demonstrated normal body stores of water and salt in my patients
after conventional ileostomy and also after the new operation of
ileoanal J-pouch, these patients depend on renal conservation
mechanisms to compensate for their obligate faecal losses of salt
and water, These compensatory mechanisms known to increase the

incidence of renal calculi in ileostomy patients (Bambach et al

1981) will probably result in similar problems in patients after
ileocanal anastomosis with J-pouch. This question is an important
one, and may not however relate only to the relative degree of
renal conservation of salt and water. Little is known of the uric
acid and oxalate metabolism, following J-pouch . Clearly the
relative risks of renal calculi formation in this group of young

patients remains an urgent task. This very question will be

examined in the following chapter
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LEGENDS FOR TABLES

Table 1 Shows the clinical details of the two patient groups
and their respective control groups.

Table II Shows the 24 hour faecal and urine analysis

-172-



TABLE I

CLINICAL DETAILS OF STUDY GROUPS

Control Ileostomy Control J Pouch
n = 14- n =14 n =20 n =20
Sex 6M 8F 6M 8F 11M 9F 11M 9F
Age (X I &d) yrs 45 I 13 4y I 12 35 = 11 33 I 11
Range yrs 27 - 66 26 - 76 22 - 60 16 - 53
Body Weight
(X I sd) kg 68 7 63 * 10 71 %11 68 X 7
Range kg 63 - 76 51 - 87 52 - 97 41 - 101
Height
(¥ 2 sd) cm 169 = 8 168 I 8 174 T 9 169 10
Range cm 157 - 183 156 - 186 159 - 193 153 - 186
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TABLE II

Wt (g)
Control : -
Ileostomy 548 I o
J-Pouch 507 I 49
P1-2 -
P,_s }
Pr3 ns

24 HOUR FAECAL AND

URINARY ANALYSIS

Stool

Na

T4
58

284 hours

(mmol)

1+

10

10

ns

K (mmol)

14

Shown mean'f SE Unpaired Studenés 't' test.

1+

ns
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Urine 24 hrs

Vol (ml)  Na:K
1554 =1 2.10 2 0.30
1171 2 130 0.96 & .15
1139 295 1.17 = .13
ns £.005
ns £.01
ns ns



LEGENDS FOR FIGURES

Figure I
Relationships between total body water and fat

free mass in ileostomy patients and their controls,

Figure II.
Relationships between total body water and fat free

mass for J-Pouch patients and their controls.

Figure III
Relationships between total extracellular water and
fat free

mass for ileostomy patients and their controls

Figure I V
Relationships between total extracellular water and
fat free mass for J-pouch patients and their

controls.
Figure V

Relationships between total body water and body weight

for ileostomy patients and their controls.
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FIGURE I

(litres)

TBW
n
o
1

101 o ‘control TBW= 0.68FFM +2.96 (SEE=0.93; r=0.98)
// @ ileostomy TBW = 0.73FFM -0.81 (SEE=1.43; r=0.98)
0 ~—71r 1 rrrt75r--r+-rt--r 1

0 10 20 30 40 50 60 70 80 90

FFM (Kg)

-176-



FIGURE IT
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FIGURE III
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FIGURE IV
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FIGURE V
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CHAPTER 19 : RISK OF URINARY STONE FORMATION FOLLOWING SURGERY FOR

ULCERATIVE COLITIS - ILEOSTOMY VERSUS J-POUCH

Introduction

Urinary stone formation is a complication of IBD and the surgical

management of these conditions (Deren et al, 1962; Maratka et al

1964; Gelzayd et al 1968; Bennett et al 1972) qu. prevalence of
stone formation in ileostomy patients is significant 7-8% (Deren
et al, 1962; Maratka et al 1964; Gelzayd 1968) compared with an
incidence of 4% in the general population (Scott et al 1977) y.;.
acid stones usually comprise less than 10% of all stones but make

up 60% of all stones found in patients with an ileostomy (Smith

1976). The risk of calcium oxalate stone formation in ileostomy
patients is also increased (Bambach et al, 1981) 1; ha5 been

demonstrated that it is the saturation of the urine with various

stone forming salts that determines the risk of stone formation

(Smith 1976; Robertson et al 1978; Marshall et al 1976). Hence the
risk for calcium stone disease can be assessed by a 24 hour urine
analysis in the form of an index of the relative probability of

stone formation (PSF)(Robertson et al 1978). Similarly the

saturation indices for both uric acid and calcium oxalate are
higher in stone formers than in normal subjects and so may be used
to assess relative risks of stone formation,

Recently ileoanal J-pouch has become an acceptable alternative to
conventional ileostomy in patients who require surgery for

ulcerative colitis. I have demonstrated (Christie et al 1989) ..,
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the faecal volume and chemistry after J-pouch is similar to
conventional ileostomy, resulting in a similar degree of urinary
sodium retention, What remains to be answered and what I have
addressed in this chapter is:- what is the relative risk of
urinary stone formation following this new procedure?

Patients and methods

It can be seen from table I that all patients in this series had
their surgery performed for ulcerative colitis.

13 patients with well functioning conventional ileostomies (mean
faecal output 463 +/- 46 SD gm per day) together with 15 patients
with well functioning J-pouches (mean frequency of bowel movement
4,6 +/- 1.6 SD per day) provided 2 consecutive 24 hour urine
collections for analysis., None of these patients had undergone a
significant small bowel resection, the only medication being taken
was loperamide in 5 of the J-pouch patients. It was interesting to
note that 1 of the ileostomy patients was undergoing
investigations for renal stones at the time of this study.

My conventional ileostomy group were remote from their surgery
(mean duration 14 years, range 1.5-30 years), whereas the J-pouch
group had had their surgery relatively more recently (mean
duration following loop ileostomy closure, 15 months, range 6-40
months).,

All results were compared to a control group of 17 volunteers who
provided similar wurine collections and were similar to the
patients for age and sex. My controls were recruited from either
hospital personnel or their friends and families. All volunteers

reported no ill health, were on no medication, and were considered
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healthy.

Urine Analysis

24 hour urines were analysed for pH, volume, calcium, uric acid,
glycosamino-glycan inhibitors (GAGS) together with sodium and
potassium content. The methods for these analyses are described in
chapter 8,

Calculations and Statistical Analysis

Mean values and standard errors for each urinary constituent were
calculated for both the 2 study groups and the control group.
The significance of the differences between the groups was
assessed using Student's ' t' test, Relative supersaturation
indices for uric acid and calcium oxalate were obtained for each

(Marshall et al 1976)

patient from normograms and the relative

probability of calcium stone formation (PSF) was calculated for

each patient from the formula previously described (Robertson et

al 1978). This index is based on a combination of urinary risk
factors derived from the comparison of the urinary biochemistry of
a stone forming population related to that of a normal control
population.

The significance of the differences between the three groups was

assessed using the Wilcoxon signed rank test.
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Results

Table II shows the 24 hour urinary excretion data for the two
patient groups and the normal controls. Compared with the normal
controls, the ileostomy group had a significant reduction in urine
pH; GAGS; wuric acid; and sodium. Their urines contained
significantly increased amounts of potassium, The J-pouch group
had similar significant reductions of urine volume, pH, GAGS, uric
acid and sodium when compared with normal controls. Although the
J-pouch group had a lowered value for urinary GAGS, their mean
value was significantly greater (P< 0.05) than that for the
ileostomy group. There were no other differences between these 2
patient groups.

Table III1 shows the average 24 hour urinary concentration of
calcium, oxalate, GAGS, and uric acid for the 2 patient groups
and the normal controls,

Significant reductions in the urinary concentration of GAGS and
uric acid persisted for the ileostomy group when compared with
controls, and notably the concentration of calcium and oxalate
were not significantly different from the control values,

A significant increase in oxalate concentration was found for the
J-pouch group, but the urinary concentration of calcium, GAGS and
uric acid were not different from the normal control values.
Interestingly the mean value for urinary GAGS concentration for
the J-pouch patients was significantly greater than that for the
ileostomy patients (P< 0.005).

Table IV shows the mean values for the relative supersaturation

of urine with respect to uric acid for the 2 patient groups
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compared with the mean for normal controls. The values for both
patient groups were significantly higher than normal controls, but
significantly lower (P< 0.05) than for a group of uric acid stone
formers‘Bambach et al 1981)

The ileostomy group tended to have a lower value for their
relative uric acid supersaturation than the J-pouch group although
this tendency did not reach statistical significance. Also shown
in table IV are the mean values for the relative urinary
supersaturation for calcium oxalate for the 2 patient groups and
for the control group. Although there was considerable overlap
between the subjects in these 3 groups, the J-pouch group had a
significantly increased mean value when compared to normal
controls, although significantly less than the reported value for
calcium stone formers,

Finally, also shown in table IV are the results for PSF for the 3
groups.,

Only the ileostomy group were found to have an increased risk of
forming calcium stones. Their risk was not significantly
dissimilar to that reported for a group of idiopathic stone
formers (Bambach et al 1981)

The PSF relies on a combination of the 5 main risk factors,
Calcium, oxalate and pH together control the saturation of urine
with calcium salts whereas GAGS and uric acid largely determine
the inhibitory activity of the urine (Robertson et al 1978). The

increased PSF for the ileostomy group chiefly relates to their

significantly lowered mean value for urinary GAGS.
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DISCUSSION

The urinary results in this study were consistent with the faecal
chemistry results described in chapter 18.J~pouch patients were
found to have similar urinary composition to that of their
conventional ileostomy counterparts,

The effect of both 1ileostomy and J-pouch was to significantly
reduce urinary pH and volume consistent with persistent faecal
loss of water, sodium and bicarbonate previously
described, (Christie et al 1989; Clarke et al 1969)

This reduced urine volume produces an increased concentration of
urinary calcium, oxalate and uric acid. Uric acid was however not
increased in this series with both patient groups secreting less
uric acid than controls, This is contrary to the findings of
Bambach et al 1981 and Clarke et al 1969,

Previous reports have indicated the importance of uric acid stones
in this group of patients and despite the tendency for lowered
urinary uric acid concentrations, both patient groups were found
to have significantly increased relative supersaturations for uric
acid (a more accurate risk factor for uric acid stones), chiefly
reflecting the effect of a significantly lowered urinary pH. I
note in this regard that the PKa for uric acid crystallisation is
5.4 and that 9 of 13 ileostomy patients and 10 of 15 J-pouch
patients had urinary pH's less than this value. Nevertheless the
lowered level for uric acid excretion in both patient groups has
lowered the mean value of uric acid supersaturation (lower than

previous reports for uric acid stone formers), and this may

suggest a lower risk of urinary uric acid stones for these two
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patient groups.

