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A B S T R A C T 

In termi t ten t and continuous i n f u s i o n dosing of a m i n o -

phyl l ine were compared in a r a n d o m i z e d , d o u b l e - b l i n d 

study of twenty - four asthma t ic pat ients . Th i r teen patients 

received an in te rmi t ten t reg imen of 500 mg every 6 hours and 

eleven received a loading dose of 5 .6 m g / k g and a continuous 

infusion of 0 .9 m g / k g / h o u r the rea f te r . S p i r o m e t r i c measu re ­

men ts , v i ta l s i gns , s e r u m theophyl l ine l eve l s , and subject ive 

effects were compared at regu lar in terva ls d ur ing a 7 hour 

study p e r i o d . The resu l ts indicate that the c o ntinouS infusion 

reg imen had s ign i f i cant ly l e s s potential f o r t ox i c i t y a c c o r d i n g 

to se rum theophyl l ine levels . Number of compla in ts w i th the 

in te rmi t ten t reg imen exceeded that of the continuous infusion 

reg imen by a factor of t h ree . A t rend toward greater ef f icacy 

w i t h the continuous infusion was detected but th is was s ta t i s t i ca l l y 

ins ign i f icant wi th the number of patients s tud ied . 
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1 . INTRODUCTION 

Asthma is a disease character ized by an increased 

responsiveness of the a i rways to var ious s t i m u l i and manifested by 

s lowing of forced expi ra t ion which changes in sever i t y e i ther spon­

taneously o r as a resu l t of therapy. About 400,000 Canadians 

suf fer f r o m as thma. Dur ing a yea r , 16,000 o r more of them need 

2 
hospital c a r e . About 500 die of th is condi t ion. That asthma is a 

potent ia l ly lethal condi t ion, is now we l l known. At tent ion has been 

drawn to the a la rm ing mor ta l i t y s ta t is t ics which occur when the 

g rav i t y of asthma is underest imated o r an attack inappropr ia te ly 

managed. That acute asthma may be misassessed and under t reated, 

3 4 5 
has become recognized only in the past ten y e a r s , ' ' hence the 

recent increase in in teres t towards prov id ing more rat ional therapy. 

Aminophy l l ine is we l l establ ished in the management of acute 

6 , 8 , 9 , 1 3 
bronchospasm since i ts f i r s t intravenous use more than 

f o r t y years ago. I t has been stated that aminophyl l ine intravenously 

is the most effect ive agent avai lable f o r prompt re l ie f of severe 

10 1 1 1 2 

asthma and that i t is the bronchodi lator of f i r s t choice. ' 

Epinephr ine hydrochlor ide (1 :1 ,000) , given subcutaneously in a dose 

of 0 .2 to 0 .3 m l (adul ts) , has been widely used f o r the t reatment of 

an acute attack of as thma, as have the adrenerg ic aerosol broncho-

d i l a t o r s . Inadequate response to the adrenergic drugs is an indicat ion 
14 

f o r use of intravenous aminophy l l ine . 
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Studies correlating serum theophylline levels with clinical relief 

from bronchospasm, have confirmed that serum levels of 1 0 to 20 Ug 

per ml are desirable in the treatment of the adult asthmatic patient. 

•J o j c - j 7 I Q - iq p n 
' ' ' * > However, until 1973, when Mitenko and Ogilvie 

suggested rational intravenous doses of theophylline, there was no 

1 9 clear-cut definition of dose schedules for this agent. Based on a 

pharmacokinetic study, these researchers recommended a loading 

dose of aminophylline, 5.6 mg per kg given intravenously over 1 5 to 

30 minutes, followed by a maintenance infusion of 0.9 mg per kg per 

hour, to give a serum theophylline concentration of 10 Mg per ml. 

This regimen has been revised more recently by the same group to: 

6 mg per kg over 20 minutes intravenously followed by a maintenance 

infusion of 0.9 mg per kg each hour, with a further loading dose of 

3.0 mg/kg over 20 minutes and the maintenance increased to 

1 .35 mg per kg per hour if the patient is unimproved and free of 

toxic signs. 

11 
This dosing concept has achieved some support; however, 

1 5 
Jenne et a l , who suggested a similar dosing regimen of a 500 mg 

loading dose followed by 50 mg per hour maintenance infusion, state 

that, based on average theophylline clearances, a few patients will 

reach toxic levels at this dose. Also the investigations of Weinberger 
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6 
e t a l do no t s u p p o r t the dosage r e c o m m e n d a t i o n by M i t e n k o and 

O g i l v i e . W i d e i n d i v i d u a l v a r i a t i o n s i n the s e r u m h a l f - l i f e o f 

15 19 22 PD t h e o p h y l l i n e have been r e p o r t e d ' ' ' w i t h r e c o m m e n d a t i o n s 

6 15 20 22 t h a t s e r u m t h e o p h y l l i n e l e v e l s be used as t h e r a p e u t i c g u i d e s . ' ' ' 

23 S u c h r e c o m m e n d a t i o n s have r e c e i v e d l i t t l e a t t e n t i o n i n m e d i c a l p r a c t i c e , 

p o s s i b l y f o r the p r a c t i c a l r eason tha t the t h e o p h y l l i n e a s s a y has not been 

e c o n o m i c a l l y and r a p i d l y a v a i l a b l e . 

I t i s obv ious f r o m the p r e v i o u s d i s c u s s i o n tha t the s a f e t y of 

s u c h r e g i m e n s has no t been c o n f i r m e d and tha t con fus ion s t i l l e x i s t s 

about the d o s i n g o f t h e o p h y l l i n e . C o n f u s i o n i s even m o r e ev i den t when 

dosage r e c o m m e n d a t i o n s f r o m r e c e n t r e v i e w a r t i c l e s a r e c o n s i d e r e d : 

1 . I n t r a v e n o u s l y u n t i l s i de e f f e c t s o c c u r . 

P 

2 . 2 5 0 - 5 0 0 m g p e r 6 - 8 h r . , d i l u t e d and c a u t i o u s l y . 

3 . a) 250 m g in 1 0 m l f l u i d o v e r a p e r i o d of 5 m i n u t e s , o r 

b) 500 m g i n 500 m l p h y s i o l o g i c a l s a l i n e by con t inuous 
5 

i n f u s i o n o v e r each 8 h o u r s . 

4 . a) 2 5 0 - 5 0 0 m g i n t r a v e n o u s l y e v e r 4 h o u r s r u n i n o v e r 20 

m i n u t e s , not to exceed 1 . 5 - 2 . 0 g p e r 24 h o u r s , o r 

b) l o a d i n g dose o f 5 . 6 m g p e r kg r u n i n o v e r 20 m i n u t e s 

f o l l o w e d by con t i nuous i n t r a v e n o u s d r i p of 0 . 5 - 0 . 9 

24 m g p e r kg p e r h o u r . 
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5. a) 4-5 mg per kg di luted 1 :1 wi th intravenous f lu ids over 

10 to 20 minutes , repeated every 6 hours; o r 

b) 3 .6 mg per kg over 1 0 minutes, fol lowed by a constant 

1 4 infusion dose of 0 .9 mg per kg per hour . 

" Is i t bet ter to use intravenous aminophyl l ine as in te rmi t ten t 

bolus therapy o r a loading dose fol lowed by a continuous infusion in a 

hospital ized asthmat ic pat ient?" ' Th is unanswered question 

deserves an immediate answer i f improvement in the rat ional therapy 

of acute asthmat ic attacks is to continue. 

Th is d isser ta t ion is concerned p r i m a r i l y w i th the evaluation 

of bronchodi la t ion, produced by the in termi t ten t bolus dosing versus 

the loading dose fol lowed by maintenance in fus ion, as measured by 

pulmonary funct ion s tud ies. Evaluat ion of the tox ic i ty potential f o r 

each reg imen as measured by serum theophyll ine levels and c o m ­

prehensive observat ion of s ide-ef fects is also presented. 
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2 . L ITERATURE REVIEW 

A . A S T H M A : DESCRIPTION RATHER THAN DEFINITION 

Asthma has been defined as " r e c u r r e n t general ized a i rway 

obst ruct ion wh ich , in the ear ly stages, i s paroxysmal and revers ib le 

27 and is accompanied by eosinophi l ia of the blood and sputum;" o r 

as a "hypersens i t i v i t y react ion of the bronchia l t ree producing 

bronchoconst r ic t ion , mucosal edema and excess mucus in p r e -

28 
disposed peop le . " These def ini t ions and o the rs , f o r example, 

29 
"wheezing dyspnea" have fa i led to convey a d is t inc t c l i n i ca l 

30 
descr ip t ion of asthma based on cur ren t knowledge. Th is is 

re - i n fo rced by the fact that a symposium of experts came to the 

31 
conclusion that asthma could not be def ined. Recent a r t i c l es 

1 24 
' tend to character ize the disease wi th statements s i m i l a r 

to the in t roduct ion (1 .) statement. 

32 In a recent monograph, F a r r and Spector centre a 

descr ip t ion of asthma around the heterogeneity among asthmat ic 

pat ients . Fo r the purpose of charac ter iz ing th is disease more 

f u l l y , the fo l lowing discussion w i l l focus on the i r f i ve categor ies 

of heterogeneity: 

i ) Fac to rs Responsible f o r Prec ip i ta t ing At tacks 

As thmat ics are heterogeneous w i th respect to fac to rs 



- 6 -

responsible f o r prec ip i ta t ing a t tacks . A l l e r g y and 

resp i r a to r y infect ions are the commonest fac to rs which 

prec ip i ta te acute asthma but the i r re la t ive importance 

va r ies in d i f ferent indiv iduals and in d i f fe rent coun t r ies . 

In the ma jo r i t y of pat ients, an asthma attack may be 

t r iggered by one of a number of f a c t o r s , and often i t i s 

impossib le to determine the fac to r responsible f o r a 

pa r t i cu la r a t tack. 

a) Inhalants 

The commonest a l lergens which cause asthma are 

house dust , f lower and grass po l lens, dander f r o m ca ts , 

33 
dogs and horses , and fea thers . Smoke , s t rong odours 

and i r r i t a n t fumes may also be impl icated in asthmat ic 

14 a t tacks . Inhaled medications such as acetylcysteine 

o r sodium chromoglycate may also prec ip i ta te b roncho­

spasm . 

b) Ingestants 

34 
Accord ing to Speer , nine out of ten common food 

a l lergens are impor tant in as thma. These are m i l k , 

chocolate and co la , egg, peanuts, c i t r us f r u i t s , tomatoes, 

wheat, c innamon, and food colours such as amaranth and 
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33 
t a r t r a z i n e . F i sh have also been ment ioned. 

Ace ty l sa l i cy l i c acid has been repor ted to p r e ­

c ip i tate asthma attacks in 4 . 2 per cent of asthmat ic 

35 
pat ients . Most repor ts conclude that th is into lerance 

32,35,36 
is not immunolog ica l ly mediated. S i m i l a r 

asthmat ic react ions may occur af ter other analgesics 

such as indomethacin, mefenamic a c i d , f lu fenamic a c i d , 

an t i py r ine , aminopyr ine , phenylbutazone, oxyphenbutazone, 

35 52 52 

naproxen, and ibuprofen. ' A recent rev iew has 

c lass i f ied this react ion as an id iosyncrasy , as i t s inh ib i to ry 

ef fect on prostaglandin synthesis is s t i l l being debated. 

Th i s rev iew has broken drug- induced bronchospasm into 

fou r categor ies: a l l e rg i c reac t ion , id iosyncrasy , 

pharmacological ac t ion , and local i r r i t a t i o n . Examples 

of drugs inducing bronchospasm by a l l e rg ic react ion 

include p e n i c i l l i n , su l fonamides, n i t ro fu ran to in , cont rast 

med ia , and prote in substances found in vaccines and 

an t i se ra . Id iosyncrast ic reac t ions , o ther than those 

induced by ana lges ic -an t i in f lammatory d rugs , include 

those induced by drugs such as i sop ro te reno l , d i u r e t i c s , 

some intravenous anesthet ics, and methyldopa. Drugs 
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inducing pharmacological bronchospasm include 

propranolo l and other be ta -b lockers , an t ih is tamines , 

and chol inerg ic drugs such as carbacho l . Local 

i r r i t a n t s have a l ready been ment ioned. 

c) Infect ion 

Resp i ra tory infect ion commonly exacerbates 

33 
as thma. The pr inc ipa l infect ious agents responsible 

f o r exacerbations of asthma are v i r a l agents, ma in ly 

r esp i r a t o r y syncyt ia l v i r u s - pa r t i cu la r l y in young 

ch i l d ren , parainf luenza v i r u s , r h i n o v i r u s , and in o lder 

40 
pat ients , inf luenza v i r u s . 

d) Exerc ise 

Exerc ise is a wel l - recognized provoking fac to r 

which produces acute a i rway obs t ruc t ion . In most 

asthmat ic pat ients, the max imum resu l t comes shor t l y 

a f te r stopping the exe rc i se . Seve r i t y depends on the 

type of exe rc i se , w i th running being the most asthmogenic 

44 
and sw imming o r walk ing the leas t . 

e) Psychological Fac to rs 

30 
As thma has been reported to be non-psychogenic; 

however, i t has been stated also that emot ional s t ress 
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27 33 may prec ip i ta te acute asthma. ' Undoubtedly 

cer ta in s i tuat ions can lead to decreases in a i rway 

ca l i b re in indiv iduals w i th prev ious ly establ ished as thma. 

Patients can make the i r condit ion worse i f they panic, 

30 
hypervent i la te , o r der ive secondary ga in . 

f ) Non—Specific S t i m u l i 

Non-speci f ic s t imu l i such as change in temperature 

and humid i ty have also been associated w i th attacks of 

bronchospasm. 

Asthma is somet imes divided into ex t r ins ic and 

in t r i ns i c types on the basis of the immunolog ica l status 

of the patient and the fac tors which prec ip i ta te acute 

a t tacks . " E x t r i n s i c " re fe rs to the a l l e rg i c f o r m in which 

an exogenous a l lergen can be iden t i f ied , whereas " I n t r i n s i c " 

re fe rs to the idiopathic f o r m in which no offending antigen 

can be recognized. Because many pat ients show features 

of both ex t r i ns i c and i n t r i ns i c types (approx imate ly e ighty 

per cent have been te rmed " m i x e d " ). I t i s no longer 

30 33 41 considered meaningful to use these t e r m s . ' ' 
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i i ) Locat ion and Degree of Obstruct ion 

Funct iona l ly , the main feature in asthma is 

5 10 a i rway obstruct ion o r f low l i m i t a t i o n . ' As thmat ic 

patients are heterogeneous wi th respect to the locat ion and 

32 extent of a i rways obs t ruc t ion . 

Pulmonary funct ion measurements such as FEV^ n 

( forced exp i ra to ry volume in one second), FVC ( forced v i ta l 

capaci ty) , and M M F R (max imum m id -exp i r a to r y f low rate) 

4 33 
indicate the sever i t y of a i rways obs t ruc t ion . ' Between 

39 a t tacks , pulmonary funct ion tests may be near n o r m a l . 

Obstruct ion may be so m i ld that only sensi t ive tests can 

demonstrate i t , ' o r obst ruct ion may be so severe that 

pu lmonary funct ion test ing is imposs ib le . Pu lmonary funct ion 

test values f o r asthmat ic patients in severe d is t ress have 

been repor ted at less than ten per cent of predicted norma l 

38 
(discussed under sect ion 3 . D . i i ) . 

The ent i re extent of the a i rways , f r o m the large 

cent ra l bronchi to the per iphera l bronchioles is involved in 

as thma. The par t of the a i rways involved va r i es not only 

between indiv iduals but may va ry g rea t ly in the same 

42 indiv idual at d i f fe rent t imes and phases of h i s / h e r d isease. 
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Researchers have found that some patients have p r i m a r i l y 

la rge a i rways obs t ruc t ion , as revealed by increased a i rways 

res is tance, and other patients have p r i m a r i l y s m a l l a i rways 

obs t ruc t ion , as revealed by measurements such as M M F R , 

whi le s t i l l other patients have both large and sma l l a i rways 

32 39 
obs t ruc t ion . ' Hyper inf la t ion due to a i r t rapping also 

32 43 may be present in asthma. ' 

Degree of Revers ib i l i t y of A i r w a y Obstruct ion 

Those patients w i th obst ruct ive a i rways disease who 

fa i l to show evidence of r e v e r s i b i l i t y , even a f te r the most 

32 r igorous therapy p r o g r a m , by def in i t ion do not have as thma. 

Researchers repor t that s p i r o m e t r i c measurements 

(FEV^ 0 , F V C , and MMFR) are ex t reme ly useful in quanti fy ing 

37 43 the response of the asthmat ic to therapeutic reg imens . ' 

Invest igators have found that some patients w i th severe ly 

decreased s p i r o m e t r i c measurements before adequate therapy 

can normal ize af ter a few inhalat ions of standard aerosol ized 

b ronchod i la to rs , whereas others requ i re pro longed, intensive 

therapy, before they can achieve s igni f icant improvement . 

32 45 43 46 
' ' ' Some patients may have complete r e v e r s i b i l i t y 

as evidenced by funct ions re turn ing to no rma l fo l lowing 
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therapy; however, many patients w i th asthma have a 

s ign i f icant degree of i r r e v e r s i b i l i t y despite max imum 

47 
medicat ion and dur ing c l in i ca l r e m i s s i o n . 

i v ) Response to Medicat ions 

Asthmat ic patients are heterogeneous in the i r 

response to var ious f o r m s of medicat ions. Pat ients v a r y 

in the i r response to medicat ions because of d i f ferences 

in seve r i t y , acui ty or chron ic i ty of a t tack, however, over 

and above these var iances , others ex i s t . 

Many patients respond to beta-sympathomimet ic 

s t imu la to rs such as sa lbu tamol . Patients c l a im preference 

to pa r t i cu la r sympathomimet ics because of d i f fe r ing r e l i e f -

to -s ide-e f fec t ra t ios o Cer ta in ra re patients may have 

paradoxic bronchoconst r ic tor effects a f te r i n i t i a l b roncho-

47 
d i l a t i on . Some respond to chol inerg ic inh ib i tors such 

as atropine whi le a v e r y sma l l number respond to a lpha-

32 

blocking agents. Other patients may requ i re c o r t i c o ­

s tero ids to adequately cont ro l th is cond i t ion , 

v) Di f ferences in Drug Dosage Requirements 

I t has been demonstrated that the se rum ha l f - l i f e 

of theophyl l ine va r ies as much as eightfold among d i f fe rent 
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1 5 
pat ients , indicat ing that the therapeutic dose of theophyl l ine 

should also va ry f r o m patient to pat ient . Th is phenomenon 

47 
has been observed wi th other medicat ion as w e l l . 

B . A M I N O P H Y L L I N E 

The h is to ry of the use of intravenous aminophyl l ine in the 

t reatment of asthma goes back some 40 y e a r s . I ts c l i n i ca l use 

has waxed and waned in the in tervening years as a resu l t of 

c l i n i ca l d i f f i cu l t ies ranging f r o m inadequate response to ser ious 

adverse react ions caused by overdosage. Admin i s t ra t i on of 

aminophyl l ine is present ly regarded as a cornerstone in the 

t rea tment of pu lmonary disease involv ing revers ib le b roncho-

9 
cons t r i c t i on , because theophyl l ine is potent ia l ly the most potent 

85 
non-s tero id agent ava i lab le . 

Aminophy l l ine is the ethylenediamine sa l t of theophyl l ine, 

the act ive por t ion of the molecule (F igure 2) . L ike caffeine and 

theobromine, theophyl l ine is s t r uc tu ra l l y c lass i f ied as a xanthine 

65 
der iva t ive but therapeut ica l ly i t i s c lass i f ied as a bronchod i la to r . 
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CH, 

H2C - N+H3 

H2C - N+H3 

Figure 1 . Aminophyl l ine 

i ) Pharmacology 

Theophyl l ine compet i t ive ly inh ib i ts phosphodiesterase, 

the enzyme that catalyzes the degradation of cyc l ic A M P into 

5 ' - A M P (F igu re 3 ) . The increased levels of i n t race l l u la r 

cyc l i c A M P are believed to mediate most of the drug 's 

pharmacologic e f fec ts , however, the detai ls of th is act ion 

rema in to be e lucidated. A recent hypothesis centres on 

the fact that theophyll ine antagonizes the act ion of p r o s ­

taglandins, and proposes that prostaglandins may cont ro l 

the ac t i v i t y of phosphodiesterase. Another hypothesis 

suggests that pur inerg ic recep to rs , that mediate the 

bronchoconst r ic t ive responses of adenosine and adenosine 

t r iphosphate, are present in the a i rways . Theophy l l ines , 
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which a r e s t ruc tura l ly related to the pur ines , block this 

ac t ion . In t racel lu lar t ranslocat ions of calcium may 

play a more important role in the action on the myocardium 

and on neuro t ransmiss ion . 

