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Editorial

Improving treatment outcomes do not come out of nowhere like rain on a summer day. 
It comes from a careful study of individual components or reflecting on the full extent of 
their sum to predict better or worse treatment outcomes. Determination of negative 
parameters initially that foretell on the basis of observation, evidence, or scientific reason 
is as important as introducing any disease intervention or any preventative interference 
to disease progression. Intervention is like an arrow, after it is launched, it would be
technically almost impossible to arrest its trajectory.

The works of E. Yap, A. Salcedo, B. Causapin, C. Gayeta, P. Lopez, and E. Udaundo 
are excellent examples of the point of our discussion: studying and planning ahead before 
initiating any treatment is not only ethical but moral. Lives are at stake, let our science help. 
Wisdom comes from reflecting on our past experiences, meaning reviewing our charts. 
Their works attest to the fact that reflecting on our past will improve our future.

E. Domingo and D. Marmeto went full speed further and presented scoring systems 
to guide all practitioners about predicting positive treatment outcomes for TOF surgical 
corrections and cardiac rehabilitation. While A. Longos, N. Alegado, and J. Fongayao 
shared with us important case vignettes to be our intelligent guides to such rare cases.

We have started to include cardiovascular imaging reviews in this issue. We have a 
collection of images that will poke the interest of our readers.

Great works of art stimulate the emotions. These outstanding research outputs inside 
the pages of this edition tags not only emotions but entire lives and futures.

I hope you all enjoy reading through .

.
                                                                         Gilbert Custodio Vilela, MD,             
                                                                         Editor-in-Chief
 



Cardiac Rehabilitation

Effect of In-Patient Phase I Cardiac Rehabilitation 
on the Hospital Anxiety and Depression Scale Score

 (HADS) Among Cardiac Surgery Patients
Maria Donabel A. Marmeto, MD; Lucky R. Cuenza, MD; Edgardo E. Ebba, MD; Leandro C. Bongosa, MD;
Marcelito L. Durante, MD; Minda Siasoco, MD; Mea Lovella B. Clara, MD; Benjamin Jose C. Quito, MD

Background --- Depression and anxiety are prevalent co-morbidities in patients who are hospitalized due to 
heart disease and who have undergone cardiac surgery. These conditions can have significant impact on the 
patient’s recovery, quality of life, treatment and prognosis. We aimed to determine the effect of an in-patient 
Phase I cardiac rehabilitation (CR) on the Hospital and Anxiety Depression Scores (HADS) of patients who 
underwent cardiac surgery.
Methods --- A prospective cohort study of 100 patients who underwent cardiac surgery in our institution. Pre 
and post HADS score were taken from patients who were referred and not referred to Phase I Cardiac 
Rehabilitation. The two groups were compared for any significant changes of HADS score prior to 
discharge.
Results --- Comparing the two groups, the decrease of post HADS scores was significantly greater in patients 
who were referred to Phase I Cardiac Rehabilitation (7.70 ± SD 3.0 vs 2.53 ± SD 1.4). The mean difference 
was 5.17 points with p = <0.001.Sub analysis of anxiety subscale was done. There was a significant decrease 
of post-HADS scores on patients who were referred to Phase I Cardiac Rehabilitation as compared with the 
other group (7.30 ± SD 3.2 vs 2.0 ± SD 1.2). The mean difference 5.17 points with p= <0.001.
Conclusion --- Participation in an inpatient Phase I cardiac rehabilitation program prior to discharge may help 
in decreasing anxiety and depression levels in patients post cardiac surgery. Phil Heart Center J 2021;24
(2):1-8.

Key Words:  n Phase I Cardiac Rehabilitation n Post Cardiovascular surgery 
n HADS Score n Depression  n Anxiety
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      epression and anxiety are among the 
              most common mental disorders specially 
for medically ill patients with a reported of 
prevalence of 10% - 50 %. These disorders result 
from a multitude of biological, psychological 
and social interactions. Prompt recognition 
should be sought because these can significantly 
hinder the course of management of patients.1 

Because of the stigma of medical illness as well 
as unwillingness of patients and healthcare 
provider to engage conversation regarding 
depression and anxiety, the existence of these 
conditions are often overlooked in many cardiac 
patients thus leading to sub-optimal outcomes in 
diagnosis and treatment. This has been showed 

D significantly influence the course of medical 
illness, lengthen hospital stay duration, and lead 
to the patients’poor compliance to medication 
and treatment follow-ups.1

 Cardiac rehabilitation (CR) is a medically 
supervised evidence-based intervention wherein 
a patient is restored to an optimal physical, psycho-
logical, social, emotional, and economic status.
Cardiac rehabilitation programs consist of 
risk factor modifications, dietary interventions, 
psychological supports, exercise training, and 
education. It has already proven its benefits and
effectiveness in terms of quality of life, 
reduction of mortality and its class I indication 

1st  place, Oral Presentation - Original Paper. 27th PHC Annual Research Paper Competition and Poster Presentation held on 
February 26, 2019 at Phil ippine Heart Center. Correspondence  to   Dr. Maria Donabel A. Marmeto.  Section of 
Cardiac Rehabilitation. Philippine Heart Center, East Avenue, Quezon City, Philippines 1100 Available at http://www.phc.
gov.ph/journal/publication  copyright by Philippine Heart Center,  2021 ISSN 0018-9034



from the American Heart Association/American 
College of Cardiology.2 The Hospital Anxiety
and Depression Scale (HADS) is a scoring 
system designed to recognize probable anxiety 
and depression among the in-hospital patients. 
It is a 14-item, self-assessment questionnaire 
composed of anxiety and depression subscales 
with 7 questions for each. For the interpretation, 
a score of 0-7 is normal, mild 8-10, moderate 
11-14 and severe 15-21 as total HADS or for each 
subscale.3 It has been validated as a measure of 
probable anxiety and depression in patients who 
had myocardial infarction and even in medically-
ill patients. Correlational studies done in several 
aspects of medical illness and quality of life and 
it gave clinically meaningful results as a psycho-
logical screening tool. It showed high test-retest 
reliability make it appropriate for screening, 
monitoring and noted to be sensitive to changes 
during the course of the illness and in response
 to psychological management.4

 More than 200 published studies worldwide 
used HADS score as tool, accepted in all facets 
of medical settings and translated in more than 
50 different languages including Filipino 
language. It has been validated in the Philippines 
with a noted sensitivity of 75%, specificity of 
70% and PPV of 75%.5

 The typical cardiac rehabilitation program 
consists of 2 phases, where Phase 1 involves 
an  in-patient phase emphasizing early recovery 
and ambulation in preparation for discharge,
consisting strengthening exercises and basic 
instructions while Phase II is an outpatient 
comprehensive program consisting of exercise 
training, education and counselling.6  While 
most of the studies focused on the effects of 
Phase II CR on outcomes, no published study
to the best of our knowledge assessed the
effects of Phase I Cardiac Rehabilitation (CR)
in anxiety and  depression results after cardiac
surgery. The study  may provide insight to use
the HADS for in patients examining the postula-
ted benefit of Phase I Cardiac Rehabilitation.

The objectives of the study are: (1) to 
determine the effect of Phase I Cardiac Rehabili-
tation in HADS score of the post cardiovascular 
surgery patients. While the specific objectives 
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are: (1) to determine the pre and post 
Hospital Anxiety and Depression Scale Scoring 
System (HADS Score) of post cardiac surgery 
patients who referred and not referred to Phase
I  Cardiac Rehabilitation;  (2) to compare the mean 
difference of the pre and post Hospital Anxiety 
and Depression Scale Score (HADS Score) of 
post cardiac surgery patients who referred and
not referred to Phase I Cardiac Rehabilitation.

METHODS

 This was a prospective cohort study. The 
study protocol was approved by the Institutional 
Review Board and Institutional Ethics Review 
Board in our institution. The study was done in 
our institution from November 2017 to February 
2018. Informed consent was obtained from the 
patients prior to the participation.

 The respondents were chosen based on the 
following criteria: adult male or female patients 
with age of 19 to 70 years old, post cardiovascu
lar (CABG, valve, vascular, trauma and congeni-
tal) surgical patients from private and service 
wards and on its third post-operative day where 
patients’ clinical status was already stable.

 We excluded patients who cannot read and 
write in English or Filipino, elderly patients (>70 
years old), existing psychiatric disorders based 
on their medical histories, ongoing treatment 
of anti-anxiety and anti-depressant medications 
and prolonged hospitalization of >15 days due 
to complications. Each patient who agreed were 
given informed consent form. The attending 
physicians of each patient were also informed 
regarding the study.

  The Hospital Anxiety and Depression 
(HADS) score scale, a 14-item, self-assessment 
questionnaire composed of 7-items for both 
the anxiety subscale and depression subscale. 
Pre and post HADS were taken for both groups.
The total HADS score and its subscale were 
interpreted based on these ranges: normal (0-7), 
mild (8-10), moderate (11-14) and severe (15-21)
and measured the changes from the baseline 
HADS score for both groups. (Figure 1). 
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A. Phase I of Cardiac Rehabilitation - This is a 
hospital in-patient program which is initated

 after cardiac rehabilitation specialist assessed 
 and diagnosed that patient is on stable
  medical condition  after the cardiac event. 
 The objectives of the program are to speed 
 -up recovery and prevent complications like 
 deconditioning due to prolonged bed rest, 
    etc. Rehabilitation program includes health 
    education, range of motion activities, inter-
  mittent sitting or standing and walking
 according to the level set by cardiac reha-
      bilitation specialist.
B.  Hospital Anxiety and Depression Scale 
 Scoring System - The HADS score was 

designed to determine the presence of 
 depression and anxiety disorders among 

the medically-ill patients which includes 
 depression and anxiety symptoms, while 
 the somatic items which could be attributed 
 to the physical illness have been omitted. 
 A 14-item self-assessment questionnaire. It 
 is composed of 7-items for both the anxiety 
 subscale and depression subscale. Scores on 
 each scale can be interpreted in ranges: 
 

 normal (0-7), mild (8-10), moderate (11-14)
 and severe (15,21).3

C. Age - refers to the chronological age of the 
 patient. In the study of Stordal et al, suggested
 that age has relationship with persons’ 
 vulnerability/susceptibility to depression and 
 anxiety.
D. Sex - refers to biological characteristics that 
 differentiate man and woman. Studies suggest
 that there are differences in rate of depression 
 between males and females through the
  ages.
E.  Marital Status – refers to the relationship 
 status of married couple as some studies 
 suggest that interplay exists between marital 
 status and depression.
F.  Educational Attainment – refers to the level
 of schooling that an individual achieved 
 and is observed as part of the risk factor
 for having depression as observed in some 
 studies. The socio-economic status as a result 
 of educational attainment could be the
 reason.
G. Occupation – refers to work that generates
 income. The highest rates of depressed 
 workers were observed in sectors where 
 the workers have low income and low
 morale.
H. Socio-economic Status–According to 2012 

Family Income and Expenditure Survey 
 (FIES), Philippine Statistics Authority, the 
 following are the different socio-economic 
 status class base on monthly income:
 a. Poor – the income per capita was less than
 official poverty threshold amounting less
 than PHP 7,890 per month. 
     b. Low income (but not poor) – the income 
 per capita was twice higher than the poverty 
 line ranging from PHP 7,890 to PHP 15,780
      per month.
 c. Lower middle income - the income per 
 capita was twice to four times higher than 
 the poverty line ranging from PHP 15,780 
 to PHP 31,560 per month.
 d. Middle class - the income per capita was 
 four times to ten times higher than the poverty 
 line amounting PHP 31, 560 to PHP 78,900 
 per month.
 e. Upper income (but not rich) - the income
 per capita was fifteen times to twenty times 
 higher than the poverty line ranging from 
  

 Figure 1. Study Maneuver

Post cardiovascular surgery patients
(Valve, Congenital, CABG and Vascular)

(3rd Day post-op)

Not Referred to 
Phase I Cardiac 

Rehab

Baseline HADS 
score

Post HADS 
Prior to discharge

Analysis of Data

Conclusion

Informed 
Consent

Phase I 
CCReP

Informed 
Consent

Recovery 
at the ward

Referred to 
Phase I Cardiac 

Rehab

Baseline HADS 
score

Post HADS after 
Phase I Cardiac Rehab
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Frequency and proportion were used or nominal
variables, mean and SD for continuous varables.
To show relationship/association, Independent
and Paired Sample T-tests were used for conti-
nuous varables, and Fisher’s Exact/Chi-square
test were used to for categorical variables.
Missing variables were neither be replaced nor 
estimated. Null hypothesis was rejected at 0.05
α-level of significance. STATA 13.1 was used for 
data analysis.

RESULTS

 A total of 100 post-cardiovascular patients 
participated in the study, 85% of which referred 
for Phase I Cardiac Rehabilitation.

The total pre-HADS score of the two groups 
showed a mean of 11.86 ± 2.0 SD for those
patients  who were not referred and 10.45 ± 2.0 
SD for those who referred to Phase I Cardiac 
Rehabilitation respectively. After the course of 
treatment and sessions, the mean HADS score 
for both groups significantly decreased, 9.33 
± 1.3 for  patients  who were  not  referred and 
2.75 ±  2.5 points for patients who were referred 
to  Phase I Cardiac Rehabilitation respectively. 
Comparing the two groups, the overall mean 
difference was significantly greater in patients
who were referred to Phase I cardiac rehabilita-
tion with mean difference of 5.17 points, p=
<0.001. (Table 2) The mean changes in scores 
were graphically represented in Figure 2. 
 

Sub-analysis of anxiety subscale was done.
The mean pre-HADS score of the two groups 
were 10.87 ± SD 1.3 for those who were not 
referred vs 9.96 ± SD 1.3 for those who were 
referred. There was noted a significant decrease
between the mean post-HADS anxiety subscale
of the two groups, with the Phase 1 referred
group having a greater decrease in the anxiety
score (8.87 ± SD 1.2 vs 2.65 ± SD 2.5).  The
change in the anxiety subscale scores was 
significantly greater in the Phase 1 group with a 
mean change of 5.17 points (p=<0.001). The 
changes are graphically summarized in Figure 
3. 

 PHP 118,350 to PHP 157,800 per month.
 f. Rich - the income per capita was equal or 
 more than twenty times higher than the  
 poverty line amounting at least PHP 157,800 
 per month.
I.  Physical Activity – refers to activities like 

exercise that helps to reduces stress, ward-
 off anxiety and feeling of depression, boost 
 self-esteem and improves sleep. In this study 
 the patients will be asked if they are 
 actively doing exercise or not prior to their 
 operation.
J.  Cardiovascular surgery – composed  of 
    coronary artery bypass graft surgery, valve 
 surgery, congenital heart disease surgery and 
 vascular surgery.
K.  Co-morbidities – presence of co-morbidities 

like hypertension, diabetes, cerebrovascular 
 and previous psychological disorder can 

be a triggering factor for anxiety and 
 depression.
 L.  Risk factors – smoking, alcoholic beverage 
 drinking, and illegal drug abuse will be 
 noted in study in which can have possible 
 association with anxiety and depression.
M. Medications used – medications can be 
 associated with depression and anxiety.
 Use of Beta-blockers - refers to intake of 

drugs classified as beta-blocker, which is 
 used in managing cardiac arrhythmias. Intake 
 of this drug has been associated with 
 increased risk of depression.
 Use of anti-depressant drugs - this is part 

of treatment of depression. This includes 
 Selective Serotonin Re-uptake Inhibitor 
   (SSRI) such as Sertraline and Citalopram 
   which are safe for patients with coronary 

heart disease  (CHD) and effective for 
      moderate, severe, or recurrent depression.

A minimum of 94 patients were required 
for the study, this was based on effect size of 
0.49,  alpha level of 0.05,  power of 80%, pooled 
standard deviation of 3.4, and an assumed 0.875
correlation coefficient of pre and post cardio-
vascular rehabilitation program in terms of 
Anxiety on Psychosocial Score by Stauber.9

Descriptive statistics were used to summa-
rize the clinical characteristics of the patients. 
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Table 1. Showed the baseline characteristics of the two groups. Patients who referred to Phase I Cardiac Rehabilitation (CR) were 
older (53.5 vs 44.3) and were more likely to be diabetic. The rest of the findings were all similar between the two groups.

Table 1. Profile of Post Cardiovascular Patients Who Underwent Cardiovascular Surgery.

           Without Phase I                            With Phase I
            Cardiac Rehab                             Cardiac Rehab
                  (n=15)                                             (n=85)
              Frequency (%)                               Mean ± SD

P Value

Age in years 44 .3 ± 16 53. 5 ± 14 0.025

Sex
    Male
    Female

5 (33.3)
10 (66.7)

26 (30.6)
 59 (69.4)

1.000

Marital Status
    Single
    Married
    Widowed
    Separated

5 (33.3)
 9 (60.0) 
1 (6.6) 

0

12 14.2)
 69 (81.18) 

3 (81.8) 
1 (1.18)

0.220

Occupation
    with occupation
    without occupation

8 (53.3)
7 (46.7)

57 (67.1)
 28 (32.9)

0.381

Previous physical activity
    with exercise
    without exercise

13 (86.7)
2 (13.3)

59 (69.4)
 26 (30.6)

0.222

Socioeconomic status
    Poor
    Low income
    Lower middle income
    Middle class
    Upper income
    Rich

6 (40.0) 
6 (40.0) 
1 (6.7) 

2 (13.3) 
0
 0

23 (27.1) 
28 (32.9)
 7 (8.2) 

20 (23.5) 
7 (8.2) 

0

0.723

Co-morbidities
    Hypertension
    Diabetes
    Asthma
    COPD
    Psychiatric disorder
    Others

7 (46.8) 
3 (20.0)

 0
 0
 0 

1 (6.67)

61 (71.7) 
48 (56.5) 
2 (2.35) 

0 
0 

6 (7.06)

0.073
0.012
1.000

-
-

1.000

Medications
   Beta blockers
   Anti-depressants

13 (86.7)
0

66 (77.6) 
0

0.731
-

Type of cardiac surgery
   CABG
   Valve surgery
   Vascular surgery
   Congenital surgery
   Combined surgery
   Trauma

4 (26.6)
 4 (26.7)
 4 (26.7)
 3 (20.0)

 0
 0

46 (9.41)
 8 (9.4) 

11 (12.9) 
9 (10.59)
 10 (11.8) 

1 (1.2)

0.052



 DISCUSSION

 The Hospital Anxiety and Depression Scale 
Score (HADS) has been used in many 
settings: in the general population/community, 
in primary care settings, and in hospitalized 
patients particularly among those with cancer
and cardiac problems.7

 Patients who had post cardiac surgery 
are prone to develop anxiety and depression. 
Probable pathophysiology can be secondary 
to significant increase of inflammatory response 
during perioperative period. Both anxiety 
and depression were significantly associated 
with physical inactivity leading to increase 
of  re-hospitalization as well as increase in
morbidity and mortality. With this, recognition
of this psychological condition should be 
recognize and addressed during early phase.8

 In our study, the total post HADS of the
two groups decreased compared from the 
baseline. Those patients referred to Phase I 
cardiac rehabilitation had a significantly higher
mean difference of post HADS scores. Sub-
analysis of anxiety subscale also showed 
significant higher mean change of post HADS
scores in those patients who were referred 
to Phase I cardiac rehabilitation compared 
from the baseline. These results suggest possible 
improvement of anxiety of post cardiac patients
even during at the early phase of cardiac 
rehabilitation. There was no depression sub-
analysis done since all of the patients for both 
groups did not reach the level of probable 
depression during pre-HADS assessment and
may not show any significant changes.

 A study assessing psychosocial outcome in 
complete cardiac rehabilitation showed in 520 
patients with Coronary Artery Disease (CAD) 
who were recruited for 12 week cardiac 
rehabilitation program and noted significant 
improvement with p-values of  < 0.001. 9

 Another study using Spielberger State - Trait 
Anxiety Inventory Questionnaire (STAI), 51 
patients with Acute Myocardial Infarction 
(AMI) were assessed after 2-3 weeks cardiac 
rehabilitation program. It resulted improvement 
in the 2-week rehabilitation group compared 

Table 2. Total HADS of the Two Groups (With and Without 
Phase I Cardiac Rehabilitation)

PRE HADS      POST HADS

Mean ±  SD
Mean 

Difference P-Value

WITHOUT
 Phase I
  Cardiac 

  Rehabilitation

11.86  ± 
2.0

9.33 ± 
1.3

2.5 <0.001

WITH 
Phase I

  Cardiac 
  Rehabilitation

10.45 ± 
2.0

2.75 ± 
2.5

7.7 <0.001

Mean Difference 1.41 6.58 5.17 <0.001

Figure 2. Box plot showing changes in pre and post total 
HADS score among patients without Phase I Cardiac 
Rehabilitation and with Phase I Cardiac Rehabilitation.

Table 3. HADS Score, Anxiety Subscale of the two groups

 PRE HADS   POST HADS

Mean ±  SD
Mean 

Difference P-Value

WITHOUT Phase I
  Cardiac
  Rehabilitation

10.87 ± 
1.3

8.87 ± 
1.2

2.0 <0.001

WITH Phase I
  Cardiac 
  Rehabilitation

9.96 ± 
1.3

2.65 ± 
2.5

7.3 <0.001

Mean Difference 0.91 6.22 5.17 <0.001

Figure 3. Box plot showing changes in pre and post anxiety 
sub-scale HADS score among patients without Phase I Cardiac 
Rehabilitation and with Phase I Cardiac Rehabilitation.

6   Phil Heart Center J July - December 2021
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with the control group (repeated ANOVA, 
p = 0.0095).10

 Lastly, in a study conducted showing impact 
of  cardiac rehabilitation on depression and 
anxiety and its underlying morbidity and  
mortality, around 3,975 patients were enrolled 
during Phases I and II of cardiac rehabilitation 
program. Only 379 (<10) participated in Phase 
II. However, after 6 years, median follow-up 
showed 20 risk reduction of mortality and 
morbidity for patients enrolled in Phase I and a 40 
risk reduction for Phase II participants. 11

 The benifit  s of exercise program on health 
are indisputable in the field of modern 
medicine and it said to be the first step in life-
style modifications for the prevention and 
management of chronic diseases as well as 
psychological conditions like anxiety and 
depression. Understanding of the effects of 
exercise and physical activity on the mecha-
nisms of anxiety disorders is important because 
it has effects not just psychological but also 
physiological changes in the body. Studies have 
shown that regular physical activity can lower 
sympathetic nervous system and hypothalamic
-pituitary-adrenal  (HPA) axis reactivity in 
which will further enhance gas exchange, 
endothelial and muscle function. Thus, this 
physiologic enhancements will increase 
patients’ self-esteem and well-being in which an 
important factor to patients at their early phase 
of post cardiovascular recovery.12

 Our results of possible evidence of some 
psychosocial benefit of an early Phase I program 
can serve as an adjunct to complete the cardiac 
rehabilitation program well into Phase II as these 
patients are expected to achieve a more complete
physical and mental cardiovascular recovery.

 Thus, this study showed that cardiac rehabi-
litation after cardiac surgery may be beneficial 
in reducing anxiety and depression levels, which 
in turn may help reduce morbidity and length of 
hospital stay and improve over all well being 
and quality of life.

 Our study has certain limitations. This study 
is prospective cohort by its nature, it is just 
observational in design and only intended for 
hypothesis generating. The sample size is small, 
and the generalizability of the results may be 
limited.

 Our results need to be further validated 
by a large randomized controlled trial to show 
definite causality of the effect of Phase I cardiac 
rehabilitation in the HADS score.

 To the best of our knowledge there have 
been no published studies in our setting that 
determined the effects of a Phase I in-patient 
cardiac rehabilitation program in the HADS 
scores of cardiovascular surgery patients. 
However, studies consistently show that 
established the beneficial effect of both Phase
I and Phase II cardiac rehabilitation in 
improving anxiety and depression.14 Our results 
add knowledge to expanding the reach of an 
early in-patient referral for cardiac rehabilita-
tion, so patients may optimize its benefits.

CONCLUSION

 Participation in an in-patient Phase I Cardiac 
Rehabilitation program can help in decreasing 
hospital anxiety scale score levels in post cardiac 
surgery patients. Early referral to this program
may benefit to aid not only in their cardiovas-
cular, physical recovery but also in their mental
and psychological recovery as well.
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Clinical Outcomes and Predictors of In-Hospital
 Mortality Among Patients with Infective Endocarditis

 at a Tertiary Referral Center
Emily Mae L. Yap, MD; Ana Beatriz D. Medrano, MD; Raquel Victoria M. Ecarma, MD; Lucky R. Cuenza, MD

Background --- Infective endocarditis (IE) continues to be a fatal disease if inappropriately diagnosed or 
managed. This study aims to determine the incidence, clinical features, outcomes and predictors of mortality 
among those with IE in our institution.
Method --- This was a cross-sectional analytical study of 283 patients admitted and diagnosed with definite and 
possible IE based on the modified Duke’s criteria from January 1, 2007 to December 31, 2016 at a tertiary 
referral center.
Results --- The 10-year prevalence rate of IE was 0.21% with 21 cases for every 10,000 person days. The 
mean age was 40 + 16.5 years old with a male predominance (59%). Fever (47%) and dyspnea (36%) were the 
most common clinical presentation. One half of the patients received empiric antibiotics prior to admission. 
Blood cultures were negative in 62% of cases. Streptococcus spp. was the most common isolated organism. 
Betalactams as monotherapy or in combination with aminoglycosides were the most common antibiotics given. 
Acute kidney injury (AKI) (18%), septic shock (15%), and acute heart failure (12%) were the most common 
major adverse events during hospitalization. The in-hospital mortality rate was 30%. On multivariate analysis, 
positive blood culture (OR 8.7, 95% CI 1.68-45.26, p=0.010), AKI (OR 5.0, 95% CI 1.04-24.15, p=0.045) and 
septic shock (OR 2.58, 95% CI 1.33-5.01, p=0.005) were predictors of mortality. Surgical management for an 
emergent or urgent indication (OR 0.22, 95% CI 0.05-0.90) was a predictor of survival.
Discussion --- IE continues to be associated with significant morbidity and mortality. Early recognition, identifi-
cation of patients at risk for complications, and aggressive medical or surgical management are needed to 
improve survival. Phil Heart Center J 2021;24(2):9-15.
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        nfective endocarditis (IE) is defined as a 
microbial infection of the endocardial sur-

face of the heart which commonly involves one 
or more valves, mural endocardium damaged by 
aberrant jets of blood or foreign bodies, or intra-
cardiac devices. Complications may occur at the 
involved valve or at extra-cardiac locations that 
can result in serious morbidity and mortality. IE 
continues to be fatal if left untreated or inappro-
priately treated. 1-3

The annual incidence of Infective Endocardi-
tis at the Philippine Heart Center was previous-

I ly reported to be 10 cases per 10,000 person 
days, with an equal male to female distribution 
and a mean age of 30 years.4  The more wide-
spread availability of diagnostic tests for IE has 
facilitated earlier recognition of this condition, 
yet mortality remains high. 4-13

Limited studies on Infective Endocardities in 
Southeast Asia, particularly in the Philippines, 
are largely outdated.4 As the clinical and micro-
biologic spectra of IE have evolved, so have 
the epidemiological trends and mortality rates 
reported in other countries.8-13 This study aims to
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provide the most comprehensive update on the 
clinical profile, microbiologic spectra, echocar-
diographic features, complications and factors 
associated with in-hospital outcomes and  morta-
lity among Filipinos with IE at our institution.