The calcium oxalate urinary concentration was increased for both
patient groups reflecting a normal oxalate excretion in a reduced
urinary volume. This has led to an increased value for the
relative calcium oxalate supersaturation for both patient groups.
The changes in urinary composition which are most important in the
formation of calcium stones are an increase in the wurinary
concentration of calcium, oxalate, an increase in urinary pH and a

decrease in the concentration of the GAGS'inhibitors(RObertson et

al 1978).

Interestingly, the risk of calcium stone formation was not found
to be increased in the J-pouch group. This reflects that the
raised concentration of calcium and oxalate were compensated by
the lowered urinary pH, in the presence of a near normal value of
urinary GAGS.

The relative risk of calcium stone formation .was significantly
increased in the ileostomy group , owing to their significantly
lower urinary GAGS concentration. They as a group, were not
significantly different from the reported value (Bambach et al
1981) for a group of calcium stone formers.

In summary, there was 1little difference in the urinary chemistry
between our 2 patient groups, consistent with their similar faecal
loéses. The J-pouch group however had a higher wurinary GAGS
concentration which lead to a reduction of the risk of calcium

stone formation.

Whether there will be an actual difference in the respective
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incidences of kidney stones for these two patient groups remains

to be seen.
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Clinical Details of Patients
24 Hour Urinary Excretion Data
24 Hour Urinary Constituent Concentrations

Mean values for the relative supersaturation of urine
with respect to uric acid. Also shown are the
relative urinary supersaturations for calcium oxalate
for the 2 patient groups and for the control group,
and the respective probability of calcium stone
formation.
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TABLE I

PATIENTS DETAILS

No of patienﬁs:
Males

Females

Age (mean * SEM) yr
Diagnosis:
Ulcerative Colitis
Patients with
history of urinary

stone after surgery

Time since
resection (mean)

range

Ileostomy
patients

13

14 yrs

(1.5 - 30 yrs)

15

15 months (months since

closure of loop
(6-40) ileostomy)
months
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TABLE 1T

24 HOUR EXCRETION OF URINARY CONSTITUENTS

Normal Controls Ileostomy J-Pouch

n=17 n=13 n=15

Mean + SEM Mean + SEM Mean + SEM
Volume (litres) 1.39 + 0.09 1.33 + 0,15 1.04 + 0,09 *
pH 6.10 + 0,09 5.29 + 0,09 **** 5 40 + 0,08 ****
Calcium (mmol) 3.6 + 0.4 3.8 + 0.5 3.0 + 0.5
Oxalate (mmol) 0.18 + 0,02 0.22 + 0.03 0.24 +# 0,03
GAGS (mg) 27.7 & 2.1 13.3 + 1,7 **** 20,0 + 2.1 * ok

+

Uric Acid (mmol). 2.9 + 0.6 2.1 + 0.2 *wx 2.2 + 0.2 * %
Sodium (mmol) 131 + 13 67 + 8 *kk 69 + 10 * %k
Potassium (mmol) 56 + 4 73 + 4 *hk 67 + 8
* P < 0.05 )
** P < 0.01 )
* ok ok P < 0.005 ) compared to normal controls using 't' test
*kkk P < 0.0005 )
+ P < 0.05 compared to J-pouch patients using 't' test.
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TABLE III

CONCENTRATION OF URINARY CONSTITUENTS

Normal controls Ileostomy J-pouch

n=17 n=13 n=15

Mean + SEM Mean + SEM Mean + SEM
Calcium (mmol/1l) 3.0:0.4 3.1:0.4 3.2:0.6
Oxalate (mmol/1) 0.16:0.01 0.20+0.02 0.24+0.01 badald
GAGS (mg/1) 22.5+1.6 11.8+1,9 *##+ 19.8+1.9
Uric Acid (mmol/1) 2.4:0.2 1.8:0.2 * 2.2+0.2

* P¢0.05 )
*#*  P<0.01 )
##%  Pc0.005 )
##%% P<0.0005 )

compared to normal controls using 't' test

+ P 0.005 compared to J-pouch patients using 't' test |
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TABLE IV

RELATIVE SUPERSATURATION AND RELATIVE PROBABILITY

OF CALCIUM STONE FORMATION

Normal
Controls
n=17

mean + SEM

Ileostomy

n=13
mean + SEM

J-pouch

n=17
mean + SEM

Uric Acid : .
Supersaturation -0.92+0.19 0.29+0.13 ** 0.71+0.06 **
Calcium Oxalate 0.70+0.06 0.83+0.06* 0.86+0.06%
Supersaturation
Probability of
Calcium Stone
formation 0.24:0.08 0.58:0.17 * 0.18:0.06

+
* P<L0.05 ) compared to normal controls using the Wilcoxon
*#* pL 0.01 } sum of ranks test.

+ P4 0.05 compard to J-pouch patients using the Wilcoxon sum of ranks test.
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ILEOSTOMY ~ mmol/24 hour Urine Specimen
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POUCH mmol/24 Hour Urine Specimen

Vol pH Na K Ca PO4 Urate Oxalate Aminoglycans
1 840 5.2 20 62 20 30 2.2 0.23 13.4
2 1220 5.7 7 29 0.8 17 1.7 0.09 17.1
3. 1750 5.6 152 111 1.5 37 3.2 0.60 23.8
4 720 5.85 37 63 2.4 33 2.2 0.19 16.7
5 950 5.1 97 29 3.1 13 3.5 0.16 9.9
6 1750 5.15 154 133 6.5 57 3.2 0.34 30.8
7 1000 5.5 100 T4 2.9 42 3.4 0.29 22.8
8 700 6.0 29 58 7.2 54 1.3 0.16 22.4
9 900 5.0 107 100 4,3 27 1.5 0.23 28.4
10 850 5.4 60 65 3.2 56 1.5 0.32 21.42
11 700 5.3 41 42 2.4 15 2.1 0.09 11.8
12 1350 5.3 150 T7 1.8 41 2.1 0.33 38.24
13 1050 5.15 T7 75 3.3 29 1.3 0.20 9.24
14 1000 5.2 95 56 1.7 15 2.2 0.20 17.0
15 800 5.8 112 34 1.5 27 1.9 0.25 16.00
POUCH - Concentration of Urinary Constituents (mmol/1)

Ca PO4 Urate Oxalate GAGS
1 2.38 35.71 2.62 0.27 15.95
2 0.66 13.93 1.39 0.07 14.02
3 0.86 21.14 1.83 0.34 13.6
4 3.33 45.8 3.06 0.26 23.20
5 3.26 13.68 3.68 0.17 10.42
6 3.71 32.57 1.83 0.19 17.60
7 2.9 42.0 3.4 0.29 22.8
8 10.29 77.14 1.86 0.23 32.0
9 4,78 30.0 1.67 0.26 31.56
10 3.76 65.88 1.76 0.38 25.2
11 3.43 21.43 3.0 0.13 16.86
12 1.33 30.3 1.56 0.24 28.4
13 3.14 27.62 1.24 0.19 8.8
14 1.7 15 2.2 0.20 17.0
15 1.88 33.75 2.38 0.31 20.0
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CONTROLS mmol/24 hour Urine Specimens

Vol pH Na K Ca PO4 Urate Oxalate Aminoglycans

1 1200 5.7 158 78 5.6 32 2.0 0.26 4i.2
2 1300 5.7 98 70 7.0 25 3.4 0.29 22.7
3 950 5.5 124 39 5.2 39 2.6 0.17 24,3
L 1600 6.4 42 52 2.3 16 2.9 0.25 40.9
5 1880 6.1 155 62 3.7 22 2.9 0.36 20.3
6 1150 5.8 123 42 5.3 22 3.0 0.09 26.2
7 700 5.9 54 52 0.5 9 2.6 0.12 18.5
8 550 6.4 99 48 3.2 20 2.3 0.15 17.6
9 1700 6.0 224 79 3.1 26 3.3 0.19 20.4
10 1200 5.7 145 55 3.7 23 2.3 0.14 25.9
11 1100 6.3 213 60 h.6 54 2.9 0.17 29.5
12 1800 6.3 199 52 3.6 34 2.5 0.19 41.6
13 950 6.7 76 29 2.4 23 3.2 0.11 17.6
14 1700 6.1 155 82 1.60 32.4 4.5 0.22 34