The most important effect of theophylline is i ts 

relaxation of smooth musc le . Included is smooth muscle 

of the bronchioles , the pulmonary a r t e r i o l e s , and the 

bi l iary and gastrointest inal t r a c t . St imulat ion of the 

vasomotor and vagal cen t res promotes vasoconstr ict ion 

and bradycard ia respect ive ly . In the medulla , theophylline 

lowers the threshold of the r e sp i r a to ry cen t re to carbon 

dioxide o r d i rec t stimulation of the medullary r e sp i r a to ry 

cent re may occur- Therapeut ic doses may s t imulate 

the vomiting cent re and toxic doses may activate all 

levels of the cortex and spinal co rd . In high doses 

theophylline produces a positive inotropic effect on the 

myocardium and a chronotropic effect at the s ino-a t r i a l 

node. The ethylenediamine component of aminophylline 

may contribute to the positive inotropic and r e sp i r a to ry 

s t imulant act ions of theophylline. The theophyllines 

d i rec t ly dilate co ronary , pulmonary, renal and general 
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s y s t e m i c a r t e r i o l e s and v e i n s , d e c r e a s i n g p e r i p h e r a l 

v a s c u l a r r e s i s t a n c e and venous p r e s s u r e . A n y e f f e c t on 

b lood p r e s s u r e i s the r e s u l t o f p r e v i o u s l y m e n t i o n e d 

oppos ing c e n t r a l and p e r i p h e r a l e f f e c t s . In c o n t r a s t to 

p e r i p h e r a l v a s o d i l a t i o n , t h e o p h y l l i n e c o n t r a c t s c e r e b r a l 

v a s c u l a t u r e . T h e d e c r e a s e in c e r e b r a l b lood f l o w and 

i n c r e a s e i n c a r b o n d i o x i d e t ens ion m a y r e s u l t i n 

r e s p i r a t o r y c e n t r e s t i m u l a t i o n . M i l d d i u r e s i s i s p roduced 

by the c o m b i n e d e f f ec t o f t h e o p h y l l i n e on i n c r e a s i n g 

g l o m e r u l a r f i l t r a t i o n r a t e and d e c r e a s i n g s o d i u m and 

c h l o r i d e r e a b s o r p t i o n a t the p r o x i m a l tubule. Re lease o f 

c a t e c h o l a m i n e s f r o m the a d r e n a l m e d u l l a m a y be s t i m u l a t e d 

by t h e o p h y l l i n e , hence the a d r e n e r g i c e f f ec t s e x h i b i t e d ; 

h y p e r g l y c e m i a , c a r d i a c a f f e c t s , and l i p o l y s i s . T h e 

t h e o p h y l l i n e s m a y po ten t i a te the c a l c e m i c r e s p o n s e to 

p a r a t h y r o i d h o r m o n e and i n h i b i t t ha t of c a l c i t o n i n . I t 

65 
m a y a l s o i n c r e a s e basa l m e t a b o l i c r a t e . 

i i ) P h a r m a c o k i n e t i c s 

A b s o r p t i o n w i l l no t be c o n s i d e r e d i n the d i s c u s s i o n 

o f t h e o p h y l l i n e k i n e t i c s because the a m i n o p h y l l i n e 

a d m i n i s t e r e d i n t h i s s tudy was g i v e n i n t r a v e n o u s l y . 
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* 

* * 

a) Theophyl l ine Assay 

Any discussion of k inet ics and invest igat ion of 

se rum levels requ i res some mention of the theophyl l ine 

assay method. In this invest igat ion a h igh-pressure 

l iqu id (HPL) chromatographic analysis was pe r f o rmed . 

An u l t rav io le t spectrophotometr ic method has been 

f requent ly employed f o r theophyll ine determinat ion in 

s e r u m . However, other xanthines such as caf fe ine, 

theobromine and theophyll ine metabol i tes, and 

barb i tura tes in te r fe re in the absorpt ion measurements. 

Other paper, co lumn, t h i n - l aye r , and gas chromatographic 

assays have been used, however they requi red higher 

concentrat ions of theophyl l ine than no rma l l y found in 

87 
human s e r u m . The H P L chromatographic assay was 

selected f o r i ts spec i f i c i ty , sens i t i v i t y , rap id i ty 

(approx imate ly 30 determinat ions in 8 hours) , s imp l i c i t y 

to p e r f o r m , smal lness of se rum sample r equ i r ed , and 

48,88,89 
avai labi l i ty . 

Not in te r fe red w i th by theophyl l ine metabol i tes , o ther xanth ines, 
o r o ther commonly used d rugs . 

Sens i t i ve to 0 .1 , j i g /m l wi th a coeff ic ient of va r ia t ion of less 
than 3 per cent on dupl icate samples . 



- 18 -

b) D is t r ibu t ion 

Theophyl l ine is read i ly d is t r ibuted throughout 

ex t ra ce l l u la r f lu ids and body t issues. Apparent volume 

of d is t r ibu t ion (Vd) has been est imated at approx imate ly 

9 69 90 
0.50 l i t r e / k g . ' ' Th is was based on data taken 

15,68 
f r o m d i f ferent studies wi th a range f r o m 0.12 

l i t r e / k g to 0.76 l i t r e / k g . Th is est imated d is t r ibu t ion 

vo lume, being less than total body water (50-70% of 

body weight) and more than ex t race l lu la r f lu id vo lume, 

suggests that theophyll ine is t rans fe r red f r o m the 

plasma to t issues. Smoking is one fac to r reported 

70 
to increase d is t r ibu t ion volume and may be par t l y 

•t 

responsible f o r the va r i a t i on . Volume of d is t r ibu t ion 

may be s l igh t l y increased in patients wi th hepatic 

90 
c i r r h o s i s . Theophyl l ine is about 55 to 63 per cent 

bound to plasma prote ins in the therapeutic concent ra-

71 68 
t ion range, and ei ther enters o r binds to e ry th rocy tes . 

Theophyl l ine read i ly crosses the placenta and also 

72 

d is t r ibu tes we l l into breast m i l k . Sa l i va concent ra ­

t ion of theophyl l ine have been reported to be a p p r o x i -

, 71 ,72 
mately one-hal f (52%, 58% ) of p lasma concent ra -
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t ions but have ranged f r o m less than 50 to over 

g 
100 per cent . 

c) Metabol ism 

Theophyl l ine is read i ly and a lmost complete ly 

metabol ized as presented in F igure 2. I t i s general ly 

accepted that th is metabol ism takes place in the l i v e r 

65 ,70 ,73 ,74 
by oxidat ive mechanisms and that 

indiv idual di f ferences in metabol ism are responsible 

9 15 19 75 
f o r the wide range of plasma ha l f - l i f e (TJ^). ' ' ' 

P lasma T/£ has been reported to va ry f r o m 3 .0 to 12.0 

15,90 
hours in adu l ts . A recent a r t i c l e c r i t i c i zes 

previous kinet ic data fo r reasons of: lack of spec i f i c i ty 

in assay method, number of sub jec ts , number and 

frequency of se rum samples , and length of t ime dur ing 

91 
which serum samples were obtained. I t est imates 

T1/£ as 11.0 hours w i th a range of 8 .6 to 20.7 hours 

91 
on data taken f r o m six subjects . Age , genetic f a c t o r s , 

we ight , o ther d rugs , disease state and smoking a re a l l 

g 
bel ieved to play a par t in explaining the v a r i a t i o n . 

Decreased l i v e r perfusion o r hypoxic l i v e r dysfunct ion 

w i th decreased theophyl l ine metabo l ism is favoured as 
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the r e a s o n f o r t o x i c t h e o p h y l l i n e l e v e l s i n p a t i e n t s 

w i t h l i v e r d y s f u n c t i o n o f ten a s s o c i a t e d w i t h c o n g e s t i v e 

78 
h e a r t f a i l u r e . T h e d e c r e a s e i n p l a s m a t h e o p h y l l i n e 

c l e a r a n c e i n pa t i en t s w i t h c i r r h o s i s i s p r o b a b l y due 

to a c o m b i n a t i o n o f d i s o r d e r e d hepa tocy te f u n c t i o n , 

shun t i ng of b lood away f r o m the l i v e r because o f 

p o r t o s y s t e m i c a n a s t o m o s e s and d e c r e a s e d hepa t i c 

90 
b lood f l o w . T h e h a l f - l i f e of t h e o p h y l l i n e i n c i g a r e t t e 

s m o k e r s has been found to be a l m o s t o n e - h a l f t ha t i n 

n o n - s m o k e r s and t h i s i s c o n s i s t e n t w i t h the i n d u c t i o n 

o f m i c r o s o m a l e n z y m e s by p o l y c y c l i c h y d r o c a r b o n s 

found i n c i g a r e t t e s m o k e . ' 

T h e m e t a b o l i t e s o f t h e o p h y l l i n e as shown i n 

F i g u r e 2 a r e 1 , 3 - d i m e t h y l u r i c a c i d , 3 - m e t h y l x a n t h i n e , 

73 77 and 1-me thy I u r i c a c i d . ' T h e 1 - d e m e t h y l a t i o n o f 

t h e o p h y l l i n e to 3 - m e t h y l x a n t h i n e has been sugges ted 

to be the d o m i n a n t r e a c t i o n d e t e r m i n i n g s e r u m 

t h e o p h y l l i n e . C a f f e i n e i s m e t a b o l i z e d to t h e o p h y l l i n e 

and f o r t h i s r e a s o n x a n t h i n e - c o n t a i n i n g p r e p a r a t i o n s 

( such as t e a , co f fee o r c o l a ) o t h e r than a m i n o p h y l l i n e 

w e r e f o r b i d d e n d u r i n g the s t u d y ; a l t hough a b n o r m a l l y 
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F igu re 2 . Metabo l ism of Theophyl l ine 
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large caffeine consumption would be requ i red to 

79 produce any c l i n i ca l e f fec t . 

d) Excre t ion 

Theophyl l ine and i t s metabol i tes a re excreted 

p r i m a r i l y by t he kidneys . F r o m a recent s t u d y ' ' 

mean values expressed as f rac t ion of to ta l in ur ine 

(plus o r m inus standard deviat ion) were a s fo l lows: 

unchanged theophyl l ine 7.7 + 6 . 1 % ; 1 ,3-d imethy lu r ic 

ac id 3 9 . 6 + 4 . 5 % ; l - m e t h y l u r i c a c i d 16.5 + 3 . 3 ; and 

3-methy lxanth ine 36 .2 + 7.3%. T h e f i r s t th ree values 

a r e consistent w i th those obtained i n an e a r l i e r s tudy 

using d i f fe rent methodology: 10%, 3 5%, and 1 9 % . 7 3 

The four th v a l u e , 36 .2 + 7.3% fo r 3 -me thy l xan th ine , 

does not agree w i th t h e e a r l i e r value of 13 %. T h i s 

d i f ference m a y be the r e s u l t of d i f fe rent assay p r o c e ­

dures o r may b e the resu l t of a d i f fe ren t f o rma t ion rate 

of 3-methy lxanth ine as th is has been suggested as the 

rate d e te rmin ing react ion in the degradat ion of theophy l ­

l i n e . 7 7 

Therapeut ic Use 

Present indicat ions fo r t h e c l i n i c a l use of 

aminophy l l ine include the symptomat ic t rea tmen t of 

r eve rs ib l e bronchoconst r ic t ion .associated w i th chron ic 

obs t ruc t ive pu lmonary emphysema, chron ic b r o n c h i t i s , 
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bronchia l asthma and related bronchospastic d i s o r d e r s . 

Other uses have included re l iev ing dyspnea associated 

w i th le f t heart f a i l u r e , abol ishing apnea associated wi th 

Cheyne-Stokes, and re l iev ing acute episodes of pu lmonary 

8 
edema. 

Theophyl l ine re l ieves the p r i m a r y manifestat ions 

of as thma, including dyspnea and wheezing, and improves 

pu lmonary funct ion as measured by increased F E V . Q 

65 
and F V C . Acute ly d is t ressed asthmatic patients were 

chosen as subjects in which to measure the improvement 

in pu lmonary funct ion because they have the widest possible 

range of measurements (near normal -100% to less than 

10% of predicted no rma l ) . 

i v ) Adverse Effects 

The many possible adverse effects at t r ibuted to 

8 65 theophyl l ine have been extensively reviewed e lsewhere. ' 

Undesirable effects include anorex ia , nausea, vom i t i ng , 

increased rest lessness and i r r i t a b i l i t y , anx ie ty , d e l i r i u m , 

tachycard ia , dehydrat ion accompanied by severe t h i r s t , 

f eve r and d iaphores is , hematemesis , s tupor , convuls ions, 

coma and death. Other a l l e rg ic react ions such as sk in 
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e r u p t i o n s m a y a l s o o c c u r . H o w e v e r , i t shou ld be noted 

t ha t the e t h y l e n e d i a m i n e c o m p o n e n t of a m i n o p h y l l i n e m a y 

be r e s p o n s i b l e . 

F o r the p u r p o s e s of t h i s s t udy the r e l a t i o n s h i p 

be tween t o x i c i t y and s e r u m t h e o p h y l l i n e c o n c e n t r a t i o n w i l l 

be e x a m i n e d m o r e c l o s e l y . T h e r e i s g e n e r a l a g r e e m e n t 

t h a t s e r u m t h e o p h y l l i n e l e v e l s shou ld be m a i n t a i n e d a t 

l e s s than 20 ^ g / m l because t o x i c i t y becomes a p r o b l e m 

15 21 23 74 
a t t h i s l e v e l . ' ' ' The m a i n and m o s t p e r s i s t e n t 

s i d e e f f e c t s a r e g a s t r o i n t e s t i n a l and a r e m o s t c o m m o n 

15 21 75 s t a r t i n g a t s e r u m l e v e l s o f about 15 p g / m l . ' ' When 

the d r u g c o n c e n t r a t i o n p r o g r e s s i v e l y exceeds 20 v g / m l , 

a t r i a l t a c h y c a r d i a and then v e n t r i c u l a r a r r h y t h m i a s a r e 

21 
m o r e l i k e l y to be o b s e r v e d . T h e i nc i dence o f a d v e r s e 

e f f e c t s a l m o s t doub les a t s e r u m c o n c e n t r a t i o n s o v e r 25 

75 
Vi g / m l as c o m p a r e d to 15 -25 y g / m l . S e i z u r e s have 

"74 ftp 
been r e p o r t e d a s s o c i a t e d w i t h l e v e l s o f 25 y g / m l . ' 

S e r i o u s t o x i c i t y ( c e r e b r a l s e i z u r e s , c a r d i a c a r r h y t h m i a s , 

o r r e s p i r a t o r y o r c a r d i a c a r r e s t ) i s i n f r e q u e n t and o c c u r s 

21 
most commonly wi th rapid intravenous in jec t ion . F o r 

th is reason large doses in this study were admin is tered 
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by s low infusion over 30 minutes . Another comment 

wor th making at th is t ime concerns any suggestion of 

using tox ic i ty as a va l id end point f o r dosage t i t r a t i o n . 

Th i s assumes that gastro intest inal symptoms w i l l 

i nvar iab ly precede more ser ious signs of t ox i c i t y . Any 

such suggestion and /o r assumption are inval idated when 

one considers the repor t of 8 patients exper iencing 

se izures at t r ibuted to aminophyl l ine in whom 7 patients 

74 
had no recognized p r i o r adverse e f fec ts . 

C . DIAGNOSIS AND T R E A T M E N T 

Diagnosis and t reatment of asthma are discussed together 

w i th pa r t i cu la r emphasis on the acutely d is t ressed asthmat ic 

pat ient which was the type of patient selected f o r th is s tudy. 

The diagnosis of bronchia l asthma is based on pat ient 

h i s t o r y , physical f ind ings , and demonstrat ion of revers ib le 

a i rway obs t ruc t ion . Present ing symptoms are l i ke ly to 

fo l l ow the c lass ic pat tern of per iodic episodes of wheezing, 

cough, and shortness of breath that character ize as thma. 

The sever i t y of the wheeze and breathlessness is v a r i a b l e . 

Severe d is t ress is obvious i f the patient is too dyspneic to 

speak. Monosyl lable speech and f requent pauses in speech 
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a re rough guides to establ ishing moderate o r m i l d d is t ress 

respec t i ve ly . The cough may be d r y o r product ive of s t i cky 

mucoid spu tum. The sputum may be purulent i f in fect ion is 

present but occasional ly ye l low sputum i s due to la rge numbers 

of eos inophi ls . The resp i ra to r y rate and the depth of breathing 

a re increased and the patient s i ts up and leans fo rwa rd using 

the accessory muscles of resp i ra t i on . Audible exp i ra to ry 

wheeze is often the main physical f i nd ing . The pulse is rapid 

and the degree of tachycardia may be an index of the sever i t y 

of the a t tack. The chest is hyper in f la ted. Auscul tat ion reveals 

i nsp i ra to ry and exp i ra to ry rhonchi heard over both lungs and 

exp i ra t ion is pro longed. Fu r the r in fo rmat ion about f requency 

and seve r i t y of a t tacks , detai ls of prec ip i ta t ing f a c t o r s , h is to ry 

of a l l e r g y , smoking h i s to ry , f a m i l y h is to ry and the detai ls of 

prev ious t reatment is requ i red . Medicat ion h is to ry is essent ial 

w i th special concern given to f requency of use of bronchodi la tor 

aerosols and co r t i cos te ro ids , and previous intake of methyl -

xanth ines. Aside f r o m rout ine blood work and u r i n a l y s i s , a r t e r i a l 

blood gases may be necessary to assess sever i t y and any carbon 

dioxide retent ion associated w i th b ronch i t i s . The chest r a d i o ­

graph in asthma is f requent ly norma l or may show hyper in f la t i on , 
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but is essent ia l f o r detection of compl icat ions such as 

pneumoni t is , t rans ient i n f i l t r a t e s , par t ia l pneumothorax, 

a te lec tas is , o r emphysema. 

The diagnosis of asthma on physiologic grounds is 

44 
establ ished by demonstrat ing revers ib le a i rways obs t ruc t ion . 

S p i r o m e t r y measures the volume of max ima l f as t , f o rce fu l 

exp i ra t i on , s tar t ing in the f u l l i nsp i ra to ry pos i t ion , and 

measured as a funct ion of t ime and is the mainstay of diagnosis 

37 
and management of revers ib le a i rway d isease. The F E V 

is recorded by measur ing the volume of expired a i r in the 

f i r s t f u l l second af ter the s ta r t of exp i ra t i on . The FVC is the 

max imum volume of a i r exhaled f r o m the lung by a vo luntary 

fo rce fu l e f fo r t fo l lowing a max imal i nsp i ra t i on . The M M F R 

is the average rate of a i r f low dur ing the middle half of the 

fo rced exp i ra to ry v i t a l capaci ty . S p i r o m e t r i c measurement 

is c a r r i e d out before and af ter bronchodi lator therapy. A 

f i f teen per cent r i se in FEV., _ o r FVC indicates s ign i f icant 

33 84 r e v e r s i b i l i t y . ' In th is study sp i r ome t r y was chosen 

because of por tab i l i t y and ease of handling of the sp i romete r 

w i th the acutely d is t ressed pat ient . A l s o , the prev ious ly 

discussed measurements were obtained on a permanent char t 

reco rd (see F igure 4) . 
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The effect ive management of asthma involves 

considerat ion of impor tant general p r inc ip les such as avoidance 

of prec ip i ta t ing fac tors and maintenance of adequate hydra t ion . 

Therapeut ic modal i t ies include hyposensit izat ion and pharmacologic 

in te rven t ion . Drugs used in the t reatment of asthma may be 

14 
categor ized as fo l lows: 

Adrenerg ic - ep inephr ine, i sop ro te reno l , 

ephedr ine, o rc ip rena l i ne , 

salbutamol and te rbu ta l ine . 

Methylxanthines - theophyl l ine, aminophy l l ine , 

and ox t r iphy l l ine . 

Sodium cromoglycate 

Cor t i cos te ro ids - Systemic such as prednisone. 

- Aeroso l such as beclomethasone 

d ip ropr ionate . 

A t rop ine and related an t icho l inerg ics . 

Miscel laneous drugs of questionable o r unproved e f f i cacy . 
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Since the patients selected f o r th is study were acutely 

d is t ressed and requi red admission to the emergency uni t f o r 

t rea tmen t , only the t reatment of the emergency w i l l be c o n -

14 57 58 
s i d e r e d . There is agreement ' ' that the pharmacologic 

approach to therapy should include in ject ib le ep inephr ine, 

intravenous aminophyl l ine and intravenous co r t i cos te ro ids . 

(F igure 3) 

Ep inephr ine , a t ime- tested remedy f o r temporary re l ie f 

57 14 

of acute as thma, has been widely used. The beta-adrenerg ic 

receptor s t imu la t i on , and consequent elevation in i n t race l l u la r 

cyc l i c A M P resu l t in bronchia l smooth muscle re laxat ion and 

inh ib i t ion of mediator re lease. Other card iovascular effects 

of epinephrine may l i m i t i ts usefulness. Tachycard ia resu l t ing 

f r o m the beta-adrenerg ic s t imula t ion of the heart may be a 

l i m i t i n g cons idera t ion. L i fe- threaten ing card iac a r rhy thmias 

a re more common because of hypoxemia s temming f r o m 

vent i la t ion-per fus ion mismatch ing . A lso many patients in 

d i f f i cu l t y have a l ready been using considerable amounts of 

sympathomimet ics and may have some tox ic i ty signs o r may 

be r e f r a c t o r y to f u r t h e r dosage. 
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The methylxanthines are also t ime- tes ted drugs useful 

57 
in maintenance and emergency management. Next to the 

adrenerg ic drugs theophyl l ine compounds are the most ef fect ive 

bronchodi la tor drugs avai lable f o r the t reatment of bronchia l 

14 59 
as thma. ' Because they act at least in par t by elevat ing 

cyc l i c A M P in the smooth muscle of the a i rway by a d i f fe rent 

mechanism than the adrenergic d rugs , they are useful in 

conjunction w i th and in cases re f rac to r y to the adrenerg ic d rugs . 

Aminophy l l ine as representat ive of this category and as the 

drug under question in th is s tudy, has been considered in detai l 

in sect ion 2 . B . 

Cor t i cos tero ids have been cited as the single—most 

57 
valuable drugs f o r stopping prolonged asthmat ic a t tacks . 

The mechanism of act ion of the ant iasthmat ic effect is s t i l l 

unknown. Poss ib i l i t ies include the fac i l i ta t ion of catecholamine 

responsiveness at the level of the beta adrenergic recep te r , 

decreased alpha receptor -mediated bronchoconst r ic t ion , 

decreased product ion of cyc l ic G M P , inh ib i t ion of ce r ta in 

catecholamine-metabol iz ing enzymes, and inhib i t ion of 

h is tamine produc t ion . ' The inh ib i t ion of antigen p r o c e s s ­

ing by macrophages, ce l l -media ted i m m u n i t y , and the 
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i n f l ammato ry response fo l lowing antigen-antibody union have 

62 also been d iscussed. 

Cont roversy ex is ts concerning the use of co r t i cos te ro ids 

in the acute asthma at tack. Some authors suggest hydrocor t isone 

sodium succinate 200 mg o r more int ravenously a f te r intensive 

t reatment wi th bronchodicators has f a i l e d . ' ' Other 

authors indicate that hydrocort isone sodium succinate (o r 

equivalent) 1 00 mg o r more is essent ial in the i n i t i a l t reatment 

10,58 
of severe acute as thma. Cont roversy also exists c o n ­

cern ing the onset of act ion of the co r t i cos te ro ids . One author 

10 
states that even large doses are not ef fect ive f o r 6 hours . 

