
1+1 National Library
of Canada

Acquisitions and
Bibliographie services Branch

395 Wellinglon Street
Oltawa. Ori13no
K1A()N4

NOTICE

Bibliothèque nationale
du Canada

Direction des acquisitions ,-:
des services bibliographiques

395. rue Welbnglon
Oltawa (On13no)
K1A()N4

AVIS

The quality of this microform is
heavily dependent upon the
quality of the original thesis
submitted for microfilming.
Every effort has been made to
ensure the highest quality of
reproduction possible.

If pages are missing, contact the
university which granted the
degree.

Sorne pages may have indistinct
print especially if the original
pages were typed with a poor
typewriter ribbon or if the
university sent us an inferior
photocopy.

Reproduction in full or in part of
this microform is governed by
the Canadian Copyright Act,
R.S.C. 1970, c. C-aO, and
subsequent amendments.

Canada

La qualité de cette microforme
dépend grandement de la qualité
de la thèse soumise au
microfilmage. Nous avons tout
fait pour assurer une qualité
supérieure de reproduction.

S'il manque des pages, veuillez
communiquer avec l'université
qui a conféré le grade.

La qualité d'impression de
certaines pages peut laisser à .
désirer, surtout si les pages
originales ont été
dactylographiées à l'aide d'un
ruban usé ou si l'université nous
a fait parvenir une photocopie de
qualité inférieure.

La reproduction, même partielle,
de cette microforme est soumise
à la Loi canadienne sur le droit
d'auteur, SRC 1970, c. C-30, et
ses amendements subséquents.



••

THE ROLE,OFMALNUTRITION IN
PROLOt\:GED..·RESPIRATORY

.'.··:f.AIÎ..URE:.THE;.EgE:~êT'::OE..:·>.· .
ACCEL~RAt~Q.·.::~.tJ~jJ"lÔNÂ~:.·,,::,,:, ••,:···.·•.···: ::

REHABIL.ITATION ',':: , , :', .
", ,. :., :',- ::~ .,: ; .. :.~:" ':'. - . :. . . ' ..~::

.'.' ..... ..'.....:..::" .::: ..': ..:', ··:"~···::.:·:: ..::.;"?i~,~{iE:.;·():::.;t: :: .. ::.,::....;\;::.;.'::~.:, .. ::

Submitted to the
Faculty of Graduate Studies and Research

in partial fulfilment of the requirements
for the degree of Master of Science

atthe

School of Dietetics and Human Nutrition
McGiII University
Montreal. Quebec

by

Candace Hinze

April 1995

@Candace Hinze. 1995



1+1 National Ub
of Canada rary

Acquisitions and
Bibliographic 5er.nces Branch

395 Wollington Street
Ottawa. Oiitatio
K1AQN4

Bibliothèque nationale
du Canada

Direction des acquisitions et
des services bibliographiques

395. rue Wellington
Ottawa (OntariO)
K1AQN4

THE AUTHOR HAS GRANTED AN
IRREVOCABLE NON-EXCLUSIVE
LICENCE ALLOWING THE NATIONAL
LIBRARY OF CANADA TO
REPRODUCE, LOAN, DISTRIBU!'E OR
SELL COPIES OF HISIHER THESIS BY
ANY MEANS AND IN ANY FORM OR
FORMAT, MAKING THIS THESIS
AVAILABLE TO INTERESTED
PERSONS.

THE AUTHOR RETAINS OWNERSHIP
OF THE COPYRIGHT IN HISIHER
THESIS. NEITHER THE THESIS NOR
SUBSTANTIAL EXTRACTS FROM IT
MAY BE PRINTED OR OTHERWISE
REPRODUCED WITHOUT HISIHER
PERMISSION.

ISBN 0-612-05563-9

Canad~

L'AUTEUR A ACCORDE UNE LICENCE
IRREVOCABLE ET NON EXCLUSIVE
PERMETTANT A LA BIBLIOTHEQUE
NATIONALE DU CANADA DE
REPRODUIRE, PRETER, DISTRIBUER
OU VENDRE DES COPIES DE SA
THESE DE QUELQUE MANIERE ET
SOUS QUELQUE FORME QUE CE SOIT
POUR MEl IRE DES EXEMPLAIRES DE
CETTE THESE A LA DISPOSmON DES
PERSONNE INTERESSEES.

L'AUTEUR CONSERVE LA PROPRIETE
u~ DROIT D'AUTEUR QUI PROTEGE
SA THESE. NI LA THESE NI DES
EXTRAITS SUBSTANTIELS DE CELLE­
CI NE DOIVENT ETRE IMPRIMES OU
AUTREMENT REPRODUITS SANS SON
AUTORISATION.



•

:-.

THESIS SUBMISSION: SHORTENEP VERSION OF THESIS TlTLE

BOlE OF MALNUTRITION IN PROLONGED RESPIRATORY FAILUBE



•

•

TABLE OF CONTENTS

Abstract 1
Acknowledgements 2
List of Tables 3
List of Figures 4
Introduction 5

1. Relationship between Protein-Energy Malnutrition and Respiratory Status 6

1.1 Definitions and Basic Concepts 6

1.1.1 Protein-Energy Malnutrition 6
1.1.1.1 Composition of Weight Loss During Semistarvation6
1.1.1.2 Adaption of Semistarvation 7
1.1.1.3 Diagnosis of Protein-Energy Malnutrition 8

1.1.2 Energy Metabolism 12
1.1.2.1 Energy Stores 12
1.1.2.2 Energy Balance 13
1.1.2.3 Determinants of Energy Expenditure 13
1.1.2.4 Resting Metabolic Rate (RMR) 14
1.1.2.5 Factors that Affect RMR 14

1.1.3 Techniques for Measuring Energy Expenditure 15
1.1.3.1 Direct and Indirect Calorimetry 15

1.1.4 Techniques for Measuring Protein Stores 16
1.1.4.1 Nitrogen Balance 16

1.1.5 Respiratory Oisease in Health and Disease 17
1.1.5.1 Control of the Respiratory System 18
1.1.5.2 Chronic Obstructive Pulmonary Oisease (COPD) 19
1.1.5.3 Respiratory Failure 20
1.1.5.4 Mechanical Ventilation 20

1.2 Prevalence of Malnutrition in COPO 23
1.2.1 High Incidence of Protein-Energy Malnutrition 23
1.2.2 Vitamin and Mineral Status in COPO 25

1.3 Relationship between Nutritional Depletion and Sev9rity of COPO 27



•

•

1.4 Etiology of Protein-Energy Malnutrition in COPO 28

1.5 Nutritional Requirements in COPO 32
1.5.1 Interrelationship between Protein and Energy

Intake in PEM 32
1.5.2 Protein Requirements 33
1.5.3 Energy Requirements 34
1.5.4 Appropriate Composition of Non-Protein Energy 35

1.6 Effects of Protein-Energy Malnutrition on Pulmonary Status 36

1.7 Proposed Mechanism for Prolonged Respiratory Failure in COPO 41

2. Growth Hormone 44

2.1 Physiology of Growth Hormone Synthesis and Secretion 44
2.1.1 Circulating Forms of Growth Hormone 44
2.1.2 Control of Growth Hormone Secretion 45

2.1.2.1 Hormonal Control 45
2.1.2.2 Pattern of Release 46
2.1.2.3. Influence of Nutritional Status 46

2.1.3 Growth Hormone Binding Proteins and Receptors 47

2.2 Metabolic Effects of Growth Hormone 48
2.2.1 Glucose Metabolism 48
22.2 Lipid Metabolism 48
2.2.3 Protein Metabolism 49
2.2.4 Fluid Homeostasis 50
2.2.5 Energy Expenditure 51

2.3 Insulin Growth Factors 51
2.3.1 Insulin Growth Factor Binding Proteins (IGFBP) 52

2.3.1.1 IGFBP-3 52
2.3.1.2 IGFBP-1 53
23.1.3 IGFBP-253

2.4 Influence of Critical Care on Growth Hormone and IGF-1 54

2.5 Historical Use of Growth Hormone 54

2.6 Clinical Trials using Pharmacologie Doses of RhGH 55



• 3. Research Rationale and Hypotheses 60
3.1 Rationale 60
3.2 Hypotheses 60

•

4. Materials and Methods 62

4.1 Experimental Design 62

4.2 Recombinant Human Growth Hormone 63
4.2.1 Dosage and Administration 63
4.2.2 Blinding 63

4.3 Subjects 64

4.4 Sample Size 66

4.5 Patient Assignment and Randomization Procedure 66

4.6 Research Facility 67

4.7 Nutritional Support Protocol68

4.8 Weaning Protocol 70

4.9 Respiratory Muscle Strength 71

4.10 Peripheral Muscle Strength 71

4.11 Nitrogen Balance Studies 72

4.12 Laboratory Indices 73

4.13 Indirect Calorimetry 75

4.14 Hazards to Subjects and Informed Consent 76

4.15 Statistical Analysis 78

5. Results 79

5.1 Patient Recruitment 79

5.2 Study Period 83



• Compatibility Variables 835.3
5.3.1 Subject Baseline Characteristics 83
5.3.2 Cortisol 87
5.3.3 Magnesium 87
5.3.4 Protein Concentrations 87
5.3.5 Vitamin B,2' Folate and Iron 90

5.4 Nutritional Support Protocol 90
5.4.1 Energy Intake 94
5.4.2 Protein Intake 94

5.5 Confirmatory Variables 94
5.5.1 Insulin-Iike Growth Factor-1 98
5.5.2 Nitrogen Balance Studies 98
5.5.3 Glucose Levels 102
5.5.4 Fluid Balance 102
5.5.5 Urinary Sodium Excretion 105
5.5.6 Insulin 105

5.6 Standarclization of Respiratory Care 105
5.6.1 Adherence to Weaning Protocol 105
5.6.2 Weaning Trials 105

5.7 Outcome Variables 107
5.7.1 Maximal Inspiratory Pressure 107
5.7.2 Pressure Support Ventilation 108
5.7.3 Time to Successful Weaning 111
5.7.4 Peripheral Muscle Strength 111

6. Discussion 114

6.1 Patient Recruitment 114

6.2 Baseline Subject Characteristics 115

6.3 Confirmatory Variables 117

6.4 Outcome Variables 119

7. Conclusions 120

• 8. Bibliography 122

9. Appendices 140



•

•

1

The Role of Malnutrition in Prolonged Respiratory Failure: The Effeets of

Aeeelerated Nutritional Rehabilitation

by Candaee Hinze

Abstraet

To investigate the possibility that malnutrition is an important factor that prolongs

respiratory failure (PRF), 1 studied the effects of pharmacologie injections of

recombinant human growth hormone (rhGH), an important anabolie stimulus, on

nutritional and respiratory parameters in patients requiring meehanical ventilation

for more than three days. Patients were exeluded trom consideration if dominating

factors known to prolong ventilatory failure had not been stabilized. Over ten

months, 106 patients in PRF were evaluated. but only six met the selection criteria.

Three patients were randomized to receive standard nutritional support. and three

into a group that received the equivalent nutrition plus 5 mglday of rhGH for 14

days or until withdrawal of mechanical ventilation. Baseline characteristics of the

selected patients were divergent as demonstrated by body mass indexes ranging

from 14 to 42 (kg/m~. baseline maximal inspiratory pressures (PI.....) trom -15 to -70

cm H20. and Day 1 N balances from -13.5 to 1.2 9 N/day. Oespite increased

plasma insulin-like growth factor-1 concentrations, the mean daily N balances of the

rhGH-treated group were no better than the controls (1.3±5.0 vs. 0.4±2.6 9 N/day;

Mean±SO). nor were there differences in P11'Illlll' level of ventilatory assistance

required. and days to weaning. The persistence of respiratory failure in the

overwhelming majority of Pliltients in PRF appears to be due te factors already

known to prevent weaning from mechanical ventilation. Even the caretully selected

patients enrolled in the present study were insufficïently homogeneous or stable

enough to allow proper testing of the experimental hypothesis.
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Rôle de la malnutrition dans l'insuffisance respiratoire prolongée:
Les effets d'un rétablissement nutritionnel accéléré

par Candace Hinze
Résumé

Pour vérifier l'hypothèse selon laquelle la malnutrition serait un facteur clé dans
l'insuffisance respiratoire prolongée (IRP), on a étudié les effets d'injections de doses
pharmacologiques d'hormone de croissance humaine recombinante (rhGH), un
important stimulus anabolisant, sur les paramètres nutritionnels et respiratoires che.z !~s

patients nécessitant une ventilation mécanique pendant au moins trois jours.
Ont été exclus les patients dont l'insuffisance iespiratoire n'était pas stabilisée
pour d'autres raisons médicales. Parmi les 106 patients évalués sur une période
de dix mois, seulement six ont répondu aux critères de sélection et ont reçu un
support nutritionnel standard. De plus, trois de ces patients, choisis au hasard
ont reçu 5 mg~our de rhGH. Ce traitement a été donné pendant 14 jours ou
jusqu'au retrait de la ventilation mécanique. les caractéristiques de base des
patients sélectionnés étaient très variables, à savoir: des indices de masse corporelle
allant de 14 à 42 (kg/m2

) , des pressions inspiratoires maximales de base (PI max)
de -15 à -70. cm H20 et des bilans azotés de -13.5 à 1.2 g N~our. Malgré une
concentration plasmatique plus élevée de "IGF-1 chez les sujets recevant le traitement
hormonal, la moyenne de leurs bilans azotés quotidiens n'étaient pas plus élevée que
celle du groupe qui n'en recevait pas (1.3 ± 5.0 vs 0.4 ± 2.6 9 N~our; moyenne ± ecart­
type). les paramètres tels que Plmax, le niveau d'aide respiratoire requis et le nombre
de jours précédant le sevrage du respirateur n'étaient pas non plus différents entre les
deux groupes. la persistance de l'insuffisance respiratoire chez la grande majorité des
patients souffrant de IRP, semble être causée par d'autres facteurs déjà reconnus qui
retardent le sevrage du respirateur mécanique. Même si les patients étaient
soigneusement sélectionnés pour cette étude, ils ne formaient pas un groupe
suffisamment stable et homogène pour permettre la vérification de notre hypothèse.
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Introduction

Respiratory failure occurs when the workload of breathing imposed on the

respiratory system exœeds its supply. One mode of lite sustaining therapy during

respiratory failure is mechanical ventilation. Some patients requiring mechanical

ventilation cannot be promptly weaned (1,2). These patients in prclonged

respiratory failure represent a high risk population with a morta:ity rate at discharge

reported to be up to 56% (1),

Protein-energy malnutrition (PEM) contributes to the pathophysiology of

respiratory failure. Diaphragmatic muscle mass is dramatically affected by PEM.

It has been shown at necropsy that a loss of 30% IBW corresponds to a 40% loss

in diaphragmatic muscle mass (3). This loss in respiratory muscle mass translates

into a functionalloss of respiratory muscle strength. Respiratory muscle strength,

as measured by maximal inspiratory pressures, is reduced in poorly nourished

patients when compared wiIh well-nourished contrais (4,5). Conversely, it has been

found that the restoration of protein-energy stores leads to improvements in

respiratory muscle strength (6-9). A 10% increase in body cell mass was found to

lead to a 25% improvemen~ in respiratory muscle strength (5). These studies

suggest that PEM plays a role in the pathophysiology of respiratory failure in

spontaneously breathing patients. However, once a machine takes over the work

of breathing, does nutrition play a role in prolonging respiratory failure? The

present study was designed to examine this question.

The text that follows includes a review of the basic concepts of the

relationship between protein-energy malnutrition and the respiratory system. This

is followed by a discussion of growth hormone, a potent anabolic agent, that was

used as a tocl te study this question, and finally by the rationale for and description

of the research plan of the present study.



•

•

6

1. RELATIONSHIP BElWEEN PROTEIN-ENERGY MALNUTRITION AND

RESPIRATORY FAlLURE

1.1 Definitions and Basic Concepts

1.1.1 Protein-Energy Malnutrition

Protein-energy malnutrition (PEM) may be defined as the pathologie

depletion of body protein and energy stores. It most olten results from consumption

of a diet insufficient to meet metabolic demands. In clinical practice, however,

increased metabolic rate and aceelerated protein breakdown that are characteristic

of catabolic i\Iness, contribute to the development of PEM Despite different, or

combined etiologies, the clinical manifestations of PEM are muscle wasting,

weakness, malaise, impaired wound healing, immunodeficiency, and ultimately

death.

1.1.1.1 Composition of Weight Loss Durinq Semistarvation

The severity of nutrient deprivation can be divided into two categories:

starvation, in which ail nutrient intake has ceased, or semistarvation, in which

nutrient intake is chronically inadequate. The focus of this discussion will be on the

latter. Semistarvation results in prolonged negative energy balance due to an

intake less tt ,an normal metabolic demands. To compensate for the energy deficit,

endogenous energy stores are oxidized leading to their graduai depletion. The

most easily identifiable result of this process is weight loss. Weight loss itself.

however. does not provide any insight regarding the alterations in body composition

that accompany semistarvation. The most detailed study conceming the affects of

semistarvation on body composition was completed by Ancel Keys and colleagues

during the 1940's in the famous Minnesota study. Thirty-twc young men

volunteered to consume 1600 kcal (6720 kJ), 50 9 protein diet that met

approximatety two-thirds their energy requirements for 24 weeks. By the end of the

study the mean total weight 1055 was 15.9 kg representing a Ioss of 23% total body
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weight The corresponding changes in body composition were 71 % and 24% 1055

offat and protein stores, respectively (10). These results showed that the 1055 of

protein stores in semistarvation is proportional to the 1055 of total body mass.

1.1.1.2. Adaptation to Sernistarvation

Adapting to semistarvation is the key to survival. Adaptation is characterized

by an attenuation of fat and protein stores depletion resulting from a reduction in

resting and total daily energy expenditure coupled with a depressed rate of protein

turnover, which together allow the body to remain in protein and energy balance

despite a low dietary intake. The process 'of adaptation to semistarvation can be

divided into the early and prolonged phases. Wlthin several days of eating a

semistarvation diet there is a decline in the resting metabolic rate (RMR). This

initial decline in RMR is thought to be hormonally mediated through alterations in

catecholamine metabolism and T3IT4 conversion (11).

To meet the challenge of prolonged semistarvation, RMR progressively declines.

Energy expenditure can decline by as much as 30-40%, as was observed in

prisoners of the Wars<m ghetto ofWorld War Il, and in normal volunteers subjected

to 24 weeks of semistarvation in the Minnesota experiment (10,12). This later

adaptation involves the saaifice of lean tissue stores. By reducing the lean tissue

stores, the body's metabolically active tissue, and therefore RMR, energy balance

can be renegotiated at a lower level of energy intake. In adapted semistarvation,

protein stores become depleted, but not to the point of unbearable consequences.

This is the result of àlanges in protein metabolism that serve to diminish the overall

loss of lean tissue. The efficiency of protein recycling is improved, which then

reduces the rate of protein loss. Secondly, as lean tissue stores become more

depleted, retention of dietary protein is increased, partly due to adaptive cellulai

metabolic changes. As semistarvation continues lean tissue stores decrease

raquiring fewer dietary amino acids to sustain îtself, coupled with improved

efficiency of protein recyc\ing and increased retention, a new equilibrium is reached
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and net body protein erosion is halted (11).

This life-saving accommodation to semistarvation is disrupted by physiologie

stresses, sueh as sepsis, trauma, or surgery. As previously discussed, the

physiologie response to catabolie iIIness leads to accelerated protein catabolism

and an elevation in energy expenditure. Food intake that was once adequate to

meet requirements in the previously aceommodated state is no longer suffieient,

and the patient begins to lose weight again.

The catabolie response to injury is mediated by counter-regulatory hormones

(cortisol and cathecholamines) and cytokines (tumor necrosis factor, or TNF, and

interleukin 1, 2, and 6). TNF is synthesized by macrophages and interleukin-1 by

monocytie phagocytes (13:14). Besides the metabolie alterations already

described, the catabolie response is also characterized by fever, malaise, a

decrease mean arterial pressure, and decreased systemie vaseular resistanee (14).

Another salient feature of the stress response is anorexia (14). Nevertheless, the

consequence of eatabolie stress superimposed onto an already malnourished state

is the rapid depletion of remaining central protein stores (15). With the depletion

of central protein stores, the life threatening repercussions of protein-energy

malnutrition become more evident

1.1.1.3 Diagnosis of Protein-Energy Malnutrition

The physiologie, biocliemical, and clinical characteristics of protein-energy

malnutrition vary aceording to the severity of the disease, the patient's age, and the

predominance of energy or protein deficiency. Assessment of nutritional status has

traditionally relied on measures of body composition. such as anthropometric and

biochemical data.

The severity of protein-energy malnutrition can be judged by anthropometric

measures. Anthropometry refers to the surface measurements of the human body

(16). Body weight, the fundamental anthropometric measure, can be simply and

accurately measured in ambulatory subjects. Using a simple beam balance, body
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weight can be measured with accuracy to one-hundredth of one percent (17). The

measurement of body weight in the hospitalized patient is more difficult requiring

a specialized chair or bed scale that is generally accurate t'J 0.1 kg (18). Weight

changes can serve as a rough estimate of unbalanced enp.;gy input to output given

a constant degree of hydration. A 1055 of more than 10 percent body weight in six

months represents "severe" weight 1055 and the presence of protein-energy

malnutrition should be suspecled (19). However, a limitation to using changes in

body weight as an indication of changes in nutritional status is the fact that

differences in weight due te fat, muscle, water and/or bone cannot be differentiated

(20). To further complicate matters, in advanced or complicated PEM there is an

increase in the extracellular fluid compartment that can essentially "mask" the loss

of body energy stores. During critical iIIness the proportion of patients with

generalized edema has been estimated to be up to 25% (21).

Body weight cao be evaluated by comparing present weight to usual body

weight, as above, or by comparing actual weight to established standards. The

most commonly used standards are the Metropolitan Lite Standard Tables of 1959.

These tables were developed by actuaries for use in the insurance industry. For

each height there is a corresponding "ideal weight" associated with the lowest

mortality rate. The degree of deviation from the "ideal weight" is used to classify

the severity of protein-energy malnutrition (22). A weight-height index of 8D-89%

mild to moderate and 70-79% severe depletion of protein-energy stores (23).

A major site of fat deposition in the human is subcutaneous (17). It is

believed to comprise 30-33% of the total body fat stores (18). Measuring skinfold

thickness, using calipers, at several strategic locations, the most common being

biceps, triceps, subscapular and suprailiac, provides an approximation of total

subcutaneous fat stores (24). An estimation of lean body mass can be determined

anthropometrically also. Mid-arm muscle circumference (MAMC) is calculated

using the measured triceps skinfold and mickirm circumference (MAC). The value

for MAMC is calculated by inserting these values into an equation;
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MAMC(cm)=MAC(cm)-Q.314 TSF(mm).

Results of skinfold anthropometry are interpreted either in comparison to

previous measurements in the same patient or in comparison to a standard

reference. One of the most frequently used standards is from Dumin and

Womersley (1979), who took measures in 569 healthy, noninstitutionalized subjects

(17). A valid reference standard must reflect the population being evaluated. This

is not always possible, for example in the hospitalized or chronically iII patients, for

which standards are not available.

To evaluate the status of the visceral protein compartment serum

concentration of selected proteins can be measured. These proteins are

synthesized by the liver and secreted into the plasma (25). It has been clearly

established that total hepatic protein and RNA levels decline during nutrient

deprivation leading to a decrease in serum concentrations of proteins synthesized

and secreted by the liver, such as albumin, prealbumin, retinol binding protein and

transferrin (25-27). The rate of decline in the serum levels of these proteins, due

to a decrease in synthesis, is proportional to their turnover rate. Hence, prealbumin

with a half-lite of 12 hours as compared to albumin (half-life=20 days) is a more

sensitive indicator of depletiQn of vis-::eral protein stores than is albumin (28,29).

Although a depression in serum protein concentrations can signal the

depletion of visceral protein stores, this marker is unfortunately not specifie. The

serum protein concentrations are also dependent on the liver function. Impaired

function reduces the liver's synthesizing capacity eventually leading to a decrease

in serum protein levels even when sufficient nutrients are available (31). Also, as

part of the acute phase response, liver albumin synthesis and export decreases

even in previously weil nourished patients. Hydration status also affects measured

serum protein concentrations. With total body water expansion, which is common

in critically iII patients, serum protein concentrations will appear lower because of

a dilutional affect and conver:sely. in dehydration will appear fictitiously high.

