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ABSTRACT: The most commonly used mode of noninvasive mechanical ventila-
tion (NMV) is volume-controlled intermittent positive pressure ventilation (IPPV).
Pressure support ventilation has recently become increasingly popular, but its
merits have not been clearly defined.

In an open, nonrandomized follow-up study, we evaluated two modes of NMV,
volume-controlled (IPPV) and pressure-controlled ventilation (PCV) over 6 months
in 30 consecutive patients (24 males and 6 females, aged 49±19 yrs) with chronic
respiratory failure (CRF). The baseline assessments comprised both physiologi-
cal and subjective data.

In all cases, nasal IPPV was initially administered for 1 month, followed by a
second month of nasal PCV. Thereafter, responders or nonresponders to PCV
were defined according to the patients' subjective symptom score and/or the recur-
rence of hypercapnia. During the IPPV phase, in all but two patients the sub-
jective and objective parameters improved significantly. During the following 1
month PCV phase, stabilization was maintained in 18 patients ("responders"),
while 10 patients were defined as "nonresponders". In nonresponders, hypercap-
nia increased (arterial carbon dioxide tension (Pa,CO2): 5.7±0.4 to 6.6±0.5 kPa;
p<0.05) and symptom scores decreased. Compared with responders, nonrespon-
ders had a lower mean nocturnal arterial oxygen saturation (Sa,O2) (p<0.05) and
a higher daytime Pa,CO2 (p<0.05) at baseline.

We conclude that the majority of patients suffering from chronic respiratory
failure who are initially satisfactorily ventilated with intermittent positive pres-
sure ventilation may also be adequately maintained with pressure-controlled ven-
tilation. However, there is a subgroup with more severe chronic respiratory failure
at baseline, in whom pressure-controlled ventilation is inadequate. After 4 weeks
of treatment with pressure-controlled ventilation, the subjective scores and the
arterial carbon dioxide tension values reliably distinguished between long-term
responders and nonresponders to pressure-controlled ventilation.
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Chronic respiratory failure (CRF) is caused by a de-
crease in the capacity of the respiratory muscles (e.g.
neuromuscular diseases), an increase in load (e.g. kypho-
scoliosis or obstructive lung disease), or both [1]. Non-
invasive mechanical ventilation (NMV), eliminates
symptoms of hypoventilation and improves daytime
blood gas values. Furthermore, NMV may be used out-
side the hospital, usually in the patient's home [2, 3].
Traditionally, volume-cycled intermittent positive pres-
sure ventilation (IPPV) via mask has been the most fre-
quently used mode of NMV [2, 3].

Recently, however, there has been increasing interest
in noninvasive ventilation in which the airway pressure
rather than the tidal volume is imposed by the ventila-
tor: pressure-controlled ventilation (PCV). This is of prov-
en value in the management of patients with acute
respiratory failure (ARF) [4]. In the treatment of CRF,
PCV has practical and economic advantages over IPPV.

In our institution, NMV was introduced in 1989. Since
the introduction of PCV, anecdotal evidence has sug-
gested that, in a number of patients, it was not possi-
ble to maintain adequate control of CRF with this mode
of ventilation on a medium- and long-term basis. Data
concerning PCV in CRF have been reported only from
short-term studies (less than 1 week) involving small
numbers of patients [5–7]. The comparisons between
volume-controlled IPPV and PCV that have been pub-
lished have also addressed only short-term use [7, 8].
Furthermore, in these studies, the ventilation modes
were not standardized [7, 8], which raised concern that
additional variables, such as assisted versus controlled
ventilation, may also have influenced the results.

In order to avoid these disadvantages in the present
study, we therefore compared on a medium-term basis
the efficacy of two standardized NMV modes; i.e. vol-
ume-controlled IPPV and PCV. In order to eliminate



confounding influences due to triggering, we opted to
use both methods of ventilation in a controlled mode.
The main difference between the two methods of ven-
tilation is that in PCV the variable is the volume applied,
whereas in IPPV the variable is the ventilator press-
ure. These technical properties may be responsible for
a possible difference in the therapeutic efficacy of each
method of ventilation. We attempted to quantify the pro-
portion of patients in whom, despite initial satisfactory
treatment with IPPV, PCV subsequently proved inad-
equate to maintain control of CRF. The study was open,
nonrandomized and noncontrolled. This study design
was chosen because our institutional review board found
it unethical to withhold a treatment of proven efficacy.

