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Clinical
Investigation Course of Weaning 

from Prolonged
Mechanical Ventilation
after Cardiac Surgery
In order to determine the temporal pattern of weaning from mechanical ventilation for
patients undergoing prolonged mechanical ventilation after cardiac surgery, we per-
formed a retrospective review of 21 patients’ weaning courses at our long-term acute
care hospital. Using multiple regression analysis of an estimate of individual patients’
percentage of mechanical ventilator support per day (%MVSD), we determined that 14
of 21 patients (67%) showed a statistically significant quadratic or cubic relationship 
between time and %MVSD. These patients showed little or no improvement in their
ventilator dependence until a point in time when, abruptly, they began to make rapid
progress (a “wean turning point”), after which they progressed to discontinuation of
mechanical ventilation in a relatively short period of time. The other 7 patients appeared
to have a similar weaning pattern, although the data were not statistically significant.

Most patients in the study group weaned from the ventilator through a specific tem-
poral pattern that is newly described herein. Data analysis suggested that the mecha-
nism for the development of a wean turning point was improvement of pulmonary
mechanics rather than improvement in gas exchange or respiratory load. Although
these observations need to be confirmed by a prospective trial, they may have implica-
tions for weaning cardiac surgery patients from prolonged mechanical ventilation, and
possibly for weaning a broader group of patients who require prolonged mechanical
ventilation. (Tex Heart Inst J 2006;33:122-9)

dvances in anesthesia and surgical techniques over the past several years
have allowed most patients undergoing cardiac surgery to be weaned
from mechanical ventilation (MV) within a few hours after surgery.1 By

recent estimates, however, approximately 5% of cardiac surgery patients still re-
quire postoperative prolonged mechanical ventilation (PMV), of 7 or more days’
duration.2-4 The need for PMV support in this group of patients arises from vari-
ous complications in the perioperative period, often in conjunction with under-
lying, preoperative conditions.3-8 The mortality rate for such patients currently
ranges from 15% to 45%9,10 and contrasts starkly with the generally excellent out-
comes of patients after cardiac surgery. Interestingly, survivors of PMV after car-
diac surgery are almost always eventually weaned from MV and generally enjoy a
good quality of life after discharge from the hospital.2,10

Mechanical ventilation itself, independent of the cause for its use, is associated
with a high rate of complications, the most notable of which is ventilator-associat-
ed lung injury and pneumonia.11 Therefore, a major focus of MV investigation in
recent years has been to develop ways to wean and remove patients from ventilators
as rapidly as possible. In fact, a number of highly effective strategies for shortening
the duration of MV in patients with acute respiratory failure have been developed,12

which have significantly lowered mortality rates and lessened the complications for
these patients.13 However, progress in weaning patients from PMV—whether it is
associated with medical or surgical causes—has been lagging, possibly due to the
relative lack of study of this specific process and patient population.14 The current,
prevailing weaning strategy for the PMV population comes largely from expert,
consensus opinion and consists of slow-paced, prolonged weaning, characterized
by gradual, stepwise reductions of MV support, often in the setting of a long-term
acute care hospital (LTAC) specializing in this process.12
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from the ventilator were triggered by negative airway
pressure with a sensitivity usually set at 2 cm H2O (range,
0.4–2.0 cm H2O).

No specific weaning protocol was applied to these
patients. Weaning, however, generally proceeded ac-
cording to physicians’ orders that allowed respiratory
therapists to decrease MV support to the lowest level
at which patients did not demonstrate fatigue-pattern
breathing (respiratory rate, >30 breaths/min; use of 
accessory muscles; or complaints of respiratory dis-
tress). Weaning was stopped when patients developed
fatigue, had an oxygen saturation of less than 90%, or
developed an uncontrolled major medical complica-
tion. Complications included acute change in mental
status, exacerbation of chronic obstructive pulmonary
disease, nosocomial infections, bronchitis or pneumo-
nia with voluminous secretions, pulmonary embolism,
noncardiogenic pulmonary edema, renal failure, exac-
erbation of congestive heart failure, hemodynamical-
ly significant arrhythmias, unstable angina, profound
electrolyte disturbances, sepsis, acute gastrointestinal
bleeding, or severe anemia (hematocrit, <25%). Wean-
ing was initiated during the day, and patients generally
rested at night on higher levels of MV support until
they were judged ready to be completely off the venti-
lator. During the weaning course, all patients received
physical therapy 1 or 2 times per day and bedside pul-
monary rehabilitation.

