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Ø Discovery	of	oxygen	and	first	uses	
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Ø NOTT	+	MRC	Trial	

Ø Limitations	of	LTOT	Knowledge	



Discovery	and	Isolation	of	Oxygen	

Ø Discovery	of	oxygen	has	been	credited	to	three	
major	scientists	
Ø Carl	Wilheim	Scheele	
Ø  Joseph	Priestley	
Ø Antoine	Lavoisier	

Ø Interestingly,	these	three	all	met	with	
unfortunate	circumstances	near	the	end	of	life	



Scheele	was	the	first	scientist	to	discover	oxygen	

Ø In	1771,	Scheele	generated	oxygen	by	
heating	mercuric	oxide,	silver	
carbonate,	and	other	nitrate	salts	

Ø Upon	observing	that	the	gas	generated	
would	burn,	he	termed	the	gas	“fire	
air”	

Ø Died	prematurely	from	mercury	
poisoning	



Priestley	was	first	to	publish	his	discovery	of	oxygen		

Ø Priestley	generated	oxygen	by	
heating	mercuric	oxide	and	published	
his	results	in	1774	(Scheele	couldn’t	
publish	until	1777)	

Ø Surprised	to	observe	that	a	mouse	
placed	in	a	chamber	of	this	gas	did	
not	suffocate	

Ø Argued	against	atomic	theory,	so	his	
house	and	church	were	burned	down	
by	an	angry	mob	



Phlogiston	theory	

Phlogiston	rich	materials	were	combustible	because	they	
could	release	phlogiston	as	it	burned	



Antoine	Lavoisier	advanced	scientific	knowledge	of	
the	properties	of	oxygen	

Ø Named	the	gas	oxygen	(oxys-	“sharp”,	
gen-	“begetter”)	

Ø By	observing	that	an	oxidized	metal	
(eg.	rusted	iron)	weighed	more	than	
the	initial	metal,	he	hypothesized	
oxygen’s	role	in	the	chemical	reaction	

Ø Demonstrated	role	of	oxygen	in	
respiration	in	the	“slow	combustion”	
of	metabolic	substrates	in	the	body	

Ø Sent	to	the	guillotine	during	the	
French	revolution	because	his	lab	was	
supported	by	royal	funds	



Discovery	of	the	importance	of	oxygen	in	respiration	
led	to	development	of	oxygen	therapies	

Ø Clinicians	quickly	recognized	the	value	of	using	oxygen	to	
treat	patients	with	respiratory	conditions	

Ø However,	progress	was	slow	due	to	clinician	concerns	of	
oxygen	toxicity	
Ø Formation	of	reactive	oxygen	species	(ROS)	
Ø Highlighted	the	importance	of	giving	the	correct	dose	of	oxygen	

Ø Concerns	about	hypercapnia	due	to	decreased	ventilatory	
response	



Ø 1966	-	Veterans	Administration	cooperative	study		
Ø Survival	benefit	of	O2	in	COPD	patients	

Early	evidence	of	O2	benefits	in	chronic	lung	disease	
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FIG. 3. Mortality rate (life table method) of 487 patients 
with chronic obstructive pulmonary disease according to 
Baldwin, Richards and Cournand [76] categories based 
on blood-gas after standard exercise test: I = arterial 
O2 saturation 2 92 per cent (112 patients), II = arterial 
02 saturation < 92 per cent, arterial pC0~ < 48 mm. 
Hg (eighty-four patients), III = arterial 0% satura- 
tion < 92 per cent, arterial pCOr 2 48 mm. Hg (fifty- 
eight patients), IV = car pulmonale (103 patients). 
Total group = 487 patients. 

rates of the various groups which are being 
considered is shown in Figure 4. At four years 
of follow-up, the cumulative mortality for the 
entire group of 487 patients was 53 per cent. 
This may be compared with the 1961 data for 
the United States male population adjusted to 
the race composition of our study sample [78]. 
As shown in Figures 2 and 3, the four year 
mortality rate for fifty-eight year old U. S. 
men was 8.3 per cent in 1961. Utilizing the 
lower bound of the 95 per cent confidence 
interval, the mortality rate of 47.5 per cent for 
the patients in this study is at least five and 
a half times the expected rate. 