METHODS

A cross-sectional analysis was done at a tertiary
referral center, Quezon City, Philippines, on adult 
patients > 19 years old who were admitted with 
an adjudicated diagnosis of IE based on the 
Modified Duke’s criteria, 14 either definite
(i.e., fulfilling 2 major criteria, or 1 major crite-
rion and 3 minor criteria, or 5 minor criteria) or 
possible (i.e., fulfilling 1 major criterion and 
1 minor criterion), between January 1, 2007 
to December 31, 2016. This study was conducted 
in compliance with the ethical principles set 
forth in the Declaration of Helsinki. Prior to 
study initiation, the study protocol was reviewed 
and approved by the Institutional Ethics Review 
Board of our institution.

Clinical, demographic, echocardiographic and 
microbiologic data were extracted from patient 
medical records. The primary outcome sought to 
identify the predictors of in-hospital mortality, 
while secondary outcomes sought to determine the 
incidence and prevalence rates, echocardiographic 
features, blood culture results, complications, and 
clinical outcomes.

Statistical Analysis: Data were encoded in
Microsoft Excel 2015 and analyzed in IBM 
SPSS v13.1. Categorical variables such as 
demographics, predisposing factors, duration of 
hospitalization, outcome, management, etiologic 
agent, echocardiographic features and compli-
cations were described using frequency and 
percentages. Continuous variables were 
described using mean and standard deviation 
if normally distributed, or median and abso-
lute range if non-normally distributed. Factors 
associated with the in-hospital outcome were 
determined using binary logistic regression 
analysis. The level of significance was set at 5%.
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RESULTS

Table 1 highlights the baseline characteristics, 
clinical features, in-hospital course, and clinical 
outcomes of patients presenting with IE at our 
institution.

Incidence, Prevalence, and Baseline Charac-
teristics of IE: A total of 283 adult patients were 
identified with a diagnosis of definite or possible 
IE from 2007-2016. The incidence of IE ranged 
from 0.14% to 0.29% (Figure 1), with a 10-year 
prevalence of 0.21% (283/137,574) or 21 cases of 
IE for every 10,000 person days.

The majority of patients with IE involved 
native heart valves: 168 patients with definite 
IE and 89 patients with possible IE had native 
valve endocarditis (NVE), while 20 patients 
with definite IE and 6 patients with possible IE 
had prosthetic valve endocarditis (PVE). Sixty 
percent (n=155) of the patients with NVE were 
male, with a mean age of 39.1 + 16.4 years. By 
contrast, fifty-four percent (n=14) of the patients 
with PVE were female, with a mean age of 49.7 
+ 14.6 years.

Figure 1. Incidence of IE at  our institution per year (2007
 to 2016)



Clinical Features and In-hospital Course 
o f  IE:  Feve r  (T>38C)  was  the  mos t 
common reason for admission (NVE- 44%, 
PVE- 77%), followed by dyspnea (NVE- 38%, 
PVE- 12%) and left or right-sided weakness 
as neurologic manifestations (NVE- 4%, 
PVE- 8%). The most common predispos-
ing factors leading to NVE in order of 
prevalence included: 1. rheumatic heart 
disease (48%, n=124) with multi-valvular 
involvement (27%, n=70) being more common 
than single valve lesions (16%, n=42); 2. congeni-
tal heart disease (30%, n=78), with patent ductus 
arteriosus (8.9%, n=23), ventricular septal defect 
(7.8%, n=20) and bicuspid aortic valve (4.3%, 
n=11) as the three most common etiologies; and 3. 
non-rheumatic valvular heart disease (19%, n=50) 
with mitral valve prolapse notable in 47 cases 
(18%) and calcific aortic stenosis in 3 cases (1%). 
Conversely, non-rheumatic valvular heart disease 
was the most common predisposing condition 
(50%, n=13) leading to PVE, followed by 
rheumatic heart disease (31%, n=8).

Forty-nine percent (n=127) of the patients 
with NVE and 58% (n=15) of patients with PVE 
had received antibiotics prior to hospitalization. 
Blood cultures were positive in 36% (n=92) of 
NVE cases, and in 58% (n=15) of PVE cases. 
Streptococcus spp. (11%, n=28) were the most 
common organisms isolated among those with 
NVE, followed by Cogulase-negative Staphy-
lococcus spp. (CONS) (7%, n=17), Methicillin-
Sensitive Staphylococcus Aureus (MSSA) (4%, 
n=11) and gram negative bacilli (4%, n=10). By 
contrast, among those with PVE, gram negative 
bacilli were the most common microorganisms 
isolated (27%, n=7), followed by MSSA (12%, 
n=3), CONS (8%, n=2) and Enterococcus spp 
(8%, n=2). Betalactams, either as monotherapy 
(NVE:39%,n=100; PVE: 35%, n=9) or in combi-
nation with aminoglycosides (NVE: 38%, n=98; 
PVE: 35%, n=9), were most commonly used to 
treat both NVE and PVE.

Infection of a single valve predominated in 
both sub-groups of IE (NVE: 65%, n=167; PVE: 
81%, n=21). In particular, the mitral valve was 
most frequently affected (NVE: 32%, n=82; PVE: 
42%, n=11) followed by the aortic valve (NVE: 
26%, n=68; PVE: 31%, n=8). In the majority 
of cases (NVE: 60%, n=155; PVE: 69%,

n=18), the associated vegetations were small 
measuring <10mm. A small subset of patients with
NVE (19%, n=50) or PVE (8%, n=2) had large 
vegetations >10mm. The mean size of the vege-
tations associated with NVE was 12.9 ± 8.6mm, 
whilst that with PVE was 6.0±1.7mm. Six cases 
(2%) of NVE and 1 case (4%) of PVE were 
associated with valvular abscesses.

Management and Clinical Outcomes of IE:
The median duration of hospitalization was 14 
days (range 0-92 days) for NVE, and 17 days 
(range 1-62 days) for PVE. Most of the patients 
survived to hospital discharge (NVE: 67%, 
n=173; PVE: 61%, n=16) while 29% (n=75)of 
NVE cases and 35% (n=9)of PVE cases died. 
Seven (3%) patients with NVE went home against 
medical advice, and 2 (1%) cases of NVE and 1 
case (4%) of PVE were transferred to another 
hospital.

Predictors of Outcome: Table 2 summarizes the 
adverse events associated with IE at our institu-
tion, while Table 3 highlights the predictors of 
in-hospital mortality. The most common 
complications associated with both NVE and PVE 
included AKI (18%, n=51), septic shock (15%, 42), 
and acute decompensated heart failure (12%, n=33).

On univariate analysis, patients with positive 
blood culture (OR 1.694, 95% CI 1.005-2.856, 
p=0.047) and growth of Methicillin-Resistant 
Staphylococcus Aureus (OR 7.192, 95% CI 1.421-
36.416, p=0.006) were directly associated with 
in-hospital mortality. Furthermore, development 
of acute kidney injury (OR 21.79, 95% CI 8.67-
54.76, p <0.001) and acute decompensated heart 
failure (OR 11.22, 95% CI 2.37-53.15, p=0.002) 
were also directly associated with mortality 
during admission.

On multivariate analysis, growth on blood 
culture (OR 8.71, 95% CI 1.68-45.26, p=0.010), 
development of septic shock (OR 2.58, 95% 
CI 1.33-5.01, p=0.005) and acute kidney injury 
(OR 5.01, 95% CI 1.04-24.15, p=0.045) were 
significant predictors of mortality. Patients who 
underwent surgery with an emergent or urgent 
indication had significantly better survival (OR 
0.22, p 0.035).

Yap EML   Predictors of In-Hospital Mortality in IE   11
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Table 1. General characteristics of patients with IE at our 
institution, 2007-2016.

Demographics NVE f (%) 
n=257

PVE f (%) 
n=26

Total f (%) 
N=283

Total number of cases

Definite IE 168 (65) 20 (77) 188 (66)

Possible IE 89 (35) 6 (23) 95 (34)

Gender

Female 102 (40) 14 (54) 116 (41)

Male 155 (60) 12 (46) 167 (59)

Age, years

Mean + SD 39.1 + 16.4 49.7 + 14.6 40 + 16.5

Clinical presentation

Fever 113 (44) 20 (77) 131 (47)

Dyspnea 98 (38) 3 (12) 101 (36)

Neurologic 
manifestations 11 (4) 2 (8) 13 (5)

Edema 7 (3) 0 (0) 7 (2)

Generalized 
body weakness 7 (2) 1 (4) 8 (3)

Chest pain 6 (2) 0 (0) 6 (2)

Arthralgia 2 (1) 0 (0) 2 (1)

Duration of hospitalization, days

Median 14 17 14

Absolute range 0-92 1-62 0-92

Antibiotics given 
before admission 127 (49) 15 (58) 142 (50)

Blood culture results

Positive 92 (36) 15 (58) 107 (38)

Negative 165 (64) 11 (42) 176 (62)

Management

Medical 183 (71) 22 (85) 205 (72)

Emergent or
urgent surgery 17 (7) 1 (4) 18 (6)

Elective surgery 48 (19) 3 (11) 51 (18)

Refused surgery 9 (3) 0 (0) 9 (3)

Outcome 

Improved 173 (67) 16 (61) 189 (67)

Died 75 (29) 9 (35) 84 (30) 

Home against 
medical advice 7 (3) 0 (0) 7 (2)

Transferred 2 (1) 1 (4) 3 (1)

Table 2. Major adverse in-hospital events of patients with 
IE, 2007-2016.

Complications NVE f (%) 
n=257

PVE f (%) 
n=26

Total f 
(%) 

N=283

Acute kidney injury 42 (16) 9 (35) 51 (18)

Septic shock 36 (14) 6 (23) 42 (15)

Acute decompensated 
heart failure 30 (12) 3 (12) 33 (12)

Stroke 25 (10) 3 (12) 28 (10)

Arrhythmias 20 (8) 2 (8) 22 (8)

Seizures 12 (5) 2 (8) 14 (5)

Acute limb ischemia 3 (1) 0 (0) 3 (1)

Cardiac abscess 6 (2) 1 (4) 7 (2)

Cardiac
tamponade 1 (0) 0 (0) 1 (0)

Pulmonary 
thromboembolism 1 (0) 0 (0) 1 (0)

Brain abscess 1 (0) 0 (0) 1 (0)

Table 3. Univariate and multivariate analysis.

Predictor Crude OR (95% CI) p-value

Positive blood culture 
(>2) 1.694 (1.005-2.856) 0.047

Methicillin-Resistant 
Staphylococcus 
aureus

7.192 (1.421-36.416) 0.006

Stroke 3.41 (1.32-8.82) 0.011

Acute kidney injury 21.79 (8.67-54.76) <0.001

Acute decompen-
sated heart failure 11.22 (2.37-53.15) 0.002

Surgical management 0.151 (0.053-0.435) <0.001

Predictor Adjusted OR 
(95% CI) p-value

Positive blood culture 
(>2) 8.71 (1.68-45.26) 0.010

Septic shock 2.58 (1.33-5.01) 0.005

Septic shock 5.01 (1.04-24.15) 0.045

Surgical management 0.22 (0.05-0.90) 0.035
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DISCUSSION

Our study provides a comprehensive and 
contemporary description of the clinical profile
of Filipinos diagnosed with IE, in addition to 
identifying the key predictors of in-hospital 
mortality among those who were admitted with 
IE. The incidence of IE in our institution has 
doubled in the past decade from 10 to 21 cases 
per 10,000 person days.4 The authors ascribe 
this to early recognition of the disease and 
the more widely available diagnostic tests. 
Ninety-one percent of our patients had NVE. 
As expected, there were lesser cases of PVE 
(9%, n=26), similar to the rates shown in 
the study by Krecki et al.5 Significantly higher 
rates of PVE ranging from 16% to 44% were
reported in other studies. 6-11 The lower incidence 
of NVE in these latter studies could be attributed 
to better outcomes in their patients with NVE, 
resulting in a relative increase in PVE.6-11

The mean age of patients in our study was 
40 ± 16.5 years, which is comparable to that 
in the study by Ibrahim et al.12 Younger mean 
ages, ranging from 27.5 to 34.6 years, were 
reported by other studies.8-9,13 Studies done 
in Asia9,12,13 reported rheumatic heart disease
as the most common predisposing factor, 
explaining the younger age of the patients with 
IE. On the other hand, studies from Europe and 
South America reported more cases of degene-
rative valvular disease and prosthetic valve 
involvement, which could explain the disparity in 
the age at the time of IE in these latter instances.5,7

Fever was the most common presenta-
tion (47%, n=131) associated with IE.7-12 This 
was followed by dyspnea (36%, n=101),8 often 
accompanying patients who presented with 
acute decompensated heart failure on admission. 
Other studies reported constitutional symptoms 
such as anorexia and weight loss to be more 
common.7, 10

Our results showed more culture-negative 
IE cases (62%) similar to studies in India8 and 
Pakistan.13 The practice of administration of 
empiric antibiotics prior to obtaining blood 
cultures could be a plausible explanation in our 
setting. Conversely, studies in Western countries 

have higher blood culture positive rates 
reflective of their good clinical practices and 
compliance to the guidelines.6-7 The presence 
of positive blood cultures on ≥ 2 samples (OR 
1.69, p 0.047) and growth of community-
acquired or hospital-acquired Methicillin-
Resistant Staphylococcus Aureus (MRSA) (OR 
7.19, p 0.006) sensitive to Vancomycin, were
significant univariate predictors of mortality. 
In addition, the former was also a multi-
variate predictor of mortality (OR 8.71, 
p 0.010). Positive blood cultures despite anti-
biotics was reflective of inadequate antibiotic 
coverage given prior to admission in our cohort.
While previous studies suggested that positive 
blood cultures may be a harbinger of viru-
lence, sepsis and adverse outcomes,15 some 
studies have implied that culture negative IE 
cases have similar and equivalent prevalence 
and outcomes to culture positive IE.16 Given 
the availability of antimicrobial susceptibility 
testing, culture guided antibiotics given at the 
soonest possible time should be part of general 
practice.17

Studies done in different countries reported
similar complications, but with varying 
frequency.9-13,18-19 The most commonly reported 
major in-hospital adverse event in our study 
was acute kidney injury (AKI) (18%, n=51) 
similar to the complications reported by Tariq 
et al 13 and Sherpa et al19  AKI was a significant 
univariate (OR 21.79, p <0.001) and multivariate 
(OR 5.01, p 0.045) predictor of mortality in our 
study. While etiologies of AKI were not reported 
in most studies, we surmise that in our study, 
this was possibly due to the development of 
other complications such as prolonged hypoten-
sion among those who developed septic shock 
(15%, n=42), acute decompensated heart failure 
(12%, n=33) with cardiorenal implications, 
and the use of nephrotoxic agents such as the 
glycopeptide Vancomycin and aminoglycoside 
Gentamicin. A sizeable number of our patients 
developed stroke (10%, n=28), which was due to 
peripheral embolization, and arrhythmias (8%, 
22) in the form of varying degrees of atrioven-
tricular block and atrial fibrillation. These extra-
cardiac complications were reported in other 
studies as well.8, 10, 12



Septic shock, a common complication of 
IE, developed in 15% of our patients (n=42). 
This was a significant multivariate predictor of 
mortality in our study (OR 2.58, p 0.005). 
This underscores the need for more aggressive 
measures among patients presenting with sepsis 
to avert the development of septic shock. In 
addition to obtaining blood cultures prior to 
administration of empiric antibiotics appro-
priate for IE, the use of the latest Surviving 
Sepsis Campaign Guidelines for Management of 
Severe Sepsis and Septic Shock could improve
survival.20

The in-hospital mortality of IE remains 
high despite advancements made in the 
diagnostic and therapeutic approach to IE. 
We reported a rate of 30% similar to studies 
done in India8 Brazil10 Turkey11 and Malaysia12 
ranging from 29 to 35%. Acute decompensated
heart failure developed in 33 patients (12%);
this was a significant univariate predictor
of mortality (OR 11.22, p 0.002) herein. 
Most of these patients required emergency and 
urgent valvular surgery. Surgical management 
of IE was a significant predictor of survival in 
both univariate and multivariate analysis in 
our study. Therefore, it is important to empha-
size adherence to class I indications for surgery 
among those with heart failure, uncontrolled 
infection and large vegetations as published
in the guidelines.17

Our study was conducted in only one 
center, which may limit generalizability. The
retrospective nature is an inherent limitation 
since completeness of data cannot be ascer-
tained. A multicenter prospective study with long 
term follow-up is suggested by the authors to 
describe the course of the disease as well as to 
determine short and long-term outcomes. 
Local guidelines can then be formulated to 
further improve mortality outcomes of this 
devastating disease.

The strength of our study lies in its sample 
size collected over a period of 10 years, which 
to the best of our knowledge, is the largest 
reported single center study on IE in the 
Southeast  Asia. It adds to our knowledge 
regarding the clinical characteristics, micro-

biologic spectra, echocardiographic features 
and factors that affect in-hospital outcomes; 
these accrued data can guide clinicians in
management and prognosis.

CONCLUSION

IE continues to be associated with significant 
morbidity and mortality. The results of this study 
underscore the need for early recognition, to 
identify patients who are at high risk of compli-
cations, as well as for more aggressive medical 
and surgical management to improve outcomes.
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Adult Cardiology 

Subjective Global Assessment as a Tool in 
Predicting Outcomes of Valve Surgeries 

in Tertiary Cardiovascular Center
Alma Cristina A. Andin-Salcedo, MD; Chito Permejo, MD; Samuel Andin, MD;  James Ho, MD

Background --- Preoperative nutrition status remains to be a less identified risk factor for postoperative 
adverse outcomes in cardiac valve surgeries. SGA represents an overall concept of nutritional status. This 
study aims to determine the association of SGA scores and outcome of valve surgery patients.
Methods --- This is a prospective cohort study done in 112 patients with valvular heart disease admitted for 
valve repair or replacement. Evaluation of nutritional status was done using the ‘Modified Subjective Global 
Assessment Form’ tool. Charts were reviewed for postoperative complications (i.e. infection, re-intubation, and
 organ failure), and length of hospital stay. The 30-day vital status were determined via phone call.
Results --- Most valve patients were middle-aged males (48.3 ± 14.92 years old), with normal BMI (22.88 ± 
3.72 kg/m2). Etiology wise there was more non-rheumatic than rheumatic (52% vs 48%) subjected for valve 
surgery. There was significant difference in the BMI (p 0.007) and albumin levels (p <0.001) of patients from 
the malnourished (MN) than in the nourished (N) group. Most patients in the N group underwent single 
valve repair/replacement compared with the MN group (47.46% vs 16.98%). Post-operative complications 
(OR 8.27, p <0.001), length of ICU stay (OR 2.05, p <0.001), length of hospital stay (OR 1.14, p 0.001), 
and the 30-day all-cause mortality (OR 6.63, p <0.018) were higher in the MN group. The rheumatic etiology 
had longer ICU stay compared with the non-rheumatic etiology (OR 1.21, p 0.032).
Conclusion --- The SGA scoring is a simple and effective tool in assessing the nutritional status of patients who 
will undergo valve surgery. This tool can predict adverse post-operative outcomes, longer ICU and hospital stay, 
and 30-day mortality in malnourished patients. Phil Heart Center J 2021;24(2):16-22.

Key Words: nvalve surgery nSGA npost-operative outcome nnutrition 
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ardiac valve surgery accounts for 30 to
40% of thoracic cardiovascular surgery 

procedures in Philippine Heart Center annually.
In the age of public awareness, well-allocated and 
capable diagnostic clinics at district level, and 
financial access to health care through goverment
assistance, there has been a steady increase in 
surgery referrals for both rheumatic and non-
rheumatic etiologies. Inspite of guideline directed 
approach in identifying indications for valve 
procedures, we have observed a higher in-
hospital complications and/or mortality compared 
to other cardiac surgeries.

There have been identified preoperative clinical 
characteristics that independently increased the risk
of morbidity and mortality in patients receiving 

C valve surgery such as age, renal failure, multi-
valve procedure, previous cardiac operation(s), 
pulmonary hypertension, salvage status and 
peripheral vascular disease.1 Preoperative 
nutrition status on the other hand remains to 
be a less identified risk factor for postoperative 
adverse outcomes in cardiac valve surgeries. 
The body mass index (BMI) as a parameter for 
malnutrition had been used in studies and 
showed that lower body mass index was a 
significant independent predictor for both in-
hospital and long-term mortality in after valve 
surgery.2-3 Hence, patients with malnutrition 
must be considered a high-risk population that
warrants careful risk stratification to opt for 
preoperative build-up strategies, or even consider 
less invasive valve therapies.  

Winner, Poster Presentation - Original Paper. 27th PHC Annual Research Paper Competition and Poster Presentation held on 
February 26, 2019 at Philippine Heart Center. Correspondence  to  Dr. Alma Cristina A. Andin-Salcedo. Department 
of Adult Cardiology. Philippine Heart Center, East Avenue, Quezon City, Philippines 1100 Available at http://www.phc.
gov.ph/journal/publication  copyright by Philippine Heart Center,  2021 ISSN 0018-9034



Subjective  Global  Assessment, or  SGA,
represents an overall concept of nutritional status 
and is the only screening tool that recommended 
by the American Society for Parenteral and 
Enteral Nutrition (ASPEN) and Philippine 
Society for Parenteral and Enteral Nutrition 
(PhilSPEN) .4,15 It is simple, economical, internet-
available and well-validated. It only needs bed-
side history and physical examination assess-
ment, and yet has been found to be highly 
predictive of nutrition-associated complica-
tions.5,15 SGA in literatures has shown to be 
substantially predictive of outcomes in 
association with mechanical ventilation, cancer, 
cancer surgery and palliation in advanced 
cancer, chronic kidney disease and dialysis, 
liver transplantation, geriatric care, radiotherapy, 
and stroke.6-14 There are no reports on the use of 
SGA for malnutrition screening and evaluated
its usefulness in predicting post operative out-
comes following cardiac valve surgery.

METHODS

The study was conducted in compliance 
with the ethical principles set forth in the 
Declaration of Helsinki, and was reviewed and 
approved by the Philippine Heart Center Insti-
tutional Ethics Review Board (PHC-IERB). A 
written informed consent was obtained after 
adequate explanation of the aims, methods and 
anticipated benefits of the study.  

The study was done from May 2017 to 
January 2018. The population included all 
adult cardiology patients >19 years old, with 
diagnosis of valvular heart disease admitted for 
valve repair or replacement. Inclusion criteria 
were patients with rheumatic or non-rheumatic 
heart disease, undergoing any valve (mitral,  
aortic, tricuspid, pulmonic) replacement using 
mechanical or bioprosthetic valve, or repair, 
alone, multiple or in combination with CABG. 
Exclusion criteria were patients who need to 
undergo emergency/salvage procedures, who had 
active infective endocarditis, or other debilita-
ting co-morbidities such as chronic lung disease, 
liver failure and chronic renal failure. Sample 
size calculation was done using Stata SE
version 13, the minimum sample size require-
ment is at least 112, based on the percentage of 
complication in the well-nourished and mal-

Andin-Salcedo ACA   SGA in Predicting Outcomes of Valve Surgery   17

nourished groups: 23% and 48% respectively17 
with alpha level 5% and power 80%.

All adult valve patients for surgery were 
screened for eligibility. Patient interview and 
chart review were facilitated to acquire 
important demographic and clinical information. 
Evaluation of nutritional status were done using 
the ‘Modified Subjective Global Assessment 
Form’ tool. The patients were classified initially
as SGA A (weight gain, no change or mild weight 
loss); SGA B (moderate weight loss); and SGA C 
(severe weight loss). These classifications were 
then divided into 2 groups as ‘nourished’ (SGA 
A), or ‘malnourished’ (SGA B or C). The patients’ 
charts were reviewed after valve surgery to 
follow-up their outcomes in terms of post-
operative complications (i.e. infection, reintuba- 
tion, and organ failure), and length of hospital 
stay. The 30-day vital status were determined via 
phone call. The study maneuver as written above 
was done solely by the primary investigator.

The dependent or outcome variables are
divided as to the (1) postoperative complica-
tions 18 (i.e. infection, re-intubation or prolonged 
extubation (>42 hours), and organ failure), 
(2) length of hospital stay, and (3) post-operative 
mortality. Infection was defined as respiratory 
tract infection, urinary tract infection, medias-
tin’tis, surgical site infection. Organ failure is 
defined as acute kidney injury, neurologic failure, 
hepatic failure, hematopoietic failure or bleeding. 
Length of hospital stay was the duration in days 
from the date of the index surgery to the date of 
discharge. The post-operative mortality (30days) 
was death due to any cause within 30 days of 
index surgery.

Statistical data analysis was performed in 
Stata SE version 13. Quantitative variables were 
summarized as mean and standard deviation, 
while qualitative variables as frequency and 
percentage. Comparison of characteristics
between well-nourished (SGA A) and mal-
nourished (SGA B and C) were done using 
the independent exact test for qualitative 
variables. Association between SGA and out-
comes was done using logistic regression 
analysis. Associations between post-operative 
outcomes and rheumatic and non-rheumatic 
etiologies was analyzed using logistic regression 



analysis. The level of significance was set at 
5%.