Materials and methods

Subjects

The protocol was approved by our Ethics Commit-
tee, and all subjects gave written informed consent. The

subjects were 30 consecutive patients (24 males and 6
females) with slowly progressive CRF. The demograph-
ic data, the main diagnosis, and the chronic medication
used by the patients before admission are presented in
table 1. Baseline values were determined for haemoglo-
bin (Hb), haematocrit (Hct), pH, arterial oxygen tension
(Pa,O2), arterial carbon dioxide tension (Pa,CO2) at rest
(breathing room air), respiratory frequency (f R), tidal
volume (VT), mouth occlusion pressure (P0.1), maximal
inspiratory pressure (PI<,max), vital capacity (VC), forced
expiratory volume in one second (FEV1), and the mean
nocturnal oxygen saturation (Sa,O2) in patients at the
time of admission to our hospital. All patients had been
referred to us by respiratory physicians who had pre-
treated the patients for at least 6 months using maximum
standard therapy, which also included administration of
long-term oxygen (table 1).

Inclusion criteria. Only patients with slowly progres-
sive diseases leading to chronic hypercapnic failure
(Pa,CO2 >6.3 kPa) were included. Patients suffering from
obesity-hypoventilation syndrome (OHS) were included
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Table 1.  –  Demographic data, main diagnosis, response to pressure-controlled ventilation and chronic medication
of patients studied

Pt Sex Age Height Weight Main R/NR Therapy
No. yrs cm kg diagnosis

1 M 48 172 100 OHS R T, OS, D
2 F 20 138 27 SMA R LTOT, T
3 M 54 173 53 Post-TB NR LTOT, T, Iβ
4 F 29 152 40 SMA IPPV-NR T
5 M 32 180 50 DMD NR LTOT, D
6 M 75 169 72 COPD R T, LTOT, OS, Iβ, IAch
7 M 38 176 94 Scoliosis NR LTOT, T, D
8 M 60 182 83 Post-TB NR LTOT, T, D, Iβ, IAch
9 M 62 150 52 COPD NR T, LTOT, D, OS, Iβ, IAch, IS

10 M 46 170 120 COPD R T, LTOT, D, OS, Iβ, IAch
11 M 63 175 64 SMA NR T, D
12 M 19 156 56 DMD NR LTOT, T, IS
13 F 61 167 47 Post-TB R LTOT, T, IS, Iβ
14 M 63 180 156 OHS R T, D, Iβ, IS, OS
15 M 70 178 118 OHS R T, D, Iβ, IAch, OS
16 M 66 178 79 Post-TB R T, IS, Iβ
17 M 60 168 96 OHS R LTOT, T, D, OS
18 M 72 160 65 Scoliosis R T, D, IS, Iβ
19 M 44 163 110 PPS R LTOT, T
20 M 51 186 146 OHS R T, D, Iβ, OS
21 M 33 178 150 OHS R T, D, Iβ, IAch, OS
22 F 37 140 57 PPS R T, Iβ, OS
23 F 33 155 47 Scoliosis R T, D, IS, OS
24 F 72 164 63 Post-TB R LTOT, T, D
25 M 64 170 85 Post-TB NR D, OS
26 M 60 170 106 OHS R T, D
27 M 52 178 74 Scoliosis NR LTOT, T, D
28 M 44 169 115 OHS IPPV-NR T, D, Iβ, IAch, OS
29 M 68 148 48 Post-TB R LTOT, T, D, Iβ, IAch
30 M 70 167 69 Post-TB NR T, D, OS

Mean 52 167 81
SD 16 12 34

Pt: patient; M: male; F: female; R: responder; NR: nonresponder; IPPV: intermittent positive pressure ventilation; OHS: obesity-
hypoventilation syndrome; COPD: chronic obstructive pulmonary disease; DMD: Duchenne's muscle dystrophy; PPS: post-
polio syndrome; Post-TB: post-tuberculosis sequelae; SMA: spinal muscular atrophy; T: theophylline; OS: oral steroids; D:
diuretics; LTOT: long-term oxygen therapy; Iβ: inhaled betamimetic agents; IAch: inhaled anticholinergic agents; IS: inhaled
steroids.



in the study if correction of the sleep-related breathing
disturbance was not obtained after 1 week of nasal con-
tinuous positive airway pressure (CPAP) therapy.

Exclusion criteria. Exclusion criteria included acute
respiratory failure during the 4 weeks prior to admis-
sion to the hospital, acute bronchopulmonary infection,
fever, haemodynamic instability, severe acidosis, malig-
nant arterial hypertension, lack of co-operation, or rapid-
ly progressive neuromuscular diseases (e.g. progressive
amyotrophic lateral sclerosis).