Over the past ten years there has been growing interest in the impact of
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nutrient deprivation and refeeding on the ''functional'' weil being of individuals

(8,9,32-35). Specifically, taols to assess skeletal muscle function have been

developed and validated. In hospitalized patients, who are unable to exercise on

a treadmill or stalionary bicycle, IWo methods have been used, hand dynamometry

and the adductor pollicis function test. Hand dynamometry measures the maximal

voluntary handgrip force generated. To measure the function of adductor pollicis

muscle, the ulnar nerve is stimulated electrically to induce contraction of this

muscle. The forces generated at different levels of electrical stimulation, and the

relaxation rate are recorded.

The usefulness of these tests is based on the observation that alterations in

muscle function precede changes in body composition during periods of nutrient

restriction and refeeding (33). In a study of six obese patients placed on a

hypocaloric diet (400 kcallday) followed by a fast, Russell and colleagues compared

the response of standard nutritional assessment parameters (serum albumin, serum

transferrin, creatinine height index, anthropometric, total body nitrogen and total

body potassium) to adductor pollicis function. Afler two weeks of a hypocaloric die!,

skeletal muscle function was significantly reduced accompanied by an increase in

muscle relaxation rate and force of contraction at low frequency stimulation (10Hz).

Refeeding prompted rapid normalization of muscle function parameters without

residuallosses after two weeks. The standard nutritional parameters measured did

not respond to nutrient restriction or refeeding (33). These results showed that

skeletal muscle function is mare sensitive to subtle changes in body function than

are measures of body composition during short term dietary restriction and

refeeding.

A series of metabolic changes in protein. energy. and minerai metabolism

that occur in response to nutrient deprivation within several hours or days are

thought to be responsible for the observed changes in skeletal muscle function

After two weeks of hypocaloric dieting (1680 kJ/day) significant increases in

intracellular calcium have been observed (32). Additionally. declines in muscle



•

•

12

enzymes have been associated with inadequate energy intakes (32). Alterations

in calcium metabolism and muscle enzyme levels most Iikely play a role in these

observed changes in skeletal muscle performance.

Beyond being a sensitive measure of nutrient deprivation and refeeding,

muscle function testing is also an effective predictor of postoperative complications.

Klidijian et al found in a study of 225 patients undergoing major abdominal surgery,

that preoperative hand dynamometry was a better predictor of postoperative

complications than was serum albumin, weight loss, or weight for height. Hand

dynamometry predicted postoperative complications in 48 of the 55 patients (87%)

making it a more sensitive indicator to identify postoperative complications than

albumin which detected postoperative complications in only 52% of patients (36).

1.1.2 Energy Metabolism

1.1.2.1. Eneray Stores

The fate of ingested carbohydrate, protein or fats is either to be oxidized to

produce energy or to be transformed into forms that can be stored as potential

energy (37). When exogenous fuel is not available as in an ovemight fast, the body

derives energy from its endogenous stores (17). The primary storage form of

energy is fat. A normal 70 kg male has approximately 16 kg of fat stored in adipose

tissue having the caloric value of 150,000 kcal (630,000 kJ) if oxidized. (37). The

protein content of a normal male is 11 kg which can be subdivided into 7 kg of

intracellular and 4 kg of extracellular protein. The Il kg of protein can yield 45,000

kcal (188,000 kJ) if oxidized. The extracellular component consists mainly of bone

ligament, tendons, cartilage and connective tissue that is not available to meet

metabolic demands. The intracellular proteins make up the body's active œil mass,

and serve many functions but are primarily contractile proteins and enzymes.

Protein from this compartment can be mobilized to provide glucose via

gluconeogenesis when energy balance is negative but should not be considered

a "protein store." Due to the essential functions performed by these proteins, the
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1055 of protein can lead to adverse functional consequences and is considered the

cause of death in long term starvation (11). Besides fat and protein, carbohydrate

is stored in the liver and muscle as glycogen. Glycogen stores contain 1,000-3,000

kcal (4,200-12,600 kJ) and can meet immediate energy demands, such as exercise.

1.1.2.2 Energy Balance

Energy balance is metabolizable energy in minus energy expended. Zero

energy balance is achieved when energy intake is equal to energy expended. If

energy intake is greater than energy expended, then the subject is in positive

energy balance and is storing energy. Negative energy balance occurs when

energy intake is less than that expended and endogenous energy stores are being

oxidized to provide energy (37).

1.1.2.3 Determinants of Energy Expenditure

During substrate oxidation a substantial portion of the liberated energy is

captured in the high energy bonds formed when ADP and inorganic phosphorus are

transformed into ATP. Conversely, energy expenditure is a term used to describe

the hydrolysis of ATP into ADP and inorganie phosphorus or of other high energy

bonds. Each fuel has a different heat of combustion and generates a different

amount of heat.

Energy expenditure can be divided into three major components. Resting

metabolie rate (RMR) or resting energy expenditure (REE) represents 60-70% of

tctal energy expended by most sedentary individuals. The thermie affect of

exercise (TEE) is the second largest component of energy expenditure and means

the work done by an individual on the environment. The TEE of an individual is

depandant on level of physical activity. TEE of an individual not involved in heavy

exercise accounts for 15-20% of total daily energy expenditure, but this can be

inereased by twofold with heavy exercise (37). The third component of energy

expenditure is the thermie affect of food (TEF), aise known as diet-induced
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thermogenesis (DIT). The TEF can account for 10% of the total daily energy

expenditure, but this is dapendent on several factors including the total energy

intake, and composition of meals (38-41). Postabsorptive processes are believed

responsible for TEF based on studies that showed a comparable effect when

nutrients were administered either oraUy or intravenously (37). The method of

enterai feeding delivery also exerts an influence on TEF. Intermittent bolus

feedings provided at zero energy balance were found to increase energy

expenditure by 8% ta 10%, an effect that persisted from 3 to 6 hours (42). By

changing to continuous enterai feedings daily total energy expenditure can be

reduced by 4% to 8%. If feedings are infused at a rate that exactly meets or faUs

just below total energy expenditure, there is no significant increase in REE over

fasting levels (41-43).

1.1.2.4 Resting Metabolic Rate (RMR)

RMR is the amount of energy expended by a resting individual in a

thermoneutral environment without the effects of physical activity. meal

eonsumption, or other physiologie or psychological stress (37,40,44). Basal

metabolie rc:lte (BMR) is defined as the minimal metabolie activity to maintain Iife

inc1uding the energy cost of maintaining th.:3 biochemical and structural integrity of

the body, and the cost of performing work, ion pumps, synthesis and degradation

of cellular constituents (37). In addition to the eond:iions listed above, BMR

measurements must be conducted upon awakening in the moming after 12-18

hours of rest and may be slightly lower than the RMR (17,30).

1.1.2.5 Factors that Affect RMR

Age. Inereasing age is associated with decreasing energy expenditure. as lean

body mass decreases and total body fat increases (45).

Sex. Males are more likely to have higher energy expenditure than females of

similar size due to an increase of Jean tissue mass. Thus the difference between
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the sexes is more pronounced when expressed in units of kg per body weight and

becomes distinguishable when based on fat free mass (45).

Body Temperature. Humans, as with other homeotropic species, maintain a

constant body temperature independent of the environmental temperature. The

influence of body temperature was first characterized by DuBois, finding that

metabolic rate is increased by 13% per degree Celsius and 7.2% per degree

Fahrenheit. Conversely, a decrease in body temperature reduces metabolic

demands and leads to a decrease in energy expenditure (46).

Disease States. Most disease states increase RMR, an effect thought to be related

to the release of neurotransmitters and inflammatory mediators, futile substrate

cycles, and increases in protein tumover (47). The severity of the injury affects the

height of this energy response.

Drugs. The effects of various drugs on the metabolic rate are important in the

c1inical setting. Drugs that stimulate the sympathetic nervous system can increase

energy expenditure, while, anaesthetics and sedatives can have a depressive

effect. This will be discussed in detail in Section 1.4.

1.1.3 Techniques for Measuring Energy Expenditure

1.1.3.1 Direct and Indirect Calorimetrv

Oxidation is the final common palhway for al1 the cel1ular fuels, carbohydrate,

fat and protein. During oxidation chemical energy is released as cellular fuels are

ultimately broken down into carbon dioxide and water. Some of this chemical

energy is captured in the high energy phosphate bonds of ATP and the remaining

is lost as heal Direct and indirect calorimetry, two distinct types of calorimetry,

measure two different products of the same reaction and provide identical rates

within 2% of energy expenditure under steady state conditions (48).

With the technique of direct calorimetry, a direct measurement of heat loss

is obtained. The total heat loss is equal to the rate of energy utilization when the

body temperature is constant (49). To measure heat generation a subject is
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confined in a thermically isolated chamber. Because the apparatus required is

costly and requires that the subject remain in a physically isolated environment, il

is not a feasible method to measure energy expenditure in the clinical setting.

By contrast indirect calorimetry utilizes less costly mobile equipment, making

bedside evaluations possible. The use of indirect calorimetry in the clinical setting

is becoming more widespread (50). The term "indirect" refers to the tact that energy

(heat) production is based on measurements of the materials consumed and

produced during metabolism. Specifically, it involves the measurement of oxygen

consumption (02) and carbon dioxide production (C02) (51,52).

The abbreviated Weir equation is trequently used to determine energy

expenditure trom V02 and VC02 (53). The Weir equation is:

Energy Expenditure=(3.94 x V02) + (1.11 X VC02)

As is shown by the equation, V02 consumed is the greater determinant of energy

expenditure. The ratio of carbon dioxide produced to oxygen consumed, the

respiratory quotient, can be easily calculated and provides information about

substrate utilization (54). The oxidation of each fuel (carbohydrate, tat and protein)

consumes differing amounts of oxygen and produces a distinct amount of carbon

dioxide (55-57).

1.1.4 Techniques for Measuring Protein Stores

1.1.4.1 Nitrogen Balance .

Nitrogen (N) balance is the most widely used method to detect changes in

lean body mass (LBM). The concept is simple. N intake and output are measured.

The difference represents the change in body N stores. When the N input exœeds

output, one is in positive N balance and this suggests N retention. Conversely,

when N intake is less than output, the subject is in negative nitrogen balance. A

limitation of this method as with other balance techniques is that it cannot quantify

the absolute amount of body N, only changes in it (37).

ln practice, aceurate N balance studies are difficult to achieve. First, ail
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intake must be carefully analyzed for protein content. This is simplified in patients

receiving Total Parenteral Nutrition (TPN) or enterai nutrition for the protein content

Iisted by the manufacturer's is fairly accurate. The protein content of formula is

within 5% of that Iisted (58). N input can be easily calculated using the relationship

of ingested protein divided by 6.25. Secondly, the exact portion size of ail food

must be determined by weighing ail food before and after meal service.

The largest loss of N is in the urine, being the route of excretion for the end

products of N metabolism. Urea is synthesized in the liver and is distributed

throughout the total body water. Urea comprises 80% of total urinary nitrogen (TUN)

(59). During periods of physiologie stress, however, the ratio of urinary urea N

(UUN) to TUN is not constant and has been found to vary from 10-90% (59).

Besides urine, the N content from ail bodily excrement including stool, any

drainage, integumental and miscellaneous (blood, sweat, saliva, and tears) sources

must be collected to obtain absolute N output determinations (59). The

measurement of ail the excrèta is not always possible in the clinical setting. As a

result, most commonly urine samples are collected, white integumental and faecal

losses are estimated (60).

Total urinary creatinine can be' measured daily to validate of the

completeness of urine collections. Creatinine is the component of urinary nitrogen

that is the waste product of creatine. Creatinine is the by-product of

phosphocreatine. a high energy phosphate form of creatine used in muscle

metabolism. The formation of creatinine is constant within individuals and

represents 1.7% to 2.0% of the creatine produced (61).

1.1.5 Respiratory System in Health and Disease

The interrelationship between protein-energy malnutrition and the respiratory

system has been long reeognized. and is the subject of this research. This section

provides background information about the respiratory system.
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1.1.5.1 Control of the Respiratory System

A series of complex interactions between the nervous system and the

respiratory musculature control respiration. These interactions enable the

respiratory system to respond to changing metabolic demands. which are integrally

related to overall substrate use.

Automatic respiration is govemed by the brain stem. whereas voluntary

breathing is controlled by the cerebral cortex (62). The signais generated by the

central nervous system (CNS~ are modified in the spinal cortex by afferent impulses

from the periphery in response to changes in metabolism. These modifying

messages originate in the peripheral chemoreceptors that respond to changes in

Pa02. Pa02• and pH. Chemoreceptor activity is stimulated by a reduction in Pa~.

and pH. and an increase in PaC02. The response is an increase in minute

ventilation (tidal volume times respiratory rate). Central chemoreceptors of the

medulla respond to changes in PaC02and pH. but do not respond to changes in

Pa02 (62). Therefore. changes in substrate utilizalion can affect the demands

placed on the respiratory system.

Protein intake, Independent of its effect on PaC02and Pa02, can influence

ventilatory drive (63,64). Askanazi and colleagues found in normal subjects

receiving 7 days of infusions of either S% dextrose or an isotonie amine acid

solution, the group receiving amino acids had an enhanced ventilatory drive. A

similar response was seen in nutritionally depleted patients who received either

high protein (121 9 Iday) or low protein (21 g/day) TPN. The group receiving the

high protein TPN had an enhanced ventilaiory response to PaC02• evidenced by

a reduction in PaC~ from 39.9 mm Hg to 37.6 mm Hg (p<O.OS) (63).

Along with an intact CNS, adequate strength and endurance of the

respiratory muscles is mandatory for normal ventilation. A1though the actions of the

respiratory muscles are numerous, they can be divided into those whose primary

function is either inspiratory or expiratory. Inspiration is always an active process

involving muscular contraction. The diaphragm is the main muscle of inspiration.
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It is a thin dome-shaped muscle that moves down when it contracts thus generating

a negative pleural pressure that initiates airflow into the lungs. (65). Expiration is

usually passive, but is an active process when demands on the respiratory system

are high. The strength of the respiratory muscles can be assessed by measuring

the maximal pressures that can be generated during inspiration and expiration,

called peak inspiratory (PI_) and expiratory (PE_), respectively.

1.1.5.2 Chronic Obstructive Pulmonary Disease

ln the broad sense pulmonary disease can be classified as obstructive

airflow and restrictive disease, both chronic and acute. As the name implies,

chronic obstructive pulmonary disease (COPO) is characterized by persistent

slowing of airflow after expiration (66). COPO is an iII defined term applied to

patients with emphysema, chronic bronchitis or both. The clinical presentation of

COPO commonly includes dyspnea on exertion and a productive cough (66).

Cigarette smoking is amajor risk factor in the development of COPO (66).

Emphysema is an anatomie lesion of the lung. There is an enlargement of

the airway space distal to the terminal bronchiole. The clinical presentation

commonly includes complaints of shortness of breath for several years, chronic

cough, and poor exercise tolerance. It is characterized by a loss of alveolar wall

with destn'ction of the capillary beds (66).

Chronic bronchitis is characterized by excess mucus production in the

bronchial tree in quantities tt}at are sufficient to cause excessive expectoration of

sputum. Pathological findings are hypertrophy of mucous glands in the large

bronchi with the small ailways becoming narrow and showing inflammatory changes

including cellular infiltration and edema of walls (66).

The severity of COPO can be determined by chast radiography and

pulmonary function tests showing impaired expiratory airflow obstruction. The

simplest test is forced expiration. The forced expiratory volume in the first second

after maximal inspiration, (FEV,.o), is often severely reduced in COPO. For
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example, a young, healthy adult male may expire 4.0 L in the first second, while in

severe COPO this can decline to 0.8 L (66). Forced vital capacity (FVC) is the total

volume expired in one breath and is also reduced in COPO (66).

COPO is very common in the general population. Chronic bronchitis occurs

in 20% of ail males, while 66% of ail males and 25% of females have been found

to have chronic ernphysemà in post-mortem studies (67). In fact in the United

States, COPO is the second most common cause of disability under Social Security

(66).

1.1.5.3 Respiratory Failure

The most important and common cause of respiratory failure is an acute event

superimposed on chronic lung disease. Patients with COPO often follow a graduai

downhill course with increasing hypoxemia and CO2 retention. The acute

decompensation of the COPO patient is usually precipitated by an acute viral upper

or lower respiratory tract infection (66) which leads to rapid deterioration, due t~

their minimal pulmonary reserves.

1.1.5.4. Mechanical Ventilation

One form of lite sustaining treatment to manage respiratory failure is

mechanical ventilation. Mechanical ventilation refers to any method of breathing

in which a mechanical apparatus is used te augment or entirely satisfy the bulk flow

requirements of breathing (65). Ventilatory support has become very specialized

and complicated as the understanding of lung pathophysiology'and the design of

ventilators has improved (69).

The fundamental basis of mechanical ventilation is to generate positive

pressure in the airway sc that .transpulmonary pressure is positive. This causes the

lungs to inflate (70). The peak inflation pressure (PIP) required for adequate

ventilation is decided by five variables: compliance of the lungs and thorax (euJ.
airway resistance (R.w). tidal volume (v). inspiratory flow rate (VIa), and baseline
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pressure. The mathematical equation that relates these variables is (70):

PIP= JetA + (Raw X Via) + Baseline pressure

From this equation, one can see that several common features of COPD, such as

an increase in airway resistance, or a decrease in compliance, can increase PIP

requirements.

Ideally ventilatory support should be tailored to each patient's

pathophysiology. Therefore, no single mode exists for ail patients. The modes of

mechanical ventilation currently used range trom controlled mechanical ventilation

(no opportunity for the patient to breath spontaneously) to total spontaneous

ventilation with continuous positive airway pressure (CPAP). Partial ventilatory

support bridges the gap for patients who cannot entirely support their own

ventilatory needs. In controlled mechanical ventilation, volume or pressure, the

clinician selects the respiratory rate, tidal volume, inspiratory f10w rate and/or

pressure without allowing for spontaneous breathing. This mode of support is

inclicated for paralyzed or heavily sedated patients incapable of initiating breathing.

Assistee! mechanicaiventilation requires that the patient triggers each breath which

is supplemented by a set amount of positive pressure or volume. Assist-control

mechanical ventilation allows both spontaneous breaths and supported or

controlled breaths. In this mode, ventilation may be triggered by either the patient

or a timing device. The timing device is set at a minimal preselected respiratory

rate.

ln pressure support ventilation, the patient's spontaneous inspiration effort

is assisted by positive airway pressure. The patient contrais the ventilatory timing,

inspiratory f10w rate, and tidal volume. Consequently only patients with an intact

and reliable respiratory drive are suitable for this mode.

When the mechanically venblated patient responds to medical therapy, and

respiratory status begins te improve, attention becomes focused on withdrawal of

ventilatory support. This process of withdrawing mechanical ventilatory support is

commonly referred to as ''weaning'' from mechanical ventilation, and conceptually
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is the transfer of the work of breathing from ventilator to the patient. The Iikelihood

of successful weaning is a function of the interplay between the amount of work

required for breathing and the capacity of the ventilatory pump to do that work.

During mechanical ventilation maximal inspiratory pressure (PI.....) is

measured to assess respiratory muscle strength and hence their capacity to do the

work of breathing. To measure PI..... a' one-way valve is used that permits

exhalation while inhalation is blocked. This measurement is commonly taken for

at least 20 seconds to ensure that the patient is stressed to a level that results in

maximal contraction (71). Since respiratory muscle strength contributes to the

pathophysiology of respiratory failure, PI..... measurements are used to predict

weaning success. It is generallyaccepted that PI..... measurements of greater than

-30 cm H20 predict weaning success while worse than 20 -cm H20 predicts

weaning failure. As a reference point, a normal male can generate pressures of

100-140 -cm H20.

PI_ is a global assessment of inspiratory muscle strength and is not specifie

to just the diaphragm. To isolate the diaphragm's strength, transdiaphragmatic

pressure (T~ can be measured using balloons to find out gastric pressure and then

subtracting esophageal pressure (65). This procedure is invasive and difficult to

perform and for this reason is rarely used at the bedside.

There is no one standard procedure for weaning from mechanical ventilation.

Intermittent mechanical ventilation is commonly used in which the patient is allowed

to breathe spontaneously while the ventilator is set at specifie intervals to provide

mechanical inflation if needed. As the patient improves the set number of breaths

provided by the ventilator is gradually decreased. Pressure support ventilation

(PSV) is also used for weaning. When PSV is used the level of airway pressure

delivered by the ventilator is reduced in a stepwise manner as the patient takes

over the work of breathing (72). During the weaning process abrupt elevations in

PC02 and respiratory rate signal that the patients cannot tolerate the increase in

workload and is designated as ''failure'' to wean. Other signs of failure to wean
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include decreasing tidal volume, desaturation of arterial blood, and hemodynamic

changes.

Mechanical ventilation is becoming increasingly important in the

management of respiratory failure. Originally it was used almost exclusively as an

emergency procedure in resuscitation or as a last resort in the treatment of the

critically iII. Now its use is becoming more widespread. A 50% increase in the

number of patients receiving mechanical ventilation was observed over ten years,

from 1979-1989. A multi-centre study performed in 1989 (n=3884) reported that

49% of ail patients admitted to American intensive care units (ICU) required

mechanical ventilation (73).

With the expanded use of mechanical ventilation, some patients require

prolongecJ mechanical ventilation. These are patients who have failed previous

attempts to withdraw mechanical ventilatory support and resume spontaneous,

unassisted breathing. A1though a strict definition of prolonged mechanical

ventilation does not exist most authors agree that it is greater than two to three days

(1.2). Schmidt et al found 73% of ail medical patients receiving mechanical

ventilation required support for more than three days and that by day 7, 42% were

still not weaned (2).

This lite sustaining therapy is not banign. In a study of 100 ICU patients who

required more than two days of mechanical ventilation, Davis et al found an overall

mortality rate of 56% at discharge (1). Mortality rates were found to be greatly

influenced by patient's age and primary diagnosis. The lowest morality rate, 29%,

was found in patients with COPO as a primary diagnosis (1).

1.2 Prevalence of Malnutrition in COPD

1.2.1 Hiqh Incidence of Proteln-Energy Malnutrition

There is a high incidence ofproteirHmergy malnutrition in the COPO patient

population (5,8.24,74-76). Loss of body weight is the most easily detected measure

of protein-energy store depletion. It has baen known since the nineteenth century
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that emaeiation accompanies emphysema (12). Recent studies have found that

24% to 71 % of COPO patients are Jess than SO% ideal body weight (IBW) and/or

have reported recent weight loss. In a study of 779 outpatients with COPO, 24%

were malnourished which was defined as a weight less than SO% IBW (62). Braun

found that almost half (48%) of outpatients enrolled in a pulmonary rehabilitation

program (n=60) lost more than 5% total body weight within one year (76). In

hospitalized COPO patients, Hunter et al. observed a recent weight loss over an

unspecified time in 27 (71 %) of 38 patients. Nine of these patients showed a weight

loss of 1 to 10% of their usual weight, 7 lost between 11 and 20% of their usual

weight. and 11 more lost more than 21 % of their usual weight (74). More than half

of these outpatient COPO patients were less than 90% IBW (74).

The onset of progressive weight loss in patients with COPO is assoeiated

with increased mortality. Vandenburgh found the mortality rate 30% at 3 years and

4S% at 5 years after the onset of weight loss, as compared to 25% at 5 years for

those without weight loss (77). Anthropometrie measurements of triceps skinfolds

(TSF), mid arm circumference (MAC), and mid-arrn muscle eircumference (MAMC)

have been used to distinguish between the depletion of protein vs. energy stores

in the COPO patient population. Using these measurements. Hunter found

hospitalized COPO patients had significantly depleted protein-energy stores when

compared to the standard mean values (74). The depletion ofprotein-energy stores

was also observed in COPO outpatients. Braun et. al. found that 29% of non­

hospitalized COPO patients were less than SO% the mean standard and another

33% had severe losses of TSF defined as 60% or less of the mean standard (76).

As for MAMC. 53% were less than 90% the mean standard without any patients

under 60% the mean standard.

The visceral protein stores in patients with COPO appear to be spared as

evidenced by serum protein concentrations. Serum albumin levels have been

found to be within norrnallimits even in weight losing COPO patients (24.74.76).

Transferrin. which has a shorter half lite than albumin. has also been found to be
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within an acceptable range (24,74).

From this biochemical and anthropometric data, it appears that visceral

protein stores are preferentially retained at the expense of peripheral muscle mass

and fat stores in COPO. This is consistent with successful adaptation to

semistarvation. Ouring this adapted phase, amino acids are released trom

peripheral muscle mass and are used to protect the mass and function of the

"central" visceral o.'"9ans, such as the liver, gut and immune system (11). The result

is normal levels "circulating" visceral proteins, such as albumin and transferrin.