Study Design. The weaning course of the study pop-
ulation was analyzed by assigning a percentage of MV
support (%MVS) per day (%MVSD) to each patient’s
hospital stay in the LTAC until the patient was com-
pletely weaned from the ventilator. The components
of %MVS are described in Table I. The %MVSD was
derived using the following formula: %MVSD =
[Number of hours at a particular level of MV support
during the day × Percentage of MV support (%MVS)
over that time] / 24 hours. For example, a patient might
spend 8 hours at night on the assist control mode (AC)
of ventilation at a respiratory rate of 10 breaths/min
(in other words, the ventilator breathes almost com-
pletely for the patient). Then the patient has a morn-
ing pressure support ventilation (PSV) trial of 10 cm
H2O for 6 hours. (PSV is a mode of ventilation where-
by the patient initiates breaths, but receives more or
less pressure support from the ventilator. At a support
level of 10 cm H2O, the patient usually does most of
the work of breathing.) This period is followed by a
tracheal mask trial for 6 hours (during this trial, the
patient is removed from the ventilator and given only
humidified air, to allow the patient to breathe com-
pletely on his or her own). The patient is then placed
on synchronized intermittent mandatory ventilation
(SIMV) with a respiratory rate of 4 breaths/min and 
a PSV of 10 cm H2O for the remainder of the day
(4 hours). (SIMV with PSV is a mixed mode of MV

Our experience, however, with cardiac surgery pa-
tients who require PMV has suggested that their tem-
poral weaning pattern may be neither one of stepwise
decrements nor one of a slow, gradual decline in the
need for ventilator support. Rather, we have observed
that patients seem to make little initial progress in
weaning until a point in time when weaning abruptly
becomes rapid, leading to discontinuation of MV in a
relatively short period of time. We have found no good
description in the literature of the PMV weaning course
over time, either for cardiac surgery patients or for
other, noncardiac surgery patients. Identifying a tem-
poral pattern of the weaning course may suggest ways
to improve the efficacy and efficiency of weaning car-
diac surgery patients from PMV and, therefore, im-
prove outcomes and costs in this group.

We conducted a retrospective review of the venti-
lator courses of a group of patients who required PMV
after cardiac surgery. These patients were transferred
to an LTAC for weaning and were eventually removed
successfully from MV. Specifically, we evaluated the
change in level of MV support over time and tried to
determine whether there was an identifiable wean turn-
ing point after which the weaning progress became
rapid.

Patients and Methods

We retrospectively reviewed the hospital courses of con-
secutive patients admitted to Kindred Hospital Hou-
ston from December 1997 through December 2001.
(Kindred Hospital Houston is an LTAC that serves as
a regional weaning center.) We included patients who
had undergone cardiac surgery and required PMV.
Study patients were transferred from St. Luke’s Episco-
pal Hospital and the Texas Heart Institute, Houston,
Texas (SLEH/THI), a tertiary acute care facility spe-
cializing in cardiovascular disease. Patients were exclu-
ded from analysis if they had to be transferred back to
SLEH/THI, could not be weaned from MV, or died.