15 1400 6.65 50 34 1.36 13.2 2.3 0.04 19.2
16 1400 6.25 146 52 3.9 27.8 3.5 0.18 38.1
17 1300 6.25 166 61 3,88 26.5 2.6 0.21 32.8

CONTROLS - Concentration of Urinary Constituents (mmol/]1)

Ca PO4 Urate Oxalate GAGS
1 4,67 26.67 1.67 0.22 34.3
2 5.38 19.23 2.62 0.22 17.46
3 5.47 41,05 2.74 0.18 25.58
L 1.44 10.0 1.81 0.16 25.56
5 1.97 11.70 1.54 0.19 10.80
6 4,61 11.70 2.61 0.08 22.78
7 0.71 12.86 3.71 0.17 26.43
8 5.82 36.36 4,18 0.27 32
9 1.82 15.29 1.94 0.11 12
10 3.08 19,17 1.91 0.12 21.58
11 4,18 49.09 2.64 0.15 26.82
12 2.0 18.89 1.39 0.11 23.11
13 2.53 24.2 3.37 0.11 18.53
14 0.94 19.06 2.65 0.13 20
15 0.97 9.42 1.64 0.02 13.74
16 2.83 19.86 2.5 0.13 37.2
17 2.98 20.38 2.0 0.16 25.23
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SECTION 5 : THE EFFECTS OF NUTRITIONAL REPLETIOR
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CHAPTER 20 : IRTRODUCTION; METHODS AND STUDY DESIGR

Introduction

It is becoming increasingly clear that a patient suffering from
acute exacerbations of IBD is not only severely protein depleted
but also suffers from a wide range of physiological dysfunction,

This dysfunction includes; impaired skeletal muscle function

(Jeejeebhoy et al 1986, Klidjian et al 1982, Windsor et al 1988b)’

(Arora et al 1982)

impaired respiratory muscle function . Impaired

(Heymsfield et al 1978)’

cardiac function impairment in tissue

(Clark 1919, Pollack et al 1979)

wound healing and even alteration

of psychological function (Reys et al 1950).

Not only are the severities of these physiological impairments

associated with the magnitude of protein 1loss (Windsor et al

1988b) but more importantly they may be accurate indicators of

increased surgical risk (Klidjian et al 1982; Windsor et al

1988a)

A short course of IVN although often unable to produce large

changes in total body protein (Yeung et al 1979; Elwyn et al 1979;

Witney et al 1987) has been shown to improve skeletal muscle

t (Church et al 1986) (Church et al

enzyme conten and fibre type

1984), respiratory muscle strength and probably the wound healing
response (Haydock et al 1987) ;, gome of these protein depleted
patients.

It appears that many of these functional abnormalities may not be
the result of a simple loss of lean tissue and hence it is

possible that significant improvement in many of these
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physiological functioms may occur before such lean tissue is
regained. It is clear from the earlier literature review that the
role of IVN for patients suffering acute exacerbations of 1IBD
remains contentious. In this section I have assessed the effect of
a 14 day course of pre-operative IVN on skeletal muscle function,
respiratory muscle function, tissue woﬁnd healing and
psychological function as well as body composition.

Methods

Patients and Controls

Patients

Over a two year period patients presenting with acute
exacerbations of IBD to the Department of Surgery, Auckland
Hospital, for pre-operative or non-operative IVN were comnsidered
for inclusion in this study. The following inclusion criteria had

to be satisfied:-

1. patients had to display clear evidence of both depletion and
physiological dysfunction., Soon after admission to hospital the
decision to give 1VN was made on the basis of history and physical
examination. Each patient had clear evidence of recent significant
weight loss which was associated with clinically obvious
physiological dysfunction. Weight Loss was evaluation from the
history and physical examination. A preoperative weight 1loss
(recalled well weight minus current measured weight) of more than
10% over the preceding 3 months was considered significant.
Because there were considerable difficulties in evaluating body

weight loss in an individual patient, confirmation was sought by
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physicai examination. On physical examination, confirmation that
weight loss had occurred was obtained by palpating several skin
folds and muscle bellies. If there was little or no fat palpable
when subscapular, triceps and biceps skinfolds were palpated, then
it was considered that considerable fat had been lost and if on
palpation of the Dbellies of temporalis, supraspinati,
biceps,triceps and interossei muscles revealed considerable
losses, then this was taken as further evidence that considerable

loss of body protein had occurred.

The overall 1level of Physiological function both mental and

physical was also assessed on history and examination. Factors
that related to an overallfreduction in the patient's capacity for
activity (including symptoms of tiredness, malaise, depression and
apathy) were particularly looked for. Some specific physiologic
functions were also assessed as part of the physical
exmaination. To catergorise a patient as having an impairment of
any of these functions required clear evidence of a significant
change within the time period over which the loss of weight had
occurred. Confirmation of exercise intolerance was obtained by
observing the patient's general activity 1level and endurance
around the ward. Skeletal muscle function was assessed by having
the patient squeeze the examiner's hand who then determined if

the squeeze strength was clearly impaired in the 1light of the

patient's age, sex and body habitus. Respiratory muscle function

was assessed 1in the context of a full examination of the

respiratory system and particular note was taken of the effort and
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sound of coughing as well as the presence of shortness of breath.
Impairment of wound healing repsonse was evidenced by unhealed
wounds, sores or scratches and/or the presence of skin sepsis. A
serum albumin concentration of less than 32 g/l was also

considered a significant impairment,

The physical examination also included assessment of disease
severity according to the criteria of Trulove and Witts (1955),

(ulcerative colitis) and Best et al( 1976), (Crohn's disease).

2. Patients received uninterrupted IVN without clinical evidence
of frank sepsis i.e. fever, T > 38.5; tachycardia > 110/min, BP <
90 mmHg systolic, respiratory rate > 30/min, white cell count <
3.0 or > 12.0, together with either a positive blood culture or a
defined focus of infection (abscess).

3. 1In the months following discharge, the patients had to enjoy
an acceptable level of health; achieve their previous well weight
and remain free of any symptoms suggestive of active disease,

This would allow a 1longitudinal comparison for the patients,
allowing a comparison for each patient at the stage of in-
hospital care, to that when they were in clinical remission having
made a good convalescence,

Only 19 patients satisfied the above criteria and their results
are reported in this section.

A subgroup of 10 patients came to surgery following their period
of IVN.

Controls

-205-



Patients in this study were closely matched for age, sex and
height to a group of local well volunteers. These volunteers were
historical in that they were recruited prior to this study as part
of a large normal study performed in our department, Normal
volunteers were mainly recruited from either hospital personnel or
their friends and family. In all cases the volunteers reported no
ill health, no recent weight loss, were on no medication and were
considered healthy by medical staff, Both patients and controls
underwent the same tests of body éomposition and physiological

function.

Body Compositional Analysis

Basic body habitus measurements, including body weight and height
were performed.

Body composition measurements were carried out by a technique that
has been previously described in Chapter 5 ., These included
measurements of the TBN by IVNAA in conjunction with measurements
of TBW by tritium dilution.

TBK was measured directly in the majority of patients using a
whole body potassium counter (See chapter 5).

Unfortunately measurements of my control group and four of my
patients were performed before the TBK counter had been
commissioned. For this sub-group total body potassium was derived
indirectly from regression equations using TBW. The relationship
between TBK and TBW is well known and has been used to predict

variations from normality(smith 1965).
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Muscle Protein

Burkinshaw et al 1979 _.. employed to

The mathematical model of
estimate the protein content of muscle and non-muscle lean tissue

from TBN and TBK.(see chapter 5).

Resting Energy Expenditure (REE)
Using an indirect calorimeter under standard conditioms resting
energy expenditure (REE) was measured (see chapter 6), As a

measure of metabolic stress I have indexed REE to the FFM

REE/FFM.

Skeletal Muscle Function

1. Voluntary

Maximal voluntary grip strength was measured in the dominant hand
using a vigorimeter. The procedure and precision of these

measurements are described in chapter 10

2. Involuntary Muscle Function

Using an apparatus based on the principles of Edwards et al 1977,
supramaximal ulnar nerve stimulation was performed with square
wave pulses for 50 microseconds at frequencies increasing from 10
Hz to 50 Hz for one to two seconds at a time, and the force of
contraction recorded. In this manner the F10 : F20 and F10 : F50
force ratios were obtained, together with the maximal force F50.
The procedure and precision of these measurements are described in

Chapter 10..
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Respiratory Muscle Function

Respiratory muscle strength was measured as the mouth pressure
with a Validyne bidifferential pressure transducer (Model 45)
during a maximal static inspiration (MIP) at functional residual
lung capacity and during maximal static expiration (MEP) at total
lung capacity. The value of respiratory muscle strength (RMS) was
the average value of MIP a;d MEP expressed in cms of water,

Forced expiratory volume in one second (FEV1), vital capacity (VC)
and peaked expiratory flow rate (PEFR) were determined by standard
spirometric techniques.

Maximal voluntary ventilation (MVV) or endurance of the
respiratory muscles was measured at a fixed frequency.

These procedures and precision of these measurements are described

in Chapter 11.

Wound Healing Response

GORE-TEX implants were inserted on the day of cémmencing IVN (Day
0) and remained in situ for seven days before extraction. At the
time of removal, further implants were inserted into the
contralateral arm, to span the second week of IVN (day 7). The
wound healing response was assessed from the amount of
hydroxyproline in the implant at the end of the implantion period
(see chapter 9).

Controls were historical, in that they had been previously
recruited as part of a large normal study. They were all well, of
normal nutritional status, and had no history of recent weight

loss, change in dietary intake nor were they on any medication,
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Their wound healing response was 1.5 + 0.1 (Mean + SEM) nmol

hydroxyproline/mg GORE-TEX tubing (J A Windsor et al 1988d).

