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In twenty-one patients ventilated for = 3 days, we compared similar levels of partial support provided by
synchronized intermittent mandaiory ventilation (SIMV) and pressure support ventilation (PSV) in terms
of breathing comfort, On a single day, eligible subjects experienced, in random order, both SIMV and PSV
weaning protocols (sequential 20% reductions in support at timed intervals) separated by a 1 to 3 h rest.
Breathing comfort was defined by subjective ratings of dyspnea and anxiety. Subjects reporied significant
levels of prewsaning dyspnea and anxiety despite resting for at least 6 h. Dyspnea and anxiety were not
significantly differant between the two methods at any level of support. Our findings suggest that dyspnsa
and anxiety are higher than expected on “full” ventilator support, and that comfort may not differ between
PSV and SIMV during active withdrawal of machine support. Knebel AR, Janson-Bjerklie SL, Malley JD,
Wilson AG, Marini JJ. Comparison of breathing comfort during weaning with two ventilatory modes.

Am J Respir Crit Care Med 1994; 149:14-8.

For most patients who require mechanical ventilation, the return
to spontangous breathing is a simple matter of discontinuing ven-
tilatory support when the patient appears teady. However, because
abrupt transitions are poorly tolsrated by some patients, ventila-
tor support must often be removed more gradually.

Two techniques of partial ventilatory support are widely used
to wean patients from rmechanical ventilation. Synchronized in-
termittent mandatory ventilation (SIMV) coordinates the onset of
machine assistance with patient effort and.ensures the defivery
each minute of a prescribed number of machine-delivered cycles
of known volume. Howsver, recent work suggests that SIMV does
not reduce patient work in quite the same fashion as was com-
monly believed (1). ’ :

Pressure support ventilation (PSV) reduces the breathing work-
load of each breath and overcomes endotracheal tube resistance
{2, 3). Unlike SIMV, this pressure-limited mode does not guaran-
tee a minimum tidal volume (VT) or minute ventilation (VE) (4).
Uncontrolled observations-suggest that PSV promotes patient-
vantilator synchrony with respect to cycle length and that it may
be more comfortable than SIMV (5). In theary, such benefits could
improve tolerance and facilitate the weaning process. Therefore
the purpose of this study was 1o compare weaning with SIMV to
weaning with PSV in terms of breathing comfort.
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METHODS
Subjects

We studied 21 alert subjects who were intubated for respiratory failure
secondary o varied pulmonary (not cardiovascular) causes. Each sub-
ject had been ventilated for > 3 days in the medicalisurglcal intensive
care unit at the Medical Center at the University of California, San Fran-
cisco. All subjects were hemodynamically stable, were capable of sus-
taining brief periods of spontanecus ventilation, and had not experienced
a weaning attempt during thae preceding 12 h. Each patient was oriented
totime, placs, and person and responded appropriately to directed ques-
tions. Each was judged by attending staif io be an appropriate candidate
for a weaning trial.

Apparatus

All subjects were ventilated with a Puritan-Bennett 7200 ventilalor (Carls-
bad, CA) using standard disposabia circuitry. Alrway pressure was moni-
tored in the external circuit (model DP15-30; Validyne, Northridge, CA).
A Flelsh-style pneumotachygraph (Blonix 400, Richmond, CA) was con-
nected to the endolracheal tube proximal to the Y piece of the ventilator
circuit, The pneumotachygraph (accurate + 2% of full scale) used an
internal integrating circuit to continuously measure airflow and compute
volume. This instrument repeatedly reestablished the zero-flow baseline,
thus praventing electrical drift and enhancing the reliability of measure-
ments at low flow rates. The wavetorms of airway pressure, airflow, and
tidal volume were recorded on a four-channel recorder (model 77548,
Hewlett Packard, Waltham, MA) calibrated with standardized signals. The
added dead space of the experimental apparatus was approximately 100
ml, and added inspiratory resistance was 0.6 cm H,OfL/s. Maximal static
inspiratory pressure (Pip,,) was measured from the airway pressure
waveform recorded during @ maximal inspiratory effort maneuver at or
pelow funictional residual capacity (6).