Materials

Body plethysmography was performed using the Mas-
terlab (E. Jäger, Würzburg, Germany) normal values [9].
VT and f R were measured with a portable pneumotacho-
graph (CP100; Bicore, Medilab, Estenfeld, Germany). Sam-
ples for capillary blood gas analysis (Gas Check; AVL,
Bad Homburg, Germany) were obtained from the hyper-
aemic earlobe. Oxygen saturation was measured with a
pulse oximeter (Pulsox 7; Minolta, AVL, Bad Homburg,
Germany). A separate unit (hardware and software) for
continuous registration of P0.1 and PI,max was manu-
factured by one of our engineers (M. Klauke). P0.1 was
measured as described by WHITELAW et al. [10]. PI,max
was determined according to the method of BLACK and
HYATT [11].

Symptom scores

Dyspnoea during rest was measured based on the Borg
scale [12]. This scale ranges from 0 (not short of breath)
to 10 (extremely short of breath). The symptom scores
for morning headache, sleep quality, and mobility, and
the nuisance scores associated with use of the ventila-
tor (i.e. noise, alarms, or weight of the device) were
recorded on the basis of a standardized visual analogue
scale (0–10; in which the larger numerical values rep-
resented worsening symptoms).

Study protocol

The study was conducted on a prospective basis. Pre-
existing treatment, including pharmacotherapy and long-
term oxygen therapy (LTOT) were continued during the
daytime when the patients did not use the ventilator.
Oxygen insufflation was discontinued 1 h before all
measurements were taken. All objective variables and
symptom scores were measured at baseline, and 1, 2
and 6 months after NMV. The blood gas values were
measured on two consecutive days, six times altogether
(each day at 09:00, 14:00 and 18:00 h). The mean value
was taken. The other measurements were performed dur-
ing spontaneous breathing 8–10 h after discontinuation
of nocturnal mechanical ventilation. The ventilator set-
tings were adjusted when patients were awake. During
the daytime adaptation the patients had to fulfil three
conditions in order to be judged as acclimatizing ade-
quately to NMV: 1) acceptance of NMV in the con-
trolled mode without spontaneous breathing activity

(which was assessed visually by an experienced thera-
pist); 2) normocapnia during daytime NMV; and 3) no
relevant air leakage from the mask. During the adapta-
tion phase, the patients were sitting or in a semirecum-
bent posture. Blood gas values were measured after 15
and 30 min of NMV.

For each patient, the study was considered to have
started when the adjustment to IPPV had been com-
pleted. The quality of nocturnal IPPV was evaluated by
recording the Sa,O2. The patients were readmitted to hos-
pital after 1 month of nocturnal IPPV. The symptom
scores and the objective parameters described above
were re-evaluated at that point. If the measurements
taken after this IPPV period showed an improvement
and the patient agreed to continue the study, the patient
then converted to PCV without any treatment-free inter-
val. The quality of nocturnal PCV was evaluated again
and documented by recording the Sa,O2 with a pulse oxi-
meter.

At the end of the 4 week PCV period, two groups
were defined ("responders" and "nonresponders") on the
basis of their symptom scores and Pa,O2 values. Responders
to PCV showed no worsening in their symptom score
and were defined as those with maintenance of normo-
capnia. These patients continued with PCV for the fol-
lowing 4 months. Nonresponders to PCV were defined
as those with a deterioration in their symptom scores
(of more than 1 point), and/or an increase in Pa,O2 (>0.6
kPa) compared to the IPPV period. Nonresponders ret-
urned to IPPV. A final assessment was made 4 months
later.

Ventilators

For IPPV, the Dräger EV 800 (Dräger, Lübeck, Germany;
weight 16.5 kg) and the PLV 100 (Lifecare, Denver, CO,
USA; weight 12.8 kg) were used. The price of these
devices was DM 20,000–22,000 (US$ 13,500–15,000).
The trigger threshold was reduced, so that the respira-
tors were always used in the controlled mode. For PCV,
the bilevel positive airway pressure (BiPAP) was used in
T-mode (Respironics Inc., Murrysville, PA, USA; weight
4.3 kg). The cost of this device was approximately DM
16,500 (US$ 11,500).

