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Resumen

FACTORES DE RIESGO POR VENTILACIÓN MECÁNICA

PROLONGADA TRAS CIRUGÍA CARDÍACA POR CARDIOPATÍA

CONGÉNITA

Objetivo: El propósito del estudio fue establecer
los factores de riesgo para ventilación mecánica
prolongada en pacientes menores de 18 años
sometidos a cirugía cardíaca. Tipo de estudio:
Prospectivo. Unidad de Cuidados Intensivos
Postoperatorios. Instituto Nacional de Cardiología
“Ignacio Chávez”. Del 1º de enero al 31 de diciem-
bre de 2000. Material y métodos: Fueron anali-
zados 318 pacientes consecutivos menores de
18 años con cardiopatía congénita sometidos a
cirugía cardíaca paliativa o correctiva. Resulta-
dos: Los pacientes con insuficiencia cardíaca tu-
vieron un tiempo de ventilación mecánica de 214
± 200 horas, mientras los pacientes sin insuficien-
cia cardíaca sólo requirieron 33 ± 73 horas (p >
0.001). En presencia de hipertensión pulmonar
severa el tiempo de asistencia ventilatoria fue de
160 ± 176 horas, en comparación con los que no
la tenían, que fue de 47 ± 105 (p < 0.001). En 24
pacientes (8.5%) fue la extubación fallida siendo
por factor hemodinámico en 79% y requirieron de
ventilación mecánica de 277 ± 188 horas versus
el resto del grupo con 41 ± 92 horas (p < 0.001).
Los factores asociados con ventilación mecánica
prolongada (> 120 horas) fueron: edad < 1 año,
hipertensión pulmonar severa e insuficiencia car-
díaca (90%, LC 58 a 99). La mortalidad, en los
pacientes que requirieron ventilación mecánica
prolongada, fue del 34%. El tiempo de circulación
extracorpórea o de pinzamiento aórtico no fueron
factores de riesgo para la necesidad de ventila-

Summary

Objective: The purpose of this study was to deter-
mine factors contributing to prolonged mechani-
cal ventilation in children following surgery for con-
genital heart defects. Design: Prospective cohort
trial. Setting: Critical Care Unit. “Ignacio Chávez”
National Heart Institute, México; from January to
December 2000. Patients: A total of 318 consecu-
tive patients < 18 years old who underwent car-
diovascular surgical procedures for congenital
heart defects were enrolled in this study. Of these,
297 patients were admitted to the intensive care
unit with respiratory support and 2.8% required
prolonged mechanical ventilation (MV) > 120
hours. Measurements and main results: Patients
with cardiac failure had MV time of 214 ± 200 hours,
whereas those without it had MV time of 33 ± 73
hours (p > 0.001). Patients with severe pulmonary
hypertension had MV time of 160 ± 176 hours,
while those who did not had MV time of 47 ± 105
hours (p < 0.001). Twenty-four patients (8.5%) had
extubation failure, in 79% them due to hemody-
namic alteration during the respiratory support time
of 277 ± 188 hours versus the rest of the group
with MV time of 41 ± 92 hours (p < 0.001). Factors
associated with prolonged MV (> 120 hours) were:
patients ages of < 1 year, pulmonary hyperten-
sion, and cardiac failure, and represented the great-
est risk (90%, CI 58 to 99) of prolonging MV. Mor-
tality rate was 34% for patients with prolonged MV.
Times of aortic clamping and cardiopulmonary
bypass were not significant risk factors for pro-
longed respiratory support. Conclusion: Patients
ages of < 1 year old, pulmonary hypertension, and
cardiac failure were significant risk factors for pro-
longed respiratory support.
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Introduction
rogress in surgical techniques, anesthe-
sia, and intensive care has diminished the
need for prolonged respiratory support.