Psychometric Instruments

For purposes of this study, breathing comfort was assessed by indices
of dyspnea and anxiety. The intensity of generalized breathing discom-
fort was rated with a dyspnea visual analogue scale (VAS), The dyspnea
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VAS asked subjects to place a vertical mark on a printed 100 mm horizon-
tal scale in responsa to the question: “How short of breath are you right
now?" The line had deseriptors below the extreme ends. On the left was
the word "none,” indicating no shortness of breath, and on the right was
tha opposite response, “extremely severe”” For each weaning technique
and stage, subjects placed a vertical mark on the line that bast repre-
sentad the intensity of their dyspnea. Intensity was measured as the dis-
tance in millimeters from the laft side of the horizontal line (correspond-
ing to no dyspnea) to the mark placed by the patient. A fresh scale was
prasented each time these measures of breathing comfort were assessed.

Because patients occasionally have difficulty understanding how to
mark the VAS (7), our subjects were carefully instructed on the appropri-
ate use of the scale before the protocol began. Standardized directions
were read aloud and all patients then practiced marking the scale. The
feasibility of using the VAS in ventilated patients has been previously es-
tablished (8). :

A VAS was also used to quantify anxiety, an emotion frequently expe-
rienced by ventilated patients (9, 10). This instrument was chosen to de-
crease responsa burden in thase critically Il patients during weaning and
to chart subtle changes in anxiety. The anxiety VAS asked subjects 1o
rate, "How do you fesl right now?" by marking on a 100 mm line. Descrip-
tors at the extrame ends read “not at all anxious” and “extremely anxious.”
The anxiety VAS was printed In large type on a card separate from the
dyspnea VAS and was administered before the weaning attempt and dur-
ing each weaning condition. The anxiety VAS score was measured as
the distance in millimeters from the left edge of thevine to the mark placed
by the patient.

Procedure

The Committee for Human Research at the University of California, San
Francisco approved the protocol. All subjects were studied while sitting
semi-upright (45 1o 90 degrees from horizontal). Preweaning measure-
ments of anxiety and dyspnea were first collected, and then the airway
pressure monitoring equipment and prneumotachygraph were connected
' o the endotracheal tube.

After the equipment was placed and adjusted, subjects performed an
inspiratory maneuver against occlusion using a one-way valve to ensure
maximal effort (B}, The subjects then recovered from the exertion for sev-
eral minutes, breathing with assist-control ventilation {AMV). The resting
VE was then recorded. Next, still using AMV, a brief series of passive,
machine-controlled breaths (where the patient did not initiate inspiration)
were obtained by gradually Increasing the machine's backup breathing
frequency to the point of suppressing patient triggering of the ventilator.
The shape and contour of the airway pressure tracing indicated that pas-
sive inspiration was achiaved {11}, These passive breaths were used to
calculate the resistance and compliance of the respiratory system, which
provided information about the impedance charaeteristics of the lung and
chest wall.

Machine support was provided by sither PSV or SIMV, and all sub-
jects experienced both protocols. Five cm H,0 of continuous positive air-
way pressure (CPAP) was applied during both modes for several reasons.
It is our practice 1o use low levels of CPAP to counterbalance the loss
of end-expiratory lung volume that occurs when patisnts are supine or
semi-upright. Alsg, in patients with dynamic hypetinflation, such as those
with emphysema, low CPAP levels may prevent dynamic airway collapse
or help counterbalance dynamic hyperinflation (12).

Half of our subjects recelved the SIMV protocol first, while the others
received the PSV protocol first. The order of presentation was varied, ac-
cording to a table of random numbers. A 1- 1o 3-h rest preceded the start
of the second prolocol. Care was taken to ensure that subjects feit wel
rested and ready to begin. Ali subjects started at a level of ventilation in-
tended to provide “full support” (100%). For the PSV phass, pressure sup-
port was adjusted until the patient achieved a VT of 10 mi/kg. The level
of support necessary to achieve this voluma varied from subject to sub-
ject, depending on the impedance to chest inflation.

