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Objective: 1. To determine the relationship between extubation failure and postoperative
pulmonary hypertension after congenital heart surgery. 2. To apply the result to the
selective criteria for fast-track patients for better postoperative care.
Setting:  King Chulalongkorn Memorial Hospital.
Method: A cohort study from April 2002 to January 2003 contained seventy five patients composed of 19
exposed and 56 non-exposed. The patients underwent surgical correction of the high pulmonary blood flow
typed congenital cardiac abnormalities were enrolled in this study. The pulmonary arterial pressure was
measured after the operation was finished. The exposed group were patients who had a mean pulmonary
arterial pressure greater than 25. The extubation failure group were patients who had the endotracheal tube
in place for more than 24 hours. The demographic characteristics i.e. age, gender, body weight, height and
body surface area, intraoperative data i.e. cross clamp time, cardiopulmonary bypass time, pulmonary
arterial pressure and extubation time were recorded.
Result: The incidence of the extubation failure in the exposure group was 73.7% ( 14 in 19 patients) and in
the unexposure group was 16.1% (9 in 56 patients). The relative risk (risk ratio) was 4.58 (95% Cl = 2.38-
8.84). The complex congeniatl defects group had relative risk of 7.24 to extubation failure. There was no
strong correlation (highest Pearson’s correlation coefficient was 0.50) between pulmonary arterial pressure
and other variables including intubated duration. The cardiopulmonary bypass time was positively
correlated to the intubated duration (Spearman’s rho = 0.647). The negatively correlated were found with
body weight, height and body surface area (Spearman’s rho = -0.645, -0.634 and -0.638 respectively). The
multivariate analysis using multiple ‘logistic regression showed-the odds ratio of 7.81, 1.05 and 13.24 for
pulmonary hypertension, aortic cross clamp time and the complexity of the defects respectively.
Conclusion: The postoperative pulmonary _hypertension had a statistically_significant to be_a risk factor for
extubation failure. = Furthermore, the complexity of the defects, the aortic cross clamp time, the

cardiopulmonary bypass time and the small size patient should be considered as risk factors to extubation

failure as well.
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CHAPTER 1

INTRODUCTION

Rationale and background

Congenital heart disease encompasses a large spectrum of clinical entities, ranging
from isolated cardiac defects to very complex multiple cardiac malformations, and in the vast
maijority of cases, surgical repair or palliative procedures are needed. Innovations in surgical
techniques and in perioperative care have allowed for successful surgical repair of complicated
congenital heart disease previously considered inoperable.

Pulmonary hypertension in children with congenital heart disease remains an important
cause of postoperative morbidity and mortality. The high pulmonary blood flow and pulmonary
arterial pressure that occurred in the left-to-right lesions lead to an increase in pulmonary
vascular resistance (PVR). After the surgical correction, the pulmonary arterial pressure and
also the PVR are assumed to drop down to normal or near normal. But in some patients the
postoperative increase of PVR may be more marked, may regress slowly, may show intermittent
spontaneous or precipitated crisis-like exacerbation, and may require prolonged ventilation and
specific strategies to maintain a lower PVR.

The increase in pulmonary vascular resistance (PVR), which has a higher prevalence in
Down syndrome (1,2), is-resulted.from the congenital heart disease with high pulmonary blood
flow and is aggravated by the development of-overt-pulmonary endothelial dysfunction after
cardiopulmonary bypass (3). .In those severe. cases,. the. pulmonary-hypertensive crisis will
occurred and can leadto postoperative mortality (4). Advances in understanding the control of
vasomotor tone have highlighted the role of endothelium-derived nitric oxide as a key
vasodilator substance. Basal release of endogenous nitric oxide by the pulmonary endothelium
seems to be fundamental to constant active vasodilation in this circulation. Failure of nitric

oxide bioavailability arises in children with congenital left-to-right shunt lesions, and this pre-



existing endothelial dysfunction might be further exacerbated by congenital heart surgery. This
postoperative deficiency of pulmonary nitric oxide availability might, therefore, be
pathogenically linked to pulmonary hypertensive crisis. Routine use of inhaled nitric oxide after
congenital heart surgery can lessen the risk of pulmonary hypertensive crisis and shorten the
postoperative course (5). Unfortunately, inhaled nitric oxide is only available in some cardiac
centers in Thailand.

Changes in healthcare delivery have influenced all aspects of medical practice,
including the field of congenital heart surgery. Cost containment, limitation of laboratory
evaluation and monitoring, and early discharge have all been emphasized (6).

One of the major factors contributing to the high cost associated with surgical
interventions in complex congenital heart disease is the duration of stay in the ICU. Indeed,
studies examining the impact of ICU stay have shown that ICU utilization accounts for about
20% of total hospital costs.