Ventilator settings

Before IPPV was started, f R of the spontaneously
breathing patient was determined using a portable pneu-
motachograph. The ventilator rate was set at the same
rate or slightly higher than that measured during spon-
taneous breathing. The duty cycle ratio (fraction of inspi-
ration to total duration of respiratory cycle (tI/t tot)) was
chosen according to the underlying disease and the pati-
ents' subjective well-being (in restrictive thoracic dis-
eases, the inspiration time was typically set between 0.4
and 0.5 s, in OHS patients, between 0.3 and 0.5 s, and
in chronic obstructive pulmonary disease (COPD) patients
between 0.3 and 0.45 s). The PCV ventilator rate was
set at the same or a slightly higher rate than that mea-
sured during spontaneous breathing. The inspiratory time
was chosen as mentioned above. The VT determined
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during the preceding IPPV phase was taken as the ref-
erence value for the ensuing PCV phase. In order to
monitor VT, a pneumotachograph was inserted in the
tubing system. The inspiratory positive airway pressure
(IPAP) was adjusted so that the known VT was achieved.
Expiratory positive airway pressure (EPAP) in patients
with restrictive thoracic disease and OHS was set as low
as possible (at 2 cmH2O). In patients with COPD, EPAP
was chosen between 2.5 and 4 cmH2O.

Statistical analysis     

Results are expressed as mean±SD. The significance
for differences between matched pairs was determined
by the Wilcoxon test (two-sided). The significance for
intraindividual multiple comparisons was confirmed us-
ing Newman-Keul analysis [13]. Differences between
the responder and nonresponder group were determin-
ed by the Mann-Whitney test (two-sided). In all cases,
a p-value of less than 0.05 was considered to be sig-
nificant.

Results

All patients had CRF, characterized by hypercapnia,
hypoxaemia and persistent nocturnal oxygen desatura-
tion (table 2). At baseline, P0.1, P0.1/PI,max, and fR were
increased in all patients, whereas pH, PI,max, VT, VC,
FEV1 and Sa,O2 were reduced in relation to the predicted

value (table 2). All patients showed general disability
indicated by the symptom scores (table 2).

During the IPPV phase, two patients (Nos. 19 and 20)
did not tolerate IPPV due to adverse gastrointestinal eff-
ects, such as flatulence. These adverse effects led to pre-
mature discontinuation of IPPV after 14 and 16 days.
Both patients were viewed as nonresponders to IPPV (fig.
1). Treatment with PCV was successful in both patients,
with daytime normalization of hypercapnia achieved
during spontaneous breathing within the next 2 weeks.

After 1 month of IPPV, the following values changed
significantly in all patients: Pa,CO2, Hct, fR, P0.1, and
P0.1/Pi,max decreased; Pa,O2, PI,max, VT, and pH increased,
while Hb, VC and FEV1 remained unchanged (table 2).
Simultaneously, the symptom scores improved (table 2).

The disturbance to all patients caused by the weight
and the alarms of the IPPV ventilators was significant-
ly greater when compared with the PCV phase. The
visual analogue scores for the weight of the ventilator
were 5.1±3.2 for IPPV and 1.0±1.5 for PCV. The mean
score for the alarm was 3.5±2.4 for IPPV, while there
were no alarms associated with the use of PCV. With
regard to the noise of the ventilators, no significant dif-
ference could be found between the units (2.3±2.4 ver-
sus 2.3±2.6).

During the subsequent PCV phase, three patients dis-
continued either after the first study night (patient No.
21) or after four and six nights of treatment (patients
Nos. 24 and 30), because they felt subjectively worse.
They complained about morning dyspnoea, and deteri-
oration of mobility and sleep quality. All three patients
successfully continued with IPPV, without further adverse
effects. The remaining 25 patients completed the 1 month
period of PCV (fig. 1). The mean Sa,O2 during noctur-
nal PCV was 92±2%. At the end of the PCV period the
patients were classified as responders or nonresponders
depending on the subjective scoring and the Pa,CO2 val-
ues (see Methods).

Eighteen patients responded to PCV (fig. 1). Compared
with the preceding IPPV phase, the objective parameters
in the responders improved further or remained the same:
Hct, Pa,CO2, P0.1 and P0.1/PI,max decreased; PI,max andVT
increased; Hb, pH, Pa,O2, f R, VC and FEV1 did not
change significantly (tables 3 and 4). The symptom scores
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Fig. 1.  –  Flow chart of the study involving a total of 30 patients.
IPPV: intermittent positive pressure ventilation; PCV: pressure-con-
trolled ventilation.