There is a simultaneous mobilization of fat stores initiated by low insulin levels.

The depletion of peripheral muscle and fat stores in COPO, as measured by

substandard TSF and MAMC, is consistent with adaptation te semistarvation.

1.2.2 Vitamin and Mineral Status in COPD

Unlike the documentation of PEM in COPO, there is very little data conceming

vitamin and minerai status of these patients. The intake of calcium, phosphorus,

iron, vitamin A, thiamin, riboflavin, niacin, and vitamin Chas been reported

adequate or even generous when compared to the Recommended Oaily Allowance

(RDA) (74,78). However, the results ofthese studies are suspect on two accounts.

First, dietary intake is based on dietary recall that may not accurately depict actual

diet&i)' intake. Additionally, the use of the ROAs as a standard for any group of

diseased individuals is not appropriate since the allowances were established for

a healthy population. Confirmation of alleged adequate nutrient intake has not

been backed up by sufficient biochemical analysis of vitamin and minerai status in

this patient population.

ln stable COPO outpatients serum calcium, magnesium (9,34), phosphorus

(34) and zinc (74) have been reported te be within normallimits. Likewise, rad cell

volume and serum iron studies have shawn that iron status is also within normal

Iimits in COPO (9,34,74). However, thesefiAdings must be interpreted with caution

since most patients with COPO have varying degrees of hypoxia causing
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polycythemia. Therefore, the elevations in the serum levels of iron status markers

may not be reflective of iron status, but instead reflect adjustments to hypoxemia

(74). The vitamin status of COPD patients has not been investigated except for

Driver et al who measured serum folic acid, vitamin A, carotene, vitamin 86, vitamin

C and vitamin E (79). Unfortunately, actual serum levels were not reported nor

compared to normal levels. The lack of dat: addressing the vitamin status of COPD

patients is astonishing considering the potential impact of deficiencies.

Unlike the stable outpatient COPO population, a high incidence of

hypomagnesemia has been reported during critical iIIness. Hypomagnesemia in

these patients has been reported to be from 9.5% to as high as 65% (8Q-82). The

etiology of magnesium deficiency in this patient population is multifactorial. First,

it is possible there is insufficient dietary intake of magnesium before acute i\Iness.

A1though dietary sources of magnesium are diverse, the typical American diet falls

below the RDA of 5 mglkg/day (83). Secondly, magnesium losses may be

amplified. Intestinal losses of magnesium are increased with diarrhea, intestinal

resection, or ragional radiation. The kidney is responsible for the fine regulation of

magnesium metabolism. Renal excretion of magnesium is increased with alcohol

consumption as evidenced by prevalence of magnesium deficiency in this

population. Magnesium reabsorption is also linked to calcium and sodium

excretion. Increased excretion of either of these cations leads to increased

excretion of magnesium. Therefore, diuretic drugs, commonly prescribed in the

critical care setting, which act by increasing 'urinary sodium excretion will also lead

to increased magnesium losses (81-83).

The consequence of magnesium deficiency in the critically iII patient with

minimal pulmonary reserves could be serious. Magnesium has multiple roles in

pulmonary structure and function. Magnesium inhibits vasoconstriction through ils

interactions with calcium. Calcium binds to sites that lead to smooth muscle

contraction. Thus a magnesium deficiency enhances the action of calcium (81).

Hypomagnesemia is also associated with a loss in respiratory muscle strength. In
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a controlled study of 17 critically iII patients with hypomagnesemia, Molloy showed

improvements in respiratory muscle strength as measured by PI""", and maximal

expiratory pressure (PE""",) with the administration of magnesium while there was

no change in the control patients (84). Conversely, magnesium excess can cause

vasodilatation as was shawn in a study of six patients with severe, acute bronchial

asthma. These patients had normal serum magnesium levels, and responded to

intravenously administered magnesium with increased bronchodilatation.

1.3 Relationship between Nutritional Depletion and Severity of capo
The degree of nutritional depletion in COPO is related to the severity of the

disease (79,85). This was first shawn by Driver who compared the nutritional status

of inpatients with capo in acute respiratory failure (n=9) to stable outpatients with

capo. Body weight was significantly lower in the acutely iIl group (p<0.01) with a

mean weight difference of 19%. Body protein and fat stores, as measured by

triceps skinfold and mid-arm muscle circumference, were markedly depleted in

almost half of the patients with respiratory failure. Significant differences were also

seen in serum transferrin and retinol binding protein levels reflecting depleted

visceral protein stores in advanced disease.

ln a cross-sectional study of 90 patients with varying degrees of capo,
Ficcardori et al confirmed that nutritional status deteriorates as capo worsens.

Patients were divided into three groups: outpatients, hospitalized. and hospitalized

in acute respiratory failure requiring ventilatory support. Of the anthropometric

measures. % IBM, TEF and MAMC, ail were significantly lower in the two inpatient

groups as compared to the outpatient group (85). This observation showed that fat

stores and peripheral protein mass become increasingly depleted as disease

progresses (79). Depletion of visceral protein stores, as measured by albumin, was

more advanced in the inpatient groups as compared to outpatients.

Hypoalbuminemia as found in the inpatient group is consistent with disruption of the

adaptation to semistarvation as precipitated by metabolic stress leading eventually
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to a depletion of "central" visceral protein stores (11).

1.4 Etiology of Protein-Energy Malnutrition in COPO

The deterioration of nutritional status is of great concem in COPO since it is

associated with increased in mortality and morbidity (77). Oespite this association

the etiology of protein-ene.rgy malnutrition remains obscure. One plausible

explanation for the development of protein-energy malnutrition in COPO could be

supoptimal nutrient intake. Several investigators have, however, reported the

anergy intake of COPO outpatients to be approximately 150% predicted

requirements, ranging from 119-160% (74,75,77,78). These results seem to

suggest that nutritional deterioration ensues despite adequate protein and energy

intake (74,75,77,78). But closer examination of the methodology used in these

studies reveals that the nutrient intake and energy expenditure data may not be

reliable. First, three day diet records (75,77,78) were used to determine nutrient

intake. Three day diet records depend solely on a subject's ability to recall their

own intake and can be inaccurate, making this an unreliable indicator of actual

intake. Secondly, actual energy expenditure was not measured, but was estimated

using predictive equations which are not accurate in most patient populations

(86-88). Additionally, the energy expenditure needed for activity was estimated

from zero to 30%, making comparisons difficult (77,78). As a result of these

shortcomings, there is a lack of convincing data regarding the nutrient intake of

COPO patients.

Another possible explanation for the PEM observed in COPO could be energy

expenditure pathologically increased to a level higher than intake. In fact, elevated

resting energy expenditure (REE), as measured by indirect calorimetry, has been

reported by several investigators (9,76,89). The resting energy expenditure par kg

body weight of malnourished ëmphysema patients was found to be 23% higher than

malnourished control subjects without Jung disease, with the REE of the weight­

stable versus weight losing COPO patients being indistinguishable (34).
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Inereased resting energy expenditure (34,90) could be the effect of

differences in metabolically active tissue compartment. To investigate this

possibility, the REE was adjusted for fat free mass by Schols et al. They found the

REE of COPO patients remained significantly higher than the normal controls and

hypothesized that there is a disease related inerease in REE independent of

differences in metabolically active tissue (91).

Two disease related factors, an enhanced thermic response to food (TEF)

and/or an inerease in the ''work of breathing," have been proposed to explain the

increased REE in COPO. Ouring refeeding, an enhanced TEF response was

observed in malnourished COPO patients but not in malnourished patients free of

lung disease. The difference between the TEF of the COPO patients vs. the

controls was 5% of predicted REE or about 70 kcal (2940 kJ) per day. A high

carbohydrate diet was also found to cause a greater thermic effect than a high fat

diet. The authors suggested that the high carbohydrate diet may have inereased

PaC02> and subsequently, an inereased ventilatory load being responsible for the

enhanced TEF sean in COPO. Inereased thermic response to food, although only

5% of predicted REE. may contribute to the overall hypermetabolic state in,COPO

(34).

Increased oxygen consumption of the respiratory muscles, due to changes

in respiratory muscle activity characteristic of the underlying pulmonary disease,

may also inerease resting energy expenditure. Oonahoe and colleagues proved

this by measuring the oxygen cast of augmented ventilation. A model of augmented

ventilation was ereated by inereasing respiratory dead space to simulate COPO in

normal subjects. These results were compared to COPO patients weighing more

than 90% their ideal body weight (IBM) and those less than 90% IBM. Ali COPO

patients had inereased respiratory muscle oxygen consumption, but the

malnourished group (Iess than 90% IBM) had a notable inerease in oxygen cost

compared to the normally nourished COPO patients and normal subjects.

Increased respiratory muscle energy consumption coupled with enhanced TEF,
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may account for the elevated resting and total daily energy expenditure observed

inCOPO.

ln trying to identify the etiology of the increased REE in COPO, however, one

must entertain the possibility·that the etiology is not after ail "disease related" per

see. As mentioned Schols found an increased REE per kg fat free mass (91). As

has been shown in the COPO patient population there is a significant loss of

peripheral muscle mass while "central"protein stores remain relatively weil

preserved (Section 1.2). The turnover rate of "central" stores are much greater than

that of the peripheral muscle mass (92). Related to the increase protein turnover,

the REE/kg of visceral tissues is greater than that of peripheral tissues. The

increase in visceral to peripheral muscle stores itself may be responsible for the

increased REE per kg lean body mass due to the faster metabolic rate of the

visceral tissues alone. If this is the case, a disease-related œuse of increased REE

would be negated. This area warrants further investigat:on.

The increased REE observed in COPO is mei by increased carbohydrate

and protein oxidation, with fat oxidation remaining similar to controls. This was

measured using indirect calorimatry. When energy intake was adjusted to meet the

increased REE. these researchers showed that emphysemic patients achieved a

nitrogen balance equivalent to the malnourished control subjects (34). Since COPO

patients gained nitrogen at the same rate as the malnourished controls, protein

catabolism does not seem to be accelerated in COPO. This finding was supported

by Aguilaniu and colleagues who also found that protein catabolism was not

augmented in COPO. They demonstrated that severely malnourished COPO

patients responded to hypercaloric feedings by decreasing muscle protein

breakdown as measured as net release of 3-methylhistidine across the leg in the

same manner as did other malnourished patients without COPO (90). This

decrease in protein degradation. in response to hypercaloric feedings. shows again

that COPO patients do not have accelerated catabolic protein wasting when energy

intake is sufficient.
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The failure of some COPO patients to adapt to semistarvation may ironically

be a side effect of the medications used to treat the underlying disease. A weil

known consequence of long term glucocorticoid administration is protein wasting.

The mechanism responsible for this process appears to be accelerated proteolysis

(93,94). In a study of eight normal volunteers given pharmacologie doses of

prednisone (0.8 mglkg/day) for seven days. Haymond and Horber showed. using

leucine kinetie data. that the observed negative N balance was due to a significant

increase in proteolysis without a corresponding change in protein synthesis rates

(93). Using a phenylalanine forearem kinetie method. Sherwin and colleagues also

observed an increase in protein breakdown assoeiated with glucocorticoid (8 mg

dexamethasonelday) administration in healthy volunteers. Their results also

suggested that muscle tissue was not the site of glucocorticoid-induced proteolysis

(94). Given these metabolie effects. glucocorticoid treatment has been reported to

adversely affect the respiratery muscles. Recent animal models have demonstrated

that the administration of high doses of glucocorticoids results in generalized

muscle atrophy. This has also been reported to occur in humans. In three case

reports of patients receiving high doses of glucocorticoids. Oecramer et al observed

respiratory muscle weakness. as measured by Pl.... and PE..... accompanied

general muscle weakness. Tapered glucocorticoid doses resulted in recovery of

respiratory muscle strength (95).

COPO patients are also often prescribed medications that stimulate the

sympathetie nervous system that can increase both V02 and VC02 (96). One of

these compounds. ephedrine. can enhance norepinephrine secretion and stimulate

adrenergie recepters te increase sympathetie activity. and therefore. elevate energy

expenditure by 10% (96). A similar increase in energy expenditure was

demonstrated with the administration of nebulized salbutmol. a selective beta­

agonist, used te treat bron~pasm Other compounds that can inerease energy

expenditure are xanthines. including theophylline and catfeine, which have been

shown to increase REE by 8%. The effect of concomitant administration of
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theophylline and ephedrine is a 20% increase in energy expenditure (97).

Therefore, the medications used ta treat COPO itself may serve ta accelerate the

deterioration of nutritional status in COPO by further elevating energy requirements.

1.5 Nutritiona! Reguirements in COPO

1.5.1 !nterre!ationship between Protein and Eneray !ntake in PEM

The interrelationship between proteins, and their constituent amino acids,

nitrogen intake, and energy yielding substrates have been reported in the literature.

The mechanisms controlling the cellular regulation of protein metabolism, such as

folding and aggregation, intracellular traffic of newly synthesized proteins and

transport across membranes, have been identified. Most of these reactions are

energy dependent requiring ATP or GTP ta proceed. Therefore, the basis ofthe

interrelationship between energy and protein intake is on a molecular and cellular

level.

It is known that nitrogen balance is sensitive ta bath energy and protein

int~~e (37). The effects of nitrogen and energy intake on nitrogen balance in

normal subjects were described by Calloway and Specter in 1959 (28). They

analyzed the results of several studies and showed that nitrogen balance depends

on energy intake at constant values of nitrogen intake. Likewise, nitrogen balance

was shown as a function of nitrogen intake when energy intake is held constant.

With zero nitrogen intake tram no energy intake to 700 kcal (2940 kJ) per day, an

inerease in nitrogen balance tram -12 to -7 glday was observed. Further increases

in energy intake, up ta 3000 kcal (12600 kJ) per day, had no additional effect (28).

When energy balance is positive, nitrogeri balance will continue ta increase with

inereasing intake. However, in the well-nourished patient, at zero energy balance

further increases in nitrogen intake will (ead to only a transient positive nitrogen

balance. This transient positive nitrogen balance is thought to be the result of

retention of protein in the '1abile" protein pool, which is lost when nitrogen intake

is decreased (29). This deposition of protein occurs because nitrogen exeretion
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lags behind the changes in intake. Nitrogen excretion will catch up to intake and

nitrogen balance will retum to zero in 3-4 days (37).

Given the same level of nitrogen and energy intake, the nitrogen balance of

malnourished subjects is the same as that of the well-nourished individual (98).

However. there is an important difference. Malnourished patients can ac.l1ieve

positive nitrogen balance at zero energy balance. In a study of 10 nutritionally

depleted patients being fed at an energy intake equal to total energy expenditure

a prolonged positive nitrogen balance was observed in both the high (2.27 9

proteinlkg) and low nitrogen (1.12 9 proteinlkg) diets of 0.61 mg and 0.21 mg Nlkg

par day respectively. This data suggested that the lean body mass of malnourished

patients can be restored without excessive energy intake (98).

The rate of nitrogen excrelion is increased in response to injury or sepsis.

Both the severity of the injury and the dietary intake affects the extent to which

nitrogen is losl Therefore, to study the impact of different disease states on

nitrogen excretion the same· dietary conditions must be maintained. Elwyn and

colleagues did so by measuring the nitrogen losses in patients with various

diseases who received intravenous solutions of 5% dextrose (99). The results of

!t'lis study showed that nitrogen losses increased as severity of disease worsened,

with thermal injury causing the greatest losses.

1.5.2 Protein Reauirements

Given that stable COPO patients are hypermetabolic, not hypercatabolic,

their protein requirements should be similar to those of other nutritionally depleted

patients assuming that their increased energy needs are mel A protein intake

ranging from 1.0 to 1.5 9 protèinlkg BW/day has been recommended for this patient

population (100). Nutritionally depleted patients in zero energy balance have

achieved positive nitrogen balance at protein intakes of approximately 1.1 g proteinl

kg body weight per day (98). It has been observed that a similar intake, 1.0 9

proteinlkg body weight par day is sufficient to promote positive nitrogen in
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nutritionally depleted patients with moderate to severe COPO (101).

1.5.3 Energy Reguirements

Inereased cost of breathing contributes to increased resting energy

expenditure in spontaneously breathing COPO patients. If the work of breathing is

taken over by mechanical ventilation, wil1 these patients remain hypermetabolie?

Aeeurately estimating energy requirements is particularly important in the

mechanically ventilated patient with minimal pulmonary reserves since both

underfeeding and overfeeding can have deleterious consequences.

Most studies examining energy requirements during meehanical ventilation

have been during the postoperative period (102,103). The recommendations

derived from these studies have often been presumed to be applicable to the non­

surgical, mechanically ventilated patient population (104). The guidelines proposed

by Long are among those commonly used and will be presented here to iI1ustrate

the level of energy intake that is typically recommended for critically iI1,

meehanically ventilated patients. First, the Harris-Benedict equation is used to

predict the BMR (see Section 4.7). The predicted BMR is adjusted according to the

"activity" which is a factor of 1.2 if confined te bed. Next, a subjective "stress" factor

is added ranging from 1.2 to 2: (102). Using this approach or that of others, the final

estimate of calorie requirements can be two-fold or more than the BMR (103).

Current research has disputed the accuracy these recommendations. The

actual REE of crîtically iI1 has been compared to these predictive equations using

indirect calorimetry. In a study of 20 critically iII, non-mechanically ventilated

surgical and medical patients, Baker et al found total daily energy expenditure to

be 1,600 kcal (6,720 kJ)/day, which was not significantly different from unadjusted

BMR ln a study of 50 surgical patients, it was found that the use of BMR x 1.75 to

predict energy requirements overestimated actual needs by 59% (86). As for the

meehanically ventilated patient without surgical stress, Liggett and colleagues

found in a study of 73 patients, the unadjusted BMR (Harris-Benedict Equation)
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best met the needs of ail patients except for septic patients who showed a 20%

increase in energy expenditure over estimated BMR. Physical and chest therapy,

pain and other manipulations that frequently occur in the ICU setting have been

reported to increase metabolic rate by 15% (105). In summary, the goal energy

intake in the malnourished, mechanically ventilated patient is to maintain zero

energy balance, which will allow for positive nitrogen balance (34) without the

potential consequences of excess energy intake. Therefore, total daily energy

expenditure of the stable mechanically ventilated patients can be predicted by the

BMR (Harris-Benedict equationm) multiplied by a factor of 1.15 (105,106).

1.5.4 Appropriate Composition of Non·Protein Energy Intake

Once energy and protein requirements have been assessed, the best mix of

non-protein energy substrates (carbohydrate and fat) must be determined. The

respiratory quotient (Ra) for the oxidation of fuels can be used to evaluate the

appropriate substrate mix given the clinical state and treatrnent goals. The Ra is

the ratio of COz produced to oxygen consumed. For every glucose oxidized, one

molecule of COz is produced par Oz consumed yielding a Ra of 1.0. The Ra of fat

is 0.7, and protein 0.8. Therefore, more COz is produced when carbohydrate is

oxidized than for fat or protein on a gram to gram basis. Theoretically, the Ra is

approximately 8.0 during lipogenesis, however, this is never clinically observed,

and instead a Ra of greater than 1.0 to 1.2 is detected (54,55). In principle, one

would expect excessive carbohydrate intake or lipogenesis to impose a greater

demand on the respiratory system by increasing COz production. As previously

described an increased PaCOz stimulates minute ventilation. When minute

ventilation reaches maximum minute ventilation fatigue may ensue (107).

The effect of a high carbohydrate Joad on the respiratory system was first

stuelied by Askanazi and colleagues. They found that nutritionally depleted patients

on total parenteral nutrition (TPN) consisting of protein (62.5 glday) and ail the non­

protein energy exclusively as dextrose, caused a 32% increase in minute
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ventilation. It was a 23% elevation in PaC02 that initiated the increased minute

ventilation (108). In a subsequent study, ail non-protein energy was supplied as

dextrose and then compared to a solution with half the non-protein energy as fat.

The shift from the mixed energy source to only dextrose lead to a 20% increase in

CO2 production and a 26% increase in minute ventilation. Although the expected

metabolic changes and subs~quent compensatory respiratory ~esponse occurred,

neither groups required assisted ventilation, nor were they noted to have respiratory

impairment (10S) making the clinical relevance of these findings questionable.

Additionally, energy requirements were based on REE x 1.5-1.75 which may have

resulted in overfeeding leading to increased PaC02• Despite this, some enterai

product manufacturers began to promote specialized products containing half of the

non-protein energy as fat and the other as carbohydrate. It is important to note no

direct evidence to support the use of a particular mix of non-protein energy exists,

only that inclusion of fat is preferable to carbohydrate as the sole source of energy.

To determine the most appropriate substrate mix for mechanically ventilated

patients several factors must be considered. First, minimal carbohydrate

requirements must be met which is estimated to be approximately 150 g/day. Then

the maximal rate of glucose oxidation, 5 mg1kglminute, must not be exceeded or an

increase in CO2 production will result (110). Carbohydrate intake should be

between these two extremes with the remainder of non-protein energy as fat.

1.6 Effects of Protein-Energy Malnutrition on Pulmonarv Status

The association between protein-energy malnutrition and the impairment of

the respiralory system has been long recognized. It has been previously said that

"death from starvation is frequently respiratory in origin" (12). This relationship is

more complex than this statement implies.

Protein-energy malnutrition can reduce the capacity to sustain adequate

levels of ventilation by exerting an affect on respiratory musculature and drive

(12,111-113). Respiratory musculature is not spared during protein-energy
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malnutrition (PEM~. To survive semistarvation, protein stores are mobilized and the

Iiberated amino acids are used as an energy source. The end result of this process

is the loss of muscle mass. It was commonly believed that muscles critical to

survival, such as the heart and diaphragm, were protected during starvation (111).

However, this has been disproved by studies showing that these muscles are

subject to the same catabolic conditions as is peripheral muscle mass (3,114).

The detrimental effect of PEM on diaphragmatic muscular dimensions was

quantified at necropsy by comparing previously normal subjects who died suddenly

to patients who died after prolonged iIIness (n=70) (3). Diaphragmatic muscle

mass, area, and thickness were within normal limits in well-nourished subjects at

the time of death. In contrast, the poorly nourished subjects, whose body weight

averaged 71% ideal body weight (IBW), experienced a dramatic loss of

diaphragmatic muscle mass of 43% «0.001) with about half of the deficit resulting

from thinning of the diaphragm muscle and the remaining resulting from a reduction

in diaphragmatic muscular length (3). The findings of this trial confirmed that even

without pulmonary disease, there is a diminution of diaphragmatic muscle mass due

to PEM alone.

The relationship between diaphragmatic and body weight in emphysema was

studied by Thrulbeck et al. One-hundred eighty-four subjects were c1assified

according the" severity of their disease (114). A strong correlation was found

between the diaphragmatic muscle mass and body weight (p< 0.001) indicating that

emphysema patients lose diaphragmatic muscle mass during PEM, as do patients

without lung disease. Additionally, a pro!;lressive loss of diaphragmatic muscle

mass was observed as emphysema:worsened (p<0.05). Interestïnglyenough, in

both studies diaphragmatic weight loss is greater than would be predicted by loss

of body weight alona This was shawn in the latter study by comparing the ratio of

diaphragmatic weight to body weight in patients with mild emphysema, ratio

4.61:1:0.15, to end stage emphysema patients, ratio 4.0±0.2 glkg (114).

Protein-energy malnutrition not only weakens the diaphragm by reducing
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overall muscle mass, but it also diminishes the contractile strength of the remaining

muscle fibres (4). A dimensional analysis of diaphragmatic contractile force

suggests that the contractile force per unit area of diaphragmatic muscle cross

sectional area is about one-third normal in protein-energy malnutrition. The

contractile tension of the diaphragm as calculated from transdiaphragmatic

pressure (Tdi) was examined in 184 patients classified aceording to nutritional

status. The Tdi in normal subjects was 1:26 kgJcm2 but only 0.48 kgJcm2 in the

malnourished group. Tdi was one-third normal in the malnourished group exceeding

the loss that would be predicted by a 40% loss of diaphragmatic muscle mass

suggested that the remaining muscle mass is myopathie (4).

The loss of contractility can be partially explained by the preferential loss of

diaphragmatic muscle fibers producing the greatest amount of force (107). The

diaphragm is made of striated muscle cells containing Type 1 (slow twitch) and

Type 2 (fast twitch) fibres (107). Type 1 fibres are aerobic and use both glucose

and fatty acids for fuel, whereas, type 2 depends on stored glycogen as an energy

source (12). The type 2 fibres generate a greater peak force than type 1. Type 2

fibres are more seriously affected by malnutrition as shawn by selective atrophy of

these fibres. Additionally, the remaining type 2 fibres may be Iimited by insufficient

glycogen stores (115).

