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Objective - To analyze parameters of respiratory system
mechanics and oxygenation and cardiovascular alterations
involved in weaning tracheostomized patients from long-
term mechanical ventilation after cardiac surgery.

Methods - We studied 45 patients in their postopera-
tive period of cardiac surgery, who required long-term me-
chanical ventilation for more than 10 days and had to un-
dergo tracheostomy due to unsuccessful weaning from me-
chanical ventilation. The parameters of respiratory system
mechanics, oxigenation and the following factors were
analyzed: type of surgical procedure, presence of cardiac
dysfunction, time of extracorporeal circulation, and pre-
sence of neurologic lesions.

Results - Of the 45 patients studied, successful wea-
ning from mechanical ventilation was achieved in 22 pa-
tients, while the procedure was unsuccessful in 23 patients.
No statistically significant difference was observed bet-
ween the groups in regard to static pulmonary compliance
(p=0.23), airway resistance (p=0.21), and the dead space/
tidal volume ratio (p=0.54). No difference was also obser-
ved in regard to the variables PaO /FiO, ratio (p=0.86),
rapid and superficial respiration index (p=0.48), and
carbon dioxide arterial pressure (p=0.86). Cardiac dys-
function and time of extracorporeal circulation showed a
significant difference.

Conclusion - Data on respiratory system mechanics and
oxygenation were not parameters for assessing the success or
failure. Cardiac dysfunction and time of cardiopulmonary
bypass, however, significantly interfered with the success in
weaning patients from mechanical ventilation.
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Theparametersof respiratory system mechanicsand
oxygenation are commonly used to wean patients from
long-term mechanical ventilation**. Factors, such as
advanced age, female sex, timeof extracorporeal circulation,
cardiac dysfunction, and low cardiac output, may lead
patientstolong-term mechani cal ventilation 58 However,
few reports exist about the conjunct use of parameters of
respiratory system mechanicsand oxygenation, and cardio-
vascular alterations as factorsinvolved in the successful
weaning of patientsfromlong-term mechanical ventilation
after cardiac surgery.

Inthe postoperative period of cardiac surgery, patients
are usually extubated as soon as the anesthetic effect cea
ses, and theventilatory modality haslittleimpact onthedeci-
sion to extubate®. Approximately 3 to 6% of the patients,
however, may requirelong-termmechanical ventilationdue
tothecomplexity of cardiac and pulmonary diseasesor due
to other systemic problems*°. In these cases, the usual
criteriafor extubation, such asanalysisof thearteria gases
and determination of vital capacity and minute volume,
many timesfail toforetell the successof extubationt. The
amount of material and financial resources consumed by
these patientsonlong-termmechanical ventilationarehigh,
and some studies were conducted in an attempt to find
ways to reduce the costs®.

Our study aimed at analyzing the parametersof respi-
ratory system mechanicsand oxygenation, and cardiovas-
cular alterations, and at assessing the factorsinvolved in
thesuccessor failure of weaning tracheostomized patients
from prolonged mechanical ventilation after cardiac surgery.

Methods

Westudied 45 patientsonlong-term mechanical venti-
lation after cardiac surgery admitted tothe Surgical Inten-
sive Care Unit of the Instituto do Corago (InCor) of the
Hospital dasClinicasof theMedical School of the Univer-
sity of Sdo Paulointheperiod from August 1997 to February
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1999. Thirty-four were malesand 11 were females. All
patientsincluded in the protocol had undergone cardiac
surgery with extracorporeal circulation and remained on
long-term mechanical ventilation for more than 10 days
after failureto wean, being then tracheostomized. Patients
diagnosed with sepsisor mediastinitis, or with atempera-
tureabove 38°C or bd ow 35°C wereexcluded fromthestudy.

After tracheostomy, the patients were sedated with
intravenous midazolam, and muscul ar rel axation wasindu-
ced with pancuronium bromidefor measurementsof respi-
ratory system mechanics. TheVeolar-Hamilton ventilator
(Switzerland) was used adjusted to the parametersof venti-
latory modality and controlled volumeto assuretidal volu-
me of 8 mL/kg, inspiratory flow wave of the square type,
andinspiratory pauseof 0.5 seconds. Theinspiredfraction
of oxygen and the positive end-expiratory pressure were
adjusted to maintain aperipheral oxygen saturation3 95%
until thelower limit of oxygen concentration of 40% and
positiveend-expiratory pressureof 5cmH,Owereachieved.