In another study most patients reported subject ive improvement 

by about 4 hours af ter s tar t ing t reatment but object ive evidence 

38 
did not appear unt i l about 6 hours f r o m the s t a r t . Another 

study demonstrated an increase in peak exp i ra to ry f l ow rate 

64 
at one hour a f te r in ject ion of co r t i cos te ro id . Because 

studies cannot e th ica l ly be done in severe asthma that om i t th is 

therapy , a l l patients in the present study received h y d r o ­

cor t isone sodium succinate 1 00 mg intravenously at the 

in i t ia t ion of therapy wi th aminophy l l ine . 
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F igure 3: Schemat ic D iagram f o r S i tes of Drug Ac t ion in As thma 
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D . PATHOPHYSIOLOGY 

A i r w a y obst ruct ion is caused by excessive bronchia l 

sec re t ions , edema of the bronchia l mucosa and contract ion of 

bronch ia l musc le . In fa ta l asthma tenacious secret ions may 

f o r m v iscous casts in the s m a l l e r b ronch i . There is increase 

in the number of goblet ce l ls and mucous glands. The 

bronch ia l wa l l i s in f i l t ra ted w i th eosinophi ls and the bronch ia l 

muscle is hyper t roph ied. 

These pathological f indings are the end- resu l t of a 

disease process o r processes which may be character ized 

main ly as hyper reac t iv i ty of the a i rways . The cause of this 

hyper reac t i v i t y has not been c lea r l y e luc idated. A va r ie ty 

of abnormal i t ies have been imp l i ca ted . Included in these are 

immuno log i ca l , hypersens i t iv i ty and deranged autonomic 

nervous cont ro l such as excessive chol inerg ic responses 

53 and /o r subnormal beta-adrenerg ic e f fec ts . 

Detai led considerat ions of the contr ibut ing mechanisms 

53 
have been compi led in a recent book by Weiss and Sega l . 

Only a synopsis of sa l ient fac tors w i l l be discussed here ina f te r . 
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The immunolog ica l basis of asthma is we l l establ ished 

in many cases , although the reasons f o r the unusual i m m u n o ­

log ica l p ic ture are f a r f r o m c lea r . Basic knowledge re lates 

to the ex t r i ns i c type of asthma in which an antigen has been 

iden t i f i ed . In ex t r i ns i c as thma, t i ssue-sens i t i z ing antibody 

of the IgE type is present in abnormal ly large amounts and 

includes a s ign i f icant quanti ty of antibody speci f ic f o r the 

a l lergens to which the subject reac ts . Most of the IgE f ixed 

in the lung is on the mast c e l l s , which are thus the p r inc ipa l 

s i tes of challenge and are regarded as the ma jo r source of 

bronchoreact ive med ia to rs . The pathological s t igmata have 

44 
been at t r ibuted to the biologic ac t iv i ty of these med ia to rs . 

The mast ce l ls are located close to the bronchia l vascu lar 

sys tem and thus the vesse ls , the smooth musc le , and the 

glands of the a i rways are passive rec ip ients of the med ia to rs . 

The immunolog ica l mechanism does not exclude other fac to rs 

nor does i t account f o r i n t r i ns i c as thma. 

The autonomic nervous system exerc ises cont ro l on 

a i r w a y s , d is t r ibu t ion of blood in the lung , and release of 

media tors f r o m mast c e l l s . The parasympathet ic (vagus) 

has the predominant inf luence over bronchomotor tone and 
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is also able to enhance the release of mediators i n the immune 

response. I t has been postulated that a low threshold f o r vagal 

responses is a feature of as thma. The vagus may be impor tan t 

in the e a r l y stages of an attack o r when the asthma is not 

seve re , but becomes less so in the more ser ious stage when 

the lung is burdened wi th secret ions and edema, and contains 

high levels of d i r ec t l y acting med ia to rs . 

The sympathet ic nervous system is poor ly represented 

in the lung by d i rec t innerva t ion , but appears to have marked 

inf luence by way of c i rcu la t ing catecholamines. Both alpha 

and beta adrenerg ic receptors are present in the lungs, but 

beta receptors are dominant . Speculat ion exists about alpha 

adrenerg ic ac t i v i t y inducing bronchospasm. However, more 

attent ion has been given to Szent ivany i 's proposal that the 

asthmat ic condit ion was the consequence of insuf f ic ient response 

,. 54 of t issues to beta-adrenerg ic s t i m u l i . 

Be ta-s t imu la t ing substances, such as isopro tereno l 

o r salbutamol catalyze the conversion of adenosine tr iphosphate 

(ATP) to cyc l i c 3 ' , 5' adenosine monophosphate (cyc l i c A M P ) . 

The la t te r is degraded by the enzyme phosphodiesterase (PDE) 

to the inact ive 5 ' - A M P . Accumulat ion of i n t race l l u l a r cyc l i c 
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A M P leads to bronchia l smooth muscle re laxat ion and inh ib i t ion 

of mast ce l l generat ion and/or release of med ia to rs . A l p h a -

s t imula t ing agents such as norepinephrine and phenylephrine 

catalyze the conversion of A T P to adenosine diphosphate (ADP) , 

w i th resul tant decrease in i n t race l l u la r cyc l i c A M P . Decrease 

in i n t race l l u l a r cyc l i c A M P fac i l i ta tes mast ce l l re lease of 

media tors and bronchoconst r ic t ion . Cho l inerg ic -s t imu la t ing 

agents such as acetylchol ine and carbachol resu l t in an increase 

of i n t race l l u l a r cyc l ic 3 ' , 5'-guanosine monophosphate (cyc l ic 

GMP) . Accumulat ion of cyc l i c GMP leads to enhancement of 

media tor release and bronchoconst r ic t ion. 

The previous mention of mediators at var ious points 

deserves more at tent ion. Among these are h is tamine, s l o w -

react ing substance of anaphylaxis ( S R S - A ) , eosinophi l 

chemotact ic fac tor of anaphylaxis ( E C F - A ) , and prostaglandins. 

Detai led discussions of these and others are found e lsewhere . 

53 ,55 ,56 

A b r ie f resume fo l l ows . 

His tamine is found in high concentrat ions in t issue mast 

ce l ls located in the per ivascu lar connective t issue of human 

lung . I t has the ab i l i t y to increase venular pe rmeab i l i t y , induce 

cons t r i c t ion of bronch io lar and other smooth musc le , and 
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s t imu la te i r r i t a n t recep to rs . Mast ce l l h is tamine can be 

l ibera ted at a wide va r i e t y of phys ica l , chemical and i m m u n o ­

log ica l s t i m u l i . As prev ious ly i n f e r r e d , an inverse re lat ionship 

ex is ts between cyc l i c A M P levels and histamine re lease . 

S R S - A is a low molecular weight ac id ic l i p id that has 

not been complete ly character ized and that has biologic ac t i v i t y 

at low l eve l s . I t i s not stored in the human lung but is produced 

and released w i th the appropr iate s t i m u l i . The mast ce l l has 

been presumed to be the ce l l source . S R S - A increases vascu lar 

pe rmeab i l i t y and has a cont rac t i le effect to which bronchia l 

smooth muscle is exquis i te ly sens i t i ve . I t appears af ter 

immunolog ic ac t i va t ion . 

Local eosinophi l i n f i l t ra t i on is common in asthmat ic 

lungs and may contr ibute substances to e l iminate products of 

the mast ce l l a l l e rg i c response. E C F - A is a low molecu lar 

we ight , acid ic peptide stored in lung t i ssue . I t se lect ive ly 

a t t rac ts eosinophi ls to s i tes of t issue that are i n j u red . 

Prostaglandins (PG) are synthesized f r o m arachidonic 

acid by the prostagandin synthetase sys tem. These are no rma l 

const i tuents of lung t issue and are released f r o m sens i t i zed , 

challenged lung p repara t ions . Inhib i t ion of the fo rmat ion of 
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the prostaglandins resu l ts in an accumulat ion of the unsaturated 

acids and of the peroxides which they read i ly f o r m . These 

peroxides are v e r y react ive chemica l ly and may cause t issue 

damage. The paradoxical bronchoconstr ic t ive response of 

ce r ta in asthmat ic patients exposed to acety lsa l icy l ic acid has 

been speculat ively related to i ts inh ib i to ry effect on prostaglandin 

synthetase. The prostaglandins are act ive on the smooth muscle 

of the bronchia l t r e e . The impor tant actions are the b roncho­

cons t r i c t i ve effect of PGF and the bronchodi lat ing effect of 

PGE and PGE . An imbalance in the ra t io of these opposi te-

act ing prostaglandins has been suggested to play a ro le in the 

et io logy of as thma. I t is in terest ing that anoxia in the t issues 

favours the product ion of PGF„ over the product ion of PGE. 

I t is also in terest ing that the sympathet ic and chol inerg ic 

branches of the autonomic nervous system have been impl icated 

in modulat ing r e c i p r i c a l l y the release of prostaglandins. As 

w e l l , PGE and PGE increase in t race l lu la r cyc l i c A M P leve ls , 

whereas PGF decreases cyc l i c A M P leve ls . 
2x 

The pathogenesis and c l in i ca l manifestat ions of bronchia l 

asthma may be involved w i th mu l t ip le pathophysiological f a c t o r s . 

Th i s d iscussion has only touched upon some considerat ions 
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involved in attempts to establ ish a cause o r causes f o r 

as thma. 
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3. METHODOLOGY 

A . PAT IENTS 

A l l patients had an admit t ing diagnosis of as thma, 

based on c l i n i ca l observat ions of dyspnea and wheezing and 

a h is to ry of revers ib le a i rway obs t ruc t ion , episodes of 

dyspnea wi th wheezing, symptomat ic response to broncho­

d i l a t o r s , in te rva ls wi th complete remiss ion of abnormal 

c l i n i ca l fea tu res , o r hyper - reac t i v i t y of a i rways . Patients 

w i th a h is to ry o r evidence of r ena l , hepat ic, o r cardiac 

disease were excluded. Only patients between the ages of 

16 and 65 years of age were inc luded. Medicat ion h is tor ies 

were documented wi th par t i cu la r emphasis on methylxanthine 

intake dur ing the preceding 24 hours . Smoking h i s to r i es , 

a l l e r g i e s , age, sex , height, and weight were reco rded . 

Twenty-e ight pat ients, diagnosed as asthmat ics at the 

emergency departments between March 22nd, 1976 and 

December 31 , 1976 dur ing the hours 0800 to 2400, were 

accepted sequent ia l ly into the study protocol (see Demographic 

Data , Tables I and I I ) . The f i r s t two patients were studied 

at the Ottawa General Hospital and the subsequent twenty-s ix 

patients were studied at the Ottawa C iv ic Hospital emergency 
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depar tments . In a l l cases, the emergency resident on duty 

made the f ina l decis ion about inc lus ion of any patient into 

the s tudy. 

The f i r s t three patients were subsequently excluded 

f r o m the study f o r technical reasons and patient number e ight , 

was excluded as a resu l t of change in diagnosis f r o m exacerba­

t ion of asthma to congestive heart f a i l u re and cor pu lmonale. 

These exclusions were made p r i o r to the breaking of the 

bl inding code. 

B . MEDICATION DOSING REGIMENS 

Patients were randomly assigned to one of two possible 

dosing reg imens f o r aminophy l l ine . The f i r s t was a loading 

dose of 5.6 mg per kg of body weight given over 30 minutes 

in t ravenously fo l lowed by a maintenance infusion of 0.9 mg per 

kg per hour therea f te r . The second was an in te rm i t ten t reg imen 

of 500 mg given int ravenously over 30 minutes every 6 hours . 

A l l patients were given 100 mg of hydrocor t isone sodium 

succinate* int ravenously over 30 minutes v ia d r i p chamber , 

s ta r t ing at the in i t ia t ion of the aminophyl l ine in fus ion . 

So lu -Co r te f by the Upjohn Company of Canada L im i ted 
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These medicat ions were admin is tered through an 

intravenous l ine establ ished by a nurse technician p r i o r to 

therapy . The infusion solut ion was 5% dextrose in water 

running s lowly to keep the vein open. 

O r a l f l u i d s , water and j u i c e , were encouraged th rough­

ou t . T e a , cof fee, cola and xanthines f r o m any other source were 

fo rb idden . Any other medications deemed necessary by the 

medica l res ident were recorded (see Table I I I ) . 

C . BL INDING PROCEDURE 

Aminophy l l ine was admin is tered in a double-bl ind 

manner such that the resident phys ic ian, nurses , pat ient , and 

invest igator were unaware of which regimen the patient was 

rece i v i ng . 

The sequence number and weight of each asthmat ic 

pat ient was relayed to the hospital pharmacy by telephone. 

Accord ing to a randomizat ion l i s t prev ious ly prepared 

by a non-par t ic ipat ing superv i so r , the pharmacis t would 

complete preparat ion and de l i ver four syr inges label led 

respect ive ly No . 1 , No. 2 , No. 3 and No. 4 according to the 

appropr ia te sequence of admin is t ra t ion of aminophyl l ine 

and /o r no rma l sal ine (see F igure 5 ) . In a l l cases, de l i ve ry 
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Intermittent Regimen: 500 mg dose every 6 hours each given over 30 minutes. 

( blank - normal saline ) ( blank ) 

(hours) 6 6h 

Syringe: (No.l )( -No. 2 ) (No. 3) ( No. 4 

Continuous Regimen: loading dose followed by maintenance infusion. 

Time: 0 h (hours) 

Syringe: (No.l)( -No. 2- -)(No.3)( No. 4 

Fig.5: Illustration of Blinding Procedure for Dosing Regimen Syringes 

Aminophylline administered by continuous infusion via a Harvard infusion pump. 

All syringes were brought up to a volume of 30 ml by adding sterile normal saline 
to facilitate the blinding procedure. 
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of the fou r syr inges was made to the invest igator in the 

emergency department at one-hal f hour af ter the o r ig ina l 

telephone ca l l to pharmacy. 

Sy r i nges* were prepared and label led prev ious ly as 

f a r as possible by the invest igator and stored in a r e f r i g e r a t o r 

in pharmacy to fac i l i ta te carefu l complet ion and consistent 

de l i ve ry at 30 minutes . Calculat ion sheets and char ts 

(see Appendix I) were provided as a f u r t h e r dosage check. 

D. STUDY PARAMETERS 

Each pat ient 's d is t ress was staged i n i t i a l l y by the 

invest igator as mi ld ( frequent pauses in speech), moderate 

(monosyl lable speech) and severe (too dyspneic to speak). 

(See Demographic Data - Table I I .) 

A f t e r p r e l i m i n a r y patient evaluation by the medical 

res ident and subsequent sat is fy ing of entrance requ i rements , the 

pat ient was in formed about test procedures by the inves t iga tor . 

In i t ia t ion of study and fu r t he r observat ions and tests were 

co-ord inated by the invest iga tor . 

* Syr inges were disposable 30 m l Plast ipak L u e r - L o k T i p made 
by Bec ton , Dickinson and C o . Canada L t d . 

Aminophy l l ine was Aminophy l l ine In ject ion S te r i l ab L t d . 500 mg 
in 10 m l ampoules Lot: 7554-12 made by S te r i l ab Corpora t ion L t d . 

No rma l sal ine was Sodium Chlor ide In ject ion B . P . 0.9% w / v 
30 m l v ia l s Lot: 7453-12 made by S te r i l ab Corpora t ion L t d . 
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V i t a l S igns 

Radial pulse and resp i r a to r y rate were taken and 

recorded by the invest igator . Blood pressure was taken 

by the attending nurse w i th a m e r c u r y sphygomanometer 

and recorded by the invest igator . V i t a l s igns were taken 

p r i o r to the in i t ia t ion of the aminophyl l ine dosing and at 

hour ly in te rva ls thereaf te r , always before pulmonary funct ion 

studies were s ta r ted . Patients were ly ing in bed w i th the 

head of the bed elevated. A l l readings were taken wi th in 

the 10 minutes previous to the hour . (See Tables I V , V 

and V I . ) 

Pu lmonary Funct ion Studies 

S p i r o m e t r i c study was per fo rmed w i th the pat ient 

in the s i t t ing pos i t ion , using the McKesson V i t a l o r 

Model 44-030 sp i r ome te r . Patients were tested immedia te ly 

p r i o r to the in i t ia t ion of the aminophyl l ine infusion and at 

hour ly in te rva ls thereaf te r . A t each test t i m e , patients 

were inst ructed to complete two forced exp i ra to ry s p i r o g r a m s . 

Measurements of forced v i ta l capacity ( F V C ) , fo rced 

exp i ra to ry vo lume in one second (FEV^ n ) , and max ima l 

m idexp i ra to ry f low rate (MMFR) were obtained f r o m the 
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best a t tempt . Ins t ruc t ion , superv is ion and encouragement 

f o r every pu lmonary funct ion test were provided by the 

inves t iga to r . In a l l pu lmonary funct ion s tud ies, a f ter the 

i n i t i a l (0000 hour) s tud ies, except two (noted in Tab les ) , 

the tests were completed wi th in 10 minutes a f ter the hour . 

(See Tables V I I , V I I I and I X . ) Predicted normal values 

f o r FVC and F E V were based on nomograms by Kory 

49,50 
et a l and normal values f o r M M F R were based on 

51 
extrapolat ions f r o m Bates et a l . 

i i i ) P lasma Theophyl l ine Levels 

Blood samples were drawn f r o m an intravenous 

hepar in - lock* established in the a r m cont ra la tera l to the 

one w i th the running intravenous in fus ion . The hepa r in -

lock was maintained patent throughout w i th heparin 

solut ion 25 u n i t s / m l . A t each sampl ing t ime 0.5 m l 

(enough to c lear heparin solut ion f r o m tubing-prevent ing 

d i lu t ion of the blood samples and erroneous theophyl l ine 

levels) was drawn f r o m the hepar in - lock and d iscarded . 

Bu t te r f l y -21 , I N T , in te rmi t ten t infusion set w i th reseal 
in jec t ion s i te ; No . 4721 made by Abbott Labora to r ies . 
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Blood samples of 3 m l were then drawn and injected into label led 

hepann ized tubes which were kept in i ce -wate r . The in ject ion 

par t of the hepar in - lock was then re- in jec ted wi th 0.5 m l of 

hepar in solut ion 25 u n i t s / m l . A l l blood samples were centr i fuged 

at 2400 rpm fo r 10 minutes. The plasma was decanted off by 

m ic rop ipe t te , and f rozen f o r subsequent ana lys is . 

Sampl ing t imes were at 0 hour ( immedia te ly p r i o r to 

aminophyl l ine admin is t ra t ion) , 15, 30 and 45 minu tes , 1, 1.5, 2 , 

3 , 4 , 5, 6 , 6 .25 , 6 .5 and 7 hours af ter s ta r t of aminophyl l ine 

in fus ion. (See Table X I I I . ) A l l samples were col lected by the 

invest igator . 

Serum theophyl l ine levels were operat ional ly defined 

as subtherapeutic - less than 10 y g / m l , therapeutic - 10-20 y g / m l , 

and tox ic - g rea ter than 20 y g / m l . 

iv) Adverse Effects 

The invest igator questioned the patients at least hour ly 

dur ing study per iod to encourage repor t ing of any adverse e f fec ts . 

The t ime and nature of adverse e f fec ts , as descr ibed by the patient 

were recorded (see Table X V I ) . 

In add i t ion , each patient was asked by the 

invest igator to complete a quest ionnaire (see Appendix II) 

at the end of h i s / h e r t reatment pe r iod . The quest ionnaire 

was designed to determine the presence o r absence of 
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speci f ic subject ive effects experienced by the pat ient . 

(See Table X V . ) 

v ) Subject ive Improvement 

A t the end of the t reatment pe r i od , patients were 

asked to indicate how much they had improved since the 

beginning of therapy by making two marks on a 100 m m 

l ine analogy represent ing , at one end, no d i f f i cu l ty in 

breathing o r no chest t ightness and, at the o the r , v e r y 

much breathing d i f f i cu l ty o r ve ry much chest t ightness 

(see Appendix I I I ) . One mark was to indicate d i f f i cu l ty 

in breathing at the beginning of t rea tment . The other mark 

was to indicate d i f f i cu l ty in breathing at the end of study 

t rea tment . Explanation was provided by the invest igator 

(see Table X V I I ) . 

E . A N A L Y S I S OF P L A S M A S A M P L E S FOR THEOPHYLL INE 

Plasma was analysed f o r theophyl l ine content at the 

Health Pro tec t ion Branch Pharmaceut ica l Chemis t r y 

Labora to r ies* by a s l igh t l y modi f ied ext ract ion and assay 

48 
method of S i t a r et a l . 

Tunney's Pas tu re , Ot tawa, On ta r i o . 
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To 0.25 m l of p lasma and 0.25 m l of water in a s c r e w -

capped centr i fuge tube (18 ml ) w i th a tef lon l i n e r , were added 

0 .2 g of ammonium su l fa te , 10 m l of a m ix tu re of c h l o r o f o r m -

isopropanol (95:5) and I m l of prednisolone* solut ion ( 5 y g / m l in 

ch lo ro fo rm- i sop ropano l 95:5) as in ternal s tandard. The m ix tu re 

was ext racted on a Roto-Rack (F isher Sc ien t i f i c Company, 

Ot tawa, Ontar io) at 75 rpm fo r 30 minutes. A f t e r cent r i f u gat ion 

at 2000 r p m f o r 10 minutes , the aqueous layer and interface were 

removed by suct ion and the organic layer was evaporated to dryness 

o 
at 70 C under a gentle s t ream of d r y f i l t e red n i t rogen . The dr ied 

residue was redissolved in 25 yl of chromatographic mobi le phase 

(ch lo ro fo rm- isopropano l -ace t i c ac id , 94.5 : 4 .5 : 1.0) and chromatographed. 