Examining the mortality rates in the in- 
dividual FEVr categories (Fig. 2 and 4) we 

TABLE xv 
FOUR YEAR MORTALITY LIFE TABLE CALCULATIONS 

FOR THE ENTIRE GROUP OF 487 PATIENTS AND THE FEVl 

SUBGROUPS* 

Cumulative 
Years of No. of Patients Proportion 

Follow-up At Risk Lost Dying of Deaths 

Total Group (N = 487) 

0 -0.5 487 0 46 0.09 
0.5-l .o 441 0 36 0.17 
1.0-1.5 405 0 46 0.26 
1.5-2.0 359 0 23 0.31 
2.0-2.5 336 0 35 0.38 
2.5-3.0 293.5 15 28 0.44 
3.0-3.5 249.5 17 19 0.48 
3.5-4.0 193.0 58 14 0.52 

(Standard error = 0.028) 

FEVi < 0.5 L. (N = 64) 

0 -0.5 64 0 13 0.20 
0.5-l .o 51 0 10 0.36 
1.0-1.5 41 0 11 0.53 
1.5-2.0 30 0 4 0.59 
2.0-2.5 26 0 4 0.66 
2.5-3.0 22 0 8 0.78 
3.0-3.5 13 2 2 0.81 
3.5-4.0 9 2 4 0.90 

(Standard error = 0.038) 

FEVlO.5-7.49 L. (N = 320) 

0 -0.5 320 0 32 0.01 
0.5-1.0 288 0 21 0.08 
1.0-1.5 267 0 26 0.17 
1.5-2.0 241 0 14 0.22 
2.0-2.5 227 0 27 0.31 
2.5-3.0 195 10 17 0.37 
3.0-3.5 168 10 16 0.43 
3.5-4.0 127.5 3.9 8 0.44 

(Standard error = 0.032) 

FEV, 2 1.50 L. (N = 98) 

0 -0.5 98 0 1 0.01 
0.5-l .o 97 0 5 0.06 
1.0-1.5 92 0 7 0.13 
1.5-2.0 85 0 5 0.19 
2.0-2.5 80 0 3 0.22 
2.5-3.0 74.5 5 3 0.25 
3.0-3.5 66.5 5 1 0.26 
3.5-4.0 54.5 17 2 0.29 

(Standard error = 0.046) 

NOTE: Standard error computed by Greenwood’s for- 
mula [77]. 

* See also Figure 3. 
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<92%	SaO2,	≥48	mm	Hg	pCO2		
		

Renzetti	et	al.,	1966	



Ø 1967	–	70	–	Dr.	Thomas	Petty																																																					
Long	term	continuous	O2	administration	to	advanced	
COPD	patients	
Ø Portable	Liquid	Oxygen	Transfilling	system		

Ø 				hypertension,	polycythemia,				survival	in	patients	with	cor	
pulmonale	&	heart	disease	

Ø Subjective	improvements		
Ø  Exercise	capacity	
Ø  Global	sense	of	well	being		
Ø  Ability	to	engage	in	daily	activities	

Ø Rare	occurrence	of	hypercapnia																																																							in	
O2	treated	patients	

First	Long	Term	O2	Therapy	(LTOT)	clinical	trials	

cylinders were used.  However, these were used
with a “ trolley, ”  so some degree of ambulation
was possible while pushing the oxygen
cylinders.  Although no accounts of exercise
tolerance are reported, the authors remark,
“Exercise tolerance increased remarkably . . .
even though there was no specific program of
training. ”