Early extubation decreases the likelihood of
pulmonary complications and the number of day
in the intensive care unit.1-4

Prolonged respiratory support may be necessary
for any patient after surgical management of con-
genital heart defects. The factors associated with
prolonged respiratory support are still unclear.
Risk factors that have been thought to prolon-
ged mechanical ventilation (MV) in children
patients include: cardiopulmonary bypass and
aortic clamping times, hemodynamic disturban-
ces, respiratory disorders and infection, among
others.
Extubation failure, defined as the need for rein-
tubation and restart of respiratory support, has
been reported with a frequency from 17% for
adult patients, 6 to 16% for infants and children,
to 22 to 28% of newborn patients undergoing

Key words: Mechanical ventilation. Cardiac surgery. Congenital heart disease.
Palabras clave: Cardiopatías congénitas. Ventilación mecánica. Cirugía cardíaca.

ción mecánica prolongada. Conclusiones: En
nuestra institución los factores de riesgo para ven-
tilación mecánica prolongada, en pacientes me-
nores de 18 años operados de cirugía cardíaca
paliativa o correctiva fueron: pacientes menores
de 1 año, hipertensión pulmonar severa e insufi-
ciencia cardíaca.
(Arch Cardiol Mex 2005; 75: 402-407)

surgical procedures for congenital heart de-
fects.2-6

This study was performed to determine factors
contributing to prolonged mechanical ventila-
tion in children patients after surgical manage-
ment, either corrective or palliative, for conge-
nital heart defects.

Materials and methods
This retrospective study was approved by local
ethics committee. We did not consent for the stu-
dy was observational. Between January and De-
cember 2000, 318 consecutive patients with con-
genital heart defects < 18 years of age underwent
surgical management. When surgery required
cardiopulmonary bypass, the surgical procedu-
re was a median sternotomy, but when cardio-
pulmonary bypass was not required, a right or
left thoracotomy was used depending on the
pathology, such as, patent ductus arteriosus or
coarctation of the aorta, systemic to pulmonary
shunt procedure or bandage of the pulmonary
artery. Patient pathologies are listed in Table I.
Anesthetic management in the induction phase
included: fentanyl, midazolam, pancuronium
and the maintenance phase with sevoflorane,
fentanyl, midazolam and pancuronium.
Mechanical ventilation was performed with
cycling by time or by volume, with Vt 10 – 20
mL/kg, inspiratory time 0.5 – 1 sec, respiratory
frequency 20 – 60 min, FiO

2
 100% and PEEP 3–

6 cmH
2
O. Sedative and paralytic agents were

administered as needed with intensive respira-
tory support, management of hemodynamic ins-
tability, pulmonary hypertension management,
and, when necessary, avoiding, psychomotor
agitation. MV was discontinued and patients
were extubated with to the following criteria: a)
hemodynamic stability; b) lack of pulmonary
hypertensive crisis; c) adequate respiratory func-
tion and arterial blood gas measurements; d) lack

Table I. Diagnosis of congenital heart defect.

Congenital heart defect No.

Ventricular septal defect 54
Tetralogy of Fallot 37
Atrial septal defect 29
Patent ductus arteriosus 28
Subaortic stenosis 25
Tricuspid atresia 21
Pulmonary atresia and ventricular septal defect 20
Anomalous pulmonary venous connection 18
Valvulopathies 21
Coarctation of the aorta 12
Common atrioventricular canal 9
Pulmonary atresia and intact ventricular septum 7
Double-outlet right ventricle 7
D-Transposition of the great arteries 6
Truncus arteriosus 5
Others 19

Total 318
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of alteration in thoracic radiographic findings.
Prolonged respiratory support was defined as the
need for more than 120 hours of mechanical ven-
tilation, and early extubation when it was possi-
ble to eliminate the MV before 8 post surgical
hours. Severe pulmonary hypertension was defi-
ned as Rp/Rs > 0.65; ventricle systemic dysfunc-
tion was defined as ejection fraction < 60% or
diastolic end pressure in the systemic ventricle
≥ 10 mm Hg.

Statistical analysis
Qualitative variables are presented as frequen-
cies, proportions, and reasons. When appropria-
te, data are expressed as mean (SD). Numerical
data were analyzed with the unpaired Student’s t

test, and categorical data were by using χ2 analy-
sis. If the distribution was abnormal, a non-para-
metric Mann- Whitney U test was used or odds
ratio were calculated. Kruskal-Wallis analysis of
variance was used to determine significant trends.
Pearson correlation method with linear regres-
sion analysis was used to test for significant re-
lationships between continuous variables. Sig-
nificance was defined as a p value < .05.