The Icss of diaphragmatic muscle mass and contractility associaled with poor

nutritional status translates into a measurable loss of respiratory muscle strength

(5,24,116). Respiratory muscle strength was measured in a group of weil nourished

subjects al 104% IBW (n=16) and compared to 16 poorly nourished patients (71%

IBW) none of whom had a ':'istory of pulmonary disease (116). The respiratory

muscle strength of the poorly nourished group (calculated % predicted PI... + %

predicted PE.- divided by two) was reduced by 63% as compared to the weil

nourished contrais. Respiratory muscular weakness was aceompanied by a 37%

reduction in vital capacity and 59% reduction in maximum voluntary ventilation

(116).
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The relationship between inspiratory muscle strength and body composition was

studied by Kelly et al in a group of 59 spontaneously breathing surgical patients

reeeiving TPN (5). Body œil mass and extracellular body water were estimated by

measuring total exchangeable potassium (K.) and sodium (Na.). NajK., an index

of nutritional status, was calculated. The malnourished patients with a NajK. of

more than 1.22 had significantly lower PI_ values, 33.5+2.8 -cm H20 than the weil

nourished patients, 45.3±4.3 -cm H20 (p<0.05). Similar findings were made by

Schols et al in the COPO patient population who found the Pi_ of weil nourished

patients (n=34) was 53.1±2.1 -cm H20 as compared to 42±1.9 -cm H20 in 34 poorly

nourished patients (5). The data of these two studies suggests that the loss of

body cell mass and/or weight adversely affects inspiratory muscle strength.

Compromised respiratory muscle strength, as the result of PEM, may not allow

the body to compensate for altered gas exchange caused by the underlying

disease, COPO. Briefly, one of the primary problems in COPO is maintenance of

adequate levels of alveolar ventilation to match perfusion and allow for necessary

gas exchange in the context of increasing airflow resistance (62). The resulting

ventilation/perfusion mismatch leads to hypoxemia and eventually hypercapnia. To

compensate for this chronic. state, the respiratory rate is increased to replenish

declining 02' As weil being required to meat the demands of an increased

resPiratery rate, additional force must be generated to overcome the stiffness of the

Jung that is characteristic of COPO. As a result increased demands are imposed

on the respiratory system

The work of breathing is the amount of energy expenditure required to

perform the act ofventilation (107). Factors that can increase the work of breathing

are increased respiratory rate, tidal volume, airway resistance, and decreased lung

compliance (107), which are ail commonly sean in COPO and often during critical

iIIness (117). The work of breathing in critically iII patients has been found to

increase daily energy expen~iture by 10.2% (p<O.OS) (117). With an augmented

workload, the respiratory system will consume more O2 and the oxygen cost of



•

•

40

breathing will be increased. In a normal subject breathing quietly the oxygen cost

of breathing is less than 5% of total V02 consumption (118). The oxygen cost of

breathing was assessed in 13 patients with cardiorespiratory disease. The oxygen

cost of breathing was calculated as the difference between V02 during spontaneous

ventilation and mechanical ventilation. The V02 respiratory, 24% of total V02• of

patients with pulmonary disease were dramatically elevated in comparison to

normal subjects (118).

COPO and/or critical iIIness imposes greater demands on the respiratory

system due to the increased work of breathing. PEM does not affect the underlying

disease, but instead it Iimits the available "supply". When demand exceeds supply

and respiratory muscles become ''fatigued'', they are incapable of generating prior

attainable force (62). The result is a failure of the muscles to produce the force

required to support continuous gas exchange (62). In the worst case scenario, the

result is a failure of the respiratory muscles to produce the force necessary to

support gas exchange leading to respiratory failure.

Given that a loss of body cell mass adversely affects inspiratory muscle

strength and can contribute to the development of respiratory failure, the question

emerges; can the restoration of body cell mass lead to improvements in respiratory

muscle performance? Kelly et al studied this in 59 patients. Of the 59, 29 received

TPN and had seriai measures of inspiratory muscle strength taken (5). Twenty-one

of the 29 patients showed an increase in body cell mass (16.2±0.8 to 18.1±.8 kg)

and a corresponding signifi~nt improvement in Pi..... from 39.2:t4.8 to 52±4.6 -cm

H20 (p<0.OO1). This data shows that refeeding via TPN can lead to improvements

in respiratory muscle strength when there is a corresponding increase in body cell

mass.

The beneficial affects of refeeding on respiratory muscle strength has aise

been shawn in the COPO patient population (5-8). In a nine-month trial, one group

ofpoorty nourished COPO patients (80%IBW) received oral nutritional supplements

to increase intake by 800 kcal (3369 kJ) per day over usual intake for 3 months
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while the control group received none. Ouring supplementation a significant

improvement in peak inspiratory and expiratory pressures 45.7±3.7 to 53.1 ±5.2 -cm

H20 (p<0.03) and 78.7±9.5 to 84.0±9.5 cm ~O (p<0.05) respectively was observed

(119). Similar findings were reported by Whittaker et al who administered noctumal

enterai feedings to supplement the usual diet by 1000 kcal (4200 kJ)/day in

hospitalized COPO patients. After 16 days offeeding, the malnourished (85%IBW)

COPO patients receiving the noctumal feedings showed a significant improvement

in PEmox• Pi.... improved by 19% over the study period but did not reach statistical

significance perhaps due to the small numbers of patients (n=6). Wilson and

colleagues demonstrated an improvement in respiratory and peripheral muscle

strength, as measured by PI.... and handgrip strength respectively, in six

malnourished emphysema patients who gained weight (p<0.001) after 3 weeks of

nutritional supplementation. Tnese studies provide evidence that refeeding

malnourished COPO patients restores respiratory strength (6,8).

Nutrition supplementation is only successful in promoting improvements in

respiratory muscle strength ifweight gain is achieved (119,120). Both Lewis (n=21)

and Knowles (n=25) supplemented the diets of outpatient COPO patients for three

and eight weeks respectively. The patients enrolled in these two studies reduced

their food intake when given the supplement As a result the subjects did not gain

weight No significant changes in respiratory muscle performance were detected,

confirming that weight gain is a prerequisite for the improvement of these muscles.

1.7 Proposed Mechanism for Prolonged Respiratorv Failure in COPD

The association between protein-energy malnutrition (PEM) and the

impairment of pulmonary status has been established (12,111,112)

(3,5,32,113,114,116). Prot~in-energy malnutrition in COPO can have serious

consequences related to the Iimits it places on an already compromised respiratory

system. PEM does not affect the underlying chronic lung disease itself, but instead

respiratory muscle strength and drive. In doing so, PEM limits the "supply".or force
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the pulmonary system is capable of generating. When melabolic demands exceed

supply, adequate ventilation cannot be sustained resulting in respiralory failure.

Therefore, this is how PEM contributes to the development of respiratory failure.

Several investigators have examined the effects of refeeding on peripheral

muscle strength as weil (8,9,34). Using measures of volunlary hand grip strength

or adductor pollicis function in COPD patients being fed hypercaloric diets (REE x

1.5-1.7) for two to three weeks, the investigators ail reported an inerease in body

weight, N balance, and inspiratory and/or expiratory respiratory muscle strength,

but presented conflicting results regarding hand grip strength. Neither Goldstein

nor Whittaker observed an inerease in peripheral muscle strength over a 14 to 16

day period using hand dynamometry or adductor pollicis testing, respectively (8,34).

When the duration of the refeeding period was extended to 3 weeks, Wilson

observed a statistically significant improvement in hand grip strength. These

results may suggest that peripheral muscle strength is not restored as rapidly in

previously malnourished COPO patients as in the obese in response to refeeding.

The metabolic and physiologie conditions that commonly precipitate acute

respiratory failure in COPO may further compromise respiratory muscle strength.

Most events that precipitate acute respiratory failure are catabolic and increase

metabolic demands that most importantly lead to acceleration of protein-wasting.

The resultant protein wasting can be aggravated by inadequate dietary intake

during hospitalizalion when attention is focused on treating the precip;lating cause

of respiratory failure (121). Additionally, during respiratory "disuse" atrophy of the

respiratory muscles may occur due te the use of mechanical ventilation to take over

the work of breathing. The cumulative effect is an accelerated deterioration of

respiratory muscle performance during acute respiratory failure.

Although it has been demonstrated that refeeding improves the respiratory

performance of spontaneously breathing patients, one cannot assume that the

mechanically venlilated patient will respond in the same manner. There is,

however, evidence tha! adequate nutrilional support improves the respiratory status
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during mechanical ventilation, and thereby, facilitates weaning. In a retrospective

study of 47 patients, Bassili et al found that patients receiving adequate nutritional

support (2,000-2,500 kcal; 8,400-10,500 kJ/day) were weaned from mechanical

ventilation more rapidly than those given only intravenous dextrose (400 Kcal;

1,680 kJ/day) (27). Of the adequate nutritional support group, 92.8% were weaned

while only 54.5% of the patients given suboptimal nutrient intake were weaned from

mechanical ventilation (p<0.05). In another study of fourteen patients requiring

prolonged mechanical ventilation, ail received a similar level of nutrient intake

(2,500-2,700 kcal; 10,500-11,340 kJ, and 35-38 9 proteinlday). Subjects were

retrospectively grouped according to their ultimate ability to be weaned from

mechanical ventilation. At time of entry into the study. patients of both groups had

similar albumin levels. At either the time of death or weaning, the group that had

been successfully weaned showed a significant increase in serum albumin and

transferrin levels, whereas the unsuccessful group showed a decrease (p<0.05)

(122). The authors concluded that patients who respond to nutritional support with

an increase in protein synthesis are more likely to wean from mechanical ventilation

than those who are do nol Based on the findings of these two studies, coupled

with assumptions made from extrapolations of the data from spontaneously

breathing patients, it is strongly suggested that PEM plays an important role in

delayed weaning from mechanical ventilation and that refeeding may facilitate

weaning.

Given the increased risk of morbidity and mortality associated with mechanical

ventilation, there is an urgency to wean patients. Most often the status of the

underlying chronic lung disease itself cannot be improved to any appreciable

extenl For successful weaning. attention must be placed on those factors that both

contribute to respiratory failure and are "modifiable", which includes resolution of

the event that precipitated the respiratory failure, but also attention to nutritional

factors.

The goal of nutritional therapy in acute respiratory is to promote nitrogen
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accretion in attempt to restore or maintain respiratory muscle performance.

However, under catabolic conditions, this may not be feasible for the body does not

use nutrients efficiently even when given exogenously (15,123). As previously

mentioned there is an acceleration of net protein breakdown during catabolic

illness. The administration of adequate quantities of energy, nitrogen and other

essential nutrients can suppress the rate of net protein breakdown. However, this

beneficial effect is not sufficient to restore Jean body mass and furthermore, it may

not prevent further erosion of protein stores. The latter was demonstrated by Streat

and colleagues who administered 2,750 kcal (11,550 kJ) and 127 9 protein

intravenously to eight critically iII, mechanically ventilated patients for ten days.

Despite a hypercaloric, hypemitrogenous intake, the mean loss of body protein was

12.5% or 1.5 kg (p=O.001). This was accompanied by a significant gain in body fat

(2.2±0.8 kg, p=0.026) (123). This study implies that aggressive nutritional support

does not prevent body protein loss during catabolic iIIness (15).

ln summary, weaning patients from mechanical ventilation is an urgent

concem. The anabolie stimulus of nutrition alone may not be sufficient to result in

rapid benefits. Therefore,.a potent anabolie stimulus will be combined with

adequate nutritional support to see if the resulting increase in respiratory

performance will hasten weaning and support the contention that nutritional factors

are important in preexisting failure and in r.eversing it in established cases.

2. GROWTH HORMONE

2.1 Physiology of Growth Hormone Synthesis and Secretion

2.1.1 Circulatinq Fonns of Growth Hormone

Human growth hormone (hGH) is present as a heterogenous mixture of at

(east 20 molecular forms (124). The major physiologie form of eirculating hGH is

a single-chain polypeptide ~mposed of 191 amino aeids with a molecular weight

of 22,000. The second most abundant form is 20,000 molecular weight that lacks

the amino acid residues 32-46. A1though most plasma hGH exists in the monomeric
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form, approximately 40% circulates as oligomers (68).

2.1.2 Control of Growth Hormone Secretion

2.1.2.1 Hormonal Control

Growth hormone is synthesized, stored and secreted by specialized cells of

the anterior pituitary called somatotropes. It is the most abundant hormone in the

human pituitary gland. Activity of these cells is regulated by the balance between

two hypothalamic hormones, growth hormone releasing hormone (GHRH) and

somatostatin (SS). These hormones are secreted into the hypothalamic­

hypophyseal portal system for rapid and direct delivery to the pituitary gland (124).

The GHRH containing cells are located in the arcuate nucleus of the

hypothalamus (125). Upon reaching the somatotropes, GHRH binds to a cell

membrane receptor and stimulates the immediate release of stored hGH (126).

Besides oontrolling the release of hGH, GHRH also regulates the synthesis of hGH.

GHRH signais the transcription of GH mRNA via control of cAMP levels (124).

More specifically, when GHRH binds to somatotrope cell receptors it stimula!es

adenylate cycIase to catalyze intracellular ATP to increase cAMP levels (26). The

primary hypothalamic factor opposing GHRH and thereby inhibiting hGH release

is somatostatin. A1though it is now known that there is a family of related SS-like

peptides, the term was originally applied to a 14 amine acid cyclic peptide,

somatostatin-14 (127,128).. It is produced by the neuron cell bodies of the

perventricular region of the hypothalamus (129). The synthetic rate of hGH is not

affected by SS. This became evident trom observations of rebound hGH levels

after stopping exogenous SS infusions. SS decreases hGH release by down

regulating exocytosis (129). If cells are exposed to GHRH and SS simultaneously,

SS exerts the dominant effect (130).

Somatostalin is not only present in the hypothalamus, but it is widely distributed

throughout the body. SS exerts its inhibitory effects on various hormones, including
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insulin, glucagon, and gastrointestinal hormones, :::cluding gastrin and pepsin

(131 ).

2.1.2.2 Pattern of Release

Secretion of SS and GHRH into the hypophyseal portal system is

intermittent, thereby creating varying degrees of stimulatory or inhibitory tone on the

GH-producing ceUs of the pituitary gland. As a resuil hGH is net secreted at a

constant rate, but rather e:pisodic pulses throughout the day. Between bursts of

hGH release, serum GH concentrations are undetectable «0.2 uglL) (130). The

highest peak of GH bursts occurs during slow wave sleep. In young adults these

surges occur every three to four hours. The magnitude of the peaks varies with

individuals and has been measured between 10 and 50 nglL (132).

Due to the pulsatile nature of hGH secretion it is very difficult to measure the

amount secreted in over 24 hours. Reported endogencus 24 hour hGH secretion

for an adult male is reported'to be from 0.25-0.52 mglm2 surface area (133,134).

The integrated plasma hGH concentration has been found to be between 3 and 6

nglml (130). Five to ten mg of hGH are stored in the anterior pituitary (132).

2.1.2.3 Influence of Age and Nutritional Status

Superimposed on the basic hypothalamic control are the actions of a variety of

moclulating substances that further modify hGH release. The secretion of hGH is

influenced by age. The greatest amount of hGH is secreted during adolescence

and graduaUy declines after the age of 30 (135,136). This decline may be due to

changes in pituitary responsiveness to GHRH and/or to increased hypothalamic 55

secretion (137,138).

Nutritional influences Dlay a major role in the regulation of growth hormone

secretion. During periods of nutritional deprivation. such as starvation or anorexia

nervosa, the serum concentration of hGH is increased (139-142). Conversely,

obese humans have depressed circulating hGH concentrations and a deerease in
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hGH response to stimulation by GHRH (143,144).

Recent studies in adults have attempted te define the influence of various

m...tritional states on hGH secretion. The effect of five days of fasting on hGH

secretion was studied in 10 men. Fasting leàd to a 3-fold increase in 24 hours

integrated hGH concentrations and;? 2-fold increase in the number of GH pulses

per 24 hours. In another fasting study, but of only 2 days, nine men were found to

have a sirr.i1ar increase, 3.4-fold, in GH production (145). The effects of nutritional

repletion on hGH secretion .after fasting have also been studied. Two days of

fasting caused a predictable increase, 2.4-fold, in hGH concentrations. Upon

refeeding, a six-fold reduction in GH levels occurred only 2 hours after the iirst

mea!. In fact, the response was so immediate that a significant decline in hGH

occurred after only 30 minutes of refeeding (146).

2.1.3 Growth Hormone Bindinq Proteins and Receptors

Two faons of circulating growth hoonone binding protein (GHBP) have been

isolatecl, one of high and the other of low affinity (147,148). The high affinity GHBP

is a 61 kD glycoprotein that has Iimited binding sites. This GHBP appears to be

identical to the extracellular domain of the hepatic GH receptor (147,148).

However, it is not c1ear if the circulating GHBP is derived from the cleavage of this

extracellular fragment of tissue GH receptor or is produced through a separately

regulatecl synthetic pathway (149). A sep.arate, lowaffinity, high capacity GHBP

has been identifiecl which is not relatecl to the GH membrane receptor and binds the

20 kD hGH preferentially (150).

The biological significance of GHBP has not been completely elucidated.

However, the protein bound foon of GH is metabolized differently than in its free

foon. Binding increases hGH half-life by ten times. Additionally, the distribution of

protein bound hGH is twice greater in the intravascular compartmentthan is the

unbound foon. The binding of hGH to its binding proteins appears to enhance the

biological activity of hGH (151).
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2.2 Metabolic Effects of Growth Hormone

2.2.1 Glucose Metabolism

The hyperglycaemic effect of large doses of pituitary hGH was first noted in

the late 1950's (152). An inhibition of muscle glucose uptake is believed to be

responsible. This was demonstrated by hyperinsulinemic, euglycemic glucose

clamp studies, showing a generalized insulin resistance in muscle, liver and

adipose tissue in response to hGH administration (153-155). As found in

pathophysiologic states of insulin resistance, a state of hyperinsulinemia coexists

when serum GH levels are elevated (153,154). Pharmacologie doses ofhGH are

also associated with 50% reduction in glucose oxidation (156).

2.2.2 Lipid Metabolism

Growth hormone stimulates mobilization of fat stores from the adipose tissue.

This process is initiated by the binding of hGH to a hGH specifie receptor on the

adipocyte (157). The result is an increase in plasma free fatty acid (FFA)

concentration 2-3 hours after hGH administration and a decrease in the respiratory

quotient indicating a shift to fat oxidation. Since FFA are converted by the liver into

ketones, an increase in ketogenesis accompanies hGH administration (158). Since

the rate of ketone body clearance remains unchanged with hGH administration

(156) circulating ketone body concentrations increase.

The lipolytic actions of GH are stimulated only during periods of insulin

deficiency (158). This was .shown by creating a state of insulin deficiency with

somatostatin. which alone led to an increased free fatty acid and ketone body

concentrations. When GH was administered (80 uglkglmin) there was a further

elevation in FFA and ketone body concentrations. These results suggest hGH can

mobilize fat stores independent of insulin. Because hGH secretion reaches its

highest levels during the night. could play an important role in postabsorptive

substrate metabolism by stimulating of FFA release (156).
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2.2.3 Protein Metabolism

Muscle is one target tissue of the anabolic actions of GH. The result is positive

nitrogen, phosphorus, potassium, magnesium, calcium, sodium and chloride which

are ail constituents of anabolism (159-163). Unlike the expression of its catab!:lic

effects, adequate amounts of insulin must be present for GH to exert its anabolic

effects (164).

The anabolic actions of hGH include increased body nitrogen conservation and

a decrease in urea synthesis that is easily detected clinically by a drop in urea

levels (165). Sixty to eighty percent of the interorgan N flux can be accounted for

by the two main ureogenic precursors, alanine and glutamine, for which muscle

tissue is the major source (166). During hGH therapy, the release of these two

amino acids into the blood remains unchanged, but, theïr metabolic fate is altered.

Weiboume and colleagues found that the rerouting of glutamine trom urea

synthesis to glutamate synthesis is responsible for the decreased urea production.

ln fact, the increase in liver glutamate release is equal to the amount that urea

synthesis is depressed (167). This conservation of amino acids provides the

building blocks necessary for protein synthesis.

It has been long recognized that hGH administration leads to improved N

balance. Improved N balance can be the reSult of a relative increase in whole body

protein synthesis and/or decrease in breakdown. Studies using labelled amine

acids (isotopes) have shawn that hGH increases whole body protein synthesis, but

has little effect on proteolysis (168-170). Specifically, the rate of nonoxidative

disappearance of labelled leucine and glycine, which has been shown to correlate

weil to overall skeletal protein synthetic rates (171), increases with hGH

administration. The results of balances in the extremities agree with the whole

body findings. Studies of the effects of hGH administration on skeletal muscle,

show a stimulation of total, essential and branch chain amine acid uptake without

changes in proteolysis (166). If one considers the forearm data of Fryberg et al

(172) together with the whole body protein synthetic rates obtained by Haymond,
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it appears that a substantial portion of the increase in whole body protein synthesis

occurs in the muscle tissue (159,173).

2.2.4 Fluid Homeostasis

The early work describing the biological effects of GH showed hGH

administration is associated with f1uid retention and weight gain (174). Although the

mechanism by which hGH causes changes in f1uid homeostasis is not fully

understood, it has been hypothesized that the antinatriuretic properties of GH are

either the result of a direct renal effect and/or indirectly through the stimulation of

mineralocorlicoid secretion (175).

These initial studies focused on the relationship between GH administration and

increased aldosterone secretion. The results of these studies yielded conflicting

results that either aldosterone excretion was increased or not effected at ail by hGH

administration. The source of the hGH used for these studies was derived from the

pituitary of cadavers. The possibility existed that these preparations were

contaminated and that the contaminants of the GH were responsible for these

effects (175). When recombinant hGH became available further studies were

underlaken.

The administration of rhGH in pharmacologie doses has been shown to result

in significant sodium retention. Over five days. normal volunteers received 5 mg

rhGHlday. By the fifth day. 24 hour urinary sodium excretion fell from 197±38 mmol

to 42±20 mmol and this was associated with a decrease in urine volume trom

1652±182 ml to 848±348 mL. There was a concomitant increase in body weight.

Significant inereases in plasma renin activity (p<O.OOS) and plasma aldosterone

concentrations (p<O.001) were detected providing evidence that rhGH

administration stimulates the renin-angiotensin system (176). The exact

mechanism for this affect remains unknown. This evidence, however. does not rule

out the possibility that rhGH also acts on the kidney directly.
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2.2.5 Energy Expenditure

Growth hormone administration has a stimulatory effect on energy

expenditure (EE). This has been reported in GH deficient children (177) along with

being weil known that EE is elevated in acromegaly. This effect is not acute.

Moller and colleagues gave 4 hour infusions of 20 ng rhGHlkg/min to six normal

volunteers and found no significant change in EE over this brief time period (178).

The stimulatory effects of GH administration on EE have been observed during

administration over a longer time period. In normal subjects receiving 12 U

rhGHlday for 14 days, total daily EE (TOEE) increased from 1990±310 to 2073±392

kcal (8358±1302 kJ to 8706±1642 kJ)124 hours (p=0.01) (179). In post surgical

patients receiving rhGH, the findings have been conflicting. Lehmann et al reported

no significant difference in TDEE of rhGH treated versus control patients, whereas

Azanknazi and colleagues detected a significant increase in TDEE but not until the

third day.

The mechanism controlling the hGH induced elevation in EE has not been

elucidated. It has been suggested that this may be the effect mediated by an

increase in thyroid hormone action. rhGH therapy has been known to increase

circulating T3levels in GH deficient children (180,181) and adults (182). Mer 14

days of GH administration, a significant difference in T31T4 ratio was noted in the

rhGH treated group as compared to the controls, 1.S4±O.12 vs. 1.37±O.06,

respectively.

2.3 Insulin·Lïke Growth Factors

Growth hormone stimulates the synthesis and release of insulin-Iike growth

factor-1 (IGF-1), which has been thought to mediate the anabolic affects of hGH

(130,183). In man, there are two types of Insulin-Like Growth Factors. Insulin-like

Growth Factor-1 (IGF-1) is a 70 amine acid peptide, previously known as
. . .

Somatomedin-C. This hormone is structurally related to proinsulin, as the name

suggests. In fact 43% of the amino acid sequence of IGF-1 is identical to
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proinsulin. The other type of IGF, IF-2, is more abundant and has serum

concentration three to four times that of IGF-1. IGF-1 concentrations in the serum

of normal adults is about 200 ug/L whereas IGF-2 concentrations are around 600

ug/L (130).