Due to limitation of resource, the ICU bed, longer duration of stay in ICU that decrease
the turn over rate of the ICU bed will limit the capacity of the cardiac surgical cases.

Delay in extubation is one of the major causes of delay in discharge from the ICU.
Furthermore, prolonged use of mechanical ventilation has been associated with several
negative results such as a decrease in cardiac output due to positive pressure ventilation,
patient discomfort, infections, chronic lung disease, subglottic stenosis, and aspiration. The
best way to prevent these complications is to reduce the duration of ventilation support as
much as possible but this should not be achieved at the expense of premature extubations,
because it is known that reintubation increases the risk of nosocomial pneumonia and is
associated with an increase in mortality (7,8).

Inithe current era, “minimally invasive” cardiac operation has become increasingly used
for the repair of both acquired and congenital heart disease. In patients with congenital heart
disease, the primary benefits of less invasive surgical techniques are likely to be improved
cosmetic results and possibly shorter periods of in-hospital convalescence. In conjunction with
a “fast-track” strategy, such techniques may be used to decrease hospital stay and cost.

These objectives, however, should not take precedence over safety and meticulous repair (9).



To be successful in the “fast track” together with providing the safety to our patients, we
have to realized the risk factors of the “fast track” and apply the strategy only to the suitable
patients.

Pulmonary hypertension has been described as one of the risk factors for prolong
intubation after surgical correction for congenital heart diseases (3,10).

However, few articles showed that the “fast track” could be applied to vast majority of
the patients regardless of the pulmonary arterial pressure. The studies those stated that the
pulmonary hypertension as a risk factor for extubation failure are conducted in case series
analysis or case-control analysis that are believe to be less powerful. Also the sample sizes in

some studies are rather small to be able to conclude the hypothesis.



CHAPTER 2

LITERATURE

2.1 Literature search strategy:

The literature search strategy used to locate the information in this review is the Pub-
MED reference database and additionally by going through the reference list of other
articles and institutional database. The keywords used were extubation failure, pulmonary
hypertension, postoperative and congenital heart disease. The year covered by the search

was from 1986 — 2001.

2.2 Extubation failure

The extubation failure rate within 48 hours after extubation in infants and children has
ranged from 16 to 22% (8, 11).

Treating pulmonary hypertension with inhaled nitric oxide could lower frequency of
pulmonary hypertensive crisis and significantly reduced requirement for long-term
ventilation (5).

Stridor was the most common reason cited for extubation failure. The population most
at risk for extubation failure would include the young-infants as well as those patients who
have been receiving mechanical ventilation for a long period of time. The infant is at a
mechanical disadvantage because of:the high compliance and low ‘elastic recoil of the
infant chest wall (11).

For children with repaired complete AV septal defects, Down syndrome was
associated with a significantly higher cardiac mortality that associated risk of pulmonary

hypertension may play some role (1).



The need for preoperative mechanical ventilation, longer cardiopulmonary bypass and
aortic cross-clamp durations, and additional surgical interventions were all identified as
independent variables associated with prolonged mechanical ventilation and ICU stay (12).

The duration of cardiopulmonary bypass during surgical repair correlated with the
postoperative mechanical ventilation. Pulmonary resistance were highly correlated with the
duration of mechanical ventilation in patients undergoing repair of ventricular septal defects
(13).

Young children undergoing cardiac surgical repair be identified as a particular high-
risk group for extubation failure, and that clinicians actively seek to identify specific
pulmonary factors but in this study showed no correlation between CPB duration and the
duration of either mechanical ventilation or ICU stay (14).

A case-control study (3) showed significantly higher pulmonary vascular resistance in
the prolonged mechanical ventilated group and they also showed the correlation of days of
assisted ventilation with PVR (r2 = 0.64) and the correlation between the length of the
cardiopulmonary bypass time and the duration of ventilatory support time (r2: 0.48).

On the other hand, Fischer et al found that neither complexity of surgery nor
cardiopulmonary bypass time remained significant predictors of extubation in the adjusted
model. The model only attributed a positive effect to age: older children were extubated

earlier than newborns or infants (15).



CHAPTER 3

RESEARCH METHODOLOGY

3.1 Research question

3.1.1 Primary research question:
Is residual high pulmonary arterial pressure a risk factor for delayed
extubation in postoperative corrective congenital heart surgery?

3.1.2 Secondary research question:
Is there any correlation between postoperative pulmonary arterial

pressure and the duration of time that the patient was intubated?

3.2 Objectives:

3.2.1 Primary objective:

To determine the effect of extubation failure, including relative risk (risk
ratio), on postoperative pulmonary hypertension after congenital heart
surgery.

3.2.2 Secondary objective:

To determine the correlation between postoperative pulmonary arterial

pressure and the duration of time that the patient was intubated.

