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BACKGROUND: The need for prolonged mechanical ventilation (PMV) after cardiac surgery is
still a common problem. We hypothesized that subjects who required PMV after a single surgery
(either coronary artery bypass grafting or valve surgery) would have better outcomes than those
who had experienced both revascularization and valve surgery. METHODS: We retrospectively
analyzed the characteristics and outcomes for patients consecutively admitted to our weaning unit
(WU) after cardiac surgery between December 2007 and August 2012. Subjects’ data were analyzed
according to the number of procedures. Group 1 included subjects who had undergone a single
surgery (valvular replacement or myocardial revascularization). Group 2 included subjects who
had undergone combined surgery (valvular replacement and myocardial revascularization). Data
for PMV subjects who were transferred to the WU for reasons other than cardiac surgery in the
same period are also reported. RESULTS: Of 584 PMV subjects admitted, 35 (5.9%, 19 in group
1 and 16 in group 2) were referred after cardiac surgery. At WU admission, group 2 showed
significantly more comorbidities and a greater clinical severity than group 1. Compared with group
1, group 2 showed a significantly lower weaning rate (43.7% vs 78.9%, P � .003) and a higher
in-hospital mortality (31.3% vs 5.3%, P � .04). The overall 6-month survival for subjects of group
1 was 73.7% compared with 37.5% for subjects in group 2 (P � .02). Adjusting for comorbidities
and clinical severity, the difference between the 2 groups did not reach statistical significance for
either the weaning rate or the overall 6-month survival. At discharge, health status, as assessed by
means of functional independence measure, was significantly better in group 1 than in group 2
(P � .035). CONCLUSIONS: These results suggest that patients needing PMV after combined
cardiac surgery may suffer worse outcomes than those needing PMV after simple cardiac surgery.
Key words: cardiac surgery; mechanical ventilation; respiratory failure; weaning; mechanical ventila-
tion. [Respir Care 2015;60(1):56–62. © 2015 Daedalus Enterprises]

Introduction

Invasive mechanical ventilation requires admission to
an ICU. Most subjects need only short periods of respira-
tory support, with a minority requiring prolonged mechan-
ical ventilation (PMV).1 More patients who require me-
chanical ventilation are surviving,2 leading to a probable

increase in PMV incidence3: up to 6% of ventilated ICU
patients4,5 or 14% of patients starting weaning,6 with ap-
proximately 10% of these patients requiring tracheostomy.2

These patients have high resource utilization and relatively
poor outcomes, especially in the elderly or those with
comorbidities that may require long-term acute care facil-
ities or specialized weaning units (WU).7-9
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Despite advances in surgical techniques and anesthetic
management, PMV after cardiac surgery such as coronary
artery bypass grafting (CABG) is still a relatively common
occurrence, with a reported incidence between 2.9 and
8.6% when subjects need intubation and mechanical ven-
tilation for a period longer than 1 h after completion of
surgery.10-14 To the best of our knowledge, there are no
outcome data for cardiac surgery subjects undergoing PMV
with tracheostomy.1 We hypothesized that subjects who
need PMV after a single surgery that is either CABG or
valve surgery would have better outcomes than those sub-
jects who have experienced both revascularization and
valve surgery. The evaluated clinical outcomes were: rate
of weaning and tracheostomy closure, ventilator depen-
dence, health status, WU length of stay (LOS), location
after discharge, in-hospital mortality, and 6-month mortal-
ity..

Methods

The study was performed in an 8-bed WU located inside
a 20-bed pulmonary rehabilitation unit of a rehabilitation
hospital, which is the referral center of a large geographic
area for difficult-to-wean patients. It is staffed with a ded-
icated medical doctor from 8 AM to 8 PM, a 1:6 nurse to
patient ratio (1 full-time nurse in the WU and 1 nurse
shared with the pulmonary rehabilitation unit), a 24-hour
on-duty doctor shared with the pulmonary rehabilitation
unit, a daytime 1:6 respiratory therapist to patient ratio
(with the same commitment proportion as for nurses). Psy-
chological, speech, nutrition, and swallowing services are
also available. Difficult-to-wean tracheostomized subjects
are transferred from ICUs of other hospitals to the WU to
undergo a program of progressive discontinuation from
mechanical ventilation or to be discharged to a home pro-
gram of long-term ventilatory assistance, if weaning from
the ventilator fails, as previously described.9

Subjects

The protocol was approved by the ethics committee of
University Hospital, Pisa. All subjects or their relatives
gave written informed consent for the use of their data for
research purposes.