Applied pressure was then decreased progressively in 20% decrements
from full support until the patient breathed spontaneously with 5cm H,0
CPAP {0%). For example, the patient may have started at 20 cm H,0 pres-
sure support (peak ajrway pressure 25 em H,0) to achieve a VT of 10

mikg. in that cass, the ventilatory support level was decreased in 4 cm
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H,0 decrements. Therefore, 16 cm H,O support (21 cm H,O peak pres-
sure) was defined as 80% support; and spontaneous breathing (0 em H,0
pressurs support, 5 cm H,O CPAP} was 0% support.

During the SIMV prolocol, full support was first achieved by setling
the ventilator-delivered VT equal 1o 10 mi/kg and adjusting the ventilator's
fraquency to achieve a VE equal to that praviously sel by the patient dur-
ing relaxed assist-control ventilation. For SIMV machine cycles, constant
inspiratory flow was delivered at 60 L/imin. During this weaning protocol,
the ventilator-delivered frequency was decreased in 20% decrements. No
pressure support was applied to the unsupported spontanecus breaths.
For example, if the patient weighed 70 kg, the ventilator-deliverad VT was

0.70 L. Therefore, if the baseline VE on assist-control ventilation was 10

L/min, the ventilator frequency was set at 14 _breaths per minuta ({10
Umin}/[0.70 L] = 14 breaths/min). In this example, the ventilator rate was
decreased sequentially from 14 to 11, 8, 5, 2, and 0 breaths per minute.
Zero breaths per minute with 5 cm H,0 CPAP represented 0% support.

During both protocols, measurements of airway pressure, airflow, and
volume were sampled 10 min after accommodation to each new ventila-
tor setting. VAS for dyspnea and anxiety weré than recorded. The order
of presentation of the scales was randornized. Data collection at each ven-
tilator setting required 3 to § min, so the subject breathed for about 15
min at sach level of support. Each weaning protocol lasted approximately
2 h. Because the protocols were separated by a rest period of approxi-
mately 2 h, data collection lasted about-6 h.

Subjects were monitorad closely as ventilatory support was decreased.
Thay were returned to full support and the protocotiimb terminated if cardio-
respiratory instability occurred as evidenced by any of the following: in-
creased hieart rate > 120 beats/min, change in systolic blood prassure
to < 80 mm Hg or to > 180 mm Hg, development of & new arrhythmia,
oxygen saturation less than 30%, or requests for increased ventilation
because of severe dyspnea or anxiety.

Subjects were followed for 24 h after the study was completed, to see
it extubation was succeasfully accomplished. House staff and attending
physicians made all clinical decisions regarding care and extubation with-
out knowing the study resulte or receiving input from the investigators.

Data Analysis

A two-way repeated measures analysis of variance {using a biomadical
statistical package, BMDP 5V [BMDP Statistical Software, Los Angeles,
CAl, for the expectation maximization {EM] algorithm for maximal likeli-
hood estimation in the presence of missing data [13])-evaluated the differ-
ences betwesn dyspnea intensity and anxiety intensity between the two

_ weaning methods. Group differences were evaluated using pairad tteste

(with.a Bonferronl correction for multiple tests) 0 locate where the differ-
ences occurred. Level of significance was set at p < 0.05 for all statistical
tests.

RESULTS

The mean age of the subjects in the sample was 52 + 21.7 yr.
The number of days they were ventilated before study ranged from
3 to 55. Etiologies for respiratory fallure varied across subjects
(table 1). All subjects, except one with a tracheostomy, had oral
endotracheal tubes that ranged in size from 7 to 8 mm (internal
diameter). Tho mean P1,,,, exceedod the standard criterion (14)
of 30 ¢cm H,0 used to predict successful weaning (46.1 = 187 cm

TABLE 1
) ETIOLOGY OF RESPIRATORY FMLURE_ )

No. of
Patients

Primary Clinical Diagnosis
Adull respiratory digtress syndrome
Chronic obstructive pulmonary disaase
MNeuromuscular weakness

Pneumonia

Postoperative surgical procedura
Asthma

o woe v
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H,Q). The total VE on baseline ventilator settings, before the start
of weaning, averaged 11.8 £ 4.7 LUmin (range, 4.5 to 17.8 L/min).
Compliance measured under passive conditions was 0053 + 002
Licm H,O. The mean inspiratory resistance was 23.1 + 64 cm
H,0/ls.