3.3 Hypothesis:

Research hypothesis

Null hypothesis: The incidence of extubation failure following corrective congenital heart
surgery in patients with residual pulmonary hypertension is not different from patients
with normal pulmonary arterial pressure.

Alternative hypothesis: Residual pulmonary hypertension after corrective congenital

heart surgery result in high incidence of extubation failure.



Statistic hypothesis
H,: T =T
H,: T > T

™ = proportion of extubation failure in pulmonary hypertension cohort

(1%] = proportion of extubation failure in pulmonary normotension cohort.

3.4 Conceptual framework:

Surgical correction

for

congenital heart disease

r» Residual pulmonary arterial hypertension

Long CPB time
Down syndrome o —

Younger age

Extubation failure

3.5 Assumption: (none)

3.6 Keywords: Extubation failure, pulmonary arterial hypertension, congenital heart

surgery and postoperative.



3.7 Operational definition:

Pulmonary hypertension is defined by a mean pulmonary arterial pressure higher

than 25 mmHg. or systolic pulmonary arterial pressure higher than 50 % of systolic
systemic blood pressure (5). The method of measurement will be describe further.

Extubation failure is defined by prolong of intubation time for more than 24 hours

after admission in the ICU or the patients who need reintubation within 48 hours after
extubation.
The secondary outcome will be analyzed from the pulmonary arterial pressure

and the time start since the patients arrived in the ICU until the patient was extubated.

3.8 Research design:

Due to the uncontrollable of the residual pulmonary hypertension, this study will
be conducted as a cohort study. The residual pulmonary hypertension will be defined

as an exposure and outcome variable will be the proportion of extubation failure.



3.9 Research design model:

Exposure

Outcome

Congenital heart disease

with

increased pulmonary blood flow

Increased pulmonary vascular resistance

and

pulmonary arterial pressure

Surgical correction

Normal

pulmonary arterial pressure

Residual

pulmonary hypertension

Criteria for extubation

Successful extubation

Extubation failure
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3.10 Research method

3.10.1 Population

Target population

Children since newborn through 15 years of age who have congenital heart

diseases that resulted in increase of pulmonary blood flow and pulmonary vascular

resistance and that undergoing for elective surgical correction under cardiopulmonary

bypass.

Sampled population

The children of target population who had been operated at King Chulalongkorn

Memorial Hospital.

A. Inclusion criteria:

1.
2.

Newborn to 15 years old child

Suitable for corrective heart surgery with congenital heart lesions that tend
to have high pulmonary vascular resistance and pressure, such as atrial
septal defect, ventricular septal defect, complete atrioventricular defect ,
total anomalous pulmonary venous connection, aorto-pulmonary windows,

truncus arteriosus, transposition of the great arteries, etc.

. Undergo for elective surgical correction under cardio-pulmonary bypass.

B. Exclusion criteria:

1.

® N O o M~ w0 N

Surgical correction without using cardiopulmonary bypass

. Incomplete repair or residual defect

. Preterm infants

. Patients who died intraoperatively or within 24 hours after surgery
. Candidates for transplantation

. Intubated prior to surgery

. Pneumonitis and chronic lung diseases prior to surgery

. Congestive heart failure which need hospitalization
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9. Hospitalized patients due to other diseases

10. Postoperative diaphragmatic paralysis

3.11 Sample size:

Determining the significant relative risk by using the following formula:

2
F%Jma—m+4Mma+R—ma+#»}

n=

2
(p.(1-R)
p,= proportion of extubation failure in pulmonary hypertension group
(p1(1 +R))
p —
2

R = relative risk

Zy, = 1.645 for QL = 0.05 (one tail)

Zg = 0.84 for 3 = 0.20 (power = 80%)

For the p, = 0.2 and R=2.5, n for each cohort will be 40 patients and the total
sample size will be 80 patients.

The proportion of extubation failure in the pulmonary hypertension group can be
as high as 0.4 (3) and the relative risk can be 4 or higher but | think this number is
too high to need to be proved. The relative risk of 2.5 should be considered
clinically significant... Then the proportion of extubation failure in the pulmonary
hypertension group should be around 0.2 when the proportion of extubation failure

in the pulmonary normotension group is around 0.1.

For a correlation study, the sample size can be estimated by using the following

formula:

2

z, +z

—A " +3
C

CzllnlLr
2 \1-r

n=
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r = expected correlation coefficient
n = estimated sample size

For r=0.8
Zy = 1.96 for OL = 0.05

Zﬁ =1.28 for 90 % power

11 patients is needed

If we calculate the sample size from the confidence interval of the correlation

coefficient (P) by using the following formula:

2
n= 22y +3
Z, - Z
When (1-Qt) % C.I. of P is given by (P,, P,) and

Z = l|n{l+ p'}

2 [1-p
Zu :l|n1+—pu
2 |1-py

If the expected correlation coefficient (p) is 0.8, 45 patients will be needed.
So the sample size of 80 patients that is needed to confirm the relative risk of 2.5
will be able to prove the correlation coefficient of 0.8 as well. In conclusion, the sample

size for this study should be 80 patients.