We retrospectively analyzed the characteristics and out-
comes of tracheostomized subjects consecutively admitted
to the WU after cardiac surgery between December 2007
and August 2012 for a program of weaning from PMV.
PMV was defined as � 7 d of mechanical ventilation after
the first spontaneous breathing trial (SBT).1 Data for PMV
subjects transferred to the WU for reasons other than car-
diac surgery in the same period are also reported and com-
pared with those for cardiac surgery subjects.

Weaning Techniques

In our WU, patients undergo weaning protocols either
of progressively decreasing levels of pressure-support ven-
tilation (PSV) or progressively longer periods of SBT as
previously described.9,15-17 Physiotherapy is also performed
according to accepted protocols.18,19 Tracheal cannula re-
moval and tracheostomy closure are performed on an in-
dividual basis according to criteria described elsewhere.20

Measurements

Data were obtained from subjects’ records and unit da-
tabase. Survival data were obtained from the local health-
care system registry (ADTWeb ASL5, Pisa, Italy).

Age, gender, admission diagnoses, Acute Physiology
and Chronic Health Evaluation (APACHE-II)21 and Sim-
plified Acute Physiology Score (SAPS) II,22 chronic co-
morbidities according to Charlson index23 (all these in-
dexes are routinely recorded at WU admission), and
previous LOS in the ICU of origin were collected. Clinical
outcomes were: (1) weaning success, tracheal cannula re-
moval and tracheostomy closure, and ventilator depen-
dence; (2) health status by means of functional indepen-
dence measure24,25; (3) WU LOS; (4) location after
discharge (home, nursing home, rehabilitation hospital,
acute-care hospital); and (5) in-hospital and 6-month mor-
tality.

Successful weaning was defined according to the Na-
tional Association for Medical Direction of Respiratory
Care consensus conference as the ability to breathe spon-
taneously for more than 7 consecutive days and to be
discharged alive.26 Weaning time was defined as the time

QUICK LOOK

Current knowledge

Mechanical ventilation following cardiac surgery is
commonly of limited duration. Prolonged mechanical
ventilation (PMV) following cardiac surgery is associ-
ated with significant morbidity and costs. The risk fac-
tors for PMV include emergency surgery, co-morbidi-
ties, and operative times.

What this paper contributes to our knowledge

The need for PMV following cardiac surgery was more
common in subjects requiring both myocardial revas-
cularization and valve replacement. After adjusting for
comorbidities and illness severity, the differences in
weaning rate and 6-month mortality between groups
were not significant.
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elapsed from WU admission to the first day of spontane-
ous breathing and is reported only for subjects considered
weaned according to the above definition.26 Subjects still
receiving mechanical ventilation within 35 d and subjects
who died in hospital within 35 d were considered to have
failed weaning. These subjects were considered censored
at the end of the study period of 35 d, and the weaning
time was set equal to 35 d. Alternatively, subjects who
died in hospital were also considered as censored at the
time of death, and the weaning time was defined as the
time elapsed from WU admission to the time of death.27

Cardiac surgery subjects’ data were analyzed according
to the number of cardiac surgical procedures. Group 1
included subjects who underwent a single surgery (valvu-
lar replacement or myocardial revascularization). Group 2
included subjects who underwent more than one surgical
procedure (eg, valvular replacement and CABG).

Statistical Analysis

Data are shown as mean � SD. Although this study
addresses several outcome measures, only one was con-
sidered for sample size determination. Difference in wean-
ing rate between 2 groups was the outcome selected for
determining a minimum sample size. To ensure 70% power
to detect a 35% difference in weaning (80% vs 45%) as
significant at the 0.05 level, 17 subjects/group were needed
for the study.

