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PURPOSE: To identify the acute and
long-term hemodynamic response to
different methods of oxygen saving
devices, oxymizer and transtracheal
catheter, in chronic obstructive pul-
monary disease patients previously oxy-
genated via nasal prongs.

METHODS: Acute response. A mini-
mum of 3 nocturnal pulse-oximetries
were performed with each device (nasal
prongs, oxymizer and transtracheal
catheter) to find the minimum oxygen
flow required to maintain a Sao2% >
88% during 95% of the night. With the
preset oxygen flow, a radionuclide ven-
triculography was performed at rest and
during exercise to calculate the right
and left ventricular ejection fraction.
Long-term response to transtracheal
catheter: Arterial gasometries, hemoglo-
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ABSTRACT
BACKGROUND: The Nocturnal oxy-
gen therapy trial and Medical Research
Council studies have shown that home
oxygen therapy increases survival and
offers hemodynamic benefits to hypoxe-
mic chronic obstructive pulmonary dis-
ease. In recent years, research has been
aimed at improving patients’ quality of
life by introducing portable sources of
liquid oxygen and oxygen-saving sys-
tems, such as the oxymizer and tra-
nstracheal catheters.
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bin determinations, Pulmonary function
testing, echocardiography, radionuclide
ventriculography (right and left ventric-
ular ejection fractions, and ventricular
volumes), right heart catheterization, 6
minute walking test, and a visual ana-
logue scale score were performed at the
beginning of the study and 1 year later
in 10 hypoxemic chronic obstructive pul-
monary disease.

RESULTS: Acute response. The incre-
ment of the left ventricular ejection frac-
tion during maximal exercise with the
oxymizer was significantly lower than
with nasal prongs or transtracheal
catheter and the right ventricular ejec-
tion fraction showed a tendency to
decrease (P=0.06).
Long-term response to transtracheal
catheter. At the end of follow-up,
decreases were found in hemoglobin
(15.2 to 12.9 g/dL) and forced expiratory
volume in the first second  (0.78 L to

0.62 L) and the Pao2 (determined with
the same oxygen flow via transtracheal
catheter) increased (66.8 to 71.0 mm
Hg), (P<0.05), but the cardiac work,
the 6 minute walking test and the visual
analogic scale did not deteriorate.
Cardiac index, pulmonary capillary
wedge pressure, right and left ventricu-
lar ejection fraction did not change.
Mean pulmonary arterial pressure did
not improve but the pulmonary arterio-
lar vascular resistances and the right
ventricle free wall stress index signifi-
cantly improved at the end of the study.
The end-systolic and end-diastolic vol-
umes of the right ventricle determined
at rest showed a tendency to decrease
(P=0.06).

CONCLUSIONS: For patients on home
oxygen therapy, who wish to maintain
maximal physical activity, the oxymizer
is not recommended as an oxygen saving
device. Long-term oxygenation, 24 hours

Vol. 4, No. 1, 2004 • The Journal of Applied Research150

Figure 1. Mean nocturnal oxygen flow requirements (L/min) with every device (A) and percent-
age of oxygen saving (B). 
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per day with liquid oxygen via transtra-
cheal catheter in hypoxemic patients
previously on home oxygen therapy with
nasal prongs, who maintained physical
activity showed improved oxygenation
(hemoglobin values decreased), im-
proved Pao2, and showed hemodynamic
benefits (decrease of the post-load). All
these results occurred despite the forced
expiratory volume in the first second
deterioration, maintaining the same
degree of dyspnea (unchanged visual
analogue scale score) and exercise
capacity (no changes in 6 minute walk-
ing test).

INTRODUCTION
In 1974,1 at a meeting of the American
Thoracic Society, it was reported that
the use of long-term oxygen therapy
(LTOT) was steadily increasing in the
USA and Europe. However, it was not

conclusively demonstrated that this
treatment contributed to lengthening
patients’ lives. Two major studies, the
NOTT2,3 and MRC,4 were set up as a
result. Flenley5 stated that in patients
with chronic obstructive pulmonary dis-
ease (COPD) and chronic hypoxemia, as
far as survival is concerned, “no oxygen
is bad, oxygen for some of the time is
better, but oxygen for most of the time
is the best.”