Results
Of the 318 patients, 226 (71%) underwent open
cardiovascular surgical procedures, and in 92
patients (29%) such procedures were performed
without cardiopulmonary bypass. The mean pa-
tient age was 5 ± 5, with a range of 15 days to 18
years. The mortality was 9% (27 patients), mean
age on patients who died was 1 ± 1.6 years, with
a range of 15 days to 6 years. A total of 21 pa-
tients (6%) were taken to at the intensive care
unit extubated. Of the remaining 297 patients,
MV was discontinued within the first 8 hours of
admission in 97 of them (32%). Thirty-eight pa-
tients (12%) required prolonged MV (< 120
hours) with a range of 144 to 720 hours; 28 of
these patients (74%) underwent open heart sur-
gery, with a mortality of 34% (13 patients).
The duration of cardiopulmonary bypass, aortic
clamping and, type of anesthesia did not influen-
ce the duration of MV. On the other hand, age,
cardiac failure, pulmonary hypertension, and
reintubation were the factors most associated
with prolonged MV. Patients younger than 1 year
old required a longer period of mechanical ven-
tilation than did older patients (Fig. 1). Patients
with cardiac failure had MV time of 214 ± 200
hours, whereas those patients without it had MV
time of 33 ± 73 hours (p > 0.001) (Fig. 2). Presur-
gical pulmonary hypertension was documented
in 87 patients (27%). Post-surgically, severe pul-
monary hypertension was noted in 34 patients
(10.6%). Patients with severe pulmonary hyper-
tension had MV time of 160.41 ± 176.32 hours,
while those who did not had MV time of 47 ±
105 hours (p < 0.001) (Fig. 3).
Twenty-four patients (8.5%) had extubation fa-
ilure in 79% in whom it was due to hemodyna-
mic alteration with respiratory support for 277 ±
188 hours versus the rest of the group with MV
for 41 ± 92 hours (p < 0.001) (Table II). With an
average age of 1.7 ± 2.2 years of the reintubated
versus not reintubated of 5 ± 5 years (p < 0.001).
Various factors were examined for likelihood of

Fig 1. Relationship between time of mechanical
ventilation and age.
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Fig. 2. Relationship of mechanical ventilation time and cardiac failure.
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prolonging MV (> 120 hours). Age younger than
1 year, pulmonary hypertension, and cardiac fa-
ilure were the principal factors increasing the
likelihood for need the prolonged respiratory
support in a 91% (CI 58 to 99% ) (Table III). The
risk of death patients with MV lasting more than
120 hours who had, pulmonary hypertension,
and cardiac failure was 40% (CI 12 to 73%) (Ta-
ble IV). A total of 34% of patients with prolon-

Fig. 3. Relationship between mechanical ventilation time and pulmonary
hypertension.

0.0

50.0

100.0

150.0

200.0

250.0

Mechanical ventilation time

Pulmonary hypertension

Without n=263 With  n=34

x= 160.4 ± 60.5*

x= 50.9 ± 13.4*

*= two standard deviations above the mean

p<0.001

H
ou

rs

Table II. Reasons of reintubation

Reasons for reintubation No.

Cardiac failure 15
Cardiac failure and pulmonary
hypertension 4
Hemothorax 1
Pneumothorax 1
Pulmonary infection 1
Sepsis 1
Upper airway obstruction 1

Total 24

Table III. Prolonged mechanical ventilation rate as related to age, pulmonary hypertension, and cardiac failure.

Mechanical 95% Confidence interval
ventilation

Age < 1a PH CF Total patients > 120 hours Rate Lower Upper limit

+ + + 11 10 90.91% 58.72% - 99.77%
+ - + 17 10 58.82% 32.99% - 81.56%
+ + - 5 1 20.00% 0.51% - 71.64%
+ - - 53 10 18.87% 9.44% - 31.97%
- + + 2 0 0.00% 0.00% - 84.19%
- - + 16 4 25.00% 7.27% - 52.38%
- + - 16 2 12.50% 1.55% - 38.35%
- - -  198 1 0.51% 0.01% - 2.75%

Total 318 38 11.95% 8.55% - 16.24%

PH: Pulmonary hypertension CF: Cardiac failure

Table IV. Mortality risk in relation to prolonged mechanical ventilation.

Mechanical 95% Confidence
ventilation interval limits to reliable
> 120 hours PH CF Total patients Deceased Rate Lower limit Upper limit

+ + + 10 4 40.00% 12.16% - 73.76%
+ - + 14 4 28.57% 8.39% - 58.10%
+ + - 3 0 0.00% 0.00% - 70.76%
+ - - 11 5 45.45% 16.75% - 76.62%
- + + 3 0 0.00% 0.00% - 70.76%
- - + 19 4 21.05% 6.05% - 45.57%
- + - 18 0 0.00% 0.00% - 18.53%
- - - 240 10 4.17% 1.93% - 7.26%

Total 318 27 8.49% 5.19% - 11.68%

PH: Pulmonary hypertension CF: Cardiac failure
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ged MV died versus 5% of patients who did not
have prolonged MV (p > 0.001), with 6.8 times
relative related risk (Table V).