Pyschological Function

A modification of the SCL-90, a profile of Mood Score (POMS), and
a modification of Christensen's Fatigue Scale were administred to
the patients just before commencement of the 14 day course of IVN
and again 14 days later.

To compare the patients paired results of the Symptom Profile,
Global Scores, Mood Score and Fatigue Score at the beginning of
IVN to that at the end a Wilcoxen signed rank test was employed as
the data could not be assumed normally distributed.

For samples of these questionnaires,scoring procedures and

precision please see chapter 12,

Hepatic Secretory Proteins
Plasma transferrin and pre-albumin levels were determined by laser

nephelometery.

Medical Management and Nutritional Therapy

Medical management during the period of.IVN included bed rest and
in all cases prednisone 40mgs per day. In addition three of the
patients had sulfasalazine 4~6g/day. IVN solutions contained
cystaline amino acids (Synthamin 17%, Baxter Health Care) and
energy as a 50:50 mixture of dextrose and Intralipid (Kabi). The
patients received 2188 +/- 199 SD Kcal and 13,6 +/-1,3gN per day.

Appropriate amounts of electrolytes, trace elements and vitamins
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were added separately. The IVN solution, provided in 3 litre bags,
was administered through a subclavian catheter by means of a
constant infusion pump (IVAC). Insulin was added if the patient

had persistent hyperglycaemia.

Assessment of Clinical Course after Surgery (for subgroup n=10)
Major complications were defined as including the following:-
Intra-abdominal sepsis (proven by culture or abnormal drainage or
at re-operation), clinically apparent anastomotic leakages, wound
dehiscence (requiring re-operation), proven pulmonary emboli
(requiring heparinisation), pneumonia (proven by a positive blood
and or sputum culture as well as clinical and radiologic evidence
of consolidation; atelectasis excluded), myocardial infarction
(proven by ECG changes), cerébrovascular accidents (with
neurological deficit), and any technical problem that required the
patient to undergo a further major surgical procedure. Septic
complications were defined as includng the following:- intra-
abdominal sepsis, pneumonia, septicaemia, (clinical evidence of
systemic infection and two separate positive cultures of the same
pathogen in the absence of an obvious focus), wound infection
(unequivocal signs of inflammation and a positive culture of a
pathogen from the pus exuded from the wound), and urinary
infection (greater than 1000 organisms/ml oﬁ culture). The number
of days from operation to discharge were recorded as were all

deaths that occurred within 14 days of operation,
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Study design

Patients underwent the above measurements of body composition,
resting energy expenditure, voluntary + involuntary skeletal
muscle function, respiratory muscle function, wound healing and
psychological function together with plasma protein estimations on
: day 0 (the day prior to commencing IVN), day 7 (seven days
later) and on day 14 (following 14 days of IVN).

In addition a small unselected subgroup (n=7) had parameters of
skeletal muscle function and respiratory muscle function measured
on alternative days over the first week.

To allow comparison of any improvement that occurred in body
composition, skeletal muscle function and respiratory muscle
function over the period of IVN, to that following a satisfactory
extended period of convalescence, all the above patients were
brought back on one further occasion. The timing for this final
assessment was variable (mean 200 days - range 3 months -~ 30
months since completion of IVN) but for each patient it was the
stage when the patient felt well, had achieved a satisfactory
level of function, had reached his previous well weight and was
completely free of any symptom that could be suggestive of active
disease.

Statistical Analysis

Student's 't' test (paired) was used according to variance
equivalence to determine the significance of changes for the
patients and to compare the patients' parameters with that of

their matched controls.
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Response to Nutritional Repletion - Raw Data
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CHAPTER 21 : CHANGES IN SKELETAL MUSCLE FUNRCTION

Results
Table I shows the clinical data of the patient group. All 19
patients had severe exacerbations of IBD. The majority , Crohn's

(Best et al 1976)

disease of high activity and 4 patients suffered

from severe ulcerative colitis(Truelove et al 1955).

Surgery
followed the period of IVN for 10 patients,

Table II shows the clinical and body compositional results for the
patients on presentation, together with their matched controls,
The patients had lost 16% of their well body weight including a
35% loss of total body protein, which came chiefly from muscle
tissue,

The patients had significantly elevated resting energy
expenditures when compared to controls.

Table III shows the effect of IVN on protein stores. IVN produced
an increase in visceral proteins, but no improvement occurred in
the total body protein of these stressed patients., Furthermore,
there was only an 11% accumulation of total body protein at the
time of final assessment.

Table IV shows the effect of IVN on skeletal muscle function. The
patients had a significant impairment of maximal voluntary gfip
strength (35% compared with controls) on presentation.

Significant improvement (10%) occurred over the period of IVN and
this improvement was confined to the first week of IVN, The total

gain in grip strength up to the time of final assessment was only
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20% making the magnitude of the initial improvement over the first
week of IVN significant., Also shown in table IV are the changes in
involuntary muscle function. The force ratios F10: F20, F10 : F50
were significantly impaired at the beginning of this study (17-
25%) compared with controls. These parameters of involuntary
skeletal muscle function (reflecting rate of fibre relaxation)
completely recovered to control values over the first week of IVN.
The changes in maximal involuntary force F50 however, parallelled
the changes seen with grip strength (although statistical
significance was not reached). Patients were significantly
impaired on day 0 (18% increased above control values), a modest
improvement of 10% occurred over the period of IVN, and this was
confined to the first week. Late in the convalescent period there
was further improvement, similar to that of grip strength,

In table V, the timing of the early improvement in skeletal muscle
function is shown for a subset of 7 patients., It can be seen that
improvement ocurred as early as the fourth day, with no further

improvement, during the later period of IVN,
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DISCUSSION

My results demonstrated that a short course of IVN given for 4 - 7
days led to an improvement in both voluntary and involuntary
skeletal muscle function of 10-20%. This improvement was
associated with an increase in circulatory visceral proteins, but
no change in total protein stores over the 14 day period.

This study was not the first to demonstrate improved skeletal
muscle function following nutritional intervention. Russell et al
1983b showed that obese subjects undergoing two weeks of
hypocaloric feeding not only had abnormal involuntary skeletal
muscle function, which was further exacerbated by a two week fast,
but all objective tests of involuntary muscle function returned
towards normal after two weeks of refeeding. Similarly anorectic

patients improved after4 ~ 8 weeks of oral feeding (Russell et al

19830). In a similar study a small group (n=4) of undernourished
patients suffering from various gastrointestinal disorders
sustained an improvement in skeletal muscle function following 4
veeks of conventional IVy (Lopes et al 1982)

These studies however, except for the last small study, have not
addressed the changes in skeletal muscle function that follow
nutritional repletion in surgical patients., Furthermore, their
study protocols did not include repeated measurements earlier
than 2 weeks. In the light of my observed early improvement it
would have been interesting to compare their early results with
those of this present series,.

A more recent paper by Chan et al 1987, suggested that complete

restoration of involuntary skeletal muscle function can follow
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just 48 hours of intravenous loading with glucose and potassium.
This is certainly earlier than observed in this present series,
Voluntary skeletal muscle function has been previously related to
total protein stores and my results are in agreement. Unlike the
situation with involuntary skeletal muscle function, patients
still remained significantly impaired following the early
improvement at 4-7 days. This parameter did not improve to near
normal values until later in the convalescent period, coinciding
with the accumulation of muscle protein,

As already mentioned, my patients failed to increase their total
protein stores during the IVN, despite the significant improvement
in their tests of voluntary and involuntary skeletal muscle
function., This in itself is not surprising. Other investigators
(Jeejeebhoy 1986) p,4ye already noted this discrepancy and also the
converse - impairment of skeletal muscle has'been observed at a
time when total body composition was still normal, It is clear
that the power exerted by skeletal muscle must be at least a
function of not only bulk (muscle protein) but also its inherent
nature (not related to changes in total body composition or muscle
mass), but rather possibly more related to changes in fibre type

(Jeejeebhoy 1986; Church et al 1984), intracellular enzymes

(Jee jeebhoy 1986; Church et al 1986)’ energy or cellular chemistry

(Russell et al 1984; Jones et al 1984; Jackson et al 1984).

The early complete improvement seen with involuntary skeletal
muscle function in my study may have related to correction of
these cellular events, whereas full restoration of muscle strength

can only occur following repletion of protein stores, and hence is

~220-



a later event, It would have been very interesting to compare the
magnitude of the early improvement seen in this stressed group of
surgical patients with that of a non-stressed patient group
receiving IVN eg., pyloric stenosis - a "group" known to gain
protein during 2 weeks of IVN. Clearly we now need a new marker
of malnutrition and nutritional repletion. A recent suggested
definition (Jeejeebhoy 1988) is that, "Malnutrition is the
presence in a body system of abnormalities observed upon
withdrawal of nutritents and correctable by refeeding”. This would
seem to be a very helpful definition and consistent with the
results of this present series. Despite the large number of
recommended nutritional assessment techniques (anthropometry,
biochemistry and prognostic nutritional indices) that have
appeared in the literature over the last 15 years(Grant 1986), no
one risk indicator has been shown to be superior to a careful
clinical evaluation with. particular emphasis on the functional
effects that are often seen in patients with significant loss of
body weight. It would seem likely that the most sensitive
indicator of effective nutritional repletion would be continuous
dynamic functional clinical assessment with particular attention
to the skeletal muscle system.