The rate of IGF-1 synthesis in tissues and its secretion into systemic circulation

is dependent not only on hGH but also on adequate nutritional intake and age

(184). During nutrient deprivation, when hGH plasma concentrations are high, IGF­

1 levels are resistant to hGH influence and remain depressed (159,175).

Conversely, plasma IGF-2 levels are not GH dependent and are virtually retractory

to extreme nutrient deprivation (132).

The original hypothesis Iinking IGF-1 to hGH suggested that hGH secreted trom

the pituitary exerted its effects by stimulating IGF-1 release from the Iiver which

would then act on target specific tissues. Recent research has shown that the liver

is not the only site of IGF-1 synthesis (185,186). Many cells have been shown to

have the capacity to secrete IGF-1. As a result the original hypothesis has been

revised. Growth hormone is now thought to stimulate IGF-1 synthesis not only in

hepatic tissues but also in other target tissues throughout the body (152,187).

2.3.1 Insulin-Iike Growth Factor Bindinq Proteins nGFBP)

Insulin-like growth tactors-1 and -2 are carried through the body by binding

proteins (IGFBP) which may play an important role in the cellular actions of IGF.

To date five classes of IGFBPs have been isolated (188). Of the five, relatively little

is known about the most recently discovered IGFBPs, 4 and 5, and theretore, they

will not be included in this discussion.

2.3.1.1 IGFBP-3

The most abundant of the IGFBPs is IGFBP-3. The plasma concentration

of IGFBP-3 in the serum is typically 5 mgIL that is twenty times the concentration

of IGFBP-2 andfiftytimes that of IGFBP-1 (188,189). IGFBP-3 is a large complex
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(150 kO) composed of two subunits, an acid labile non-binding and binding unit,

which together with IGF-1 or -2 forms a temary complex. It binds with IGF-1 and

-2 with the same affinity (188).

The majority of circulating IGF is bound to plasma IGFBPs, probably

accounted for by the abundancy of IGFBP-3, so that only 1% is free (190). In the

temary complex with IGFBP-3, IF is unable to exert any considerable insulin-Iike

adivity (188). Coupled with the fad that IGFs are not stored in an endocrine gland

as are other hormones, this suggests that one of the roles of IGFBP-3 may be as

a stable, inactive reservoir for IGFs.

The plasma concentrations of IGFBP-3 are regulated by hGH. In states of

diminished hGH secretion or when there is an abberation in the interadion of GH

with its receptors, there is a decrease in IGFBP-3 (191). For example, in Laron

Orawfism, a genetic defect leads to a redudion in GHBP. one finds low levels of

plasma IGFBP-3 (188).

2.3.1.2. IGFBP-1

IGFBP-1 is present in the serum in lower concentrations than IGFBP-3 and

binds with both IGF-1 and -;2 with equal affinity. The plasma concentrations of

IGFBP-1 are acutely regulated by food intake and by fluctuations in plasma insulin

and glucose concentrations (132). IGFBP-1 plasma levels have an inverse

relationship with serum insulin levels are suppressed by as much as four to five fold

after a mea\.

2.3.1.3 IGFBP·2

Much Jess is known about IGFBP-2 than the previously discussed IGFBPs.

Studies of bovine IGFBP-2 havesuggested a strong preferential affinity for IGF-2

(190). IGFBP-2 may play an i~portant role in the regulation of IGF concentrations

when there are insufficient levels of IGFBP-3. For example, hypopituitary adults
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with low IGFBP-3 levels have a two-fold increase in IGFBP-2 concentrations.

2.4 Influence of Criticallllness on Growth Hormone and IGF-1

As seen in stalVation, hGH levels are elevated and IGF-1depressed during

critical iIIness (192). This effect cannot be accounted for by inadequate nutrient

intake, as is often seen in the intensive care setting (121,192). In a study of six

critically iII, mechanically ventilated patients, a significant depression of hGH

binding activity was detected both before and after nutritional repletion. Levels of

high affinity hGH binding protein are believed to reflect hGH receptor status. Since

critically iII patients are hGH-resistant with respect to stimulation of IGF-1 levels,

these low levels may be related to reduced hGH receptor activity. The

administration of pharmacologie doses of rhGH can overcome this hGH resistance

and lead to an elevation plasma IGF-1 levels. The elevation of IGF-1

concentrations is assoeiated with an anabolie response in critical iIIness.

2.5 Historical Use of Growth Hormone

The objective of hGH therapy has traditionally been to increase the growth rate

and adult height of short stature GH-clefieient children. It was in 1958 that the first

successful therapeutie use of hGH was reported by Raben (193). Raben showed

an increase in linear height of a pituitary drawf following hGH administration. This

finding was confirmed in several subsequent case reports. In 1964, Soyka et al.

studied the effects of hGH therapy for up to 2.5 years in 34 patients with short

stature. The reported growth response in these patients was convincing (194).

Administration of pituitary hGH became an accepted therapy, however, because of

its scarcity this therapy was reselVed for children of short stature with documented

growlh hormone deficiency.

For the next twenty five years, hGH deficient children received hGH

extracted trom human cadaver pituitary glands. However, the distribution of hGH

was halted in 1985 after several recipients of cadaverie hGH developed Creutzfeld-
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Jakob disease (132). Fortunately, through the development of recombinant

methods, large scale production of rhGH became feasible. The biosynthetic

preparation of rhGH initially had an additional methionine residue at the N-terminal

end. Subsequently, rhGH with an amino acid sequence identical to the natural

hormone became available. Recombinant hGH (rhGH) has been proven to be

equally as effective as pituitary hGH in increasing growth velocity in growth

hormone deficient children.

The production of recombinant hGH has lead to wide availability of the

hormone, meeting the needs of ail GH-deficient children, but also making it

available for expanded uses.

2.6 Clinical Trials using Phannacologic Doses of rhGH

The initial trials using pharmacologie doses of exogenously administered

human growth hormone in severe bum injury demonstrated an attenuation of N and

minerai losses (195,196). In 1961, Liljedahl found that the administration of

pituitary hGH to bum pati"ents led to an improvement in N balance. The

improvement in N balance resulted from a decrease in N excretion coupled with an

increase in N intake attributed to a stimulated appetite. Phosphorous and

potassium balances were also improved.

ln 1974 Wilmore et al administered hGH to patients with severe bums

covering 35-75% of their total body surface area during the early post bum period

(195). While being fed a hypercaloric diet providing a daily average intake of 4025

kcal (16865 kJ) and 28.5 9 N, hGH therapy was shown to improve N and minerai

retention, thus confirming the results of Liljedahl. The Iipolytic effects of hGH

therapy were alsc observed in this study as avidenced by an increase in free fatty

acid levels, from 1.0±O.4 to 2.2±0.5 mEqlL (p<0.05).

These early studies focusecI ori the effects of hGH therapy on changes in N

and minerai balance in severe catabolic iIIness when hypercaloric,

hypemitrogenous diets were administered: n,e effectiveness of hGH therapy to
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exert an anabolic effect under varying conditions of energy intake was first studied

by Manson et al. Eight normal volunteers received total parenteral nutrition (TPN)

for 2 six-day periods. Pharmacologie doses of rhGH were administered during the

treatment period and a placebo during the control period. For six days patients

received adequate levels of N (1 9 proteinlkg/day), vitamins and minerais while

energy intake was varied to provide 30%, GO% and 100% of measured resting

energy expenditure plus 25% for activity in the hospital. N balance was negative

at every level of energy intake when the placebo was given. In contrast, when

growth hormone was admini~tered positive N balance was achieved at ail energy

intakes even at the 30% level (197). This data suggests that the ability of rhGH

therapy to elicit an anabolic effect is resilient to hypocaloric conditions.

The effects of growth hormone therapy on N losses in protein-energy

malnourished, stable subjects given hypocaloric diets (GO% of total energy

requirements) were studied by Ziegler and colleagues (1GO). The protein intake for

both groups, rhGH-treated and control patients, was 1.3 9 proteinlday. Interestingly

enough, both groups were in positive N balance despite the hypocaloric intake.

However, the difference between groups was statistically signiFtcant being greater

in the rhGH treated group, +3.4±O.5 9 N/day, versus the control group, +0.5±O.9 9

Nlday. This study verifies that rhGH therapy promotes whole body N conservation,

in the order of 2.9 9 Nlday, the equivalent 90 9 of lean body mass per day. A

comparison of the affects of rhGH treatment in these malnourished patients versus

normal volunteers on the same level ?f energy intake (GO% of estimated

requirements) and rhGH dose, but a lower protein intake (1.0 9 protein/day) (197),

shows that the anabolic response to rhGH therapy appears greater in malnourished

individuals.

The acœlerated net breakdown of protein characteristie of catabolie iIIness

can be attenuated by the administration of pharmacologie doses of rhGH

(35,1G8,170). This was first demonstrated by Ward et al who gave 0.10 rhGH

mglkg/day during severe dietary restriction following major gastrointestinal (GI)

.....
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surgery (168). In this controlled study, the subjects (n=14) received only

intravenously administered dextrose (400 kcal;1680 kJ/day) with zero N intake for

the first six post-operative days. The mean total N excretion in the rhGH-treated

group was significantly lower than the control group, 31.5±2.4 and 42.7±3.1 9

Nlday, respectively. Kinetic studies revealed that rhGH accelerated the rate of both

protein synthesis and breakdown. However, compared to the controls, the rhGH­

treated group showed an increase in synthesis to breakdown of 39% (p<O.OS).

These results demonstrate that even under conditions of severe nutrient

deprivation, phannacologic doses of rhGH can alleviate the nitrogen losses induced

by surgical stress by increasing the protein synthetic rate re!ative to the rate of

breakdown.

Ponting and colleagues also studied the effects of rhGH therapy following

major GI surgery, but with less severe dietary restriction. In this study, eleven

patients received 950 kcal (4000 kJ) and 42 9 proteinlday. The rhGH-treated group

had a mean nitrogen balance of +1.8±O.4 9 N/day while the placebo group

remained in negative nitrogen balance, -o.9±O.7 9 N/day (170). Using N15 glycine,

the rhGH-treated group were found to have a relative increase in protein synlhesis

to breakdown as compared to the controls. The net rate of breakdown minus

synthesis was +0.29 9 proteinlkg 8W/day in the treatment group and -0.23 9

proleinlkg BWlday in the controls representing a difference of 18.9 9 N or roughly

500 9 of Jean body mass.

ln 1989, Jiang et al studied the affects of a lower dose of rhGH (0.06 mgfkglday)

and an increased dietary inta~e in the same population, immediate post-operative

GI surgery patients. In this controlled study, ail patients received TPN providing 20

non-protein kcal (84 kJ)fkg and 1.0 9 proteinlkglday. The rhGH treated group did

not achieve positive nitrogen balance until.postoperative day 5 and werepositive

17 mg NIkgIday two days later. Over eight days, the control group had significantly

greater nitrogen losses of 32.6 9 N versus 7.1 9 N in the rhGH-treated group

(p<O.001) translating into an impressive preservation of 790 9 lean body mass.
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Kinetic studies using N's glycine enrichment demonstrated that the anabolic effects

of rhGH were associated with an increase in protein synthesis (2.19±0.30 vs.

3.6S±0.47g Nlkg/day, p<O.OS) while the rate of protein breakdown remained

unchanged Additionally, the uptake of amino acid across the forearm was

measured 'Jn Day 7 and iIIustrated the effectiveness of growth hormone in reversing

the erosion of lean body mass as measured by the flux of amino acids across the

forearm. On day 7 the release of amino acids persisted in the control group while

this well-known reactlon to surgical stress was reversed in the growth hormone

treated group. Body composition studies showed that the rhGH treated patients did

in fact maintain their lean body mass despite a major surgical intervention, while the

control group lost 2.8 kg of LBM (p<O.OS). RhGH administration also preserved

handgrip strength, while the control group experienced a 10% decline in strength

(p<O.OS) (3S).

The affects of rhGH on wound repair afler post-operative GI surgery has not

been studied. However, the effect on wound repair was examined in severely

bumed children (n=40) given either 0.1 or 0.2 mg rhGHlkgl day throughout their

hospitalization. The patients r.eceiving the higher rhGH dose had reduced healing

time of donor sites by 2 to 4 days as compared to the placebo group. Additionally,

the length of stay was reduced for 46 to 32 days with rhGH administration (p<O.OS)

(198).

ln maJnourished capo patients, free of metabolic stress, rhGH can lead to

prompt repletion of Jean body muscle mass. Positive nitrogen balance can be

promoted by GH administration in spontaneously breathing patients with moderate

to severe capo (101,199). In a study ofS volunteers receiving 12 days ofTPN at

130% RMR with concomitant administration of 30 ug GHlkglday for four days and

SO uglkglday for the last four days, demonstrated a significant improvement in

nitrogen balance on the last !Our days only. The lower dose was not sufficient to

elicit a significant change in nitrogen balance. Similar to nitrogen balance, changes

in REE also appear to be dose related. Although not statistically significant an
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increase in REE was observed trom 121.8 to 125 kJlkg with the higher dose of GH

(199). The positive nitrogen balance of the last four days was 34 mglkg/day which

is equal to the value observed by Goldstein et al in a similarly malnourished patient

population given TPN at 175% REE. This suggests that it is possible to achieve

positive nitrogen balance in malnourished COPO patients with rhGH therapy that

would otherwise require a marked increase in energy intake. Oespite the

attainment of a positive nitrogen balance for the last four days respiratory muscle

strength did not improve.

Longer periods of sustained positive nitrogen balance may be required to

improve the respiratory muscle strength of COPO patients. Pape and colleagues

studied a group of 7 malnourished (78% IBW) patients with moderate to severe

COPO admitted to an inpatient metabolie unit for a four week period. The subjects

eonsumed 35 kcal (140 kJ)lkg and 1 9 proteinlkg plus GH (0.05 mglkg/day) for

three weeks. For the duration of the rhGH treatment there was a significant

improvement in nitrogen balance as compared to diet alone. Respiratory muscle

strength as measured by PI..... improved by 27±8% (p<0.02) over the study period

(101). The longer study period (21 v. 8 days) plus a higher average daily dose of

rhGH was suffieient to lead to improvements in respiratory muscle strength that

were not observed in the earlier study.

ln conclusion, pharmacologie doses of rhGH elieit an anabolie response

even under conditions of severe catabolie stress. As a result, the lean body mass

of rhGH treated subjects is not only attenuated but restored by as much as 500- 700

9 per week. The restoration of lean body mass leads to improvements in

respiratory muscle strength in spontaneously breathing patients. In the

malnourished mechanically ventilated COPO patient, it is an urgent concem to

withdraw this support. The administration of pharmacologie doses of growth

hormone with the background of adequate nutritio.r:tal support is expected to

stimulate an accelerated restoration of lean body mass. It is antieipated that the

~"crease in lean body mass will benefit the exercising muscles, which are the
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respiratory muscles in the case of the critically iII, and hence, improve strength anà

facilitate weaning from mechanical ventilation.

3.0 RESEARCH RATIONALEAND HYPOTr~::SES

3.1 Rationale

1. There is a high incidence of PEM in the COPO patient population. PEM is

associated with a decrease in respiratory muscle performance.

2. Since most of the precipitating causes of acute respiratory failure in COPO are

catabolic as weil as being associated with decreased voluntary food consumption,

it is predictable they will be accompanied by nutritional deterioration,and hence a

decline in respiratory muscle mass and performance. Ouring rehabilitation, when

the catabolic iIlnesses have resolved, yet respiratory failure persists, the Iimiting

factor preventing successful weaning may be compromised respiratory muscle

performance resulting from a prior decline in nutritional status.

3. Since the anabolic response to nutritional support alone in patients with

prolonged respiratory failure is likely ta be slow and variable, even under

nonstressed conditions, a practical and convincing test of this hypothesis may be

best carried out by administering a potent anabolic stimulus. Pharmacologie doses

of rhGH induce a prompt and uniform increase in net muscle protein synthesis.

4. Since il is normal medical practice to provide nutrition to ail patients, the

appropriate comparison group is one !hat is being fed adequate nutritional support

alone.

3.2 HYDotheses

1. It was hypothesized that the anabolic response of patients in prolonged
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respiratory failure supplemented with pharmacologie doses of recombinant human

growth hormone (rhGH) will be greater than those receiving the equivalent

nutritional support alone when patients have been selected in whom factors well­

known to impede or Iimit weanibility have already been stabilized. These factors

include severe heart failure, sepsis, hemodynamic instability, and excessive

bronchial secretions. To test for such an effect, pharmacologie doses of rhGH (5

mg/day, Humatrope, EH Lily, Canada) known to exert an anabolie effect were

administeied. Since the anabolie effect of rhGH is mediated through hormonal

mechanisms, blood levels of total eirculating IGF-1, and insulin were measurecl.

Daily N balance and weekly serum concentrations of circulating "viscere!" proteins

(albumin, transferrin, prealbumin, and retinol binding protein) were measured to

leam about the effects of rhGH on protein metabolism and changes in lean body

mass.

2. It was hypothesized that accelerated nutritional rehabilitation, accomplished

through the administration of pharmacologie doses of rhGH would increase

respiratory and peripheral muscle strength and endurance and, hence, facilitate

weaning from mechanical ventilatory support more rapidly than equivalent

nutritional support alone. Specifically, it was hypothesized that:

(A) Maximal inspiratory pressure (Plmax) would be greater and the level of

ventilatory support less in the rhGH-treated group as measured daily.

(8) RhGH-treated group would be weaned from ventilatory support sooner than

the control group. This comparison was made realizing that a significantly large

sample size to rule out a false negative result would not be feasible; and therefore

a finding of a favourable trend, even if it failed to reach a significance level.of P

<0.05, would still be regarded as a valuable finding for the planning and design of

a future, larger and more comprehensive trial.

(C) It was hypothesized that voluntary handgrip strength would increase in the

rhGH-treated group, but not in the control group.
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4.0 Materials and Methods.

4.1 Experimental Design

1. Pre-Study Period. Ali patients meeting the selection criteria (See Section

4.3) started on a 3-day trial of nutritional support. The enterai route of

administratIon was preferred. If 80% of estimated nutritional requirements (See

section 4.7) were not tolerated enterally, then total parenteral nutrition (TPN) was

initiated to either supplement or replace enterai feedings. Also, during the prestudy

period patients on a mode of ventilatory support other than pressure support

ventilation (PSV) were switched to this mode. The procedure for this transition was

standardized (See Appendix 1).

2. Basaline Measurements. Baseline measurements were taken on Day 0 to

assess nutritional and metabolic status. These baseline measurements included

selected serum protein concentrations, vitamin (serum B'2' and RBC folate) and

minerai status (serum iron, and ferritin), body weight, serum electrolytes (including

magnesium), blood hormone levels (IGF-1, insulin, cortisol), resting metabolic rate

and respiratory quotient. Tests of peripheral muscle strength (hand grip

dynamometry) and the severity of respiratory failure (weaning trial; See Section

4.8), were conducted on Day O.

3. Studv Period. The study period was 14 days or 'Z4 hours after weaning from

mechanical ventilation; whi~ever came first. On Day 1 and throughout the study

period at 9:00 a.m. daily either rhGH (5 mg) or the placebo was administered

subcutaneously. Ail enrolled patients remained on t."e nutritional support regimen

initiated during the prestudy period (See .section 4.7). Serum electrolytes were

monitored every one to three days to assess the metabolic response to the

protocol. Twenty-four hour urine collections were started daily at 7:00 a.m. for N

balance studies, and for determinations of urinary creatinine and sodium. The level

of pressure support ventilation required and adherence to a standardized weaning
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protocol was judged daily along with measures of respiratory status; PI....,

respiratory rate, Fi02 compliance, resistance, and tidal volume.

On Days 7, 14 and/or the last day of the study period, several analyses were

conduded. On Day 7, the RMR and Ra measurements were repeated to determine

the effects of rhGH therapy on energy expenditure and substrate utilization.

Weaning trials were repeated to detect changes in respiratory status. To monitor

hormonal and nutritional responses to the treatment, selected plasma protein

concentrations, hormone levels, hand grip dynamometry and body weight were

measured. Serum 812, folate, ferritin, and iron levels were drawn on day 14 or the

last study day.

4.2 Recombinant Human Growth Hormone

4.2.1. Dosage and Administration

The treatment group received 5 mg daily of rhGH (Humatrope, Eli Lily,

Canada) for a maximum of70 mg rhGH, while the control group received a placebo

(dibasic sodium phosphate Ci)'stals, mannitol, and glycine). The rhGH or placebo

WclS administered subcutaneously at 9:00 a.m. daily by the nursing staff.

The daily dose was selected based on evidence that it was sufficient to

safely exert an anabolic response in hospitalized patients (160-162,168,200,201).

The daily administration of doses as little as 0.05 mglkg body weights (3.5 mg/70

kg/day) to 10 mg/day has been shown to elicit an anabolic response with few

adverse effects.

4.2.2. Blinding

This was a double blind study. The rhGH was supplied in vials containing

5 mg each. The vials containing the placebo appeared visually identical to those

containing the rhGH and were reconstituted with the same amount of diluent Ail

vials were labelled "Effects of GH replacement in adults." The rhGH or placebo was

reconstituted with 1.5 ml diluent (Diluent for Humatrope, Eli Lily, Canada) by the
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RVH Pharmacy staff and by the nurses at the MCH. Neither the research

personnel, nursing staff, treating physician, nor the patient knew identity of the viais'

contents. Wrth a suspected adverse reaction, the blinding was to be broken. This

decision would be made by L. John Hoffer, M.O. If the blinding was broken, the

patient would have been automatically disqualified. However, such a situation

never arose.

4.3. Subjeets

Ali patients admitted to the Intensive Care Units (ICU) of the Royal Victoria and

Montreal Chest Hospital's Intensive Care Units were assessed for eligibility from

January 2, 1994 to October 1,1994. Additionally, patients in the Intensive Care

Units at several other Montreal hospitals, including the Montreal General and

Reddy Memorial Hospitals, were also evaluated for eligibility. The eligibility of

potential subjects was determined through careful review of physical exam, pest

medical history. nutritional history, current iIIness, respiratory status, prognosis,

haematological. and blood .chemistries by the graduate student and a study

physician. The selection criteria were as follows:

Inclusion Criteria

eProtein and eroergy intake meeting 80% or more of estimated requirements

(See Section 4.7)

elnformed consent obtained from patient

eAge 18-85 years old

eRequiring mechanical ventilatory support for 3 days or more

eHas failed at least 1 previous attempt to wean from mechanical ventilation

eOn pressure support ventilation

eHemodynamically stable

eAiert and competent to give or withhold informed consent
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Exclusion Criteria

.Respiratory status sufficienllo sustain more lhan one and a half hour of

spontaneous, unassisled brealhing while on 6 cm waler of pressure support

ventilation

.Airway obstruction including thal produced by excessive tracheal

secrelions

.p02 < 60 mm Hg with F10 2of 0.4

.Suspeeted sepsis or uncontrolled infection in lungs or elsewhere (Clinical

evidence of same includes suggestive leucocytosis, positive blood cultures,

increased cardiac output, rectal temperature of> 38.S0C)

.Advanced cancer

.Severe congestive heart failure

.Renal failure (Serum Creatinine >300)

eClinically significant hepatic failure

.Insulin-clependent diabetes mellitus

Patient Tenninatlon Criteria

The following circumstances would result in termination from the protocol

before the completion of the full 14 days: raquest of the patient, severe adverse

reaction to treatment, raquest of "treating" physician, change in medical status

making thl'! patient ineligiblEi and/or extubation. At the time of terminaticili, the'

administration of rhGH or placebo was immediately halted with the exception being

in the case of extubation. Patients had to be free of ventilatory support for more

than 24 hours to be considered successfully weaned. For this reason. these

patients reeeived one additional dose of rhGH during this 24 hour period. If 24

heurs passed wilhout need of ventilatory support, the study was terminated at that

point The decision to continue or stop the nutritional support regimen and/or

weaning protocol was made by the ''treating'' physician.
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4.4. Sample Size

A minimum sample size of 4.9 subjects per treatment group was estimated,

based on a power caleulation for a two-tailed test with the alpha and beta set at

0.05, given an expected difference between groups of 2.5 9 N/day and an

antieipated standard deviation of 1.0 9 N/day. The expeeted difference between

groups and standard deviation was based on the finC:ings of previous research

using pharmacologie doses of rhGH (35,101,162,197,202,203). Sinee this was the

first study to look at the response of respiratory parameters in mechanically

ventilated patients given pharmacologie doses of rhGH, cata was not available to

determine the expected differences between groups and the standard deviation.

Therefore, the sample size calculation was based soley upon N balance. Based on

this power calculation, a sample size of six in each group was proposed.