In 1968 we reported on 20 patients with
advanced chronic obstructive pulmonary disease
(C OPD) who received continuous ambulatory
oxygen therapy from a liquid oxygen portable
system for up to 18 months.13 In that article we
showed crude anecdotal evidence of
improvement in cor pulmonale, with evidence
of improvement in electro-cardiograph tracings
and in the cardiac silhouette, with resolution in
right ventricular size as a result of 6 months of
oxygen administration.  This report also 
documented a progressive reduction in 
hematocrit and an increase in dry body weight
over one year, which suggested some 
nutritional or metabolic benefit from LT O T.  In
this paper, we demonstrated a reduction in 
hospitalizations visually documented in one 
dramatic illustration showing the size of a
patient’s hospital record before and after 
oxygen, during an equal 18-month period
(Figure 3).13

Following these original observations, other
investigators in the UK focused on the daily
requirements of oxygen required to reverse 
pulmonary hypertension in patients with
C OPD .14,15 These studies gave evidence that
oxygen delivered from a stationary source for as
little as 15 hours per day resulted in an
improvement in pulmonary hypertension in
some, but not all, patients.  There was even a
suggestion that 12 hours of oxygen could be
effective.14,15

In a later report, the Denver Group was able
to show an improvement in survival in patients
before and following oxygen administration
with clinical evidence of cor pulmonale before
and following response to supplemental oxygen
administration, compared with historical 
controls from the Veterans Administration-
Armed Forces study on course and prognosis in
C OPD .16 A similar survival benefit was not
found in patients who did not have clinical 
evidence of cor pulmonale.16 It must be
emphasized that all of these early studies were
in small groups of patients without a 
contemporary cohort comparison group.

2 . Physiologic Responses to LT O T (Cont .)

Figure 3.  Size of a patient’s hospital record before and
after oxygen, during an equal 18-month period. (From

4
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Ø Dr.	Thomas	Petty	–	Adventures	of	an	Oxyphile	

“How	easy	it	was	to	walk	at	12,000	feet,	[…]	having	
climbed	these	same	mountains	many	times	before	with	

much	more	shortness	of	breath	and	effort	than	I	
experienced	with	the	oxygen”		

Investigation	of	personal	side	benefits	of	O2	

Adv entures  o f an Ox y -Phi l e 1 1

PERSONAL VIGNETTES

Vignette No. 1
EARLY EXPERIENCES AS AN OXY-PHILE

Following our original work with oxygen beginning in 1965

and our original report covered in the appendices, we became

interested in certain personal side benefits of oxygen.  In 1968, I

first took a 9-pound “Linde Walker” on a hike up to a high

mountain lake where I love to fish for trout.  “How easy it was

to walk at 12,000 feet,” I thought to myself, having climbed

these same mountains many times before with much more short-

ness of breath and effort than I experienced with the oxygen

(Figures 1-4).  

1 0 Adv entures  o f an Ox y -Phi l e

Figure 1

Figure 2

Figure 3

Figure 4
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Figure 4 Petty,	2004	



Ø 1980	Multicenter	trials	of	LTOT	with	COPD	patients		
Nocturnal	Oxygen	Therapy	Trial			

Ø Nocturnal	(12	h)	vs.	continuous	O2	(24	h)	

Ø Continuous	O2					hypertension,	polycythemia	

O2	therapy	duration	to	improve	clinical	outcomes	

Nocturnal	

Continuous	



Ø 1981	Multicenter	trials	of	LTOT	with	COPD	patients		
			UK	MRC	oxygen	trial	
	

Ø No	supplemental	O2																																																																										
vs.	15	h	O2	

Ø Improved	survival	in																																																																									15	
15	h	O2	group	

benefit, with a relative risk of death of 1.94 (1.17–3.24) for
the nocturnal oxygen group (12.0 ! 2.5 h of oxygen use).25

The mortality differences between the continuous and noc-
turnal oxygen groups at 12 months and 24 months were
11.9% versus 20.6%, and 22.4% versus 40.8%, respec-
tively. Continuous oxygen improved pulmonary vascular
resistance and decreased the severity of polycythemia. None
of the subjects with preexisting pulmonary hypertension,
however, normalized their pulmonary vascular resistance.
No differences were noted between groups in arterial blood
gases, FEV1, lung volumes, maximum work attained, mean
pulmonary artery pressures, or cardiac index.