RESULTS

During the 9 months period between May 
2017 to January 2018, 123 patients indicated for
valve surgery were screened for eligibility. Nine 
patients were excluded due to active infective 
endocarditis, emergency procedure, COPD in 
exacerbation, renal failure, and STEMI.  The data 
of 114 patients were collected, however 2 
patients were lost to follow-up 30 days after 
surgery. The data of remainder 112 patients were 
analyzed. (Figure 1)

 

123 patients who will  
undergo valve surgery 

9 excluded 
1 Active IE 
1 Emergency procedure 
1 COPD in exacerbation 
3 Renal failure  
3 STEMI  

112 Included 

2 lost to follow up after 30 
days post-surgery 

Figure 1: Flow of data collection

The baseline characteristics summarized 
in Table 1 show that most valve patients were 
middle-aged (48.30 ± 14.92), where 53.57% 
were males and 46.43% were females. Majority 
had normal BMI (60.71%) while the rest
constituted the overweight (23.21%) and severely 
malnourished (16.07%). There was slightly 
more non-rheumatic (58%) than rheumatic 
(54%) in etiology. Among the valve patients, 
atrial fibrillation (40.18%), hypertension (33.
04%), and coronary artery disease (24.11%) 
were the most frequent comorbidities. The pre-
operative laboratory and ancillaries revealed 
that all had normal TLC, and majority still 
had adequate eGFR, normal albumin and pre-
served ejection fraction. Multiple valve repair/ 
replacement (47.32%) was the most indicated 
operative procedure, followed by single valve 
repair/ replacement (33.04%), and least was 

Table 1. Baseline characteristics (n=112)

Characteristics Frequency (%); Mean 
+ SD

Age 48.30 + 14.92

Sex

Male 60 (53.57)

Female 52 (46.43)

Medical history

BMI 22.88 + 3.72

Normal 68 (60.71)

Overweight 26 (23.21)

Severely malnourished 18 (16.07)

Comorbidity

Hypertension 37 (33.04)

Diabetes mellitus 15 (13.39)

Atrial fibrillation 45 (40.18)

Coronary artery disease 27 (24.11)

Chronic infective 
endocarditis 1 (0.89)

Congenital heart disease 14 (12.50)

Atrial septal defect 6 (42.86)

Bicuspid aortic valve 7 (50)

Pulmonary stenosis 1 (7.14)

Etiology

Rheumatic heart disease 54 (48.21)

Other non-Rheumatic heart 
disease 58 (51.79)

Laboratory and ancillaries

Total leukocyte count 8,074.82 + 2,688.65

Serum albumin 35.43 + 6.50

eGFR (CKD-EPI) 85.16 + 26.28

EF Simpsons (2DE) 57.59 + 12.49

Operative procedure

Single-valve repair/ 
replacement 37 (33.04)

Multiple valve repair/
 replacement 53 (47.32)

Combination valve + CABG 22 (19.64)

Notes: BMI- Body Mass Index; eGFR- estimated Glomerular 
Filtration Rate; Normal BMI 18.5-25 kg/m2; overweight BMI 
25.1-30 kg/m2; severely malnourished BMI <18.5 or>30 kg/m2
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the combination of valve surgery 
with CABG (19.64%).

The comparison on clinical 
characteristics based of modified 
SGA score is summarized in Table 
2. Among the study samples, 53% 
comprised the nourished (N) group 
with SGA A, while 47% comprised 
the malnourished (MN) group with 
SGA B&C.

Most in the MN group were 
older male patients although not 
statistically significant. There was 
significant difference in the BMI of 
patients from the MN group classi-
fied as “severely malnourished” 
compared with those from the N 
group where BMI was classified as 
“normal and overweight” (p 0.007). 
The serum albumin in the N group 
was also significantly higher 
compared with the MN group (p 
<0.001). Also, most patients in the 
N group significantly underwent 
only single valve repair/replacement 
compared with the MN group
(p 0.001).

Conversely, no differences 
between the N and MN groups were 
observed in terms of comorbidi-
ties, etiology, laboratory tests such 
as total leukocyte count, eGFR and 
ejection fraction, and indication 
for multiple valve and combina-
tion of valve + CABG procedures.

The association between SGA 
score and post-operative outcomes 
showed positive  correlation as 
shown in Table 3. There were 8.27 
times more complications in the MN
group than in the N group in terms 
of occurrence of infection, pro-
longed extubation or re-intubation, 
bleeding, organ failure and mortality 
immediately post-surgery (p<0.001).

The most common cause of 
infection was pneumonia. There
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Table 2. Comparison of Clinical Characteristics Based on Nutritional Status by 
Modified SGA Score (n=112)

Variables

Nourished
 (n=59)   

Malnourished
(n=53) P-value

Frequency (%); Mean + SD

Age 46.19 ±
 14.37 50.66 ± 15.31 0.114

Sex 0.322

Male 29 (49.15) 31 (58.49)

Female 30 (50.85) 22 (41.51)

Medical history

BMI 23.77 ±  3.21 21.88 ± 4.01 0.007

Normal 41 (69.49) 27 (50.94) 0.016

Overweight 14 (23.73) 12 (22.64)

Severely malnourished 4 (6.78) 14 (26.42)

Comorbidity

Hypertension 18 (30.51) 19 (35.85) 0.549

Diabetes mellitus 6 (10.17) 9 (16.98) 0.291

Atrial fibrillation 23 (38.98) 22 (41.51) 0.785

Coronary artery disease 10 (16.95) 17 (32.08) 0.062

Chronic infective 
   endocarditis 0 1 (1.87) -

Congenital heart disease 6 (10.17) 8 (15.09) 0.431

Atrial septal defect 2 (33.33) 4 (50) 0.767

Bicuspid aortic valve 3 (50) 4 (50)

Pulmonary stenosis 1 (16.67) 0

Etiology

Rheumatic heart 
  disease 26 (44.07) 28 (52.83) 0.354

Other non-Rheumatic 
heart disease 33 (55.93) 25 (47.17)

Laboratory and ancillaries

Total leukocyte count 8,185.59 ±
2,341.05

7,951.51 ± 
3,0347 0.648

Serum albumin 38.43 ± 4.61 32.08 ± 6.69 <0.001

eGFR (CKD-EPI) 89.71 ± 22.79 80.10 ± 29.07 0.053

EF Simpsons (2DE) 59.75 ± 11.41 55.19 ± 13.30 0.054

Operative procedure

Single-valve repair/
     replacement 28 (47.46) 9 (16.98) 0.001

Multiple valve repair/
    replacement 23 (38.98) 30 (56.60) 0.062

Combination valve + CABG 8 (13.56) 14 (26.42) 0.087



Table 3. Association between SGA scores and post-operative outcomes

Variables
 Malnourished           Nourished

    (n=53)                  (n=59)
   Frequency (%);  Median (IQR)

Crude Odds 
ratio 95% CI P-value

Post-operative complications 40 (75.47) 16 (27.12) 8.27 3.54 to 19.33 <0.001

Infection 36 (67.92) 14 (23.73) 6.81 2.96 to 15.64 <0.001

Re-/prolonged intubation 15 (28.30) 0 - - -

Bleeding 6 (11.32) 0 - - -

Organ Failure 14 (26.42) 5 (8.47) 3.88 1.29 to 11.66 0.016

Post-operative mortality 7 (13.21) 1 (1.69) 8.83 1.05 to 74.32 0.045

Length of ICU stay 4 (2 to 6) 2 (2 to 3) 2.05 1.37 to 3.06 <0.001

Length of hospital stay 12 (9 to 21) 7 (6 to 10) 1.14 1.06 to 1.23 0.001

30-day mortality 10 (18.87) 2 (3.39) 6.63 1.38 to 1.12 0.018

Table 4. Association post-operative outcomes of and rheumatic and non-rheumatic etiologies

Variables
   Rheumatic       Non-Rheumatic 

(n=54)                  (n=58)
  Frequency (%);  Median (IQR)

Crude Odds 
ratio 95% CI P-value

Post-operative complications 26 (48.15) 30 (51.72) 0.87 0.41 to 1.82 0.705

Infection 24 (44.44) 26 (44.83) 0.98 0.47 to 2.08 0.967

Re-/prolonged intubation 9 (16.67) 6 (10.34) 1.73 0.57 to 5.25 0.330

Bleeding 4 (7.41) 2 (3.45) 2.24 0.39 to 12.76 0.364

Organ Failure 7 (12.96) 12 (20.69) 0.57 0.21 to 1.53 0.280

Post-operative mortality 4 (7.41) 4 (6.90) 1.08 0.26 to 4.55 0.916

Length of ICU stay 3 (2 to 4) 2 (2 to 3) 1.21 1.02 to 1.45 0.032

Length of hospital stay 10 (7 to 14) 9 (6 to 12) 1.03 0.98 to 1.07 0.275

30-day mortality 5 (9.26) 7 (12.07) 0.74 0.22 to 2.50 0.632

was 3.88 times more risk for organ failure 
(p 0.016) in the MN group, with acute kidney 
injury being the most common cause. There was 
8.83 times risk of mortality immediately post-
surgery (p 0.045), with cardiac dysrhythmia 
related to right or left ventricular failure as the 
most common cause. The length of ICU stay 
(OR 2.05, p <0.001), length of hospital stay (OR 
1.14, p 0.001), as well as the 30-day all-cause 
mortality (OR 6.63, p 0.018),  were also signifi-
cantly higher in the MN group.

Table 4 summarizes the association between 
the valve etiology and post-operative outcomes. 
The rheumatic etiology significantly had 1.21 
times risk of longer ICU stay compared with 
the non-rheumatic etiology (p 0.032).  However 
rheumatic and non-rheumatic etiologies were 
not discriminated in terms of post-operative 
complications, length of hospital stay and 30-day 
all-cause mortality.
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DISCUSSION

In our study, there were more patients with 
SGA score of A (nourished) than those with SGA 
score of B and C (malnourished). The lesser 
proportion of malnourished valve patients who 
underwent surgery was not reflective of the 
overall malnourished population who have 
valvular heart disease. The clinician’s decision 
to optimize the nutritional status and delay 
elective surgery in severely malnourished patient 
may had been a factor, hence lesser  malnourished 
patients were included in this study.

Those in the malnourished group had severely 
abnormal BMI <18.5 kg/m2. This chronic and 
progressive weight loss or wasting syndrome 
termed as cardiac cachexia has affected valve 
patients leading to neuroendocrine, inflammatory 
and metabolic disturbances.19 The BMI as a 
parameter for malnutrition in our study was 
consistent with other studies reflecting that lower 
body mass index was a significant independent 
predictor for both in-hospital and long-term 
mortality in after valve surgery.2-3

The SGA scores which were simplified as the 
nourished (SGA A) and malnourished (SGA B 
and C) were significantly associated with post-
operative complications, length of ICU and 
hospital stay, immediate post-operative mortality 
and mortality after 30 days. This result is consis-
tent with other studies which were substantially 
predictive of outcomes in association with other 
procedures and diseases such as in mechanical 
ventilation, cancer, cancer surgery and palliation
in advanced cancer, chronic kidney disease 
and dialysis, liver transplantation, geriatric care, 
radiotherapy, and stroke.6-14

The limitation of the study however are the 
interrelated factors that may affect surgical out-
comes such as the total bypass time and aortic 
cross-clamp time which was associated with 
post-operative complications and mortality.20

In all, this study implicates that valve patients 
with malnutrition must be considered to be a 
high-risk population that warrants careful risk 
stratification to opt for preoperative build-up 
strategies, or even consider less-invasive valve
therapies.

CONCLUSION

The SGA scoring is a simple and effective 
tool in assessing the nutritional status of patients 
who will undergo valve surgery. This tool can 
predict adverse post-operative outcomes, longer 
ICU and hospital stay, and 30-day mortality in 
malnourished patients. 
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Cardiovascular Radiological Sciences

Correlation of Chest Radiograph Tracheal Index 
with Severity of Chronic Obstructive Pulmonary Disease

Ernesto C. Udaundo, Jr., MD; Omohaire T. Dilangalen, MD; Sarah Victoria L. Zampaga, MD

Background --- Chest radiographs, spirometry and computed tomography scan are mainstay in the evaluation 
of patients with pulmonary disease. Patients with chronic obstructive pulmonary disease develops saber sheath 
trachea due to repetitive cartilaginous injury from excessive coughing and elevated intrathoracic pressure 
causing degeneration and ossification of the tracheal cartilage.6 This study is done to determine the correlation 
of chest radiograph tracheal index (coronal tracheal diameter/sagittal tracheal diameter) with COPD severity 
using the GOLD staging system.
Method --- One hundred and two patients diagnosed with Chronic Obstructive Pulmonary Disease (COPD) 
wherein spirometry and, posteroanterior and lateral chest radiograph were done within six months of each 
other were included in the study. GOLD staging system using spirometry and tracheal index using chest radio-
graphs were determined.
Results --- There is low correlation between chest radiograph tracheal index and COPD severity (r=-0.1074).
Conclusion --- Among patients with COPD, there is very low correlation of chest radiograph tracheal index and 
severity of COPD, hence, this index obtained by chest radiograph may not be useful in assessing for severity 
of COPD. Phil Heart Center J 2021;24(2):23-28.

Key Words: n Tracheal index  n GOLD staging system  n Saber-sheath trachea
 n Chronic Obstructive Pulmonary Disease)  n PA (posteroanterior) and 

Lat (Lateral) chest radiograph  n Spirometry
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        hronic obstructive pulmonary disease 
ranks 7th among the top 10 leading cause 

of death in the Philippines,1 and projected to 
climb to be the third leading cause of death 
by the year 2030.2 According to the data 
gathered by the Global Adult Tobacco Survey 
(GATS), the prevalence of cigarette smoking in 
the Philippines was estimated at 28% or around 
17.3 million Filipino adults.1 Only 2% of COPD 
cases in the Philippines are diagnosed by physi-
cians,3-4 and thus, the available data on the true 
prevalence of COPD in the country remain sun-
derdiagnosed/underestimated. COPD has been 
defined as a “persistent, largely irreversible 
airway obstruction in which the underlying 
pathophysiology is not precisely well known” 
or “a chronic, slowly progressive airway 
obstructive disorder resulting from some combi-
nation of pulmonary emphysema and irreversi-
ble reduction in the caliber of small airways in

C the lungs”.5

Besides the clinical findings in COPD, several 
diagnostic modalities are available to the 
clinicians to aid in the diagnosis of COPD, this 
includes spirometry, plain upright chest radio-
graph and computed tomography. Spirometry 
remains the gold standard for diagnosing and 
functional classification of COPD. Tracheal 
index is the coronal to sagittal ratio of the 
segment of trachea 1 cm above the aortic arch 
(normal value of >2/3). Saber-sheath trachea 
(tracheal index or coronal to sagittal ratio < 
2/3) has long been associated with COPD and is 
postulated to be due to repetitive cartilaginous 
injury from excessive coughing and elevated 
intrathoracic pressure causing degeneration and 
ossification of the tracheal cartilage.6 Chronic 
remodeling of the trachea in COPD leads to 
alteration of the tracheal morphology. Saber-
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sheath trachea was observed to be a specific 
diagnostic parameter for the diagnosis of 
COPD (specificity, 92.9%), although sensitivity 
(39.1%) was low.7 Tracheal index has also been 
correlated with functional residual capacity and 
was concluded to be a sign of hyperinflation in 
COPD. 8

The current statistical data on prevalence of 
COPD remains underdiagnosed and underesti-
mated, hence the need for a quick and confident 
assessment via chest radiograph is an asset not 
only in determining severity of COPD but to 
rule out alternative diagnosis. This study aims to 
provide clinicians of alternative index to gauge 
the severity of COPD at its presentation and 
identifying those who are at risk of having future 
exacerbations.

The general objective of this study is to 
determine the correlation of chest radiograph
tracheal index with COPD severity using the 
GOLD staging system.  While its specific 
objectives was to determine tracheal index 
among COPD patients; determine the severity 
of COPD among the patients in the study 
using the GOLD staging system and to correlate
tracheal index with COPD severity using the 
GOLD staging system.

METHODS

This is a cross-sectional study conducted at 
the Philippine Heart Center during the period 
of January 2014 to March 2018. Included in the 
study were adult Filipinos diagnosed with age 
40 years old and above, either inpatient or out-
patient, who were classified according to GOLD 
staging for COPD severity and has undergone 
a satisfactory digital chest x-ray in PA and 
lateral view done in our institution taken within 
the six months as the pulmonary function test were 
included in the study.

Excluded in the study were patients with 
distorted tracheal morphology secondary to 
causes besides COPD (i.e intrathoracic superior 
mediastinal mass or neoplasm, thoracic aortic
aneurysm, congenital tracheobronchial anoma-
lies, connective tissue diseases etc), on  mecha-
nical ventilation, unable to tolerate upright chest

x-ray, with inherent contraindications to 
radiation exposure (i.e pregnant) and with 
moderate to severe thoracic cage deformities 
(e.g. scoliosis, gibbus deformity, pectus excava-
tum, straight back syndrome)

 
Sample Size Calculation: Using EPI Info 
version 7, the minimum sample size require-
ment is determined to be at least 92 based on 
prevalence of saber-sheath trachea among COPD 
patients = 40% (Gupta et al)9 with confidence 
level of 95% and margin of error of 10%.

Description of Data Collection: The chest 
radiographs and pulmonary function test results of 
patients 40 years old and above, diagnosed with 
COPD January 2014 to September 2017 will be 
utilized.

Inter-Observer Variability: Intra/interobserver 
variability for the radiographic measurements of the 
tracheal index will be calculated using kappa test.

Chest Radiograph: Shimadzu sonial vision will be 
used this study. Images will be done with potential 
difference of 84 kV, current of 4 mAs, exposure 
time of 6.3 msec at 72 inches SID (source to image 
distance). Patients will be placed in the postero-
anterior and left lateral view, and instructed to hold 
their breath after maximal inspiration.

Pulmonary Function Test: Pulmonary function 
test results will be gathered at the pulmonary 
laboratory. The FEV1/FVC ratio will be used 
to determine the presence of irreversible airway 
obstruction in patients with COPD and FEV1 will 
be used to determine COPD severity based on 
GOLD staging system.

Descriptive Outcome: The results of this study 
will determine the prevalence of saber-sheath 
trachea in COPD patients and among different 
stages by GOLD criteria.

Data Handling: The collected data will be 
encoded using Microsoft Excel 2016. All data 
will be entered as values suitable for statistical 
analysis. The generated excel file will be checked 
for completeness, consistency and accuracy. 
Results obtained from the processed data will 
be presented appropriately as tables, graphs and 
figures.
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Identification of Study Variables:
i. Independent/Exposure
Tracheal index obtained from digital chest 
radiograph (tracheal coronal and sagittal          
diameters measured approximately 1 cm above 
the aortic arch).
ii. Dependent/Outcome
GOLD staging system for COPD severity
iii. Probable Confounders
Demographics (i.e. age, sex, asthma, smoking 
and PTB history)

Statistical Analysis:  Data analysis was per-
formed in STATA SE version 13. Quantitative 
variables were summarized as mean and standard 
deviation, while qualitative variables were tabu-
lated as frequency and percentage. Intra/
interobserver variability for the radiographic 
measurements of the tracheal index were analyzed 
using dependent t-test. Spearman correlation 
between saber-sheath trachea and COPD severity 
were determined using Spearman rank correla-
tion. A p-value ≤ 0.05 was considered statistically 
significant.

Ethical Considerations: The study was conducted 
in compliance with the ethical principles set forth 
in the Declaration of Helsinki. Prior to the study 
invitation, the protocol shall be reviewed and 
approved by the Philippine Heart Center 
Institutional Ethics Review Board (PHC’IERB). 
The investigator requested for the waiver 
of informed consent for the following reasons: 
difficulty of obtaining individual authorization 
since the last contact with research subjects.

The risk to the subject’s privacy was minimal 
and no sensitive information were obtained. The 
investigator ensured that the subjects’ anonymity 
is maintained. Data was obtained from by 
review of the PFT record from the Department of 
Pulmonary Medicine and Critical Care and chest 
radiographs was reviewed from the Cardiovascu-
lar Radiological Sciences Division. Patient’s data 
were dealt with utmost confidentiality.

RESULTS

A total of 102 patients were included in 
this study. Table 1 shows the demographic 
characteristics of the patient’s included in this 
study. Measurement of tracheal indices were 
done by 2 radiologists with no significant inter-
observer variability (Table 2 and 3). There is good 
agreement between measurements of the coronal 
and sagittal tracheal diameters by both radiologists 
using the dependent t-test.
Table 1. Demographic Characteristics of Patients in the 
Study

Frequency (%); Mean + SD

Age 66.31 + 10.49

Sex

Male 94 (92.16)

Female 8 (7.84)

Co-morbidities

Asthma 8 (7.84)

PTB 9 (8.82)

Hypertension 76 (74.51)

Diabetes Mellitus 33 (32.35)

Smoking 68 (66.67)

Severity of COPD

Stage I (Mild) 17 (16.67)

Stage II (Moderate) 55 (53.92)

Stage III (Severe) 27 (26.47)

Stage IV 
(Very Severe) 3 (2.94)

Table 2. Correlation of Tracheal Index with COPD severity 
(n=102)

Correlation coefficient Level of 
association P-Value

-0.1074 Low correlation 0.2826
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Table 3. Inter-Observer Variability Between Radiologist A 
and Radiologist B

Correlation 
coefficient

Mean
difference

95% 
Confidence 

Interval
Range P-value

Coronal 
Diameter 0.016 -0.001 to 

0.032
-0.148 to 

0.179 0.492

Sagittal 
Diameter 0.005 -0.009 to 

0.019
-0.140 to 

0.149 0.720

Tracheal 
Index 0.006 -0.003 to 

0.014
-0.080 to 

0.092 0.943

Figure 1. The study showed that there is low correlation of chest 
radiograph tracheal index and COPD severity (r = -0.1074).

Figure 2. Coronal diameter agreement between 1st 
Radiologist and 2nd Radiologist

Figure 3. Sagittal Diameter Agreement between 1st              Radi-
ologist and 2nd Radiologist

Figure 4. Tracheal Index Agreement between 1st Radiologist and 
2nd Radiologist
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DISCUSSION

Patients with chronic obstructive pulmo-
nary disease overtime develops narrowing of the 
coronal tracheal diameter and widening of the 
sagittal tracheal diameter, the so called “saber-
sheath trachea (Tracheal index = <2/3)”. Chronic 
remodeling of the trachea in COPD leads to 
alteration of the tracheal morphology postulated 
to be due to repetitive cartilaginous injury from 
excessive coughing and elevated intrathoracic 
pressure causing degeneration and ossification 
of the tracheal cartilage.6 The present study 
has shown a low correlation between chest 
radiograph tracheal index and COPD severity.

Although a previous study showed lower 
tracheal indices among COPD patients in 
comparison to a control group even in the early 
stages/lower severity of COPD.10 The present 
study yielded different results. A possible 
explanation for this is that changes in the tracheal
morphology are dependent on whether a parti-
cular chest radiograph was taken on maximal 
inspiration (which is the usual practice on our 
institution) or on maximal expiration. These 
differences in tracheal cross-sectional area was 
observed among healthy volunteers with no 
history of smoking exhibiting mean cross-
sectional area decrease on expiration at the 
upper (54.34% ± 18.6) and lower trachea 
(56.14% ± 19.3).11 Although it was thought 
that decrease in the tracheal indices can be seen 
even early stages of COPD, the extent to which 
it is decreased does not satisfy the criteria for 
saber-sheath trachea.

Saber-sheath trachea, despite its low 
correlation to COPD severity, remains as a 
specific diagnostic parameter for the diagnosis 
of COPD (specificity, 92.9%), although sensiti-
vity (39.1%) was low.7

RECOMMENDATION

It is recommended that subsequent studies 
explore the possibility of conducting a prospec-
tive study by performing inspiratory and expira-
tory examinations on COPD patients utilizing the
modalities available at our institution (Chest 
radiography and Computed Tomography). Base-
line and follow-up chest radiograph on both 
anteroposterior and lateral views are suggested
as a routine examination on COPD patients to 
monitor tracheal morphological changes.

CONCLUSION

Among patients with COPD, there is a low 
correlation (Spearman correlation coefficient 
= -0.1074) between chest radiograph tracheal 
index and COPD severity.
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Pediatric Cardiology 

Comparison of Clinical Outcome of Transcatheter 
Closure of Ventricular Septal Defect Using 

Antegrade and Retrograde Approaches
Babie Catherine R. Causapin, MD; Jean Antonio Villareal, MD; Juan Reganion, MD; Juliet J. Balderas, MD

Background --- Transcatheter device closure became a trending treatment for ventricular septal defect (VSD) 
for perimembranous and muscular type with satisfactory results and low morbidity rates. In most centers, the 
procedure is performed using antegrade method or transvenous approach. In adult patients, recent studies of 
transcatheter VSD closure via retrograde or transarterial approach had been successful; however in pediatric 
patients this kind of approach have insufficient data available. This study aims to compare the clinical 
outcome of transcatheter device closure of ventricular septal defect using antegrade and retrograde 
approaches among patients of our institution from January 2013 to July 2018.
Methods --- To compare the outcomes of two approaches, we retrospectively evaluated early and mid-term 
results of device closure for VSD in 72 patients divided into 2 groups (A and B) composed, respectively, of 37 
patients (antegrade) and 35 patients (retrograde). 
Results --- Procedure time between groups with group A 39.2 ± 13.8 min and with Group B 27.3 ± 10.8min 
(p<0.0001) were found to be significant. There is a significant difference in clinical outcome between the groups 
with number of complications in Group A is 10 (83.33%) and in Group B is 2 (16.6%). Antegrade patients were 
more likely to have complications compare to retrograde patients with a p-value of 0.027. Embolization of the 
device was the early adverse events observed on both groups. Data from mid-term follow-up showed that, in 
antegrade group, new-onset valvular insufficiency and residual shunts were more frequent. 
Conclusion --- Both therapeutic approaches for transcatheter device closure of VSD were immediately safe 
and effective but retrograde approach is less likely to have complication compared to antegrade procedure. 
Patients must be accurately selected before choosing VSD device closure approach; operator skills and 
experience still have a large impact on success rate for this procedure. Phil Heart Center J 2021;24 (2):29-40.

Key Words: Ventricular septal defect   n VSD device closure  n retrograde approach 
n antegrade approach
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          entricular septal defect (VSD) is the most     
  common type of congenital heart abnor-
mality approximately 40% of congenital heart 
defects.1 Perimembranous VSD, which is the 
most common and involves the membranous 
septum and the adjacent portion of the muscular 
septum, accounts for about 70% of cases.2 In 
1856, Dushane and Kirklin at Mayo Clinic          
perform the first successful closure of VSD using 
cardiopulmonary bypass.3 Open-heart surgery is 
considered safe and effective treatment for VSD, 
however it still carries risks, such as complete 
atrioventricular block, residual shunt, postperi-
cardiotomy syndrome, and wound infection, etc.1

V     In 1988, the first report of catheter-based 
approach of VSD has been shown to be an alter-
native to surgical closure with acceptable morta-
lity and morbidity.4-11 Transcatheter closure of 
VSD has become an acceptable alternative to 
surgical closure of muscular, traumatic, and  post-
operative residual and post infarct VSDs. 
However, transcatheter closure of perimembra-
nous VSD is controversial due to unacceptably 
high rate of post-procedural and late-onset heart 
block accounting for 1% up to 22%. Recent 
reports on this treatment for perimembranous 
VSD have been limited to small series with 
insufficient follow-up.  One study done by 
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Butera et al.8  which percutaneous closure of both 
muscular and perimembranous VSDs were done 
on 140 patients whom concluded that it is safe 
but in young children with perimembrabous 
VSD occurrence of complete AV block is a 
major concern. Yang et al.2 concluded that safety 
and successful outcome with low morbidity 
and mortality of transcatheter perimembranous 
VSD still depends on the operator skill and 
experience.

 Their study also had a favourable long-term 
result and concluded that transcatheter approach 
provides a less-invasive alternative that may 
become the first choice in selected patients.