Chromatographic separat ion was ca r r i ed out on a Waters Model 

440 - Waters High Pressure Liquid Chromatograph equipped w i th a 

Model L440 UV absorbance detector at 280 n m . The chromatographic 

column (sta in less steel tubing 3 .2 id x 250 mm) was packed w i th s i l i ca 

gel ( L i ch roso rb S i - 6 0 , 5 ym nominal par t i c le s ize) using a 

balanced densi ty s l u r r y method wi th 35 per cent dibromomethane in 
o 

c h l o r o f o r m . L i ch roso rb was heated f o r 2 hours at 200 C and s l u r r y 

contained 2 g L i ch roso rb per 12 m l of l i qu id . The f low rate was 2 .0 m l 

per minute and the back pressure approx imate ly 4400 p s i . Char t 

* S igma Chemica l Company. 
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speed at a l l t imes was 5 mm per minute . 

Theophy l l i ne** standards were made up in p lasma taken f r o m a 

male volunteer who denied methylxanthine intake over previous 

48 hou rs . Standard concentrat ions included 0 . 5 , 1.0, 5 . 0 , 10.0 

and 20 .0 yg per m l . 

* * Anhydrous Theophyl l ine N . F . by B r i t i s h Drug Houses. 



- 50 -

4 . RESULTS 

A . PAT IENTS 

Twenty - four patients were included in the study ana lys is . 

Of these, eleven had received the loading dose fo l lowed by 

continuous infusion (CI) and th i r teen had received the in te rm i t ten t 

dosing ( ID) reg imen . Demographic data f o r the patients a re 

presented in Tables I and I I . The continuous infusion group 

consisted of 5 females and 5 ma les . One of the females was 

studied tw ice . The in te rmi t ten t dosing group consisted of 7 

females and 6 ma les . No s igni f icant di f ference was found 

between the two groups wi th respect to age, weight , height, 

and h is to ry of asthma when compared by unpaired T - t e s t . 

A l l patients except two were assessed as having m i l d acute 

d i s t r e s s . Patient #4 in the CI group was moderately d is t ressed 

and patient #20 in the ID group was severe ly d i s t ressed . 

Inspect ion of Table I I revealed no obvious di f ferences between 

groups w i th respect to smok ing , medicat ion o r a l l e rgy h i s t o r y . 

Pat ients #4 , #5 , #1 6 and #1 7 f r o m the CI group were queried 

by attending medical resident and /o r invest igator as having 

some bronch i t i s based on h is tor ies of cough and sputum 

produc t ion . Pat ients #21 and #27 f r o m ID group were queried 
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s i m i l a r l y . Patients #12, #13, #16, #17, #22 , #23 and #28 

were bel ieved to have had the i r asthmat ic attacks as a 

consequence of upper resp i ra to r y t r ac t in fec t ions . Patients #4 

and #7 (CI) c la imed that they had hypertension and the i r 

medicat ion h is tor ies coincided wi th t h i s . Patients #10 and 

#25 (ID) complained of migra ine headaches and narcolepsy 

respec t i ve ly . Patient #28 (CI) had a h is to ry of se izures and 

was taking medicat ion f o r same. 

Patients #5, #10, #21 , #23, #26, #27 did not d isplay 

a 15 per cent improvement in any pulmonary funct ion pa ramete r . 

C l i n i ca l evidence such as a h is to ry of to lerance to physical 

exer t ion dur ing remiss ions was used to con f i rm reve rs i b i l i t y 

of lung d isease. 

B . T I M E OF T R E A T M E N T 

T imes of patient en t ry into the hospital emergency 

depar tment var ied f r o m 0555 to 2320 wi th t imes f o r both groups 

spr ink led in between. The delay f r o m en t ry t ime to s ta r t of 

t rea tment was approx imate ly equal f o r each group, being 

78.5 + 22. 3 (CI) and 75. 7 ± 6 . 5 (ID) minutes. 
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Durat ion of t reatment var ied f r o m 3 hours to the f u l l 

7 hour study p e r i o d . E ight pat ients , four f r o m each group, 

were admit ted into regu lar hospital beds f o r continuation of 

t rea tment . The other 16 patients were assessed by the 

medical resident as suf f ic ient ly improved to be discharged 

f r o m the hosp i ta l . Seven pat ients, f i ve f r o m LD and CI group 

and two f r o m the ID group, were discharged before 7 hours . 

Two CI patients and one ID patient were discharged af ter 4 hours 

and two patients f r o m LD and CI group were discharged af ter 

5 hou rs . One patient f r o m the CI group was admit ted to a 

regu la r hospital bed af ter 6 hours because of a bed c r i s i s in 

the emergency department,. Th is patient was considered as 

requ i r i ng the f u l l 7 hours of t reatment . Although the average 

study t ime f o r CI group (5 .6 hours) was shor te r than the 

average f o r ID group (6 .5 hours) , there was no s igni f icant 

d i f ference between durat ions of stay when compared by a 

Wi lcoxon 's Rank Sum tes t . 
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C. V I T A L SIGNS 

i) Pulse 

As seen in F igure 6 the mean pre t reatment 

hear t rate was a lmost equal f o r the two groups at 110.7 

+ 4 .9 fo r CI and 108.8 _+ 4 .5 fo r ID . A decrease in hear t 

rate was noted dur ing the study pe r iod . The decrease was 

s ign i f icant f o r the CI group (p <0.01 as compared by pa i red 

T - t e s t ) . The decrease in pulse rate was not s ign i f icant 

fo r the ID group (as compared by paired T - t e s t ) . There 

was no s igni f icant d i f ference between mean heart rates fo r 

the two groups at any pulse t ime dur ing the study as compared 

by unpaired T - t e s t . 

i i ) Resp i ra to ry Rate 

Mean resp i ra to ry rates are presented graphica l ly 

in F igure 7 . Pre t reatment rates were not s ign i f i cant ly 

d i f f e r e n t at 26.9 + 1.5 resp i ra t ions per minute and 28.5 + 

2.1 resp i ra t ions per minute fo r CI and ID groups respect ive ly . 

In both groups the resp i ra to ry rate decreased dur ing the study 

pe r i od . Th is decrease was s ign i f icant ; p <0.02 by pai red T - t es t 

f o r the CI group and p < 0 . 0 l by paired T - t e s t f o r the ID group. 

There was no s igni f icant d i f ference in resp i ra to r y rate at 

any measurement t ime throughout the 7 hours between the 

two groups as connpared by unpaired T - t e s t . 
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i i i ) Blood Pressure 

Blood p ressu re , both systo l ic and d ias to l i c , was 

higher in the CI group pre t reatment but not s ign i f i cant ly as 

seen in F igure 8 . Sys to l i c p ressure remained consis tent ly 

h igher throughout the study per iod and at the 6 hour t ime 

was s ign i f icant ly higher than that f o r the ID group (p . <̂  

0.05 by unpaired T - t e s t ) . 

D . PULMONARY FUNCTION STUDIES 

Pulmonary funct ion values are presented in Table V I I -

FEV 1 0 , Table V I I I - FVC, . and Table IX - M M F R . Actua l 

values obtained f r o m sp i rograms and the same values expressed 

as percentage of predicted normal values (to e l iminate age, sex , 

and s ize var ia t ion) are presented. To fac i l i ta te expression of 

values in t e rms of improvement in pulmonary funct ion the 

p re t rea tment percentage value f o r each patient was subtracted 

fro m each subsequent percentage value to obtain the di f ference 

in pu lmonary funct ion as a percentage of predicted n o r m a l . 

These values are found in Table X - FEV 1 Q, Table X I - F V C , 

and Table X I I - M M F R . 
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i ) Forced Exp i ra to ry Volume in One Second 

A s seen in Table X the mean pre t reatment values 

f o r FEV, 0 as percentage of predicted n o r m a l , 18.1 + 2 . 7 

f o r CI group and 22.3 + 3 . 7 f o r ID group, were not 

s ign i f i cant ly d i f fe ren t . Inspection of F igure 9 reveals the 

FEV, Q improvement pa t te rn . A t 2 hours and 7 hours af ter 

the s ta r t of therapy there was a t rend fo r greater improvement 

w i th the ID reg imen . A t 3 hours , 5 hours and 6 hours , there was 

a t rend f o r greater improvement w i th the CI reg imen. There 

was no s igni f icant d i f ference between the two dosing regimens 

at any t ime dur ing the study per iod as compared by unpaired 

T - t e s t . 

ii) Forced Vital Capacity 

A s seen in Table XI the mean values f o r pre t reatment FVC as 

percentage of predicted n o r m a l , 27.5 + 4 .0 f o r the CI group and 34.7 

+ 3 .9 f o r the ID g roup, were not s ign i f icant ly d i f fe ren t . Inspection 

of F igure 10 reveals the improvement pat te rn . A t 2 hours af ter the 

beginning of t reatment the in termi t ten t dosing ID reg imen had a t rend 

toward greater improvement . A t the other t i m e s , I , 3 , 4 , 5, 

6 and 7 hou rs , a t rend toward greater improvement occur red w i th the 
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continuous infus ion. There was no s ign i f icant d i f ference 

between the two dosing regimens at any t ime dur ing the 

study per iod as compared by unpaired T - t es t at the 0.05 

l eve l . There was , however, a s ign i f icant d i f ference at 

the 0.07 l eve l * at 6 hours . 

i i i ) Max imum M i d - E x p i r a t o r y Flow Rate 

As seen in Table X I I the mean values f o r M M F R 

as percentage of predicted n o r m a l , 12.6 + 2 .6 fo r CI group 

and 15.4 + 3 . 6 f o r ID group, were not s ign i f icant ly d i f fe ren t . 

Inspection of F igure I I reveals the MMFR improvement 

pa t te rn . A t I , 2 , 4 and 7 hours a t rend f o r more improvement 

was associated w i th the ID reg imen , whereas at 3 , 5 and 6 

hours a t rend f o r more improvement was associated w i th 

the CI reg imen . A t no t ime dur ing the study per iod was 

there any s igni f icant di f ference between the two dosing 

reg imens as compared by unpaired T - t e s t . 

E . P L A S M A T H E O P H Y L L I N E L E V E L S 

Plasma theophyl l ine concentrat ions f o r the two 

groups are presented in Table X I I I . Pre t reatment mean plasma 

theophyl l ine concentrat ion was s i m i l a r f o r the two groups , 

* Extrapolated f r o m T -d i s t r i bu t i on tab les . 
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5 .5 + 2.1 yg /m l f o r CI group and 5.6 + 1.8 yg /ml f o r ID g roup , as 

seen in Table X I I I and F igure 10. Inspection of Table I I reveals 

that prev ious se l f -admin is t ra t ion of ox t r iphy l l ine and ' T e d r a l ' 

tablets and aminophyl l ine supposi tor ies was the cause of the 

i n i t i a l levels of theophyl l ine. 

As seen in F igure 12 the mean plasma level of theophyl l ine 

reaches a therapeut ic level in 15 minutes , increases to above m i d -

therapeut ic concentrat ion by 30 minutes , and remains in approx imate ly 

mid- therapeut ic range throughout the study per iod w i th the continuous 

in fus ion . Wi th the in termi t tent dosing regimen the theophyl l ine level 

reached a therapeut ic level in 15 minutes a lso , but increased to a 

tox ic level at 30 minutes, decreased progress ive ly to a low therapeut ic 

leve l at 6 hou rs , and then increased to toxic levels f o r the remain ing 

measurement t i m e s . The mean level at 0630 and 0700 was s ign i f icant ly 

h igher than that f o r the CI regimen (p.< 0.01 and p.< 0.05 respect ive ly 

by unpaired T - t e s t ) . The level at 0630 was highly s ign i f icant ly 

above 20 yg /m l (p <0.01 by one-tai led T - t es t ) . The number of 

pa t ien ts ' theophyl l ine levels found in subtherapeut ic, therapeut ic 

and tox ic ranges is presented in Table X IV fo r each group. 

Inspect ion of Tables X I I I and X I V immediate ly reveals that one 

pat ient in the CI group was al ready in toxic range at the onset 

of t rea tment and remained so throughout. Cne other patient 

in th is group and three more f r o m the ID group were a l ready 
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in therapeut ic range. Other po in ts to be noted a r e : a t 

0030 a l l patients a r e out of the subtherapeut ic range and 

6 out of t h e 13 patients f r o m the ID group a r e i n the tox ic 

range compared to 3 out of 11 patients f r o m the C I group; 

there is a progress ive i n crease in the number of patients 

dropping into subtherapeutic range in the ID group; and 

the d ramat i c increase in the number of patients f r o m the 

ID group in the tox ic range at 0630 t ime (10 out of 11 

pat ients) compared to 1 out of 5 patients i n the CI r e g i m e n . 

F . A D V E R S E E F F E C T S 

Adverse e f fec ts , as indicated by a f f i rma t i ve answers on 

the quest ionnaire a re shown in Table X V . M o r e patients 

rece iv ing the in te rmi t ten t dosing reg imen answered a f f i r m a t i v e l y 

to the eight quest ions, except to the question concerning i r r e g u l a r 

heartbeat o r pa lp i ta t ions . Consider ing the lesser n u m b e r of 

pat ients and decreased overa l l t ime of s tudy , no d i f ference in 

the numbers was apparent . 

Comp la in ts re la ted to the d r u g s , as volunteered by the 

pat ient dur ing the study p e r i o d , a r e presented i n Table X V I . 

In brackets beside the numbers, areJthe p lasma theophyl l ine 

leve ls o r range of levels most c lose ly associated tempora l l y 

w i th the comp la in t . I n some instances a pat ient suf fered a n 



- 59 -

adverse ef fect more than o nee. The p lasma theophyl l ine 1 evel 

a t each t i m e is shown, thus explaining the greater number 

of t h e o p h y l l i n e levels than numbers of patients w i th 

compla in ts . Wi th the exception of headache and rash the 

number of compla ints was greater w i th the in te rm i t ten t 

dosing r e g i m e n . Of pa r t i cu la r i n t e res t were two repor ts 

of tas t ing the d rug and one compla in t of "passing out" by 

pat ient # 2 7 . I n each instance of t as t i ng , the theophyl l ine 

l eve l was g rea te r than 30 .0 y g / m l . To th is au thor 's 

knowledge, th is s ide effect has not p reviously been r e p o r t e d . 

The "passing out" episode occur red at a theophyl l ine 

leve l of 1 3 . 7 y g / m l . None of the adverse effects was 

deemed ser ious and none requ i red discont inuat ion of 

the rapy . 

Contemplat ion of the theophyl l ine levels associated 

wi th the compla in ts of adverse effects reveals considerable 

v a r i a t i o n . Headache was associated w i th theophyl l ine 

levels between 3 .6 to 33 .2 y g / m l ; vomi t ing 15.4 to 

41.9 y g / m l ; nausea 9 .9 to 41.9 y g / m l ; and d izz iness 

9 .9 to 29 .0 y g / m l . Persual of Table X V I reveals that 

most adverse effects were seen at therapeut ic and 

even subtherapeutic concentrat ions of theophy l l ine . 
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G. SUBJECTIVE E F F E C T S 

Some d i f f i cu l ty was encountered in determin ing subject ive 

impress ion of improvement in breath ing. Many patients requ i red 

explanat ion and even demonstrat ion of using the l ine analogy. Two 

patients did not comply wi th ins t ruc t ions . Patients #9 and #1 2 

did not make any marks on the l i n e . Patient #9 wro te in the 

f i g u r e s , 1 5 to 20 per cent, to indicate improvement . The mean 

of th is range was accepted as percentage improvement . A t the 

end of the study per iod patients may have had d i f f i cu l ty in 

evaluat ing o r remember ing the i r status before the s ta r t of 

therapy . 

As seen in Table X V I I there was no s igni f icant di f ference 

between the two groups at the beginning of therapy. A t the end 

of the study per iod the ID group indicated that i ts status was 

c lose r to no rma l as indicated by the mean of 75.4 + 3.8 as 

compared to 70.9 ± 4 . 6 f o r the CI group. Subject ive i m p r o v e ­

ment , 61 .2 + 5.6 per cent f o r the ID group, tended to be greater than 

that f o r the CI group 51 .4 + 4 . 8 . Th is di f ference was not 

s ign i f i cant as determined by unpaired T - t e s t . 



T A B L E I : 

P a t i e n t 
N u m b e r 

4 
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1 4 

1 5 

1 6 * 

1 7 * 

1 9 

2 3 

2 8 

M e a n 
± S . E . M . 

6 

1 0 

11 

1 2 

13 

18 

2 0 

21 

22 

2 4 

2 5 

2 6 

2 7 

M e a n 
+ S . E . M . 
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F 

F 
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M 
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6 3 

5 7 

41 

2 8 

4 6 

2 0 

5 3 

5 3 

2 7 

21 

2 7 

3 9 . 6 
+ 4 . 7 

: D o s i n g 
5 3 

3 2 

4 7 

1 7 

1 9 

2 4 

3 0 

4 0 

3 3 

31 

2 2 

3 4 

4 6 

3 2 . 9 
+3 .1 

p a t i e n t s . 

W e i g h t 

( kg ) 

4 3 

1 0 6 

5 2 

1 0 8 

6 5 
5 2 

5 4 

5 4 

5 0 

73 

5 4 

6 4 . 6 
+ 6 . 7 

6 8 

6 3 

8 2 

53 

6 6 

52 

61 

73 

8 0 

1 0 0 

6 6 

8 5 

8 3 

71 .7 
+ 3 . 8 

H e i g h t 
( c m ) 

1 5 5 

1 7 0 

1 6 0 

191 

1 7 4 

1 70 
1 5 7 

1 5 7 

1 6 3 

1 7 9 

1 7 0 

1 6 7 . 8 
+ 3 . 3 

1 5 5 

1 5 7 

1 6 9 

1 6 0 

1 6 5 

1 6 3 

1 7 0 

1 5 7 

1 7 5 

1 7 9 

1 7 5 

1 7 3 

1 6 8 

1 6 6 . 6 
± 2 . 2 

H i s t o r y o f 
A s t h m a ( Y r s ) 

2 

4 

1 0 

2 5 

3 

1 9 

5 

5 

2 5 

5 

25 

11 . 6 
+ 2 . 9 

2 5 

2 5 

1 0 

1 4 

9 

3 

2 7 

2 5 

2 4 

5 

2 0 

17 

1 

1 5 . 8 
± 2 . 6 

Da te and T i m e o f 
H o s p i t a l E n t r y 

9 / 9 / 7 6 - 0 5 5 5 
1 3 / 9 / 7 6 - 0 8 4 5 
2 0 / 9 / 7 6 - 2 3 2 0 
2 6 / 9 / 7 6 - 1 91 9 
9 /1 0 / 7 6 - 1 01 0 

1 4 / 1 0 / 7 6 - 1 91 0 
1 4 / 1 0 / 7 6 - 2 3 0 5 
1 7 /1 0 / 7 6 - 1 304 

2 / 1 1 / 7 6 - 1 41 5 
1 5 /1 1 / 7 6 - 1 41 0 
1 5 /1 2 / 7 6 - 1 420 

1 7 / 9 / 7 6 - 2 3 0 0 
3 0 / 9 / 7 6 - 2 2 0 5 
1 / 1 0 / 7 6 - 2 2 3 0 
2 / 1 0 / 7 6 - 1 320 
5 / 1 0 / 7 6 - 2 2 3 0 

2 0 / 1 0 / 7 6 - 1 1 20 
2 / 1 1 / 7 6 - 2 2 1 5 
8 /1 1 / 7 6 - 1 51 0 

12 /1 1 / 7 6 - 2 0 2 5 
1 6 / 1 1 / 7 6 - 1 1 40 
1 9 / 1 1 / 7 6 - 2 2 1 8 
3 0 / 1 1 / 7 6 - 1 425 

8 /1 2 / 7 6 - 1 503 

* The same patient returned three days l a t e r . 
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T A P L E II DEMOGRAPHIC CAT A 

Pat ien t 
Number 

Infornnat ion obtained f r o m pa t ien ts , except degree of seve r i t y which was assessed by inves t iga tor 

Med ica t ion H i s to r y 
Pas t 

Other Smok ing 
Hours P r i o r A l l e r g i e s Methylxanthine H i s to r y 

to T rea tmen t Intake (c igare t tes) 

Hydroch lo ro th iaz ide 
O x t r i p h y l l i n e 
C o - T r i m o x a z o l e TT B id 
Sa lbu tamo l Inha le r * * 
T e d r a l , Methy ldopa 

Sa lbu tamo l Inha le r — 
Sa lbu tamo l 
O x t r i p h y l l i n e 
A m i n o p h y l l i n e Supp . 
Predn isone 

50 mg da i l y * 
200 mg Qid — 16 

2 mg Qid — T 
200 mg Bid — 
500 mg T 

'has had a l l e rgy \ cup of tea 
shots ' 17 h rs before 

5 m m . 
1 8 dogs, cats 

peanuts 
14 chocolate 

40/day f o r 
20 years 

Oxtriphyll ine 
Aldactazide 
Ampicil l in 
Chlord iazepox ide 
Predn isone 

200 mg Qid 
T T da i l y 
500 mg Qid 

25 mg T i d 
1 0 mg da i l y 

13 adrenal ine 
wool 
fea thers 

Salbutamol Inhaler and Table ts 

Predn isone 5 mg da i ly 
Sa lbu tamo l 4 mg 
I sop ro te reno l -Pheny leph r i ne Inha ler — 
O r c i p r e n a l i n e , Hydroxyz ine 
Sod ium Cromog lyca te Sp inha le r 

10 
0.25 

ragweed 
po l len 
cats 
dust 

1 cup of coffee 
6 hours before 

1 cola d r i n k 
3 hours before 

Degree 
of 

D i s t r ess 

Delay f r o m 
Hospi ta l E n t r y O t h e r 

Un t i l T r e a t m e n t P r o b l e m s 

Moderate ?85 m i n . H y p e r t e n s i o n 
•> S o m e B r o n c h i t i s 

M i l d 45 m i n . ° S o m e B r o n c h i t i s 

M i l d 48 m m . 

M i l d 40 m m . H y p e r t e n s i o n 

M i l d 71 m i n . 