From a hemodynamic point of view,
the results of the various studies are
contradictory; in some cases the hemo-
dynamic benefits derived from LTOT
have been demonstrated, 2,3,6 in other
cases, the benefits are not so clear.4,7

In recent years, research has been
aimed at improving the patient’s quality
of life by introducing portable sources of
liquid oxygen and oxygen-saving sys-
tems, which can be combined, to allow
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Figure 2. Mean values of the right and left ventricular ejection fraction (RVEF and LVEF) with 3
different devices. At rest no differences were observed. During maximal exercise, the results,
when patients were oxygenated via oxymizer (O), were less satisfactory than with nasal prongs
(NP) or transtracheal catheter (TTC).
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patients greater outdoor activity, while
maintaining correct oxygenation 24
hours a day.8-11

The purpose of this study is to ascer-

tain the acute and long-term hemody-
namic response of 2 oxygen saving
devices, the Oxymizer (Chads
Therapuetic, Inc, Woodland Hills, Calif)
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F i g u re 3. These figures show the evolution of  Hemoglobin (Hb in g/dL), arterial oxygen (Pao2 in mm
Hg) and Forced Expiratory Volume in the first second (Fev1 in L) during oxygenation via transtra-
cheal catheter (TTC). An improvement in oxygenation (A and B) despite deterioration in spiro m e t r i c
values is observed (C). T0 indicates the beginning of the study and T1, end of follow-up.
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and the transtracheal catheter, while
maintaining the previously established
oxygen saving properties, in a group of
patients with COPD, who had previously
been treated with LTOT through nasal
prongs 18 hours a day.

MATERIALS AND METHODS
We studied a group of 14 patients (13
males and 1 female) with severe COPD
and chronic hypoxemia, included in a
LTOT program at Germans Trias i Pujol
University Hospital in Barcelona. Ten
patients (9 males and 1 female, aged 
59.9 ± 5.8 years) were able to reach the
end of our follow-up (2 died and 2
refused a second catheterization).
Patients had received LTOT through
nasal prongs 18 hours a day, for a mean
period of 26 ± 17 months prior to inclu-
sion in this study and were considered
reliable followers of their treatment
plan. No patients presented with exclu-
sion criteria for transtracheal catheter

insertion.9

PROTOCOL
Before their inclusion in the study,
the patients followed a pulmonary
rehabilitation program with care-
fully adjusted medication. After
the study procedures were started,
patients were not allowed to par-
ticipate in any other rehabilitation
program12 nor were they allowed
to alter the bronchodilating, car-
diotonic, or diuretic medication
they were given. The study was
performed according to the follow-
ing steps:

Step 1. At the beginning and at the
end of the follow-up, complete pul-
monary function testing (PFTs)
were carried out in our pulmonary
function laboratory,13 which is
equipped with automated PFT 

Figure 4. Mean values for the six-minute walking test (6WT) at the beginning (T0) and the end of
the follow-up (T1).
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equipment (Sensor Medics, Aneheim,
Calif) for pulmonary volume and diffu-
sion, and spirometric tests with the fol-
lowing components: a dry-piston
rolling-seal spirometer with horizontal
displacement and potentiometer; a pul-
monary volume module by helium dilu-
tion; an IBM XT personal computer;
and an automated plethysmographic
cabin for pulmonary volume and airway
resistance tests (Spectramed, Holland).