Mechanical Ventilation and Weaning Procedures. All
patients were ventilated via tracheostomy tube with
Puritan Bennett 7200® Mechanical Ventilators (Puri-
tan Bennett, Inc., a Tyco Healthcare company; Pleas-
anton, Calif ). Volume-cycled modes were set to deliver
a decelerating ramp flow pattern (the standard meth-
od to deliver air f low through a ventilator, consisting
of a high flow rate at the outset of the delivered breath
and gradually lessened flow over the remainder of the
breath), with a peak inspiratory flow rate of 60 L/min
(range, 50–100 L/min). The tidal volume was set be-
tween 5 and 10 mL/kg of lean body weight and ad-
justed to keep the peak inspiratory pressure less than
35 cm H2O. The fraction of inspired oxygen (FiO2)
was adjusted to the lowest value producing a blood oxy-
gen saturation of at least 92%. Positive pressure breaths
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whereby the patient receives some mandatory breaths
but also can breathe on his or her own, with some PSV
between those mandatory breaths.) In this case, then,
the %MVSD would be [(8 hours × 100 %MVS) + (6
hours × 10 %MVS) + (6 hours × 0 %MVS) + (4 hours
× 60 %MVS)] / 24 hours = 46%.

For each patient, the %MVSD was analyzed over
time, measured in days. In addition, dynamic lung
compliance (Cp) was calculated each day as a rough
measure of respiratory load. (Cp was defined as tidal
volume / [peak inspiratory pressure – positive end ex-
piratory pressure] and inversely related to the difficul-
ty of inflating the lung; that is, the lower the Cp, the
easier it is and the less work it takes to inflate the lung.)
The mean daily FiO2 was used as a rough marker of
gas exchange. The relationship of these data to the
daily %MVD for each patient was also analyzed.

Statistical Analysis. The relationship between %MVSD
and time was analyzed for each patient individually
by multiple regression analysis, using the patient’s
LTAC day number (total number of days spent at the
LTAC to that point) as the predictor of %MVSD. In
a separate analysis, the value of %MVSD was raised
to the 1st, 2nd, and 3rd powers to determine whether
the relationship was linear, quadratic (in geometric
terms, curvilinear), or cubic (geometrically, curvilinear
with 2 curves or bicurvilinear). Two-tailed Pearson cor-

relations between FiO2 and %MVSD, and between Cp
and %MVSD, were calculated to determine whether
there were relationships between crude measures of gas
exchange or respiratory load and the weaning process.
P values of less than 0.05 were considered to be statisti-
cally significant. The statistical program package was
SPSS version 10 (SPSS Inc.; Chicago, Ill).

Results

During the study period, a total of 33 consecutive pa-
tients who required PMV after cardiac surgery were
transferred to Kindred Hospital Houston from SLEH/
THI. Four patients, still on MV, were transferred back
to SLEH/THI for complications requiring medical-
center-level care (two for tracheal stenosis, one for an
acute alteration in mental status, and one for sternal
wound infection). One patient on MV was transferred
to an LTAC that was closer to the patient’s home. Sev-
en patients died of complications at Kindred Hospital.
The remaining 21 patients met our inclusion criteria,
and their data were analyzed. Fifteen of these patients
were weaned from MV and discharged home, and 
six were transferred to a rehabilitation hospital or a
skilled nursing facility after weaning. There were 12
men and 9 women (age range, 40–89 years; mean, 71
± 13 years;). Fourteen patients had undergone coro-
nary artery bypass grafting (CABG); 2 patients, aortic
valve replacement (AVR); 2 patients, mitral valve re-
placement (MVR); 2 patients, CABG and AVR; and 
1 patient, CABG and MVR. The mean time on MV
before LTAC admission was 35 ± 14 days (range, 9–61
days). The most frequently seen comorbidities were
hypertension (10); ejection fraction of less than 0.50
(6); prior cardiac surgery (5); chronic obstructive pul-
monary disease (5); and diabetes mellitus (5). All co-
morbidities are presented in Table II. Every patient
had at least 2 comorbidities.

The mean %MVSD upon admission was 86.5% ±
21.3% (range, 30%–100%) with 13 of 21 (62%) hav-
ing a %MVSD of 100%. The mean Cp was 0.026 ±
0.011 L/cm H2O (range, 0.01–0.051 L/cm H2O),
and the mean FiO2 was 0.37 ± 0.07 (range, 0.30–
0.60). The mean time to discontinuation of MV was
24.0 ± 16.4 days (range, 5–77 days).