MOc 

Past 
M e d i c a t i o n H i s t o r y 

Hours P r i o r 
to T r e a t m e n t 

Other 
A l l e r g i e s Methy lxan th ine 

Intake 

S m o k i n g Degree De lay f r o m 
H i s t o r y of Hosp i ta l E n t r y 

( c i g a r e t t e s ) D i s t r e s s Un t i l T r e a t m e n t 

O t h e r 
P r o b l e m s 

T e d r a l 
A d r e n a l i n e 1 :1000 

T 
0 . 3 m l SC 

fea the rs 2 cups of tea 
dust in prev ious 

6 hours 

25/day 
f o r 1 5 y e a r s 

Mild 1 27 m i n . M i g r a i n e 
Headaches 

T e d r a l T 
Ep ineph r ine Inha le r - TT 

su l f a d r u g s , 
dust 1 cup of tea 
f ea the rs 3 hours before 

M i l d 60 m i n . 

S a l b u t a m o l 4 mg T i d T 
Sa lbu tamo l Inha le r TT 
A d r e n a l i n e 1 :1000 0 .3 m l SC 

O r c i p r e n a l i n e Inha le r T 

O r c i p r e n a l i n e Inha le r T 
A c t i f e d 
A d r e n a l i n e I n j ec t i b l e 

T e d r a l S . A . TT 
D iazepam 

S a l b u t a m o l 4 mg T 
O r c i p r e n a l i n e I nha le r 

20 /day f o r M i l d 
1 5 y e a r s . 
Qu i t 4 y e a r s ago 

p e n i c i l l i n 
ca ts 
adhesive tape 

dogs cats 1 cup of tea 
fea the rs 2 hours be fore 
dust 
ragweed 

dus t , f r u i t , 
f e a t h e r s , m i l k 

'hay f e v e r ' 2 cups of 20 /day f o r 
tea 5 hours be fo re 25 y e a r s 

M i l d 

M i l d 

M i l d 

M i l d ' 

85 m i n . 

90 m i n . 

50 m i n . 

35 m i n . 

85 m i n . 

? In fec t ious 
E x a c e r b a t i o n 

? In fec t ious 
E x a c e r b a t i o n 

? Sonne B r o n c h i t i s 
? In fec t ious 

Exace rba t i on 

A m o x i c i l l i n 250 mg Q id 
O x t r i p h y l l i n e 200 mg Qid 
S a l b u t a m o l 4 mg 
O r c i p r e n a l i n e I n h a l e r 

T 
' hay f e v e r ' 2 cups of 20 /day f o r M i l d 

tea 3 hours be fo re 25 y e a r s 
36 m i n . ? Some B r o n c h i t i s 

? In fec t ious 
Exace rba t i on 



i a u i e i i con t i nued 

P a t i e n t 
N u m b e r 

M e d i c a t i o n H i s t o r y 
Past Hou rs P r i o r 

to T r e a t m e n t 

I s o p r o t e r e n o l I nha le r X V d u n r g 6 
A c t i f e d , C o r t i s o n e , T e t r a c y c l i n e , 
E p h e d r i n e , A m i n o p h y l l i n e , 
O r c i p r e n a l i n e , S a l b u t a m o l , 
S o d i u m C r o m o g l y c a t e , S p i n h a l e r , 
Pec lomethasone I n h a l e r . 

A l l e r g i e s 

dust 
cats 
dogs 
feathe r s 

19 I s o p r o t e r e n o l T 
S a l b u t a m o l I nha le r 6 pu f f s /day 
C o r t i s o n e , N e o - C i t r a n 

20 Tedra l T 
O r c i p r e n a l i n e 20 m g . Q id 
O r c i p r e n a l i n e Inha le r T 
S o d i u m C r o m o g l y c a t e S p i n h a l e r 
A d r e n a l i n e 1 1000 0 .3 m l SC T 
A d r e n a l i n e 1 1000 0 .3 m l SC T 

50 m i n . 
35 m i n . 

21 S a l b u t a m o l I n h a l e r , T e t r a c y c l i n e , 
Bec lome thasone I n h a l e r , 
A d r e n a l i n e 1 1000 0 . 3 m l SC 

2 2 

2 3 

Bec lomethasone I n h a l e r , 
A m i n o p h y l l i n e S u p p . 500 m g . 
Ephed r i ne I n h a l e r 

T e d r a l T Q4h 
T e d r a l S A T Q1 2h 
D ime tane E x p e c t o r a n t 

T 

T 

T 

T 

5 

30 m i n . 

4 

1 4 

c a t s , du: 
f e a t h e r s 
weeds 

Other 
Methy lxan th ine 

Intake 

S m o k i n g 
H i s t o r y 

( c i g a r e t t e s ) 

Degree 
of 

D i s t r e s s 

20 /day f o r M i l d 
4 y e a r s . 
Qu i t 3 yea rs ago . 

De lay f r o m 
Hosp i t a l E n t r y 

Unt i l T r e a t m e n t 

60 m i n . 

O t h e r 
P r o b l e m s 

M i l d 45 m i n . 

% cup of 
c o f f e e , 2 
hours be fore 

O c c a s i o n a l , 
l ess than 25 
per m o n t h . 

S e v e r e 55 m i n . 

1 cup of coffee 
8 hours be fore 

1 5 /day f o r 
23 y e a r s 

M i l d 65 m i n . ° Some B r o n c h i t i s 

M i l d 95 m i n . 
9 In fec t ious 

E x a c e r b a t i o n 

1 cup of cof fee M i l d 115 m m . ° I n fec t ious 
5 hours be fo re E x a c e r b a t i o n 



Tab le I I cont inued - 62c -

Pat ient 
Number 

24 

Past 
Medicat ion H i s to r y 

Hours P r i o r 
to T rea tment 

Ted ra l SA T i d T 7 
Isopro tereno l Inhaler — 3 puffs dur ing 6 
Dimetane Expectorant D C , Te t racyc l i ne , 
Isopro tereno l Inha le r , Diazepam 

A l l e r g i e s 

m i l k , dust , 
gas f umes , 
ca ts , dogs. 

Other 
Methylxanthine 

Intake 

1 cup of tea 
2 hours before 

25 I m i p r a m i n e , T e d r a l , Tedra l S A , 
As thmanephr in , Neo-C i t ran 

fea the rs , 
e lm t ree sap. 

26 Beclomethasone Inha le r , 
Salbutamol Inha le r , E r y t h r o m y c i n , 
C o - T r i m o x a z o l e , T r i s u l f a m i m c 
Prednisone 20 mg T 
Adrena l ine 1 1000 0 .2 m l SC 

dus t , f ea the rs , 
m o l d , p e n i c i l l i n , 
ca ts , horse dander, 
sawdust . 

1 cup of chocolate 
tea, 4 hours before 

27 Oxt r iphy l l i ne 200 mg T i d — T 
Prednisone 5 mg da i ly 
T e t r a c y c l i n e , T r i m i p r a m i n e , 
Bu taba rb i t a l , Maa lox , Rolaids 

dust , smoke , 
exhaust f u m e s , 
some deodorants. 

1 cup of coffee 
6, 4 and 2 hours 
before. 

28 Orc ip rena l i ne 20 mg Qid 
Phenytoin 1 00 mg Bid 
Phenobarbi ta l 30 mg Bid 
Pen ic i l l i n 

'49 a l l e rg ies ' 
dust , f ea the rs , 
pine t r e e s . 

1 cup of tea 
5 hours before 

* T One Dosage Unit 
* * Unless speci f ied otherwise r e f e r s to o ra l dosage. 
* * * Unspeci f ied dosage schedule may re fe r to dosage when r e q u i r e d , 

medicat ion not being taken at the t i m e , o r forgot ten schedule. 

Smok ing 
H i s to r y 

(c igare t tes ) 

L ight f o r 6 years 
Qui t 5 years ago 

Degree Delay Trom 
of Hosp i ta l E n t r y Other 

D i s t ress Unt i l T r e a t m e n t P rob lems 

M i l d 80 m m . 

8/day f o r 2 years M i l d 47 m i n . Narco lepsy 

M i l d 1 0 0 m i n . In fect ious 
° Exacerba t ion 

1 00/day f o r 20 y r s . 
Qui t 1 year ago. 

M i l d 72 m i n , Some 
° B ronch i t i s 

PO/day f o r 12 y r s . M i l d 56 m m . Se izures 
Infect ious 

9 Exacerbat ion 
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T A B L E I I I : MEDICATIONS RECEIVED DURING THERAPY 
WITH INTRAVENOUS AMINOPHYLL INE AND 
HYDROCORTISONE. 

Pat ient 
Number 

4 
5 
7 

9 

14 
15 
16 
17 

19 
23 
28 

6 
10 
11 
•12 
13 
18 
20 

21 
22 
23 
24 
25 
26 
27 • 

Medicat ion 
Admin is te red 

— 

— 
Chlordiazepoxic 
Aldactazide 
A m p i c i l l i n 

Salbutamol 
Hyd rocor t isone 

— 
— 
— 

Salbutamol 
Oxygen 

— 

— 
— 

Prochlorperaz i r 
— 
— 

A m p i c i l l i n 
— 
— 

Dimenhydr inate 
Oxygen 

— 

— 
— 
— 
— 
— 
— 

Dosage, Route and T i m e in Hours 
A f te r Therapy Star ted 

1 oral ly at 0600 
250 mg oral ly at 0600 

1 00 yg by inhalation at 041 0 
250 mg intravenously a t 0630 

1 00 yg by inhalation at 021 5 
By face mask inhalation intermit tent ly 

throughout. 

500 mg oral ly at 061 5 

50 mg in t ramuscular ly a t 0030 
By face mask inhalation intermit tent ly 

during f i r s t hour . 



T A B L E IV: HEART RATE AS MEASURED BY R A D I A L PULSE 

P a t i e n t 
N u m b e r 

4 

5 

7 

9 

1 4 

1 5 

16 

1 7 

1 9 

2 3 

2 8 

M e a n 
± S . E . M . 

6 

1 0 
11 

1 2 

1 3 

1 8 

2 0 

21 

2 2 

2 4 

2 5 

2 6 

27 

M e a n 
i S . E . M . 

H o u r 0 1 

C o n t i n u o u s I n f u s i o n 
1 1 0 

9 0 

1 1 2 

1 1 6 

1 2 0 

1 4 8 

1 0 0 

1 2 0 

9 2 

1 1 0 

1 0 0 

1 1 0 . 7 
± 4 . 9 

1 0 4 

8 0 

8 8 

8 8 

8 4 

1 1 6 

1 0 0 

1 1 2 

1 1 2 

1 1 6 

7 6 

9 7 . 

± 4 . 

8 

6 

I n t e r m i t t e n t D o s i n g 
1 3 2 

8 8 

1 2 6 

1 2 0 

1 0 8 

1 1 6 

1 2 0 

9 2 

1 0 0 

1 2 0 

1 2 0 

8 8 

8 4 

1 0 8 . 8 
± 4 . 5 

1 2 4 

8 8 

1 0 4 

1 1 2 

1 2 6 

1 0 0 

1 1 0 

1 0 0 

9 8 

1 1 0 

1 2 0 

1 0 4 

8 6 

1 0 6 . 

± 3 . 

3 

4 

2 

1 0 4 

9 6 

8 4 

9 6 

8 0 

1 1 2 

1 0 0 

1 0 4 

1 0 4 

1 1 6 

8 0 

9 7 . 8 
± 3 . 7 

1 1 2 

8 0 

9 6 

1 3 0 

1 1 2 

1 2 0 

1 1 2 

9 6 

9 6 

1 1 6 

9 6 

1 0 0 

9 6 

1 0 4 . 8 

± 3 . 7 

3 

1 0 4 

9 4 

8 4 

9 6 

8 4 

1 0 8 

9 2 

— 

1 0 0 

1 1 6 

8 4 

9 6 . 2 
± 3 . 5 

1 0 4 

7 6 

9 8 

1 2 0 

1 0 4 

1 2 0 

8 8 

8 4 

9 2 

1 1 2 

1 0 4 

9 6 

8 6 

9 8 . 8 

± 3 . 8 

4 

1 0 0 

9 2 

8 4 

9 2 

8 0 

9 2 

— 

1 1 6 

7 6 

91 . 
± 4 . 

1 0 0 

7 2 

1 0 0 

1 1 2 

9 2 

1 1 6 

8 0 

9 6 

9 2 

1 1 6 

1 0 4 

9 2 

9 7 . 

± 3 . 

5 

4 

7 

9 

5 

7 6 

9 6 

8 8 
— 

7 6 

9 2 

— 

1 1 4 

9 0 . 

± 5 . 

9 6 

7 2 

1 0 4 

1 1 6 

1 0 0 

1 1 6 

6 8 

9 4 

1 0 8 

8 4 

1 0 0 

9 6 . 

± 4 . 

* 

3 

8 

2 

8 

6 

6 4 

8 8 
— 

1 1 6 

1 0 0 

— 

9 2 . 0 
±11 . 0 

1 0 0 

7 4 

1 0 4 
1 0 8 

1 0 0 

1 1 6 

5 6 

8 8 

1 1 8 

9 6 

9 2 

9 5 . 6 

+ 5 . 5 

7 

72 

8 4 

1 0 0 

9 0 

— 

8 6 . 5 
± 5 . 9 

9 6 

7 6 

1 1 0 
1 1 6 

1 2 0 

1 1 6 

8 0 

9 8 

1 1 2 

9 6 

8 8 

1 0 0 . 7 

± 4 . 6 

* Value not included because patient received another i n te r fe r ing d r u g . 



T A B L E V: RESPIRATORY RATE 

Patient 
Number Hour 0 1 

Continuous Infusion 
4 

5 

7 

9 

14 

15 

1 6 

1 7 
1 9 

2 3 

2 8 

M e a n 
± 5 . E . M . 

2 4 

3 2 

1 8 

2 8 

3 2 

3 2 

3 2 

2 8 
2 4 

2 2 

2 4 

2 6 . 

± 1 . 
9 

,5 

2 4 

2 0 

1 8 

2 4 

1 6 

3 0 

2 6 

2 8 

1 6 

2 4 

2 4 

2 2 . 7 
±1 . 4 

In te rmi t ten t Dosing 

6 

10 

11 

1 2 

13 

1 8 

2 0 

21 

2 2 

2 4 

2 5 

2 6 

2 7 

M e a n 

1 S . E . M . 

2 2 

3 0 

3 6 

3 2 

2 8 

2 0 

4 4 

2 6 

2 2 

2 4 

4 0 

2 2 

2 4 

2 8 . 5 

± 2 . 1 

2 0 

3 0 

2 2 

1 8 

2 4 

2 4 

3 6 

3 6 

2 2 

1 8 

2 8 

2 0 

2 2 

2 4 . 6 

±1 . 7 

2 3 4 

2 4 
2 0 
2 2 
2 4 
2 0 
2 4 
2 2 
2 8 
1 6 
2 0 
2 4 

2 2 . 2 
±1 . 0 

2 2 
2 4 
2 4 
2 4 
1 6 
2 0 
2 2 
— 
1 6 
2 4 
22 

21 . 
±1 • 

4 
0 

2 6 
2 2 
2 0 
2 2 
1 6 

2 0 
— 

2 4 
1 8 

21 

±1 

2 0 

22 

1 8 

18 

2 4 

22 

2 4 

3 6 

20 

1 6 

2 6 

2 0 

2 4 

2 2 . 3 

±1 . 4 

1 4 

2 0 

1 6 

2 0 

2 2 

2 0 

1 8 

2 8 

1 8 

1 4 

1 8 

2 0 

2 2 

1 9 . 2 

±1 . 0 

1 6 

2 0 

1 6 

2 0 

1 6 

1 8 

1 8 

2 8 

1 6 

1 6 

1 8 

2 0 

1 8 

±1 

5 6 7 

20 24 24 
20 
20 18 20 

14 22 14 

18 18 20 

24 

19.3 20.5 19.5 
±1 .3 ±1 .5 ±2.1 

16 14 20 
20 18 22 
16 16 18 
18 16 16 
12 14 14 
18 20 20 
16 16 18 
26 28 32 

14 12 12 

16 16 16 
20 24 18 

17.5 17.6 18 .7 

±1.1 ±1 .4 ±1 .6 



T A B L E V I ; B L O O D P R E S S U R E 

P a t i e n t 
N u m b e r 

4 

5 

7 

9 

14 

15 

1 6 

17 

1 9 

2 3 

2 8 
M e a n 
i S . E . M . 

6 

10 
11 

1 2 

1 3 

18 

2 0 

21 

2 2 

2 4 

2 5 

2 6 

2 7 

M e a n 
+ S . E . M 

H o u r 
S 

C o n t i 

1 9 2 

1 5 0 

1 7 2 

1 6 0 

1 6 0 

1 1 4 

1 1 0 

1 3 0 

1 4 2 

1 4 0 

1 1 0 

143.6 
±8.0 

0 

D 

nuous 

. 9 0 

1 0 0 

1 1 6 

1 0 0 

9 0 

9 0 

7 0 

9 2 

8 0 

1 0 0 

7 0 

90.7 
±3.3 

1 

S 

I n f u s i o n 

2 0 0 

1 1 8 

1 3 4 

1 4 0 

1 2 0 

1 1 0 

1 1 0 

1 5 0 

1 0 0 

1 3 0 

1 0 8 

129.1 
±8.4 

I n t e r m i t t e n t D o s i n g 

1 5 0 

1 4 2 

1 4 0 

1 2 0 

1 4 0 

1 1 0 

1 5 0 

9 0 

1 3 0 

1 4 0 

1 4 0 

1 4 0 

1 5 0 

134.0 
. ±4.9 

8 6 

9 0 

1 0 0 

8 0 

9 0 

7 0 

1 0 0 

7 0 

7 0 

1 1 0 

9 0 

8 0 

9 0 

86.6 

±3.5 

1 3 6 

1 2 2 

1 1 0 

1 0 0 

1 3 2 

1 1 8 

9 9 

1 0 2 

1 4 4 

1 1 0 

1 2 5 

1 5 0 

1 1 0 

119.8 
+4.7 

D 

8 0 

7 6 

1 1 6 

9 4 

9 2 

7 0 

8 0 

8 0 

9 8 

9 5 

8 0 

87.4 
±3.9 

9 0 

7 0 

6 0 

7 8 

8 0 

9 0 

7 0 

7 0 

8 4 

8 2 

8 0 

8 6 

7 0 

77.7 
+2.5 

2 
S 

1 5 2 

1 4 6 

1 5 6 

1 3 4 

1 3 0 

1 1 5 

1 1 0 

1 2 2 

1 2 2 

1 4 2 

1 1 8 

131.5 
±4.7 

1 3 8 

1 2 8 

1 1 4 

1 0 0 

1 5 0 

1 2 2 

1 1 0 

128 

1 1 8 

1 1 8 

1 3 0 

128 

1 1 0 

122.6 
+3.6 

D 

9 0 

8 0 

9 8 

1 0 0 

9 8 

8 0 

8 0 

76 

88 

1 0 0 

72 

87.5 
±3.1 

8 0 

78 

72 

8 0 

9 0 

9 0 

80 

9 0 

88 

9 4 

8 0 

80 

80 

83.2 
+1.8 

3 
S 

1 8 2 

1 5 4 

1 4 0 

1 3 5 

1 4 2 

1 3 0 

1 0 8 

1 1 6 

1 2 0 

1 1 2 

133.9 
±7.1 

1 2 2 

1 2 0 

1 4 4 

1 0 0 

1 2 4 

1 1 4 

1 0 4 

1 2 2 

1 1 6 

1 4 0 

1 1 0 

1 2 4 

1 1 0 

119.2 
+ 3.5 

D 

7 6 

8 4 

1 1 6 

9 0 

9 2 

9 0 

7 0 

8 0 

9 5 

7 4 

86.7 
±4.2 

8 0 

8 2 

8 0 

7 6 

8 4 

8 8 

8 2 

9 0 

8 0 

1 0 6 

8 0 

9 5 

7 6 

84.5 
+2.3 

4 

S 

1 6 2 

1 4 0 

1 5 4 

1 5 0 

1 2 6 

1 0 0 

1 3 4 

1 0 8 

134.3 
±7.8 

1 2 4 

1 1 8 

1 4 0 

1 0 0 

1 4 0 

1 1 0 

1 1 0 

1 2 0 

1 0 0 

1 6 0 

1 5 8 

1 2 2 

125.2 

+5.9 

D 

7 0 

8 0 

1 0 0 

1 0 0 

9 6 

6 0 

8 8 

7 6 

83.8 
±5.2 

8 6 

7 8 

7 4 

8 0 

9 0 

8 6 

7 0 

9 0 

7 0 

1 1 0 

9 0 

8 0 

83.7 
±3.2 

5 
S 

1 5 0 

1 5 0 

1 3 8 

1 1 0 

1 1 6 

1 2 4 

131.3 
±7.8 

1 2 6 

1 2 0 

1'40 
9 6 

1 2 8 

1 1 0 
9 4 

1 2 0 

1 9 8 

1 3 0 

1 0 6 

124.4 

±8.5 

D 

8 4 

8 6 

1 0 0 

8 0 

7 0 

9 0 

85.0 
±4.1 

8 0 

9 0 

8 0 

7 2 

8 0 

1 0 0 

5 0 

9 0 

1 5 0 

9 0 

7 0 

86.5 

+7.5 

6 
S 

1 8 0 

1 6 0 

1 6 0 

1 0 8 

152.0 
±1 5.4 

1 2 8 

1 2 0 

1 3 0 

9 6 

1 3 0 

1 1 2 

1 0 0 

1 2 0 

1 3 2 

1 4 5 

1 0 0 

119.4 

±4.7 

D 

9 0 

1 1 0 

1 0 0 

6 0 

90.0 
±10.8 

8 2 
8 0 

7 0 

7 0 

8 0 

78 

5 0 

9 0 

1 0 0 

9 5 

6 6 

78.3 

14.3 

7 
S 

172^ 

1 5 8 

1 4 0 

1 0 6 

144.0 
±14.3 

1 3 0 
1 2 4 

1 3 2 

1 0 8 

1 3 2 

1 0 0 

1 0 4 

1 2 2 

1 5 0 

1 2 2 

1 2 0 

122.2 

+4.3 

D 

8 4 

1 0 5 

8 0 

6 0 

82.J 
±9.̂  

8 6 
8 6 

7 8 

8 6 

8 8 

9 0 

7 0 

8 0 

1 0 0 

7 6 

7 0 

8 2 / 

±2; 
S - Sys to l i c D - Dysto l ic 
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T A B L E 

Pat ient 
Number 

4 
5 

6 

7 
9 

10 
11 
12 

13 
14 

15 
16 

17 
18 
19 

20 
21 

2 2 
23 
24 

2 5 

26 

27 
28 

V I I : P U L M O N A R Y FUNCTION STUDIES 
P a r t 1 . 