Step 2. The oxygen flow required for a
correct oxygenation with the oxymizer
and transtracheal catheter was deter-
mined during rest and during exercise in
the following way14:
• A minimum of 3 nocturnal pulse-

oximetries (Oxyshuttle, Sensorme-

dics) with oxygen administered
through nasal prongs, oxymizer, and
transtracheal catheter, were per-
formed which allowed us to calcu-
late the minimum oxygen flow
needed to keep oxygen saturation
(Sao2) > 88% during 95% of the
time measured with each device14

• Arterial gasometries (Corning 178
gasometer, Izasa) were performed
on room air and with oxygen flow
through nasal prongs and transtra-
cheal catheter, while the patient was
awake, were obtained at the begin-
ning and end of the study.12 

• Oximetric monitoring of patients
was performed when they were
examined as outpatients.

• A 6-minute walking test was per-
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Figure 5. Figures 5A and 5B show the tendency of the right end-systolic (RVESV) and end-dias-
tolic volumes (RVEDV) determined at rest to decrease after 1 year oxygenation 24-hours a day
with liquid oxygen via transtracheal catheter. Figure 5D shows the decrease of the post-load
despite the mean pulmonary arterial pressure (mPAP in mm Hg) (Figure 5C).
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formed at the beginning and end of
the follow-up period. Patients
received liquid oxygen via transtra-
cheal catheter delivered by a
stroller, which the patients pulled, of
liquid oxygen (Vital Aire-SEO)
under oximetric control, to ascertain
that the administered oxygen flow
allowed correct oxygenation.
The walking distance was measured
and dyspnea assessed by a visual
analogue scale (VAS). Moreover,
we attempted a correlation between
these variables and pulmonary vas-
cular resistances (PVR), pulmonary
arteriolar vascular resistances
(PAVR), RV ejection fraction
(RVEF), and LV ejection fraction
(LVEF).

Step 3. Hospital-based patients were fit-
ted with a transtracheal catheter
(Oxycath, Smad-Proclinics), using the
previously described procedure.9 The
first transtracheal catheter was replaced
before the patient was discharged, and
from then on they were replaced in our
center on a weekly basis for 8 to 10
weeks after discharge. After being
trained in transtracheal catheter replace-
ment and the use of portable oxygen
sources, patients were again included in

the COPD-monitoring procedures of
our department, and received no further
special care.15-16

Step 4. Physical activity was monitored.
An anamnesis aiming to specify whether
the patients stayed away from home for
4 hours or more every day was per-
formed by interviewing the patient and
the patient’s relatives without the
patient present at every outpatient
examination.

Step 5. Studies were performed to evalu-
ate the acute hemodynamic response.
Isotopic ventriculography with the equi-
librium technique and the radiopharma-
ceutical metastable Technetium-99
(99mTc), with a 6-hour average life and
a 140 KeV photon activity were used.
This study was carried out with the pa-
tient in decubitus position and per-
pendicular to the Picker 4/15 gamma
camera. Twenty mCi of 99mTc, in a vol-
ume of 1 cm3 of blood, were injected
through an antecubital vein. The ejec-
tion fraction (EF) in each beat was
calculated by the formula:

Diastolic count - Systolic count
EF= 

Diastolic count
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Figure 6A and 6B. Observe the tendency for the end-diastolic diameter of the right ventricle
(EDDRV in mm) to decrease and a significant decrease in the right ventricle free wall stress index
(RVFWSI in mm Hg) illustrating the better physiologic situation of the right ventricle after 1 year
oxygenation 24 hours a day with liquid oxygen via transtracheal catheter (TTC).
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The isotopic ventriculography was
performed on the patient, while on an
ergonomic bicycle and receiving oxygen
through nasal prongs, oxymizer, and
transtracheal catheter, both at rest, and
during exercise at a subjective maximum
rate. In each case, the oxygen flow was
that preset by nocturnal pulse-oxime-
tries. Blood pressure and heart rate were
measured, thus, making it possible to
calculate the cardiac work (systolic
blood pressure x cardiac rate) at rest
and exercise.