Having said this, and while concluding that it was antieipated that significant

improvements in nitrogen balance in the rhGH-treated patients would be shown, we

were aware that a small sample size left open the possibility of taise negative

findings regarding respiratory orweaning paramelers; Le. no significant difference

found despite a true benefieial effect. Our philosophy in designing in this trial was

to anticipate this would likely occur, but to regard the experiment as a pilot project.

If suffieiently interesting trends were observed, this would provide suffieient

motivation to enter into a larger, multi-centre trial using the techniques validated in

this smaller experience.

4.5 Patient Assignment and Randomization Procedure

A consecutive, nonprobability sampling design was used meaning that ail

patients meeting the selection criteria from January 2 to October 1, 1994 were

enrolled in the study. Ail patients meeting the selection criteria underwent at least

one formai pre-study period weaning trial. The weaning trial procedure involved

deaeasing the level of pressure support to 6 cm water (which is enough pressure

to overcome the resistance of the endotracheal tube) and then observing the
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patient for signs of failure (See Section 4.8 for definition of failure). The time

elapsed from the beginning of the trial until failure was measured. Patients who

failed at 1-30 minutes were c1assified as the "severe" respiratory failure group, and

failure between 31-90 minutes were classified as "moderate to severe" and

"moderate" failure was defined as 91-180. minutes. If spontaneous respirations

were maintained without signs of ''failure'' for more than one and a half hour (see

Section 4.8), he or she was excluded from the study because of the likelihood of

weaning soon independent of any therapy.

Eligible subjects were assigned at random to either the rhGH treated or

control groups by a statistician from the Department of Medicine, McGiII University

who prepared a list of patient assignment numbers from one to twelve. The results

of the weaning trials were used during randomization to ensure that the patients

were matched for baseline respiratory status. To do so the twelve patient numbers

were divided into 3 subgroups according to classifications for severity of respiratory

failure used in the weaning trials. The first patient enrolled in each subgroup were

assigned the smallest number in that group. Since it was desirable to maximize the

numbers of patients with similar severity of respiratory failure, if one group became

filled one or more of the remaining groups would be deleted.

4.6. Research Facilitv

The subjects were admitted to the Intensive Care Units at the Royal Victoria and

Montreal Chest Hospitals. Inservice education was conducted by the graduate

student for ail members of the nursing and respiratory therapy staff at both

hospitals. The educational materials used for the inservices were prepared in both

English and French. The inservice training provided information regarding the

general goals of the study, rhGH administration, rhGH side effects, nutritional

support regimen, weaning protocol and procedures for sample collections (See

Appendix 1).
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4.7. Nutritional Support Protocol

Treatment and control groups received equivalent levels of nutritional

support targeted to meet their maintenance energy and protein requirements.

There is a medical obligation to meet the nutritional needs of ail patients when this

can be safely accomplished, since there is no doubt that starvation is

counterproductive to health. Energy intake was designed to meet total daily energy

expenditure so that the patients were in zero energy balance. Resting energy

expenditure (REE) was measured using the indirect calorimetry method. To obtain

total daily energy expenditure, REE was mul~iplied by a factor of 1.15 to account for

the increase in metabolic rate in response to physical and chest therapy, pain and

other manipulations that occur frequently in the ICU setting (105). When either the

indirect calorimeter was not operable or the results were judged to be unreliable,

total daily energy expenditure was assessed as basal metabolic rate per Harris­

Benedict equation times a factor of 1.2. The Harris-Benedict equation is as follows:

BMR(males)= 66.4730 + (13.7516W) + (S.0033H) - (6.7550A)

BMR(females)= 665.095 + (9.563W) + (1.8496H) - (4.6745A)

where W = weight in kg

H = height in cm

A = Age in years

Protein requirements were assessed at 1.2 g1kg IBW (100). Of the non-protein

energy, 65% was provided as carbohydrate and the remaining as fat.

The preferred route of administration was enteraI. Patients were fed either by

nasogastric tubes or with small bore (8 Fr) nasoduodenal tubes depending on

patient tolerance and/or preference of "treating" physician. Commercially prepared

enterai products were used (Jevity, Ross Laboratories, Montreal, Quebec and

Nutrisource, Sandoz. See Table 1). Of the non-protein energy, 65% was

carbohydrate and 35% fat. If the protein content of the enterai feeding was not

sufficient, a protein modular was used (Promod, Ross Laboratories, Montreal,

Quebec). The enterai feeding was continuous over 24 hours. To determine total
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TABLE 1: COMPARISON OF JEVIiV (ROSS) VS. NUTRISOURCE <SANCOZ}

KJ/mL 4.45 5.02

Protein Source Ca & Na Caseinate Ca & Na Caseinate
scy protein isolate

9 proteinIL 44 43

Carbohydrate source Hydrolyzed cornstareh MaJtodextrin
corn syrup soUcis

gCHO/L 152 170

non-protein 65% 64%

~
energy as CHO

Fat source Corn on Canola
MCT MCT

9 fatIl ~ 42

Non-proteln
energy as fat 35% 36%

Fiber source SCy polysaccharides Scy polysaccharides

9 fiber/L 13.6 10

9 fiber/4184KJ 12.8 12.0

,."\W



•

•

70

daily nutrient intake, ail enterai and/or intravenously (TPN, dextrose, or saline)

administered solutions were figured out from the nursing observation records.

Patients on enterai feedings were to receive a minimum of 80% of their

estimated requirements from the enterai feedings. If patient tolerance did not allow

the targeled goal to be attained or enterai nutrition was contraindicated, total

parenteral nutrition (TPN) was used to either supplement or to replace enterai

feedings to achieve prescribed level of intake. The protein source in the TPN was

crystalline amino acids in the usual concentration of 2.75% or 5% and dextrose

concentration of usually 25%. The fat was provided as a soy-based intravenous

(IV) fat emulsion (Intralipid, 10 or 20%). IV fat emulsions were provided only twice

per week as is standard clinical practice in these hospita!s. Therefore, except for

these two days, carbohydrate served as 100% of the non-protein energy. Infusion

of TPN was also over twenty-four hours.

4.8. Weaninq Protocol

The procedure for weaning from mechanical ventilation was standardized for this

research project. Any patient meeting the sélection criteria, but on any other mode

of mechanical ventilatory support was switched to pressure support ventilation

(PSV) during the prestudy period. Since ail patients received pressure support

ventilation, comparisons of respiratory status between groups were made. The

transition to this mode of support was the same for ail participants; peak pressure

developed on a tidal volume of 10 ccJkg and a flow rate of 60 litres/minute was

determined. The peak end expiratory pressure (PEEP) was set at 5 cm water and

for the remaining of the weaning process when possible. Once on PSV, the level

of support was decreased by 5 cm of water every 60 minutes until the patient

"failed."

Weaning failure was stringently defined as any one of the following:

respiratory rate of >30 bpm, tidal volume of <5 mLJkg, PC02 change >10 mm Hg on

ABG (to be checked 15-30 minutes after change in pressure support), desaturation
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(Sa02 <90%), a change in heart rate of 25% and a heart rate of 60 or >120 bpm,

systolic blood pressure increases or decreases by 25% of baseline, or agitation

and/or distress. The respiratory rate and tidal volume were measured by the

ventilator.

Once a patient failed the PSV was increased by 5 cm water and the patient

rested until nex! day. At 6:00 a.m. on study Day 1 and on each subsequent day, the

level of PSV was set at the lowest level tolerated the previous day. Attempts to

further decrease the PSV by 2 cm water were made at 12:00 and then again at 6:00

p.m. daily. When a patient did not tolerate the decreased PSV, it was increased

to the previously tolerated level. Alter failure, attempts to decrease pressure

support further were abandohed for that particular day. Each night at 10:00 p.m.

unti16:00 a.m. the next moming the patients were "rested" by increasing the level

of PSV to the original level tolerated at the beginning of the study and which was

modified according to patient progress over the course of the study. When a

patient sustained adequate ventilation on 6 cm water for five continuous hours,

mechanical ventilatory support was withdrawn. To be considered successfully

weaned, a patient had to sustain spontaneous respiration for 24 hours or more.

4.9. Respiratorv Muscle Strength

Maximal inspiratory pressure (PI.....) was measured to assess respiratory muscle

strength. PI.... is measured at the end of expiration against an obstructed uni­

directional mouthpiece with a smallleak to minimize oral pressure artifacts. After

being sure the endotracheal cuff was fully inflated, three consecutive

measurements of PI...were taken allowing for a short rest between each trial by a

respiratory therapist To ensure a maximal effort, the mouthpiece was occluded for

20 seconds. The highest measure was used for analysis.

4.10. Peripheral Muscle Strength

Peripheral muscle strength was measured by voluntary hand dynamometry.
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The grip size was adjusted for comfort but kept constant throughout the study. To

assess handgrip strength, force was measured in both hands three times each

using a Smedley-type hand dynamometry (Jamar, Jackson, MI). The dominant

hand was noted. Patients were instructed regarding the purpose and procedure of

this test. Measurements of hand dynamometry are usually taken standing with

one's arm at a 9D-degree angle, but not touching the body. Because these patients

were bedridden, a standard position was used in which the hand dynamometry

rested on the bed not touching their body. Once in proper position the patients

were encouraged to apply maximal force. The hand grip strength was rneasured

in kg of force with an accuracy of ± 1 kg. The average of the three measurements

in the dominant hand was used for analysis.

4.11 Nitrogen Balance Studies

Complete 24 hour urine collections were made for every study day. The time of

the collections was from 7:00 a.m. to 6:59 a.m. the next day. Ali patients had Foley

catheters that served to reduce urine losses. Nursing staff was instructed to record

any losses of urine, due to spillage, being sent ta biochemistry or other reasons, on

the nursing observation f10w sheets. Urine was collected in containers without acid

preservative. Each container was labelled "Growth Hormone Study" with the

patient's name, date, and time of collection. For the 24 hours of the collection the

urine was stored at the bedside at room temperature with the top tightly secured.

Once complete the 24 hour urine collections were weighed using an electronic

scale (Mettler PE) with precision to 0.01 g. The collection was then agitated and

the specifie gravity was determined (Squibb Urinometer, Parsippany, NJ). Using

the weight and specifie gravity, the adjusted volume was calculated. The urine was

then put into 5 ml plastic vials and stored in a freezer at -30 degrees Celsius until

analysis. The urinary excretion of urea N and total urinary N was determined for

N balance calculations.

A modified Jaffe method (204) on the Beckman Syncom CX4 and CX5
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systems (Brea, California) was used to determine urinary creatinine. The

automated Beckman systems were also used ;or urea N determination (Ion

Selective Electrode Methodology). The Royal Victoria Hospital (RVH) laboratory

did these analyses. Total urinary N was determined by the Kjeldahl method (205)

followed by colorimetrie determination with Technicon Autoanalyzer Il (Chauncey,

New York).

N balance was calculated as N intake minus output (sum of urinary, faecal

and miscellaneous losses). N intake was determined from enterai and parenteral

solutions. Faecal N losses were assumed to be 0.6 glday based on reported faecal

losses with a similar enterai feeding (206). Miscellaneous losses were assumed to

be 8 N mglkglday (60). Ur,nary nitrogen was determined from the daily 24 hour

urine collections. Urinary creatinine was measured daily to assess if the urine

collections were complete. Urine collections were judged incomplete if the daily

urinary creatinine level was more t.'lan one SD from the mean. The urine volume

for incomplete collections was adjusted by multiplying actual urine volume by the

sum of mean urinary creatinine divided by that day's urinary creatinine.

Changes in lean body mass were estimated from changes in N balance

assuming 1 9 N is equivalent to 6.25 9 protein and 31.25 9 LBM (207).

4.12. Laboratory Indices

Postabsorptive venous blood samples viere drawn on Days 0, 7, 14 and or the

last day of the study protocol.

Insulin, IGF-1: 10 millilitres of blood was collected in a 2-10 ml test

"Iavender top" tube containing 0.07 ml (0.34 M) EDTA ~ and was stored on ice

during transportation The blood-EDTA~ solution was centrifuged at 3000 rpm for

15 h1inutes at 4 degrees Celsius. The plasma portion was retrieved and separated

in10 ten equal portions, placed in 2 ml plastic test tubes, labelled and stored at -30

degrees Celsius. RIA was used 10 measure IGF-1 !Standard prepared by McGiII

University, Polypeptide Hormone Laboratory under the supervision of Dr. Barry 1.
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Posner) and insulin (Human.lnsulin Specifie RIA kit, Linco, St. Louis, MO) levels

using a Gamma Counter (LKB Wallac-1271 Riagamma Automatic Gamma

Counter).

Transferrin, retinol binding protein, prealbumin: 5-7 millilitres of blood

was collected in a 10 ml red top tube (no additive) and was kept at room

temperature. The blood was allowed to coagulate and then spun for 15 minutes at

3000 rpm at room temperature. The serum portion of the blood was retained and

placed in four 2 ml plastic test tubes, labelled and stored at -30 degrees Celsius.

These measurements were determined at the Clinical Biochemistry laboratory at the

Hotel Dieu Hospital (Montreal, Quebec) using the nephelometry technique

(Nephelometer, Behring, Ger:many).

Cortisol: Blood was collected in a 10 ml green top tube containing 143 USD

units of Na Heparin and were stored on ice during transportation. The blood-EDTA

Ka solution was centrifuged at 3000 rpm for 15 minutes at 4 degrees Celsius. The

plasma was placed into 2 ml plastic test tube. Cortisol concentrations were

determined by RIA using the "Serono Cortisol MAlA kit" (Serono Diagnostics).

Serum iron, ferritin, erythrocyte folate, and vitamin B 12: (Collected on

days 0 and 14 only): Serum iron was collected in a 7 ml navy top tube without

additives. This test was completed using a Miles Technicon Random Access

Analyzer set at 560 nm wavelength (Tarrytown, NY). The vitamin B12•RBC folate,

and ferritin samples were co!lected in a 10-ml red top tube without additives. An

ACS:18 Automated Chemiluminesce System (Coming, NY) was used for these

determinations. Ail of these tests were conducted by the Haematology Division at

the Royal Victoria Hospital.

The following venous blood samples were drawn every 1 to 3 days. The

frequency of the drawing of these samples was determined by the "treating"

physician:

SMAC-16 and Serum Magnesium: (208) Blood was drawn by the nursing

staff in red top tubes (no additives) for determinations of serum sodium, potassium,
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chloride, bicarbonate, urea, creatinine, glucose, uric acid, calcium, phosphorus,

total protein, total bilirubin, alkaline phosphatase, alanine aminotransferase (ALT),

aspartate aminotransferase (AST), lactate dehydrogenase (LDH), cholesterol, and

triglyceride. The SMAC-16 and serum magnesium was determined by the RVH

clinical biochemistry laboratory using standard automated methods (Technicon

SMAC Il).

Complete Blood cen Count: (208) Using a lavender top tube ï ml (Jo blood

was collected for determination of haemoglobin, haematocrit, white blood cells,

neutrophils, lymphocytes, monocytes, eosinophils and placarders. These tests

were completed using a Technicon H-I System (Tarrytown, New York) at the RVH

clinical biochemistry laboratory.

4.13 Indirect Calorimetrv

Resting metabolic rate was measured by indirect calorimetry using a

Deltatrac TM metabolic monÎtor (SensorMedics, Yorba Linda, Califomia). The

respirator mode was used for ail measurements. In the respirator measurements,

the expiratory air coming from the respirator is first led into a 4-Iitre mixing chamber

from which the fraction of expired O2 and CO2, FE02 and FEC02, respectively, are

determined. The calculation of V02 and VC02 also requires the measurement of

respiratory f1ow.

The fixed airflow throl !gh the system was 39.2 Uminute. The f10w rate was

calibrated by combusting 5 ml of absolute ethanol in a calibration bumer unit every

month. The ethanol used for calibration was carefully sealed with paraffin to protect

it from ambient moisture. During the combustion test the total amount of CO2

produced was used to determine the f10w rate by this equation:

New Flow Rate (Umin)= 1.03 X 3820 X CUITent Flow Rate (Umin)
total CO2 produced (ml)

The alcohol combustion aIse served to verity the accuracy of the O2 consumption

and CO2 production measurements by comparing to the actual to the theoretical
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yield, along with checking the accuracy of the respiratory quotient (RQ_=0.667).

The analyzer measured oxygen with a dmerential paramagnetie sensor and

carbon dioxide with an infrared sensor. The gas analyzers were calibrated before

eaeh measurement using a calibration gas of 96% O2 and 4% CO2• The V02 and

VC02 measurements were made under ambient conditions, however, the Delatrae™

corrected O2 consumption and CO2 production for standard conditions (STPD); dry

gas at 0 degrees Celsius and 76D-mm Hg. To find out the resting metaboiie rate

from gas measurements the Weir equation was used.

Resting metabolie rate (RMR) was measured on Days 0, 7, and 14 by the

same operator. The tests were conducted between 8:0D-8:30 a.m. after several

hours of sleep prior to physical or chest therapy (105), dressing changes, X-Rays

and during continuous administration of nutritional support. After connecting the

expiratory Iimb of the ventilator to the indirect calorimeter, the patient was allowed

to rest for five minutes. During the test the curtains were drawn and no

manipulations were done to the patient The firs! five minutes was collected but not

ineluded in analysis. Measurements would last for 15-20 minutes. To be

considered a "steady state" study the coefficient of variability for the V02 and VC02

had to be 5-10% of the mean. If the study dir:l not meet this criteriC!"! itwas repeated

the next day.

4.14 Hazards to Subjects and Inforrned Consent

The reported potential deleterious side effects of short term administration

of pharmacologie doses of growth hormone are hyperglycaemia and f1uid volume

over1oad (153-155,174,175). Arthralgias have aise been described. To ensure that

the administration of rhGH did not further exacerbate these problems to a c1inically

unacceptable level, serum glucose were monitored daily. To guard against f1uid

over1oad, intakeloutput records were reviewed daily and patients weighed weekly.

Prior to enrolling the tirs! subjed, the proposed research protocol was

approved by several external and internai review boards. The protocol was
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reviewed and approved by Health and Welfare Canada. Their approval of the

protocol was necessary because t:,e use of pharmacologie doses of rhGH in adults

without growth hormone defieiency is not yet an approved indication for the drug.

Additionally, the protocol was accepted by the Eli Lily Co., the manufacturer of

rhGH (Humatrope).

An intemal review board was the Ethics Committee of the Royal Victoria

Hospital. The proposed research protocol and informed consent document was

presented to this committee by Dr. L. John Hoffer and Candace Hinze on May 17,

1993. After review of these materials, the committee approved the protocol and

informed consent form v.ithout revision. Dr. Peter Goldberg presented the same

materials to the Ethics Committee at the Montreal Chest Hospital. This committee

approved the protocol, but alôked for revisions to the informed consent to make it

easier to read (Iarger lettering) and gave approval pending these changes. The

researeh proposai and informed consent form were resubmitted to the Ethics

Committee at the Royal Victoria again one year later May 2, 1994 according to their

policies. Minor revisions were made to the protocol at this time and were approved

without delay. A sample copy of the informed consent is appended (Appendix 3).

When a patient meeting the selection criteria was identified, the graduate

student wouId briefly describe the basic information regarding the research to the

patient. If the patient requested further information, then the details of the study

design and the possible side effects were carefully explained. This information was

shared with family members when requested. After this explanation, each patient

was asked if helshe would like to spaak with one of the study physieians regarding

this matter. Ali prospective patients opted to speak with a physician. Dr. Peter

Goldberg discussed the study protocol and~ ail questions. When a patient

remained interested in the study, the informed consent form was reviewed and the

patient was given time to make their final decision te participate in the study. At the

time ofsigning the consent form, ail patients had to be deemed alert and competent

by the treating physieian. Two people were witnesses to the signing of this
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consent. The signed consent form was then placed in the medical record.

4.15 Statistical Analysis

The measured variables faU into three categories; {1} outcome variables,

which are the dependent variables that were measured to test the primary

hypotheses relating to respiratory function and muscle strength, {2} confirmatory

variables used to confirm that the treatment had its expected physiologie effects,

(3) other measures to test for the comparability of the two subject groups and for the

presence of factors that might impinge on ·the expected results. SpecificaUy, the

outcome variables were: PI_, level of PSV, hand grip strength, and days to

sucœssful weaning. The confirmatory variables included N balance, blood glucose,

fluid balance, and sodium excretion. The measurements to confirm compatibility

and to identify possible confounding variables were weaning trials, admitting

diagnoses, number of days on ventilator, age, sex, height, weight, 8MI,

energy/protein intake, hormonal levels (IGF-1, insulin, cortisol), plasma protein

concentrations, serum magnesium, 812, folate, and iren status.

The statîstical analyses for the outcome and three of the confirmatory (blood

glucose, sodium excretion, and fluid balance) variables were handled similarly. A

plot of each of the variables against time·was completed for each subject. The

purpose of plotting the data was to display the nature of the change in each

outcome variable over time. If rhGH had the hypothesized affects, one would

observe an increase in the measured outcome and confirmatory variables with time

under the affect of the drug, but Iittle or no change in the measured variables for the

placebo group. Changes in these variables might occur steadily with time, or after

a short !nitial delay, increase to a steady-state maximal affect, thus demonstrating

a "sigmoidal" time relationship. Previous trials have shawn the anabolic affect of

rhGH to be almost instantaneous (160,162,170). Therefore, the lag phase would

be expected te be short and since we argued that patients are likely to be weaned

either before or shortly aller the maximum affect is obtained, the simplest model for
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hypothesis testing was chosen, namely that the outcome variable y(t) would

increase approximately linearly and show the relationship of y(t)= a + b.t where a

is the value of y at baseline and b is the rate of increase in y with time. The units

are "unit time·'''. The statistical hypothesis then is that a will be equal for the Iwo

groups (to show they were comparable at baseline) and that b will be significantly

greater for the rhGH group. This was tested by calculating b for each subject, then

calculating the mean ± 50 for each b in the rhGH and placebo groups and testing

whether the means were statistically significantly different by two-tailed Iwo-sample

t-test. The Iwo tailed t-test allows that the differences betv..een the two groups may

be either in the direction of the hypothesis or in the opposite direction. A p-value

of 0.05 or less was considered statistically significant. A p-value of 0.05 means

that when the null hypothesis is rejected there is only a 5% chance that the null

hypothesis is indeed true in the population. The computer software package

"Primer" was used to pertorm this test of significance.

A mathematical method, the method of least squares, was used to r' .;termine

the Iinear relationship of the data points. When a line fits a .::.t of data :,.ere will be

sorne points that fall above and below this line. The least squares line is the line

that will make the sum of the squares of the deviations of the data points that form

the line in the vertical (y) direction as small as possible. The line of least squares

is a powertul tool to measure 'the association between two variables. 5pecifically,

in this study it was used to define the response of the forementioned variables over

lime. The least squares line was determined using the computer software package

entitled InPlot.

5. RESULTS

5.1 Patient Recruitment

The intended sample size was 12. Over a ten month period ail patients

admitted to the Intensive Care Units (ICU) at the Royal Victoria (RVH) and Montreal
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bc the slope for the control group.
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Chest (MCH) Hospitals were evaluated for eligibility. The total number of patients

admitled to the ICUs from January 2, 1994 to October 1, 1994 was 1,723. Of these

patients 106, or 6% had prolonged respiratory failure as defined by requiring

mechanical ventilatory assistance for more than three days. Of the patients in

prolonged respiratory failure, 94% were excluded. The excluded patients had

unresolved medical and surgical problems making them ineligible for participation

in this study as defined by the selection criteria. Specifically, recent surgical

intervention aceounted for 20% of the excluded patients, followed by 11 % for both

sepsis and cancer. The diagnoses of ail patients excluded from this study are

listed on Table 2. Eight patients met the selection criteria and were randomized.

Twc patients became unstable and were withdrawn after randomization. One of the

two patients was discontinued on Day 1 prior to the administration of rhGH or

placebo. The other patient, who had been randomized to the rhGH-treated group,

was terminated after three days on the protocol. The data of these two patients is

excluded from ail analysis. This made the attrition rate 25%. Thus the final sample

size was six, which represents 0.3% of the tntallCU admissions for the ten-month

period. Three patients were randomized to the treatment and three to the control

group (See Figure 2). Twc of these patients were admitted to the MCH ICU and the

remaining 4 to the RVH ICU.