All 21 subjects, 10 men and 11 women, experienced both wean-
ing methods; 11 received SIMV first, whereas the others received
PSV first. More subjects completed the lowest level of support
{spontaneous breathing with 5 em H,0 CPAP) following the PSV
protocol {n = 18), compared with the SIMV protocol (n = 13). Dur-
ing PSV weaning, two subjects stopped after 40% support and
three more stopped after 20% support. During SIMV weaning,
two subjecls stopped after 60% support, three more stopped af-
ter 40% support, and an additional three subjects stopped after
20% support.

Responses to Weaning

Breathing pattern: During SIMV weaning, machine VT remained
unchanged (085 + 0.2 L) as the frequency of ventilator-delivered
breaths was gradually decreased: 14.4 = 7.2 (100%) to 0 min™
(0%). Spontaneous VT and breathing frequency both increased
as machine support was withdrawn (figure 1). Total Ve decreased:
1508 + 608 L/minon 100% to 11.82 x 3.31 L/min on 0% (CPAP),
The average inspiratory fiow rate of spontanecus breaths increased
from 0.40 + 0.24 cm H,0/Usec on 100% support to 055 + 0.22
cm H,0/l/sec on 0% support {figure 1). _

With P8V, in contrast to SIMV, every breath was partially sup-
ported by the ventilator. VT and breathing frequency varied, de-
pending on the level of applied pressurs and thoracic Impedance.
The starting pressure support level for 100% averaged 22 + 7.1
¢m H;0 (range 10 to 35 cm H,0). As the level of applied pressure
decrgased, the VT decreased and the breathing frequency in-
creased (figure 2). Total Ve changed little as the pressure sup-
port level decreased and remained close to the initial value of 12,58
Limin throughout. Except at the highest level of support, the mean
total VE for the two weaning methods was comparable at each
support level. At the lowest levels of machine support, spontane-
ous VT and breathing frequency were the same for the two wean-
ing metheds. The inspiratory flow rate ranged from 068 = 017
cm H,O/L/ssc on 100% support to 051 + 0.15 cm H,0/L/sec on
0% support (figure 2).

Subjective responses: Before weaning, scores for dyspnea and

" anxietywere 32.2 + 22.6and 431 + 31.4 mm, respectively. Box-

plots (15} illustrate that dyspnea and anxiety intensities generally
remained stable across SIMV levels and across PSV levels (fig-
ure 3). Dyspnea and anxiety were positively correlated during SIMV
weaning (r = 055) and during PSV weaning (r = 0.61). Dyspnea
and anxiety intensities were not significantly different between
the two weaning methods (figure 3).

Weaning Outcome

Some subjects were unable to continug the weaning protocol
through the lower support levels, and the ability to complete the
unsupported CPAP level did not depend on which weaning method
was applied first (completed PSV-CPAP: 42 = 040, p = 053;
completed SIMV-CPAP: ¥? = 1.15, p = 0.28). Even though more
subjects completed the full PSV protocol, the ability 1o complete

Figure 1. Spontaneous lidal volume (V) {panal A}, breathing frequency
(f) (panel B}, and fiow rate (panel C) during synchronized intermittent man-
datory ventilation (SIMV) weaning. Note that VT, f, and inspiratory flow
rate increasa as ventilator support decreases.
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* the SIMV-CPAP level better predicted the ability fo wean within

24 h of study completion (y* = 6.4, p = 0.01). Dyspnea during
SIMV-CPAP also predicted ability to wean {Mann Whitney U =
20, p < 0.05).