Step 6. The long-term hemodynamic
response to 24-hour oxygenation with
liquid oxygen via transtracheal catheter
was evaluated via:
• Doppler and bidimensional

echocardiograms (Toshiba, Sono-
layer SSH 65-A), with the patient in
supine decubitus position and
receiving the oxygen flow, as previ-
ously determined through transtra-
cheal catheter. The right-side
catheterization data was obtained
and a right ventricle free wall stress
(RVFWS) index was determined
according to the formula:

RVFWT x PAPd
RVFWS= 

RV diastolic diameter
where RVFWT is the right ventricle
free wall thickness (mm); PAPd is
the dyastolic pulmonary arterial
pressure, which is the pressure of
the right ventricle at the end of the
isometric contraction period (mm
Hg); and RV is the right ventricle.

• Isotopic ventriculography with oxy-
gen administered via transtracheal
catheter at rest and exercise to
determine the RVEF, LVEF and
ventricular volumes. Once the end-
diastolic volume (EDV) and EF
were known, the beat volume (BV)
could be calculated (BV = EF x
EDV). The end-systolic volume can

be obtained by subtracting the BV
from the EDV.

• Right heart catheterization was per-
formed through the subclavian vein
with a Swan-Ganz catheter, using
the Seldinger technique, after
administrating subcutaneous lido-
caine anesthetic. The distal end
position of the floating catheter in
the pulmonary artery was conti-
nuously controlled by monitoring
the pressure curve in a Space Lab
701 monitor (Edwards). Cardiac
output was obtained by thermodilu-
tion. We carried out at least 5 meas-
urements, discarding the 2 end
measurements, and calculated an
average with the remaining 3, pro-
vided there was no more than a
10% variation between the 3
measurements. The pressure waves
of right atrium (RA), right ventricle
(RV), pulmonary artery and pul-
monary capillary wedge pressure
(PCWP) were recorded on the same
graph paper that the initial study
measurements were recorded.
During the initial hemodynamic
study, a radial artery catheter was
inserted, which permitted the moni-
toring of the systolic and diastolic
blood pressure, and series
determinations of arterial gaso-
metry. During the final hemody-
namic study, blood pressure was
measured by a sphyngomanometer
and an arterial gasometry was per-
formed by puncture after lidocaine
local anesthetic. Patients were mon-
itored through digital oximetry at
all times.

Step 7. Statistical evaluation was carried
out with Pearson’s correlation, and
Student’s t test for paired data (with
Bonferroni correction) and two-way
analysis of variance. A P value of less
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than 0.05 was considered significant.
Step 8. The protocol was approved by
the ethical committee of the Germans
Trias i Pujol Hospital and written
informed consent was obtained from all
patients.

RESULTS
Nocturnal pulse-oximetries were per-
formed in 14 patients, but the right heart
catheterization in only 10. Of these 10
patients, isotopic ventriculography was
performed in 9, but ventricular volumes

could be obtained in only 5 of them. The
population studied included 9 males and
1 female, average age 61.2 ± 5.6 years,
weight 61.68 ± 8.7 kg, and height 162.8 ±
6.6 cm. The follow-up time was 11.4 ±
3.8 months. As observed elsewhere,8

transtracheal catheter insertion did not
present any difficulties.13,15

The oxygen flows required to main-
tain oxygen saturation levels above 88%
during 95% of the night, and the per-
centages of oxygen savings are shown in
Figures 1A and 1B.14

Table 1. Hemodynamic Response to the Three Different Oxygen Delivery Devices Evaluated
With a Radionuclide Ventriculography (Mean ± SD).

mRVEF mLVEF
Rest Exercise Rest Exercise

Nasal Prongs (T0) 38±9.7 42±11.2 2.9±9.4 61.5±11.1
Oxymizer (T0) 39.6±12.8 37.4±7.5* 54.1±7.4 56.2±9.5†

Transtracheal (T0) 38.1±12.2 42.6±9.5 54.0±11.5 59.8±15
catheter

(T1) 37.6±9.8 44.4±7.1 57.0±7.46 58.7±10.6

*RVEF slightly decreased during exercise (P=0.06) 
†LVEF increased less markedly during exercise with oxymizer than with nasal prongs or transtracheal catheters
(P<0.05).