In a local study done by Valdez, B. et al, 
comparison of the clinical outcome and cost of 
transcatheter device occlusion and surgical closure 
of isolated ventricular septal defect among
62 patients (surgical = 31 and device = 31) 
was done. This study supported the continued 
use of transcatheter occlusion as a treatment 
of isolated VSD in terms of procedural 
cost-effectiveness against surgical procedure 
(p<0.001).12 In a large institutional study on 
outcomes and complications after transcatheter 
closure of a perimembranous-type ventricular 
septal defect in 890 cases in Taiwan by Jun 
Liu, et al, the incidence of serious complication 
was 1.12% (10/890), including third-degree 
atrioventricular block, severe tr icuspid 
valve regurgitation, cerebral infarction in the 
basal ganglia area, and femoral artery thrombo-
sis. There were no reported deaths and they 
concluded that transcatheter closure of 
perimembranous VSDs in selected patients was 
effective and safe.2 

Transcatheter closure of perimembranous  
and muscular VSDs are still widely used in 
many center with a low mortality and morbidity 
rate; regardless of its approval status in the US 
and many countries in Europe. In other Asian 
countries, many children are waiting to be treated; 
and which transcatheter approach is attractive 
for patients, family and physicians, particularly 
with soft indication for closure. The advantage of 
avoiding cardiopulmonary bypass, reducing the  
psychological impact, pain are some the positive 
points for choosing transcatheter approach rather 

than the surgical option. Due to the complexity 
and proximity of the septal defect to adjacent
structures, especially aortic valves; closure of 
this defect percutaneously is challenging. Many 
types of device have tried to close this defect with 
varied results.

Evolving technology in the interventional 
techniques has now made the transcatheter closure 
of  anatomically selected ventricular septal defects
feasible with satisfactory results and low 
morbidity rates.10  In most centers, the procedure 
is approached using antegrade or transvenous 
method by creating an arteriovenous guide wire 
loop, which is the standard technique for trans-
catheter VSD device closure. Some studies have 
described that retrograde method and transarterial 
approach cannot be performed due to technical 
difficulties, mostly in adult patients. Recent studies 
of using variety of Amplatzer occluder devices 
had been successful with retrograde technique in 
adolescents and children with congenital VSD. 
Retrograde technique involves fewer steps and 
possesses the potential to significantly reduce 
fluoroscopy and total procedure time in comparison 
with the conventional methods. In a case series 
of Pekel et al. presented their experience of the 
transcatheter VSD closure using transarterial 
retrograde approach and concluded that it 
simplifies the procedure, decreases the radiation 
exposure, and shortens the procedure time.13 
After a thorough literature search, no local 
study on transcatheter device closure of  VSD 
comparing the two techniques was published.

     Early in this institution, most patients with 
ventricular septal defect that undergo trans-
catheter technique still use the conventional 
method (transvenous antegrade approach). 
Only ten years ago, transcatheter closure 
using implantable devices has been intro-
duced and is recently gaining popularity. When 
explaining the therapeutic options to the 
patients or the parents with VSD, outcome goals 
and complications or adverse events should 
be fully discussed. Since transcatheter device 
closure of VSD is an evolving technology, data on 
effectiveness, cost and mid-term outcome compa-
ring these two techniques in transcathether closure 
of ventricular septal defect are currently lacking; 
hence this research was formulated.
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1. Age > 1 year old and weight > 7kg
2. Pre and post-procedure Transthoracic
    Echocardiography done at our institution
3. Pre and post-procedure chest radiography   
    and 15 Lead ECG done at our institution
4. Fulfill all the echocardiography criteria:

a. Presence of ventricular septal defect in 2 different views
b. Defect diameter on the left ventricular  side < 12mm
c. Aortic rim > 5mm
d. No significant aortic valve prolapsed nor regurgitation

OBJECTIVES

The general objective is to compare the clinical 
outcome of transcatheter device closure of 
ventricular septal defect using antegrade and 
retrograde approaches among patients of this 
institution. While its  specific objectives are: (1)
to compare clinical characteristics of patients 
underwent antegrade and retrograde group; (2) to 
compare procedural data of patients  underwent 
antegrade and retrograde group; (3) to determine 
clinical outcome of antegrade technique on VSD 
closure; and (4) to determine clinical outcome of 
retrograde technique on VSD closure.

METHODS

Patients: From January 2013 to July 2018, we 
retrospectively collected data on 81 patients 
who underwent transcatheter device closure of 
VSD at our institution. Seventy-two of these 
72 subjects were diagnosed with isolated 
VSD that underwent transcatheter closure. 
Patients were assessed by the standard 
transthoracic echocardiographic protocol. The 
study was conducted in compliance with the 
ethical principle set forth in the Declaration of 
Helsinki. The study was also reviewed and 
approved by the Institutional Ethics Review 
Board (IERB).

Sample Size Calculation: Sample size computed 
for this study was n = 72 at  95% confidence level, 
maximum tolerable error of 5% and assumed 
prevalence of 31 cases who underwent transcathe-
ter closure of VSDs among children in the paper 
of  Valdez et al.12

Inclusion and exclusion criteria: The criteria for 
inclusion in this study were:

The criteria for exclusion in this study were:

       Subjects were labeled into 2 groups: those 
who underwent transcatheter VSD closure
using antegrade or arteriovenous (AV) loop and    
retrograde or transarterial approach.

Occluder Devices - Two local brands of device 
are available in our institution: Lifetech Scientific 
and Cocoon. The availability of the devices at 
operation day will be the main factor in the choice 
of devices.

Procedures - Percutaneous closure of a VSD is 
performed under general anesthesia with sedation. 
Patients are given heparin 100 IU/kg, hydro-
cortisone 5mg/kg and antibiotic intravenously. 
The procedure is performed under fluoroscopic 
control. Procedures for apical VSD (Figure 1) 
using antegrade technique; and perimembranous 
VSD (Figure 2) using retrograde technique have 
been previously reported in detailed.13,14

Study Maneuver
a. A retrospective review of the charts of all pedia-

tric patients who underwent transcatheter 
device closure of VSD from January 2014 to 
July 2018 was done. Data were extracted from 
Medical Records of the hospital; and patients 
were identified by discharge diagnosis from 
the CV laboratory databases. Patients who 
underwent transcatheter VSD closure were 
grouped according to the approach used 
during the procedure.

b. Charts were reviewed and the following infor-
     mation were obtained:

i. Demographic Information
 1. Age of the patient
 2. Gender
 3. Weight
 4. Modified Ross Classification

1. Pelvic vein or inferior vena cava thrombosis
2. Other cardiac anomaly that require surgical 
    or transcatheter intervention
3. Patients who have pulmonary vascular 
    resistance >8woods unit
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c. Charts were reviewed for the outcome.
          1. Principal Efficacy

Follow-up Period - The follow-up variables 
includes clinical examination; electrocardiography
and echocardiography at 1 month and 3-month 
follow up.

Data Analysis  - We used SPSS 16.0 for 
Windows (SPSS, Inc., Chicago, IL, USA) 
for the statistical analysis. The quantitative 
variables were summarized and presented as 
m e a n  a n d  s t a n d a r d  d e v i a t i o n ,  w h i l e 
qualitative variables will be tabulated and 
presented as frequency and percent distribution.  

       Homogeneity of characteristics between the 
2 groups was tested using the t-test for the quanti-
tative variables and Fisher’s exact test for 
qualitative variables. Comparison of outcome 
between the 2 groups was determined and tested 
using independent T-test for the fluoroscopic 
time, procedure time and length of hospital stay 
while Fisher’s exact test for specific outcomes.
A p-value less that or equal to 0.05 was consi-
dered significant.  Furthermore, logistic 
regression analysis was used to compare the two 
techniques of transcatheter VSD closure in 
terms of developing at least 1 complication.

RESULTS

A total of  81 patients who underwent successful 
transcatheter closure of VSD were reviewed in 
our institution. Based on the inclusion criteria 
only 72 patients (88.9%) were included in this 
study. There were 37 whom underwent antergrade 
or transvenous (Group A) approach (Fig. 1) 
and 35 whom underwent retrograde or transarte-
rial (Group B) approach (Fig. 2). The mean age 
of patient in Group A was 9.89 years ± 4.68 and
in Group B was 12.03 years ± 5.03; which was 
not statistically significant. There were 37 male 

Modified Ross Heart Failure Classification in Children
I Asymptomatic
II Mild tachypnea or diaphoresis with feeding in 

infants Dyspnea on exertion in older children
III Marked tachypnea or diaphoresis with feeding in 

infants Marked dyspnea on exertion Prolonged 
feeding times with growth failure

IV Symptoms such as tachypnea, retractions, grunt-
ing, or diaphoresis at rest

ii. Electrocardiographic Data
    1. Heart rate
    2. PR interval
    3. Rhythm
    4. ST-T wave (normal, elevation, 
         depression)
iii. Echocardiographic Data
     1. Maximum diameter Ventricular septal 
         defect (mm)
       2. Presence of Left Ventricular enlargement
     3. Presence of Left Atrial enlargement
     4. Pulmonary artery pressure (mmHg)
iv. Procedural Data
     1. Fluoroscopy time
     2. Procedure time
     3. Mean pulmonary artery pressure 
         (mmHg)
     4. VSD size (mm)
     5. Device used

i. Acute procedure success: the number of 
  patients where the two techniques were 
   attempted, those who successfully close the 
  ventricular septal defect.
ii. Pre-discharge efficacy (24-hrs efficacy): 
    complete closure at pre-discharge (maximum 
   24 hours)
iii. Hospital stay
iv. Follow-up Periods:

    1. 2D echo follow-up (complete closure 
         of VSD)

a. 1-month efficacy: complete closure at 1-month 
follow- up
b. 3-month efficacy: complete closure at 3-month 
follow-up

      2. Principal Safety
          i. Serious adverse event: any event causing death 
             ii. Major adverse event: any event causing organ 
                 failure or dysfunction (e.g. stroke emboli) or any 
                 damage to other structure inside the heart, device     
                 embolization required surgical removal, and 

          iii. Minor adverse event: device embolization required 
                percutaneous removal, mild to moderate regurgita-
          tion of the valve (especially tricuspid and aorta) 
          related to the procedures, hemolysis, hematoma 
         of the groin, loss of peripheral pulse, cardiac 
             arrhythmia requiring cardioversion or medication 
               during procedures, blood loss required transfusion 
                and residual shunt.            
             iv. Any adverse event: any event not classified above.
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and 35 female patients. The weight and height of 
the patients between the two groups were statis-
tically significant (p-value 0.001 and <0.001); 
Group A had 25% with z-score of -2 (wasted and 
stunted) while Group B had 100% with z-score of 
-1 to 0 (normal). In this study, group B had higher 
body surface area (BSA) at 1.19 ± 0.37 compared 
with group A with BSA of 1.00 ± 0.39 (p-value 
0.041). Functional Class using Modified Ross 
Classification was not significant with p-value 
0.061. Diagnostic data such as types and sizes 
of VSD as well as presence of LA enlargement 
and pulmonary arterial hypertension were not 
significant for both groups with p-values above
0.05. The most common VSD type for both 
groups was the perimembranous type with 28 
(77%) patients in Group A and 33 (94%) patients 
in Group B. Twenty-seven (72.97%) of patients 
from Group A manifested with LV enlargement 
compared with Group B with 11 (31.43%); which 
was statistically significant (p-value 0.000). Signi-
ficant shunting (QpQs ratio) was also observed 
more with Group A (1-1.6:1) compared with 
Group B (1-1.2:1). Electrocardiograhic data
such as PR interval and rhythm were not statistically 
significant (p-values >0.05). Heart rate of Group B 
(74.37 + 13.9) was noted to be lower in comparison 
with Group A (84 ± 14.85) with p-value of 0.004. 
Demographic and diagnostic data are summarized 
in Table 1.

     The median fluoroscopic time was 21.3 
minutes (13.43–27.3 minutes) in Group A and 
15.34 minutes (10.87–24.07 minutes) in Group 
B; which was not significant (p-value 0.086). The 
mean procedure time was 38.6 minutes (26.9 –
45.6 minutes) in Group A and 25.7 minutes
(18.6–33.7 minutes) in Group B;which was
significant (p-value 0.000). Most of the pul-
monary arterial (PA) pressure measured were 
normal for both groups and was not significant 
(p-value 0.079).  According to ventriculography, the 
median measured of VSD size for Group A was 
0.6cm (0.4–1.5cm) and Group B was 0.4cm 
(0.3–0.5cm), which was significant (p-value 
0.001). There were several device occluders used 
during the study period with Lifetech Multi-
functional occluder (MFO) (Group A 2, 5.41% 
and Group B 35,100%) as the majority device 
used. Procedural data was summarized in Table 2.

     The median follow-up was 24 months (4 – 
55.3 months). Acute procedure success was not 
significant. Antegrade technique had 100% 
success rate while retrograde technique had 
97% success rate (34 out of 35). This case was a 
6-year-old male diagnosed case of VSD perimem-
branous who had embolization and was retrieved 
percutaneously. His technique was converted to 
antegrade approach and was successfully occluded. 
Pre-discharge complete closure was seen in 27 
(73%) patients for Group A and 8% of residual 
shunts diminished 3 months after the intervention. 
In comparison with Group B, immediate closure 
was seen in 27 (77%) patients and all residual 
shunts diminished 3 months after the interven-
tion. Comparison of immediate or pre-discharged 
complete closure of the defect was not significant 
(p value 0.683). The median hospital stay for 
both group were at 3 days (Group A, 3-4days 
and Group, B 3-3days). Most of the patients 
on Group A had stayed more than 3 days while 
Group B patients had stayed 3 days at the 
hospital. Comparison of hospital stay between 
two groups was significant at p value of <0.001. 
In our study, residual shunt was considered 
with a presence of left-to-right shunt across 
the interventricular septum on color Doppler 
flow mapping. On a 3-month follow-up, it was 
noted that 89%n (33 out of 37 cases) on Group 
A had residual shunts while Group B had 100% 
complete closure; which was significant (p-value 
0.012). Comparison of principal efficacy for
both groups was summarized in Table 3.

In pre-procedure echocardiography, there were 
53% of patients with left ventricular (LV) enlarge-
ment and 40% with left atrial (LA) enlargement. 
Noted a significant improvement (p-value <0.001) 
with chamber sizes post-transcatheter closure of 
VSD (Table 4). Two patients whom still with LV 
enlargement still had residual shunt after trans-
catheter closure via antegrade approach.

    A total of 12 adverse events (16.7%) were 
reported in patients who underwent VSD device 
closure. No serious and major adverse events 
were observed in this study. In Group A, 10 minor 
adverse events were observed: Device emboliza-
tion (n = 1), new or increased valve regurgitation 
(n = 3), hematoma of the groin (n = 1), cardiac
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arrhythmia (n = 1); and residual shunt (n = 4). 
In Group B, 2 minor adverse events were 
observed: embolization and cardiac arrhythmia. 
Complications were summarized in Table 5. 

Odds ratio was used and showed that patients 
in Group A had 6.11 times more likely to have 
complication compared to Group B. (Table 6).

F igure  1 .  Antegrade or  t rans-
venous closure of perimembra-
nous VSD. (a)  Left  ventriculog-
raphy showed a perimembranous 
VSD tubular type, the shunt jet is 
long and the diameter in both sides 
of the septum is the same. (b) Terumo 
exchange wire is snared in the pulmo-
nary artery or SVC and exteriorized out of 
the femoral vein to establish an arterio-
venous guidewire circuit.(c) Ventriculo-
graphy before the release of the 
occluder (Lifetech Multifunctional 
Occluder (MFO) size 10mm/8mm) 
was done showing a total occlusion 
of the defect. (d) Still image show-
ing the occluder in place after the 
release.

Figure 2.  Retrograde or  trans-
arterial closure of perimembranous 
VSD. (a) Left ventriculography showed a 
perimembranous VSD conical type, the 
shunt jet is wide on the LV side of the 
septum and narrow on the RV side. (b) 
Ventriculography before the release 
of the occluder with the delivery 
cable on the arterial side (femoral 
artery – descending aorta – ascend-
ing aorta – LV) was done showing 
a total occlusion of the defect.

a b

dc

a b
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Table 1. Baseline demographic and diagnostic of the patients underwent transcatheter procedure according to technique used.

                                         
     

P-Value

Demographic Profile

Age 9.89 ± 4.68 12.03 ± 5.03 0.066

Sex
Male
Female

22 (59.46) 
15 (40.54)

18 (51.43) 
17 (48.57) 0.493

Weight
z-score -1 (-2 to 0) 0 (-1 to 0) 0.001

Height
z-score -1 (-2 to 0) 0 (0 to 0) <0.001

BSA 1.00 ± 0.39 1.19 ± 0.37 0.041

Modified Ross 
Functional Class

I
II

31 (83.78)
6 (16.22)

33 (97.06)
1 (2.94)

0.061

Echocardiographic Parameters

VSD, type
Muscular
Perimembranous
Apical
Multiple

7 (18.92)
28 (75.68)

1 (2.70)
1 (2.70)

2 (5.71)
33 (94.29)

0 (0)
0 (0)

0.051

VSD Size cm 0.5 (0.40 to 0.70) 0.45 (0.38 to 0.50) 0.062

LV enlargement
Yes 17 (45.95) 12 (34.29) 0.313

PA Pressure
Normal
Mild
Moderate
Severe

30 (81.08)
2 (5.41)

4 (10.81)
1 (2.70)

33 (94.29)
2 (5.71)

0 (0)
0(0)

0.165

QpQs Ratio 1.2:1 (1 to 1.6:1) 1:1 (1 to 1.2:1) 0.002

Electrocardiographic Parameters

HR 84 ± 14.85 74.37 ± 13.9 0.004

PR interval 0.12 ± 0.02 0.12 ± 0.02 0.723

Rhythm
Sinus
Abnormal

36 (97.30)
1 (2.70)

35 (100)
0 (0) 0.959

Antegrade Retrograde
(n=37) (n=35)

   Frequency (%); Mean ±  SD; 
Median (IQR)
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Table 2. Procedural Data

Antegrade
(n=37)

Retrograde
(n=35)

P-Value
Frequency (%); Mean + SD; Median 

(IQR)

Fluoroscopic time (min) 21.3 (13.43 to 27.3) 12.03 ± 5.03 0.086

Procedure time (min) 38.6 (26.9 to 45.6) 25.7 (18.6 to 33.7) <0.001

VSD Size cm 0.6 (0.4 to 1.5) 0.4 (0.3 to 0.5) 0.001

PA Pressure
Normal
Mild
Moderate

32 (86.49)
4 (10.81)
1 (2.70)

35 (100)
0 (0)
0 (0)

0.079

VSD Device Size cm 0.6 (0.6 to 1.8) 0.6 (0.5 to 0.8) 0.123

Device Occluder Used
PDA ductal

Lifetech
Cocoon

VSD symmetrical
Lifetech
Cocoon

VSD muscular
Lifetech
Lifetech MFO

2 (5.41)
1 (2.70)

18 (48.65)
5 (13.51)

9 (24.32)
2 (5.41)

0 (0)
0 (0)

0 (0)
0 (0)

0 (0)
35 (100)

<0.001

Table 3. Principal Efficacy

Antegrade
(n=37)

Retrograde
(n=35)

P-Value
Frequency (%); Mean + SD; Median 

(IQR)

Acute Procedure success 37 (100) 34 (97.14) 0.486

Pre-discharge complete closure 27 (72.97) 27 (77.14) 0.683

Hospital Stay 3 (3 to 4) 3 (3 to 3) <0.001

Complete Closure on 2D Echo
1 month follow-up
3 month follow-up

29 (78.38)
33 (89.12)

30 (85.71)
35 (100)

0.419
0.012

Table 4. LV and LA enlargement in 2D Echo (n=72)

Pre procedure Post procedure
P-Value

Frequency (%)

With LV enlargement 38 (52.78) 2 (2.78) <0.001

With LA enlargemen 29 (40.28) 1 (1.39) <0.001
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Table 5. Complications after VSD device closure according to technique

COMPLICATIONS Antegrade
n = 10                             

Retrograde
n = 2

Serious adverse event (Death) 0 0

Major adverse events
Thromboembolism
Device Embolization required surgical removal
Complete Heart Block
New onset valvular regurgitation that required surgical repair

0
0
0
0

0
0
0
0

Minor adverse event
Device Embolization required percutaneous removal 
New or increased (mild to moderate) regurgitation of the valve
Hemolysis
Hematoma of the groin
Loss of peripheral pulse
Cardiac arrhythmia (LBBB,RBBB)
Blood transfusion becauseof blood loss
Residual shunt

1
3
0
1
0
1
0
4

1
0
0
0
0
1
0
0

Others (fever, rash) 0 0

DISCUSSION

      Ventricular septal defect represents the most 
common type of congenital heart malformation, 
accounting for up to 40% of congenital heart 
defects and it is more frequent in Asian countries.8 
Our previous local study and literature from 
other countries showed that both surgery closure, 
and transcatheter closure using the antegrade 
technique have excellent results in closing VSDs.
Meanwhile, this local study also showed that 
transcatheter closure has the advantage of 
reduced psychological impact, less pain, 
and discomfort due to the procedure, shorter 
hospital stay, no need for admission to an 
intensive care unit, faster time to normal 
activities.12  Different devices had been used to 
close ventricular septal defects, and with evolving 
technology improved devices made it possible to 
use it on transcatheter closure using the retrograde 
technique. However, studies with transcatheter

Table 6. Comparison of the outcome according to technique used (n=72)

With complication
(n=12)

Without complication
(n=60) Odds ratio

(95% CI)
P-value

Frequency (%)
Antegrade 10 (83.33) 27 (45) 6.11 (1.23 to 30.3)

0.027Retrograde 2 (16.67) 33 (55) 0.16 (0.03 to 0.81)

closure of VSD using retrograde technique 
have been lacking. This study was designed 
to compare the clinical outcome of trans-
catheter device closure of ventricular septal 
defect using antegrade and retrograde techniques.

Demographic profile and Diagnostic data of 
patients:
     Based on WHO child growth assessment, it 
was observed in this study that more patients in 
Group A (p value 0.001) were wasted at below 
Z score -1. Stunted growth for Group A was 
also noted (Z-score -2 to 0, p-value <0.001). 
This observation may be explained by the larger 
ventricular septal defect size on echocardio-
graphy (0.4cm to 0.7cm) in younger patients for 
group A (9.89 years ± 4.68); although age and 
defect size were not significant in these study. 
In added effect of large VSD defect in group A, 
expected LV enlargement and shunt significance
(Qp:Qs ratio) were observed with Group A
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compared with Group B. In Group A, faster 
heart rate was also observed due to younger 
population and significance of shunt (Qp:qs 
ratio) in this group. In this study, it was 
observed that Group A patients belong to 
a younger group with significant shunt and 
weighed less compared to Group B. This may 
be explained that in able to successfully perform 
transcather closure of ventricular septal defect, 
weight, age and size of the defect of the patient 
were factors on selecting the technique to be 
used. With the large ventricular septal defect, 
expected larger devices and sheath to be used 
hence antegrade approach will be a better 
technique for younger and wasted patients to avoid 
vascular injury with retrograde technique.

Efficacy of transcather device closure of 
ventricular septal defect:

We have presented 72 patients who underwent 
transcather VSD closure with 37 patients via ante-
grade approach and 35 patients via retrograde 
approach. The meadian follow-up was 24 months. 
In this study, we considered effectiveness in terms 
of procedural success, complete defect closure 
(pre-discharge, 1-month and 3-month follow-up) 
and hospital stay. Transcatheter closure of VSD via 
retrograde approach shows a shorter hospital stay 
and 100% complete closure of the defect in 3
month follow-up. However, the present study 
also demonstrates an excellent immediate 
outcome and follow-up results for both techniques; 
supported by the significant improvement on 
chamber sizes.

Safety of transcatheter device closure of 
ventricular septal defect:
      In our study, complications of transcatheter 
closure of VSD using both techniqhes were rare. 
Among all 12 complications (minor adverse 
events 16.7% of the study population), no 
serious and major adverse event occurred; 
which is comparable with the study of 
Butera et al. (14.7% complication rate) on a 
percutaneous closure of ventricular septal 
defects in children aged less than 12 years old. 

    In our retrospective study suggested that 
complications (10 of 12) are 6.11 times more 
likely to occur with patients undergoing antegrade 

technique. Most cases of minor adverse events: 
residual shunts (4 of 12) and new or increased 
valve regurgitation (3 of 12) were observed with 
antegrade technique. The creation of arteriovenous 
loop with antegrade technique might explain the 
new tricuspid regurgitation in 3 cases, in the early 
period of the study. Other minor adverse events 
observed in this study include device embo-
lization, hematoma of the groin and cardiac 
arrhythmia. Both cases of cardiac arrhythmia 
were resolved within 24 hours and no recurrence 
during follow-up. Outcome from this study is 
rather diverse from earlier studies.2,6,8 Generally, 
in this study manageable adverse events were 
recorded and did not outweigh the benefits of 
transcatheter closure of VSD using both techniques.

Technical consideration of transcatheter 
closure of ventricular septal defect:
   Transcatheter closure of ventricular septal 
defect has many important technical conside-
rations due to the involvement of adjacent 
structures (aortic valve, tricuspid tendineae, AV 
node, conduction bundle) and variations of VSD 
type (tubular, conical, window and aneurysmal 
type). First, the inclusion criteria for transcatheter 
closure of muscular and perimembranous VSD 
should be strict. Large VSD defined as more than 
2/3 the size of the aortic valve annulus, VSD with 
severe pulmonary hypertension, severe aortic 
valve regurgitation and small infants with weight 
less than 7 kg should be referred to open heart 
surgery and excluded from transcatheter inter-
vention. Due to this strict criteria that the success 
rate of transcatheter VSD closure in both groups 
were high. As previously discussed, VSD size 
determined during angiography was crucial in 
selecting the appropriate approach in transcatheter
closure of VSD. Most of patients underwent 
VSD device closure with antegrade approach 
was observed with a larger median ventricu-
lar septal defect size of 0.6 cm (0.4–1.5cm).

     Second, the most crucial step on transcathe-
ter VSD device closure is passing of the guide-
wire catheter across the defect. In our study, we 
had used two types of guide catheters that were 
useful in passing the defect: Judkins right and 
cut pigtail catheter with the use of hydrophilic 
0.032” or 0.035”x260cm Terumo long guidewire.
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Third, the technique selection in this study 
was one of the important technical considerations. 
Antegrade technique requires a creation of 
arteriovenous wire loop for line stabilization 
through which the device can be advanced. 
Unlike retrograde technique that directly advanced 
the delivery system without AV loop to the defect 
from the LV side and deployed the RV disc of the 
occlude first. This technique simplifies the step 
compared to the antegrade technique; hence also 
avoids the factors associated with the advancement 
failure of the device via the venous route. It was 
observed in this study that retrograde approach 
shortened the procedural time, high rate of 
successful deployment (97.1%), and lower rate 
of complications (5.7%). This outcome is similar 
with the previous reported series and case 
reports.13,14,15 

Fourth, device selection was another important 
technical consideration. Multiple devices were 
used during this study, however the availabi-
lity of the device was the main decisive factor 
on which device to be used; in early study 
period. The availability of the multifunctional 
occluder device (MFO) LifetechTM heralded 
the transcatheter closure of VSD via retrograde 
technique. In our study, most perimembranous 
VSD could be successfully closed with retrograde 
approach using multifunctional occluder device 
(MFO) LifetechTM requiring a French 5–7mm 
delivery sheath.