We determined that 14 of 21 patients (67%) showed
a statistically significant quadratic or cubic relation-
ship between time and %MVSD. Of these, 12 patients
demonstrated a significant negative quadratic rela-
tionship between time and %MVSD (a curvilinear 
relationship with a period of downward bend). (See
Figure 1.) The initial %MVSD of these 12 patients
was 81.6% ± 24.1%. They made little initial progress
in weaning from the ventilator. In fact, their %MVSDs
increased over the 1st few days of their hospital course.
However, on day 12.4 ± 6.9, the %MVSD of 92.2%
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TABLE I. Percentage of Mechanical Ventilator Support
(%MVS)

Pressure
Mode Vent Rate Support %MVS

AC – – 100

SIMV ≥8 ≥10 100

SIMV 6–7 ≥10 80

SIMV 4–5 ≥10 60

SIMV 2–3 ≥10 40

PSV – 16–25 30

PSV – 11–15 20

PSV – ≤10 10

TM – – 0

Column headings: “Mode” refers to the mode or type of me-
chanical ventilation used. “Vent Rate” refers to the set rate, in
breaths (of a preset, certain tidal volume) per minute, of the
ventilator. “Pressure Support” refers to a mode of mechanical
ventilation, and the numbers below it refer to the centimeters
of pressure support used. “%MVS” refers to the attributed,
relative amount of ventilation provided to the patient by the
ventilator for the ventilator modes and settings used.

AC = assist control; PSV = pressure support ventilation; 
SIMV = synchronized intermittent mechanical ventilation; 
TM = tracheal mask



a WTP, but the %MVSD decline did not continue
until the discontinuation of mechanical ventilation.
Instead, the weaning progress stabilized for several days
at a lower level of %MVSD, before dropping again lin-
early to the point of ventilator liberation. Four patients
(in this same group of 14) demonstrated both a signif-
icant negative quadratic relationship and a significant
negative cubic relationship between time and %MVSD.

The other 7 patients (33%) who weaned from PMV
had data that displayed a negative linear relationship
between time and %MVSD (as time advanced, the
%MVSD declined linearly). In all of these patients, we
also found a quadratic, curvilinear relationship, but
analysis of the data points for these curves showed P
values greater than 0.05. Figure 3 shows the curve of 1

± 8.8% began to decrease dramatically. The patients
weaned rapidly for 3.1 ± 2.2 days, and their %MVSDs
dropped 65.1% ± 16.8% before the weaning progress
slowed. They were eventually liberated from mechani-
cal ventilation 10.4 ± 5.6 days after the wean turning
point (WTP). The other 2 patients (of this group of
14) showed only a significant negative cubic relation-
ship between time and %MVSD (a curvilinear rela-
tionship with 2 downward curves [bicurvilinear] and a
plateau between the 2 curves). The temporal wean
curve for one of these patients is shown in Figure 2.
Their initial ventilator courses were linear, followed by
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TABLE II. Comorbidities in 21 Patients on Prolonged
Mechanical Ventilation*

Comorbidity Number

Hypertension 10

Ejection fraction <0.50 6

Previous cardiac surgery 5

Chronic obstructive pulmonary disease 5

Diabetes mellitus 5

Postoperative acute renal failure 4

Significant postoperative bleeding requiring 3
re-exploration

Acute perioperative stroke 2

Hypothyroidism (adequately treated) 2

Prostate disease 2

Distant preoperative stroke 1

Postoperative sternal wound infection 1

Lung cancer, untreated 1

Obesity hypoventilation syndrome 1

Acute postoperative hepatic failure 1
(resolved before transfer)

Acute postoperative pulmonary embolism 1

Subglottic stenosis requiring laser resection 1
before transfer

Rheumatoid arthritis 1

Previous resection of colon cancer 1

Acute postoperative upper gastrointestinal 1
bleeding

Adult respiratory distress syndrome 1

Postoperative unilateral diaphragmatic paralysis** 1

**Every patient had at least 2 of these comorbidities.
**Patients who had persistent diaphragmatic elevation on

chest radiography at the referring hospital were evaluated
there for diaphragmatic dysfunction by fluoroscopy or ultra-
sonography.