Due to the small sample size the ap~ropriatenessof the statisti~1analysis

(as outlined in Section 4.15) was reevaluated. With a sample size of six, the power

of the proposed statistical tests was too low to provide meaningful results. The

power of a statistical test is the probability of accepting the null hypothesis when in

the population there is truly an association (Type Il errer). The data for each

patient was plotted with the variable (y) against time (x) for the outcome,

confirmatory and a comparability (cortisol) variables. Therefore, the statistical

testïng strategy that had been planned at the onset of this study (Section 4.15) had

to be abandoned. Instead, individual patient data is provided for most of the results

presented here. The mean±SD was calculated for several confirmatory and



TABLE 2: REASONS FOR EXCLUSION FROM STUDY 82• Pneumothorax 1
Esophagopleural fistual 1
Chast waI dehiscence 1
HemodynomicaJly unstable 1
Supraglottie stenosis 1
Neurologie deficits 1
Necrotizing pneumonitis 1
Lung emboli 1
Severe kyphoscoliosis 1
Ischemie heart failure 1
Pancuatitis 1
Gullian Barré disease 1
Wegner's granulomatosis 1
Meningitis 1
Tuberculosis 1
Refused consent 1
Cystie fibrosis 2
Gastrointestinal bleeding 2
Pulmonary edema 2
eartiogenie shock 2
Muscular dystrophy 2
IDDM 2
Multiorgan failure 2
Thiek tracheal secretions 3
Unable to give informed consent 3
CVA 3
Uver cirrhosis 5
Renal failure 5
Congestive heart failure 7
Sepsis 11
Cancer 11
S/p surgery (ACBP. lung liver

transplant, splenectomy, bowel resection,
cholestectorny. AM) 20

• Total: 98
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outcome variables along with the baseline subject characteristics to describe the

data and its variability.

5.2 5tudy Period

The study period ended at 14 days or 24 hours after successful weaning

from mechanical ventilation, whichever came first. Therefore, the length of the

study period varied among participants ranging from four to 14 study days. The

total number of study days was 48 with 26 days for the control group and 22 days

for the treatment group.

5.3 Comparabilitv Variables

Comparability variables were measured to ensure that the control and

treatment group were weil matched.

5.3.1 5ubject Baseline Characteristics

The baseline characteristics of the six subjects are shown in Table 3 and

four. Weaning trials were used during the randomization process to ensure that the

baseline respiratory status of the two groups was well-matched. Time until failure

ranged trom one second to six minutes showing that ail six subjects had severe

respiratory failure.

The ages of the patients ranged from 49 to 77 years old. Ali patients were

females except one male in the rhGH-treated group. The treatment group had a

mean weight of 83.8±7.7 kg as compared to 50.6±9.2 kg for the controls. Mean

height for subjects in the control group was 156±3.5 cm and 163 ±5.7 cm for the

treatment group. The body mass index (BMI) of the patients ranged trom 14 to 42.

The obese patient (BMI=42) was in the rhGH-treated group.

Four of the six patients had a confirmed history of COPO with equal numbers

in each group. The mean number of days on mechanical ventilatory support before

the beginning of the study period ranged trom four to 62 days with the mean days
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FIGURE 2:

Subject recruitment at Royal Victoria and Montreal
Chast Hospitals' Intensive Care Units (ICU)
trom January 2, 1994 to October 1, 1994:

Total Number of ICU Admissions
1723

+
Total Number of ICU Admissions

for more than 3 days
106

+
Number of Patients in Prolonged Respiratory meeting selection criteria

8-
+- 2 became unstable

6 Patients Completed Study Protocol
1

•

1

+
3 Patients
Control Group

1

+
3 Patients
Treatment Group



TABLE 3: PATIENT ASSIGNMENT AND ADMlrnNG DIAGNOSIS

85

1 Control F 14 Acute Respiratory Distress
Syndrome (ARDS). Pneumonia

2 rhGH M 28 Coronary Heart Disease
s/p Coronary Artery Bypass
Graft. Emphysema

3* Control F 24 Pulmonary Edema. Congestive
Heart Failure. COPO
Exacerbation

4 rhGH F 25 Acute Aespiratory FaiJure
Pulmonary Edema. Pneumonia

5 Control F 24 COPO Exacerbation

6 rhGH F 42 Acute Respiratory Failure
COPO

* On glucocorticoid therapy during study period.



TABLE 4: BASEUNE CHARACTERISTlCS OF PAnENlS (Mean+SEM)

86

N= 3 3

Weight (kg) 50.6:9.22 83.8:7.7*

Height (cm) 156:3.5 163±5.7

# of Days on Ventilator 30.6:16.9 23.3±11.6

Weaning Trial (seconds) 12O±34.6 3O.3±17

Plmax (cm ~O) 38.3:16.4 32.6:6.4

Transferrin (gmlL) 1.85:.27 2.56±.59

Prealbumin (gm/L) 0.20:0.04 0.19:0.04

RBP (gmll) 0.05±0.01 0.05:0.01

Serum Magnesium 0.97:0.15 0.82±0.04

* p<O.05 when compared to control by nonpaired t-tast
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of 30.6±16.9 and 23.3± 11.6 for the control and treatment group, respectively. The

mean number of days on mechanical ventilation far exceeded the 3-day minimum.

The mean maximal inspiratory pressure (PI",.,.) for the control group was 38.3±16.4

-cm H20 and 32.6±6.4 -cm H20 for the treatment group. For normal, healthy

women aged 70-74, a PI",.,. of 65±26 -cm H20 is expeeted and -103±32 cm H20 for

men aged 55-74 years old (209). Therefore, the mean baseline respiratory muscle

strength of the enrolled patients was approximately one-third to one-half of that

expected in normal, healthy patients the same age.

Serum protein concentrations, transferrin, prealbumin and retinol binding

protein, were measured at baseline to assess visceral protein stores. The mean

serum protein concentrations for both groups were ail within normal limits.

5.3.2 Serum Cortisol

Serum cortisol levels were measured to compare the degree of physiologic

stress in the two groups. Moming serum cortisollevels were measured at baseline

and at the conclusion of the study (See Figure 3). Normal cortisollellels are 248­

690 nmollL. Control patient #3 and 5 received glucocorticoid therapy during the

study period. Since the cortisol radioimmunoassay reacts with glucocorticoids

these measurements do not accurately reflect serum cortisollevels.

5.3.3 Serum Magnesium

Serum magnesium levels were measured at baseline, every one to three

days, and at the conclusion of the study (See Table 5). AIl measures of serum

magnesium for both groups throughout the study period were within normal limits

(0.75-1.25 mmoVL).

5.3.4 Serum Protein Concentrations

The serum concentrations of selected proteins were measured (transferrin,
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post treatment in contrais (Cl) and rhGH-treated (e) subjects.
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TABLE 5: SERUM MAGNESIUM LEVELS mmollL

89

1. Control Group 2. Treatment Group

1 0.92 0.87 0.85 2 0.80 0.83 0.93

3 1.14 0.78 0.77 4 0.92 0.89 0.83

5 0.85 0.85 0.83 6 1.12 0.91 1.10

Mean 0.97 0.82 Mean 0.95 0.95
±SD 0.15 ± 0.04 ±SD ± 0.16 : 0.14
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prealbumin, and retinol binding protein) at baseline and post-treatment ta look for

the effects of this intervention on visceral protein stores. Figures 4, 5, and 6

display the individual subject data at baseline and post-treatment for ail three serum

proteins.

Normal transferrin levels range from 1.8-3.6 glL. The baseline transferrin

levels ranged from 1.45-3.48 glL. Two contrais and 1 rhGH-treated patient had

baseline transferrin levels below normal limits. AIl patients had prealbumin levels

within normal limits {0.1-o.4 glL} at baseline. The serum concentrations of RBP

ranged from 0.025-0.07 glL. One patient from each group had slightly depressed

baseline RBP levels.

When' comparing the individual patient data, a c1ear pattern in the change

of serum concentrations from paseline ta post-treatment for ail three prateins is not

evident.

5.3.5. Vitamin Ba. Folate. and Iron

Serum vitamin B'2> RBC folale, serum iran and ferritin levels were measured

at baseline to obtain a measure of general nutritional status. The results for two

patients are missing. The blood sample for a patient was lost after delivery ta the

laboratory and for the ether patient the blood was not drawn due to difficulties with

venous access. Due te the missing data, the results of thesa tests are not reported.

5.4 Nutritional SupPOrt P~tocol

AIl patients were fed enterally with the exception of one control patient (R.R.)

on TPN during the pre study and study period. The en~erallyfed patients tolerated

feedings without diarrhea, emesis, abdominal distension, nausea. vomiting, or other

signs of intolerance.
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Figure 4. Serum transfenin concentrations (gmIL) at baseline
and post treatment in controls (0) and rhGH-treated (e)
subjects.
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Figure 5. Serum ratinol binding protein concentrations (gmIL)
for controls <Q> and rhGH-treatsJ (e) subjects at baseline and
post treatmenl



93

Serum Prealbumin
(gm/L)

.30r-------------------..

.?s

.20

gm/L 5
.1

.10

.05

••.... .. ,.,..-..-.- ...•
•••

[J Control • rhGH

oa....--------------------J
. Baseline Post Treatment
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post treatment in contrais (0) and rhGH-treated (e) subjects.
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5.4.1 Enerav Intake

Indirect calorimetry measured resting energy expenditure for half the

patients, ail of whom were in the control group (see Table 6). Although resting

energy expenditure was measured for two of the three rhGH patients, these studies

were not steady state and were not accurate measures of REE. Instead, the energy

requirements for three rhGH-treated patients were estimated using the Harris­

Benedict equation to determine the BMR, which was then multiplied by a factor of

1.2 (see Section 4.7). The energy requirements for the obese subject (BMI=42)

were calculated by substituting ideal body weight (IBW) plus 10% for actual body

weight in the HB equation. As shawn in Table 7, the mean energy requirements for

the control group 5795±439 kJ/day and 6748±749 kJ/day for the treatment group.

The mean actual energy intake was 6265±402 kJ/day for the control group and

5907±1019 kJ/day for the treatment group.

5.4.2 Protein Intake

Estimated protein requirements and mean actual protein intakes are

summarized on Table 8. Prot~in requirements were calculated as 1.2 g proteinlkg

ideal body weights. The mean calculated protein requirements of the treatment

group were 82±12 9 proteinlday and 63±4.6 g proteinlday for the control group.

The mean protein intake of the control group was 63±1.7 9 proteinlday and 73±6.1

9 protein/day for the treatment group. A1though not statistically significant, the

traatment group consumed a lower perœntage of protein and energy requirements

than the contraIs because enterai feedings were held in anticipation of weaning

from mechanical ventilation. This is a commnon c1inical practice to reduce the risk

of aspiration.

5.5 Confirmatorv Variables

Confirmatory variables were measured to ensure rhGH exerted ils expected

physiologie affects.
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Table 6: Indirect Calorimetry (kJ/day)

Resting Total Daily Respiratory Predicted
Patient # Day Energy Energy Quotient' Total Daily

Expenditure ' Expenditure: (RQ) Enelgy
(REE) (TDEE) Requirements'

1 0 4452 5124 0.75 5338
7 4200 4830 0.89 5338

2 0 3557 3977 0.99 7841
14 m4 8938 0.80 7841

3 0 3998 4586 0.84 5691

4 No Data 6080

5 0 5544 6376 0.83 5817

6 0 2734 3142 1.35 5326

, REE as measured by indirect calorimetry
2 TDEE=REEx1.15
, RQ as measured by indirect calorimetry
, Predicted Total Daily Energy Requirements=Basal Metabolic Rate (Harrls-Benedict Equatlon)x1.2



TABLE 7: DETAILS OF ENERGY INTAKE <kJldayl

1. TREATMENT GROUP
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2

4

6

Mean±SEM

2. PLACEBO GROUP

7812

7125

5305

6748±749

7790:234

5645:1276

4289:1277

5907±1019
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1 5104 5473±117

3 5669 6535±151

5 6611 67S6±171

Mean±SEM S795±439 626S±402
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TABLE 8: CALCULATED PROTEIN REQUIREMENIS AND MEAN INTAKE Cg/day)

1. TREATMENT GROUP

2

4

6

Mean±SEM

2.. PLACEBO GROUP

100

86

60

82±12

89

57.S

34

73±17

•

1

3

5

Mean:SEM

54

66

69

63::4.6

52

68

68

62.5:1.65
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5.5.1 Insulin-like Growth Factor-1 (IGF-1)

HGH stimulates the liver and other tissues to synthesize and release IGF-1

(130,183). Pharmacologie doses of rhGH have been shawn to increase serum IGF­

1 levels three to five fold (35,162,197,203).

The serum IGF-1 levels were measured at baseline and 22-24 hours after

the last injection of rhGH or placebo. These results are shown on Figure 7. The

baseline IGF-1 levels of the two groups were similar, however, by ~he end of the

study the mean IGF-1 levels of the rhGH-treated were significantly higher than the

control group (p=0.015). The mean baseline IGF-1 level for the treatment was

0.13±O.23 u1mL and by the conclusion of the study was 0.58±O.15 u1mL.

5.5.2 Nitrogen Balance Studies

N balance results are summarized in Figures 8 and 9. The N balance results

varied from +1.22 g Nlday to -13.48 g Nlday on Day 1. The mean daily N balance

for each individual patient is summarized in Figure 8. As is evident from this figure,

a distinguishable difference between the N balance data of the two groups does not

emerge. Figure 9 shows the mean daily N balances of rhGH-treated Patient #4 are

strongly negative. Representation of data in this manner, however, does not reflect

the increase in N balance observed over the course of the study. This patient

started with an -13.48 g N/day balance on Day 1, which climbed to -2.68 g Nlday

by Day 3.

The mean daily N ba.lance for each group was determined. The control

group had a mean daily N balance of 0.35+2.55 g N/day and 1.325.03 g N/day for

the treatment group. The standard devialions of 2.55 g N/day and 5.03 g Nlday for

the control and treatment groups respectively, reflect the variable response of

patients in both the control and treatment groups to either rhGH treatment and/or

nutritional support.

A sample size calculation for a two-tailed t-test was completed taking into

consideration the difference in mean daily N balance of the two groups, 0.97 g
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(Q) and rhGH-treated (e) subjects.
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N/day, and the standard deviation(SD) of 3.8 g N/day observed in this study.

Setting the a and 13 at 0.05, there is a one in 20 chance of a false positive or a

false-negative, a sample size of 938 (469 per group) subjects would required to

detect a significant differenee.

5.5.3 Blood Glucose Levels

Pharmacologie doses of rhGH have been reported to induce hyperglycaemia

(153-155). To monitor for this side effect, blood glucose levels were measured

every 1 to 3 days. The mean daily blood glucose levels for each patient over the

study period is shown on Table 9.

One patient in each group (Control 3 and rhGH 2) received exogenous

insulin therapy during the study period. The control patient requiring insulin therapy

was on total parenteral nutrition and glucocorticoid therapy both of whieh are known

to increase blood glucose levels (210). The measured blood glucose levels of

these two patients did not solely reflect the affects of pharmacologie doses of rhGH

and/or nutritional support, but it also the effects of exogenous insulin therapy.

5.5.4 Fluid Balance

The mean daily fluid balance of the treatment group was +749±856 ml/day.

The control group also had a positive f1uid balance, but only about one quarter of

that of the treatment group (199±531 ml/day; refer to Table 10). This difference

was not statistically different (p=0.384).

Although the mean daily f1uid balances of the two groups were not

statistically different, it may have been c1inically significanl The 3 rhGH-treated

patients required diuretie therapy (fursemide) during the study period. Fursemide

increases urine output (210).. As a result of the fursemide therapy it is impossible

te evaluate the influence of pharmacologie doses of rhGH vs fursemide on the f1uid

balance data of the treatment patients.
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1. Control Group 2. Treatment Group

1 .

3

5

Mean±SO

6.9:0.6

9.7:1.3

7.5:0.8

7.8:1.4

2

4

6

Mean±SO

11.2:4.9

11.2:5.1

6.6:0.3

10.5:4.6
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1. Control Group 2. Treatment Group

1

3

5

Mean±SO

212±2S4

420±581

124±401

181±531

2

4

6

Mean±SO

912=841

541=956

269:872

749±856
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5.5.5 Urinary Sodium Excretion

As mentioned in the previous section, the three treatment patients were

treated with fursemide. This makes comparisons of urinary sodium exeretion

between the two groups meaningless.

5.5.6 Insulin

Pharmacologie doses of rhGH are known to induee a hyperinsulinemie state

(153,154). Baseline and post-treatment insulin levels were measured in ail subjects

and are presented on Figure 10. Normal plasma insulin levels are 35-145 pmollL.

The baseline plasma insulin levels of the control group were within normal Iimits.

The three patients in the rhGH-treated had elevated baseline plasma insulin levels.

By the end of the study, two patients in each group were hyperinsulinemic. As

mentioned in Section 5.6.1, Control Patient 3 and rhGH Patient 2 received

exogenous insulin therapy and it was their plasma insulin levels that were weil

above normallimits, at 993 pmollL and 734 pmollL respectively. The data of these

two patients cannot be interpreted because it would be impossible to describe the

influence of pharmacologie doses of rhGH ancllor nutritional support vs

exogenously administered insulin on plasma insulin levels. The post-treatment

plasma insulin levels of patients not on insulin therapy ranged from 132 to 180

pmollL.

5.6 Standardization of Respiratory Care

5.6.1 Adherence ta Weaning Protocol

Ail patients enrolled in this study were on a standardized weaning protocol.

The purpose of developing a standardized protocol was to ensure that ail patients

were weaned from mechanical ventilation in a similar manner and 50 that

comparisons cculd be made between the two groups. Adherence to the protocol

was defined as implementation of changes in ventilator settings within one hour of
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concentrations (pmollL) for the control group (0) and the rhGH­
treated group (e).
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being ordered. The results of this study reveal that eomplianee to the weaning

protocol was 76%.

5.6.2 Weaning Trials

Weaning trials were used to assess the baseline respiratory status of eligible

patients. Ail patients failed within one second to six minutes, thereby, elassifying

their degree of respiratory failure as severe. The average time until failure in the

treatment group was 120±34.6 seconds and in the control group was 30.3±17

seconds. The first sign of failure in ail six patients was an inerease in respiratory

rate to more than 30 breaths per minute or 0.5 breaths per second (See definition

of failure Section 4.8).

5.7 Outcome Variables

Outcome variables were the depandent variables measured to examine the

effects of pharmacologie doses of rh~~ on respiratory muscle strength, level of

ventilatory assistance required, number of days to successful weaning, and

peripheral muscle strength.

5.7.1 Maximallnspiratory Pressure

Maximal inspiratory force (PI....) is an important elinical method used to

measure respiratory muscle strength (71,20S,211 ). PI.... (y) against time (y) was

plotted for each individual patient is shawn on Figure 11. The baseline PI.... ranged

from 15 -cm H20 to 70 -cm H20. A of PI.... -65 ±26 -cm H20 is considered normal

for women 70-74 years old and for men 55-74 years old 103±32 (20S). The

baseline PI.... measurements for these six patients varied from approximately one­

quarter 10 expected in normal, healthy persons the same age. This iIIustrates the

tremendous variability in the baseline respiratory muscle strength of this patient

group. Aise, from this figure there is no apparent difference in the PI.... data of the

two groups. Instead, the tremendous variability in the response of bath groups to
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pharmacologie doses of rhGH and/or nutritional support is iIIustrated weil by this

figure. Respiratory muscle strength of the two patients not weaned trom

mechanical ventilation during this two-week study is lower than the patients who

were weaned. The PI",.. data trom one control patient showed that respiratory

strength was not compromised and in fact, was even greater than expected by the

end of the study period.

A sampie size calculation for a two-tailed t-test was deterrnined using the

difference in mean daily PI",.. of the two groups, 10.3 -cm H20/day and the standard

deviation (50) of 21.4 -cm H20/day observed in this study. Setting the a and ~ at

0.05, a sample size of 938 (469 per group) patients would be needed to detect a

significant difference.

5.7.2 Pressure Support Ventilation

AIl subjects were on pressure support ventilation (PSV). The level of PSV

was decreased systematically as defined by the standardized weaning protocol.

A lower level of PSV suggested that Jess mechanical ventilatory assistance was

required. Figure 12 summarizes the rate of change in level of pressure support

ventilation for the six enrolled patients. The rate of change is the slope of the Une

of least squares. The two patients (Control Patient 5 anc! rhGH 2) who did not wean

during the 14-day study period '3fld had the slowest rate of change in level of PSV.

From this figure, a difference in the level of. PSV required by the two groups is not

apparent This was confirrned by a two tailed t-test which compared the mean(SO)

of the control group -2.65±0.71 -cm H20/day to the treatment group. -3.57:t 0.99­

cm H20/day finding that p=0.88.

A sample size calculation for a two-tailed t-test was completed using the

difference in mean daily level of PSI of 0.88 -cm H20/day ::And a standard deviation

(50) of 5.9 -cm H20/day observecI in this study (212). Setting the a and ~ at 0.05,

a sample size of 2820 (1410 per group) patients would be needed to detect a

statisticaUy significant difference.
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Figure 11. Daily maximal inspiratory pressures {Plma} -cm H20
for controls (0) and rhGH~treated (e) subjeds over the study
period.
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Rate of Change of Level of Pressure
Support Ventilation (cm H20/day)
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Figure 12: Rate of change of level of pressure support ventilation (-cm
H20/day) for the control group (N=3) and the rhGH-treated group (N=3)•
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5.7.3 Time to Successful Weaning

The risks associated with prolonged mechanical ventilation make weaning

patients an urgent concem. The number of days to wean for each patient is shown

on Table 11. Mean time to successful weaning for the control group was 8.9±2.8

days as compared to 6.4±3.8 days for the treatment g!"Oup. This difference was not

statistically significant (p=0.635)

Given the observed difference in the days to weaning between the two

groups of 2.4 days and the SO of 5.3 days, sample size calculation was done for

a two-tailed t-test.

Setting the a and 13 at 0.05, a sample size of 300 (or 150 per group) subjects would

be needed to find this data statistically significant.

5.7.4 Peripheral Muscle Strength

Hand dyanometry is a simple, non-invasive measure of peripheral muscle

strength. Ail subjects agreecl to this testing. A treatment group patient was not able

to follow commands and therefore his data is excluded for analysis. Hand grip

strength was measured at baseline and at the conclusion of the study. Only the

results for the dominant hand are displayed on Figure 13.

The change in hand grip strength over the study period was determined for

each subject. Over the study period, the change in hand grip strength for the

control group was 22% for the control group and 37% for the two patients measured

in the treatment group. A sample size calculation for a two-tailed t-test was

conducted using difference in % change in hand grip strength between the two

groups (15%) and a standard deviation (SO) of 24.8% obst)rved in this study (212).

Setting the a and 13 at 0.05, a sample size of 168 (84 per group) patients would

required to detect a statistically significant difference.
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1. Control Group 2. Treatment Group

1

3

5

Mean±SO

8.09

4.46

14

6.44±3.8

2

4

6

Mean±SO

14

3.23

2.08

aSS±2.78
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Changes in Hand Grip Strength Over
Study Period (Force, kg)
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•

Figure 13: Changes in hand grip strength (kg) from baseline to post
treatment for the control group (N=3) and the rhGH-treated group (N=2).
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6. DISCUSSION

The main question addressed by this researeh was whether nutrition plays

a role in prolonging respiratory failure. Speeifically, it was hypothesized that

nutritional depletion of the respiratory muscles leading to compromised respiratory

muscle strength couId be rate limiting in weaning patients from mechanical

ventilation. To test this hypothesis a potent anabolie agent was used,

pharmacologie doses of rhGH. Pharmacologie àoses of rhGH elieit a strong

anabolie response. By comparing patients in prolonged respiratory failure treated

with rhGH to those receiving standard nutritional support alone, which stimulates

a weak anabolie response al best, the role of nutrition in this disease state could

be assessed.

6.1 Patient Recruitment

Many factors are known to prevent the weaning of patients from mechanical

ventilation, induding severe congestive heart failure, airway obstruction and sepsis

among others. It would be unreasonable to think that in the face of these

dominating factors that nutrition would be the rate limiting factor in weaning trom

mechanical ventilation. Therefore, only patients appearing clinically stable and in

whom these other factors known to prolong respiratory failure were optimized, were

selected for this study. During this phase of iIIness, it was hypothesized that

depletion of the respiratory muscles if important, could emerge as an important

factor that delays weaning from mechanical ventilation.

Over ten months 6% (102) of the patients admitted to the ICUs of the RVH

and MCH had prolonged respiratory failure (n=1,723). Of the patients \Vith

prolonged respiratory failure, 94% did not meet the selection criteria for this study.

These patients were excIuded for being dinically unstable and/or factors known to

limit weaning from mechanical ventilation were present (See Table 2). As a result

the number ofeligible patients was severely Iimited. The final sample size was six,

with three in each group, representing only 6% of patients with prolonged
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respiratory failure and 0.3% of totallCU admissions.