It could be argued that the magnitude of this early improvement in
skeletal muscle function during nutritional therapy was rather
modest, compared with the severe degree of initial impairment in
these patients. However, I feel that this selected series clearly
demonstrates that in the situation of patients presenting with

acute exacerbations of 1IBD, that the magnitude of improved
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skeletal muscle function following nutritionmal therapy must be
related to the persisting degree of impairment still present up to
200 days later when these patients are in "clinical remission”.

I would suggest that in the situation of acute IBD, nutritional
therapy may well be very efficacious indeed..

The ultimate indicator of effective nutritional therapy must be a
lowering of post-operative risk. I am encouraged by the magnitude
of my observed early improvement in skeletal muscle function, but
whether this will lead to a reduction in post-operative risk can
only be answered by a prospective trial.

However, post-operative pneumonia still remains the most important
cause of morbidity and mortality after major surgery (Bartlett et
al 1973) and hence it remains to be answered whether a short
course of IVN will also improve respiratory muscle function and
thereby reduce the incidence of post-operative pneumonia in

protein depleted surgical patients.
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Legends for tables

Table I

Table II

Table III

Table IV

Table V

Patient clinical data

Clinical and Body Compositional Details of patients
and Controls on presentation.

Effect of IVN on Protein Stores

TBP

total body protein

MP muscle protein
Effect of IVN on Skeletal Muscle Function
GS = maximal voluntary grip strength

F10/20

Force of 10Hz : Force at 20Hz
F10/50 = Force of 10Hz : Force of S50Hz

F50

Force of SOHz or maximal involuntary force
Effect of IVN - Timing of the Early Improvement in

Skeletal Muscle Function
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TABLE I

PATIENT DATA
Number 19
Sex (M:F) 10 : 9
Outcome At Final Follow up
(200 days)
Disease: Ulcerative colitis - 4 ) Surgery - 2
- all severe colitis ) Conservative-2
above rectum ) - All patients had

acceptable health

Crohns Disease - 15

All active disease-CDAI

254 2 100 (SD)

- 2 severe colitis

~ 1 acute entero-
cutaneous fistula

- 12 acute small bowel
strictures

- Restoration to
previous well
weight

- No symptoms of
acute disease

Surgery - 8

Conservative-7

Nt N e e N S S s
N N e N e e e e S S e S S
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TABLE II

CLINICAL AND BODY COMPOSITIONAL DETAILS OF

PATIENTS AND CONTROLS ON PRESENTATION

Controls Patients P
Number 19 19 NS
Sex (M:F) 10:9 10: NS
Age (x + SD) Yr 34+ 9 30 + 12 NS
Height (x + SD) CM 169 + 7 168 + 8 NS
% Weight Loss (x + SEM) - 16.0 + 1.0 -
TBP (x + SEM) Kg 11.3 + 0.6 7.3 + 0.5 <0.0001
Muscle protein 6.5 + 0.5 3.4 + 0.4 £ 0.0001
(x + SEM) Kg
TBF (x + SEM) 13.3 + 1.6 9.1 + 1.2 <0.01
RME/FFM (x + SEM) 24,1 + 1.0 32.4 + 1.0 <0.0001

Kcal Kg-l day -1 Kg_l

X + 8D = Mean + standard deviation

X + SEM = mean + standard error of the mean

NS = not significant

Paired 't' test
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TABLE ITI

EFFECT OF IVN PROTEIN STORES

CONTROLS PATIENTS
Day O Day 7 Day 14 Day 200
Weight (Kg) 67.6 + 2.3* 49.2 + 2.1 49.4 + 2.1 49.1 + 1.8 58.3 + 2.4
-———XXXX-- ---NS---- ---NS---- ———XXXX---
----------------------- XXXX=wmmmmmmm e m
———————————————————————— XXXX—~~mmmmm————eemm——————— e

TBP (Kg) 11.3 + 0.6 7.3 + 0.5 7.4 + 0.5 7.5 + 0.5 8.6 + 0.4
———XXXX---— ---NS---- ~---NS---- - mXXXX=-—-
----------------------- XXXXmm=mmmmm—mm———————m— -

MP (Kg) 6.5 + 0.5 3.4 + 0.4 3.4 + 0.4 3.4 + 0.4 3.6 + 0.3
mmoXXXX===  ====NS==== _ —==NS---= = -=--NS----
----------------------- D O T il

Plasma

Transferrin 263 + 8 215 + 12 223 + 15 253 + 23 291 + 32

(mg/dl) —emXmmmee mm=-NS-==  ===-NS=-=- _  —--NS---

——————— -————x———————————
_________________________ (o J

Plasma

Prealbumin 24.0 + 1.0 19.0 + 2.0 23.6 + 3.2 27.5 + 2.3 28.0 + 2.3

(mg/dl) mm-X-===  ===NS=-==  ==-NS---=  -==NS----

—————————————————— x—-—-——————
_____________ 1o P
*Shown x + SEM Paired 't' test
X pe 0.05
XXXX P« 0.0005
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TAHE IV

EFFECT OF IVN (N SKELETAL MISCLE FUNCTIKN

Controls Patients
Voluntary Dy O Dey7  Day 14  Dey 200
Day O

G.S(Kg) H0+3* 26+3 30+3 30+5 =3 %

— XXX~ —XX— —NS— —XX—

x .

Involuntary
F10/20 (%) 48 + 4 58+4 U7+3 H2+4 b2 +:3 17

-—X —X— ~~NS— —NS—
FI0/50 (%) 33+3  W+3 36+3 R+ 37 +2 2

_ —x— —N—  —NS— T —NS—
2,000 G

F50 (kg)  5.040.5  4.1+0.5 4.6+0.5 U4.6+0.5 5.4+0.4 18

= x— —NS— —NS— —NS—o

X
NS
1)

% Impairment % Improvement

Day 7

10

19

17

10

% Improvment’

3

14

* Shown X + SEM Paired 't' test
X P<0.05
XX P<0.01
XX P £0.005

G.S. = maximal voluntary grip strength
F10/20 = faorce of 10 Hz : force at 20 Hz

F10/50 = farce at 10 HS : force at 50 Hz
F50 = force at 50 Hz or maximal involuntary force
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TABLE V

EFFECT OF IVN - TIMING OF THE EARLY
IMPROVEMENT IN SKELETAL MUSCLE FUNCTION

N=7 _
Day 0O Day 2 Day 4 Day 7 Day 14 Day 200
Voluntary
' *
G.S.(Kg) 26 £ U 26 + 4 31+ 5 325 33 + 4 39 + 4
—==NS—--=  ———XXX-===  ==NS—=—-- ~==NS-=-=  —m—=x----
Involuntary
F10/20(%) 57 ¢ 3 52 ¢+ 4 4y + 3 4y + 3 46 + 3 42 + 3
—==NS==-=  —co-Xx--==  =<=NSe-=-- ——-NS==--  ——-NS----
F10/50(%) 40 + 4 36 + 4 3y t2 3y 3 31 % 3 36 + 4
~==NS====  ==<NS----=  —-NS--—-- ——-NS--—-  ——-NS---—-
F50 (Kg) 5.6+0.8 5.610.8 5.310.4 6.010.5 6.0£0.5 6.11£0.6
———-NS--—eor —=ea ) [T — NS==——ee —eeo NS=—=ee —eee NS==—==
_____________ NS-mmme e — ;e —————————————

® Shown X + SEM

Paired 't' test
X P<0.05

XX P<.01
xxx P<0.005
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CHAPTER 22: CHANGES IN RESPIRATORY MUSCLE FUNCTION
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CHAPTER 22: CHANGES IN RESPIRATORY MUSCLE FUNCTION

Introduction

Despite the many advances in anaesthetic and surgical techniques,
the incidence of post-operative pneumonia has not changed
appreciably over the past 30 years (Garibaldi et al 1981). It
still remains the most important cause of morbidity and mortality
after major abdominal surgery (Bartlett et al 1973).

Recently in a prospective study of 80 patients (Windsor et al

1988°), a pre- operative protein depletion of 35% was shown to be

associated with a significant impairment of respiratory function
(10-20%), together with an increased incidence of post-operative
pneumonia and prolonged hospital stay.

There is already data showing that Intravenous Nutrition (IVN)

(Whitney et al 1987)’

increases body stores of protein reverses
abnormalities of skeletal muscle fibre type, enzymes, (Church et
al 1984, 1986) and possibly function. It remains to be seen,

whether a short course of IVN will improve respiratory muscle
function and in this way hopefully reduce the incidence of post-

operative pneumonia.
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RESULTS

Table I shows the clinical data for the patient group. All 19
patients had severe exacerbations of IBD. The majority had Crohn's
disease of high activity but 4 patients suffered from severe
ulcerative colitis, Surgery followed the period of IVN for 10

patients.

Table II shows the clinical and body compositional results for the

patients on presentation, together with their matched controls.

Close matching was achieved for the patients and their respective
controls for age, sex and height.

The patients had lost 16% of their well body weight including a
35% loss of total body protein, which came chiefly from muscle
tissue,

The patients had significantly elevated resting energy

expenditures when compared to controls.

Table III indicates the effect of IVN on protein stores. Although
IVN produced an increase in visceral proteins, no improvement
occurred in the total body protein of these stressed patients. It
is interesting that there was only an 11% accumulation of total
body protein at the time of final follow-up and hence the patients
at this stage were still significantly protein depleted.