Lastly, in previous studies.2,4,6,7 transesopha-
geal echocardiography (TEE) is the imaging 
modality that is mostly used for guidance on trans-
catheter VSD closure. During the early years of the 
study period, angiography was the sole imaging 
modality that guide us through the transcatheter 
closure because TEE extends the procedural time. 
However in the later years of the study period, 
usage of transthoracic echocardiography  (TTE) 
combined with angiography remarkably guide us 
on device closure of VSD.

STUDY LIMITATION

Although our study demonstrated a signifi-
cant advantage of transcatheter VSD closure 
using retrograde approach, it nevertheless had 
some limitation. First, this was a single-center,

non-randomized study and our experience may
not be universally representative. Second, 
these techniques can only be carried out safely 
and complications managed in the proper way 
by very experienced hands. Third, although 
both of the techniques of VSD closure appear
to be safe in the mid-term follow-up, it is 
not known whether they are safe in the very 
long-term, whereas the long-term safety and 
efficacy of surgical closure are well documented.

CONCLUSION

    The transcatheter VSD closure using both 
approaches were immediately safe and 
effective. In the presence of favorable charac-
teristic of patients and anatomic considerations, 
retrograde technique is less likely to have 
complications; and shortened procedure time 
compared to antegrade technique. The only 
limitation in pediatric patients is the size of the 
delivery sheath. Smaller size of delivery sheath is 
required for the safe placement of the device using 
the retrograde technique to avoid vascular injury.

   The results of this study suggest that 
retrograde approach may be implemented 
successfully in transcatheter closure of VSD. 
This study suggests that transcatheter VSD 
closure must be initiated using the retrograde 
approach; and may switched to antegrade 
approach if with unfavourable anatomic condi-
tions.
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Factors Associated with Reperfusion Lung Injury 
After Total Correction of Tetralogy of Fallot 
Claudio Q. Gayeta Jr, MD; Bianca Sanz, MD; Juan Reganion, MD; Sarah Zampaga, MD

Background --- Reperfusion lung injury (RLI) is one of the most common complications after Tetralogy of Fallot 
(TOF) correction that leads to prolonged hospitalization and significant morbidity. This study investigates on 
different factors that may be associated with RLI after TOF correction.
Method --- All patients with TOF who underwent TOF correction from January 2015 to December 2016 in a 
tertiary cardiovascular referral center were included. Baseline characteristics, echocardiographic and intra-
operative findings along with their post-operative course were reviewed. Serial chest radiographs were 
reviewed and each lung were given a pulmonary edema score prior to and after surgery to determine presence 
of RLI. Statistical analysis was performed in STATA SE version 13. Factors associated with reperfusion lung 
injury were determined using logistic logarithm analysis. The level of significance was set at 5%.
Results --- RLI was present in 41 of 114 (36%) patients after TOF correction. Factors for the development of 
RLI included female sex which increases its occurrence with an odds ratio of 2.9 (95% CI 1.29-6.55, p=0.01). 
Intraoperative use of propofol is a protective factor with an odds ratio of 0.24 (95% CI 0.07-0.85, p=0.027). We 
did not identify significant association between the occurrence of RLI and the factors that reflect the degree of 
pulmonary stenosis.
Conclusion --- RLI is common after TOF correction. Female sex increases the risk of its occurrence while 
intraoperative use of propofol is a protective factor. Phil Heart Center J 2021;24 (2):41-48.

Key Words: nTetralogy of Fallot  n TOF correction n reperfusion lung injury

41

 etralogy  of  Fallot  (TOF)  is   the  most  common      
form of cyanotic congenital heart disease.

In a meta-analysis done in 2002, which included 
41 studies about TOF, the best estimate of its 
incidence is 577 cases per million live births.1

Since the first successful correction of TOF in 
1954 by Lillehei and associates in a 10-year-old
boy,2 this condition was studied extensively and 
its surgical correction was quickly replicated in 
other conditions. TOF correction nowadays is done 
through a transatrial incision for closure of ventri-
cular septal defect and relief of obstruction to the 
right ventricular outflow tract3 while on cardio-
pulmonary bypass.

Reperfusion lung injury in the setting of 
pulmonary artery angioplasty for relief of right

T ventricular outflow obstruction is a well recogni-
zed entity.4 It typically manifests as a transient 
pulmonary edema that is localized to an area 
of increased perfusion of lung tissue that results
in impaired gas exchange. It has been thought 
that this injury is due to increased blood flow 
to areas of the lung that has been chronically 
underperfused.5 Pulmonary injury after cardio-
pulmonary bypass has led to prolonged hospitali-
zation, intubation and increased cost of hospital 
stay.6

 In a study done in 2012 by Maskatia and 
associates, they reported a 65% incidence of 
reperfusion injury in patients with TOF – 
pulmonary  valve atresia with major aortopul-
monary collateral arteries after unifocalization 
procedure. They  reported that the risk factors 
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development of pulmonary reperfusion injury
velopment of pulmonary reperfusion injury
include bilateral unifocalization and the severity 
of stenosis in collateral arteries.7

 Reperfusion lung injury after TOF correction 
has not been studied. The aims of this study are 
to describe the incidence, clinical profile and risk 
factors for the development of reperfusion lung 
injury after TOF correction. Based on the results 
reported by Maskatia and associates, it is 
hypothesized that post-operative reperfusion 
lung injury is more likely to develop in TOF 
cases with more severe pulmonary stenosis, 
thereby with lower baseline oxygen saturation, 
higher hematocrit and with history of recurrent 
admissions for phlebotomy. TOF correction 
done at an advanced age probably has higher 
risk of developing reperfusion injury since the 
lungs has been more chronically underperfused. 
Furthermore, it is hypothesized that prior pallia-
tive shunting procedures done to augment 
pulmonary blood flow will reduce the incidence 
of reperfusion lung injury provided that the 
shunt remains patent.

METHODS

This study was conducted in strict compliance
with the ethical principles presented in the 
Declaration of Helsinki. Prior to the conduction 
of the study, the protocol was reviewed and 
approved by the Philippine Heart Center Institu-
tional Ethics Review  Board (PHC-IERB). The 
investigator requested that acquiring of informed 
consent be waived since it is difficult to obtain 
individual authorization from all the study
subjects. The risk to the privacy of the subjects 
was minimal. No sensitive information was 
obtained. The anonymity of the subjects was 
ensured by the investigator.

 This is a a retrospective cohort study done 
at the Philippine Heart Center from January 2015 
to December 2016. Included in the study were 
all pediatric patients age 0-18 years old with TOF 
who underwent total correction from January 
2015 to December 2016 at a tertiary cardiovascu-
lar referral center. While excluded were  patients 
with other medical problems such as pneumonia 
and acute respiratory disease syndrome and 

and incomplete medical records. 

Sample Size:  Using Epi Info Version 7, the 
minimum sample size requirement is at least 87 
based on a 65% incidence (42 of 65 patients) of 
reperfusion lung injury which among patients 
with TOF - pulmonary valve atresia with major 
aortopulmonary collateral arteries who under-
went unifocalization procedures7 with margin of 
error at 10% and confidence level at 95%.

Identification of Study Variables
• Age
• Sex
• Nutritional status
• Prior palliative shunting procedures
• History of recurrent phlebotomy
• Hypercyanotic spell
• Maintenance medication
• Pre-operative oxygen saturation
• Baseline Hematocrit
• 2D Echocardiography findings
• Intraoperative findings
• Intraoperative anesthesia used
• Bypass and cross-clamp time

Study Maneuver: The list of patients with TOF 
who underwent total correction from January 
2015 to December 2016 was obtained from the 
database and the medical records section. The 
medical records of the included patients were 
obtained to determine the following variables:
  
  

1. Demographic data: age, sex, 
      nutritional status, prior shunting
      procedures, others
2.   Clinical and laboratory data: 
     history of recurrent phlebotomy, 
      maintenance medications, hyper-
    cyanotic episodes, pre-operative 
    oxygen saturation, and baseline 
      hematocrit.
3. 2D echocardiographic findings: 

sizes of the main and branch 
pulmonary arteries, degree of 
obstruction to right ventricular 
outflow tract, presence of other 
sources of pulmonary  blood 
supply, and function of both 

      ventricles.
4.  Intraoperative findings: type of 
 repair, cross-clamping time, 
      bypass time.
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 The chest radiographs of included patients 
were reviewed by radiologists to determine who 
among the subjects developed reperfusion injury. 
The radiologist involved in the study was blinded 
of the clinical history and subsequent hospital
course of the patients. Only the name, age and
hospital number of all included patients were 
given. Chest radiographs done on pre-operative, 
post-operative days 0 to 2, and 2 weeks post-
operative or at discharge from the hospital were 
assessed. The radiographs were scored using 
a pulmonary edema scoring system used in a 
previous study which assessed pulmonary 
reperfusion injury in patients who underwent 
lung transplantation.8 The scoring system 
proceeded as follows:

1. Each lung was scored on a scale of 0 to 3. 
The degree of edema on each lung was 
assessed using a 4-point scale:

2. The average score of the 2 lungs was the final 
edema score.

The presence of reperfusion lung injury was 
defined as a change in pulmonary opacity
appearing immediately after TOF correction that
resolved within 2 weeks or before discharge and 
is not associated with pulmonary hemorrhage, 
pneumonia, or atelectasis. A change in edema 
score of  2 or more was used to define reperfusion 
lung  injury. 

       Those patients with pulmonary edema but with 
clinical course that is more compatible with pneu-
monia (presence of fever, copious secretions per 
endotracheal tube, productive cough, increased 
CRP, and prolonged duration of pulmonary 
opacity) were excluded. Patients with a pre-
operative radiograph with an edema score of 
more than 1 were not included. This is to exclude 
patients with other causes of pulmonary opacity.

Statistical Analysis: Data analysis was 
performed in STATA SE version 13. Quantitative 
variables were summarized as mean and standard

0 For normal lung
1 With minimal opacity not obscuring lung vessels.
2 With opacity partially obscuring lung vessels.
3 With opacity completely  obscuring lung vessels

deviation, while qualitative variables were tabu-
lated as frequency and percent. Factors associa-
ted with reperfusion lung injury were determined 
using logistic logarithm analysis. The level of 
significance was set at 5%.

RESULTS

      A total of 130 records of patients with Tetra-
logy of Fallot who underwent total correction 
were retrieved and reviewed. Four were excluded 
because of incomplete data record, most of
which do not have intraoperative anesthesia 
monitoring sheet. Another 8 patients were not 
included because of lack of baseline work-up 
of either 2D echocardiography (3 patients) or
chest radiograph (5 patients). Five patients were 
further excluded because of different diagnosis 
(double outlet right ventricle with pulmonary
stenosis). This gives a total of 114 patients 
that were eventually included in the study. 
Out of these study subjects, 36% (n=41) 
developed reperfusion lung injury. The true 
incidence falls between 27.3% to 45.5% with a 
95% confidence interval as shown in Table 1.

   Table 2 shows the association of various 
demographic factors and the occurrence of RLI 
in patients who underwent TOF correction. 
The age and nutritional status of the patient at 
the time of surgery do not significantly increase 
the occurrence of RLI. Having a prior shunting 
procedure increases the odds of developing RLI 
by 3.69 but this is not statistically significant. 
Female patients are significantly more likely to 
develop RLI compared with their male coun-
terparts with an odds ratio of 2.91 (p=0.009).

   The association of clinical and laboratory 
data with the development of RLI is shown in 
Table 3. All variables used did not show 
statistically significant association with occur-
rence of RLI. However, data trend shows that 
having a history of recurrent phlebotomy and 
hypercyanotic spell tend to increase the risk 
of developing RLI. On the other hand, pre-
operative use of propranolol and having a 
higher baseline oxygen saturation tend to have 
a lower odds of developing reperfusion injury.
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    Pre-operative echocardiographic sizes of 
the main and branch pulmonary arteries did not 
have statistically significant association with 
the occurrence of RLI as shown in Table 4. 
However, data shows that smaller right and 
left pulmonary artery sizes tend to increase 
the odds of developing reperfusion injury. The 
severity of RVOT obstruction also did not have 
significant association with development of RLI.
   
 The presence of another source of pulmonary 
blood flow other than the main and the branch 
pulmonary arteries (collaterals and PDA) 
carries a higher risk of developing RLI (OR =
1.82) but this is not statistically significant. In 
contrast, increasing Mc Goon’s value tends to 
lower down the risk of having RLI but this also 
did not reach statistical significance. The associa-
tion of RV and LV function on the occurrence of 
RLI was not established as all of the included 
patients had good RV and LV systolic function 
prior to surgery.

Table 5 shows that no particular type of
RVOT repair showed a statistically significant 

Table 2. Association of Demographic Factors With Presence of Reperfusion Lung Injury in Patients Who Underwent TOF 
Correction

Demographic Variables
With RLI 
(n=41)

n,%

Without 
RLI (n=73)

 n,%

Odds 
Ratio

95% 
CI p value

Age at TOF

Less than 5 Years 25, (61) 43, (58.9)
0.9173 0.42 to 2.00 0.829

5 Years and Above 16, (39) 30, (41.1)

Sex

Female 20, (48.8) 18, (24.7)
2.9101 1.29 to 6.55 0.010

Male 21,(51.2) 55, (75.3)

Nutritional Status (Weight for Age)

Z-Score
    >+2 1,(2.4) 0, (0.0)

Reference
Z-score

     0 to +2 6, (14.6) 8, (11.0)

Z-Score 
    0 to -2 9, (22) 32, (43.8) 0.3214 0.09 to 1.13 0.076

Z-Score 
    <-2 25, (61) 33, (45.2) 0.8658 0.28 to 2.71 0.804

Prior Shunting Procedures

Present 2, (4.9) 1, (1.4)
3.6923 0.32 to 42.02 0.292

None 39,(95.1) 72, (98.6)

Table 1. Incidence of Reperfusion Lung Injury Among Patients
Who Underwent TOF Correction

n % With 
RLI 95% CI

With reperfusion lung injury 41
36

27.3% 
to 

45.5%Without reperfusion lung injury 73

Total 114

association with developing RLI. However, 
MPA and RVOT augmentation may potentially 
increase the likelihood of developing RLI. Cross-    
clamp and bypass duration both do not show 
statistically significant effect on the occurrence 
of RLI but trends show that prolonging the
duration of bypass and cross-clamp has a higher 
odds of developing RLI.

Out of all the anesthesia being used during 
the operation, only propofol showed statisti-
cally significant association in lowering the 
occurrence of reperfusion lung injury with an 
odds ratio of 0.24 denoting that those who use 
propofol are 4.17 times less likely to have reper-
fusion lung injury (p=0.03).
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Table 3. Association of Clinical and Laboratory Findings With Presence of Reperfusion Lung Injury in Patients Who Underwent 
TOF Correction.

Clinical and Laboratory Findings
With RLI 

(n=41) n,%
Without RLI 
(n=73) n,%

Odds Ratio 95% CI p value

Phlebotomy
Recurrent 3, (7.3) 3, (4.1)

1.84 0.35 to 9.58 0.468
None 38, (92.7) 70, (95.9)

Hypercyanotic Spell
Recurrent 13, (31.7) 18, (24.7)

1.42 0.61 to 3.31 0.418
None 28, (68.3) 55, (75.3)

Propranolol
Not 
maintained

7, (17.1) 20, (27.4)
0.55 0.21 to 1.43 0.217

Maintained 34, (82.9) 53, (72.6)
Oxygen Saturation

<60% 3, (7.3) 4, (5.5) Reference
60-80% 27, (65.9) 37, (50.7) 0.9730 0.20 to 4.71 0.973
>80% 11, (26.8) 32, (43.8) 0.4583 0.09 to 2.38 0.353

Preoperative Hematocrit
<60% 27, (65.9) 48, (65.8)

1.0000 0.45 to 2.25 0.991
60-80% 14, (34.1) 25, (34.2)
>80% 0, (0) 0, (0) - - -

Table 4. Association of Pre-operative Echocardiographic Findings with Presence of Reperfusion Lung Injury in Patients Who 
Underwent TOF correction

Echocardiographic 
Variables

With RLI 
(n=41) n,%

Without RLI 
(n=73) ,%

Odds
 Ratio

95% CI p Value

MPA Size
Z-Score +2 0, (0)) 0,(0)

Reference
Z-score 0 to +2 2, (4.9) 2, (2.7)
Z-Score 0 to -2 10, (24.4) 18, (24.7) 0.56 0.07 to 4.57 0.585
Z-Score <-2 29, (70.7) 53, (72.6) 0.55 0.07 to 4.09 0.557

RPA Size
Z-Score >+2 1, (2.4) 0, (0)

Reference
Z-Score 0 to +2 6, (14.6) 12, (16.4
Z-Score 0 to -2 26, (63.4) 49, (67.1) 0.91 0.32 to 2.59 0.859
Z-Score <-2 8, (19.5) 12, (16.4) 1.14 0.31 to 4.16 0.840

LPA Size
Z-Score >+2 1, (2.4) 1, (1.4) 

Reference
Z-Score 0 to +2 13, (31.7) 28, (38.4)
Z-Score 0 to -2 22, (53.7) 37, (50.7) 1.23 0.54 to 2.82 0.622
Z-Score <-2 5, (12.2) 7, (9.6) 1.14 0.40 to 5.50 0.559

RVOT Obstruction
Mild 0, (0) 1, (1.4)

0.88 0.15to 5.05
0.15 to 5.05

0.890
Moderate 2, (4.9) 3, (4.1)
Severe 39, (95.1) 69, (94.5)

Other Sources of PBF
Present 10, (24.4) 11, (15.1)

1.82 0.70 to 4.74 0.222
Absent 31, (75.6) 62, (84.9)

Right Ventricular Function
Good (RVEF≥36) 0, (0) 0, (0) - - -
Poor (RVEF<36) 41, (100) 73, (100) - - -

Mc Goon’s
<1 1, (2.4) 0, (0)

Reference
1.0 to 1.5 11, (26.8) 15, (20.5)
1.6 to 2.0 23, (56.1) 37, (50.7) 0.78 0.31 to 1.95 0.591
>2.0 6, (14.6) 21, (28.8) 0.36 0.11 to 1.17 0.088
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DISCUSSION

This study is a retrospective review of 
patients who underwent total correction of TOF 
to determine the incidence and the factors asso-
ciated with RLI. We found that 41 out of 114 
(36%) study subjects developed RLI. Only 
female sex is associated with significant increase 
in the risk of developing RLI while  intraoperative 
use of propofol significantly decreases the odds 

of having reperfusion injury. The mechanism by 
which these factors affect the development of  
RLI still has to be determined. Other factors being 
investigated failed to show significant  association
 with development of RLI.

Our results contradict the findings of Maskatia 
and co-workers who strongly correlated the 
development of RLI with the degree of pulmonary 
stenosis.7 Clinical, laboratory, and echocardio-

Table 5. Association of Intraoperative Findings with Presence of Reperfusion Lung Injury in Patients Who Underwent 
TOF correction

Echocardiographic 
Variables

With RLI 
(n=41) n,%

Without RLI 
(n=73) n,% Odds Ratio 95% CI p value

Type of RVOT Repair

Transannular patch 25, (61) 52, (71.2) 0.63 0.28 to 1.41 0.263

Infundibulectomy 38, (92.7) 69, (94.5) 0.73 0.16 to 3.45 0.696

MPA Augmentation 8, (19.5) 8, (11) 1.97 0.68 to 5.72 0.213

RVOT Augmentation 7, (17.1) 8, (11) 1.67 0.56 to 5.01 0.358

Commissurotomy 0, (0) 1, (1.4) - - -

LPA Augmentation 1, (2.4) 2, (2.7) - - -

Pulmonary Valvotomy 0, (0) 2, (2.7) - - -

Pulmonary Valve Reconstruc-
tion (Monocuspal) 0, (0) 1, (1.4) - - -

RPA Augmentation 1, (2.4) 0, (0) - - -

RV to PA Conduit 0, (0) 1, (1.4) - - -

Cross-Clamp Time

<1 hour 1, (2.4) 2, (2.7) Reference

1-2 hours 31, (75.6) 55, (75.3) 1.13 0.10 to 12.94 0.923

>2 hours 9, (22) 16, (21.9) 1.13 0.09 to 14.20 0.928

Bypass Time

<2 hours 15, (36.6) 32, (43.8) Reference

2-3 hours 20, (48.8) 32, (43.8) 1.33 0.58 to 3.06 0.497

>3 hours 6, (14.6) 9, (12.3) 1.42 0.43 to 4.73 0.566

Anesthesia Used Intraoperatively

Sevoflurane 40, (97.6) 70, (95.9) 1.71 0.17 to 17.04 0.646

Midazolam 39, (95.1) 73, (100) - - 0.997

Fentanyl 41, (100) 71, (97.3) - - 0.998

Rocuronium 40, (97.6) 71, (97.3) 1.13 0.10 to 12.82 0.923

Propofol 33, (80.5) 69, (94.5) 0.24 0.07 to 0.85 0.027

Ketamine 0, (0) 2, (2.7) - - 0.998

Atracurium 4, (9.8) 3, (4.1) 2.52 0.54 to 11.87 0.242

Isoflurane 1, (2.4) 3, (4.1) 0.58 0.06 to 5.80 0.646

Morphine 0, (0) 1, (1.4) - - 0.998

Oxycodone 0, (0) 1, (1.4) - - 0.998
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operative factors that could have contributed to 
RLI.

We suggest that future similar studies focusing
on the factors contributing to RLI to use more 
specific molecular markers to definitely diagnose 
reperfusion injury in addition to chest radiogra-
phic findings. We also suggest that post operative 
fluid management be investigated as well. 
Larger study subject is also recommended 
since the trend of our data shows that perhaps the 
degree of pulmonary stenosis may contribute to 
the development of RLI but did not reach 
statistical significance.

CONCLUSION

Reperfusion lung injury is common in the 
setting of total correction of TOF with an 
incidence of 36% in our cohort. Female sex and 
intraoperative use of propofol are the factors that 
were recognized to increase or decrease the 
occurrence of RLI, respectively. We failed to 
demonstrate significant association between RLI 
and other laboratory, echocardiographic, and 
intraoperative factors. The cause of RLI in 
patients after TOF correction is likely multifac-
torial. Further study regarding RLI is needed.
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Pediatric Cardiology

Elugevina C. Domingo, MD; Ma. Bernadette A. Azcueta, MD

Background--- Surgery for Tetralogy of Fallot is the definitive treatment for this condition. Over the years, it has 
become a safe procedure with good results. However, post-operative complications continue to affect selected 
patients. This study aimed to develop a scoring system that will predict a good outcome for patients undergoing 
total correction of TOF.
Methods --- A retrospective review of medical records of all patients who underwent TOF correction from Janu-
ary 2006 to December 2015 was done. Pre-operative variables included in the study were age, gender, nutri-
tional status, level of hematocrit, oxygen saturation, history of phlebotomy, LV end diastolic diameter, Nakata 
index, McGoon’s ratio, RPA and LPA sizes and PV annulus. These risk factors were associated with post-op 
complications namely death, pneumonia, reperfusion injury, pleural/pericardial effusion, hemorrhage and septi-
cemia.
Results --- Sixty three (34%) out of 183 children developed post-operative complications, with pneumonia 
(22.2%) being the most frequent complication. Among the clinical and echocardiographic variables analyzed, 
only three variables were independently predictive of a good outcome, namely LVEDD >/= -2 (beta-coefficient 
3.92, OR at 95% CI 14 to 172, P=<0.001), McGoon’s ratio (beta-coefficient 4.43, OR at 95% CI 30 to 229, 
P=<0.001) and LPA (beta-coefficient 4.93, OR at 95% CI 44 to 431, P=<0.001). ROC analysis arrived at best 
minimum cut-off score of 1, with sensitivity of 95%, specificity of 92% and accuracy of 94%.
Conclusion --- This scoring system can be a simple and straightforward tool in stratifying pediatric patients who 
will undergo surgical correction for TOF.  Phil Heart Center J 2021;24(2):49-55.
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        etralogy of Fallot remains to be the most 
common cyanotic heart disease affecting 

children today. It is a disease comprised of four 
lesions: pulmonary stenosis, right ventricular 
hypertrophy, over riding of the aorta and ventri-
cular septal defect. It has an incidence of 1 per 
3600 and accounts for 3.5% of all infants born 
with congenital heart disease.1 Definitive treat-
ment is through surgery alone. There are varying 
opinions regarding the optimal time of repair for 
patients with Tetralogy of Fallot. For many 
years, the protocol at the Hospital for Sick 
Children in Toronto was to repair children with 
TOF at an age of 18months.2 Another study
done by Hirsch et al reviewed the post operative

T success of neonates who underwent repair. The 
study concluded that the complete repair of 
TOF in the neonate is associated with excellent 
intermediate-term survival.3

The success of TOF correction depends on 
several factors. The more frequently cited factors 
affecting the outcome of surgery in several 
studies include age, surgical technique, pulmo-
nary artery sizes, pulmonic valve annulus, to 
name a few. Saygi et al in their research Factors 
affecting perioperative mortality in Tetralogy
of Fallot mentioned several variables that 
may directly/indirectly affect the result of the 
surgical intervention done on patients. They
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mentioned McGoon’s index, pulmonary artery 
sizes as determinants of the outcome, with out-
comes being measured through complications, 
days on mechanical ventilator, mortality, etc.4 

Locally, Gudani et al studied the Nakata Index 
vs McGoon’s ratio to predict the outcome 
following total correction among patients who
underwent TOF correction.

It is the purpose of the study to formulate a 
scoring system that will predict a good surgical 
outcome for patients undergoing Tetralogy of 
Fallot correction. This will be beneficial for 
clinicians in planning the timing of surgery 
among their patients. This will be the first study
 to be done on this topic.

METHODS

The protocol of this research was presented, 
reviewed and approved by the Institutional
Ethics Review Board (IERB). Due to the 
difficulty of obtaining individual authorization 
from the subjects of the study, the investigator 
requested for the waiver of informed consent.

Study Design: This is a retrospective cohort 
study on TOF patients between January 2006 to
December 2015.

Study Population: This study included all 
pediatric patients aged 1 to 19 years old who 
were diagnosed with Tetralogy of Fallot who 
underwent total correction from January 2006 
to December 2015 in a tertiary cardiovascular 
center.

Included in the study are pediatric patients 
diagnosed with TOF who underwent total 
correction within the period of January 2006 to 
December 2015 while excluded are patients who 
underwent palliative surgery prior to the 
admission for total correction.

DATA COLLECTION

A comprehensive list of surgical patients and 
procedures done during the specified period was 
obtained from the Medical Records and Pedia-

tric Cardiology Surgical Intensive Care database. 
All patients who underwent TOF correction 
within the time period of the study were listed 
and included. This list was then submitted to the 
Medical Records Section for chart review and 
recording of pertinent data. Additional data were 
gathered from a fully integrated medical clinic 
workflow software system in the hospital 
(MEDtrak). A data collection sheet was created
where information gathered can be written.

Primary Outcome Measures: Good outcome 
defined as the absence of mortality, complications 
like reperfusion injury and prolonged hospital 
stay.