MRVEF indicates mean right ventricle ejection fraction (%); mLVEF, mean left ventricle ejection fraction
(%); T0, beginning of the study; and T1, end of the study.

Table 2. Pulmonary Function Tests at the Beginning and at the End of the Study (Mean ± SD).

T0 T1
FVC (L) 1.68±0.64 1.56±0.65
FEV1 (L)* 0.78±0.32 0.62±0.22
FEV1/FVC (%)* 47±9.9 34.7±9.5
RV (L) 4.68±1.61 4.55±1.71
TLC (L) 6.15±3.02 6.84±2.26
SGaw (S-1.cm.H2O-1) 0.044±0.039 0.037±0.025
DlCO (%)* 59.8±28 51.2±24
KCO (%) 73.4±39.2 68.2±29.5
MVV (L/min) 33.8±12.7 32.8±14.1

*P< 0.05
T0 indicates beginning of the study; T1, end of the study; FVC, forced vital capacity; FEV1, forced expiratory volume
in the first second; FEV1/FVC; RV, residual volume; TLC, total lung capacity; DlCO, diffusing lung capacity for carbon
monoxide; KCO, DLCO/alveolar volume; MVV, maximal voluntary ventilation; and Sgaw, specific airways conduc-
tance.
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The isotopic studies performed at
the beginning of the study, comparing
the changes of the right and left ejection
fractions (EF) at rest and during maxi-
mal exercise with the patients oxygena-
ted via nasal prongs, oxymizer, and
transtracheal catheter, demonstrated
that the LVEF and RVEF values during
rest were similar in all 3 methods.
However, during maximal exercise, the
EF increments of both ventricles were
significantly higher with nasal prongs or
transtracheal catheter. In other words, at
maximal exercise the LVEF increases
less markedly and the RVEF decreases
slightly with oxymizer than with nasal
prongs or transtracheal catheter (Table 1
and Figure 2).

The follow-up study showed that
hemoglobin values decreased from 15.21
± 2.09 g/dL to 12.91 ± 1.48 g/dL (P <
0.05), the decrease being uniform 
(Figure 3A). The Pao2 at the beginning
and at the end of the study with the
patients oxygenated via transtracheal
catheter at the preset oxygen flow are
shown in Figure 3B; an increase in Pao2

values was observed.
The initial PFTs are shown in Table

2. Only the FEV1, the FEV1 /FVC quo-
tient and DLCO (diffusing lung capacity
for carbon monoxide) but not the KCO
(DLCO/alveolar volume) deteriorated
statistically significantly (Figure 3C).

The 6-minute walking test did not
deteriorate at the end of the follow-up
(325 ± 134 m versus 327 ± 112 m, P =
NS, Figure 4) and there were no diffe-
rences between the cardiac rate values
(94 ± 11 versus 99 ± 11 BPM) and the
VAS score (3.5 ± 2.6 versus 3.8±2.14.
The only significant differences occurred
between heart rate and VAS value, at
the beginning and at the end of each
test, which indicates that patients made
a considerable effort, causing an
increase in heart rate, as well as a feeling
of dyspnea. No correlation was found
with any of the hemodynamic parame-
ters previously mentioned.

The anamnesis, performed routinely,
showed that all the patients usually
spent more than 4 hours away from

Table 3. Comparison of the hemodynamic data obtained after right heart catheterization at the begin-
ning of the study and after 1 year of oxygenation 24 hours a day with liquid oxygen via transtracheal
catheter (Mean ± SD).