In 1981, the Medical Research Council (MRC) in the
United Kingdom reported the results of a long-term oxy-
gen trial that differed from the NOTT in comparing 15 hours
of oxygen, which included nocturnal use, with no supple-
mentary oxygen therapy (see Table 1).25 The trial enrolled
87 patients with COPD (chronic bronchitis or emphysema)
who had irreversible airways obstruction, severe arterial
hypoxemia, carbon dioxide retention, and mild pulmonary
hypertension. The study demonstrated a survival advan-
tage at 3 years and beyond, with a mortality of 45.2% and
66.7% for the oxygen treated and control groups, respec-
tively (Fig. 3). Among secondary outcomes, no benefit
was noted from supplemental oxygen in days spent work-
ing, days spent in the hospital for COPD exacerbations,
polycythemia, or pulmonary hemodynamics. The mortal-
ity advantage, however, appeared greater in the subgroups
with the highest PaCO2

and red cell mass values at baseline.
Petty proposed that the demographic, physiological, and

clinical features of patients enrolled in both the NOTT and
MRC studies were sufficiently similar to allow collective

analysis of the survival data.26 When analyzed in this way,
an oxygen dose response was noted, with poorest survival
in the group not treated with oxygen from the MRC study,
intermediate survival in the 12–15 hour oxygen groups
combined from the NOTT and MRC studies, and the best
survival in the continuous oxygen group reported in the
NOTT study (Fig. 4).27 Subsequent uncontrolled trials of
ambulatory oxygen therapy have generally produced sur-
vival results consistent with the dose response curves noted
in the combined NOTT and MRC trials.28-33 Based on the
original observations from the NOTT and MRC trials,

Table 1. Comparison of the Nocturnal Oxygen Treatment Trial (NOTT) and the Medical Research Council (MRC) Trials

NOTT 198024 MRC 198125

Age, y " 35 42–69
Patients, n 203 87
Male, % 73–80 76
Baseline FEV1 29% predicted 0.58–0.75 L
Baseline PaO2

, mm Hg 51 49–52
Baseline PaCO2

, mm Hg 43 55–60
Baseline mean pulmonary artery pressure, mm Hg 30 32–35
Intervention Nocturnal oxygen vs continuous oxygen No oxygen vs oxygen " 15 h/d including

during sleep
Average hours of oxygen per day 12 ! 2.5 vs 17.7 ! 4.8 0 vs 15
Smoking status, % Not reported 25–52
Outcomes Mortality

Quality of life
Hemodynamics: right atrial pressure,

right-ventricular stroke volume index,
pulmonary artery pressure, pulmonary
vascular resistance, pulmonary wedge
pressure, cardiac index, stroke
volume index

Mortality
5-year died:

19/42 oxygen
30/45 no oxygen

FEV1

FVC
PaO2

PaCO2

Fig. 3. Mortality in male patients enrolled in the Medical Research
Council oxygen trial. (From Reference 25, with permission.)

THE STORY OF OXYGEN
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Ø Collective	NOTT	and	MRC	dose	response	

	
Ø LTOT	recognized	as	a	therapeutic	intervention	to	improve	
survival	of	COPD	patients	

NOTT	&	MRC	set	the	scientific	basis	for	current	LTOT		

LTOT became recognized as one of the few available
therapeutic interventions that improve survival in patients
with advanced COPD, which still is the primary justifica-
tion for its use in COPD. These studies established our
modern-day criteria for payment for oxygen therapy. They
also generated support for supplemental oxygen for hy-
poxic patients with other chronic pulmonary conditions,
even though these conditions were not included in the
NOTT or MRC trials.