Sample Size for Logistic Regression Using 
Odd’s Ratio: A minimum sample size of 167 
subjects is required for this study. Using NCSS-
PASS 2013 software, the minimum sample size 
requirement was computed based on a set of 
R-squared of 0.10 for 12 independent variables 
to be tested in a multivariate regression analysis
with alpha level of 5% and of power of 80%.

Statistical Analysis: Data encoding was done 
using Microsoft Excel. Descriptive statistics 
was used to summarize the demographic 
and clinical characteristics of the patients. 
Frequency and proportion was used for categorical 
variables, median and inter quartile range for 
non-normally distributed continuous variables, 
and mean and SD for normally distributed 
continuous variables. Independent Sample T-test,
MannWhitney U test and Fisher’s Exact/Chi-
square test was used to determine the difference of 
mean, rank and frequency between patients with 
good and bad outcome, respectively. Odds ratio and 
corresponding 95% confidence intervals from 
binary logistic regression was computed to de-
termine significant predictors of good outcome. 
Significant individual predictors was fitted into 
multiple logistic regression model to come up 
with equation to predict good outcome, then 
the beta coefficient of each predictor was used 
as values for building the calculator for the out-
come. Lastly, receiver operating characteristic 
and area under the curve analysis was used to
determine the clinically meaningful cut off to 
predict the outcome using the calculator from 
multiple logistic regression analysis. All statis-
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tical tests were two tailed test. Shapiro-Wilk was 
used to test the normality of the continuous 
variables. Missing variables was neither 
replaced nor estimated. Null hypotheses was 
rejected at 0.05 α-level of significance. STATA 
13.1 was used for data analysis.

RESULTS

A total of 183 pediatric patients with TOF 
underwent total correction from 2006 to 2015 in 
our institution (Table 1). There were more 
slightly more males (55%) than females (45%). 
Almost half of the subjects (45.4%) who were 
operated on belonged to the 1-3 years old age 
group.

Clinical and echocardiographic pre-operative 
variables are shown in Table 2a with their 
respective p-values. No significant difference 
was noted with regards to hematocrit level 
(p=0.014), oxygen saturation (p=0.0566) and 
history of phlebotomy (p=0.002). The rest of the 
clinical and echocardiographic pre-operative 
variables all showed significance with p-values 
at <0.001. Table 2b summarized the outcomes 
for these patients, with 63 subjects (34%) having 
post-operative complications and a median 
hospital stay of 10.

Table 3 shows the result of the univariate 
analysis done on all the clinical and echocardio-

Table 1. Demographic Profile Associated with Outcome among TOF patients.

Good outcome
 (n=120)

Poor outome
(n=63)

Total 
(n=183) p value

Frequency (%)

Age 0.036

1-3 55 (45.83) 28 (44.44) 83 (45.36)

3-6 40 (33.33) 16 (25.40) 56 (30.60)

6-12 24 (20) 13 (20.63) 37 (20.22)

>12 1 (0.83) 6 (9.52) 7 (3.83)

Sex 0.580

Male 68 (56.67) 33 (52.38) 101 (55.19)

Female 52 (43.33) 30 (47.62) 82 (44.81)

graphic variables in the study. Among the clinical 
variables analyzed, the following variables may 
independently predict a good outcome post-
corrections: LVEDD ≥ -2 (beta-coefficient 3.92, 
OR at 95% CI 14 to 172, P ≤ 0.001); 
Nakata Index (beta-coefficient 1.76, OR at 95% 
CI 2.7-12.4, P ≤ 0.001); McGoon’s ratio (beta-
coefficient 4.43, OR at 95% CI 30 to 229, P ≤ 
0.001) ; RPA (beta-coefficient 3.27, OR at 95% 
CI 11.6 to 59, P ≤ 0.001); LPA (beta-
coefficient 4.93, OR at 95% CI 44 to 431, P 
≤0.001) and PV annulus ≥ -2 (beta-
coefficient 1.75, OR at 95% CI 2.78 to 11.9,
P ≤ 0.001).

Table 4 shows the result of the multivariate 
analysis done among the variables known to 
independently predict good outcome. Three 
variables were identified to predict good out-
come post-TOF surgery. Listed are the adjusted 
beta-coeffcients with the corresponding score 
for each variable.

The final proposed scoring system is sum-
marized in Table 5. The lowest achievable score 
is -4 while the highest is 4. The proposed risk 
stratification using the scoring system is seen in
Table 6.

The receiver operating curve was used to 
determine the accuracy of the scoring system. It 
was noted that at a cut point of >/= 1 (at least a 
combination of two predictor variables), the 
accuracy of predicting a good outcome is 94%.
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Table 2a. Clinical and Echocardiographic Pre-operative Variables Associated with Outcome Among TOF Patients.

Clinical Indicators Good outcome
 (n=120)

Poor outome
(n=63)

Total 
(n=183)

p value

Frequency (%); Mean + SD; Median (IQR)

Nutritional status -1 (-2 to -1) -2 (-3 to -1) -1 (-2 to -1) <0.001

None to mild 82 (68.33) 18 (28.57) 100 (54.64) <0.001

Moderate 25 (20.83) 22 (34.92) 47 (25.68)

Severe 13 (10.83) 23 (36.51) 36 (19.67)

Hematocrit 58.56 + 6.85 61.30 + 7.65 59.50 + 7.23 0.014

< 50 6 (5) 5 (7.94) 11 (6.01) 0.007

50 to 65 90 (75) 33 (52.38) 123 (67.21)

> 65 24 (20) 25 (39.68) 49 (26.78)

O2 saturation 68.4 + 6.63 69 + 6.86 68.61 + 6.70 0.566

< 75 95 (79.17) 50 (79.37) 145 (79.23) 0.975

> 75 25 (20.83) 13 (20.63) 38 (20.77)

Left ventricular dimension

LVEDD -2 (-3 to -1) -4 (-5 to -4) -2.8 (-4 to -2) <0.001

> -2 86 (71.67) 3 (4.76) 89 (48.63) <0.001

< -2 34 (28.33) 60 (95.24) 94 (51.37)

Nakata Index 188 (156 to 257) 132 (88 to 158) 169 (113 to 213) <0.001

< 100 (0) 13 (10.83) 26 (41.27) 39 (21.31) <0.001

> 100 (1) 107 (89.17) 37 (58.73) 144 (78.69)

McGoons 1.9 (1.75 to 2) 1.4 (1.3 to 1.4) 1.8 (1.4 to 2) <0.001

> 1.5 (1) 112 (93.33) 9 (14.29) 121 (66.12) <0.001

< 1.5 (0) 8 (6.67) 54 (85.71) 62 (33.88)

RPA -1 (-2 to -1) -3 (-3 to -3) -2 (-3 to -1) <0.001

< -2 (0) 13 (10.83) 48 (76.19) 61 (33.33) <0.001

> -2 (1) 107 (89.17) 15 (23.81) 122 (66.67)

LPA 0 (-1 to 0) -3 (-3 to -3) -1 (-3 to 0) <0.001

< -2 (0) 5 (4.17) 54 (85.71) 59 (32.24) <0.001

> -2 (1) 115 (95.83) 9 (14.29) 124 (67.76)

PV annulus -1 (-3 to -1) -3 (-4 to -2) -2 (-3 to -1) <0.001

< -2 (0) 51 (42.50) 51 (80.95) 102 (55.74) <0.001

> -2 (1) 69 (57.50) 12 (19.05) 81 (44.26)

PHLEBOTOMY 42 (35) 37 (58.73) 79 (43.17) 0.002

Table 2b. Outcomes

Frequency (%); Median (IQR)

With complications 63 (34.41)

Length of stay 10 (10 to 18)

52   Phil Heart Center J July - December 2021



Table 3. Univariate Analysis of the Variables Predictive of the Outcome

Variables Beta-coefficient
Crude Odds ratio

(95% CI)
P Value

Nutritional status 

None to mild (reference) (reference) -

Moderate -1.38 0.25 (0.12 to 0.4) <0.001
Severe -2.08 0.12 (0.05 to 0.29) <0.001

Hematocrit

< 50 (reference) (reference) -

50 to 65 0.82 2.27 (0.65 to 7.95) 0.199

> 65 -0.22 0.8 (0.22 to 2.97) 0.739

O2 saturation

< 75 (1) (reference) (reference) -

> 75 (2) 0.01 11.01 (0.48 to 2.15) 0.975

Left ventricular dimension

LVEDD

> -2 (0) 3.92 50.6 (14 to 172) <0.001

< -2 (1) (reference) (reference) -

Nakata Index

< 100 (0) (reference) (reference) -

> 100 (1) 1.76 5.78 (2.7 to 12.41) <0.001

McGoons

> 1.5 (1) 4.43 84 (30 to 229) <0.001

< 1.5 (0) (reference) (reference) -

RPA

< -2 (0) (reference) (reference) -

> -2 (1) 3.27 26.34 (11.6 to 59) <0.001

LPA 

< -2 (0) (reference) (reference) -

> -2 (1) 4.93 138 (44 to 431) <0.001

PV annulus

< -2 (0) (reference) (reference) -

> -2 (1) 1.75 5.75 (2.78 to 11.9) <0.001

With phlebotomy -0.97 0.38 (0.20 to 0.71) 0.002

Table 4. Multivariate Analysis of the Variables Predictive of the Good Outcome.

Variables Adjusted Beta-coefficient P Value Score

LVEDD > -2 2.16 0.007 2

McGoons > 1.5 2.89 <0.001 3

LPA > -2 3.16 <0.001 3

Constant -3.73 - -4

Domingo EC   Scoring System for TOF Total Correction   53



Table 5. Proposed Scoring System to Predict Good Outcome 
Post TOF-correction.

PREDICTOR SCORE
ASSIGNED SCORE 

RANGE

LVEDD 0 to 2

LVEDD >/= -2 2

LVEDD < -2 0

McGoon’s Ratio 0 to 3

>/= 1.5 3

< 1.5 0

LPA 0 to 3

>/= -2 3

< -2 0

Constant - 4

Table 6. Diagnostic Accuracy of Scoring System to Predict Good
Outcome

Cut point Sensitivity Specificity LR+ LR- Accuracy

> 1 95% 92.06% 11.97 0.05 93.99%

Highest Possible Score = LVEDD >/= -2 (2) + McGoon’s Ratio >/= 
1.5 (3) + LPA >/= -2 (3) – Constant (4) = 4

Lowest Possible Score = LVEDD < -2 (0) + McGoon’s Ratio <1.5 (0) +
LPA <-2 (0) – Constant (4) = -4

Figure 1. ROC analysis of the Scoring System Using the Three 
Variables in Predicting Good Outcome of TOF Surgery among 
Pediatric Patients, Philippines Heart Center January 2006 to 
December 2015.

DISCUSSION

In 1945, the first surgical palliation for 
Tetralogy of Fallot was performed by Blalock 
and Taussig. Since then, primary corrective 
repair has been noted to be done safely across 
all ages with post-operative complications still 
noted to occur. To help improve outcomes, this 
study was carried out to determine pre-operative 
clinical and echocardiographic variables that 
may help predict a good surgical outcome. In 
recent years, several pre-operative characteristics 
were identified to be predictive of good outcome 
including adequacy of pulmonary artery sizes, 
pulmonary valve annulus and left ventricular 
end-diastolic diameter. Even age at one point 
became crucial as to the success of surgical 
correction until several researches were published 
claiming that even neonates could go undergo 
successful TOF surgery with minimal complica-
tions. However, in a study by Ooi et al, although 
early surgery may be done in infants less than 
three months old, these patients are more likely 
to experience post-operative complications like 
prolonged ventilator support.6 In our setting 
where resources are meager, despite the 
promising results of earlier surgery, patient tend
to be operated on at a much later time.

In this study, although not significant, 
majority of the patients who were operated on 
between 1 to 6 years old showed good outcomes 
in almost 80% of the cases. Although without 
statistical significance, data on nutritional status 
showed that patients who were moderately and 
severely wasted were more likely to experience 
bad outcomes. In this study, significant variables 
included left ventricular end diastolic diameter, 
pulmonary valve annulus, Nakata Index, Mc-
Goons ratio and RPA and LPA sizes based on the 
Z-score normogram, with both the Nakata Index 
and McGoon’s being dependent on pulmonary 
artery diameters. In a study of Park et al, the most 
common cause for re-operation was pulmonary 
artery stenosis.7 However, conflicting evidences 
as to the efficacy of Nakata Index in predicting 
operative survival in earlier years have led physi-
cians to prevent from using it and turn instead 
to McGoon’s ratio and absolute pulmonary 
artery sizes. Other indicators such as history of 
phlebotomy and level of hematocrit pre-operative 
did not seem to influence a good outcome.
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As a result of this study, three objective pre-
operative variables could provide a simple and 
quick pre-operative assessment of patients being 
considered for surgical correction. McGoon’s 
and LPA size support previous findings that 
adequate pulmonary artery sizes were critical 
in the success of any TOF surgery. This was 
supported by findings of Kirklin et al where it 
was noted that underdevelopment of the 
pulmonary arteries increased the risk of surgical 
mortality in TOF.8 Left ventricular end diastolic 
diameter post surgery because it reflects the 
capacity of the left ventricle to handle the 
volume that is now being delivered to it from 
the right side. The pre-operative physiology 
of TOF is characterized by reduced pulmo-
nary blood flow hence an untrained LV.9 The 
unprepared LV may then go into dysfunction 
once correction is done. In this study, an LV 
end diastolic diameter measurement of =/> -2 
is a an indicator of good outcome. Under the 
Receiver Operator Curve, at least any two of 
these variables may be used to predict a good 
outcome for all patients pre-operatively, with a
minimum score of 1 providing 94% accuracy.

CONCLUSION

Surgical correction for Tetralogy of Fallot has 
yielded good results over the years. However, 
patients with this condition still face serious 
post-operatie complication. This study was 
able to identify several clinical and echo-
cardiographic variables which showed significant 
relationships to a good outcome post-TOF 
surgery. Although not modifiable, these variables 
may provide data as to the right timing for a 
successful correction. Furthermore, a validation 
study must be done to test the accuracy of the
variables identified in this research.
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Cardiovascular Surgery and Anesthesia

Factors Associated with Unfavorable Early Outcomes in 
Patients with D-Transposition of the Great Arteries 

Undergoing Arterial Switch Operation
Princess Pearl L. Lopez, MD; Florian R Nuevo, MD; Renato Pacis, MD

Background --- Arterial Switch Operation (ASO) remains to be a formidable operative procedure with a high 
mortality rate. The main objective of this study was to determine the pre-operative, intra-operative and post-
operative variables associated with early unfavorable outcomes, with the hope that we can identify significant 
contributory factors that can eventually be improved upon.
Methods --- This is a retrospective review of 60 ASO patients in a tertiary hospital between January 2013 to 
December 2017. The variables were gathered by manual chart review. Data were analyzed for their association 
to unfavorable early outcomes.
Results --- A total of 60 patients were included; mean age is 5.9 months. Forty-five out of 60 patients (75%) had 
early unfavorable outcomes, with a mortality rate of 48%; only 15 out of 60 patients (25%) had favorable out-
comes. Age (p=0.098), gender (p=1.000), weight (p=0.087), length of hospital stay (p=0.092) and ICU stay 
(p=0.334), inotropic score (p=0.335), first 24-hr bleeding volume (p=0.521) and urine output (p=0.349) did not 
differ between patients with unfavorable and favorable outcomes. Variables associated with unfavorable early 
outcomes are prolonged bypass and ischemic time (p=0.005), prolonged interval time from intubation to cutting 
time (p=0.007), low post-bypass MAP (p=0.027), prolonged postop ventilation time (p=0.005). For every hour 
increase in bypass time, this increases the odds of having unfavorable outcome by 97% [OR = 1.97; 95% CI: 
1.09 to 3.54]. For every hour increase in the intubation to cutting time, this increases the odds of having
unfavorable outcome by a factor of 12.25 [95% CI: 2.00 to 75.00].
Discussion --- Prolonged bypass time, ischemic time, intubation to cutting time are significant factors that 
contribute to early unfavorable outcome of patients. Phil Heart Center J 2021;24(2):56-63.
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         he arterial switch operation (ASO) 
has evolved from a pioneering neonatal 

procedure to a reproducible technique allowing 
anatomic repair of transposition of the great 
arteries (TGA).2 Outcomes in the modern era 
are excellent, conferring at least 90% twenty
year survival to those children treated at 
experienced medical centers. Advances in 
prenatal diagnosis, neonatal care, surgical 
intervention in the first days of life, surgical 
techniques, anesthetic man agement, perfusion 
strategies,  postoperative care, and  long - term
cardiology surveillance have afforded an 
overall excellent quality of life to perioperative 

T survivors of the ASO.12

Previous risk factor analysis have  identified 
“complex d-TGA” and “simple d-TGA with 
VSD” as risk factors for mortality, but 
additional details are needed for accurate pre-
operative risk stratification, operative planning, 
and family counseling. Central to surgical 
planning decisions is the ability to distinguish 
between patients who have uncorrectable
anatomy and those whose anatomy provides 
technical difficulty and consequent morbidity 
associated with longer cardiopulmonary bypass
and circulatory arrest times. 3,4 
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interval time to secondary sternal closure (in 
days), (8) post-operative ventilation time (in 
days), (9) length of ICU stay (in days) and (10) 
length of hospital stay (in days).

Sample Size: A minimum sample size of 62 
patients was required for this study. This 
value gives 80% power to detect an effect size of 
1.08841 at 0.05 α-level of significance. The 7.2 
odds ratio of early mortality among infants was 
based on a study by Blume ED et al. in 1999.3

Statistical Analysis: Mean and standard 
deviation were used to summarize data in 
quantitative form. Median and interquartile 
range (IQR) was used in the inotropic score. 
Counts and  percentages were used in categorical 
variables. Independent T-test was used to 
compare the demographic profile, such as 
age and weight of two groups of patients 
while Fisher’s exact test was used in gender. 
Mann-Whitney test was used to compare 
the inotropic score of patients with improved 
and unfavorable outcome.

Binary logistic regression was used to identify 
the factors leading to unfavorable outcome of 
patients. All the statistical tests were performed 
in SPSS ver. 20.0. P-values less than 0.05 were 
considered significant.

RESULTS

The preoperative, operative and postopera-
tive data gathered were summarized in Table 1, 
Table 2, Table 3, respectively.

A total of 60 patients were included in the 
study, with a mean age of 5.9 months (range, 1 
month to 7 years). Thirty-six (60%) are male and 
24 (40%) are females. Their mean weight is 4.1 
kg (range, 2.5 to 22), with mean duration of 27.1 
days (range, 6 days to 3 months) and 7.6 days 
(range, 0 days to 1 month) in the hospital and 
ICU, respectively. (Table 1)

The mean age (p=0.098), weight (p=0.087), 
length of hospital (p=0.092) and ICU stay 
(p=0.334) did not differ between patients with 
unfavorable and favorable early outcomes. 
Gender (p=1.000) was not also significant. 

Multiple studies have implicated that the 
most common cause of early mortality was
coronary events related myocardial ischemia:
Pretre and his colleagues (6% early mortality),6 
Prandstetter and co (1.75%)7 Fricke and co 
(2.8%)8 and 2.2% early mortality in shim and
his associates.9 Age of operation is also 
considered a factor. But in a study done by 
Mekkawy, there was no statistical significance 
correlating bad outcome with different age 
groups who underwent ASO.5 Prolonged 
ischemic time is also a significant predictor 
for unfavorable outcome. Lastly, combined 
preoperative and intraoperative use of gluco-
corticoids in neonatal cardiac surgery does 
not favorably affect early clinical outcomes and 
may exacerbate perioperative renal dysfunction.10

The objective of this study was to determine 
the pre-operative, intra-operative and post-
operative variables associated with unfavorable 
early outcomes in ASO, with the hope that we 
can identify significant contributory factors that 
we can eventually improve upon.

METHODS

This is a retrospective cohort study, approved 
by the Institutional Review Board with waiver 
of the informed written consent. All patients 
diagnosed with d-TGA who underwent ASO 
between January 2013 to December 2017 were 
included. All other patients who underwent 
ASO for other congenital anomalies, such as 
DORV and those who underwent double switch 
procedure were excluded. Patients who died 
intra-operatively were excluded as well.

All medical charts of the 60 patients were 
reviewed including echocardiography, cardiac 
catheterization data and operative reports. A data 
collection sheet was created to systematically 
gather the pre-operative, intra-operative and 
post-operative variables as we manually do our
chart review.

We defined these events as “unfavorable early
outcomes”: (1) highest inotropic score in the 
first 48 hours, (2) bleeding in the first 24 hours/
kg in ml, (3) need for ECMO, (4) capillary leak 
syndrome, (5) reoperation, (6) infection,  (7)
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None among the palliative interventions, 
preoperative steroids, and echocardiography 
findings were found to significantly differ with 
the early outcomes of patients. 

Both the balloon atrial septosomy (p=0.346) 
and preoperative prostaglandin infusion (p=0.
662) did not show any significant difference on 
the outcome of patients.  The coronary artery 
pattern was found to be a significant factor in 
favorable early outcome of patients (p=0.005). 
(Table 1)

With respect to anesthesia parameters, 
(Table2), the interval time from time of intubation
to cutting time (p=0.002) was found to have a 
significance in affecting early outcome which 
showed that a prolonged interval time from 
intubation to cutting time showed unfavorable 
outcome. 

Furthermore, the mean intubation to cutting 
time duration of patients with unfavorable early 
outcome is significantly longer (p=0.002), indica-
ting that patients with unfavorable early outcome, 
at an average, had longer duration of intubation 
to cutting time by 0.5 hours [95% CI: 0.2 to 0.9].

Among the perfusion parameters, the bypass 
time and ischemic duration of those patients with 
unfavorable early outcomes are significantly 
longer (p=0.005) as compared to patients with 
favorable outcome.

This indicates that patients with unfavorable
early outcome had longer duration of bypass 
time by 1.3 hours and ischemic time by 1.5 hours
[95% CI: 0.4 to 2.1].

Additionally, the mean intubation to cutting
time duration of patients with unfavorable 
early outcome is significantly longer (p=0.002), 
indicating that patients with unfavorable early
outcome, at an average, had longer duration 
of intubation to cutting time by 0.5 hours 
[95% CI: 0.2 to 0.9].

Patients with unfavorable early outcome had 
significantly lower post-bypass MAP compared 
to patients with favorable outcome (p=0.019), 
which indicates that patients with unfavorable
early outcome, at an average, had post-bypass

MAP lower by 8.9 [95% CI: 1.5 to 16.2]

The inotropic score of patients with improved 
and with unfavorable outcome did not differ 
(p=0.335). Additionally, first 24-hr bleeding 
volume (p=0.521) and urine output (p=0.349) 
were not evident to be significant factors in 
the outcome of patients; ventilation time also 
did not show any significance as a predictor of 
unfavorable outcome (p=0.727) (Table 3).

Among the 60 patients, 16 patients (26%) 
experienced morbidity. Table 4 Out of these, 
twelve patients (75%) experienced infection; 
2 patients died, and 4 patients had community 
acquired pneumonia. Three of those had 
pseudomonas aeruginosa infection, one had 
stenotropomonas malthophila, and 4 had 
necrotising fascitis. Specific infections of the 
other three patients were not reported.

Eight (50%) patients experienced delayed 
sternal closure; 1 patient died. Seven patients 
(46%) had capillary leak syndrome, such as 
pulmonary edema (2 patients), hemorrhage and 
subdural hematoma (2 patient), massive bleeding 
(1 patient), edematous and bleeding of nose (1 
patient), and minimal pericardial effusions (1 
patient); out of these, 5 patients died.

Four (25%) had to undergo reoperation due 
to profuse bleeding (2 patients), mediastinal 
exploration due to blood clots on the posterior 
mediastinum, and abdominal distention; 3 of 
these patients died.