T0 T1
mPAP 28.6±7 27.1±8.3
PVR 427±120 390±138
PAVR * 331±108 268±92
PCWP 6.0±3.2 9.39±3.5
CO 5.6±0.9     5.67±0.7
CI 3.35±0.68 3.38±0.49
SVRI 2111±581 2138±418
CW 9404±1353  9559±1435
RVFWSI * 54.2±29 40.6±19

* P < 0.05
T0 indicates beginning of the study; T1, end of the study; mPAP, mean pulmonary arterial pressure (mm Hg); PAVR,
pulmonary arteriolar vascular resistances (din/s/cm-5); PVR, pulmonary vascular resistances (din/s/cm-5); PCWP, pul-
monary capillary wedge pressure (mm Hg); CO, cardiac output (L/min); CI, cardiac index (L/min/m2);
SVRI, systemic vascular resistances index (din/s/cm-5); CW, cardiac work (calculated as: systolic blood pressure x
cardiac rate) (mm Hg/BPM);
RVFWSI, and right ventricle free wall stress index (mm Hg).
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their homes, and 3 of them restarted
work. The oximetric monitoring ruled
out an inaccurate oxygen delivery, as is
sometimes the case with some portable
liquid oxygen devices.17

A comparison of the RVEF and
LVEF, after 1 year of oxygenation via
transtracheal catheter and liquid oxygen
24 hours a day, showed no deterioration
(Table 1). Reliable results of ventricular
volumes were obtained in 5 patients.
They results showed that effort did not
alter either RV or LV volumes, however,
at rest, the end-systolic volume (P =
0.05) and the end-diastolic volume (P =
0.06) of the right ventricle showed a ten-
dency to decrease (Figures 5A and 5B).

Data referring to right heart
catheterization are shown in Table 3 and
Figures 5C and 5D. A sustained PAVR
improvement was observed at the end of
the follow-up. Pulmonary arterial pres-
sure, PVR, and cardiac output did not
vary; pulmonary capillary wedge pressu-
re (PCWP) was always within normal
limits. Similarly, the cardiac work
observed did not vary (9559 ± 1435 vs
9955 ± 1710 mm Hg BPM).

The echocardiography evaluation
showed that there was slight tricuspid
regurgitation (TR) in 6 patients and
moderate in 2 at the beginning and at
the end of the follow-up. No differences
were detected in the end-diastolic left
ventricle diameter (41.7±9 mm), in the
RV free wall (RVFW) thickness (8.6±1.8
mm), or in the septum thickness (
11.1±1.16 mm). The end-diastolic right
ventricle diameter showed a non-signifi-
cant tendency to decrease ( 31.6±8 ver-
sus 27.5±4.5 mm) (Figure 6A). We also
calculated a proportional RVFWS index,
which showed a decrease of the post-
load (54.2±29 versus 40.6±19 mm Hg;
P<0.05) (Figure 6B).

DISCUSSION
In this study, we contrasted the hemody-

namic responses to 3 different oxygen
delivery devices in a group of patients
suffering from very severe COPD, who
had previously been receiving oxygen
through nasal prongs 18 hours a day.
Patients who were reliable followers of
instructions, as was demonstrated by the
continuous anamneses carried out with
them and with their relatives, and the
hemoglobin levels were in the normal
upper range despite their baseline
hypoxemia. Patients were in a stable sit-
uation since none had suffered a respira-
tory infection or a c. pulmonale
decompensation during the 3 months
previous to the beginning of the study,
and the PFTs did not improve at the end
of the study when compared to those at
the beginning. Finally, cardiac output
measured by thermodilution and aver-
age EF by isotopic ventriculography
(both performed with oxygen) was with-
in normal limits, and the PCWP ruled
out the possibility of hyperhydration or
left cardiac failure. Clinical data, ant-
hropometric data and the morphology
of desaturations ruled out the possibility
of obstructive sleep apnea syndrome,
which could otherwise have been
relieved with the insertion of a transtra-
cheal catheter. Clinical tolerance to
transtracheal catheter was good, in
keeping with the literature on the sub-
ject.18,19 The level of oxygen saving was
as expected, with patients at rest (in-
cluding sleep) or exercising.14