Table 2.  –  Measurements at baseline and after 1 month
of IPPV in all patients

Baseline p-value IPPV
after 1 month

Hb  mmol·L-1 10.2±1.6 NS 9.9±1.2
Hct  % 50±8 * 48±5
pH 7.33±0.04 *** 7.38±0.03
Pa,O2 kPa 6.4±1.2 *** 8.3±1.0
Pa,CO2 kPa 7.5±0.9 *** 5.5±0.8
P0.1 cmH2O 4.1±1.4 *** 2.9±0.9
PI,max cmH2O 40.5±12.8 *** 56.5±13.6
P0.1/PI,max 11.7±4.6 *** 5.3±2.1
fR breaths·min-1 25.6±5.2 *** 19.2±3.3
VT mL 341±110 ** 440±152
VC  L 1.6±0.6 NS 1.6±0.6
FEV1 L 1.01±0.4 NS 1.1±0.4
Sa,O2 % 77±6 *** 93±2
Dyspnoea 5.6±2.6 *** 1.3±0.9
Headache 3.2±3.2 *** 0.4±0.8
Sleep quality 6.8±2.3 *** 1.6±0.8
Mobility 7.5±1 *** 2.5±0.8
Noise (device) - - 2.3±2.4
Weight (device) - - 5.1±3.2
Alarm (device) - - 3.5±2.4

Values are presented as mean±SD. IPPV: intermittent positive
pressure ventilation; Pa,O2: arterial oxygen tension; Pa,CO2: arte-
rial carbon dioxide tension; Hb: haemoglobin; Hct: haema-
tocrit; P0.1: occlusion pressure; PI,max: maximal inspiratory
pressure; fR: respiratory frequency; VT: tidal volume; VC: vital
capacity; FEV1: forced expiratory volume in one second; Sa,O2:
arterial oxygen saturation. *: p<0.05; **: p<0.01; ***: p<0.001;
NS: nonsignificant, comparing measurement at baseline and
after 1 month of IPPV.



with regard to dyspnoea, headache, mobility and sleep
remained unchanged (table 5). At the end of the PCV
phase, the responders continued with PCV. The impor-
tant advantages from the patients' point of view were
the absence of alarms and the lesser weight of the PCV
unit (table 5). Table 6 shows the ventilator settings in
responders and nonresponders.

After 1 month of PCV, the symptom scores of the 10
nonresponders, with regard to dyspnoea, sleep quality
and mobility, worsened significantly compared with the
preceding IPPV phase and with the responder group
(table 5). Nevertheless, at the end of the PCV period
the average scores were still significantly better than
baseline values (table 5). Furthermore, all nonrespon-
ders could be clearly identified by a significant increase

in Pa,CO2 (fig. 2) and a corresponding decrease in Pa,O2
(table 4). The other objective variables did not change
significantly (tables 3 and 4). The likelihood of being a
nonresponder was not related to the underlying diagno-
sis. At baseline, compared to responders, nonresponders
had lower mean nocturnal Sa,O2 (p<0.05) and a higher
Pa,CO2 (p<0.05) (table 3).

After completion of the PCV phase, all nonrespon-
ders returned to the initial IPPV therapy. During the
ensuing 4 months on IPPV, nonresponders regained day-
time normocapnia (fig. 2) and showed significant impr-
ovements in dyspnoea, sleep quality, and mobility (tables
3 and 5). However, the weight and the alarms of the
IPPV ventilators again caused high symptom scores in
the nonresponder group (table 5).

B. SCHÖNHOFER ET AL.188

Table 3.  –  Haemoglobin, haematocrit, blood gas values and arterial oxygen saturation measured at baseline, after
1 month of IPPV, after a second month of PCV, and after 6 months of NMV

After IPPV After PCV After NMV
Baseline p-value At 1 month p-value At 2 months p-value At 6 months

Responders
Patient  n 18 18 18 18
Hb  mmol·L-1 16.3±3.0 NS 9.9±1.4 NS 9.5±0.8 NS 9.5±1.0
Hct  % 50±9 * 49±7 * 46±4 NS 45±5
pH 7.34±0.09 ** 7.38±0.03 NS 7.39±0.04 NS 7.39±0.02
Pa,O2 kPa 6.6±0.8 *** 8.0±0.9 NS 8.3±1.0 NS 8.1±1.2
Pa,CO2 kPa 7.1±0.6# *** 5.5±0.5 * 5.4±0.5### NS 5.6±0.5
Sa,O2 % 80±5# *** 93±2 NS 93±2.3 NS 93±2
Nonresponders
Patient  n 10 10 7 10
Hb  mmol·L-1 10.7±0.9 * 10.2±0.7 NS 9.7±0.7 NS 9.8±0.5
Hct  % 52±4.4 * 49±3 NS 47±4 NS 46±3
pH 7.32±0.03 ** 7.37±0.03 NS 7.36±0.01 NS 7.39±0.02
Pa,O2 kPa 5.7±1.4 ** 8.5±0.5 * 8.0±0.6 NS 8.4±1.3
Pa,CO2 kPa 8.1±1 ** 5.7±0.4 * 6.6±0.5 * 5.5±0.5
Sa,O2 % 7.5±6 ** 93±2 NS 92±2 NS 92±2

Values are presented as mean±SD. PCV: pressure-cycled ventilation; NMV: noninvasive mechanical ventilation. For further def-
initions see legends to tables 1 and 2. Significant differences within the responder and nonresponder group: *: p<0.05; **: p<0.01;
***: p<0.001. Significant differences between responder and nonresponder: #: p<0.05; ##: p<0.01; ###: p<0.001.