3.12 Observation of the exposure and outcome

After discontinuity of the cardiopulmonary bypass, protamine was given, when the
patient was hemodynamically stable, systemic arterial and pulmonary arterial pressures
were measured intraoperatively. The systemic arterial pressure has been routinely
monitor in the patients undergoing open heart surgery. For the pulmonary arterial
pressure measurement, in some patients who needed continuous monitoring of the

pulmonary arterial pressure as a part of postoperative care, a small umbilical catheter
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was retained in the main pulmonary artery and connected to the pressure transducer,
the pulmonary arterial pressure was continuously shown on the monitor. In the patients
who did not need postoperative monitoring of the pulmonary arterial pressure, the
measurement was done by connect the pressure transducer to the small needle (25 G)
and stuck the needle into the main pulmonary artery. After recording the pressure, the
needle was removed and the bleeding from the needle hole was controlled.

The patient will be extubated by the anaesthesiologists who looking after the
patients in the ICU following the criteria for extubation.

The criteria for weaning from the mechanical ventilator to extubation will be
developed follow the AARC clinical practice guideline (16) and has to be agreed among
the personals who are taking care of the patients. The patients who have completed all
of the extubation criteria will be extubated.

Extubation criteria (14, 16):

- The patient was awake, alert and moving all limbs

- The hemodynamic was stable in a normal for the age of the child with low-

dose inotropes requirement

- The patient was well-perfused with adequate urine output

- The core temperature reached 36.5-37.5°C when the patient was fully

rewarmed

- Mediastinal bleeding was less than 1 ml/kg/hr

- Arterial oxygen tension (PaO,) was higher than 90 torr with FiO, = 0.4

- Appropriate pH and PaCO,

- Acceptable respiratory rate decreases with age

- Chest X-rays showed no collapsed lung or pleural effusion

- Breath sounds were clear bilaterally and without wheeze

- Adequate airway protective reflexes
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3.13 Outcomes measurement:

The variables being measured were as followed:

3.13.1 Demographic and baseline variables
Age (months)
Body Weight (kilograms)
Height (centimeters)

BSA (Body surface area) (mz)

3.13.2 Exposure variables
Pulmonary arterial pressure (mmHg)
Cardiopulmonary bypass time (min)

Aortic cross clamp time (min)

3.13.3 Outcome variable

Intubation time (hour)

3.14 Data collection

The data was collected in a data collection form.

3.15 Data analysis methods:

3.15.1 Demographic and baseline variables
Demographic and baseline data of patients such as: age, weight, height, body
surface area and etc were quantitative data, range, mean and standard deviation were

demonstrated as summarized (Table 1)



Table 1: The demographic and baseline variables.
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Variables

Type of variable

Presentation

Demographic data

Age (months)

Gender (M:F)

Body weight (kg)

Body surface area (mz)
Intraoperative data

CPB time (minute)

Cross-clamp time (minute)

Pulmonary arterial pressure (mmHg)

Pulmonary hypertension (y/n)
ICU data

Intubation time (hour)

Failure of extubation (y/n)

ICU stay (hour)

Continuous (ratio)
Nominal (dichotomous)
Continuous (ratio)

Continuous (ratio)

Continuous (ratio)
Continuous (ratio)
Continuous (ratio)
Nominal (dichotomous)
Continuous (ratio)
Nominal (dichotomous)

Continuous (ratio)

Mean + SD
Proportion
Mean + SD

Mean + SD

Mean + SD
Mean + SD
Mean £ SD
Proportion
Mean £ SD
Proportion

Mean + SD

By using the definition of pulmonary hypertension and extubation failure, the incidence of pulmonary

hypertension that is the exposure and the rate of extubation failure that is the main outcome will be

converted to be a dichotomous data from the pulmonary pressure and the intubation time that is a

continuous data.

3.15.2 Outcome variables

Measurement of effect will be performed as follow (Table 2):

Table 2: Measurement of effect

Expression Question Definition

Attributable  risk  (risk | What is the incidence of disease | AR= g — IE

difference) attributable to exposure?

Relative risk (risk ratio) How many times more likely are RRzl—E
exposed persons to become |E
diseased, relative to nonexposed
persons?
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Population attributable risk | What is the incidence of disease in a ARP = ARxP
population, associated with the
occurrence of a risk factor?
Population attributable | What fraction of disease in a AE: _ ﬁ
fraction population is  attributable to T

exposure to a risk factor?