The evaluation of the acute
response to the 3 different oxygen deliv-
ery devices tested revealed that with the
patient at rest, the 3 methods are useful
and that oxymizer and transtracheal
catheter save almost 50% of the oxygen
consumption needed compared with
nasal prongs. When patients performed
maximal exercise, despite the fact they
could reach the same level of cardiac
work, the hemodynamic response of the
right ventricle of the patients differed
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markedly depending on the oxygen
device used. The clinical application of
this observation is that the oxymizer is a
good method for oxygenating these
patients at rest (including sleep) and
that allows a 50% oxygen saving. In
those patients who are keen to restart
physical activity, the oxymizer is not the
best oxygen saving device. Transtracheal
catheter, while maintaining the preset
percentage of oxygen saving, allows a
hemodynamic response as satisfactory as
nasal prongs.

It may be that this different
hemodynamic response could have been
demonstrated by determining the Sao2%
changes with a pulse-oximeter during a
6 minute walking test or a treadmill test.
Although pulse-oximetry is generally
accepted as an excellent method to eva-
luate the Sao2%,20 in some cases
(patients with dark skin or increased le-
vels of bilirubin), the procedure is less
reliable.21 During effort, the changes in
Sao2% seem to be reliable but their
correspondence with the Pao2 is less so.22

Moreover, light and motion artifacts
cannot be completely avoided.23 Finally,
after observing that despite the different
hemodynamic response to the different
oxygen devices the patients reached the
same level of cardiac work, we believe
that the more reliable methods for the
evaluation of the hemodynamic
response are those tests that directly
assess the hemodynamic function of the
cardiac pump.

Since the oxymizer was not thought
to be a good oxygenation device for
patients undertaking considerable levels
of physical activity, we performed a
long-term evaluation only of patients
oxygenated via transtracheal catheter
and liquid oxygen 24 hours a day. Oxy-
genation in these patients improved, as
demonstrated by the decrease in
hemoglobin values, also noted by
Christopher.19 Attention should be
drawn to the improvement observed in

PaO2 at the end of follow-up, although
the PFTs did not improve.12 This finding
has also been pointed out by
O’Donohue,24 who attributes it to the
benefits of oxygen therapy.

The PFTs of our patients not only
failed to improve, but some parameters,
such as the FEV1 worsened, thus ruling
out the hypothesis that cardiopulmonary
hemodynamic improvement might be
due to an improvement in PFTs.13

Christopher25 suggested the possibility
that the continuous oxygen flow may
have a positive end-expiratory pressure
effect. Couser and Make,26 demonstrated
that transtracheal catheter-delivered
oxygen lowered the inspired min-
ute/volume and that this was one of the
mechanisms that improved the patients’
clinical state.

VAS, 6 minute walking test, and
maximum voluntary ventilation did not
worsen, possibly for the reasons stated
in the theory of Couser and Make,26 as
much as the improvement in Pao2, but it
is obvious that it was not due to PFT
changes. Weitzemblum27 observed that
although oxygen delivered via nasal
prongs could partially reverse pul-
monary arterial hypertension, it could
not improve patients’ spirometry; nor
could it be expected, therefore, to
improve the spirometry of our group.
Continuous oxygen delivered by
transtracheal catheter can slow down
the deterioration in exercise capacity,
but it does not improve static or dynam-
ic PFT.28 We could not relate 6-WT to
any other hemodynamic parameter.
Nevertheless, hemodynamic parameters
are frequently not correlated to the pa-
tient’s exercise capacity.

The echocardiography evaluation
showed that the incidence of TR at the
beginning and at the end of this study
was practically identical, and never
severe. Cardiac output calculated by
thermodilution is therefore reliable.29

Only the RV diameter showed a ten-
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dency to decrease although it did not
reach a statistical significance.