Fig. 1  Data from 12 of our 21 patients revealed a significant
quadratic—that is, curvilinear—relationship between time 
and the percentage of mechanical ventilation support per day
(%MVSD). Their ventilator courses were initially linear, until 
a point in time—the wean turning point (WTP)—when the
%MVSD curve turned sharply downward, representing a
period of rapid weaning that ended in liberation from MV.

Fig. 2  The wean curve of a patient whose relationship be-
tween time and the percentage of mechanical ventilation
support per day (%MVSD) conformed significantly only to a
negative cubic regression, or curvilinear with 2 curves. This
patient experienced a wean turning point (WTP) on day 64 
of the hospital course, followed by a relatively brief weaning
plateau (5 days) before a 2nd rapid weaning phase led to the
discontinuation of mechanical ventilation.



such patient. In summary, in 14 of 21 patients (67%)
who weaned from the ventilator, therefore, we found a
statistically significant negative curvilinear or bicurvi-
linear relationship between time and %MVSD—in
other words, a WTP. The curves of the other 7 patients
who weaned followed this pattern, but those data were
not strong enough to produce a statistically significant
WTP.

For the 12 patients with a statistically significant quad-
ratic pattern of weaning, the mean time to the WTP was
12.4 ± 6.9 days, and the mean %MVSD at the WTP
was 92.2% ± 8.8% (range, 79%–100%). Of note, there
were 4 patients whose %MVSD was less than 80%
upon admission; all of these patients had an increase
in %MVSD by the time of their WTP. Their time
from the WTP to discontinuation of mechanical ven-
tilation was 10.4 ± 5.6 days (range, 1–23 days), and
most of the ventilator weaning occurred during the
period immediately after the WTP, when a mean drop
in the %MVSD of 65.1% ± 16.8% was accomplished
in just 3.1 ± 2.2 days.

For the 2 patients whose wean curves conformed
only to a cubic relationship, the onset of the WTP was
very different. One patient’s WTP occurred at day 1,
but the weaning plateau was relatively long (12 days)
before the 2nd rapid weaning phase of the wean curve.
The other patient’s WTP occurred much later, on day
64, but the weaning plateau was relatively brief (5
days) before the 2nd rapid weaning phase began (Fig.
2).

It is noteworthy that 6 patients (29%) had an initial
drop of at least 30% in %MVSD that was not sus-
tained. These %MVSDs increased to at least their ini-
tial level before the patients were weaned sufficiently
to discontinue mechanical ventilation.

Only 5 patients (24%) had a significant positive
correlation between FiO2 and %MVSD (as the FiO2

went down, so did the %MVSD). Six patients (29%)
had a significant negative correlation between Cp and
%MVSD (as Cp went up, %MVSD went down). The
interval between the onset of the last medical comp-
lication and the WTP was 17.1 ± 11.5 days (range, 
5–42 days), but there was no obvious relationship be-
tween the timing of the WTP and the last medical com-
plication.

Discussion

In most of our patients who required PMV after car-
diac surgery, weaning from the ventilator took place
over time by a specific pattern that is newly described
herein. The weaning course of our patients was not a
slow, linear, or stepwise decrement of mechanical ven-
tilator support, as is commonly assumed of PMV pa-
tients. Rather, weaning of these patients had a pattern
of limited initial progress until a point in time—the
WTP—when weaning became rapid and resulted in
liberation from mechanical ventilation within a few
days. This pattern was evident regardless of the dura-
tion of mechanical ventilation, or from what level of
ventilator support the weaning had begun.