After adjusting the mechanical ventilator, thefollo-
wing measurementsweretakendirectly fromthepanel of the
respirator: tidal volume, peak inspiratory pressure, minute
volume, respiratory rate, plateau inspiratory pressure, posi-
tiveend-expiratory pressure, andinspiratory flow.

To assess respiratory system mechanics, the humi-
difier wasremoved fromthecircuit of therespirator 2. The
following measurements were taken: static compliance
(mL/cmH,0), airway resistance (cmH,O/L/m), dead space/
tidal volumeratio, rapid and superficial respirationindex,
PaQ,/FiQ, ratio, and PaCO,,

Total static compliance was obtained dividing the
tidal volume by the plateau pressure subtracted from the
valueof the positiveend-expiratory pressure. Total airway
resistance was cal culated dividing the difference between
the peak inspiratory pressure and the plateau pressure by
the inspiratory flow. The dead space/tidal volumerratio
(Cosmo Plus-9, Dixtal, S&o Paulo, Brazil) was obtained
performing arterial blood gas analysiswith 100% oxygen
concentration. After spontaneous decurarization, and
whenthepatient’ sclinical conditionsallowed, theendotra-
cheal tube was disconnected from the respirator and the
rapid and superficial respirationindex wasmeasured at the
first andfifth minutes. Theparametersof respiratory system
mechani csand oxygenati on obtained were compared with
thenormal values®.

Thetypeof surgical procedure, timeof extracorporeal
circulation, presenceof myocardia dysfunction, and neuro-
logicdl aterationswereanalyzed. Thetimeof extracorporeal
circulation was considered longer or shorter than 120
minutes. Cardiac dysfunction wasdefined as cardiacindex
< 1.8 L/min/m2in patientstaking inotropic drugs or with
g ection fraction <50%, or both, and wasanalyzed on echo-
cardiography. Neurological alterationswere the lesions
clinically assessed and confirmed on cerebral computed
tomography, excluding progressiveneurological lesions.
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Electrolytic disorders were promptly corrected and
nutrition was performed viaenteral or parenteral route,
accordingtoclinical conditionsand nutritional assessment.

All patientsunderwent theweaning protocol standar-
dizedfor thesurgical ICU of InCor. The parametersusedto
assessweaning fromtheventilator wereasfollows: hemo-
dynamicgtability; respiratory rate< 25rpm; PaO,/Fi O, > 200;
carbondioxidearteria pressure between 35and 45 mmHg;
maximuminspiratory pressure>25cmH,O; tidal volume>5
mL/kg; and SaO, maintained > 93%. Weaning consisted of
gradually reducing theventilator parameters, such asrespi-
ratory rate(f), pressure supported ventilation (PSV), posi-
tive end-expiratory pressure, and fraction of inspired
oxygen (FiQ,), until minimum parameterswerereached, ie, f
=2rpm, PSV =10cmH,O, positiveend-expiratory pressure=
5cmH,0, andFiO,=0.4. Atthat moment, gradua withdrawal
fromtheventilator wasinitiated under continuousnebuliza-
tionwith oxygen support and mai ntenance of oxygen satu-
ration>93%for 30minutesinthemorning and 30 minutesin
theafternoon. Inthenocturnal period, mechanical ventila-
tionwasmaintained. Those periodsof timeweregradually
increased until complete weaning from the ventilator was
obtained, asshownintheweaning protocol intablel.

Successin mechanica ventilationweaning wasdefined
asthepatient’ scompl eteindependenceof theventilator fora
period > 48 hours, mai ntaining oxygen saturation above 93%
with oxygen support and nofatigueintherespiratory pattern
(tachypnea, useof theaccessory muscles, paradoxical move
ments, or asynchrony between the chest and the abdomen).
Failurein mechanical ventilationweaning wasdefined asthe
patient’ s dependence on the ventilator for a period longer
than 8 weeks (56 days) or when death occurred.

The study was approved by the scientific committee
of InCor and the committee on ethicsin research of the
Hospital dasClinicasof theMedical School of the Univer-
sity of Sdo Paulo.

All variables are described as mean and standard
deviation. Dataon successand failurewere analyzed with
the Student ¢ test, and the variablestime of extracorporeal
circulation and cardiac dysfunction wereanalyzed with the
Fisher exact test. The statistical significancelevel adopted
wasp<0.05.