Table IV shows the effect of IVN on respiratory muscle function

and voluntary maximal grip strength.
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It can be seen that the patients displayed a significant major
impairment (25-40%) in all tests of respiratory muscle strength
(RMS,FEV1, VC, PEFR), respiratory muscle endurance (MVV), and grip
strength when compared to matched controls on day O.

Significant improvement (2-15%) occurred over the period of IVN
for all parameters of respiratory muscle function and grip
strength, and with the exception of MVV this improvement was
totally confined to the first week of IVN.

Furthermore, the total gain in respiratory muscle function up to
the time of final assessment was only 10 =257 and hence the
patients had therefore a persisting although less severe level of
impaired respiratory function at this late stage. This makes the
magnitude of the early improvement during IVN more significant.
Table V shows the timing for this early improvement in
respiratory muscle function for a subset of 7 patients, It
indicates that the observed improvement in respiratory muscle
function occurred around 4 days with no significant further
functional gain at 14 days.

Table VI shows the clinical data of the surgical group and their
post-operative course,

No patients developed post-operative pneumonia or other septic
complications,

One patient (M26) developed a complete SMA syndrome requiring two
months of IVN before a further relaparotomy. The mean duration of
hospital stay did not include this patient. It did include,
however, three patients who received two weeks of post-operative

IVN:- M54, who developed a subclinical anastomotic leak from an
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ileoanal J-pouch anastomosis; F50 who had undergone a resection
including a long segment of small bowel, and finally F27 who had

underwent multiple small bowel stricturoplasties for Crohn's

disease.
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DISCUSSION

My results have demonstrated that a short course of IVN for 4 - 7
days 1leads to an improvement in all parameters of respiratory
muscle function of approximately 5 -~ 10%. This occurred in
agssociation with an increase in circulatory visceral proteins, but
without a measured improvement in total protein stores. This is
consistent with their high disease activity and increased measured
resting energy expenditure.

This study is not the first to demonstrate improved respiratory
muscle function, following nutritional intervention. Kelly et al
1984 examined respiratory muscle strength and body compositional
changes in 59 patients receiving 1IVN. They found not only a marked
respiratory muscle weakness in those patients with wasted body
cell masses, but were able to show a significant correlation
between the improvement in respiratory muscle strength following
nutritional therapy. My patients, unlike those of Kelly, failed to
gain lean tissue despite their significant gain in respiratory
muscle strength. Furthermore,their gain was an earlier event, It
would have been interesting if Kelly had also performed his
measurements in this earlier period. It is clear that my delayed
further gain in respiratory function during the convalescent
period was associated with accumulation of muscle protein, and
this process was essential if further or full restoration of
function was to occur. If my patients had not been a uniformly
stressed group, there may have been a further improvement in
respiratory muscle function beyond the four days, associated with

a gain in protein.
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The magnitude of the observed early respiratory muscle function
improvement may initially seem rather modest but when viewed in
the context of zero further gain following up to 14 days of IVN
and the total gain of only (10-25%) occurring in respiratory
muscle function later in the convalescent period following an 11%
gain in protein stores, then this early improvement becomes more
significant,

(Windsor et al 1988¢c) papients

Furthermore, in the previous study
developing post-operative pneumonia had to have a pre-existing
level of respiratory muscle function of around 80% of predicted
control values and hence as seen in Fig I my prompt improvement
in respiratory muscle function reached this range and hence may be
very efficacious in terms of reducing the incidence of post-
operative pneumonia in protein depleted patients. (It should also
be noted that the patients in this series initially had a much
more severe level of respiratory muscle impairment than in this
previous study). Furthermore, in the previous study, the depleted
surgical patients were found to have 20% incidence of post-
operative pneumonia., It is interesting that none of the 10
patients going forward to surgery (Table VI) developed clinical or
radiological evidence of pneumonia and assuming a similar
expectant incidence of 20% this difference became highly
significant (P< 0.01)

The changes in respiratory muscle function presented in this
chapter are similar to the changes already described for skeletal

muscle function.

What does all this mean to a busy clinician whose task it is to
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manage patients hospitalised with acute exacerbations of IBD? The
following facts have now been established. (1) Nutritional support

with IVN prevents further loss of total body protein (Dickenson et

al 1980). (2) Within a few days of IVN respiratory muscle function
and skeletal muscle function improve significantly but not to
normal values. (3) The magnitude of the improvement (" 12%) is

probably sufficient to be clinically beneficial (Windsor et al

1988C). After this early improvement in physiological function
further improvements are associated with increases in body stores
of protein and are as a consequence, much slower. In conclusion I

suggest that this work supports the use of IVN in patients with

acute exacerbations of IBD.
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LEGENDS FOR TABLES

Table 1 Patients clinical data

Table II Clinical and Body Composition Details of patients and
controls on presentation

Table III Effect of IVN on Protein Stores
TBP = total body protein
MP = muscle protein

Table IV Effect of IVN on Respiratory Muscle Function

RMS = Respiratory Muscle Strength

FEV1 = Forced Expiratory Volume in 1 second
PEFR = Peaked Expiratory Flow Rate
MVV = Maximum Voluntary Ventilation

GS = Maximal Voluntary Grip Strength

Table V Effect of IVN - Timing of the Early Improvement in
Respiratory Muscle Function

Table VI Clinical Data of Surgical Group and Post-Operative
Course,
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TABLE I

PATIENT CLINICAL DATA

Number
Sex (M:F)

Disease:

19
10 : 9

Ulcerative colitis - 4
-all severe colitis above

rectum

Crohn's Disease - 15
All active disease - CDAI

254 + 100 (SD)

- 2 severe colitis
- 1 acute enterocutaneous

fistula

- 12 acute small bowel

strictures

i S

Outcome

Surgery - 2
Conservative - 2

Surgery - 8

conservative - 7

N N e

N et N e e e e S

At Final Follow
up (200) days

- all patients
had acceptable
health

Restoration to
previous well
weight

No symptoms of
acute disease
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TABLE II

CLINICAL AND BODY COMPOSITIONAL DETAILS OF

PATIENTS AND CONTROLS ON PRESENTATION

Controls Patients P
Number 19 19 NS
Sex (M :F) 10 : 9 10 : 9 NS
Age (x + SD) yr 34 + 9 30 + 12 NS
Height (x + SD) CM 169 + 7 168 + 8 NS
% Weight Loss (x + SEM) - 16.OA: 1.0 -
TBP (x + SEM) Kg 11.3 + 0.6 7.3 + 0.5 20.0001
Muscle Protein 6.5 + 0.5 3.4 + 0.4 <0.0001
(x + SEM) Kg
TBF (x + SEM) Kg 13.3 + 1.6 9.1 + 1.2 <0.01
RME/FFM_{X + SEM) 24.1 + 1.0 32.4 + 1.0 <0.0001

Kcal Kg day Kg

-1

X + SD = Mean + st

X + SEM - Mean + standard error of the mean

NS = Not significan

Paired 't' test

andard deviation

t
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TABLE III

EFFECT OF IVN PROTEIN STORES

Controls , Patients
Day 0 Day 7 Day 14 Day 200
Weight (Kg) 67,6:2.3* 49.2:2.1 49.4:2.1 49.1:1.8 58.3:2.4
—=—XXXX=== ~===-NS=--- —ccaNS--ve- —coxxXX~~—-
--------------------- XXXX ==~ m e m———— e
------------------------ XXXX= === —memmmm e
TBP (Kg) 11.3:0.6 7.3+0.5 7.4:0.5 7.5+0.5 8.6:0.4
—==XXXX-—===- -==-NS--=- ——--NS---- ——=XXXX=--=
-------------------------- XXXX == m == memmcmm e
MP (Kg) 6.5+0.5 3.4+0.4 3.4+0.4 3.4+0.4 3.6+0.3
———=XXXX-~- ---NS---- ———<NS---- ===NS-=---
------------------------ XXX X~~~ =emme e e
Plasma
Transferrin 263 +8 215+ 12 223+15 253+23 291+32
(mg/d1) = Zo--- b -==NS-~-=  —ccoNS---ec aco-_ NS----
——————————— x—--——_---——
_______________________ NSemmemeee
Plasma 24.0:1.0 19.0+2.0 23.6:3.2 27.5+2.3 28.0:2.3
Prealbumin -——= X-==—= -=NS-~-- ~==NS---- -=-NS----
(mg/dl) . D
____________ NS—=cmmemee e
*Shown x + SEM Paired 't' test

TBP = Total Body Protein X P < 0.05
MP = Muscle Protein xxxx P £ 0.0005
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TABLE VI

CLINICAL DATA OF SURGICAL GROUP AND POST OPERATIVE COURSE

Age (Years) 33 + 13*
Height (cm) 158 + 47
Sex (M : F) 5:5
Incision site: 10 - lower abdominal
Respiratory disease (no of patients) 0
Obstructive {(mod - severe) 0
Restrictive (mod - severe) 0

Combined (mod - severe) 0

FEVI/VC 0.81 + 0.08
Smokers (no of patients)

Light 2

Moderate 4

Heavy 1

Duration of anaesthetic (hours)- .35 = 1.4
Post-operative course:

Major 1

Septic 0
Pneumonia 0

Wound infection 0

Death 0

Hospital stay (days) 14.8 + 5.5
*Shown X + SD
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FIGURE LEGENDS

Fig, 1., shows the effect of IVN on Respiratory Muscle Function
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CHAPTER 23: CHANGES IN THE WOUND HEALING RESPOKSE

Introduction

In this section I have examined the wound healing response in the
same patient group. I have also considered whether there would be
any improvement in wound healing following a short course of IVN.
It has been widely accepted that PEM is associated with impaired
wound healing (Clarke, 1919; Pollack 1979) but this has recently

(Windsor et al 1988d). Recent wofk has also

been questioned
suggested that changes in wound healing following nutritional

intervention may occur at an early stage (Haydock et al 1987).
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Results

Unfortunately owing to initial problems with the analysis of
hydroxyproline with resultant loss of samples, together with
individual patient reluctance to take part in this aspect of the
study,I can only present complete wound healing data on 9
patients (M2, F7 X age 28 +/- 10 SD years, mean wt loss 13 +/- 3
SD %). Nevertheless, I am confident they represent a reasonable
sample of the total patient group.