Discussion
Among the benefits of mechanical ventilation
following heart surgery with cardiopulmonary
bypass the following are outstanding: improve-
ment of pulmonary distensibility, increase in
oxygen arterial content, reduction of respiratory
work, and prevention of complications such as
atelectasis, which can increase cardiac failure
and pulmonary hypertension after a heart sur-
gery especially in newborns and infants.7

All groups agree that extubation should be per-
formed as early as possible, since early extu-
bation diminishes pulmonary complications,
number of days in the intensive care unit and
cost of treatment as well.
Heard and collaborators8 reported 67% early ex-
tubation in the first 6 hours and prolonged me-
chanical ventilation in 33%. Kloth9 reported that
48 of 102 patients (47%) could be extubated in
the surgical room or when arriving at the inten-
sive care unit. Neither of these two authors re-
ported reintubation in these patients. In our stu-
dy, 37% of patients were extubated early, 32%
was in the intensive care unit, and the remainder
in the surgical room.
Extubation failure occurred in 24 patients (8%),
20 of whom required prolonged ventilation
(83%). In the literature, there are reports of extu-
bation failure in 4.9% to 23%. In patients who
need respiratory support for short periods failure
of extubation is < 6%, and in those who required
mechanical ventilation longer than 48 hours, the
failure rate was increased more the 20%, espe-
cially in infant patients. The reintubation cau-
ses were: obstruction of the upper airway,
hypoxia, respiratory acidosis, bronchoaspiration,
arrhythmia, encephalopathy, phrenic nerve pa-
ralysis, infectious processes, accidental extu-
bation, and cardiac failure. All these conditions

Table V. Mortality associated with prolonged mechanical ventilation

Deceased Alive Total

Mechanical ventilation > 120 hours 13 25 38
Mechanical ventilation < 120 hours 14 266 280
 Total 27 291 318

χ2 = 36.74  p > 0.001
Relative risk 6.84
Odds reason 9.88

contribute to the need for prolonged mechani-
cal ventilation, and as a result, longer stay in the
intensive care unit.10-14

For patients undergoing corrective surgery for
congenital heart disease who were < 2 years old,
Bandla and collaborators15 reported that in 41%
of cases, it was necessary to maintain mechani-
cal ventilation for more than 7 days, of these
cases, 43% had respiratory alterations such as
airway obstruction, pulmonary hypertension,
phrenic nerve paralysis, and pleural effusion. In
our study, the reasons for reintubation causes
were cardiac failure in 79% of the cases, and in-
fection, pneumothorax or hemothorax, and up-
per airway obstruction in the rest of the cases.
Pulmonary hypertension can be the cause of mor-
bidity, and mortality in children patients after heart
surgery and could be a reason for prolonged res-
piratory support. Lindberg16 reported a 2% inci-
dence of severe pulmonary hypertension, while
our results were an incidence of 10% pulmonary
hypertension, it being one of the relevant causes
of prolonged mechanical ventilation.
Age, especially in the newborn or infant patients,
is an important contributor to the need for pro-
longed mechanical ventilation. In addition to
this, other factors are present, such as cardiac
failure and/or pulmonary hypertension, in whi-
ch cases, the possibilities of requiring postope-
rative prolonged mechanical ventilation in the
postoperatory in congenital heart defects are in-
creased. Furthermore, the 34% of our patients
with prolonged mechanical ventilation died.21

Pereira and collaborators reported an incidence of
2.3% for subglotic stenosis in 300 open heart sur-
geries with an average mechanical ventilation pe-
riod of 7 days (range 3 to 17 days), while we have
experienced only one patient with upper airway
obstruction who required reintubation.17-23

The duration of respiratory support following
surgical correction of congenital heart defects
must be determined individually for each pa-
tient and established in each institution in ac-
cordance with its own experience. A wrong ina-
dequate decision regarding when to stop the
respiratory support, will have a systemic reper-
cussion with increase in morbidity and mortali-
ty, the need for a long stay in the intensive care
unit and increased costs.
A large, prospective multiple institution trial is
necessary to clearly identify the causes and risks
of prolonged mechanical ventilatory in young
children after congenital heart surgery
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