Table I — Weaning protocol
Protocol Time of nebulization
Period
Morning Afternoon Night
30min 30min Respirator
Respirator 1h 1h Respirator
F=2rpm 2h 2h 1h
PSV = 10cmH,O 3h 3h 2h
FIO2=04 4h 4h 3h
PEEP= 5cmH,O 5h 5h 4h
6h 6h 5h
24h
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Results

Of the 45 patients studied, 22 achieved independence
from mechanical ventilationwithin 8 weeksand weredis-
charged from the ICU. The other 23 patients did not suc-
ceed in being weaned from the mechanical ventilator. Of
these 23 patients, 8 remained under ventil atory assistance
for aperiodlonger than 8weeks, and 15 died. Thepatients
characteristicsareshownintablell, and the description of
the surgical procedures are shown in tablel1l. Of the 5
patientswho entered the protocol in the valvular group, 4
underwent surgical replacement of the aortic valveand 1
underwent surgica replacement of themitral valve.

Thevariablesrespiratory system mechanicsand oxy-
genation (static pulmonary compliance, airway resistance,
dead space/tidal volumeratio, rapid and superficial respira-
tionindex, PaO,/FiQ, ratio, and carbon dioxidearterial pres-
sure), when compared between the “successful” and
“unsuccessful” groups, showed no statistically significant
difference(tab. V).

Of thepatientsstudied, 27 (60%) had cardiac dysfunc-
tion, 9 (33%) of whom evolved to successful weaning, and
18 (67%) evolved to unsuccessful weaning. Of the 18 (40%)

Table II — Demographic characteristics of the patients

Success (N =22) Lack of success (n= 23) P

Age (years) 63.3 £ 129 629 + 13 0.87
Weight (kilograms) 732 + 12.9 721+ 128 0.77
BMI (kg/m?) 275+ 63 264+ 38 0.50
Height (m) 1.66 + 0.08 162 + 013 0.30

Table III - Types of surgical procedure in the 45 patients

Surgical procedure Success Lack of success
Myocardial revascularization 16 5
Associated procedure 2 9
Valvular replacement 1 4
Correction of AoA 2 4
LV aneurysmectomy 1 1

Associated procedure = myocardia revascularization + another associated
procedure; AOA — aneurysm of the ascending aorta; LV — left ventricle.
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patientswho had no cardiac dysfunction, 13 (72%) evolved
toindependencefrom mechanical ventilation, and 5 (28%)
failedtowean fromthemechanical ventilator. Thisdifferen-
cewasstatistically significant (p=0.016) (fig. 1).

Thetimeof extracorpored circulationwasshorter than
120 minutesin 23 patients, 15 (65%) of whom evolved to
success, and 8 (35%) evolved to failure to wean from the
mechanical ventilator. Of the 22 patientswith extracorporeal
circulationtimelonger than 120 minutes, 7 (32%) evolvedto
success, and 15 (68%) to failureto wean from mechanical
ventilation, astatistically significant difference (p=0.038)
(fig.2).

Inthegroup studied, 15 (33%) of the 45 patients had
neurol ogical complications, 9 of whom succeededinbeing
weaned from the mechanical ventilator, while6 did not.

Discussion

Our datashow that 46% of the patientsunder mecha
nical ventilationwere successfully weaned from ventilatory
support. Thispercentageiscompatiblewith those of other
reportsintheliterature®**®. The causesof failureto wean
frommechanical ventilationinthesepatientsrel ated mainly
to the presence of cardiac dysfunction and prolonged time
of extracorporeal circulation.

Severd studies>**haverecommendedtheuseof static
pulmonary compliance, an easily measured noninvasive
variable, which provedto beauseful criteriontoforetell suc-
cessinweaning frommechanical ventilationin patientswith
pulmonary disorders. However, in our study, although
gtatic pulmonary compliance showed va uesbel ow normal,
it was ot sensitiveenough to differentiatethe evolution of
the patientsin regard to weaning from mechanical ventila-
tion. The reduction in static pulmonary compliance may
have been due to proceduresinvolved in surgery, such as
sternotomy, extracorporeal circulation, surgical mani-
pulation, and presence of drainsé'’,

In our study, airway resistance wasincreased in all
patients, but no significant difference was observed bet-
ween the patients who evolved to independence from
mechanical ventilation and those who evolved to unsuc-
cessful weaning. Zanotti et al 2, analyzingairway resistance
in patients with chronic obstructive pulmonary disease

Table IV - Comparison of the parameters of respiratory system mechanics and oxygenation between the groups that succeeded or failed to
wean from prolonged mechanical ventilation

Success Unsuccess Normal values p
Cst (mL/cmHZO) 431+ 52 37.7 £ 14.03 50-100 0.23
Raw (cmH,O/L/s) 87+ 6.3 7+ 6.0 2-5 0.21
Vd/vt 04+ 01 03+ 0.16 £03 0.54
fIVt (rpm/L) 100.6 + 52.9 87.6 + 42.97 < 100 0.48
PaO,/FiO, 248 + 200 235+ 185 > 200 0.88
PaCO, (mm Hg) 375+ 33 36 + 30.2 35-45 0.86

in rpm/L.