Where Ig = incidence in exposed persons; Ig = incidence in nonexposed persons; P
= prevalence of exposure to a risk factor; and |, = total incidence of disease in a

population.

Comparison of outcomes between two cohorts had been made by Chi-square
test or Fisher's exact test for the main outcome (rate of extubation failure) and other
categorical variables. = Student's unpaired t-test or Mann-Whitney U test, when
appropriate, were used to compare continuous variables. The p-value of less than 0.05

was considered significant.

Correlations between time to extubation and independent variables such as
pulmonary arterial pressure, cardiopulmonary bypass time, age and BSA of the patient
were calculated using the formula for the Pearson’s product moment correlation

coefficient (r):

2x - x)y -y)

rsz(X—i)zz(y—V)z

The  amplitude of correlations. were determined by 'the coefficient of

determination (Rz).
Test for correlation under the assumption that population parameter P is zero:
Null hypothesis: H: p=0
Alternative hypothesis: Hi:p #0

oL =0.05
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The p-value of less than 0.05 was considered significant.
The logistic regression was used to determine the risk factor(s) of prolonged

intubation and for the adjustment of the different baseline confounder(s) if existed.

3.16 Ethical consideration

- The study had been approved by the Institutional Board Review.

- The written informed consent was obtained from the parents of each child.

- The identity of the patients were kept in confidence.

- The patients’ withdrawal from the study would not interfere with regular care
or benefit.

- The study conformed to the declaration of Helsinki.

3.17 Limitation of this study:

= Time limitation for sample collection.

- Need to follow strictly to the criteria for extubation to get the accurate time of
intubation, which-depended on co-operation of anaesthesiologists who were
taking care of the postoperative ventilator support.

- Other risk factors stated“before suchas cardiopulmonary bypass time,
present of Down’s syndrome,-airway problems, etc, had, been adjusted by

statistical method.

3.18 Expected benefit and application:

To know the chance of the patient who fails to extubation will help in planning for

the postoperative care. The “fast track” procedure that promote early extubation after
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surgery, that tend to be more popular these days in order to reduce the length of stay in
ICU and hospital that will bring to the reduction in the major cost of the cardiac surgery
and enhance more turnover rate of the bed occupying in ICU, will be applied to a more
selective patients to get a better result.

Furthermore, the known benefits of early extubation include the cost saving,
patient comfort, early patient mobilization, improved cardiac performance, decreased
respiratory problem as well as reduction of case cancellation due to early ICU

discharge.

3.19 Obstacles:

Possible obstacle is that sometime the anaesthesiologists will not be available to
wean the patients from the ventilator and extubate them and cause some delay but this
may not effect the result because the delay should not long enough to change the
outcome. The amount of target population might not be enough during the study period.

Hence the study can be extended.



CHAPTER 4

RESULTS

4.1 Demographic and baseline data

Ninety one children were undergone corrective congenital heart surgery for high

pulmonary blood flow type congenital heart defect at King Chulalongkorn Hospital

during the 10 month-period from April 2002 to January 2003.

Sixteen patients were

excluded due to 1 patient died within 24 hours, 3 patients had pneumonitis and chronic

lung diseases prior to surgery, 1 patient had residual mitral valve regurgitation, 1 patient

had residual aortic valve regurgitation and 10 patients had incomplete data. Therefore,

seventy five patients were included in this study.

There were 19 patients in the pulmonary hypertensive cohort and 56 patients were

in the pulmonary normotensive cohort. The characteristics of these two groups were

compared as shown in table 3.

Table 3: Demographic characteristics, intraoperative and ICU data

Pulmonary

hypertension

Pulmonary

normotension

p value

(95% CI of the

(n=19) (n = 56) Difference)
Demographic data

Age (months) 6.0° 60.0° <0.01°
[0.13, 84] [0.1, 174] (27.5-67.9)

Gender (M:F) 9.(47.4):.10.(52:6)° |27 (48.2) : 29 (51.8)° 0.95°

Body weight (kg) 10.12 (7.51)° 18.47 (15.04)° 0.023'
[2.54, 28.70] [2.25, 79] (1.16 - 15.54)

Height (cm) 83.55 (30.53)° 103.60 (32.82)° 0.022"
[45, 139] [47,172] (2.98 - 37.13)

Body surface area (m”) 0.48 (0.28)° 0.71(0.39)° 0.017"
[0.17,1.07] [0.17,1.81] (0.04 - 0.43)
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Intraoperative data

CPB time (min)

Cross-clamp time (min)

Pulmonary arterial
pressure (mmHg)
ICU data

Intubation time (min)

Failure of extubation (y/n)

ICU stay (day)