Subjects’ characteristics in both groups were compared
by using chi-square test for nominal data and independent
sample t test or nonparametric Wilcoxon test for continu-
ous data. Yates correction was applied in comparing fre-
quencies in small groups. Paired t test was used to com-
pare admission versus discharge functional independence
measure values. The Kaplan-Meier method was used to
determine the probability of continuing mechanical venti-
lation and 6-month survival, and the log-rank test was used
to compare groups.

The difference between groups was also evaluated by
the Cox proportional hazard regression model adjusting
for confounding covariates: Acute Physiology and Chronic
Health Evaluation (APACHE-II), Simplified Acute Phys-
iology Score (SAPS) II, and chronic comorbidities accord-
ing to Charlson index.

All covariates and the group variable were inserted in an
multivariate Cox regression model. Statistical significance
was measured by the likelihood ratio chi-square (LR). The
log-log survival function was examined to verify that the
proportionality assumption was met, and a test for the
assumption of proportional hazards was performed by en-
tering into the model an interaction term between variables
and time. The hazard ratio (HR) with 95% CI was re-
ported. A 2-sided P value � .05 was considered as statis-
tically significant. The statistical analysis was performed

using JMP 4.00 statistical software (SAS Institute, Cary,
North Carolina).

Results

Out of 584 PMV subjects admitted to the WU (337
males, age 70.7 � 11.7 y) between December 2007 and
August 2012, 35 (5.9%) were referred after cardiac sur-
gery. Nineteen subjects underwent a single surgery (group
1: 9 valve replacements [2 mitral, 7 aortic], 8 myocardial
revascularizations, 1 atrial resection for neoplasm, and 1
rescue cardiac surgery after a complicated coronary an-
gioplasty). Sixteen subjects underwent both myocardial
revascularization and valvular surgery (group 2: 1 aortic
plus mitral valve replacement, 11 aortic valve replace-
ments, 1 mitral valve replacement, and 3 mitral valvulo-
plasty).

In the same period, 549 subjects who underwent non-
cardiac surgery were admitted to the WU. The causes of
ICU admissions were: COPD, 150 (27.3%); other respira-
tory diseases, 109 (19.8%); non-cardiac surgery, 73
(13.3%); neuromuscular diseases, 65 (11.8%); severe brain
injuries, 48 (8.7%); trauma, 48 (8.7%); heart failure, 43
(7.8%); and other, 13 (2.4%).

Demographic, physiological, and clinical characteristics
of subjects at WU admission are shown in Table 1. There
was no significant difference in any parameter between
cardiac surgery and non-cardiac surgery subjects. Previous
ICU LOS and time since tracheostomy were not different
between groups 1 and 2. At admission, compared with
group 1, group 2 subjects showed significantly more co-
morbidities as assessed by Charlson score, and a greater
clinical severity as assessed by APACHE II score. Infec-
tion incidence at admission was not significantly different
between groups (63.1% and 87.5% in groups 1 and 2,
respectively, P � .21). During WU stay, 5 additional WU-
acquired infections were observed in each group.

Outcome for Cardiac Surgery Versus Non-Cardiac
Surgery Subjects

Outcome measures in non-cardiac surgery and cardiac
surgery subjects are shown in Table 2. There was no sig-
nificant difference in any outcome measure between the 2
populations.

Outcome for Combined Versus Simple Cardiac
Surgery Subjects

Weaning. There was no significant difference between
groups in weaning techniques used: progressively longer
periods of SBT were used in 11 (57.9%) and 10 (62.5%),
whereas progressive reduction in PSV level was used in
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42.1% and 37.5% of group 1 and group 2 subjects, respec-
tively (P � .38).