In summary, the bypass duration (p=0.024), 
intubation to cutting time duration (p=0.007) 
and post-bypass MAP (p=0.027) were the 
significant factors that contributed to unfavo-
rable outcome of patients. This shows that for 
every hour increase in the duration of bypass, 
the odds of having unfavorable outcome will 
increase by 97% [OR = 1.97; 95% CI: 1.09 
to 3.54]. An hour increase in the intubation to 
cutting time increases the odds of having 
unfavorable outcome by a factor of 12.25 
[95% CI: 2.00 to 75.00]. On the contrary, 
1 mmHg increase in the post-bypass MAP 
decreases the odds of having unfavorable 
outcome by 8% [OR = 0.92; 95% CI: 0.85 to
0.99].
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Table 1. Baseline Characteristic of the patients

Early Outcome

Demographics & Clinical Profile
Number of PAtients

All
(n=61)

Unfavorable
(n=45)

Favorable
(n=16) p-value

Median (IQR)

Age (years) 0.83(0.08 to 12) 0.67 (0.17 to 12) 1.92 (0.08 to 9) 0.391

<15 days 11(25%) 6(22.2%) 5(29.4%)

15 to 30 days 20(45.5%) 23(48.2%) 7(41.2%)

>30 daysto 1 year old 10(22.7%) 14(29.6%) 2(11.8%)

> 1 year 3(6.8%) 0(0%) 3(17.7%)

Gender: Male 36(60%) 22(50%) 14(31.8%) 1.000

Weight (Kg) 3.2(3 to 3.9) 3.2(2 to 3.7) 3.5(3.2 to 4.6) 0.140

Length of hospital 
stay (days) 25(14 to 32) 25(14 to 32) 29(20 to 37) 0.259

Length of ICU 
stay (days) 5(4 to 10) 5(4 to 10) 5(4 to 18) 0.691

Palliative Intervention

Balloon Atrial Septosomy 18(40.9%) 13(48.2%) 5(29.4%) 0.346

Prostaglandin 38(86.4%) 24(88.9%) 14(82.4%) 0.662

Coronary Pattern:Different 32 (72.7%) 16(59.3%) 16(94.1%) 0.005

Echo Findings

LV mass (g) 23(20 to 30) 23(20 to 28) 25(21 to 45) 0.335

VSD characteristic 0.431

Subaortic Large 1(2.3%) 1(3.7%) 0(0%)

Pulmonic 1(2.3%) 0(0%) 1(5.9%)

Muscular 4(9.1%) 4(14.8%) 0(0%)

Perimembranous 12(27.3%) 7(25.9%) 5(29.4%)

None 18(40.9%) 11(40.7%) 7(41.2%)

IVS 14(31.8%) 9(33.3%) 5(29.4%) 1.000

ASD 5(11.4%) 3(11.1%) 2(11.8%) 1.000

PS 3(6.8%) 1(3.7%) 2(11.8%) 0.549

Pulmonary Artery Stenosis 1(2.3%) 1(3.7%) 0(0%) 1.000

TV Regurgitation 1(2.3%) 0(0%) 1(5.9%) 0.386

LVOTO OR PS 17(38.6%) 11(40.7%) 6(35.3%) 0.761

PDA length (cm) 03.(0.3 to 0.37) 0.3(0.3 to 0.37) 0.40(0.25 to 0.50) 0.130

PFO (cm) 0.36(0.25 to 0.41) 0.4(0.25 to 0.4) 0.34(0.24 to 0.45) 0.755

Coarctation of Aorta 1(2.3%) 1 0 1.000

Presence of Interruped Arch 0(0%) 0(0%) 0(0%) -

Values Expressed as mean ± SD, or counts (%).
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Table 3. Post-operative data

Early Outcome

ICU Parameters
Number of Patients

All
(n=61)

Unfavorable
(n=45)

Favorable
(n=16) p-value

Median (IQR)

*Inotropic Score 17.0(10.0 - 29.0) 22.5(9.8 - 29.3) 16.0(10.0 - 23.7) 0.335

First 24-hours bleading volume (cc) 40(27 to 70) 40(30 to 76) 40(25 to 70) 0.513

Ventilation Time(days)  3(2 to 5) 3(2 to 5) 3(2.7) 0.727

First 24-hours urine output (cc) 138(75 to 220) 138(72.5 to 220) 140(94 to 300) 0.620

Values expressed as mean ± SD or median (IQR) * Mann-Whitney Test for introtopic
p-values are based on binary logistic regression

Table 2. Intra-operative findings
Early Outcome

Parameters
Number of Patients

All
(n=61)

Unfavorable
(n=45)

Favorable
(n=16) p-value

Frequency (%) Median (IQR)

Perfusion Parameters

Pre-bypass urine output (cc) 5 (2 to 6) 5 (2 to 5) 5 (2 to 10) 0.298

Post-bypass urine output (cc) 13.5 (7 to 40) 10 (6 to 36) 35 (25 to 100) 0.009

Bypass Duration (hours) 4.4 ± 1.6 4.9 ± 1.8 3.6 ± 1.1 0.005

Ischemic Duration (hrs) 2.9 ± 1.1 3.1 ± 1.2 1.6 ± 0.8 0.005

Total Cardioplegia 410 (180 to 600) 390 (180 to 600) 450 (180 to 700) 0.680

No. of Plegia Doses 4 (3 to 6) 4 (3 to 6) 5 (4 to 6) 0.317

No. of rebypass episodes 0 (0 to 1) 0 (0 to 1) 0 0.625

No. of reclamping episodes 18 (36) 17 (37.78) 1(20) 0.642

Lowest temperature (oc) 28 (28 to 32) 28 (28 to 32) 28 (28 to 28) 0.371

Anesthesia Airway Management

Pre-op Oxygen saturation (%) 73.2 ± 11.2 71.0 ± 12.4 76.4 ± 8.4 0.129

Combined Induction Technique 40 (90.9%) 25 (92.6%) 15(88.2%) 0.634

received intubated 9 (20.5%) 7 (25.9%) 2(11.8%) 0.445

intubation to Cutting Time (hrs) 1.3 ± 0.6 1.5 ± 0.6 1.0 ± 0.4 0.002

Heart Rate

Pre-bypass heart rate 151.2 ± 22.6 155.2 ± 20.1 144.9 ± 25.5 0.145

Post-bypass heart rate 130.0 ± 30.0 125.8 ± 33.1 136.4 ± 24.1 0.264

Pre-bypass MAP 61.2 ± 12.0 61.5 ± 11.7 60.8 ± 12.8 0.861

Post-bypass MAP 50.8 ± 12.3 47.3 ± 12.9 56.2 ± 9.4 0.019

Hematocrit

Pre-bypass hematocrit 0.5 ± 0.1 0.5 ± 0.1 0.5 ± 0.1 0.082

Post-bypass Hematocrit 0.3 ± 0.1 0.3 ± 0.1 0.3 ± 0.0 0.336

Drugs Anesthetic

Sevoflurane (%) 1.2 ± 0.6 1.2 ± 0.7 1.3 ± 0.5 0.578

Midazolam Dose (mg) 0.9 ± 0.7 1.0 ± 0.8 0.8 ± 0.7 0.553

Fentanyl Dose (cc) 2.0 ± 0.7 2.0 ± 0.6 2.1 ± 0.8 0.571

Rocuronium (mg) 4.2 ± 3.7 3.4 ± 1.3 5.6 ± 5.7 0.159
Values Expressed as mean ± SD, or counts (%).
p-values are based on Independent t-test or Fisher’s test.
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Table 5.Early Outcome of patients

Outcome Number of Patients

With presence of;

Mortality 29 (48.0%)

Morbidity 16 (26.7%)

Favorable 15 (25.3%)

tolerated beyond the first month of life in 
patients with intact ventricular septum (IVS) 
provided that the left ventricle (LV) remains 
well conditioned. Also, Kang et al 15 in their 
study showed no difference in outcome in 
terms of in-hospital mortality (5.5% versus 
3.8%) or need for mechanical circulatory 
support (3.6% versus 5.7%)’ between early and 
late arterial switch groups.

Palliative interventions, both the balloon 
atrial septostomy (BAS) (p=0.346) and Pros-
taglandin (p=0.662) and 2D-Echo findings 
showed no statistical significance in the out-
come of patients.

A new and interesting finding in this review is 
the significant effect of a prolonged interval time 
between intubation to cutting time (p=0.002) 
among patients with unfavorable early outcome. 
This interval time reflected the time spent from 
induction, laryngoscopy/intubation, successful 
placement of central venous access and arterial 
lines, asepsis and antisepsis and draping, until 
the surgeon is ready to start the procedure.

Concerning ischemic and bypass time, we 
found that there was strong statistical signifi-
cance of having unfavorable outcome with pro-
longation of the ischemic time (p=0.005) and 
statistical significant tendency towards having 
unfavorable outcome with increased bypass 
time (p=0.005). These results are consistent with 
what was found in other studies done by Blume 
et al3 and Stoica et al.16

RECOMMENDATIONS AND 
LIMITATIONS OF THE STUDY

This review has shown that our process 
of patient selection and preparation for ASO 
procedures have no significant influence anymore
on patient outcome. Rather, we have reaffirmed 
that the proficiency in surgical and anesthesia 
care can significantly affect unfavorable early
outcomes in ASO. May this observation 
encourage more skills laboratory workshops to 
hone pertinent surgical and anesthesia skills in 
the care of TGA patients.

DISCUSSION

The apparent improvement in the outcome 
of patients undergoing arterial switch operations 
in the modern era, albeit continued differences 
in morbidity and mortality rates, encouraged us 
to do a review study in our own institution. We 
wanted to determine the different perioperative 
factors that can affect early post-operative out-
come.

This five-year review of the ASO operations 
done in our Institution revealed that the signifi-
cant factors which contributed to unfavorable 
early outcome of patients included the following, 
namely (1) bypass duration (p=0.024), (2) 
intubation to cutting time duration (p=0.007) 
and (3) a low post-bypass mean arterial pressure 
(MAP) (p=0.027). The only significant factor 
(p=0.005) associated with a favorable early 
outcome of patients was the coronary artery 
pattern, that is, those patients with coronary 
arteries arising from different ostia.

The mean age (p=0.098), gender (p=1.000) 
weight (p=0.087), length of hospital (p=0.092) 
and ICU stay (p=0.334) did not differ between 
patients with unfavorable and favorable out-
comes. This was consistent with a study done 
by Mekkawy et al.5 In another study by Ismail
et al.,14 arterial switch operation can still be 

Table 4. Morbidity experienced post-operatively

Morbidity Number of Patients

Delayed sternal closure 8 (50%)

Infection 12 (75%)

Capillary leak syndrome 7(45%)

Reoperation 4 (25%)
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We also hope that the data registry on ASO 
procedures continue and include parameters that 
can monitor and reflect improvement on the 
skills and its effect on patient outcome.

The authors acknowledge the difficulty of 
doing a manual review of each chart. We found 
that the problems of non-standardized reporting, 
non-legible writing, and incomplete or missing 
data could have affected the data gathered and 
hence, the results of the statistical analysis made 
in this study.

CONCLUSION

Low birth weight, age at operation, pre-
operative corticosteroids, palliative intervetions
preoperatively carry no added benefit for the 
patients. However, longer bypass and ischemic 
time, prolonged postoperative ventilation time 
have consistently been identified as a risk for 
unfavorable outcome. Furthermore, the new
observation that a prolonged interval time 
from intubation to cutting time is associated 
with unfavorable early outcome should be taken 
into consideration. Thus, it is quite interesting 
to note that perioperative factors observed to 
be associated with unfavorable early outcomes 
are reflective of the proficiency in the skills of
surgeons and anesthesiologists.

Therefore, it becomes very essential that the 
physicians involved in the perioperative care 
of TGA patients (transposition of the great
arteries) must have undergone the necessary 
training and should have the capacities to pro-
vide proper supervision and assistance to the 
fellows-in training, so as to ascertain better 
or favorable patient outcomes.
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Adult Cardiology 

The First Minimally-Invasive Tricuspid Valve 
Annuloplasty for Ebstein’s Anomaly in an

 Adult Filipino: a case report
Ana Katrina C. Longos, MD, Aimee Victoria B. Dalisay, MD, Raul D. Jara, MD

Introduction --- Ebstein’s Anomaly is a rare congenital heart condition with a varied clinical course ranging 
from intrauterine death to asymptomatic survival to late adulthood depending on the severity of the 
tricuspid valve deformity and dysfunction. Surgical intervention when warranted was previously done 
only through open surgical repair. To date in the Philippines, there are no published data on repair of the
tricuspid valve in Ebstein’s Anomaly via minimally invasive surgery.
Case ---  A 29-year old Filipina was seen in our institution due to decreasing functional capacity. She initially 
complained of easy fatigability and palpitations during her sixth month of pregnancy three 
years ago. She was then diagnosed to have Ebstein’s Anomaly with concomitant secundum type atrial 
septal defect. She underwent minimally invasive surgery with tricuspid valve annuloplasty and atrial septal 
defect closure on July 2, 2018. Patient had an unremarkable post-operative course and was discharged 4 
days after the surgery.  
Discussion --- Our patient had a Celermajer Grade of 1, cardiothoracic ratio less than 60%, no right ventricular 
outflow tract obstruction and presentation was during adulthood.  In our patient, these factors portended a 
favorable outcome with surgical intervention. Benefits of minimally invasive surgery seen in our patient 
were: reduced surgical trauma, minimal blood loss, shorter intensive care unit and hospital length of stay,
 and a more rapid return to functional activity.9,18

Conclusion --- Ebstein’s Anomaly is a rare congenital heart condition and the usual management is tricuspid 
valve repair or replacement. This is the first documented repair done via minimally invasive surgery in the 
Philippines. Phil Heart Center J 2021;24(2):64-69.

Key Words:  n adult Ebstein’s Anomaly n minimally invasive surgery 
n tricuspid valve annuloplasty
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 bstein’s anomaly is a rare congenital 
heart condition initially discovered by 

Wilhem Ebstein in 1886.1  The common feature 
of the anomaly consists of apical displacement 
of the septal tricuspid valve leaflet in conjunc-
tion with leaflet dysplasia2 and it occurs in 
approximately 1 in 20,000 live births and 
accounts for 0.3 to 0.7% of all cases of congeni-
tal heart disease. 3  It is also associated with other 
cardiac malformations; most commonly an 
interatrial communication in 80-94% of cases 
as either an atrial septal defect or patent foramen 
ovale.4 The clinical course depends on the 
severity of the tricuspid valve deformity and 
dysfunction and ranges from intrauterine death
to asymptomatic survival to late adulthood.4-5

E The diagnosis is usually made by echocar-
diography with the following findings: apical 
displacement of the septal leaflet of the tricuspid 
valve by 8 mm/m2 or more combined with the 
elongated sail-like appearance of the anterior 
leaflet.3.6

The management of Ebstein’s anomaly 
ranges from medical management for mild forms 
to catheter ablation for patients with arrhythmias 
to surgical intervention.5 Surgical intervention
is given a class IC recommendation by the 
European Society of Cardiology for patients 
with more than moderate tricuspid regurgitation
and symptoms (New York Heart Classification
(NYHA) class > II or arrhythmias) or deterio-
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February 26, 2019 at Phi l ippine Heart  Center.  Correspondence  to   Dr.  Ana Katrina C. Longos.  Department 
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gov.ph/journal/publication  copyright by Philippine Heart Center,  2021 ISSN 0018-9034



rating exercise capacity.7 In the study by Jara et 
al. involving a total of 28 patients with Ebstein’s 
anomaly over the course of 20 years, it 
showed that tricuspid valve repair was done 
in 75% of the patients while 25% had tricuspid 
valve replacement and these were all done via 
open surgical approach.8 Recent trends toward 
minimally invasive surgery have gained ground, 
due to its potential benefits such as: reduced 
surgical trauma, minimal blood loss, less re-
operation for bleeding. Furthermore, pain, 
shorter hospital stay and rapid return to 
functional activity are cited as benefits.9 To 
date in the Philippines, there is no published data 
on repair of the tricuspid valve in Ebstein’s 
anomaly via minimally invasive surgery.

Case: A 29-year old, female, Filipino, with no 
known co-morbidities, born via normal sponta-
nous delivery to a healthy mother was seen in our 
institution due to complaints of decreasing 
functional capacity.  Her mother had no compli-
cations during the pregnancy and had no history 
of lithium intake. Patient’s symptoms started three 
years ago during the sixth month of her first 
pregnancy when she noted easy fatigability and 
palpitations.  She sought consult where a 2D 
echocardiogram revealed Ebstein’s anomaly.  No 
medications were given and she was advised 
for close follow-up. She however still had 
persistence of the symptoms after the pregnan-
cy and sought a second opinion.  Another 
echocardiogram was done, this time with 
bubble contrast and the presence of an atrial 
septal defect was detected.  She was then given 
Ivabradine 5mg tab once daily due to the palpi-
tations.

The persistence of easy fatigability, palpita-
tions, exertional dyspnea and occasional bipedal 
edema prompted consult and subsequent admis-
sion in our institution. On physical examination, 
patient was normotensive with blood pressure of 
120/70 mmHg on the right arm and 110/70mmHg 
on the left arm, with heart rate of 68 beats per 
minute, afebrile, not in respiratory distress with 
normoxemia at room air with normal body mass 
index of 20.08 kg/m2. Additional physical 
examination findings were: absence of cyanosis, 
absence of neck vein engorgement, vesicular 
breath sounds, adynamic precordium with apex 
beat at 5th left intercostal space, midclavicular

line, with S1 > S2 at the apex, S2 > S1 at the 
base, with a grade 2/6 holosystolic murmur best 
heard at the lower left parasternal border increa-
sing with inspiration with a right ventricular 
heave. There was no organomegaly, no bipedal 
edema, no clubbing of the nails.  The electrocar-
diogram (Figure 1) revealed sinus tachycardia 
with normal axis, incomplete right bundle branch 
block with secondary ST-T wave changes. 

Chest radiograph (Figure 2) showed normal 
to slightly increased pulmonary vascularity, 
cardiomegaly with right ventricular prominence 
and slightly prominent main pulmonary artery.

The 2-dimensional echocardiogram (Figures 
3-4) revealed the following findings: apical 
displacement of the septal tricuspid leaflet by 
14.8mm/m2, atrial septal defect, secundum type 
with a predominantly left to right shunt. The right 
atrium, right ventricle and tricuspid valve annulus 
were all dilated.  There was moderate tricuspid 
regurgitation, trivial mitral regurgitation and 
mild pulmonary hypertension.

Patient was appraised on surgical repair due 
to deteriorating exercise capacity. She had reser-
vations on the prolonged recovery time of open 
surgical repair, hence minimally invasive surgery
was offered. She underwent minimally invasive 
surgery with tricuspid valve annuloplasty utilizing 
Medtronic Contour 3D size 26 and atrial septal 
defect closure with total bypass time of 3 hours 
and 49 minutes and total ischemic time of 2 
hours and 12 minutes. The operation was done 
via access through the right common femo-
ral artery and right common femoral vein with 
incisions also done at the right inframammary 
area and at the right chest area. Post-operative 
transesophageal echocardiography (Figures 5-6) 
showed no residual shunt across the mid-
interatrial septum, increased echogenecity noted 
at the tricuspid annular plane consistent with
an annuloplasty ring with computed tricuspid 
valve area of 2.6 cm2 by pressure-halftime with
mean gradient of 1.4mmHg and tricuspid valve 
annulus of 2.4cm. 

Patient had an unremarkable post-opera-
tive course and was discharged 4 days after the 
surgery.  She showed improved functional capa-
city with no recurrence of palpitations nor easy 
fatigability on follow-up.
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Figure 4. A parasternal short axis view 2 dimensional echo-
cardiogram at the level of the aortic valve showing mosaic 
color flow display across the mid interatrial septum (IAS)

Figure 5.  Post-operative transesophageal echocardiogram show-
ing no hemodynamically significant tricuspid stenosis with com-
puted tricuspid valve area (TVA) of 2.6 cm2 by pressure half time 
(PHT) with a tricuspid valve mean gradient of 1.4 mmHg

Figure 6.  Post-operative transesophageal echocardiogram 
showing no residual shunt across the interatrial septum (IAS)

Figure 2. Chest radiograph showing cardiomegaly, slightly 
increased pulmonary vascularity and slightly prominent main
pulmonary artery.

Figure 1. 12 lead electrocardiogram showing sinus tachycardia 
with normal axis of +84 degrees, incomplete right bundle branch 
block with secondary ST-T wave changes.

Figure 3. An apical 4 chamber view 2 dimensional echocardio-
gram showing apical displacement of the septal tricuspid valve 
leaflet by 14.8mm/m2



DISCUSSION

Ebstein’s anomaly is a rare congenital heart 
condition occurring approximately 1 in 20,000 
live births and accounting for 0.3 to 0.7% of all 
cases of congenital heart disease.3 The clinical 
course depends on the severity of the tricuspid 
valve deformity and dysfunction and ranges from 
intrauterine death to asymptomatic survival to 
late adulthood.4-5 Patients usually present with
cyanosis, right-sided heart failure, arrhythmias 
and sudden cardiac death and it is dependent on 
age at presentation and degree of hemodynamic 
disturbance.10  Adults usually present more with 
arrhythmias and decreasing exercise tolerance11

as seen in our patient who has been acyanotic since 
birth but has only recently complained of easy 
fatigability, palpitations and exertional dyspnea.  
The main hemodynamic abnormality producing 
symptoms in Ebstein’s malformationis the 
severity of the tricuspid regurgitation.12 The 
tricuspid regurgitation in this case was only 
moderate and the shunt was from left to right. 
Hence, this patient had no cyanosis and only had 
complaints of easy fatigability and exertional
dyspnea.

The diagnosis is usually made by echocar-
diography with the following findings: apical 
displacement of the septal leaflet of the tricuspid 
valve by 8 mm/m2 or more combined with the 
elongated sail-like appearance of the anterior 
leaflet.6 The patient had an apical displace-
ment of the septal tricuspid leaflet of 20mm/m2 
(14mm/m2 when adjusted to body surface area), 

Figure 7.  Celermajer Index showing the ratio and corresponding
 mortality rates

Figure 8.  Celermajer Score of the patient

which clinched our diagnosis for Ebstein’s 
anomaly. An atrial septal defect was also noted 
on the echocardiogram and this is seen in 80-
94% of cases.4 The downward displacement of 
the septal tricuspid valve leaflet is associated 
with discontinuity of the central fibrous body 
and septal atrioventricular ring, thus creating a 
potential substrate for accessory atrioventricular 
connections and ventricular pre-excitation 
making the patient at risk of sudden death.12 
The patient had a normal PR interval but 
was noted to have incomplete right bundle 
branch block that is seen in 75-95% of cases 
in subjects without pre-excitation.13 On chest 
radiograph, the patient was noted to have only 
mild cardiomegaly, slightly increased pulmo-
nary vascularity and slightly prominent main 
pulmonary artery. A study by Attenhofer-Jost 14 

noted that the cardiac silhouette may vary from 
almost normal to the typical Ebstein’s anomaly 
configuration consisting of a globe-shaped heart 
with a narrow waist.

The displacement of the septal leaflet leads 
to division of the right side of the heart into three 
morphologic components: the right atrium proper; 
the inlet portion of the right ventricle which is 
the atrialized right ventricle; and the trabecular 
and outlet portion, which is the functional right 
ventricle.12 Celermajer used this in 1992 to 
formulate an echocardiographic scoring system 
to describe the severity of the disease and to help 
guide the operative management (Figure 7). Our 
patient had a Celermajer grade of 1 with a ratio 
of 0.49 (Figure 8).  The lowest mortality rate of 
8% for Celermajer grade I is also associated with 
better surgical outcomes.11
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The management of Ebstein’s anomaly 
ranges from medical management for mild forms 
to catheter ablation for patients with arrhythmias 
to surgical intervention. 5 According to Driscoll, et 
al 15, surgery brings about a significant improve-
ment in exercise tolerance in patients with an 
atrial septal defect as what was also seen in our 
patient. Surgical intervention is given a class 
IC recommendation by the European Society 
of Cardiology for patients with more than 
moderate tricuspid regurgitation and symptoms 
(New York Heart Classification (NYHA) class 
> II or arrhythmias) or deteriorating exercise 
capacity.7 Valve repair is the preferred primary 
approach in most centers as seen in a study by 
Boston et al 16 and Li, et al.17 They also found 
out in their study that if there is failure of the 
delamination of more than 50% of the anterior 
leaflet or if the leading edge of the leaflet 
has hyphenated or linear attachment to the right 
ventricle and when a durable repair may not be
obtainable, valve replacement is then preferred. 
They showed similar freedoms from reoperation 
for recurrent tricuspid valve problems at 10 
years.16  A study done by Jara et al. documenting
the early and late outcome of surgery in Ebstein’s 
anomaly for the past 20 years (1992-2012) in
Philippine tertiary centers showed that tricuspid
valve surgery as a management strategy for 
Ebstein’s anomaly had a preoperative mortality 
as high as 14% but the long-term survival of 
post-operative patients approximated that of 
94%.  Their study also showed that tricuspid 
valve repair was done in 75% of the patients 
while 25% had tricuspid valve replacement and 
these were all done via open surgical approach 8. 
When compared to a standard median sterno-
tomy approach, the potential benefits of 
minimally invasive valve surgery include: 
reduced surgical trauma, minimal blood loss, 
reduced rate of re-operation for bleeding, and
pain; a shorter intensive care unit and hospital 
length of stay, as well as a more rapid return 
to functional activity. Isolated tricuspid valve 
repair has been associated with mortality rates 
of 8.2–9.5% while mortality rates with 
re-operative isolated tricuspid valve surgery have 
ranged from 13.2–37%.9,18

Univariate analysis by Celermajer,  et al11 

showed that a significant risk of death was 

associated with Celermajer grade 4, cardiotho-
racic ratio >60%, associated right ventricular 
outflow tract obstruction and presentation in 
fetal life.  Our patient had a Celemajer grade of 
1, cardiothoracic ratio was less than 60%, there 
was no right ventricular outflow tract obstruction 
and presentation was during adulthood.  In our 
patient, these factors portended a favorable 
outcome with surgical intervention.  

CONCLUSION

Ebstein’s anomaly is a rare congenital heart 
condition, and the usual management is tricuspid 
valve repair or replacement. To our knowledge, 
this is the first documented repair done via mini-
mally invasive surgery in the Philippines.
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Adult Cardiology
Unusual Organ Combination of Double Primary 

Malignancy, A Rare Biatrial High-Grade 
Myofibroblastic Sarcoma and Colonic 

Adenocarcinoma: a case report
Niña Carissa L. Alegado, MD; Desilu Aliza P. Lazaro, MD; Vince Ryan V. Muñoz, MD

Introduction ---A double primary malignancy is a phenomenon that is now being increasingly recognized.
However, the combination of a primary malignancy intercurrent with the heart and colon is extremely rare.
Case Presentation --- This report highlights the case of a 50-year old Filipino female who presented with heart 
failure symptoms. A two dimensional echocardiogram revealed a biatrial mass attached to the interatrial 
septum. On the third hospital day, the patient underwent complete resection of the biatrial mass. The 
histopathologic findings and immunohistochemical staining were compatible with a high-grade myofibroblastic 
sarcoma.
A metastatic work up revealed a colonic mass on CT scan and confirmed with a colonoscopy. The patient opted 
to defer colonic surgery and was sent home with Warfarin. Two months later, the patient sought admission in 
another hospital for lower gastrointestinal bleeding. During the same admission, she underwent transverse 
hemicolectomy with complete excision of the colonic mass. Histopathologic findings revealed a low grade ad-
enocarcinoma. The patient was later seen by an oncologist and initiation of Gemcitarabine was contemplated. 
Two weeks after surgery however, the patient was readmitted due to sudden onset of severe dyspnea after 
self- discontinuation of warfarin. She eventually expired with a consideration of massive pulmonary embolism.
Conclusion --- Due to the disease’s rarity, treatment development has proved to be elusive such that proper 
documentation of such cases is an important element to further research. Phil Heart Center J 2021;24(2):70-
75.
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        double primary malignancy is not 
an uncommon phenomenon since its 

discovery a hundred years back. In reported 
autopsy series, multiple primary cancers originated 
in the same organs of the same system rather 
than unrelated organs.1,2 While colonic malignancy 
ranks 3rd as the most common malignancy in the 
world,3 extracolonic primary cancer is reported 
most frequently in the skin, stomach, breast, urinary 
bladder and prostate.4,5,6 A concomitantly 
occurring primary colonic malignancy and a 
biatrial cardiac malignancy in a single patient, 
however, is a rarity in medical literature. In 
addition, a cardiac mass histologically classified 
as a high-grade myofibrobastic sarcoma has an 
extremely rare incidence, thus prompting us to 
publish the case.

A CASE PRESENTATION

A 50 year old Filipino female was transferred 
to our institution due to progressive cough,
dyspnea and bipedal edema for two months. The 
symptoms were non-resolving despite completion 
of multiple courses of antibiotics. The patient 
was non-hypertensive and non-diabetic but was 
previously admitted a year prior for stroke with 
residual right-sided weakness. The patient had 
no family history of cancer. Her physical 
examination at the emergency room showed a 
cachectic patient with stable vital signs except 
for tachycardia. There was no neck vein 
distention, but her chest and lung findings 
revealed decreased breath sounds bilaterally. 
Her heart was not enlarged with the PMI noted
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at the 5th ICS left mid clavicular line, with note 
of thrills, but no murmur. The extremities had 
grade 2 bipedal edema with residual right-sided 
weakness in both upper and lower extremities. 
The blood chemistries and bleeding parameters 
were normal. The chest radiograph showed minimal 
bilateral pleural effusion with no pneumonic 
infiltrates. Her ECG showed sinus tachycardia 
within normal limits.