Table 4.  –  P0.1, PI, max, f 'R, VT, VC and FEV1 measured at baseline, after 1 month of IPPV, after a second month
of PCV, and after 6 months of NMV

After IPPV After PCV After NMV
Baseline p-value At 1 month p-value At 2 months p-value At 6 months

Responders
Patient  n 18 18 18 18
P0.1 cmH2O 4.4±1.6 ** 3.2±1 * 2.9±1 NS 2.9±0.8
PI,max cmH2O 40.1±13.2 *** 56.2±12.7 * 58.1±20.3 NS 60.1±17.9
P0.1/PI,max 12.2±6.2 *** 6.0±2.2 * 5.2±2.3 NS 5.1±2.1
f 'R  breaths·min-1 25.5±5.2 *** 19±3.3 NS 18.7±3.4 NS 18.3±2.9
VT mL 350±117 ** 467±188 * 531±193 NS 550±186
VC  L 1.8±0.8 NS 1.8±0.8 NS 1.9±0.8 NS 1.8±0.8
FEV1 L 1.1±0.5 * 1.3±0.5 NS 1.3±0.6 NS 1.2±0.5
Nonresponders
Patient  n 10 10 7 10
P0.1 cmH2O 4.1±1.6 ** 2.7±1 NS 3.5±1.1 NS 2.6±0.8
PI,max cmH2O 39.5±14.6 ** 60.9±15.6 NS 64.4±15.9 NS 63.4±18.3
P0.1/PI,max 11.1±2.9 ** 4.3±1 NS 5.5±1.5 NS 3.9±0.7
f 'R  breaths·min-1 26±5.9 ** 18.7±3 NS 22±3.6 NS 19.7±3.3
VT mL 340±97 * 447±100 NS 404±78 NS 467±93
VC  L 1.5±0.3 NS 1.6±0.3 NS 1.6±0.3 NS 1.6±0.4
FEV1 L 1.0±0.3 NS 1.1±0.4 NS 1.0±0.3 NS 1.1±0.4

Values are presented as mean±SD. For definitions see legends to tables 2 and 3. Significant difference within the responder and
nonresponder group: *: p<0.05; **: p<0.01; ***: p<0.001.



Table 6.  –  Ventilator setting with intermittent positive
pressure ventilation (IPPV) and pressure-cycled ventila-
tion (PVC)
PCV settings IPAP EPAP VR t I

cmH2O cmH2O 1 min-1 %

Responders 18.7±3.4 3.3±1.6 19.3±2.3 42±4
Nonresponders 17.3±5.5 2.4±1.1 20.7±3.7 42±6

IPPV settings VVT VR I-time
mL 1 min-1 s

Responders 690±155 20.4±3 1.1±0.2
Nonresponders 709±143 21±4.6 1.2±0.3

EPAP: expiratory positive airway pressure; IPAP: inspiratory
positive airway pressure; I-time: inspiration time; t I: inspira-
tion time as a percentage of the total beathing cycle; VVT:
tidal volume of the ventilator; VR: ventilator rate.

Discussion

The main finding of this study is that PCV can main-
tain stability in  the majority of a heterogeneous pop-
ulation of patients with CRF after initial treatment with
IPPV. In the PCV nonresponders, IPPV was able to im-
prove the CRF-associated symptoms and hypercapnia.
No patient found to be a responder after 1 month of
PCV subsequently became a nonresponder.

As one would expect, with the exception of two, all
patients in our study responded positively to a 1 month
phase of nocturnal IPPV. These two were nonrespon-
ders to IPPV because of intractable gastrointestinal flatu-
lence; they were adequately treated with PCV. With
IPPV, all other patients showed a marked improvement
in their symptom scores and in the objective respira-
tory parameters, a fact which was confirmed by day-
time normalization of the Pa,CO2 values.

After an overall improvement with IPPV in the first
month of the study, two thirds of the remaining 28 pati-
ents responded positively to PCV. The nonresponders
deteriorated with regard to symptoms and Pa,CO2 reflect-
ing inadequate NMV. All nonresponders returned to the
initial IPPV mode after the PCV phase. Thereafter, they
regained normocapnia, and the symptom scores improved
in the ensuing 4 months of IPPV therapy.