Ten of 21 subjects could be weaned from mechanical ventila-
tion within 24 h of the study, as evidenced by their continued toler-
ance for spontaneous breathing. Reasons for continuing venti-
lator support and postponing exlubation included hypoxemia
refractory to a fraction of inspired oxygen (Fig,) of 0.6 (two sub-
jects); poor respiratory muscle strength and lack of endurance
{six subjects); and increased Ve requirement, possibly caused by
fever or anxiety (three subjects).

DISCUSSION

The purpose of this study was to compare weaning with SIMV
to weaning with PSV in terms of breathing comfort. The breath-
ing comfort of ventilator-dependent patients is difficult to quan-
tify. In this study, VASs were used to measure two aspecls of com-
forl: dyspnea and anxiety. Aitken recommended the measurement
of sensations by VAS as a means of accurately describing sub-
jective experiences (16). Because the lack of quantitative terms
in the English language limits the range of descriptions, a horizon-
tal fine allows freedom of rating without impesing artificial cate-
gories (16). in alert, cooperative subjects the VAS sensitively mea-
sures intensity change in response to stimulus (17).

The question used to assess dyspnea: "How short of breath
are you right now?" appears to validly represent the generalized
experience of breathlessness in subjects with pulmonary disease.
Eliiott and colleagues found that patients most frequently chose
from a list of 45 descriptors the statement *| feel short of breath”
to describe the feelings they experience when their breathing trou-
bles them {18). In that study, this descriptor was reliable as pa-
tients consistently chose it over time. The construct validity of the
dyspnea VAS instrument itself has been established by compari-
son with other measures of dyspnea (8, 19} and by the correlation
between the change in intensity in response to increased physio-
logic impairment (20). '

Anxiety is a term frequently used by mechanically ventilated
patients to describe their experience (9, 10). The measurement
of anxiety with VASs has been recommended as a sensitive indi-
cator of this important emotion (21-23). In the present study, sub-
jects reported substantial prewsaning dyspnea and anxiety de-
spite receiving moderate to high levels of ventilatory support (an
SiMV frequency of > 6 breaths/min) for the 6 h before the study.
These findings suggest that practitioners frequently underestimate
the discomfort that occurs, even at high levels of ventilator support.

Correlations between dyspnea and anxlety in the present study
support a theoretical relationship thought to exist between these
two variables (24). Respiratory rate can increase if patients be-
come anxious. With the large ventilator-delivered VT, air trapping
and asynchrony with the ventilator can occur. Air trapping and
asynchrony can produce a sense of dyspnea contributing to a fur-
ther increase in anxiety, creating a panic cycle.

In summary, the results of this study indicate that PSV wean-
ing is not necessarily more comfartabls than SIMV. Patients in
our sample expressed similar levels of dyspnea and anxiety at

Figure 2, Tidal volume (panel A}, breathing frequency (panel B), and in-
spiratory fiow rate {panel C) during pressure support ventilation {(PSV) wean-
ing. Note that tidal volume and inspiratory flow decroased and the breathing
frequency increased as support was withdrawn.
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Figure 3. Box plots (13) are used to graphically represent the dyspnea and anxiety, The box plots identify the midpoint and spread of the data. White
horizontal lines are drawn at the median values. The top of the shaded bar indicates the 75th quartile, and the bottom Indicates the 25th Guartile,
The dotted lines above and below the shaded area are drawn 1o include valuss contained within a 1.5 multiple of the Interquartils range (IQR). IQR =
{upper quartile-lower quar:iga} and is used to identify vaiues that fall outside the norm. Any points outside the range are denoted with black horizontal

lines and may represent outliers.

each stage during weaning with both methods. Subjective com-
fort is impossible to estimate without questioning the patient
directly, but other indices of distress, such as heart rate, were also
not different between the two methods. The Jargest mean differ-
ence at any support level was four beats per minute,

The results of this study indicate that semsiquantitative mea-
sures of dyspnea and anxiety are greater than expected during
mechanical ventilation and weaning. Although individual patients
may prefer one mode over another, these data demonstrate that
during active withdrawal of machine support dyspnea and anxi-
ety may not routinely differ between SIMV and PSV.
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