P red ic ted 
N o r m a l 

o 
Value 

2 .14 
3 .08 
2 .35 
2 .78 
4 .20 
3.32 
2 .90 
3 .26 
3.36 
3 .56 
4 .14 
2 .40 
2.40 
3.20 
3 .14 
3.26 
2.68 
3 .96 
4 .44 
4 .16 
4 .28 
3 .86 
3 .62 
3 .33 

Fo rced E x p i r a t o r y 

Hour 0 

A+ 

—# 
. 5 6 

. 4 4 

. 7 2 

. 8 4 

1 .23 
. 2 8 

. 6 2 

. 6 5 

. 6 4 

. 3 6 

. 3 2 

. 1 0 

. 3 0 

. 8 0 

—# 
1 .26 

. 4 2 

. 6 4 

. 8 4 

1 .82 
. 5 6 

. 7 0 
1 .08 

% 
P++ 

18.2 
18.7 
25.9 
20 .0 
37 .0 

9 . 7 
19.0 
19.3 
18.0 

8 . 7 
13.3 

4 . 2 
9 . 4 

25.5 
— 
47 .0 
10.6 
14.4 
20 .2 
42 .5 
14.5 
19.3 
32 .4 

Vo lume 

1 

1 

1 

1 

2 

1 

1 

A 

. 3 0 

. 7 2 

. 6 6 

. 8 0 

. 2 2 

. 1 8 

. 3 0 

. 9 4 

. 9 3 

. 8 2 

. 7 8 

. 3 2 

. 3 4 

. 5 6 

. 1 6 

. 6 4 * 

. 3 6 

. 5 8 

. 6 2 

. 9 6 

. 4 0 

. 8 4 * * 

. 7 4 

. 2 0 

in One 

% 
P 

14.0 
23 .4 
28.1 
28.8 
29 .0 
35 .5 
10.3 
28.8 
27.7 
23 .0 
18.8 
13.3 
14 .2 
17 .5 
36 .9 
19 .6 
50 .7 
14.6 
14.0 
23.1 
56.1 
21 .8 
20 .4 
3 6 . 0 

Second ( l i t r e s ) 

A 

. 2 4 

. 6 4 

. 6 2 

1 .06 
1 .00 
1 .46 

. 5 8 
1 .20 
1 .10 

. 8 4 

1 .48 
. 3 6 

. 2 0 

. 5 2 
1 .50 

. 8 0 
1 .40 

. 8 0 

. 6 6 

. 9 4 

2.36 
. 7 4 

. 8 8 

. 6 4 

2 

7= 
P 

11 .2 
20 .8 
26 .4 
38.1 
23.8 
44 .0 
20 .0 
36 .8 
32 .7 
23.6 
35 .7 
15 .0 

8 . 3 
16.3 
47.8 
24 .5 
52 .2 
20.2 
14.9 
22 .6 
55.1 
19 .2 
24 .3 
19 .2 

1 

1 
1 

1 

1 

1 

1 

1 
1 

1 

2 

1 
1 

3 

A 

. 3 6 

. 8 0 

. 6 6 

. 1 5 

. 0 6 

. 5 5 

. 5 8 

. 2 8 

. 0 2 

. 9 0 

. 8 0 

. 4 4 
— 

. 4 4 

. 6 0 

. 6 6 

. 3 0 

. 0 4 

. 6 4 

. 0 4 

. 5 0 

. 8 4 

. 0 4 

. 7 8 

% 
P 

16.8 
26 .0 
28.1 
41 ,4 
25 .2 
46 .7 
20 .0 
39 .3 
3 0 . 4 
25 .3 
43 .5 
18 .3 
— 
13 .8 
51 .0 
20 .2 
48 .5 
26 .3 
14 .4 
25 .0 
5 8 . 4 
21 .8 
28 .7 
53 .5 

1 

1 

1 

1 

1 

1 
1 

1 

1 
1 

A 

. 3 7 

. 8 4 

. 5 2 

. 2 6 

. 1 0 

. 4 6 

. 6 0 

. 11 

. 9 8 

. 0 0 

. 4 2 
— 

. 6 2 

. 7 6 

. 3 6 

. 2 4 

. 6 8 

. 5 0 

. 7 6 

. 0 2 

. 8 0 

4 

% 
P 

17.3 
27 .3 
22.1 
45.3 
26 .2 
44 .0 
20.7 
34 .0 
29.2 
28.1 

17 .5 
— 
19 .4 

23 .3 
50 .7 
31 .3 
15.3 
36.1 

19 .7 
28 .2 
54.1 

1 

1 

1 

1 

1 

1 

1 

1 

5 

A 

. 4 0 

. 4 8 

. 3 0 

—* 
. 2 8 
. 5 4 

. 1 6 

. 2 0 

. 0 5 

. 5 2 
— 

. 5 6 

. 9 4 

. 4 2 

. 7 8 

. 5 4 

. 7 0 

. 0 0 

% 
P 

18.7 

20.4 
46.8 
— 
38.6 
18.6 
35.6 
35.7 
29.5 

21 .7 
— 
17.5 

28.8 
53.0 

17.6 
37 .0 

18.1 
27.6 

6 

A 

. 3 0 

. 6 0 

1 .32 
— 

1 .44 
. 5 2 

1 .18 
. 8 0 

1 .02 

. 5 2 

— 
. 4 6 

1 .00 
1 .40 

1 .58 

. 6 8 

. 9 6 

% 
P 

14.0 

25.5 
47.5 
— 
43 .4 
17.9 
36 .2 
23.8 
28.7 

21 .7 
— 
14 .4 

30.7 
52 .2 

38 .0 

17 .6 
26 .5 

7 

A 

. 3 7 

. 5 8 

1 .22 

1 .64 
. 7 8 

1 .40 
1 .06 
1 .12 

. 4 8 

— 
. 8 8 

1 .30 
1 .36 

1 .54 

1 . 00 
1 .12 

/ o 

p 

17.3 

24.7 
43 .9 

4 9 . 4 
26 .9 
4 3 . 0 
31 .5 
31 .5 

2 0 . 0 
— 
2 7 . 5 

3 9 . 9 
5 0 . 7 

3 7 . 0 

2 5 . 9 
3 0 . 9 

Based on s e x , age and height. 
Actual Value 
Percentage of Predic ted Norma l . 

Pat ient unable to comply. 
Pulmonary Function T e s t not completed until 0115 for technical r e a s o n s . 
Pulmonary Function T e s t not completed until 0115 for technica l r e a s o n s , 

alue not included because patient received another in te r fe r ing d r u g . 
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T A B L E V I I I : P U L M O N A R Y F U N C T I O N S T U D I E S 

P a r t 2 . F o r c e d V i t a l C a p a c i t y ( l i t r e s ) 

P r e d i c t e d N o r m a l V a l u e s H o u r 0 1 2 
P a t i e n t B a s e d O n % % % 
N u m b e r S e x , A g e , a n d H e i g h t A + P+4" A P A P 

4 

5 

6 

7 

9 

1 0 

11 

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

1 8 

1 9 

2 0 

21 

2 2 

2 3 

2 4 

2 5 

2 6 

2 7 

2 8 

2 . 5 4 
4 . 0 4 
2 . 7 3 
3 . 1 6 
5 . 7 8 
3 . 9 1 
3 . 4 4 
3 . 6 0 
3 . 7 7 
4 . 5 0 
4 . 8 6 
2 . 8 2 
2 . 8 2 
3 . 6 0 
3 . 5 5 
3 . 7 7 
3 . 0 5 
4 . 8 5 
5 . 3 3 
5 . 1 2 
5 . 1 0 
4 . 7 2 
4 . 1 8 
3 . 8 2 

. 1 0 

. 8 6 

. 6 8 

1 . 4 4 
1 . 7 2 
1 . 7 0 

. 8 6 

. 9 4 

1 . 4 6 
1 . 4 6 

. 5 3 

. 8 2 

. 4 0 

. 5 2 

1 . 5 2 

— 
1 . 9 2 
1 . 3 2 
1 . 9 8 
1 . 7 0 
2 . 6 0 
1 . 3 0 
1 . 7 4 
1 . 3 4 

3 . 9 

21 . 3 
2 4 . 9 
4 5 . 6 
2 9 . 8 
4 3 . 5 
2 5 . 0 
2 6 . 1 
3 8 . 7 
3 2 . 4 
1 0 . 9 
2 9 . 1 
1 4 . 2 
1 4 . 4 
4 2 . 8 

— 
6 3 . 0 
2 7 . 2 
3 7 . 1 
3 3 . 2 
51 . 0 
2 7 . 5 
41 . 6 
3 5 . 1 

. 9 8 

1 . 0 2 
1 . 1 0 
1 . 4 6 
1 . 9 6 
1 . 7 2 

. 9 0 

1 . 4 0 
1 . 9 6 
1 . 7 0 
1 . 4 6 

. 9 6 

. 9 2 

. 9 4 

2 . 2 4 
1 . 9 4 
1 . 9 4 
1 . 4 8 
1 . 9 0 
1 . 9 4 
2 . 9 2 
1 . 6 6 
1 . 7 8 
1 . 7 3 

3 8 . 6 
2 5 . 2 
4 0 . 3 
4 6 . 2 
3 3 . 9 
4 4 . 0 
2 6 . 2 
3 8 . 9 
5 2 . 0 
3 7 . 8 
3 0 . 0 
3 4 . 0 
3 2 . 6 
2 6 . 1 
6 3 . 1 
51 . 5 
6 3 . 6 
3 0 . 5 
3 5 . 6 
3 7 . 9 
5 7 . 3 
3 5 . 2 
4 2 . 6 
4 5 . 1 

. 8 0 

1 . 0 4 
1 . 4 0 
1 . 7 5 
2 . 0 4 
2 . 1 2 
1 . 2 8 
1 . 7 0 
2 .21 
1 . 7 8 
2 . 3 0 
1 . 0 2 

. 5 8 

. 9 6 

2 . 6 6 
2 . 3 4 
2 . 0 2 
1 . 9 2 
1 . 9 8 
1 . 9 8 
3 . 5 8 
1 . 6 0 
1 . 9 4 

. 9 8 

31 . 5 
2 5 . 7 
51 . 3 
5 5 . 4 
3 5 . 3 
5 4 . 2 
3 7 . 2 
4 7 . 2 
5 8 . 6 
3 9 . 6 
4 7 . 3 
3 6 . 2 
2 0 . 6 
2 6 . 7 
7 4 . 9 
6 2 . 1 
6 6 . 2 
3 9 . 6 
3 7 . 1 
3 8 . 7 
7 0 . 2 
3 3 . 9 
4 6 . 4 
2 5 . 7 

Actual 
P e r c e n t a g e o f P r e d i c t e d N o r m a l 

3 
% 

A P 

1 

1 

1 

2 
1 

1 

1 
2, 

1 

2 
1 

2 

1 

1 

2 

2 

2 

3 

1 

2 

2 

. 9 4 

. 3 0 

. 3 8 

. 8 8 

. 1 6 

. 8 8 

. 4 8 

. 6 7 

. 0 8 

. 9 2 

. 7 2 

. 1 8 

. 9 4 

. 8 2 

. 7 8 

. 8 6 

. 3 4 

. 0 0 

. 1 4 

. 6 8 

. 5 8 

. 0 4 

. 3 0 

3 7 , 

3 2 , 

5 0 , 

5 9 , 

3 7 . 

4 8 , 

4 3 , 

4 6 . 

5 5 , 

4 2 , 

5 6 , 

41 , 

2 6 , 

7 9 , 

4 7 . 

61 . 
4 8 , 

3 7 . 

41 . 
7 2 , 

3 3 , 

4 8 . 

6 0 

, 0 

. 2 

. 5 

, 5 

. 4 

,1 

, 0 

. 4 

, 2 

, 7 

, 0 

, 8 

,1 

, 4 

, 2 

. 0 

, 2 

. 5 

. 8 

. 2 

. 5 

. 8 

. 2 

4 

% 
A P 

1 .20 4 7 . 2 
1 .40 3 4 . 7 
1 .24 4 5 . 4 
1 .88 5 9 . 5 
1 .94 3 3 . 6 
2 . 0 6 5 2 . 7 
1 .52 4 4 . 2 
1 . 6 8 4 6 . 7 
2 . 0 8 5 5 . 2 
2 . 1 8 4 8 . 4 

1 . 0 8 3 8 . 3 

1 . 0 8 3 0 . 0 

2 . 0 8 5 5 . 2 

1 . 9 8 6 4 . 9 
2 . 8 2 5 8 . 1 
1 . 9 4 3 6 . 4 
2 . 7 4 5 3 . 5 

1 . 5 4 3 2 . 6 
1 . 9 8 4 7 . 4 
2 . 3 3 6 1 . 0 

5 
% 

A P 

1 . 1 2 4 4 . 1 
1 .40 3 4 . 7 
1 .10 4 0 . 3 
1 .92 6 0 . 8 

2 . 1 2 5 4 . 2 
1 . 4 4 41 . 2 
1 . 7 8 4 9 . 4 
2 . 1 8 5 7 . 8 
2 . 1 6 4 8 . 0 

1 . 2 8 4 5 . 4 

. 9 8 2 7 . 2 

2 . 3 6 6 2 . 6 

1 . 9 6 6 4 . 3 

2 . 0 2 3 7 . 9 
2 . 6 6 5 2 . 0 

1 . 2 0 2 5 . 4 
2 . 0 6 4 9 . 3 

6 

% 
A P 

. 9 6 3 7 . 8 

1 . 2 0 4 4 . 0 
2 . 0 2 6 3 . 9 

2 . 0 6 5 2 . 7 
1 . 2 2 3 5 . 5 
1 . 6 7 4 6 . 4 
1 . 7 8 4 7 . 2 
2 . 0 2 4 4 . 9 

1 . 2 8 4 5 . 4 

. 7 8 2 1 . 7 

2 . 3 8 6 3 . 1 

1 . 8 8 61 . 6 

2 . 7 2 5 3 . 1 

1.30 2 7 . 5 
1 .90 4 5 . 4 

7 

% 
A P 

1 .10 4 3 . 3 

1 . 6 4 6 0 . 1 
1 . 8 8 5 9 . 5 

2 . 1 6 5 5 . 2 
1 . 6 8 4 8 . 8 
1 . 8 2 5 0 . 6 
2 . 0 8 5 5 . 2 

2 . 1 6 4 8 . 0 

1 .10 3 9 . 0 

1 .44 4 0 . 0 

2 . 8 0 7 4 . 3 

2 . 0 8 6 8 . 2 

2 . 6 8 5 2 . 3 

1 . 7 0 3 6 . 0 
2 . 0 7 4 9 . 5 
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T A B L E IX P U L M O N A R Y FUNCTION S T U D I E S 
P a r t 3 . Maximal Mid-Expira tory Flow Rate ( l i t res / second) 

Pred ic ted N o r m a l Values Hour 0 1 2 
Po l ien l Based On % % % 
Number S e x , A g e , and Height A + PH- A P A P 

4 

5 
6 

7 
9 

10 
11 
12 

13 
14 
15 
16 

17 
18 
19 

2 0 

21 
22 

23 

24 

25 
26 

27 
28 

2 . 2 

3 . 1 
2 . 6 

3 . 2 
4 . 6 
3 . 4 
3 . 1 
4 . 0 
4 . 0 

3 . 7 
4 . 6 
2 . 6 

2 . 6 
3 . 8 
3 . 6 

3 . 7 
3 . 2 

4 . 5 
4 . 8 

4 . 4 

4 . 6 

4 . 2 
3 . 5 

3 . 8 

— 
. 3 2 
. 3 3 

. 4 0 

. 9 6 
1 .20 

. 21 

. 4 2 

. 3 6 

. 3 2 

. 2 7 

. 2 0 

. 1 3 

. 2 5 

. 5 5 

— 
1 .30 

. 2 7 

. 3 8 

. 4 5 

1 .35 
. 2 7 
. 3 8 

1 .22 

— 
10.3 
12.7 
12.5 
20.9 
35 .3 

6 . 8 
10.5 

9 . 0 
8 . 6 
5 . 9 

7 . 7 
5 . 0 
6 . 6 

15.3 
— 
40.6 

6 . 0 

7 . 9 
10.2 
29 .3 

6 . 4 

10.9 
32.1 

. 1 7 

. 51 

. 4 3 

. 4 3 

. 5 9 
1 .02 

. 2 2 

. 7 6 

. 5 0 

. 3 9 

.51 

. 2 2 

. 2 3 

. 3 7 

. 6 3 

. 3 8 

1 .31 
. 2 9 

. 3 8 

. 4 8 

1 .62 
. 41 

. 3 9 
1 .17 

7 . 7 
16.5 
16 .5 
13.4 
12.8 
30 .0 

7 . 1 
19.0 
12 .5 
10.5 
11 .1 

8 . 5 
8 . 8 

9 . 7 
17.5 
10.3 
40 .9 

6 . 4 

7 . 9 
10.9 
35 .2 

9 . 8 

11 .1 
30 .8 

. 1 5 

. 3 4 

. 3 8 

. 6 9 

. 4 2 
1 .13 

. 3 3 

1 .57 
. 5 7 
. 4 2 
. 8 2 

. 2 2 

. 1 3 

. 3 0 

. 8 3 

. 4 2 

1 .29 
. 4 0 

. 3 2 

. 4 5 

1 .69 
. 3 0 
. 5 4 
. 51 

6 . 8 

11 .0 
14.6 
21 .6 

9 . 1 
33 .2 
10.6 
39 .3 
14.3 
11 .4 
17.8 

8 . 5 

5 . 0 
7 . 9 

23.1 
11 . 4 
40 .3 

8 . 9 

6 . 7 

10.2 
36 .7 

7 . 1 
15 .4 
13 .4 

+ Actual 
++ Percentage of P red ic ted N o r m a l 

3 4 5 6 ? 
% % % % % 

A P A P A P A P A P 

. 2 2 

. 4 4 

. 3 8 

. 7 2 

. 5 2 

. 0 2 

. 3 3 

. 5 0 

. 5 1 

. 4 2 

. 2 8 

. 2 6 

. 2 5 

. 0 2 

. 3 2 

. 11 

. 4 5 

. 3 2 

. 3 5 

. 8 8 

. 3 7 

. 5 7 

. 6 4 

10 .0 
14 .2 
14.6 
22.5 
1 1 .3 
30 .0 
10.6 
37 .5 
12.8 
11 .4 
27 .8 
10 .0 

6 . 6 

28.3 
8 . 6 

34 .7 
10 .0 

6 . 7 
8 . 0 

40 .9 
8 . 8 

16 .3 
4 3 . 2 

.23 10.5 

.50 16.1 

.30 11 .5 

.81 25 .3 

.66 14 .3 
1.32 38 .8 

.35 11 .3 

.93 23 .3 

.52 13.0 

.42 11 .4 

.24 9 .2 

.36 9 .5 

.40 10 .8 

1 .30 40 .6 
.53 11 .8 
.36 7 .5 
.82 18 .6 

.35 8 .3 

.58 16.6 
1 .53 40 .3 

.19 8 .6 

.52 16 .8 

.25 9 .6 

.91 2 8 . 4 

1.15 3 3 . 8 
.31 10 .0 
.85 21 .3 
.51 12 .8 
.45 12 .2 

.29 11 .2 

.31 8 .2 

.46 1 2 . 4 
1.36 4 2 . 5 

. 38 7 .9 

.84 19.1 

.35 8 . 3 

.59 16 .9 

.18 8.2 

.33 12 .7 

.90 28.1 

1.26 37.1 
.32 1 0 . 3 
.59 14 .8 
.42 1 0 . 5 
.52 14.1 

.27 10 .4 

.29 7 .6 

.44 1 1 . 9 

1.31 4 0 . 9 

. 93 21 .1 

.33 7 . 9 

.53 15 .1 

.21 9 . 5 

.37 1 4 . 2 

.84 2 6 . 3 

1.35 3 9 . 7 
.43 1 3 . 9 

1 .30 3 2 . 5 
.55 1 3 . 8 
.56 15.1 

.26 1 0 . 0 

.59 1 5 . 5 

.62 1 6 . 8 

1.33 4 1 . 6 

.87 1 9 . 8 

-48 1 1 . 4 
.69 1 9 . 7 



T A B L E X: I M P R O V E M E N T IISJ F^EN/ - , Q A S P E R C E N T A G E O F P R E D I C T E D N O R N A A l — 

ont inuc 
l f u s i o n 

M e a n 
± S . E . 

P a t i e n t 
N u m b e r 

JUS 4 

M . 

I n t e r m i t t e n t 
D o s i n g 

M e a n 
+ S . E . M . 