According to some authors,30 EF is a
good non-invasive method to evaluate
the function of both ventricles. MacKnee
et al.31 studied the repercussion that
oxygen administration could have on the
ventricular function of patients with
COPD, without signs of c. pulmonale,
and on patients with decompensated c.
pulmonale. He concluded that the RV
and LV functions are normal in patients
suffering from COPD without clinical
signs of c. pulmonale, but they are
diminished in patients with decom-
pensated c. pulmonale. He also observed
that mean pulmonary arterial pressure
was not significantly different in the 2
groups, which led him to the conclusion
that the lowering of contractility in
patients with decompensated c. pul-
monale was not due to a post-load
increase. In other words, the worsening
of pulmonary hypertension could not be
the cause of right heart failure. Our
results show that the RVEF is slightly
lower in this group of patients than in
the normal population and although,
RVEF and LVEF at rest were main-
tained, the response to exercise showed
a deficit. Moreover, Weitzemblum et al32

have recently observed in a longitudinal
study that a hemodynamic worsening is
observed in patients with COPD
exhibiting both edema and an exacerba-
tion of respiratory failure and could
explain the development of right heart
failure. Thus, the lack of mean pul-
monary arterial pressure increase obser-
ved by Macnee et al. could be due to the
inability of the RV, in their patients, to
generate a greater pressure and there-
fore to increase the EF or the cardiac
output.

We observed a slight decrease in
mean pulmonary arterial pressure at the
end of the 1-year follow-up as well as a
sustained increase in pulmonary arterio-
lar vasodilation. There was no deteriora-

tion in the EF of either ventricle; RV
dilation tended to decrease when evalu-
ated with 2 different techniques 
(isotopic ventriculography and echocar-
diogram), and there was also a fall of the
proportional index of the RV wall stress.
By oxygenating our patients in a more
rational manner (reflected by a decrease
in the hemoglobin values), we have
achieved a long-term decrease in PAVR.
This could possibly be attributed to sev-
eral factors, such as decreasing blood
viscosity secondary to a lower hema-
tocrit and/or continuous capillary
recruitment of the pulmonary vascula-
ture. The long-term repercussion of this
is demonstrated in the involution of RV
dilation.

To summarize, we have shown that
oxymizer and transtracheal catheter are
excellent methods for home oxygen
therapy and that they allow a 50% oxy-
gen saving, which is especially important
when patients require high oxygen flows.
In these cases, the oxygen-saving devices
make the oxygen therapy more tolera-
ble, allow the use of concentrators, and
increase the autonomy of liquid oxygen
strollers. If the patients intend to restart
work or perform outdoor physical activi-
ty for very long, we believe that conti-
nuous 24-hour a day oxygenation with
liquid oxygen via transtracheal catheter
improves the hemodynamic situation of
patients suffering from severe COPD
and chronic hypoxemia although they
were previously correctly oxygenated
via nasal prongs 18 hours a day.
Continous oxygenation with transtra-
cheal catheter allows them to maintain
the same exercise capacity and improve
the arterial blood gases. Therefore, this
confirms Flenley’s point of view 5 that
the more hours O2 is received by a
patient the better, and it is obvious that,
nowadays, the best method to achieve a
24-hour oxygenation is via transtracheal
catheter. We have also been able to de-
monstrate that it is possible to intervene
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in the evolution of chronic c. pulmonale.
Likewise, we should note that several
studies carried out to date have evaluat-
ed patients applying only 1 technique, a
situation that did not reliably reflect the
effect that oxygen may have on pul-
monary hemodynamics. In contrast, we
have studied a series of patients by
applying 3 different techniques simulta-
neously. Moreover, we have studied a
number of parameters that have not
been well studied in the literature
published to date (PAVR, wall stress,
ventricular volumes), and which may
give a better reflection of the real evolu-
tion of chronic c. pulmonale treated by
long-term oxygen therapy. Finally, our
data confirm empirically clinical
observations demonstrating the advan-
tages of transtracheal catheter-delivered
oxygen, such as better tolerance to exer-
cise,28 improvement of c. pulmonale, and
a lowering of the hematocrit.19
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