Compared to the responders, nonresponders to PCV
had a lower mean nocturnal Sa,O2 and a higher mean
Pa,CO2 at baseline, indicating more severe CRF. The
other parameters did not differ significantly prior to the
PCV trial. However, the above-mentioned differences
in Sa,O2 and Pa,CO2 were only moderate, and there were
no clear cut-off predictive values which were able to
distinguish responders from nonresponders. Neverthe-
less, this observation is of importance and suggests that
PCV should be introduced in a carefully supervised
manner in patients with severe CRF.

Recently, noninvasive pressure support ventilation has
been used more frequently both in patients with ARF
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Table 5.  –  Symptom scores measured at baseline, after 1 month of IPPv, after a second month of PCV, and after
6 months of NMV

After IPPV After PCV After NMV
Baseline p-value At 1 month p-value At 2 months p-value At 6 months

Responders
Patient  n 18 18 18 18
Dyspnoea 5.4±3.0 *** 1.1±1.2 NS 1.1±1.2## NS 0.7±0.9
Headache 2.9±3.2 *** 0.0±0.0 NS 0.0±0.0 NS 0.0±0.0
Sleep quality 6.5±2.2 *** 1.5±0.8 NS 1.1±1## NS 0.7±0.9
Mobility 7.3±1.1 *** 2.6±1.0 NS 2.1±1.1## NS 1.7±0.7
Noise (device) - - 2.4±1.6 NS 2.3±2.4 NS 1.9±2.0
Weight (device) - - 5.6±2.8 *** 1.2±2.0 NS 1.2±1.1
Alarm (device) - - 3.8±2.4 - - - -
Nonresponders
Patient  n 10 10 7 10
Dyspnoea 5.8±2.4 ** 1.4±0.7 * 3.1±1.0 * 1.3±0.8
Headache 3.3±2.9 ** 0.9±1.0 NS 0.1±0.3 NS 0.2±0.4
Sleep quality 6.8±2.7 ** 1.7±0.8 * 4.0±1.3 NS 0.9±0.7
Mobility 7.7±0.8 ** 2.4±0.7 * 4.8±1.2 * 2.1±0.6
Noise (device) - 2.2±3.3 NS 2.3±2.9 NS 0.5±0.8
Weight (device) - 4.2±3.4 * 0.7±1.2 * 4.0±3.4
Alarm (device) - 3.6±2.6 - - - 3.4±2.5

Values are presented as mean±SD. For definitions see legends to tables 2 and 3. Significant differences within the responder and
nonresponder group: *: p<0.05; **: p<0.01; ***: p<0.001.  Significant differences between responder and nonresponder: #: p<0.05;
##: p<0.01; ###: p<0.001.
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Fig. 2. –  Pa,CO2 of the responders (circles) and nonresponders (tri-
angles) to pressure-controlled ventilation (PCV) during the course of
the study. Individual Pa,CO2 values of single patients are given as a
mean of three measurements during daytime spontaneous breathing.
The PCV trial, which was completed after 2 months, distinguished
responders from nonresponders.



[4, 14] and in CRF [5–8]. In an open study (data unpub-
lished), we had previously found that when used on a
long-term basis a number of patients who initially had
a good response to PCV in the assisted mode subsequ-
ently developed a recurrence of hypercapnia and symp-
toms of CRF. For these patients, we were obliged to
return to a controlled ventilation mode (volume- or pres-
sure-cycled). In most cases, satisfactory treatment of
CRF was then obtained. To the best of our knowledge,
there are no studies in the literature which address the
relative efficacy of PCV and IPPV in the medium term.
Previous studies have compared IPPV and PCV only
in the short term; none of these have extended for more
than 1 week [5–8]. In the present study, two thirds of
the nonresponders appeared after the first week. More-
over, it should be recalled that only one third of the
total population were nonresponders. From the present
data, it is likely that the latter studies may have missed
a significant number of medium term nonresponders.
Overlooking them is of clinical importance, since if not
carefully monitored they could develop overt ventila-
tory failure after discharge from the hospital.