Cst — static compliance in mL/cmH,O; Raw — airway resistance in cmH,O/L/s; Vd/Vt —dead spaceftidal volume ratio; f/Vt — rapid and superficial respiration index

308




Arq Bras Cardiol
2003; 80: 306-10.
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Fig. 1— Cardiac dysfunction in the groups that succeeded or failed to wean from
prolonged mechanical ventilation; * p<0.05 for the comparison between those
groups.
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Fig. 2- Time of extracorporeal circulation (CPB) in the groups that succeeded or
failed to wean from prolonged mechanical ventilation; * p<0.05 for the comparison
between those groups.

(COPD), found similar results. Onthe other hand, Tobin 8,
inarecent study, reported that theincreasein airway resis-
tancein patientswith COPD makesmechanical ventilation
weaning difficult. Theincreaseinairway resistance obser-
ved inour patientsmay have been dueto edemacf theair-
way walls, presenceof fluidsor secretionswithintheairway
lumen, and areduction in pulmonary functional volume?e.

The dead space/tidal volumeratio has been reported
to be predictive in mechanical ventilation weaning when
associated with asystem of scoring, including dataon respi-
ratory system mechanics and oxygenation®. Our study
revealedthat that variablewasnot significantinforetelling
success in mechanical ventilation weaning, because both
groupshad valuessimilar or closetonormal .

Therapid and superficial respiration index variable
iswidely used to predict the results of mechanical venti-
lation. Thisindex has been considered valid by some au-
thors, showing that patientswith values below 100 rpm/L
achieve independence from ventilatory support*®2. This
variableiseasily measured, does not depend on the pa-
tient’ scooperation, andishighly predictive of theresult of
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weaning . However, our datashow that that variablewas
not statistically significantly different betweenthegroups.
Our case series comprised 7 patientswho had no clinical
condition for undergoing the test, due to hemodynamic
instability or sedation, or both. Similar results were also
found by Navaet al “in patientswith COPD; according to
thoseauthors, therapid and superficial respirationindex did
not prognosticate success or lack of successin weaning.

ThePaO,/FiO, ratioisroutinely used at our institution
after cardiac surgery asaparameter of mechanical ventila-
tion weaning, and it may be used independently of the
patient’ sclinical conditions, although cardiovascular alte-
rations may influence venous oxygen content and cardiac
output *3. That ratio identified no significant differencein
regard to oxygenation in both groups.

Cardiac dysfunction hasbeenreportedintheliterature
as 1 of thefactorsthat impair mechanical ventilation wea-
ning in patientsundergoing cardiac surgery 42, Lemaireet
al Zreported that COPD and |l eft ventricular dysfunctionare
factorsthat may contributeto failuretowean from mecha-
nical ventilation. A statistically significant differencewas
observed in theincidence of cardiac dysfunction between
the groups; the presence of cardiogenic shock and low
ventricular gjection fraction were factors that interfered
negatively withweaning frommechanical ventilation.

Time of extracorporeal circulationis 1 of the major
factorsthat delay weaning frommechanical ventilationin
cardiac surgery, duetotheimportant physiological disorder
caused by theinflammatory responseto the extracorporeal
circuit. Thisdisorder affectsthe pulmonary capillary mem-
brane, causing anincreaseinthe physiological shunt, and
altering gas exchanges 2. Previous studies have shown
that a prolonged extracorporeal circulation time (> 120
minutes) isusually related to ahigh surgical risk 8. Our
findingsweresimilar in patientswho remainedin extracor-
pored circulationfor morethan 120 minutes.

The neurological alterationswere one of the major
complicationsin the postoperative period of cardiac sur-
gery. Themechanismsinvolved aremultifactorial, although
thoserelated to extracorporeal circulation are specifically
implicated %. Our datashow that patientswho had under-
gone cardiac surgery and had neurological alterations,
when undergoing prolonged mechanical ventilationdid not
necessarily evolve to unsuccessful weaning.

In conclusion, our study showed that in patients
undergoing cardiac surgery and requiring prolonged mecha:
nical ventilation, dataon respiratory system mechanicsand
oxygenation did not interfere with the success or lack of
successinweaning. Ontheother hand, cardiac dysfunction
and time of extracorporeal circulation directly influenced
successinweaning.
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