Limitations of Knowledge

Although the NOTT and MRC studies were founda-
tional in establishing a survival benefit of supplemental
oxygen for patients with advanced COPD, many gaps re-
main in our understanding of the role of LTOT for patients
with COPD and other forms of chronic lung disease (Ta-
ble 2). Some of these gaps result from limitations of the
NOTT and MRC data (see Table 1).34 These trials were
not entirely comparable, in that patients in the MRC study
continued to smoke, but no data were provided regarding
the impact of smoking on measured outcomes; data on
smoking rates were not provided in the NOTT study re-
port. Patients in the MRC study also had more severe
resting hypercapnia and pulmonary hypertension. And, fi-
nally, the MRC study noted no effect of oxygen therapy on
physiologic variables, in contrast to the NOTT study, which
observed improved pulmonary vascular resistance and he-
matocrit. The NOTT study, however, did not observe a
causal relationship between these physiologic variables and
survival.

Also of note, our complete understanding of the benefits
of LTOT on survival and the justification for billions of
dollars spent on oxygen therapy rest largely on the NOTT

and MRC trials and a handful of other randomized con-
trolled trials performed during the last 30 years, that en-
rolled a total of 501 subjects.18,24,35,36 These and other
studies29,37,38 have demonstrated secular trends in COPD
outcomes, with the better survival noted in more recent
studies (Fig. 5).39 Questions consequently remain regard-
ing the indications for oxygen therapy, considering the
heterogeneity of COPD, and other therapeutic interven-
tions for COPD that have become available since the MRC
trial and NOTT.40 Recent analyses directed at these limi-
tations34,40-42 coincide with the recently launched multi-
center National Heart, Lung, and Blood Institute trial (the
Long-Term Oxygen Treatment Trial [LOTT]), that will
address the use of supplemental oxygen for patients with
COPD and moderate hypoxemia at rest or with desatura-
tion only with exercise.43 The remainder of this review
highlights some of the important open questions that re-
main regarding LTOT.

Oxygen Effects on Brain Function

Krop and Block were the first to show improved brain
function with oxygen therapy, compared with a placebo
treatment with compressed air, in patients with advanced
COPD.44 Noting this report, Petty et al made similar ob-
servations in a cohort of patients with COPD enrolled in

Fig.4.Overlappedsurvival curves fromtheMedicalResearchCoun-
cil oxygen trial and the Nocturnal Oxygen Treatment Trial study,
showing a dose-response curve to the duration of oxygen admin-
istration. (From Reference 27, with permission.)

Table 2. Persistent Research Questions Regarding Long-Term
Oxygen Therapy

Indications for oxygen therapy in subsets of patients with COPD
characterized by:

Mild to moderate hypoxia at rest
Oxygen desaturation limited to exertion
Isolated impairment of neuropsychiatric function
Varying degrees of pulmonary hypertension
Transient hypercapnia during COPD exacerbations or exertion
Decreased health-related quality of life
Isolated nocturnal oxygen desaturation

Methods for measuring neuropsychiatric benefits from oxygen therapy
Long-term effects of oxygen therapy on pulmonary hypertension in

COPD and other chronic lung diseases
Effects of oxygen therapy on erythropoietin production across the

range of hematocrit abnormalities observed in COPD
Identifying appropriate clinical outcomes for assessing benefit from

oxygen therapy for COPD patients with mild to moderate hypoxia
Benefits of oxygen therapy on exercise training and performance,

especially as related to different COPD phenotypes
Determination of explicit definitions of exertion-related hypoxia and

standardized exercise protocols
Protocol designs to establish oxygen benefits to health-related quality

of life
Design of “smart” systems for oxygen delivery that titrate flow on

demand
Benefit of oxygen therapy for patients with comorbidities and chronic

lung diseases other than COPD

THE STORY OF OXYGEN
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Ø Not	entirely	comparable	because	MRC	trial	patients:	
Ø Were	still	allowed	to	smoke	
Ø Initially	had	higher	resting	hypercapnia	and	pulmonary	

hypertension	
Ø Did	not	show	improvements	in	pulmonary	vascular	resistance	

and	hematocrit	(whereas	NOTT	patients	did)	