5 

7 

9 

1 4 

1 5 

16 

17 

19 

2 3 

2 8 

6 

1 0 
11 

12 

13 

18 

2 0 

21 

22 

24 

2 5 

26 

27 

H o u r O 
P r e t r e a t m e n t 

8 . 3 * 
1 8 . 2 
2 5 . 9 
2 0 . 0 
1 8 . 0 

8 . 7 

1 3 . 3 
4 . 2 

2 5 . 5 
1 4 . 4 
3 2 . 4 
18 .1 
± 2 . 7 

1 8 . 7 
3 7 . 0 

9 . 7 

1 9 . 0 
1 9 . 3 

9 . 4 

1 4 . 0 * 
4 7 . 0 
1 0 . 6 
2 0 . 2 
4 2 . 5 
1 4 . 5 
1 9 . 3 
2 2 . 3 
+ 3 . 7 

1 

5 . 7 

5 . 2 

2 . 9 

9 . 0 

5 . 0 

10 .1 
0 . 0 

1 0 . 0 
11 . 4 
- . 4 

3 . 6 

5 . 7 

+1 .2 

9 . 4 

-1 .5 
0 . 6 

9 . 8 
8 . 4 

8 . 1 

5 . 6 

3 . 7 

4 . 0 

2 . 9 

1 3 . 6 
7 . 3 

1 .1 
5 . 6 

+1 .2 

2 

2 . 9 

2 . 6 

1 2 . 2 
3 . 8 

5 . 6 

2 7 . 0 
1 . 7 
4 . 1 

2 2 . 3 
. 5 

- 1 3 . 2 
6 . 3 

+ 3 . 3 

7 . 7 

7 . 0 

1 0 . 3 
1 7 . 8 
1 3 . 4 

6 . 9 

1 0 . 5 
5 . 2 
9 . 6 

2 . 4 

1 3 . 0 
4 . 7 

5 . 0 

8 . 7 

±1 .2 

3 

8 . 5 

7 . 8 

1 5 . 5 
5 . 2 

7 . 3 

3 4 . 8 
5 . 0 

— 

2 5 . 5 
0 . 0 

21 .1 
13 .1 
+ 3 . 5 

9 . 4 

9 . 7 

1 0 . 3 
2 0 . 3 
11 .1 

4 . 4 

6 . 2 

1 . 5 
1 5 . 7 

4 . 8 

1 5 . 9 
7 . 3 

9 . 4 

9 . 7 

±1 . 4 

4 

9 . 0 

9 . 1 

1 9 . 4 
6 . 2 

10 .1 

4 . 2 
— 

0 . 9 

21 . 7 
10 .1 
+ 2 . 5 

3 . 4 

7 . 0 

11 .0 
1 5 . 0 

9 . 9 

1 0 . 0 
9 . 3 

3 . 7 

2 0 . 7 
1 5 . 9 

5 . 2 

8 . 9 

1 0 . 0 
+1 .5 

5 

1 0 . 4 
9 . 1 

2 0 . 9 
— 

11 . 5 

8 . 4 

— 

3 . 2 

1 0 . 6 
± 2 . 4 

1 . 7 
1 . 6 
8 . 9 

1 6 . 6 
1 6 . 4 

8 . 1 

1 4 . 8 
6 . 0 

1 6 . 8 

3 . 6 

8 . 3 

9 . 3 

+1 .8 

6 

5 . 7 

21 . 6 
— 

1 0 . 7 

8 . 4 

— 

11 . 6 
± 3 . 5 

6 . 8 

6 . 4 

8 . 2 
1 7 . 2 

4 . 5 

5 . 0 

1 6 . 7 
5 . 2 

1 7 . 8 

3 . 1 

7 . 2 

8 . 9 

+1 .7 

1 

1 

— 

11 .8 
+ 2 . 5 

6 . 0 

1 2 . 4 
1 7 . 2 
2 4 . 0 
1 2 . 2 
18 .1 
2 5 . 9 

3 . 7 

1 6 . 8 

11 . 4 
11 . 6 
1 4 . 5 
+2 .1 

* P a t i e n t unable to g ive an ac tua l r e a d i n g a t t h i s t i m e . T h i s va lue was d e r i v e d by s u b t r a c t i n g 
the mean i m p r o v e m e n t pe rcen tage a t H o u r 1 f r o m the pe rcen tage va lue f o r the pa t i en t a t H o u r 1 



T A B L E XI: I A / l P R O V E A / l E f - J T IISI P \ / C A S P E R C E N T A G E O P P R E D I C T E D N O R M A L 

P a t i e n t 
N u m b e r 

. inuous 
; i o n 

|\ean 
h . E . M . 

i t e r m i t t e 

o s i n g 

e a n 

3 . E . M . 

; 4 
5 

7 

9 

1 4 

1 5 

1 6 

17 

19 

2 3 

2 8 

i n t 6 
10 
11 

12 

13 
18 

20 

21 

22 

2 4 

25 

26 

27 

H o u r O 1 
P r e t r e a t m e n t 

3 . 9 

21 . 3 
4 5 . 6 
2 9 . 8 
3 2 . 4 
1 0 . 9 
2 9 . 1 
1 4 . 2 
4 2 . 8 
37 .1 
3 5 . 1 

2 7 . 5 
± 4 . 0 

2 4 . 9 
4 3 . 5 
2 5 . 0 
26 .1 
3 8 . 7 
1 4 . 4 
4 5 . 0 * 
6 3 . 0 
2 7 . 2 
3 3 . 2 
51 . 0 
2 7 . 5 
41 .6 

3 4 . 7 
± 3 . 9 

3 4 . 7 
3 . 9 

0 . 4 

4 . 1 

5 . 4 

19 .1 
4 . 9 

1 8 . 4 
2 0 . 3 
-1 . 5 
1 0 . 0 

1 0 . 9 
± 3 . 3 

1 5 . 4 
0 . 5 

1 . 2 
1 2 . 8 
1 3 . 3 
11 . 7 

6 . 5 

0 . 6 

3 . 3 

4 . 7 
6 . 3 

7 . 7 
1 . 0 

6 . 5 

±1 . 5 

2 

2 7 . 6 
4 . 4 

9 . 8 

5 . 5 

7 . 2 

3 6 . 4 
7 . 1 

6 . 4 

32 .1 
0 . 0 

- 9 . 4 

11 .6 
± 4 . 3 

2 6 . 4 
10 .7 
1 2 . 2 
21 .1 
1 9 . 9 
1 2 . 3 
17.1 

3 . 2 

1 2 . 4 
5 . 5 

1 9 . 2 
6 . 4 

4 . 8 

1 3 . 2 
± 2 . 0 

3 

3 3 . 1 
1 0 . 9 
1 3 . 9 

7 . 6 

1 0 . 3 
4 5 . 1 
1 2 . 7 
— 

3 6 . 6 
0 . 4 

25 .1 

1 9 . 6 
± 4 . 6 

2 5 . 6 
4 . 6 

1 8 . 0 
2 0 . 3 
1 6 . 5 
11 .7 

2 . 2 

- 2 . 0 
21 . 0 

8 . 6 

21 . 2 
6 . 0 

7 . 2 

1 2 . 4 
± 2 . 4 

4 

4 3 . 3 
1 3 . 4 
1 3 . 9 

3 . 8 

1 6 . 0 

9 . 2 
— 

- 0 . 7 
2 5 . 9 

1 5 . 6 
± 4 . 9 

2 0 . 5 
9 . 2 

1 9 . 2 
2 0 . 6 
1 6 . 5 
1 5 . 6 
1 0 . 2 

1 .9 
3 0 . 9 
2 0 . 3 

5 . 1 

5 . 8 

1 4 . 7 
± 2 . 4 

5 

4 0 . 2 
1 3 . 4 
1 5 . 2 
— 

1 5 . 6 

1 6 . 3 
— 

0 . 8 

1 6 . 9 
± 5 . 2 

1 5 . 4 
1 0 . 7 
1 6 . 2 
2 3 . 3 
19 .1 
1 2 . 8 
1 7 . 6 

1 . 3 

1 8 . 8 

- 2 . 1 
7 . 7 

1 2 . 8 
± 2 . 4 

6 

3 3 . 9 

1 8 . 3 
— 

1 2 . 5 

1 6 . 3 
— 

2 0 . 3 
± 4 . 7 

1 9 . 1 
9 . 2 

1 0 . 5 
2 0 . 3 

8 . 5 
7 . 3 

18.1 
-1 . 4 

1 9 . 9 

0 . 0 

3 . 8 

1 0 . 5 
± 2 . 4 

7 

3 9 . 4 

1 3 . 9 

1 5 . 6 

9 . 9 

— 

1 9 . 7 ^ 

±6.7 7 

3 5 . 2 
11 . 7 
2 3 . 8 
2 4 . 5 
1 6 . 5 
2 5 . 6 
2 9 . 3 

5 . 2 

19 .1 

8 . 5 
7 . 9 

1 8 . 8 
± 2 . 9 

P a t i e n t unable to g ive an ac tua l r e a d i n g a t t h i s t i m e . T h e va lue was d e r i v e d by s u b t r a c t i n g the 
mean i m p r o v e m e n t pe rcen tage a t H o u r 1 f r o m the pe rcen tage va lue f o r the p a t i e n t a t H o u r 1 . 



T A B L E X I I : I M P R O V E M E N T I N M M F R A S P E R C E N T A G E O P P R E D I C T E D N O R M A L 

P a t i e n t 
N i 

t inu i 
s i on 

|Mean 
S . E . 

I i t e rm i 
l os i ng 

e a n 

S . E . 

u m b e r 

3US 4 

M . 

Ltte 

M . 

5 

7 

9 

1 4 

1 5 

1 6 

17 

1 9 

23 

2 8 

: n t 

6 

10 
11 

12 

13 

18 

2 0 

21 

2 2 

2 4 

25 

2 6 

27 

A 

H o u r o 
P r e t r e a t m e n t 1 

6 . 5 * 
1 0 . 3 
1 2 . 5 
2 0 . 9 

8 . 6 

5 . 9 

7 . 7 
5 . 0 

1 5 . 3 
7 . 9 

3 2 . 1 

1 2 . 6 
± 2 . 6 

1 2 . 7 
3 5 . 3 

6 . 8 

1 0 . 5 
9 . 0 
6 . 6 

8 . 2 * 
4 0 . 6 

6 . 0 

1 0 . 2 
2 9 . 3 

6 . 4 

1 0 . 9 

1 5 . 4 
± 3 . 6 

1 . 2 
6 . 2 

0 . 9 

- 8 . 1 
1 . 9 
5 . 2 

0 . 8 

3 . 8 

2 . 2 

0 . 0 

-1 . 3 

1 . 2 

±1 .1 

3 . 8 

- 5 . 3 
0 . 3 

8 . 5 

3 . 5 

3 . 1 

2 . 1 

0 . 3 

0 . 4 

0 . 7 

5 . 9 

3 . 4 

0 . 2 

2 . 1 

± 0 . 9 

2 

0 . 3 

0 . 7 

9 . 1 
-11 .8 

2 . 8 

11 . 9 
0 . 8 
0 . 0 
7 . 8 

-1 . 2 
- 1 8 . 7 

0 . 2 

± 2 . 7 

1 . 9 
- 2 . 1 

3 . 8 

2 8 . 8 
5 . 3 

1 .3 
3 . 2 

- 0 . 3 
2 . 9 

0 . 0 

7 . 4 

0 . 7 

4 . 5 

4 . 4 

± 2 . 2 

3 

3 . 5 

3 . 9 

1 0 . 0 
- 9 . 6 

2 . 8 

21 . 9 
2 . 3 

— 

1 3 . 0 
-1 . 2 
11 .1 

5 . 8 

± 2 . 7 

1 . 9 
- 5 . 3 

3 . 8 

2 7 . 0 
3 . 8 

0 . 0 
0 . 4 

- 5 . 9 
4 . 0 

- 2 . 2 
11 .6 

2 . 4 

5 . 4 

3 . 6 

± 2 . 3 

4 

4 . 0 

5 . 8 

1 2 . 8 
- 6 . 6 

2 . 8 

1 . 5 
— 

- 0 . 4 
8 . 2 

3 . 5 

±2 .1 

-1 .2 
3 . 5 

4 . 5 

1 2 . 8 
4 . 0 

2 . 9 

2 . 6 

0 . 0 

5 . 8 

8 . 4 

1 .9 
5 . 7 

4 . 2 

±1 .1 

5 

2 . 1 

6 . 5 

1 5 . 9 
— 

3 . 6 

3 . 5 
— 

0 . 0 

5 . 3 

± 2 . 3 

- 3 . 1 
-1 . 5 

3 . 2 

1 0 . 8 
3 . 8 

1 . 6 
4 . 2 

1 .9 

8 . 9 

1 .9 
6 . 0 

3 . 4 

±1 . 2 

6 

1 . 7 

1 5 . 6 
— 

5 . 5 

2 . 7 
— 

6 . 4 

± 3 . 2 

0 . 0 

1 . 8 
3 . 5 

4 . 3 

1 .5 
1 . 0 
3 . 7 

0 . 3 

1 0 . 9 

1 .5 
4 . 2 

3 . 0 

± 0 . 9 

7 

3 . 0 

1 3 . 8 

6 . 5 

2 . 3 
— 

6 . 4 

± 2 . 6 

1 . 5 
4 . 4 

7 . 1 

2 2 . 0 
4 . 8 

8 . 9 

8 . 6 

1 . 0 

9 . 6 

5 . 0 

8 . 8 

7 . 4 

±1 .7 

IV 

I 

P a t i e n t unable to g i ve an ac tua l r e a d i n g a t t h i s t i m e . T h i s va lue was d e r i v e d by s u b t r a c t i n g the 
mean i m p r o v e m e n t pe rcen tage a t H o u r 1 f r o m the pe rcen tage va lue f o r the p a t i e n t a t H o u r 1 . 
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1 A l '. 1 1 

1 >n 

N u 

( o n t i n u o u -

I n H i ' . i o n 

M e a n 

± S . E . M . 

I n t e r m i t t e r 

D o s i n g 

M e a n 
+ S . E . M . 

U c n L 

m b c r 

4 

5 

7 

9 

1 4 

1 5 

1 6 

1 7 

1 9 

2 3 

2 8 

i t 6 

1 0 

11 

1 2 

1 3 

1 8 

2 0 

21 

2 2 

2 4 

2 5 

2 6 

2 7 

X I I I : P L A S M A T H F O P H Y L L I N E C O N C E N T R A T I O N S 

I i m e * 

0 0 0 0 

2 3 . 3 

O . b 

7 . 5 

0 . 4 

0 . 3 

3 . 4 

P . 5 

1 2 . 2 

6 . 8 

3 . 6 

0 . 1 

5 . 5 

+ 2 . 1 

1 6 . 4 

0 . 4 

1 4 . 3 

0 . 2 

0 . 1 

3 . 7 

4 . 5 

0 . 3 

1 7 . 5 

7 . 2 

1 . 2 

0 . 7 

5 . 7 

5 . 6 

+1 . 8 

* T i m e 

0 0 1 5 

3 0 . 4 

1 3 . 0 

1 2 . 8 

8 . 4 

7 . 0 

7 . 1 

1 3 . 1 

1 7 . 9 

8 . 6 

7 . 6 

6 . 3 

1 2 . 0 

± 2 . 1 

2 3 . 2 

6 . 8 

— # 
8 . 5 

1 0 . 6 

1 0 . 2 

1 5 . 4 

1 2 . 0 

21 . 4 

1 7 . 4 

1 5 . 1 

7 . 2 

9 . 9 

1 3 . 1 

+1 . 6 

a s m e a s u 

0030 

31 . 5 

21 . 0 

1 7 . 9 

1 2 . 9 

1 3 . 2 

1 0 . 1 

1 7 . 5 

21 . 4 

1 2 . 4 

11 . 3 

1 2 . 3 

1 6 . 5 

±1 . 9 

31 . 4 

1 5 . 7 

2 7 . 7 

1 7 . 4 

1 7 . 9 

1 9 . 9 

21 . 4 

1 7 . 3 

2 3 . 2 

2 4 . 7 

2 0 . 0 

11 . 3 

2 2 . 8 

2 0 . 8 

+1 . 5 

i r e d b y 24 

0045 

3 0 . 0 

1 4 . 4 

1 5 . 9 

9 . 3 

9 . 3 

1 0 . 6 

1 5 . 5 

2 0 . 0 

1 4 . 0 

1 3 . 2 

1 0 . 0 

1 4 . 7 

+1 . 8 

2 7 . 8 

11 . 3 

1 2 . 8 

1 4 . 9 

1 4 . 4 

— # 
1 7 . 8 

1 4 . 7 

2 3 . 4 

1 9 . 3 

1 4 . 5 

1 2 . 7 

1 8 . 9 

1 6 . 9 

+1 . 4 

h o u r c l o c k ; 

0 1 0 0 

3 0 . 5 

1 4 . 8 

1 5 . 2 

9 . 4 

9 . 2 

1 0 . 9 

1 6 . 1 

2 0 . 2 

1 6 . 2 

1 2 . 7 

9 . 3 

1 5 . 0 

±1 . 9 

2 9 . 0 

1 0 . 9 

1 2 . 1 

1 5 . 4 

1 2 . 8 

1 8 . 5 

1 8 . 5 

1 5 . 2 

2 3 . 4 

1 7 . 8 

11 . 8 

1 0 . 9 

1 7 . 9 

1 6 . 5 

±1 . 5 

f o r e x a m 

(li q / m l ) 

0 1 3 0 

3 4 . 1 

1 6 . 2 

1 5 . 7 

9 . 0 

8 . 3 

1 1 . 1 

1 3 . 4 

1 9 . 1 

1 6 . 1 

1 2 . 5 

8 . 7 

1 4 . 9 

± 2 . 2 

2 7 . 8 

9 . 5 

11 . 3 

1 3 . 7 

1 0 . 2 

1 9 . 4 

1 8 . 6 

1 5 . 3 

2 3 . 9 

1 6 . 5 

1 0 . 5 

11 . 1 

1 6 . 4 

1 5 . 7 

± 1 . 6 

p i e ; 01 3 0 

0 2 0 0 

2 8 . 6 

1 6 . 2 

1 3 . 6 

9 . 3 

8 . 6 

1 3 . 4 

1 4 . 3 

1 8 . 0 

1 4 . 7 

1 2 . 8 

6 . 4 

1 4 . 2 

+1 . 8 

2 8 . 3 

9 . 0 

11 . 7 

1 2 . 3 

9 . 9 

1 9 . 9 

1 6 . 8 

1 2 . 4 

2 3 . 5 

1 5 . 8 

9 . 2 

1 0 . 2 

1 3 . 7 

1 4 . 8 

± 1 . 6 

r e f e r s t o 1 

0 3 0 0 

2 8 . 4 

1 7 . 4 

1 6 . 4 

1 0 . 0 

9 . 1 

1 4 . 5 

1 3 . 7 

1 7 . 0 

1 5 . 2 

1 4 . 0 

8 . 4 

1 4 . 9 

±1 . 6 

2 8 . 3 

7 . 8 

1 2 . 2 

1 0 . 5 

8 . 8 

1 6 . 3 

1 3 . 4 

1 1 . 8 

2 3 . 5 

1 4 . 9 

9 . 0 

7 . 8 

1 2 . 9 

1 3 . 6 

± 1 . 7 

h o u r a n d 

0 4 0 0 

3 0 . 0 

1 7 . 2 

1 3 . 6 

1 0 . 4 

9 . 7 

1 3 . 6 

1 7 . 4 

1 5 . 8 

7 . 8 

1 5 . 1 

+ 2 . 2 

2 5 . 9 

6 . 9 

1 2 . 1 

1 0 . 4 

7 . 8 

1 4 . 8 

1 2 . 8 

1 0 . 3 

1 5 . 5 

1 4 . 8 

7 . 1 

1 2 . 0 

1 2 . 5 

± 1 . 5 

3 0 m i n u t e s 

0 5 0 0 

3 3 . 2 

1 9 . 8 

1 6 . 5 

1 1 . 6 

9 . 5 

1 4 . 2 

1 6 . 0 

1 4 . 4 

1 6 . 9 

± 2 . 6 

2 4 . 9 

5 . 5 

11 . 4 

9 . 3 

6 . 5 

1 3 . 8 

11 . 9 

9 . 5 

1 4 . 3 

7 . 6 

1 2 . 1 

11 . 5 

± 1 . 6 

JO 

1 , . t 

1 0 . i p 

9 . ( ' 

1 5 . 8 

1 ' . 2 

1 5 . 7 

± 2 . 3 

2<1.7 
A . 7 

8 . 9 

/ . 9 

6 . 3 

1C.1 

8 . 3 

1 0 . 3 

1 4 . 0 

6 . 0 

9 . 8 

1 0 . 4 

±1 . 7 

061 ' . 

2 5 . P 

1 5 . 9 

9 . 6 

1 4 . 7 

1 6 . 3 

1 6 . 5 

± 2 . 6 

3 3 . 9 * * 

1 6 . 6 

2 2 . 4 

1 8 . 1 

1 6 . 5 

3 3 . 6 

2 0 . 9 

1 9 . 4 

2 7 . 1 

1 7 . 9 

2 2 . 5 

2 2 . 6 

±1 . 9 

Of .30 

2 4 . 1 , 

1 5 . 7 

8 . 9 

1 5 . 3 

1 8 . 4 

1 6 . 6 

± 2 . 5 

3 8 . 4 

1 7 . 5 

2 6 . 1 

2 6 . 9 

2 2 . 4 

41 . 9 

2 5 . 2 

2 8 . 2 

2 9 . 6 

2 3 . 1 

2 3 . 5 

2 7 . 5 

± 2 . 1 

0 70 ) 

'J',. 1 ( 

1 4 .M 

9 . 8 

1 3 . 5 

1 5 . 7 

1 5 . 8 

; o n t m u o u = 

Jnf Uiaion 

M e a n 
+ 2 . 6 * S . E . M . 