157 (63.83)°
[65, 249]
87.79 (39.83)°
[28, 155]
31 (3.23)°

[26, 37]

4560°

[235, 17080]
14 (73.7)°

a

6

[1,14]

81.36 (57.15)°
[24, 308]
46.63 (31.36)°
[0, 186]
17.95 (3.64)°

[12, 25]

510°
[15, 12915]
9(16.1)°
e

[1,20]

<0.01'
(-106.84 - -44.55)

<0.01'
(-58.97 - -23.36)

<0.01'
(-14.93 --11.18)

<0.01

e

<0.01
<0.01

*Value are expressed as median and [min, max]

b,
Value are expressed as number (%)

“Value are expressed as mean (SD) and [min, max]

dp value by Mann-Whitney U test

°p value by Chi-square test

fp value by unpair t-test

Types of the diagnosis were shown in table 4
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Table 4: Types of diagnosis, number of pulmonary hypertension and number of

extubation failure

Diagnosis Number of patient(s) PHT Extubation failure
ASD secundum 18 0 0
ASD primum 3 0 1
VSD 34 8 5
Complete AV canal 2 0 1
DORV 1 1 1
PAPVC 1 0 0
TAPVC 4 1 3
TGA 2 1 2
TGA with VSD 6 5 6
Truncus arteriosus 3 2 2
Interrupted aortic arch 1 1 1

Regarding the type of the diagnosis, the defects that had the high incidence of

pulmonary hypertension and extubation failure were among the complex congenital

heart defects such as TGA with and without VSD, TAPVC, truncus arteriosus and

interrupted aortic arch. Therefore, the effect of the complexity of the defects on the

outcome was analyzed. In summary, the incidence of extubation failure in the complex

congenital heart defect group was 88.89% (16 in 18 patients) and in the simple

congenital heart defect group was 12.28% (7 in 57 patients). From the chi-square test

gave the chi-square of 37.76 and p value = 0.000. “ The effect was measured and

shown in table 5.

Table 5: The effect of complex congenital heart defects on extubation failure

Effect

Point estimate

95% confidence interval

Relative risk (risk ratio)

Attributable risk (risk difference)

Population attributable fraction

Population attributable risk

7.24
.7661
.8618
.5995

3.55-14.76
.5977-9344
.7182-.9323




22

The incidence of pulmonary hypertension in the complex congenital heart defect
group was 55.55% (10 in 18 patients) and in the simple congenital heart defect group
was 15.79% (9 in 57 patients). From the chi-square test gave the chi-square of 11.44

and p value = 0.0007. The effects were measured and shown in table 6.

Table 6: The effect of complex congenital heart defects on pulmonary

hypertension

Effect Point estimate 95% confidence interval
Relative risk (risk ratio) 3667 1.70-7.29
Attributable risk (risk difference) 3977 .1493-6460
Population attributable fraction Nal'56 4113-.8628
Population attributable risk STLOVA

4.2 Primary outcome analysis

The incidence of the extubation failure in the exposed group was 73.7% (14 in 19
patients) and in the unexposed group was 16.1% (9 in 56 patients). The result was
considered statistically significant (p value = 0.000) by chi-square test (chi-square =
22.15). The Attributable risk (risk difference) is 57.6% (95% C| = 35.6-79.6%), the
relative risk (risk ratio) is 4.58 (95% CIl = 2.38-8.84), the population attributable risk is
47.5% and population attributable fraction is 78.2% (95% CI = 57.96-88.68%).

The ROC curve from the pulmonary pressure and the extubation failure has shown
that the cut off point at 25 mmHg ‘will ‘give a sensitivity of 0.609-and specificity of 0.904.

The coordinates of the ROC curve were shown in table 7.




ROC Curve

1.00

.75+

.50+

.25+

Sensitivity

0.00

0.00

F25

1 - Specificity

Table 7: Coordinates of the ROC curve

.75

1.00
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Pulmonary arterial pressure Sensitivity Specificity
> 11 1 0.000
>12.5 1 0.019
> 135 1 0.96
> 145 0.957 0.173
> 155 0.913 0.308
> 16.5 0.913 0.404
> 175 0.870 0.519
> 18.5 0.826 0.577
>19.5 0.783 0.635
2> 20.5 0.739 0.692
2215 0.739 0.731
>225 0.696 0.769
2> 235 0.696 0.808
> 24.5 0.652 0.885
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> 255 0.609 0.904
> 26.5 0.565 0.923
> 275 0.522 0.923
> 28.5 0.478 0.942
> 295 0.435 0.942
> 305 0.391 0.942
>315 0.304 0.981
>32.5 0.217 1
> 34.0 0.130 1
> 36.0 0.087 1
> 38.0 0.000 1

Due to the difference in the characteristic between both groups, there are some
variables that should be considered to analyze such as age, CPB time and aortic cross

clamp time. The univariate analysis of these variables were shown in table 8.