Subject recruitment was recognized as a potential problem prior to the onset

of this study. However, it was the elinical impression of our collaborators in the

Critical Care Division that moS! of the patients in prolonged respiratory failure were

stable. The findings are this study c1early do not support this impression, since the

overwhelming majority of patients in prolonged respiratory failure were unstable

and/or factors known to limit weaning trom mechanical ventilation were present. A

retrospective analysis of patients admitted to the ICU to confirm the c1inical

impression of our collaborators may have alerted us to the forthcoming problems

with patient reeruitment.

6.2 Baseline Subjeet Charaeteristics

Despite the strict selection criteria, the baseline eharacteristics of the six

enrolled patients were divergent. Given an adequate sample size, the use of an

experimental design that involves randomization will promote the equal disfribution

of characteristics that could confound an observation. However, the small sample

size in this study did not a!!ow for proper randomization of characteristics. First, the

respiratory muscle strength of subjects ranged from extreme weakness up to a level

expected in normal, healthy adults, as indicated by maximal inspiratory pressures

(PI".). ranged from 15 to 70 -an H20. Secondly, cortisollevels were measured ta

compare the degree of physiologie stress. Two patients were found to have

elevated serum cortisollevels. The elevated serum cortisol levels suggested the

presence of physiologie stress, although this was not apparent trom their elinical

condition or course in the ICU: Additionally, two patients in the control group were

on glucocorticoid therapy, which is known to increase protein breakdown (126).

The decision to enroll patients on glucocorticoid therapy was based on the findings

that the pharmacologie doses of rhGH blunt 'the catabolie affects of glucocorticoids

when administered simultaneously (93).

The presence of overt proteirHmergy malnutrition was net neœssary to meet
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the selection criteria for this study. If it had been, even fewer subjects would have

met the inclusion criteria. It was hypothesized that the role of nutrition in prolonging

respiratory failure was linked to the depletion of the respiratory muscles. Since

most of the precipitating causes of acute respiratory failure are catabolic, we

predided that the mass and strength of the respiratory muscle would be adversely

affected even in patients without overt malnutrition. Additionally, during mechanical

ventilation a machine performs the work of breathing and disuse atrophy might

ensue, which would further 'compromise the respiratory muscles. There was a

significant difference in the weight of the Iwo groups (p=0.05). One control subject

had severely compromised energy stores (BMI=14) and one rhGH was obese

(BMI=42).

Since obesity has an effect on GH and secretion the response of this patient

may have been altered. Specifically, endogenous GH production is reduced to one­

fourth tha! of the normal weight controls (S.7±1.7 vs. 27.S±9.3 ugiL. Secondly, the

half life ofendogenous GH is significantly shorter in the obese (11.7±1.S minutes)

when compared to normal weight contrais (15.5 ± 0.81; p:::0.01) (213). Since the

amino acid sequence of rhGH is identical ta that of endogenously produced GH the

potency of this drug many have been diminished in the obese subject.

Basaline visceral protein stores were evaluated by serum concentrations of

selected proteins; transferrin, prealbumin, and RBP. Normal transferrin levels

range from 1.8 to 3.6 gmIL. Three patients;2 contrais and 1 rhGH treated patient,

had baseline transferrin levels lower than normal. With a half life of 8 to 10 days,

this may reflect inadequate intake before the initiation of this study's nutritional

support protocol. Ail patients had normal prealbumin levels. One patient from each

group had depressed plasma levels at baseline (0.25 gmIL for the contrai patient

and 0.029 for a rhGH treated patient). The RBP results may have been influenced

by non-nutritional factors because the half life man RBP is 10-12 hours and ail

patients received full nutritional support for at least three days before the baseline

measurements. As was sean with the RBP. these protein concentrations are
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affected by many factors not related to changes in nutritonal status, such as liver

function and hydration status (2,31).

The overall respiratory status of the six patients was evaluated by weaning

trials before randomization to ensure that the two groups were weil matched at

baseline. These trials confirmed that ail patients had baseline severe respiratory

failure for patients failed in one second to six minutes.

The incidence of hypomagnesemia in ICU patients has been reported to be

from 9.5% to as high as 65% (80-82). Magnesium has several roles in pulmonary

function one of which is to inhibit vasoconstriction by competing with calcium.

Serum magnesium levels were measured at baseline and then every 1-3 days and

were within the normal range for every time ruling out hypomagnesemia as a

confounding variable.

6.3 Confinnatory Variables

GH stimulates the synthesis and release of IGF-1 from the Iiver and other

tissues. IGF-1 levels were measured at baseline and again at the conclusion of the

study. At baseline the IGF-1 levels of the two groups were indistinguishable,

however, by the end of the study the IGF-1 levels of the treatment group were

significantly h!gher than those of the control group (p=0.015). The serum

concentrations of the treatment group rose four and a half fold, consistent with the

findings in othertrials (162,197).

The anabolic effects'Of GH are believed to be mediated through IGF-1

(130,183). In previous studies, a rise in IGF-1levels ofthis magnitude has been

associated with the stimulation of a strong anabolic response, manifested by a

significant increase in N retention (35,168,170). The average daily N balance data

of the six enrolled patients is sumrrorized on Figure 12. Despite the significant rise

in IGF-1 levels, the mean average daily N balances of the treatment group are

indistinguishable from those of the control group. This data give the impression

that the anabolic response of the rhGH treated group was less than was expected
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based on the findings of others. As has been previously mentioned pharmacologie

doses of rhGH have improved N balances by 1-3 9 N/day when compared to

controls receiving the same nutritional support. But, because this data is so

inadequate it is impossible to conelude that the N balance data is less than

expected.

The N balance data for individual subjects is shown in Figure 11. The N

balance data of the subjects on Day 1 varied greatly from -13.48 to 1.22 9 N/day.

Since ail patients were on the nutritional support protocol at this Ume, the divergent

Day 1 N balance data most likely reflects that these six patients were under varying

degrees of physiologie stress that effect N balance (15). Also looking at the

individual patient data on Figure, it becomes evident that rhGH 4, who had the most

negative mean daily N balance, started out at with a N balance of -13.48 9 Nlday

which rose to -2.68 9 Nlday 4 days later.

There are several conditions that may have confounded the N balance

results. One is the inclusion of an obese patient in the rhGH-treated group. The

IGF-1 levels of the 0beSl.' patiènt rose overthe study period from 0.39 ulmL to 0.75

ulml representing a two fold increase. Whether or nct obesity affected this patient's

response te pharmacologie doses of rhGH, cannot be properly evaluated given the

inadequate N balance data. However, the two fold increase in IGF-1 levels appears

te be less than expected given the dose of rhGH administered along with adequate

nutritional support. Secondly, the N balance data of the two patients in the control

group may have been influenced by glucocorticoid administration during the study

period (10 mg solumedrol, 30 mg prednisone). Since glucocorticoid therapy

increases proteolysis (126,128), the N balance data ofthese two patients may have

been adversely affecled by this drug.

Hyperglycaemia and' fluid l'9tention, secondary to decreased sodium

exeretion, are weil known side effects of pharmacologie doses of rhGH. In this

study, blood glucose, fluid balance and urinary sodium excretion were measured

to confirm rhGH had its expected physiologie effects. More importantly, because
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hyperglycaemia and positive f1uid balance can have potentially deleterious effects,

these variables were monitored to ensure the safe administration of this drug.

However, the concomitant administration of other drugs known to strongly affect

blood glucose (insulin) and both f1uid balance and sodium excretion (fursemide),

the effects of rhGH on these variables cannot be isolated from the influence of

these other drugs.

Figures 4, 5, and 6 depiet the changes in serum protein concentrations from

baseline to the conclusion of the study for ail patients. From these figures it is

evident that no clear pattern in change over the study period arises, iIIustrating the

variability in the responses of the six patients. Therefore, there was no apparent

effect on visceral protein stores.

6.4 Outcome Variables

Outcomes variables were measured to determine the effects of acœlerated

nutritional anabolism on respiratory parameters; respiratory muscle strength, level

of ventilatory assistance required, and time until sucœssful weaning; and on

peripheral muscle strength.

Maximal inspiratory pressure (Pl....) is an important clinical measure of

respiratory muscle strength, which was measured daily during this study. The

individual patient data for daily Pl.... are shown on Figure 11. A distinguishable

difference between the PI_data of the treatrnent and control group is not evident.

The variable response of both patient g~ups to either pharmacologie doses of

rhGH and/or nutritional support is iIIustrated by this figure. The Pl.... of the two

patients that did not wean during the study period hovered around 10 to 30 -cm H20

throughout the study period. A PI_of -30 cm H20 or less is felt to prediet weaning

failure, which was the case of these two patients. The remaining 4 patients had

stronger respiratory muscles (PI_ greater than 30 -cm H20) and were sucœssfully

weaned from mechanical ventilation.

To make comparisons regarcling the degree of mechanical ventilatory
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assistance required, ail patients were on PSV. A higher level of PSV indicated

higher needs for ventilatory assistance. The rate of change of level of PSV (cm

H20/day) are shown on Figure 12. As with the other measured parameters, the

response of patients is variable without a difference in the rate of change of level

of PSV between the two groups being detectable. The smallest rate of change in

leave of PSV required are seen in control patient 5 and rhGH-treated patient 2, the

two patients who were not weaned. It had been hypothesized that the treatment

group would wean faster from mechanical ventilation. However, when comparing

the days to weaning in the treatment to control groups there is no apparent

difference (See Table 11). One patient in both groups did not wean during the

study period. The mean number of days to wean for the control group was 6.4±3.8

days as compared to 8.85±2.8 days in the control group. This difference was not

statistically significanl

Peripheral muscle strength was measured by hand dynamometry. Patients

receiving pharmacologie doses of rhGH after major gastrointestinal surgery have

been reported to maintain their hand. grip strength during the immediate

postoperative period while untreated ones had a significant decrease in hand grip

strength. We had hypothesized that in this more stable patient population we would

seen an inc."ease in hand grip strength in the treatment group while the control

group would nol From baseline to post-treatment, the hand grip strength of the of

the control group increased by 22%. The hand grip strength of two patients in the

treatment group increased by 37%. A1though this difference is not statistically

significant does provide a hint that the 2 rhGH patients responded with an increase

in effort or peripheral muscle strength.

7. Conclusions

Six percent of the patients admitted to the ICU of the RVH and MCH had

prolonged respiratory failure. Of the patients in prolonged respiratory failure, 94%

• were excIuded. These patients were excIuded because factors that are weil known
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to Iimit weaning were present. In the face of these dominating factors, it would be

unreasonable to think that nutrition would be the rate Iimiting factor in weaning from

mechanical ventilation. Therefore, for this study patients were selected whose

clinical course appeared to be optimized. Through these efforts to recruit potential

subjects, we leamed that the failure of the vast number of patients in prolonged

respiratory failure to be promptly weaned from the ventilator can be attributed to

well-recognized factors that would be expected to dominate their course.

Despite the strict selection criteria, the six patients enrolled were

heterogenous. This was demonstrated by their divergent baseline characteristics

(weight, Plmax), clinical course, and variable response to pharmacologie doses of

rhGH and/or nutritional support. In fact, we are not convinced that their clinical

conditions had been sufficiently stabilized. This would account for some of the

variability observed in their response to rhGH and/or nutritional support.

The research question this study addressed was whether nutrition plays a

role in prolonging respiratory failure. Despite a significant rise in IGF-1 levels of the

treatment group, the divergent baseline characteristics, the clinical complexity, and

tremendous variability in their.response to this intervention, coupled with the small

sample size made it impossible to either rule in or rule out our hypothesis.

To assess the feasibility of conducting a large scale trial to look into the role

of nutrition in prolonging respiratory failure, sample calculations for a two-tailed t­

test were perfonned given the observed difference between the two groups and the

standard deviations for N balance and the outcome variables. The sample size

required to find significant differences ranged from 168 for sample size to 2,820 for

level of pressure support ventilation. Taking into consideration the difficulties

encountered with patient recruitment, such large sample size requirements may

make tasting of this hypothesis impractical.
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Appendix 1.

ROLE OF MALNUTRmON IN PROLONGED RESPIRATORY
FAILURE: EFFECTS OF PHARMACOLOGIC DOSES OF GROWTH

HORMONE TO ACCELERATE NUTRmONAL REHABIUTATION

INVESTIGATORS Dr. L John Hotter, Dr. Peter Goldberg, Dr. Sheldon Magder,
Candace Hinze

BACKGROUND INFORMATION
Pharmacologie doses of human growth hormone when added to adequate nutritlonal
support have been found to:

• Improve nitrogen balance and minerai retention
• Increase protein synthesis
• Improve respiratory muscle strength in spontaneously breathing COPO patients

HYPOTHESIS
Patients receiving adequate nutritlonal support plus growlh hormone will have a greater anabolic
response rate as compared to those receiving nutritlonal support a1one. This wJ1l lead to
Improvements in respiratory muscle strength and endurance, thereiore, facUitating wear.ing trom
mechanical ventilation.

SUBJECTS
• 12 in total
• Male or Female
• 18-65 years old .
• Require mechanical ventJlatlon for more than three days and have falled

prevlous attempts to wean
• Hemodynamlcally stable

EXCLUDED FROM snJDY
• Sepsis
• Advanced cancer
• Severe congestiVe heart failure
• Renal and hepatlc failure
• Insulin dependent Dlabetes Mellitus

LENGTH OF snJDY 14 consecutive days

GROWTH HORMONE ADMINISTRATION
• The growth hormone and the placebo (normal saline) WIll appear visually identical.
• First dose will be administered by a physiclan and ail subsequent

doses by nursing
• Dose: 5 mg human growlh hormone daily for entlre length of study
• Route of administration: Subcutaneously
• Time: 09:00 am•
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RESPIRATORV CARE
Mode of mechanlcal ventilation: Pressure support ventilation
Ail patients will be actlvely weaned per a standardlzed weanlng protocol

NUTRmONAL SUPPORT PROTOCOL

NutrlUonai assessment will be completed by study personnel. Ail patients will
recelve goal lntake for duratlon of study
enterai nutrition ls preferred, but if patient cannot tolerete TPN will be started
Ready to hang Osmollte HN will be used so that lntake can be measured precisely.

Thase containers must be saved, net dlacarded, so thst the amount adminlstered
can be calculsted. Study personnel will plck them up dally.
Ifgastrlc raslduals are discarded, record exactamountonthe ·Observatlon Chart" under
output "Nasogastrlc" or "NG"
If patient ls on TPN, please ave1'N baga and 1ntr8llpld bottin cIaIly.
Keep ail nutrltlonal containers st the badslde ln basket marked "Malnutrltlon-ln'

ln Prolonged Resplratory Fallure".

24 HOUR URINE COllECTIONS
Purpose: To measure the amount of lean body mass (muscle) the patient Is loslng or
retalnlng. Complete collection (!Il urine from 24 hour period) ls necessary.
Procedure For every patient enroled ln the study, a 24 heur complete urine collection
will be completed daJJy for 81114 day8. The 24 hour urine collections will begln at 07:00
Lm. and end at 06:69 a.m. the next day. At 06:59 Lm. ID urine ahould be empUed Into
currently used collection botUe. AtIer thIa aJIsubsequent urine should be coUected ln the
new day'a botUe. Urine wDI be coUecled ln 3 litre brown botIIes. The complet&d 24 hour
urine coDectlon should be 18ft st the bedslde ln basket marked "Malnutrition ln Prolonged
Resplratory Fallure" and wDI be plcked up that momlng by study personnel.
Do net send to BlochemJatry.

Documentation If any urine ls lost, record the exact amount lost "Observation Chart"
under output ln a column headed '\Yastage"

!BOCEQUBE EOR ADYEBSE-REACTlQN

Growth hormone can cause hyperglycaemla and mDd f1u1d retentlon (In 2.5% of patients). Serum
glucose and lIuld balance will be monltored daJJy. Any concerna about possible slde ertects
should be dlrected te Candace H1nze, McGDI Nutrition centre, 843-1665 or x5025. If an acute
adverse reaetlon Is suspected. contact attendlng physlclan. .

B:\NURSG.MCH
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WEANING PROTOCOL

Transition of Pi ! J ure Support Ventilation

1. If a patient la on any other mode than pressure support ventilation, awItch to
pressure support ventilation st the peak pressure developed on a t1dal volume of 10 cclkg
and ftow of 60 Umlnute. PEEP should be set st 5 cm water and for the remalnder of the
weanlng process

2. Once on pressure support, decrease by 5 cm water every 60 minutes untII patient
"fans" (aee below for deflnltlon of fallure).

3. Increaae pressure support by 5 cm water over level st which patient faIIed. Leave
pressure support st thIs levai untll 6:00 a.m. the next day.

1. "Rat" everv n1ght trom 10:00 p.m. to 6:00 Lm. by Increaslng levai of pressure
support to the levai requIred by the patient st the atart of the
weanlng procea (See #3 above).

Day 1 .....8't J 1II-.t DIIp
1. At 6:00 Lm. atal't off On lowest pressure support levai tolersted on the prevloua dey.

2. Attempt to decreaae preaaure support by 2 cm water st 2:00 and 18:00 untII patient
faIIL Increue support to prevIously tolerated Ievellf patient faIIs. Do
not attempt do decreaae preaaure support for remalnder of dey after faIIure.

3. Exta..... when patient ha tolerated preaaure support of 6 cm water for
S c:ontInuoua heurs.

WEANINQ FAD.URE WI.L BE DEFINED AS AllY ONE OF nIE FOUOWING:

•

1.
2.
3-

4.
S­
e.
7.

Reaplratory rate of >30 bpm
net.! volume of <S mI/kg
PCO. change >10 mm Hg on ABG (ta be checked 15-30 minutes after change
ln pUllUle eupport)
DeaturatIon ts-O. <8O'Xo)
A c:hMge ln hlaert rate of 25% !ml • hurt rate of 60 or>120 bpm
SyatoIIc bIood prillure Increaaea or deci Il•• by 2S% of baIeIIne
AgllatlOs'l or dIIitIlll
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DEPARTMENT OF MEDICINE

ROYAL VICfORlAHOSPlTAL
CONSENT FORM: HUMAN GROWI'H HORMONE AND RESPil-\ATORY FAILURE STUDY

You are asked to be in a study to leam if injections ofhuman growth hormone willlmprove the

abllity ofyour lDDgs to breathe on thelr own. Ir this treatment works you might get olr the ftIlUIator

sooner. Iryou agree to participate, you will be givm one injection ofgrowth hormone eacll mol'lliDg

UDtil yon are able to breathe on your OWD, or for 21 days, whichever is shorter. There Is a SO'J[, chance

the injection will contain growth hormone and a 50% chance it will be a placebo that contains no

hormone. Neither yon nor your nurses ordoctors will DOW whether you received the drug or the

placebo UDtil the study bas been completed.

Human growth hormone Is a natura! hormone prodnced by the body. Growth hormone Is sold

iD pharmacies under prescription to treat diseases in whicll thebody does not produce enoup ofits

0WD0 ID this study, however, growth hormone will be glven iD 8 very !ar~l) dose (5 mg per clay) t1Ilit Is

Ukely to iDcrease the &mOUDtofmnscles in yourbody. It Is possible that the use ofgrowth hormone,

togetherwith nutrition, will improve the muscnlar strength ofyour lungs and make It easler ta breathe

on yonr OWD, but thIs Is not certain. We beUeve It Is very unlIkl'Jy growth hormone will cause you IIIIY

harm, but It Is possible. KDown slde e1rects ofgrowth hllrmone iDclude iDereased retentlon ohr.cerby

the body, iDcreased blood sugar, andJoint pains. These elrects do not occur oRen, and .lways disllp­

pear when the hormone treatment Is stopped, but any ofthem eould occur iD yonr case. We will watcla

for these slde e1rects. Irthey occnr they will be eorrected by treatment. Ir there is any evldenœ tbat the

use ofgrowth hormone Is endangeriDg your health the study will be stopped. Iryou develop any new

iIlDesses or eannot be glven nutrition at the same tlme as the growth hormone, the stady will be

stoppecL

Ryou are iDcluded iD the stndy yonr treatment will be the same as Ifyoa were beiD& lIOI'maiIy

treated, exœpt for the fnjectIoas and for the need ta take extra blood samples ta measure the etrects or
• the growth hormone treatment. The extra &mOUDt ofblood taken will aot be more than 4 OllllCell.



Vou may freely refuse to participate in this study without any el1'ecl on your regular treatmeut.

• Once in the study, you are rree to change your mind and withdruw for any reason at aIL AlI information

obtained from this study will be confidential. You sbould saüsfy yourself thnt ail your questions about

th:s study bave been answered before you consent to participate. If you have any questions DOW or

duriDg the study you may speak with Dr. Peter Goldberg or Dr. Sbeldon Magder.

I, (PRINT NAME) -', consent to participate iD the growth hormone

study described bere.

Dated at Montreal, this da.y of ---', 199_.

PARTICIPANT _

WlTNESS. _

WlTNESS(PRINTNAMEANDOCCUPATlON), _

•
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FORMULAIRE DE CONSENTEMENT: ÉTUDE SUR L'HORMONE

DE CROISSANCE ET L'INSUFFISANCE RESPIRATOIRE

Vous êtes invité(e) à participer à une étude visant à déterminer si des injections d'hormone de

croissance peuvent améliorer votre autonomie respiratoire. Si ce traitement réussissait, le respirateur

auquel vous étes relié(e) pourrait être débranché plus rapidement. Si vous acceptez de participer à

l'étude, on vous fera nne iojection d'hormone de croissance tous les matins jusqu'à ce que vous puis.

siez respirer parvous-même, ou pendant 21 jours, selon la plus rapprochée de ces échéances. Dy a une

chance sur deux que l'iojection contienne de l'hormone de croissance et donc une chance sur deux

qu'elle consiste en un placebo ne contenant aucune hormone. Ni vous, ni le personnel infirmier Di les

médecins ne saurez avant la fin de l'étude si vous avez reçu le médicament ou le placebo.

L'hormone de croissance humaine est une hormone naturelle produite par l'organisme. Ce

médicament est actuellement vendu sur ordonnance dans les pharmacies; il sert à traiter les maladies

où l'organisme est incapable de produire lui·même l'hormone de croissance. Dans cette êtude, l'hor­

mone de croissance sera administrée à des doses tIù fortes (5 mg par jour) susceptibles d'_ltre le

volume de vos muscles. D est possible, mais non certain, que l'hormone de croissance et l'alimentation

provoquent une augmentation de la force musculaire de votre cage thoracique et qu'Il vous soit pins

facile de respirer par vous-même. Nous croyons tIù peu probable que l'hormone de croissance vous

rasse du tort, mals cette mntualité reste possible. On salt que l'hormone de croissance peut notam­

ment provoquer une plus forte rétention d'eau dans l'organisme et une augmentation de la g1ycêmle.

Cet eD'ets sont rares et disparaissent toujours lorsqu'on corrigera, s'il y a lieu, au moyen d'un tnlte­

ment. On mettra fin à l'étude au moindre signe que l'administration de l'hormone de croissance

menace votre santé. On interrompra également l'êtude si \'Ous êtes atteintee) d'une autre maladie ou si

l'on ne peut \'Ous alimenter en même temps que l'on vous adm1nls1re l'hormone de crolssauce.

Si vous participez à l'êtude, vous recevrez un traitement qui sera Identique au traitement

normal, à ceci près que vous recevrez des Injections et que nous devrons prélever des &1IantiUou

supplêmentalres de sang afin de mesurer les effets du traitement à l'hormone de croissance. La

quantité supplêmentaire de sang ainsi prélevée sera faible.
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Il vous est loisible de refuser de participer à cette étude sans que votre refus n'affecte les soins

aDXquels vous avez normalement droit. Une fois l'étude commencée, il vous sera possible de revenir

sur votre décision et de mettre fin à votre partIcipation pour quelque raison que ce soIt. Toutes les

données recueillies dans le cadre de cette étude seront confidentielles. Veuillez vous assurer qu'ou

répondu à toutes vos questions relativement à cette étude avant de donner votre consentement. Pour

toute question, maintenant ou pendant rétude, veuillez vous adresser au Docteur Peter Goldberg ou au

Docteur SheJdon Magder.

JE SOUSSIGNÉ(E) (EN CARACTERES D'IMPRIMERIE) --', accepte

de participer à rétude sur rhormone de croissance décrite dans le présent formulaire.

Fait il Montreal, ce jourde 199_.

PARTICIPANT(E)

TÉMOIN

TÉMOIN

(NOM ET PROFESSION EN CARACTERES D'IMPRIMERIE)