3 5 . 5 

1 3 . 9 

2 5 . 1 

2 3 . 6 

1 7 . 6 

3 3 . 1 

2 3 . 6 

2 3 . 6 

2 4 . 3 

1 8 . 2 

1 9 . 6 

2 3 . ^ 

±1 . 9 

I n t e r ­

m i t t e n t 
D o s i n g 

M e a n 
+ S . E . M 

B l o o d s a m p l e d r a w n a t 0 6 2 0 r a t h e r t h a n 0 6 1 5 f o r t e c h n i c a l r e a s o r 
f = o r t e c h n i c a l r e a s o n s s a m p l e c o u l d n o t b e o b t a i n e d . 
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T A R L F X I V : O P E R A T I O N A L L Y DEFINED E F F I C A C Y AND TOXIC ITY 

T ime 
0000 001 5 0030 0045 01 00 0130 0200 0300 

ConlinLious Infusion 
9 6 0 2 3 3 3 2 

1 4 8 8 6 7 7 8 

1 1 3 1 2 1 1 1 

I n t e r m i t t e n t Dos ing 
10 4 0 0 0 1 3 4 

3 6 7 10 11 10 8 7 

0 2 6 2 2 2 2 2 

0400 0500 0600 061 5 

2 1 1 1 

6 6 4 3 

1 1 1 1 

3 5 7 0 

8 5 3 5 

1 1 1 6 

0630 0 700 

1 1 Subtherapeut ic 
( less than 
1 On r j / m l j 

3 3 Therapeu t i c 
( 1 0 - 2 0 / - g / m l ) 

1 1 T o x i c 
(over 2 0 / / g / m l ) 

0 0 Subtherapeut ic 
( less than 
1 0 y / g / m l ) 

1 4 The rapeu t i c 
(1 0 -20 / ; g / m l ) 

10 7 T o x i c 
(ove r 20 /- g / m l ) 



- 75 -

T A B L E X V : SUBJECTIVE ADVERSE EFFECTS AS INDICATED 
BY QUESTIONNAIRE 

Number of Patients 
Adverse Effect Continuous In termi t ten t 
F e l t by Pat ient Infusion Dosing 

Nausea 

Palpi tat ions 

Nervousness 

Dizziness 

Chest Pain 

Cramps 

Flushed 

D iu res is 

4 

4 

5 

4 

3 

0 

6 

2 

3 

6 

7 

4 

3 

7 

5 
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TABLE XVI: SUBJECTIVE ADVERSE EFFECTS AS VOLUNTEERED 
BY THE PATIENT 

Number of Patients 

Compla in t 

Headache 

Vomi ted 

Nauseated 2 (11 .1 , 15.8) 

1 (11 .1) 

1 (9 .3) 

(c losest associated plasma theophyll ine level o r range in y g / m l ) 
Continuous In termi t ten t 

Infusion Dosing 

3 ( 3 . 6 - 1 5 . 8 , 9 . 0 - 9 . 4 , 2 ( 1 2 . 0 - 2 3 . 5 , 13 -7 , 
1 0 . 0 - 1 1 . 6 , 3 0 . 0 - 3 3 . 2 ) 15 .4 -21 .5 ) 

3 ( 1 5 . 4 , 19 .9 , 23 .6 , 29-0, 
31 , 4 , 41 .9) 

7 ( 9 . 9 , 1 0 . 9 , 12 .8 , 13 .7 , 
17 .6 , 19 .9 , 2 3 . 6 , 2 5 . 2 , 41.9) 

3 ( 9 . 9 , 11 ,3 , 29.0) 

2 (14 .9 , 27.7) 

2 ( 9 . 0 , 27.7) 

2 ( 9 . 9 , 13 .7 , 14.9) 

1 (9 .5) 

2 ( 2 7 . 7 , 41 .9) 

3 ( 13 .7 , 14 .9 , 22.4) 

1 

1 (33.6) 

1 (19.9) 

1 (14.0) 

D izzy 

Flushed 

Hot 

Pe rsp i r i ng 

Chest Pain 

Fa in t , Lightheaded 

T r e m b l y 

IV a r m sore 

Taste Drug (cool) 1 (30 .0-33.2) 

Rash 1 

Pulse Racing 

Anx ious , Co ld , ) 
C l a m m y , Congested) 

Passed Out (cough syncope) 1 (13.7) 
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T A B L E X V I I : 

Pat ient 
Number 

Continuous Infusion 
4 
5 
7 
9 

14 
15 
16 
17 
19 
23 
28 

Mean + S . E . M . 

SUBJECTIVE IMPRESSION OF RESPIRATORY S T A T U S 

A t 
o f 

16. 

AS TAKEN FROM LINE ANALOGY 

Percentage of N o r m a l * 
Beginning 
Therapy 

10 
17 
18 
— 
18 
37 
12 

6 
6 

21 
16 

.1 + 2 . 8 

A t the End 
of Study Per iod 

51 
71 
81 
— 
69 
95 
77 
50 
79 
57 
79 

70.9 + 4 .6 

Impress ion of 
Improvement in 

Resp i ra to ry Status 

41 
54 
63 
17.5 
51 
58 
65 
44 
73 
36 
63 

51.4 + 4 .8 

In termi t tent Dosing 
6 

10 
11 
12 
13 
18 
20 
21 
22 
24 
25 
26 
27 

Mean + S . E . M . 

7 
10 

5 
— 

9 
19 

3 
29 
16 
15 
17 
27 
14 

14.3 + 

91 
75 
82 

86 
81 
91 
75 
78 
61 
77 
47 
61 

75.4 + 3.8 

84 
65 
77 

77 
62 
88 
46 
62 
46 
60 
20 
47 

61 .2 + 5.6 

* Measured as distance in mm to end represent ing 
ve ry much d i f f i cu l t y . 
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5. DISCUSSION 

The present study was unique in that i t compared an i n t e r ­

mi t ten t dosing and a continuous infusion regimen of intravenous 

aminophyl l ine under a randomized, double-bl ind p ro toco l . A lso 

acutely d is t ressed asthmatic patients were studied in the rea l 

emergency ward set t ing. Despite recent advances in analysing 

theophyl l ine levels and studies defining the relat ionship between 

theophyl l ine blood levels and improvements of pulmonary funct ion, 

the question concerning which is bet ter , in te rmi t ten t bolus o r 

loading dose fol lowed by a continuous in fus ion, has not yet been 

answered. Th is unique study provides a p r e l i m i n a r y indicat ion of 

that answer . 

The resu l ts f r o m this study suggest that both intravenous 

aminophyl l ine regimens are effective in the t reatment of acute 

asthmat ic a t tacks. Th is is in accord wi th the general bel ief that 

10, 
aminophyl l ine i s a cornerstone in the t reatment of acute asthma. 

The improvement is evidenced by the changes in the parameters 

measured. 

Hear t rate decreased in both groups dur ing the per iod of 

s tudy . Th is decrease was more prominent wi th the continuous 

in fus ion . In v iew of the high theophyll ine levels af ter the second 
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i n te rm i t t en t dose of aminophy l l ine , the s l ight elevat ion in pulse at hour 

seven may h a v e been due to a chronotropic effect of t heophy l l i ne . 6 5 

A n y overa l l decrease in heart rate may have occurred as a resu l t 

of decreasing patient anxiety wi th improvement in condi t ion and 

exposure to the secur i t y of emergency t reatment and professional 

he lp . 

Mean resp i ra to ry rate decreases of 9 .8 resp i ra t ions per 

minute fo r the ID group and 7.4 resp i ra t ions per minute for the 

C I group were not s ign i f icant ly d i f ferent but indicate re tu rn to 

nearer no rma l for both groups. Th is may be at t r ibuted to the 

bronchodi lat ing effect of the aminophyl l ine wi th a resul tant decrease 

in the pat ient 's dyspnea . 

Blood p ressu re , especial ly the systo l ic pressure showed 

a marked drop in both groups at the end of the f i r s t hour . T rans ien t 
g 

hypotension w i th large intravenous aminophyl l ine doses is known. 

However , th is decrease may a lso have been a re tu rn to norma l 

fo l lowing high c i rcu la t ing levels of catecholamines f r o m anxiety 

and previous medicat ion. The systo l ic blood pressure in the 

continuous infusion group was consistent ly above that in the 

in te rm i t ten t dosing group, and at 6 hours th is di f ference 

became s ign i f i can t . The reason for th is probably was 

that two of the pat ientsfrom the continuous infusion group 
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were known hypertensives and taking hypotensive medicat ion. 

These two patients received therapy f o r the f u l l seven hours hence 

the i r blood pressure data contr ibuted s ign i f icant ly to this f i g u r e . 

Some var ia t ion may have been introduced into the blood 

pressure readings because in each instance the reading was taken 

by the attending nurse. Many di f ferent nurses were involved wi th 

the pat ients . A lso d i f ferent sphygmomanometers were used f o r 

each pat ient . Although increasing the var ia t ion wi th in groups, no 

pa r t i cu la r bias should have been introduced to e i ther group as the 

nurses were blinded to the regimen being administered to the pat ient . 

Mean pretreatment sp i romet r i c data revealed that both 

groups had pulmonary function consistent wi th a severe c l in i ca l s ta te . 

Th is was not consistent wi th the general assessment made by the 

observer of m i ld acute d i s t ress . The mode of assessment, hesitancy 

in speech, is a crude one and may have consistent ly underest imated 

seve r i t y of s i tuat ion af ter patients had rested in bed a per iod of t ime 

before being seen by the observer- The best preserved funct ion was 

the FVC fol lowed by FEV.. and then M M F R . Th is is also Con­
go 

s is tent w i th data presented by McFadden and Ing ram. Improvement 

as seen in F igures7, 8 and 9 was highest wi th the F V C . There were 

l e s s e r , but s i m i l a r improvements in FEV 1 > 0 , whereas M M F R 
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improved the leas t . These improvement patterns are compat ible 

83 
w i th the explanation that when patients are symptomat ic probably 

a l l regions of the tracheobronchial t ree are involved so that the f low 

that could be achieved at any lung volume is low. With t rea tment , 

the f l ow that can be generated high in the lung volume tends to re tu rn 

to no rma l f i r s t because resistance wi th in the l a rge r bronchi is d ropp ing . 

FVC and FEV^ Q are determined to a large extent by the c r o s s -

sect ional area of the large a i rways; these parameters improve together 

and more quick ly than does the M M F R , which ref lects per iphera l 

a i rway res is tance. F r o m this discussion we conclude that in th is 

study both groups had improvement that main ly involved the l a r g e r , 

more cent ra l a i rways and that longer t reatment per iod would be 

requ i red to perceive near normal i t y in the per iphera l a i rways . 

Compar ison of the pulmonary function values revealed a 

consistent t rend of greater improvement wi th the continuous infusion 

reg imen at 3 , 5 and 6 hours . Especia l ly at the 5 and 6 hours the 

decreasing pulmonary values seem to coincide w i th the decreasing 

se rum theophyl l ine leve ls . The signif icance of the di f ference at 

6 hours i s not suf f ic ient to draw any conclusion but suggests that a l a rge r 

study should be at tempted. A lso to be considered is the fact that 

the best responders were discharged before the end of the study 
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p e r i o d . The re were more patients discharged e a r l y in the continuous 

infusion group; thus those values are lost in the la t te r hour ca l cu la ­

t ions . 

I t is we l l established that serum theophyll ine levels of 1 0 to 

20 yg per m l a re opt imum in the t reatment of the adult asthmat ic 

pat ient . ' ' ' ' Levels above 20 yg/ml are associated w i th 

an increased r i s k of tox ic i t y . Seizures have been associated wi th 

, i n 74,82 , 74 

such l eve l s , even as low as 25 y g / m l . The most d ramat ic 

f ind ing in th is study was the potential f o r tox ic i ty exhibited in the 

i n te rm i t t en t dosing regimen wi th 91 per cent (1 0 out of 11) of patients 

in tox ic range compared to 20 per cent (1 out of 5) of patients in the 

continuous infusion reg imen. The opposite end of the scale also 

requ i res cons iderat ion. In i t ia l l y more patients receiv ing the CI 

reg imen had subtherapeutic theophyll ine leve ls , however, by two 

hours a reverse of this t rend is noticeable wi th more patients 

rece iv ing the ID regimen dropping into subtherapeutic range. By 

s ix hours more than half of the patients receiv ing the ID regimen 

were at subtherapeutic l eve l . This is ref lected by the decreasing 

pu lmonary funct ion va lue. 

Compar ison of adverse effects as determined by quest ionnaire 

revealed l i t t l e di f ference between the two reg imens , when number 
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of pat ients and hours of exposure were cons idered . Compar ison of 

subject ive comp la in ts , however, revealed more than three t imes as 

many compla in ts w i th the ID reg imen (32) as the C I reg imen (9 ) . 

App l i ca t ion of s ta t is t i cs to th is incidence of adverse effects w i th th is 

number of patients would be impossib le ; however a much l a rge r study 

might supply s ta t is t i ca l s ign i f icance. 

Fo l low-up of the "passing out" complaint disclosed that i t 

probably had l i t t l e to do w i th drug therapy as the patient was la te r assessed 

neuro logica l l y as having cough syncope. Th is par t i cu la r episode may have 

been precip i tated by the exer t ion of pulmonary function tes t ing . 

No re l iab le cor re la t ion was apparent between se rum theophyl l ine 

levels and onset of adverse e f fec ts . Patient complaints of nausea were 

heard m o r e at therapeutic and even subtherapeutic levels than at toxic 

l e v e l s . Two patients vomited at therapeutic levels . These data and those 

of o thers suggesting that ser ious adverse effects a re not always preceded 

by gast ro in test ina l s y m p t o m s ' 4 * 8 2 would seem to preclude any suggestion 

that tox i c i t y be used as a dosing g u i d e . 1 0 

Subject ive assessment of improvement did not reveal any s ign i f icant 

d i f ference between reg imens . The greater improvement w i th the ID 

reg imen did coincide wi th bet ter average FEV-| Q and M M F R values at 

the seventh hour of s tudy. The greater number of patients remain ing in 

the ID group and the sudden improvement between 0600 and 0700 may 

have -biased these r e s u l t s . Suggestions fo r improvement in measur ing 

th is parameter include demonstrat ing the l ine analogy in advance to a l l 

pat ients and having a l l patients complete the i r analogy impress ion at each 

hour i n t e r v a l . 

L im i ta t ions of th is study include a number of con t ro l f a c t o r s . 

F i r s t l y the population of asthmat ics is a heterogeneous one. The 
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number of patients in the sample f o r each group was not large 

enough to document a s ta t is t i ca l l y s igni f icant d i f ference between 

reg imens w i th respect to ef f icacy. Lack of means of est imat ing 

the durat ion of acute d is t ress before admission was a p rob lem. 

T h i s f ac to r may have been an impor tant considerat ion in the degree 

and onset of patient response. Ideal ly t imes of admiss ion , evaluating 

phys ic ian , nu rse , precip i tat ing fac to rs , and smoking h is to ry should 

be consistent throughout. In the in terest of studying a heterogeneous 

population in the real emergency set t ing, these fac tors were not 

con t ro l l ab le . 

Another factor that could have been made more equivalent 

between groups was the dosage of aminophyl l ine. A 70 kg person 

would have received (5 .6 mg/kg x 70 kg + 0 . 9 mg/kg/hour x 70 kg x 

6 .5 hour =) 801 .5 mg of aminophyl l ine in the continuous infusion 

reg imen compared to 1000 mg of aminophyl l ine in the in te rmi t ten t 

r e g i m e n . To equate the absolute quantit ies of aminophyl l ine received 

the i n te rm i t t en t dosage could have been based on weight as w e l l ; 

f o r example, 5.7 mg/kg every 6 hours gives an absolute value of 

(5 .7 mg/kg x 70 kg x 2 doses) 798 mg. One may argue however that 

w i th e l im ina t ion rate of theophyll ine depending on serum concentrat ion 

( f i r s t o r d e r k ine t ics ) , a greater amount of act ive theophyll ine was 

los t to pharmacological ac t iv i ty dur ing the admin is t ra t ion peaks 
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and that the absolute amount of theophyll ine at receptor s i tes was 

c lose r to equal dur ing the t ime per iod of s tudy. In t e r m s of amount 

of aminophyl l ine administered the advantage was w i th the in te rmi t ten t 

dosing reg imen even though the resu l ts indicate the super io r i t y of 

the continuous infusion reg imen . 

Medicat ions taken by the patients previous to study per iod 

and concur rent to study therapy should have been more cont ro l led 

under op t imum c l in ica l study condi t ions. Again the heterogeneity 

of the population and the sett ing made this d i f f i cu l t . Considerat ion 

of the ind iv idual si tuat ions in the study by the invest igator and 

adv isers resul ted in e l iminat ion of any values f r o m the resu l ts that 

were thought to influence eff icacy o r tox ic i ty measures. I t i s no te­

wor thy that two patients receiv ing the in te rmi t ten t regimen received 

phenothiazine-type ant i -emet ic medicat ion. These may actual ly have 

masked la te r signs of tox ic i ty of the medicat ion. Again the advantage 

would be in favour of the in te rmi t ten t reg imen whereas tox ic i ty data 

indicate supe r i o r i t y of the continuous in fus ion. 
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6. SUMMARY 

A randomized, double-bl ind study compar ing two dosing 

reg imens of intravenous aminophyl l ine was completed in a sample 

population of asthmat ic pat ients. Twenty-e ight patients were 

studied according to a protocol established af ter a sma l l p i lo t s tudy. 

The data f r o m four patients were not included fo r diagnostic o r 

technical reasons. Cf the twenty- four patients th i r teen received 

an in te rmi t tment dosing regimen of 500 mg of aminophyl l ine every 

s ix hou rs . Eleven patients received a loading dose of 5 .6 mg /kg 

fo l l owed by a continous infusion of 0.9 mg /kg /hou r . 

The resul ts c lea r l y demonstrate the super io r i t y of the 

continuous infusion regimen when potential fo r tox ic i t y by means 

of se rum theophyl l ine levels and subject ive complaints of adverse 

ef fects were compared. Theophyl l ine levels wi th the second 

in te rmi t ten t dose were highly s ign i f icant ly above the accepted 

max imum therapeut ic level of 20 y g / m l at s ix and one hal f-hours 

a f ter the beginning of t reatment and fe l l below the therapeut ic 

(10 yg /m l ) between doses w i th 64% of pat ients. Complaints of 

adverse effects wi th the in termi t tent regimen outnumbered the 

compla in ts w i th the continuous infusion by a fac tor of t h ree . 

Considerat ion of eff icacy compar ison as measured by 

pu lmonary funct ion studies revealed a tendency f o r more consistent 

continuous improvement wi th the continuous infusion reg imen . 
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A l s o more pat ients were d ischarged sooner w i th th is r eg imen . A 

g rea te r number of patients need to be studied in a s i m i l a r pro toco l 

to demonstrate s ta t i s t i ca l l y s ign i f icant supe r i o r i t y of the continuous 

infusion r e g i m e n . 
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APPENDIX 1; CALCULATIONS FOR CONTINUOUS INFUSION 

Patient No. 

Weight (kg) 

Please d isp lay calculat ions and sign your name. 

Syr inge No . 1 - 5 .6 mg/kg x kg= mg/50 m g / m l = m l . 

Sy r inge No. 2 - 0 . 9 mg/kg x kg x 5.5 hr = mg/50 m g / m l = m l . 

Sy r inge No . 3 - 0 . 9 mg/kg x kg x 0.5 hr = mg/50 m g / m l = m l . 

Sy r inge No. 4 - exact ly the same as No. 2 sy r i nge . 

Please check calculat ions wi th the fo l lowing chart : 

Pat ient Amount of Aminophyl l ine Required (Weight and Volume Given) 
Weight Syr inge No. 1 Syr inge No. 2 Syr inge No. 3 Syr inge No. 
(kg) 

55 308 mg o r 
6.2 m l 

60 336 mg o r 
6 .7 ml 

65 364 mg o r 
7.3 m l 

70 392 mg o r 
7.8 m l 

75 420 mg o r 
8 .4 m l 

80 448 mg o r 
9 .0 m l 

85 476 mg o r 
9 . 5 ml 

272 mg o r 
5.5 ml 

297 mg o r 
5.9 m l 

322 mg o r 
6.4 m l 

347 mg o r 
6.9 m l 

371 mg or 
7.4 m l 

396 mg o r 
7.9 m l 

421 mg o r 
8.4 ml 

25 mg or 
0.50 m l 

27 mg or 
0.54 m l 

29 mg or 
0.59 m l 

32 mg or 
0.63 m l 

34 mg or 
0.68 m l 

36 mg or 
0.72 m l 

38 mg or 
0.77 m l 

s i m i l a r to 
No. 2 

ii 

t i 

1 ! 

1 ! 

II 

Prepared by: 
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APPENDIX I I : QUESTIONNAIRE 

Please c i r c l e the appropr iate answer. 

1 . Have you had any nausea ( fe l t s ick to your No Yes 
stomach)? 

2 . Has your pulse (heartbeat) been i r r e g u l a r No. Yes 
(o r have you had any heart palpitat ions)? 

3 . Have you been feel ing nervous, i r r i t a b l e , No Yes 
o r agitated ( jumpy o r t rembl ing)? 

4 . Have you fe l t d izzy o r lightheaded? No Yes 

5. Have you had any chest pain? No Yes 

6 . Have you had any pains or cramps in your No Yes 
stomach? 

7. Have you fe l t wa rm (flushed o r sweating)? No Yes 

8. Have you been ur inat ing more often in the No Yes 
las t few hours? 

(Pour completer le questionnaire en f r anca i s , veui l lex tournez la page.) 
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QUESTIONNAIRE: 

Veu i l lez encerc le r la response appropr iee . 

1 . Avez-vous eu des naus6es (mal de coeur)? Non Oui 

2 . Es t - ce que vo t re poule a ete i r r e g u l i e r (ou Non Oui 
avez-vous eu des palpi tat ions du coeur)? 

3 . Es t - ce que vous avez eu des sensations Non Oui 
nerveuses, i r r i t a b l e s , ou agitees 
( t remblant )? 

4 . Avez-vous eu des ver t iges? Non Oui 

5. Avez-vous eu des sensations de douleur Non Oui 
dans vo t re poi t r ine? 

6. Avez-vous eu des douleurs ou des crampes Non Oui 
dans 1'estomac? 

7. Avez-vous eu des sensations de chaleur Non Oui 
(bouff6 de chaleur ou t ranspi rat ion)? 

8. Avez-vous urine" plus souvent dans les Non Oui 
dern ie res heures? 

(To complete the quest ionnaire in Eng l i sh , please turn the page.) 
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APPENDIX I I I : SUBJECTIVE IMPROVEMENT 

Please indicate how much d i f f i cu l ty you have in breathing 

(o r how much t ightness you have in your chest) , by making a mark ( / ) 

on the l i n e . Please make another mark indicat ing the d i f f i cu l ty in 

breathing that you had jus t before the intravenous medicat ion was s ta r t ed . 

No D i f f i cu l t y Ve ry Much D i f f i cu l t y 
o r o r 

No Tightness V e r y Much Tightness 

Pas de D i f f i cu l te Beaucoup de D i f f i cu l te 
ou ou 

Pas d 'Oppression Beaucoup d'Oppression 

Veu i l lez indiquer combien de d i f f icu l te que vous avez a r e s p i r e r 

(ou combien d'oppression que vous avez dans vot re po i t r ine ) , en fa isant 

une t race ( / ) su r la l igne . Veui l lez en fa isant une autre t race indiquer 

la d i f f i cu l te a r e s p i r e r juste avant le debut de la medicat ion i n t r a -

veineuse. 