Twenty-three of 35 (65.7%) cardiac surgery subjects
were weaned. Six subjects (17.1%) needed home invasive
mechanical ventilation for longer than 12 h/d at discharge
from WU, whereas 6 died in the hospital. The only sig-
nificantly different admission characteristic between
weaned and unweaned subjects was SAPS II (33.8 � 8.1
vs 40.4 � 8.7, P � .05).

Figure 1 shows the probability of continuing mechani-
cal ventilation for the 2 groups: compared with group 1,
group 2 showed a significant lower weaning rate (84.2%
vs 43.7%, respectively, log-rank P � .003). In weaned sub-
jects, the weaning time was significantly different between
groups: 3.1 � 4.2 (range 1–13 d) in group 1 and 9.1 � 8.3
(range 1–24 d) in group 2 (Wilcoxon test P � .04). How-
ever, adjusting for the SAPS II score, APACHE II score,
and Charlson score by the Cox model, the weaning rate
was not significantly higher in group 1 than in group 2
(HR � 2.6, 95% CI � 0.99–7.5, P � .05).

This result was also confirmed when subjects who died
in hospital were considered as censored at the time of
death (HR � 2.5, 95% CI � 0.98–7.3, P � .05).

Tracheostomy closure. Fourteen out of 16 (87.5%) and
6 out of 7 (85.7%) weaned subjects of group 1 and group
2, respectively, underwent tracheal cannula removal and
tracheostomy closure, without any statistically significant
difference between groups (P � .91).

Mortality. Four subjects died in the WU as a result of
septic (3 subjects) and cardiogenic shock (1 subject). Two
additional subjects were transferred to an ICU for compli-
cations (hemoptysis, gastric perforation) requiring proce-
dures not available in the WU, and subsequently died.
Overall WU and in-hospital mortality rates were therefore
11.4% and 17.1%, respectively, which is lower than the
admission SAPS II-based predicted mortality rate (Table
1). A significantly higher in-hospital mortality was ob-
served in group 2 compared with group 1 (31.3% vs 5.3%,
P � .042): the mortality rate was lower than the admission
SAPS II-based predicted mortality rate only in group 1 but
not in group 2 (Table 1).

Table 1. Demographic, Clinical, and Physiological Characteristics of Subjects at Admission

Non-Cardiac Subjects
(n � 549)

Cardiac Subjects
(n � 35)

P
Group 1
(n � 19)

Group 2
(n � 16)

P

Males, n 319 17 .55 7 10 .24
Age, y 70.5 � 11.8 73.0 � 10.1 .16 71.0 � 12.2 75.5 � 6.5 .18
Time from tracheostomy, d 38.2 � 51.6 39.8 � 29.5 .77 40.8 � 31.1 38.7 � 28.6 .84
ICU stay, d 46.9 � 44.2 56.5 � 32.0 .09 55.2 � 33.2 58.1 � 31.7 .80
SAPS II 36.2 � 10.2 35.9 � 8.6 .84 33.4 � 7.4 38.9 � 9.2 .07
SAPS II predicted mortality, % 24.8 � 16.1 28.1 � 14.1 .18 26.0 � 12.3 30.5 � 15.5 .36
Charlson index 6.1 � 2.6 6.8 � 2.7 .14 5.7 � 2.1 8.1 � 2.7 .008
APACHE II score 13.7 � 5.4 13.5 � 5.8 .84 11.4 � 4.9 16.1 � 6.0 .02
PaO2

/FIO2
, mm Hg 245.0 � 86.3 242.2 � 88.1 .86 232.5 � 86.3 253.7 � 91.4 .50

PaCO2
, mm Hg 47.7 � 20.5 45.4 � 11.2 .27 43.4 � 12.8 47.8 � 8.8 .25

pH 7.40 � 0.1 7.42 � 0.06 .07 7.44 � 0.05 7.41 � 0.08 .27

Values are mean � SD.
SAPS II � Simplified Acute Physiology Score II
APACHE II � Acute Physiology and Chronic Health Evaluation II