Ø Our	understanding	of	LTOT	comes	from	the	NOTT	and	MRC	
trials	and	a	few	other	randomized	trials	
Ø Is	LTOT	really	worth	the	time	and	money?	

Shortcomings	of	NOTT	and	MRC	trials	



Ø Pulmonary	hypertension	in	severe	COPD	

Ø Moderate	hypoxemia	

Ø Nocturnal	oxygen	desaturation	

Ø Health-related	quality	of	life	
	

Limitations	of	LTOT	Knowledge	



Ø >	20%	of	patients	with	severe	COPD	have	pulmonary	
hypertension	

Ø Weitzenblum	et	al	(1985).:	With	15-18	hr/day	LTOT,	pulmonary	
arterial	pressure	decreased	4	mmHg	on	average	between	
onset	of	LTOT	and	31	+/-	19	months	post-onset	
Ø Shortcomings	of	experimental	methods	

Ø Zieliński	et	al	(1998).:	With	14-15	hr/day	LTOT,	pulmonary	
arterial	pressure	decreased	2	mmHg	on	average	between	
onset	of	LTOT	and	2	years	post-onset.	
Ø Pressure	returned	to	baseline	6	years	post-onset	

The	benefits	of	LTOT	for	pulmonary	hypertension	in	
severe	COPD	patients	is	controversial	



Ø Górecka	et	al.	(1997):	
No	significant	
difference	in	survival	
rate	of	moderately	
hypoxemic	COPD	
patients	between	
LTOT	(13.5	+/-	4.4	hr/
day)	and	control	
groups	

LTOT	does	not	appear	to	yield	survival	benefits	for	
COPD	patients	with	hypoxemia	



Ø COPD	patients	can	experience	nocturnal	oxygen	desaturation,	
even	if	oxygen	saturation	is	normal	when	awake	

Ø Limited	and	contradictory	data	on	improving:	
Ø Sleep	quality	
Ø Hemodynamic	effects	
Ø Mortality	

Ø No	accepted	definition	of	O2	threshold	and	duration	to	
categorize	nocturnal	desaturation	

Knowledge	of	whether	LTOT	alleviates	nocturnal	
oxygen	desaturation	is	limited	



Ø Few	LTOT	studies	collect	results	on	health-related	quality	of	
life	(HRQOL)		

	
Ø HRQOL	trials	have	low	internal	validity	
	
Ø Potential	consequences:	

Ø Lack	of	mobility	
Ø Stress	(due	to	finances,	uncertainty	of	treatment	benefit,	...)	
Ø Perceived	social	stigma	

	
Ø Okubadejo	et	al.	(1996):	No	improvements	in	HRQOL	in	COPD	
patients	after	6	months	of	LTOT	

LTOT	does	not	appear	to	improve	health-related	
quality	of	life	in	COPD	patients	



Ø The	discovery	of	the	role	of	oxygen	in	respiration	led	to	the	
development	of	oxygen	therapies	

Ø Early	studies	on	COPD	progression	displayed	evidence	of	
oxygen	benefits	for	survival	

Ø NOTT	and	MRC	were	two	major	multicentre	trials	that	set	the	
scientific	basis	for	modern	LTOT	

Ø The	limitations	of	LTOT	raise	doubt	about	whether	it	is	an	
effective	therapeutic	treatment,	especially	for	COPD	patients	

Summary	
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