There are several major methodological problems
inherent in the design of this retrospective, observa-
tional study. The pre-eminent one is the lack of a strict
weaning protocol. In our study, respiratory therapists
had strict protocols, generally agreed upon in the liter-
ature, for when to terminate the wean out of concern
for the patient’s safety or to avoid ventilatory muscle
fatigue.15,16 However, the timing of the initiation of
weaning was left to the judgment of the therapists and
physicians. Such practice has been found in the acute
care setting, at least under some circumstances, to un-
necessarily delay the onset of weaning and add length
to the MV course.17,18 Thus, it may be that our patients
were not aggressively weaned until well after they were
ready, and the rapid weaning progress after the WTP
might have been because the patients were no longer
held back from weaning. Therefore, the weaning pat-
tern observed in our study, including the WTP, might
have been the result of our weaning practice pattern
rather than actual patient improvement over time.
Even if this is true, however, the observation of a WTP
is still important, because it is generally held that pa-
tients treated with PMV require a strategy of gradual
MV withdrawal.12 Moreover, there are concerns, aris-
ing from some basic studies, that a high level of ven-
tilator support for prolonged periods can, by itself,
produce substantial diaphragmatic dysfunction, which
may necessitate gradual MV withdrawal to allow mus-
cle function recovery.19-22 However, our data suggest
that even if patients are on a high level of MV for a pro-
longed time, they can still wean rapidly. This would be
consistent with recent data from animal models indi-
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Fig. 3  The wean curve of a patient shows a significant linear
relationship between time and the percentage of mechanical
ventilation support per day (%MVSD). Although the data also
demonstrated a quadratic (curvilinear) relationship between
time and %MVSD—a wean turning point (WTP) at day 8 of
the hospital course—the relationship did not reach statistical
significance.



monary mechanics, or both, have not been clearly 
determined—at least not in the PMV population.
Hence, there is no scoring system for the impact
of complications on weaning. Our only analysis of 
the impact of complications involved those that are
known to affect weaning. We looked for a temporal
association between complications and each indi-
vidual’s WTP. None was obvious. Future studies are
needed to evaluate this issue more carefully, focusing
upon the impact of complications on respiratory load
and ventilatory performance.

Interpreting our results was complicated by the fact
that our patients were often ventilated with a greater
level of support at night than during the day. Typical-
ly, during the day, patients were weaned to the lowest
%MVS for the longest period of time tolerated. How-
ever, the level of support was often increased at night
to guard against the development of respiratory mus-
cle fatigue from the increased work of breathing dur-
ing periods when patients were not monitored as
closely, and to avoid, as much as possible, disrupted
sleep.27 These variations in support may account, at
least in part, for our observation that some of the pa-
tients (29% of the study group) weaned rapidly after
the WTP but then demonstrated a slowing, or a pla-
teau, of the weaning process before eventual discon-
tinuation of MV. However, the practice of increasing
nocturnal support should not have altered the initial
curvilinear decline in ventilator support, meaning the
occurrence of a WTP, in this group.

Perhaps one of the more salient observations of our
study, if we assume that our patients weaned as rapid-
ly as they could have, was the lack of a consistent rela-
tionship between weaning progress (as determined by
the %MVSD) and measures of respiratory load or gas
exchange. This suggests that the mechanism of wean-
ing progress in our patients was an improvement ei-
ther of ventilatory function, or of the performance
characteristics of the chest wall or ventilatory muscles.
Why pulmonary mechanics would abruptly improve,
if indeed they did so, is unclear. One explanation
might be the resolution of phrenic neuropathy asso-
ciated with open-heart surgery.28 However, only 1 pa-
tient in the group was shown, with use of standard
clinical tools, to have diaphragmatic dysfunction. Yet
it is possible that other patients had subclinical alter-
ation of diaphragmatic function, which can be subtle
and require sophisticated electrophysiologic studies to
detect. Ultimately, we think it unlikely that the entire
group suffered from diaphragmatic palsy. Cardiac sur-
gery is well documented, however, to cause decreased
pulmonary function (as measured by spirometry) and
impaired pulmonary mechanics—even in the absence
of diaphragmatic dysfunction—for up to several
months after surgery.29-31 The precise mechanism for
these sequelae has not been delineated; but we believe

cating that PMV, depending upon how it is delivered,
does not necessarily “addict” the patient to the ventila-
tor and require gradual withdrawal.23