Table 2. Outcome Measures

Location
Non-Cardiac

Subjects
Cardiac
Subjects

P

Weaning unit stay (mean � SD), d 27.3 � 16.8 26.8 � 11.3 .81
Weaning success, % 57.4 65.7 .72
Tracheostomy closure, % 60.3 86.9 .33
In-hospital mortality, % 12.7 17.1 .69
Home mechanical ventilation, % 17.1 13.5 .78

Fig. 1. Probability of continuing mechanical ventilation.
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Figure2 shows thepost-discharge6-month survival prob-
ability curves. Group 1 showed a statistically nonsignifi-
cant better survival rate. Indeed, 6 months after discharge
14 out of 18 (77.8%) and 6 out of 11 (54.5%) discharged
subjects from group 1 and group 2, respectively (P � .37),
were still alive. The overall 6-month survival rate of sub-
jects admitted to our WU of group 1 was 73.7% compared
with 37.5% of subjects of group 2 (log-rank P � .02).
Adjusting for the SAPS II score, APACHE II score, and
Charlson score by the Cox model, the survival rate was not
significantly different between group 1 and group 2
(HR � 1.6, 95% CI � 0.4–6.2, P � .48).

Health status. Admission health status as assessed by
means of functional independence measure was not statis-
tically different (39.9 � 14.2 and 30.5 � 14.2 in group 1
and 2, respectively, P � .06) and improved significantly in
group 1 (to 68.1 � 32.4, P � .001), but nonsignificantly in
group 2 (to 45.1 � 15.3, P � .06); therefore, at discharge,
health status was significantly better in group 1 than in
group 2 (P � .04).

Final Destination

Location after discharge is shown in Table 3. No sig-
nificant difference was found between cardiac surgery and
non-cardiac surgery subjects or between cardiac surgery
groups 1 and 2.

Discussion

This retrospective study shows that admission to a WU
results in weaning from PMV for most cardiac surgery
subjects. Combined cardiac surgery is associated with lower
weaning success rates, worse health status, and lower
6-month survival rates than single cardiac surgery.

Prolonged ICU stay by cardiac surgery subjects often
results in a poorer clinical course and decreased survival

after discharge. Data on clinical outcomes and prognosis
are limited. Prolonged mechanical ventilation has been
variously defined,1,17,26,28-30 and, despite advances in sur-
gical techniques and anesthetic management, continues to
be a relatively common problem after cardiac surgery such
as CABG, with a reported incidence between 2.9% and
8.6%.10-14 In this report, successful weaning was defined
as the ability to breathe spontaneously for more than 7
consecutive days.26 Proposed definitions of weaning suc-
cess for these difficult-to-wean subjects have included 48 h,
7 d, or 14 d without ventilatory support, and freedom from
ventilator support at the time of hospital discharge.1,17,26,28

Such differences in weaning success definition may be
related to differences in patient population, discharge cri-
teria, and institution-specific characteristics.26

Similarly, hospital mortality and LOS are widely vari-
able.29 In our subjects, the overall WU mortality rate was
11.4%, which is lower than the SAPS II predicted mortal-
ity rate. Subjects undergoing single cardiac surgery showed
lower in-hospital and 6-month mortality rates than com-
bined surgery subjects. As a matter of fact, in-hospital
mortality rate was lower than the admission SAPS II-based
predicted mortality rate in group 1 but not in group 2. A
recent retrospective study reports that the in-hospital and
2-y mortality rate were 16.1% and 42.6%, respectively, in
subjects needing mechanical ventilation for more than 7 d
after cardiac surgery.31

When evaluating outcomes, it is necessary to consider
the severity of subjects’ medical status at admission. The
severity of medical issues for the subjects of group 2 is
demonstrated by long previous ICU stay, by mean
APACHE II score of 16, and mean number of patient
comorbidities. Furthermore, adjusting for theSAPSII score,
APACHE II score, and Charlson score by the Cox model,
the weaning rate was still higher (although at the limits of
statistical significance) in group 1 than in group 2 and the
survival rate was not significantly different between group
1 and group 2. Therefore, the difference in outcomes may
be related more to the greater severity of underlying illness
than to the type of surgery per se.