A randomized, cross-over design would have been
preferred. Since at presentation all patients suffered
from CRF our institutional review board did not per-
mit this, and also considered a run-in period unethical
because it would have required withholding an effec-
tive treatment from symptomatic patients, which may
have exposed them to the risk of further deterioration.
For similar reasons, we were not permitted to include
a wash-out period after the 4 week period of IPPV.
Since baseline measurements for the PCV without any
treatment-free interval do not exist, we cannot theoret-
ically exclude a prolonged effect of IPPV on the initial
phase of the PCV. On the other hand, in all nonresp-
onders, the deterioration of the symptom scores and the
recurrence of hypercapnia occurred during the 4 week
period, suggesting that any carry-over effect was tran-
sient. Moreover, it has been shown that after withdrawal
from NMV, deterioration occurred after 1 week [5]. Fin-
ally, in order to exclude time effects, the design of the
present study incorporated a follow-up of the patients
over a 6 month period. We acknowledge that the design
of this study, which was open, nonrandomized and non-
controlled, is inadequate to quantify the true prevalence
of the medium- or long-term nonresponders. Neverthe-
less, the data do demonstrate that the problem of medium-
term nonresponders exists; and this has not previously
been documented. This study could, therefore, be viewed
as a pilot study, as the present data did show that the
majority of patients were responders to PCV and addi-
tionally that two patients were nonresponders to IPPV.
Therefore, we are convinced that a prospective random-
ized study of the medium- and long-term efficacy of
PCV in comparison to IPPV is now warranted and
would not now be unethical.

When considering the present study in comparison
with previously published work, we obtain both con-
firmatory and cautionary conclusions. Thus, we agree
that pressure preset ventilation may be an alternative
to volume preset ventilation [7, 8]. The data confirm
that the majority of patients with CRF may be ade-
quately treated with PCV. However, they also suggest
that a period of 1 week or less is inadequate to predict

a satisfactory response to treatment in the medium term.
We propose a therapy interval of 4 weeks as a feasi-
ble period in order to judge the long-term efficacy of
a ventilation mode. Further studies are needed to address
this issue.

Despite the fact that the two ventilation modes com-
pared were accurately matched for rate and volume dur-
ing the daytime, a group of patients did not respond to
PCV. Thus, the adequate mechanical ventilation of a
conscious and cooperative patient during the day does
not always seem to be relevant to the nocturnal situa-
tion of a sleeping ventilated patient. The patients were
adapted to the ventilator setting either in a sitting or a
semirecumbent posture during the day. One reason for
not responding to PCV may be the postural change of
lung and chest wall mechanics during nocturnal venti-
lation. Compliance of the lung and chest wall were not
assessed in this study. Furthermore, this study did not
attempt to examine the electromyographic (EMG) activ-
ity of respiratory muscles, the sleep architecture, syn-
chronicity between patient and ventilator, or leakages of
the masks during nocturnal NMV. Analysis of these
aspects would have permitted a deeper comprehension
of the study outcome.

One may still criticize the decision to study the two
controlled modes, without a triggered mode, in patients
who have drive to breathe, as documented by P0.1 mea-
surements. Our reasoning was that since drive to breathe
is normally reduced during sleep we were doubtful that
adequate daytime P0.1 would translate to fully effec-
tive triggering during sleep. Interesting parallels may
be observed in COPD, where drive to breathe is usu-
ally high; however ELLIOTT et al. [15] demonstrated, in
patients with COPD, that the facility to trigger was
hardly used and that most patients used their ventila-
tors in the controlled mode.

Since very few patients were nonresponders to IPPV,
it could be argued that PCV is unnecessary. However,
there are some features of PCV which make it attractive
if it is effective. Thus, air leakage from the mask dur-
ing sleep is not compensated for with IPPV, in contrast
to PCV. We found other disadvantages to be alarm-asso-
ciated noise and weight of the IPPV units used. How-
ever, the scores of disturbances refer exclusively to the
specific devices tested in this study and not to the modal-
ity of ventilation as such. The disadvantages of IPPV,
associated with practicability and costs, could change in
the future with improvement in the design of the units.
Finally, compared to PCV the IPPV units currently avail-
able in Germany are still more expensive.

We conclude that after initial treatment with inter-
mittent positive pressure ventilation, pressure-controlled
ventilation can stabilize the majority of patients suf-
fering from chronic respiratory failure. In the subgroup
of nonresponders, the efficacy of pressure-cycled ven-
tilation was less than that of intermittent positive pres-
sure ventilation, at equal settings. A period of 1 month
was shown to be adequate for judging the medium-term
outcome of a specific ventilation mode for noninvasive
mechanical ventilation. If pressure-cycled ventilation
shows the same efficacy as the preceding intermittent pos-
itive pressure ventilation, it can be assumed that pres-
sure-cycled ventilation is an adequate alternative to
intermittent positive pressure ventilation on a long-term
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basis. As a result of the present findings, a trial of pres-
sure-cycled ventilation is thus recommended because it
is more comfortable to use and less expensive.
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