It is also worth pointing out that 29% of the study
population made substantial weaning progress early
in their course (%MVSD decreased by at least 30%)
but were unable to sustain their gains. They eventu-
ally needed as much, or more, ventilator support than
they were on when they arrived at the LTAC. (Figure
2 is a good example of this.) These patients, at least,
were very likely held back from weaning, not by the
physicians’ or therapists’ preferences, but by true in-
ability to wean. Certainly, these patients did not make
slow, linear weaning progress. Nevertheless, we can-
not be certain whether our patients’ weaning patterns
accurately ref lected the course of their ventilator de-
pendence and the temporal pattern of improvement.
So however provocative these data are, a prospective
study of temporal weaning patterns, using a strict wean-
ing protocol such as one recently published for PMV,17

will be needed to answer this question.
A 2nd major methodological problem of the study

is our use of the novel “%MVSD” as a measure of rel-
ative ventilator support. Current commercially avail-
able ventilators cannot accurately measure the ratio of
machine-to-patient contribution with regard to the
work of breathing.24,25 Therefore, for the purpose of
analyzing our patients’ ventilator use over time in a
retrospective fashion, we created an arbitrary and ad-
mittedly crude method of estimating ventilatory sup-
port using ventilator settings, that is, the %MVS. In
reality, the %MVS is a scale of ventilator settings from
lower to higher, and our study is one of how the set-
tings changed over time, as estimated by the %MVSD.
We presumed that the settings accurately indicated
the amount of, or need for, ventilator support. None-
theless, when used consistently within individual pa-
tients’ data sets, this metric should at least be suffi-
ciently accurate to show how the ventilator settings
changed over time, and hence be a helpful tool for
tracking ventilator use and weaning. More specifical-
ly, the %MVSD was designed to help us to determine
whether our patients’ ventilator use over time could
be accurately described by linear, quadratic, or cubic
regression equations. To put it in geometric terms, each
patient’s %MVSD was plotted over time to see if the
graph fit a linear, curvilinear, or bicurvilinear pattern.
This enabled us to test the hypothesis that a WTP oc-
curred: that the wean curve “turned the corner” in a sta-
tistically significant way and thereafter progressed more
rapidly.

A 3rd notable methodological problem with our
study is that of accounting for the effect of medical
complications on the weaning course, which has re-
ceived relatively little attention.26 The ways in which
different complications affect respiratory load, pul-
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that, in our patients, the eventual resolution of these
impairments may have allowed the rapid weaning pe-
riod observed. Other possible explanations of ventila-
tory improvement include resolution of neuropathy
or myopathy associated with critical illness, achieve-
ment of adequate protein repletion, muscle recondi-
tioning or adaptation, or other factors of MV weaning
failure as yet not identified in the literature.

The possible implication of our results is that pa-
tients who require PMV after cardiac surgery, and po-
tentially noncardiac PMV patients, may be capable 
of rapidly weaning from MV at some point in their
course, regardless of the duration or level of MV sup-
port they have required. If that point could be identi-
fied with accuracy, by trials of spontaneous breathing
or other means, PMV courses could conceivably be
shortened by an appropriately aggressive weaning
strategy from that point in time. Furthermore, if it
can be established that a WTP occurs in post-cardiac
surgery patients or in other PMV populations, investi-
gation into the mechanism of its development may
yield ways to hasten its occurrence. Earlier weaning
from PMV may ultimately lead to improved outcomes
in post-cardiac surgery patients, who historically have
a poorer prognosis than do other surgical patients.

Conclusions

We showed that a group of patients who required pro-
longed mechanical ventilation after cardiac surgery
weaned from the ventilator through a specific and new-
ly described temporal pattern. These patients showed
little weaning progress until a wean turning point when,
abruptly, they began to make rapid progress leading to
liberation from mechanical ventilation in a relatively
short period of time. Furthermore, our data suggest
that the mechanism for development of the wean turn-
ing point was the improvement of pulmonary mech-
anics rather than improvements in gas exchange or
respiratory load. These observations pose questions,
the further study of which may have practical implica-
tions for weaning post-cardiac patients, and possibly
for a broader group of patients, who require prolonged
mechanical ventilation.
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