Table 8: The univariate analysis the risk of age, CPB time and aortic cross clamp

time to extubation failure

Variables Odds Ratio Standard Error | p value 95% CI
Age (month) 0.99 0.005 0.067 0.98-1.00
CPB time (minute) 1.04 0.009 <0.01 1.02-1.05
Aortic clamp time (minute) 1.04 0:01 <0.01 1.02-1.06

These variables will be further analyzed in the multiple logistic model.

4.3 Secondary outcome analysis

4.3.1 Correlation analysis

The one sample Kolmogorov-Smirnov test showed that the intubated duration was
non-normal distribution. So the correlation between the intubated duration and other
variables were analyzed using nonparametric Spearman’s rank correlation and the

results were shown in table 9.
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Table 9: Spearman’s rank correlation between the intubated duration and other

variables

Variables Spearman’s rho P value
Pulmonary arterial pressure 0.486 <0.001
Age -0.184 0.114
Weight -0.645 <0.001
Height -0.634 <0.001
Body surface area -0.638 <0.001
Aortic clamp time bk, <0.001
Cardiopulmonary bypass time 0.647 <0.001

The correlations between postoperative pulmonary arterial pressure and other
normal distributed variables i.e. weight, height, body surface area, aortic cross clamp
time and cardiopulmonary bypass time were analyzed using Pearson’s correlation and

the results were shown in table 10.

Table 10: Pearson’s correlation between pulmonary arterial pressure and other

variables

Variables Pearson’s correlation coeffeicient P value
Weight -0.284 0.013
Height -0.340 0.003
Body surface area -0.321 0.005
Aortic clamp time 0.507 <0.001
Cardiopulmonary bypass time 0.496 <0.001

4.3.2 Multiple analysis using unconditional multiple logistic regression

To evaluate the effect of each variable on extubation failure adjusted
simultaneously for effect of other variables. The univariate analysis has shown
significant association between the exposure (postoperative pulmonary hypertension)
and the major outcome (extubation failure). Due to the difference of the demographic

characteristics, intraoperative and ICU data between both groups, the significant risk
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ratio of the complexity of the defects and we also found some correlation between

variables, particularly the cardiopulmonary bypass time and the outcome (time to

extubation), the effect of the multiple variables on the outcome should be considered

and need to be adjusted using multiple logistic statistic and the results were shown in

table 11.

Table 11: The effect of multiple variables on extubation failure

Variables Odds Ratio | Std. Err. | p value 95% CI
Pulmonary hypertension (y/n) 6.98 6.83 0.047 1.03-47.55
BSA (m’) 0.010 0.063 0.448 | 7.77e-06-1394
Aortic cross clamp time (min) 1.03 0.03 0.284 0.97 -1.09
Cardiopulmonary bypass time (min) 1.01 0.02 0.412 0.98-1.04
Age (month) 1.004 0.04 0.919 0.93-1.08
Complex congenital heart (y/n) 5.80 8.44 0.227 0.34 - 100

After stepwise backward, the variables age and aortic cross clamp time were

removed and the final model was shown in table 12.

Table 12: The final model of multiple logistic regressions

Variables Odds Ratio Std. Err. p value 95% CI
Pulmonary hypertension (y/n) 7.81 7.45 0.031 1.20 - 50.63
BSA (m2) 0.018 0.045 0.113 0.00012 - 2.62
Aortic cross clamp-time.(min) 1.05 0.022 0.020 1.008 — 1.093
Complexity (y/n) 13.24 15.84 0.031 1.27-138.18




CHAPTER 5

DISCUSSION, CONCLUSION, AND RECOMENDATION

5.1 Discussion

The postoperative pulmonary hypertension can cause morbidity and mortality
especially when the crisis happened. To deal with this situation, we have to decrease
the pulmonary vascular resistance by induce pulmonary vasodilatation. We use both
pharmacology and hyperventilation technique. The hyperventilation can have the faster
and dramatic effect. We also need the endotracheal tube to hyperventilate the patient.
If the problem is still there, the patient may need longer intubation period.

This study was conducted in a cohort study. The total number of 75 patients was a
little bit less than the estimated sample size but the effect was obviously seen. Due to
the high relative risk after the study, this amount of sample could give the power as high
as almost 1.

From this study, the incidence of postoperative pulmonary hypertension was about
25% and the overall incidence of extubation failure was 30.7%.