Table I shows the effect of IVN on the wound healing response,
together with the changes in visceral and total protein stores.
There waé a strong tendency for the patients to have an impaired
wound healing response on presentation when compared with
controls. Owing to patient variability and the small sample size,
this did not however reach statistical significance. There was
however, a significant improvement in the patients wound healing
response following one week of IVN, This coincided with

significant gains in visceral proteins but not total protein.

Discussion

This data is consistent with other recent data from our department
(Haydock et al 1987) and is further objective evidence that the
wound healing response in surgical patients requiring IVN is
improved by this treatment. This improvement was seen after only
one week of nutritional therapy and before there had been any
change in total body protein stores,

It is tempting to relate the strong tendency for a lowered wound

healing response on presentation to the patients lowered protein
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stores, but this would not explain their subsequent early
improvement following IVN,

Windsor et al 1988d has stressed the importance of recent dietary
intake for at least one week prior to wounding - regardless of
the extent of PEM, I have no dietary information on the patients
at the time of commencing IVN but it would seem likely that their
dietary intake was inadequate. Clearly the early improvement in
wound healing following just 1 week of IVN, and furthermore the
similar early improvements seen previously with skeletal muscle
and respiratory muscle function would all suggest the importance
of a " 1labile protein pool", This pool may be repleted or
depleted by brief abrupt changes in recent protein intake and
hence repletion may provide a major biological advantage in the
face of persisting depleted total body protein stores, for a range
of body functions including wound healing. This is consistent with
the results of other investigators eg., - using 1isotopic
techniques, Waterlow et al 1981, showed a fall in the rate of
protein synthesis within 2 days of a protein free diet.

Our technique for measuring the wound healing response examines
the wound healing response in a very general sense and certainly
is not a measure of ultimate wound strength. Nevertheless this
technique has been shown to monitor and detect (Haydock et al
1986) the very biological events including the acute inflammatory
response and cellular invasion, that protein depletion has been
thought to affect.

All these processes play a vital role in host defence and the

-248-



measurement of an impairment or an improvement in them must be of

clinical significance for the pre-operative patient.
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LEGEND FOR TABLE

Table I
The effect of IVN on visceral and total body protein stores and

the wound healing repsonse,
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TARE T

EFECT OF TWN ON THE WOUND HFALING RESFONSE

Controls Patients
Day O Day 7 Day 14
Plasma
Transferrin 263+8* 182+17 209+11 250+35
(mg/d1) ===——- X====  ===-NS-=-—-- ~===NS---
———————————— x—_-———————
__________________ s P
Plasma
Prealbumin 24+1 14+2 19+2 23+2
(mg/d1)  =———— XXX—=—=~ ———X—————- -——-NS----
——————————— xx———-—————
__________________ NS
Total Body
Protein (Kg) 9.3+0.6 6.3+0.6 6.3+0.6 6.1+0.4
———=XXXX=—— —~= NS--v=-- --=--NS---
Wound Healing 1.5:0.1 1.0:0.6 2.9:0.7
response '
Hydroxyproline ~===NS=-==ee == X—-—==
(nmol/mg GORE-TEX)
*Shown x + SEM Paired 't' Test
X P0.05
XXX P« 0.025
XXX P <0.005

XXXX P < 0.001
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CHAPTER 24 : CHANGES IN PSYCHOLOGICAL FUNCTION

Introduction

It is less appreciated that malnourished patients frequently

suffer from a major impairment of psychological function (Reys et

al 1950) . This impairment may manifest as a decrease in the level
of alertness, decreased ability to concentrate, general
irritability and depression, culminating in a reluctance on behalf
of the patient to post-operatively make the voluntary efforts
eg., coughing and mobilisation that are , required for a rapid
uncomplicated recovery from major surgery.Whilst I have
demonstrated in the previous chapters of this section that a two
week course of IVN may reverse some of the many abnormalities of

body composition and function (Church et al 1984, Witney et al

1987, Haydock et al 1987, Christie et al 1988b) jiit1e is known of
its effects on the psychomotor function of these patients. Every
clinician will stress the importance of having a strongly
motivated patient following major surgery.

In this chapter I have described the changes in psychological
function in the same selected group of patients receiving a two

week course of IVN for acute exacerbations of IBD.
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RESULTS

Table I shows the reader of the patient's clinical data.

Table II again shows that the patients and control subjects were
well matched with respect to sex distribution, age and height.
Table II also shows the mean weight, TBP, TBF and RME/FFM for the
control subjects. The patient's had lost on average 18.4 Kg
(27%) of their body weight, including 4.0 Kg (35%) protein and
4,2 Kg (32%) fat, The patients also had significantly higher
RMES, relative to FFM, than the controls. The mean elevation
being 8.3 Kcal/Kg/day (34%).

Table II1 demonstrates that the patients body weight and TBP did
not change significantly during the 14 day period of IVN,

Table III shows that the decreased levels of plasma transferrin
and plasma pre-albumin increased significantly over a period of
IVN to reach control values.

Figure I, shows a comparison between the SCL symptom profile for
the patients at the time of commencing IVN and the SCL profile 14
days later. There was no overlap between these two curves and both
curves had very similar profiles.

Prior to commencing IVN the patients demonstrated significantly
high 1levels of depression, somatisation and anxiety but not
hostility. These dimensional elevations reflected the natural
somatic and psychological unpleasantness of their serious illness
or malnutrition and led to significantly increased levels of
general distress as indicated by significant elevations of the 3

global scores. When the psychological profile was re-measured 14
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days later, there had been a significant uniform improvement for
all 5 primary symptoms and global scores., The magnitude of this
improvement was statistically significant approaching 1SD, making
the means for these patients approach normal control values.

In Figure II, can be seen the (POMS) symptom profile. Allowing for

the reciprocal scoring for the vigour dimension, again there
appears to be two distinct curves with no overlap. The patients
at the beginning of this study exhibited increased fatigue and
reduced vigour levels. Over the study period there was an
improvement in all 5 symptom dimensions leading to, as seen in

figure II1, a significant improvement in the overall value for the
POMS mood score. A similar significant improvement was also seen

with the fatigue score of Christensen.
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DISCUSSION

My results demonstrate that psychological function improves
over the two week period of IVN, Although circulating plasma
protein levels returned to normal values this improvement in
skeletal muscle function and psychological function was quite
independent of the changes in body protein stores and there was no
improvement in protein stores over the study period. It has often
been the clinical impression that patients look and feel better
within a few days of commencing IVN. These malnourished surgical
patients displayed significant alterations of mood - with high
levels of somatisation, depression and fatigue culminating in
abnormally high levels of psychological stress. This is not the
first time that malnutrition and altered mood states have been
linked. Keys noted an association through his studies of
experimental starvation in 1950. This association has been
recognised more recently through studies of cancer cachexia
(Westin et al 1988).It has also been demonstrated that over the
period of IVN there was a significant improvement in all symptom
dimensions and global scores indicating a reduction to near normal
levels of distress and fatigue.

As previously mentioned there was no significant gain in protein
stores over the study period. Recently Laessle et al 1988, by
means of a multivariate statistical approach, examined the
relationship between depression and starvation in a sample of 64
patients with anorexia nervosa or bulimia, In this study
depressive symptoms were shown not only to be related to

malnutrition as defined by lower body weight but also a depressive
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state was associated with more short term periods of acute
starvation (reflected by pathologically high 1levels of Beta-
hydroxybutyric acid), in the absence of weight loss. This study
may help to explain the prompt early improvement in psychological
function seen in my patient group..

This improved psychological function may not only be of extreme
assistance to the patient in the early post-operative period in
terms of early mobilisation and respiratory effort, but later it
may be of major importance in reducing the magnitude and duration

of post-operative fatigue.
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LEGENDS FOR TABLES

Table I Patients clinical data

Table 11 Clinical and Body Compositional Details of Patients

and Controls on Presentation

Table III Effect of IVN on Protein Stores and hepatosecretory

Proteins.
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TABLE 1

PATIENTS CLINICAL DATA

Number : 19

Sex (M:F) 10:9

DISEASE SURGERY
Ulcerative colitis - 4 Surgery - 2
- all severe colitis above rectum Conservative - 2

Crohn's disease -~ 15

All active disese - CDAI*254+100 (SD) Surgery - 8

- 2 severe colitis -

- 1 acute enterocutaneous fistula Conservative - 7
- 12 active small bowel disease

* Chron's disease activity index
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TABLE II

PATIENTS AND CONTROLS AT PRESENTATION

Controls Patients p*
Number 19 19 NS
Sex 10:9 10:9 NS
Age (y) 34 +9 30 + 12 NS
Height (cm) 169 + 7 168 + 8 NS
Weight (kg) 67.6 + 10.0 49.2 + 9.2 £0.001
TBP (kg) 11.3+ 2.6 7.3 + 2.2 £ 0.0001
TBF (kg) . 13.3 + 6.9 9.1 + 5.2 <0.01
RME/FFM -1 24,1 + 4.4 32.4 + 4.4 < 0.0001

(Kcal kg = day )

Shown X + 1 SD

* Paired 't' test

TBP = Total Body Protein

TBF = Total Body Fat

RME/FFM = Ratio of resting metabolic expenditure to the fat free body mass

_259_



TABLE IIX

CHANGES IN PROTEIN NUTRITURE OVER STUDY PERIOD

Weight ( kg)

TBP (kg)

Plasma
Transferrin
(mg/dl)

Plasma
Pre<Albumin

(mg/d1)

Controls Patients
Day O Day 14
67.6 + 2.3* 49.2 + 2.1 49.1 +
XXXX NS
11.3 + 0.6 7.3 + 0.5 7.5 +
XXXX NS
263 + 8 215 + 12 253 +
X b'd :
NS
24.0 + 1.0 19.0 + 2.0 27.5 +
X
NS

1.8

0.5

23

2.3

* shown x + SEM

TBP = Total Body Protein

* Paired 't' test.

x PZ0.05
xxxx P < 0.0005
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FIGURE LEGERDS

Fig.I.