The mean weaning success rate of all cardiac surgery
subjects in our study was similar to that of non-cardiac
surgery PMV subjects admitted to our WU, being signif-
icantly higher in those subjects undergoing single cardiac
surgery. In our WU, weaning protocols are used, namely,
a strategy of progressive reduction of PSV or progres-
sively longer periods of SBT. These techniques were not
applied differently in either group; therefore, the differ-
ence in weaning success rate cannot be explained on the
basis of different weaning techniques. Indeed, no signifi-
cant difference in weaning success and mortality rate, du-
ration of ventilatory assistance, WU, or total hospital LOS
was reported between these 2 weaning techniques in dif-
ficult-to-wean subjects.17 The application of a well-de-

Fig. 2. Kaplan-Meyer 6-month survival curves of discharged
subjects.
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fined protocol, independent of the mode used, may result
in better outcomes than uncontrolled clinical practice.17,32

The need for tracheostomy may complicate cardiac sur-
gery with an incidence ranging from 3.9% to 5.7% accord-
ing to the type of surgery, and an increased risk of mor-
tality, especially in the elderly.33 At least 85% of the weaned
subjects of our study underwent cannula removal and tra-
cheostomy closure. The clinical relevance of cannula re-
moval at discharge is supported by a study showing that
lack of decannulation of conscious tracheostomized sub-
jects before ICU discharge to the general ward was asso-
ciated with higher mortality.34 As a matter of fact, it has
been shown that early tracheotomy provided no benefit in
terms of mechanical ventilation and hospital LOS, rates of
mortality or infectious complications, and long-term health
status for subjects who require PMV after cardiac sur-
gery.10 Furthermore, it has been reported that, in cardiac
surgery subjects, tracheostomy is an independent risk fac-
tor for sternal wound infections.35

An important component of our weaning program is the
availability of physiotherapy. It has been demonstrated
that early physiotherapy results in benefits in critical sub-
jects in the ICU.18,19,36,37

Finally, an interesting result of our study is the destination
of subjects discharged from the WU. The majority of subjects
of both groups were able to be discharged home (Table 2).
Our results are in agreement with those of a single-hospital,
retrospective study,38 which followed 590 cardiac surgery
subjects for at least 1 y after discharge. At hospital discharge,
84.4% of subjects went home, 3.7% to rehabilitation pro-
gram, 7.5% to skilled nursing facilities, and 4.4% to a long-
term acute care facility. In that study, need for PMV de-
creased the odds of being home and alive at 1 y by 67%.

This study evaluated a 5-y period, during which treat-
ment modalities (eg, weaning techniques, physiotherapy,
and medical protocols) did not substantially change. One
can argue that expertise of the caring team might have
improved. This could be supported by the observation that
the weaning rate was, although nonsignificantly, greater in
those subjects admitted in the period 2011–2012 than in
the previous period, 2007–2010, although Charlson index
of comorbidities but not SAPS II or APACHE II scores or
other demographic, anthropometric, or clinical character-
istics differed in subjects who were admitted in the earlier
observation time.

Limitations of the Study

This is a retrospective observational study; therefore,
results must be considered with caution. Nevertheless, in
our WU, clinical protocols and guidelines of the different
actions remained comparable throughout the entire period
of the study. Furthermore, a retrospective study may be
considered as more representative of real-life management
than a controlled prospective study.

The relatively small sample size may have induced some
beta error, especially in evaluating the difference in 6-month
survival rates. However, the same small sample size
strengthens the message when differences are significant.
Nevertheless, due to small sample size, this study did not
evaluate the effect of on- or off-pump (cardiopulmonary
bypass) on outcome. It has been shown that off-pump was
associated with reduced comorbidities in CABG.39

Conclusions

With the above limitations, these results suggest that pa-
tients needing PMV after combined cardiac surgery may suf-
fer from worse outcomes than after simple cardiac surgery.
Whether this result must be ascribed to complexity of surgery
rather than to more severe baseline clinical conditions re-
mains to be elucidated. Further studies are needed to verify
these data and identify further outcome predictors.
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