This study revealed a 73.7% incidence of extubation failure after corrective
congenital heart surgery in the patients with postoperative pulmonary hypertension
compare to 16.1% in the patients without pulmonary hypertension. The relative risk (risk
ratio) was 4.58 (95% CI = 2.38-8.84) significantly. The incidence of the extubation
failure in both' cohorts were obviously high compare to other studies(3,8,11). One
reason might be due to delay extubation. We could see no incidence of reintubation at
all in all 75 patients.” As we know-that reintubation can cause morbidity and mortality as
well. So we rather keep the endotracheal tube in place a little bit longer and will be able
to decrease the incidence of reintubation. Anyhow, we should not delay extubation for
too long.

The study also showed higher incidence of pulmonary hypertension and extubation
failure in the complex congenital heart defects group. The high relative risk of 7.24

might come from the complexity of the defects itself or the higher incidence of
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pulmonary hypertension or the longer aortic cross clamp time and cardiopulmonary
bypass time needed to repair more complex defects.

There were a lot of differences between two groups of patients. But from the
correlation test, there is no any variable that has correlation with the postoperative
pulmonary arterial pressure. The highest correlation coefficient that shown in table 10
was only around 0.5 with the p value 0.000 confirming that the correlation was not 0 but
the magnitude of the correlation was not very strong. There was no strong correlation
between the postoperative pulmonary arterial pressure and the time to extubation either
(Spearman’s rho=0.486, p value=0.000). There was one variable, the cardiopulmonary
bypass time, that seemed to have positively correlated to the intubated duration
(Spearman’s rho=0.647, p value=0.000). The body weight, height and body surface
area had negatively correlated to the intubated duration giving the Spearman’s rank
correlation coefficient of -0 .645, -0.634 and -0.638 respectively. So the small size of the
patients should be considered as a risk factor for extubation failure as well.

The logistic model was used to adjust the effect of the confounding factors that
might happen. The variables that were put into the model are pulmonary hypertension,
body surface area, aortic cross clamp time, cardiopulmonary bypass time age and the
complexity of the defects. The pulmonary hypertension was selected because it is
considered to be the exposure and had a significant result from the chi-square test. The
body surface area, that best determined the size of the patient, seemed to have
significant effect to the outcome. The cardiopulmonary bypass time was determined to
be a confounder and was the only-one variable that. showed rather high correlation with
the time to extubation. The aortic cross clamp time and age were highly significant
different between two groups. The complexity of the defects had the relative risk of 7.24
significantly by chi-square test and also had the risk of pulmonary hypertension
postoperatively (RR=3.5).

The stepwise backward logistic model had shown that the variables that were
removed, under condition that p value greater than 0.2, were age and follow with
cardiopulmonary bypass time.

The final logistic model had shown that the variables that gave odds ratio greater

than 1 significantly were pulmonary hypertension and complex congenital heart defect.



29

But the 95% confidence interval that was very wide, due to a small number of sample
size, and the lower value was very close to 1 (1.20 and 1.27 for pulmonary hypertension
and complex congenital heart defect respectively) caused some reluctance to strongly
believe their harm. The complexities of the defects also prolong the aortic cross clamp
time and the cardiopulmonary bypass time that might enhance the effect on the
outcome.

The aortic cross clamp time also had a little effect on the harmful side (odds ratio
1.05) with the p value of 0.02. Also, the wide 95% confidence interval and the lower
value of 1.008 gave very little concern on the effect.

The size of the patient had effect on the outcome as well. The analysis showed
that the bigger children had tendency to be safer than the small babies but the p value

of 0.113 and the 95% confidence interval that across 1 made it less significant.

5.2 Conclusion

This study showed that the postoperative pulmonary hypertension was the risk
factor of extubation failure with the relative risk of 4.58 and after adjusted the data bias
and the considering confounding factors, the final logistic model gave the odds ratio of
7.81.

The complexities of the defects showed greater odds ratio (13.24) than the
pulmonary hypertension that might come from many reasons.

The harmful of prolong aortic-cross clamp time was not very serious as the odds
ratio very close to 1.

The cardiopulmonary bypass time had positively correlated to the intubated
duration (Spearman’s rho=0.647).

The small size of the patient should be considered as another risk factor for
extubation failure due to the negatively correlated to the intubated duration of body
weight, height and body surface area (Spearman’s rho=-0.645, -0.634 and -0.638

respectively).
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5.3 Recommendation

The postoperative pulmonary hypertension, complex congenital heart defects, long
aortic cross clamp time, long cardiopulmonary bypass time and small size patient was
considered as risk factors for prolonged intubation. If we found that the patient had
these risk factors, there was no rush to wean the patient from the ventilator and extubate
the patient. Prolonged intubation and longer ICU stay should be anticipated and also
advised to the relatives. Furthermore, we should prepare for decreasing in turnover rate
of the intensive care unit if we are going to operate on this group of patients. This group

of patients may not be a good candidate for fast-track protocol due to a high failure rate.
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