Fig. II

Fig,III

Comparison of the SCL symptom profile at the time of
commencing IVN (A) to that profile 14 days later (B).
Shown are the means and standard errors of the means
and these are expressed as T-scores and % ranks. The
mean value for normative data is indicated by the
horizontal line T = 50,

* Indicates a significant difference between mean

values (*P < 0.05, ** P < 0.0005)

Comparison of the POMS symptom profile at the time of
commencing IVN (A) to that profile 14 days later (B),
Shown are the means and standard errors of the mean
and these are expressed as T scores,

The mean value for normative data is indicated by the

horizontal line T = 50,

Comparison of the mean values for the mood score
(POMS) and fatigue score (Christensen) at the time
of commencing IVN (A) to that value 14 days later (B)
Also shown is the standard error of the mean.

* Indicates a significant difference between mean

values (* P < 0.05, ** P < 0.005).
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SECTIOR 6 : SUMMARY AND CONCLUSIONS
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CHAPTER 25 : SUMMARY AND CONCLUSIONS

I have endeavoured in this thesis to convey some of the
nutritional problems endured by the brave and chiefly young
patients with IBD.Clearly as a group these patients uniformly
suffer from varying degrees of PEM together with its associated
organ dysfunction . At the time of writing this thesis however,
little was known of the nutritional status of the ambulatory
patient with IBD, and confusion still existed over the long term
nutritional changes following colectomy for colitis. Furthermore,
despite there being experimental data to suggest that
nutritional repletion (IVN) when given to these patients may
result in an accumulation of muscle glycogen, an increase in body
fat and possibly a slower accumulation of protein associated in
these patients with a partial restoration of muscle fibre type,
there was not a single randomised prospective trial indicating
any primary therapeutic benefit from such treatment and
nutritional therapy still remained contentious for this group of
surgical patients,

In my first clinical study I described the body compositional data
of a large group of patients presenting with different clinical
presentations of IBD,

Unlike previous studies this was not dependent on inferences
made from indirect measurements of nutritional status. Protein
depletion was found to span a wide range of clinical

presentations., Severe levels were present in those patients
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presenting with acute exacerbations to hospital, The extra
stress of a major surgical complication was found to result in
further deterioration of the patients protein stores, resulting
in a further deterioration in skeletal muscle function. Protein
depletion was found not only to be confined to those patients
suffering from acute illness but was also present in patients
presenting for elective surgery. For the first time a persisting
level of protein depletion was also found to be present in the
ambulatory patient with IBD who was in clinical remission.

The situation for fully convalescent post-operative patients with
colitis was found to be quite different. Contrary to previously
published work discussed in the text, there was no evidence for
either persisting protein depletion or water depletion in patients
with either well functioning ileostomies or J-pouches.

In the second clinical study through the examination of the
longitudinal changes in body composition in a group of patients
undergoing J-pouch formation for ulcerative colitis covering at
least a 12 month period, the timing and nature of this restorative
process was clarified further. Twelve months later all the
patients were in good health, back to work and had normally
functioning pouches. Their stores of body protein and hydrational
state had returned to normal limits although their body fat
stores were increased. Over the post-operative period there were
significant losses of weight, TBP, FFM and TBW. These had returned
to pre-operative values ( but not to normal) three months later.
I concluded from this study that protein depleted patients with

ulcerative colitis presenting for major surgery continue to have
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distorted body composition for several months post-operatively but
after 12 months or so when they feel well, contrary to previous
reports (Cooper et al 1986, Turnberg et al 1978) .. :i. body
composition has returned to normal,

Many authorities believe that patients with conventional
ileostomies are chronically water and salt deéleted (Clarke et al
1967b). The longitudinal data on patients following J=-pouch
suggested normal stores of water and salt but did not clarify the
situation for ileostomy and whether the superior function of the
J-pouch conferred any advantage over conventional ileostomy.

I attempted to clarify this observation in the 3rd study. The
body composition of 14 patients with well functioning ileostomies
and 20 patients with well functioning J-pouches together with
their closely matched controls, was examined.

The results confirmed that the body contents of water and
extracellular fluid in ileostomy patients and J-pouch patients
were normal. The faecal volume and chemistry were similar in both
groups resulting in a similar and significant degree of urinary
retention.

This study was important as it clarified a previous misconception
(Clarke et al 1967b) 1y ,140 stresses that despite having
demonstrated normal body stores of water and salt in these
patients, both groups of patients remained still dependent on
renal conservation mechanisms to compensate for their obligate
faecal losses of salt and water. These compensatory mechanisms
known to increase the incidence of renal calculi in ileostomy

(Clarke et al 1967a)

patients would therefore probably result in
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similar problems in patients after J-pouch,

The risk of wurinary stone formation was determined from the
composition of their 24 hour urine samples,

The effect of ileostomy or J-pouch was found to significantly
reduce urinary pH and volume consistent with their persistent
faecal loss of water, sodium and bicarbonate. This reduced urine
volume produces an increased concentration of urinary calcium,
oxalate and uric acid. Both patient groups were found to have
significantly increased relative supersaturations for both uric
acid and calcium oxalate.

Interestingly the risk for calcium stone formation was not found
to be increased in the J-pouch group. This was because the
raised concentration of the calcium and oxalate were compensated
by the lowered urinary pH, in the presence of near normal values
of urinary GAGS.

Overall, there were few differences in the urinary chemistry
between the two patient groups consistent with their similar
faecal losses. One difference however was a higher urinary GAGS
concentration in the J-pouch group which led to a reduction of the
risk of calcium stone formation. Whether this would lead to an
actual clinical difference in the respective incidences of kidney
stones for these two patient groups remains to be seen,

In the last clinical section of this thesis the effect of a 14 day
course of IVN was assessed in a group of patients suffering from
severe exacerbations of IBD. In particular the effects on skeletal
muscle function, respiratory muscle function, hepatosecretory

function, wound healing and psychological function were examined
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in addition to changes in body composition at the commencement of
a 14 day course of IVN and 7 and 14 days later, Final
measurements were made after recovery approximately 200 days
later.

Compared to a group of matched controls the patients had 1lost
approximately 35% of their body protein stores with accompanying
physiological impairments of 20-40% and displayed high levels of
psychological stress. After a few days of IVN there were
improvements in all the physiological measurements ( "\ 12%) A
significant improvement to near normal levels of psychological
distress and fatigue occured , but no significant changes in total
body protein. During convalescence there were further improvements
in physiological function but these were accompanied by an
increase in the body stores of protein, and as a consequence
occurred over a longer time scale.

I concluded from these studies that there is an early rapid
improvement in physiological function with IVN in patients
hospitalised for acute exacerbations of IBD even though this is
not accompanied by significant protein gain. Later during anabolic
recovery physiological improvements occur in association with
repletion of total body protein but this is a much slower process
over many months.

It would appear from previous work (Windsor et al 1988a) that the
magnitude of these improvements are probably sufficient to be
clinically beneficial . It will be of considerable interest to see
if similar or even more significant improvements accompany

nutritional replenishment with an enteral diet.
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What has this thesis meant to the busy clinician whose task it is

to manage patients with IBD?

The thesis has clarified the following clinical areas:-

1)

2)

3)

4)

5)

It re-affirms the high prevalence of PEM in patients
presenting with acute exacerbations of IBD and establishes
the existence of persisting protein deficits in patients
even in clinical remission.

It illustrates the close relationship between protein
depletion and physiological functional impairment.

It confirms that protein depleted patients with ulcerative
colitis presenting for major surgery continue to have
distorted body composition for several months post-
operatively but after 12 months, body composition will

be returned to normal,

It establishes that contrary to previous work patients with
ileostomy and J-pouch do not have any whole body deficits
of salt or water, Nevertheless these patients are still
dependent on renal compensatory mechanisms which result in
similar risks of forming renal calculi.

It establishes that nutritional support with IVN prevents
further loss of total body protein, Furthermore within a few
days of IVN respiratory muscle function, skeletal muscle
function, hepatosecretory function, the wound healing
response and psychological function will uniformly
improve significantly but not to normal. Furthermore

the magnitude of these improvements although incomplete

is probably sufficient to be clinically beneficial.
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6)

Further improvement in function can only be associated
with increases in the body stores of protein and is as

a consequence a much slower process.

It highlights the need for new definitions of
nutritional depletion and repletion by which we must
assess the efficacy of future nutritional regimens

in hospitalised patients with IBD.
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