A transthoracic two-dimensional echocardio-
gram revealed a biatrial heterogenous echogenic 
masses with well delineated borders and broad 
attachment to the interatrial septum (Figure 1A). 
The left atrial mass measured 4.3x 3.8 cm with 
an area of 13 cm2. The inferior pole of the mass 
crosses the mitral valve and prolapses into the 
ventricle during diastole causing an obstruction 
of the left ventricular inflow tract (Figure 1B). 
The right atrial mass measured 2.3x 2.1 cm with 
an area of 5.2 cm2 (Figure 1C). The overall 
systolic function was normal with an EF 69% 
by Simpson’s with mild mitral regurgitation 
and localized minimal pericardial effusion with 
no tamponade physiology. Coronary angiography 
revealed normal coronaries. The patient under-
went resection of both atrial masses as well as 
a mitral valve annuloplasty. Post-surgical intra-
operative transesophageal echocardiography 
done showed a trivial mitral regurgitation, with
a mean gradient of 2.2, mild tricuspid regurgita-
tion. No residual mass was noted attached to 
interatrial septum (Figure 2B).

Gross histologic examination of the resected 
masses showed irregular white to cream-white
piecemeal excision specimens that were noted 
to be rubbery to firm (Figure 3).

Microscopic sections showed a vague fasci-
cular pattern of smooth muscle bundles in a well 
vascularized connective tissue. The atypical 
spindle cells are elongated with hyperchromatic 
nuclei, inconspicuous nucleoli, eosinophilic or 
occasional fibrillar cytoplasm, and indistinct cell 
membranes with many abnormal mitosis seen. 
Necrosis was rare. Immunohistochemical studies 
of both specimens showed reactivity of the neo-

plastic cells to vimentin, smooth muscle actin 
and desmin; with non-reactivity to calponin
and S100. The proliferation index is >90%
using p53 and Ki-67. Differential diagnoses 
included high-grade myofibroblastic sarcoma 
and leiomyosarcoma. However, further 
immunohistochemical study using h-Caldesmon, 
a specific marker for smooth muscle tumors, 
showed non-reactivity thus totally ruling out 
leiomyosarcoma. The specimen was also examined 
by two independent pathologists who both 
concurred with the diagnosis of a high-grade
myofibroblastic sarcoma (Figure 4).

Metastatic work up showed a plain cranial 
CT scan with chronic right basal ganglia infarct. 
The contrast chest CT scan showed two 
non-specific mediastinal lymph nodes and a 
small bilateral pleural effusion while contrast 
CT scan of the whole abdomen showed a 
circumferential wall thickening in the proximal 
transverse colon (Figure 5A). A colonoscopy 
confirmed the presence of a polypoid friable 
lesion occupying more than 80% of the lumen 
of transverse colon preventing further insertion 
of the scope (Figure 5B). Multiple biopsies were 
taken which were histopathologically consistent 
with a well differentiated adenocarcinoma. The 
patient was advised surgical intervention but 
opted to discharge and defer colonic surgery in 
the meantime. The patient was sent home on 
Warfarin and was advised follow up for protime 
monitoring with poor compliance. Two months 
later, she was admitted in another hospital for 
lower gastrointestinal bleeding for which she 
underwent transverse colectomy with end-to-
end anastomosis, completely excising a 5.5x 3.0 
x 3.0 cm brown tan, firm and fungating mass 
with serpiginous borders obstructing the lumen. 
The histopathologic study revealed a low 
grade adenocarcinoma. She was subsequently 
discharged after being seen by an oncologist 
with plan for Gemcitarabine treatment. How-
ever, the patient was readmitted two weeks 
post-discharge due to sudden onset severe 
dyspnea. History revealed self-discontinuation 
of warfarin. The patient eventually expired. A
massive pulmonary embolism was considered.
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Figure 1. Echocardiography. (A) Four chamber view showing the 
biatral mass (yellow arrow) with minimal pericardial effusion 
without tamponade. (B) PLAX view showing the left artial mass 
(yellow arrow) with inferior pole of the mass crossing the mitral 
valve and prolasping into the ventricle during diastole causing 
obstruction of the left ventricular inflow tract. (C) Two chamber 
view showing the right artial mass (yellow arrow).

Figure 3. (A) Left atrial mass (debulking)- piecemeal; irregular, 
white to cream, rubbery to firm; 6.0 x 5.0 x 5.0 cm. (B) Right 
atrial mass (excision)- piecemeal; irregular, white to cream, rub-
bery to firm; 5.0 x 5.0 x 3.0 cm.

Figure 2. Intra-operative transesophageal echocardiogram (A) 
Mid-esophageal view showing the biatrial mass prior to surgical 
resection (yellow arrow) (B) Mid-esophageal view showing com-
plete surgical resection of the mass (Yellow arrow).

Figure 4. Histologic study and immunohistochemical stains (A) H 
and E 400x. Vague tasticular pattern of smooth muscle bundles 
in a well vascularized connective tissue. The atypical spindle 
cells are elongated with hyperchromatic nuclei, inconspicuous 
nucleoli, eosinophilic or ocassional fibrillar cytoplasm, and 
indistinct cell membraines. many abnormal mitosis identified. 
Necrosis is rare. (B) Vimentin-positive (C) SMA-positive 
(D) Desmin-positive (E) Calpolin-negative (F) S100-negative 
(G) H-Caldesmon-negative (H) P53- 90% proliferation 
(I) Ki67- >90% proliferation
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tumors occurring either simultaneously, or within 
six months after the first malignancy. While 
metachronous malignancies are secondary tumors 
that have developed after six months or more 
from the first malignancy.8 Synchronous tumors 
occur uncommonly with the most common 
tumors arising from the breast.1

Primary cardiac tumors are rare10 with a 
reported surgery and autopsy incidence of 0.3 to 
0.7% while metastatic cardiac tumors are 
30 times more common.11 The vast majority of 
primary cardiac tumors are benign with myxoma 
being the most common, seen in 75% of cases. 
Only 10- 25% of cardiac tumors are malignant, 
and of these, 75% are sarcomas.12 Malignant 
primary cardiac tumors are usually found in 
the right atrium and are most commonly angio-
sarcomas. In reported cases of left atrial mass, 
the most common tumors are pleomorphic 
sarcoma and leiomyosarcoma.11 Biatrial tumor is 
an extremely rare phenomenon, mostly documented 
through case reports and series.13

This is a case of a post-cardioembolic stroke 
patient who eventually developed heart failure 
symptoms. Work-up revealed a biatrial mass which 
emerged to be a high-grade myofibroblastic 
sarcoma and the discovery of a well-differentiated 
colonic adenocarcinoma. To the best of our 
knowledge, this is the first reported case of a 
synchronous double primary malignancy of the 
heart and colon with the said histopathologic
biopsy.

Myofibroblastic sarcoma (MS) represents a 
distinct malignant mesenchymal neoplasm 
composed of myofibroblasts different from 
fibrosarcoma and leiomyosarcoma.14,15 They 
may arise in soft tissue or bone in adults and 
children and occur mainly in subcutaneous 
tissues of the head, neck, and extremities.15, 16, 17 
In literature, a case of high-grade myofibroblastic 
sarcoma of cardiac origin was reported presenting 
with hemorrhagic pericardial effusion with the
tumor arising from the pericardium.18

Most MS are low grade yet a less differentiated 
high-grade variant exists. High-grade MS is 
hypercellular, has less collagen production, 
may exhibit necrosis, and demonstrates hyper-

Figure 5. (A) Coronal  view of  abdominal CT scan showing 
circumferential wall thickening in proximal transverse colon 
(yellow arrow). (B) Colonoscopy Findings at the level of trans-
verse colon showing presense of a polyloid friable lesion with 
minimal bleeding after biopsy.

DISCUSSION

Double primary malignancy in a single 
patient was first described 100 years back by 
Billroth.1 Since then, this phenomenon has been 
increasingly recognized due to better diagnostic 
and treatment protocols leading to an overall 
increase in the life expectancy of cancer survivors.1 
Epidemiologic data reported the frequency of 
multiple primary malignancies ranging from 
2-17%.7

The diagnosis of a second lesion, whether it 
is a true-primary or a distant-metastasis is difficult 
to decide. Hence, the Warren and Gates criteria 
(1932) was used which proposes that a diagnosis 
of multiple primary malignancies requires the 
following: (1) each tumor should present a definite 
picture of malignancy; (2) each tumor should be 
histologically distinct; and (3) the possibility 
that one is a metastasis of the other must 
be excluded.1,4,7,8,9 Once a double primary 
malignancy is established, it can be further 
categorized based on the interval between tumor 
diagnosis. Synchronous malignancies are second 
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chromasia and increased mitotic activity. The 
cells of MS express smooth muscle actin and 
calponin and lack h-caldesmon.15, 19, 20 The rarity 
of the disease and its low grade features make 
an accurate diagnosis difficult in most cases.19 
In the latest WHO Classification of Tumors, 
there is yet to be a consensus as to the 
definition of intermediate and high-grade 
myofibroblastic sarcoma with less reproducible 
characteristics.21

Even on its own, high-grade myofibroblastic 
sarcomas is already an extremely rare tumor of 
the heart. And a high-grade myelofibroblastic 
sarcoma occurring concomitantly with a primary 
adenocarcinoma of the colon is remarkably 
noteworthy.

To date, this is the first documented case of 
a high-grade myofibroblastic sarcoma presenting 
as a biatral mass with a synchronously occurring 
well-differentiated colonic adenocarcinoma. 
Diagnosis is established through histopathology 
and immunohistochemical staining. Mainstay 
treatment follows guidelines targeting each of 
the malignancies separately. Hence, an ideal 
single chemotherapeutic agent remains to be 
the goal to minimize adverse effects and
financial burden of multiple chemotherapeutic 
drugs. However, due to the disease’s rarity, 
the development of this treatment has proved 
to be elusive such that proper documentation 
of such cases is an important element to 
further research.
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Pediatric Cardiology

Criss-Cross Heart in a 1-Year Old Female: 
a case report

Anne Bernadette B. Arangcon, MD; Ruzenette Felicitas R. Hernandez, MD

Objective --- To discuss criss cross heart in a 1 year-old, female as to etiology, embryology, clinical manifesta-
tions, surgical and medical management and outcome.
Clinical Features --- The patient presented with cyanosis when crying associated with tachypnea during 
feeding, poor weight gain and recurrent respiratory tract infection.
Intervention and Outcome --- The patient underwent pulmonary artery banding with resolution of the above 
signs and symptoms. Staged surgical procedure is to be done for this patient.
Conclusion --- Diagnosis for this kind of cardiac anomaly is through transthoracic echocardiography. Clinical 
manifestations and management options for patients with criss-cross heart depends upon the associated 
cardiac anomalies. Phil Heart Center J 2021;24(2):76-80.

Key Words:  n cyanotic congenital heart disease  n criss-cross heart
 n 2D echocardiogram  n pulmonary artery banding
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        riss-cross is a rare congenital anomaly of 
the heart first described by Lev and  

Rowlatt in 1961. It occurs in <8/1,000,000. A 
total of 150 cases have been reported to date. 
It is usually characterized by crossing of the
inflow streams of the two ventricles and 
almost always associated with other severe 
cardiac diseases.1

Case: A 1 year-old, girl, presented to us with 
tachypnea. History revealed shortness of breath 
during feedings associated with cyanosis when 
crying first noted a few days after birth. Interval 
history showed persistent cyanosis when crying 
associated with tachypnea during feedings, 
poor weight gain. The patient also had recurrent 
admissions for pneumonia. Initial 2D-
echocardiography done outside our institution 
showed Congenital Heart Disease, d-Transposi-
tion of Great Arteries with Ventricular Septal 
Defect and Atrial Septal Defect. The patient was 
maintained on Digoxin and Furosemide. The 
patient was referred to our institution for cardiac 
evaluation  but was noted to be tachypneic thus
admitted. Pertinent physical examinations 

C findings include cyanosis, crackles on all lung 
fields, dynamic precordium, apex beat at the 4th 
ICS left MCL,no thrill, heave or tap, regular 
cardiac rhythm, s1 normal, s2 split with loud 
p2, (+) g3/4 systolic ejection murmur at the left 
upper parasternal border, dusky nailbeds with 
clubbing. The patient was then admitted as a 
case of Congenital Heart Disease, cyanotic 
type with increased blood flow, pediatric 
Community Acquired Pneumonia, moderate 
risk. Antibiotics were started. The patient 
underwent hemodynamic studies on the second 
hospital day. During the procedure, the patient 
had ventricular tachycardia followed by brady-
cardia. One dose of epinephrine was given. The 
patient was transferred to PICU still intubated
and was attached to a mechanical ventilator 
which was gradually weaned. The patient 
developed high grade fever and was referred 
to infectious specialist, sepsis was entertained. 
Meropenem and Amikacin were given.

The patient also developed focal seizure 
and was referred to a pediatric neurologist.
EEG showed generalized slowing of the back-
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ground activity thus Phenobarbital was started. 
Cranial CT scan was normal.

On the 4th hospital day, the patient had 
episode of diaphoresis and desaturation (02 sat 
40-50%). 2D echocardiography was done which 
showed LVEF of 32%. Inotropes were started 
(Dobutamine and Milrinone). Sildenafil was 
given.

On the 5th hospital day, ETA culture was posi-
tive for Psedomonas aeruginosa. Meropenem 
was continued Ciprofloxacin and Gentamycin 
with sensitivity based on the antibiogram. The 
patient gradually improved and was extubated.

On the 16th hospital day, the patient 
underwent pulmonary artery banding with 
the following operative findings: The aorta is 
anterior seen arising from the posterior 
ventricle. The aorta arises from the anterior 
ventricle.Right sided RA drains the SVC and
IVC. Both Pas are dilated. Pre-banding:
systemic BP 63/40, PAP 57/40, sat 83% at 
fio2 30%. Post banding: systemic BP 84/25 
(mean 44 mmHg), PAP 47/24 (mean 33 mmHg),
sat 90% at fio2 30%. The patient tolerated the
procedure well and was transferred to SICU 
still intubated and was attached to a mechanical 
ventilator which was gradually weaned.

There was a development of pulmonary 
congestion on x-ray as well as increase in
infectious parameters. Thus, antibiotics were 
shifted to Piperacillin-Tazobactam. Furosemide 
drip was likewise started. Patient was continued
to be weaned from ventilator support. 
However, she self extubated on the 19th hospital 
day but developed tight air entry with wheezing 
thus was hooked to NCPAP. The patient was 
eventually transferred to the PICU on low O2 
support and medications.

On the 25th hospital day, the patient was 
transferred to regular ward with marked 
improvement of the clinical status. She was 
eventually discharged improved.

Figure 1a. Hemodynamic study.

Figure 1b:  Right heart catheterization.

Figure 1c: Left heart catheterization

Arangcon ABB   Criss-cross heart   77



LA

LV

RA TVRV

LAa

Figure 2.Subcostal View

Figure 3.Real time and color study showing the connection of the left-sided left atrium and the right sided left 
ventricle through the mitral valve and the right sided right atrium to be connected to the left-sided right ventricle through the 
tricuspid valve.
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Figure 4. Malposed great arteries Figure 5. Parasternal long axis view
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Figure 6. The standard 4 chamber view showing the crossing axes of the two AV valves in adjacent cuts suggesting a criss-cross 
heart

DISCUSSION 

Criss-cross heart is an extremely rare anomaly,
constituting less than 0.1% of all the congenital 
heart diseases. There are no definite develomental 
mechanisms. One of the proposed mechanisms 
given by Anderson et al. is a result of clockwise 
or counter-clockwise post-septational rotation 
of the heart.2 The exact etiology has not been 
clearly understood yet, it seems to be due to 
abnormal twisting of the apex of the heart, 
while the base remains relatively fixed. 
Atrioventricular concordance and ventri-
culoarterial discordance are seen in 80% 
of cases.3 Concordant atrioventricular and 
discordant ventriculoarterial connections are 
found in around 80% of cases. Criss-cross heart 
with concordant atrioventricular connection 
occurs due to the clockwise twisting of 
ventricular mass around its long axis. In a 
criss-cross heart with discordant atrioventri-
cular connection, counter-clockwise twisting of 
ventricular mass around its long axis occurs.

A ventricular septal defect is seen almost all 
the time. Other anomalies such as pulmonary 
stenosis, straddling of atrioventricular valves, 
tricuspid atresia, double outlet right ventricle, and 
congenitally corrected transposition are seen.

Presented with a 1 year old, female with 
history of cyanosis, feeding interruption, frequent 
respiratory tract infection, and poor weight 

gain, cyanotic congenital heart disease with 
increase blood flow was entertained. Right 
ventricular hypertrophy was noted on chest 
x-ray thus the following differential diagnoses 
were considered: (1) d-trasposition of great 
arteries, (2) total anomalous pulmonary venous 
return, and (3) hypoplastic left heart syndrome. 
The clinical manifestations depend upon the 
associated lesions. Imaging modalities and 
invasive techniques may be done for the 
diagnosis  of  criss-cross heart .  Cardiac 
catheterization in this patient showed left sided 
coarsely trabeculated right ventricle. Cardiac 
catheterization may be necessary to obtain 
pressure and oxymeter data or view additional 
defects. (Figure 1) Cardiac MRI may also be 
done as a diagnostic tool but this was not done 
in our patient.

The inability to obtain a characteristic 
four-chamber view in any plane during trans-
thoracic echocardiography, displaying the 
crossing of long axes of atrioventricular valves 
as seen in the subcostal long axis or coronal
plane sweep is diagnostic of criss-cross heart.4

During echocardiographic examination of 
this patient, all the four cardiac chambers and 
the two atrioventricular valves could not be seen 
in a single plane simultaneously. There was a 
large secundum atrial septal defect. Inferior vena 
cava drains to the right sided right atrium and all 
pulmonary veins drain to the left atrium. There 
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was a large subarterial ventricular septal defect. 
The left sided ventricle is coarsely trabeculated 
and with a moderator band with septophilic 
atrioventricular valve. The aorta is anterior and
to the right of the pulmonary artery which arise 
from the left sided right ventricle. A patent ductus 
arteriosus was also noted.

A diagnosis of criss-cross heart with 
double outlet right ventricle and malposed great 
arteries was made. Management of criss-cross 
heart depends upon the associated anomalies. 
A small right ventricle and pulmonary stenosis 
may require a staged Fontan repair. In other 
cases with simple ventricular septal defect 
or patent ductus arteriosus alone may just  
require closure of the defects. In case of isolated 
transposition of great vessels, arterial switch 
operation may be the only requirement.5 
In this case, pulmonary artery banding was 
initially done for left ventricular retraining. 
Staged surgical procedure was planned.

CONCLUSION

A criss-cross heart is a rare and complex 
anomaly with clinical manifestations that depend 
on other associated cardiac lesions. Echocar-
diography is a useful tool in the diagnosis. The 
inability to obtain a characteristic four-chamber 
view in any echocardiographic plane is diagnostic 
for this anomaly in most cases. Management also 
depends upon the associated anomalies.
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Cardiovascular Surgery and Anesthesia 

Infective Endocarditis Causing Splenic Abscess, 
Renal Infarcts and Acute Limb Ischemia: 

a case report 
Joy K. Fongayao, MD; Lorenzo Rommel G. Cariño, MD

Introduction--- Multiple systemic embolisms to the spleen, kidney and extremities caused by complications of 
infective endocarditis (IE) in a single patient are rare and have fatal outcomes. Management of complications 
depends on the emergency and medical condition of patient.
Case --- Presented is a case of a 37 year old male with IE diagnosed initially with splenic abscess with multiple 
consultations and prolonged antibiotic intake. Percutaneous drainage of the abscess revealed heavy growth of 
Streptococcus sanguinis and blood culture shows growth of Capnocytophagia specie. Laparoscopic 
splenectomy was done. During hospital stay patient developed Acute Limb Ischemia (ALI) IIB of the right upper 
extremity and emergency embolectomy was done. Valve repair surgery was performed eventually and patient 
was discharged improved thereafter.
Discussion --- Reported in this paper is a unique case of IE causing complications of splenic abscesses, renal 
infracts and ALI with splenic abscess culture of Streptococcus sanguinis and blood culture of Capnocytophagia 
specie. Embolic complications occur in 20-50% of cases of IE. They can precede the diagnosis of IE in 25-60% 
of patients. Endocarditis as a result of Capnocytophaga canimorsus infection is extremely rare. The incidence 
of embolization causing ALI is unknown. Approximately 5% of patients with splenic infarction will develop 
splenic abscess. Current agreement states that IE and splenic abscesses should be treated during the same 
hospitalization, whether it comes first or after valve operation is still controversial. In our patient, the multiple 
complications of IE were addressed in same hospitalization stay.
Conclusion --- Management of complications of systemic embolism of IE entails a multidisciplinary and
individualized approach. Antibiotic therapy, splenectomy, embolectomy and valve surgery on the same 
hospitalization can have satisfactory outcomes. Phil Heart Center J 2021;24(2):81-84.
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        nfective endocarditis (IE) occurs at a rate 
of approximately 1–7/100 000 people 

per year and has a high morbidity and morta-
lity despite advances in antibiotic and surgical 
treatments. Systemic embolism occurs in 
22%–50% of IE patients.1

The significance of this study is to present a 
multidisciplinary and individualized approach
in managing patients having IE with complica-
tions of multiple systemic embolisms.

Case: A 37-year-old male was admitted in 
our institution with a history of fever abdominal 

I pain 8 months prior to admission. He was 
diagnosed to have splenic abscess through 
abdominal ultrasound and CT scan and was 
given antibiotics. Subsequent consultations 
from different physicians resulted with the 
same diagnosis with prescriptions of oral 
antibiotics until a 2D echocardiography  was 
done showing severe mitral regurgitation due to 
torn chordae of mitral valve.

On admission, cardiac auscultation shows 
grade 3/6  systolic murmur at the apex with 
radiation to the axilla. Abdomen was soft, with 
slight tenderness on left upper quadrant area. 
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Abdominal CT scan was done showing 
splenomegaly with multiple dense lesions 
considering abscess and bilateral renal 
infarcts. (Figures 1-4) Repeat 2D echocardio-
graphy  shows thickened mitral valve leaf-
lets with prolapse of A2 segment of anterior 
leaflet with fluttering echogenic density on the 
anterior mitral valve with severe mitral regurgi-
tation. (Figures 5-6)
 

Patient was anemic and with electrolyte 
imbalance, creatinine was normal, with increased 
ESR and CRP levels. Blood culture shows 
growth of Capnocytophagia specie on the 
right arm. Image guided aspiration of the 
splenic abscess shows heavy growth of 
Streptococcus Sanguinis sensitive only to 
Vancomycin. Vancomycin IV infusion was 
started. Patient then underwent laparoscopic 
splenectomy with intraoperative findings of 
15cm x 15cm spleen with necrotic tissues and 
adhensions.

Patient then underwent mitral valve repair 
(neochordae at A3 and A2), mitral valve 
annuloplasty using the institution ring size 28, 
tricuspid valve annuloplasty with institution 
ring size 28. Intraoperative findings show the 
mitral leaflet has scattered friable white material,
with torn primary chordae at A2 and A3. The 
posterior mitral valve was retracted at A2. Post- 
operative TEE shows only trivial mitral and 
tricuspid regurgitation with ejection fraction 
of 66%. Patient was subsequently discharged 
improved after few days of hospitalization.

Figures 1 and 2:  Abdominal CT scan -
multiple hypodense lesions of the spleen with 
hypodense rim and minimal peripheral contrast 
enhancement.

Figure 3 and 4:  Abdominal CT scan - periphe-
rally enhancing lesion in the mid cortex of left 
kidney and hypoenhancement in mid segment of 
both kidneys consider infarcts.

Figures 5 and 6 : 2D Echo; Plax and 4 cham-
bers views showing fluttering echogenic density 
(vegetation) on the anterior mitral valve leaflet.

Figure 2 

Figure 3 

Figure 1 

Figure 4 
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our patient, imaging guided aspiration of abscess 
during the same hospitalization, whether splenec-
tomy should be performed before, during, or 
after a valve operation is still controversial.4  

In to identify the causative microorganism was 
done initially so that appropriate antibiotics will 
be started. Anemia and electrolyte imbalance 
were corrected prior to splenectomy.

Endocarditis as a result of Capnocytophaga 
Canimorsus infection is extremely rare, with 
only 14 cases reported in the literature since 
1977. Six of the 15 patients (40%) had been 
bitten by a dog and another 5 patients (33%)
had contact with a dog.5 Among the Viridans 
Streptococci, S. sanguinis is most commonly
isolated from infective endocarditis patients.6 
Antibiotic therapy in our patient was based 
on culture and sensitivity results with 4 weeks of 
Vancomycin therapy.

Acute limb ischemia is a consequence 
of peripheral arterial disease and a vascular 
emergency. The incidence of embolization
causing ALI is unknown but in one case series 
of IE, it occurred in 7 of 90 cases. In another 
series, 14 of 285 had peripheral acute ischemic 
syndromes. Emboli can occur before diagnosis, 
during therapy, or after therapy, most occur 
within the first 2-4 weeks of antimicrobial
therapy and involves lower extremities7 In
our patient, ALI IIb on the right upper extremity
occurred more than 2 weeks of Vancomycin
therapy.

Septic embolization occurs in at least 30% 
of patients. One third of these are to the 
peripheral vasculature. Such emboli are 
frequently multiple and maybe accompanied 
by mycotic aneurysms, splenic, cerebral, and
renal infarcts. Extent of limb ischemia and 
degree of cardiac dysfunction dictates the 
priority of problems. When possible, cardiac 
valve surgery should proceed before or simulta-
neously with embolectomy to avoid the 
morbidity of embolectomy in a hemodyna-
mically unstable patient.8 The patient presented 
had stable cardiac functions. Emergency 
embolectomy was done prior to definitive 
valve surgery which was performed electively 
after few days of recovery within the same
hospital admission.

Figure 6 

Figure 5 

DISCUSSION

Reported in this paper is a unique case of 
IE causing complications of splenic adscess, 
renal infarcts and ALI with positive splenic 
abscess aspirate culture of Streptococcus 
sanguinis and blood culture of Capnocytophagia 
specie. To my knowledge, a similar case has not
been reported previously.

Embolic complications occur in 20-50% of 
cases of IE, and are associated with increased 
mortality and morbidity. They can precede the 
diagnosis of IE in 25 to 60% of patients. More 
than 50% of embolic events involve the CNS 
and embolic events to the spleen occur in 
19-36% of cases of IE. 2

The general approach to the treatment of 
IE is initial clinical stabilization, early 
acquisition of blood cultures, and definitive 
medical and surgical treatment.1

Approximately 5% of patients with splenic
infarction will eventually develop splenic  
abscess.3 There is currently general agreement 
that IE and splenic abscesses should be treated 
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CONCLUSION

Management of complications of systemic 
embolism in IE entails a multidisciplinary and 
individualized approach based mainly on emer-
gency status of the complication and the patient’s 
medical condition. In this patient appropriate
antibiotic therapy, prompt splenectomy and 
embolectomy then valve repair surgery on the 
same hospitalization stay can have satisfactory 
outcomes.

Galyfos G, Giannakakis G, Kerasidis S, Geropapas 
G, Kastrisios G, Papacharalampous G, et al. Infective 
endocarditis as a rare cause for acute limb ischemia. 
World J Emerg Med. 2016;7(3):231-3. 
Monteiro TS, Correia MG, Golebiovski F, Barbosa GIF, 
Weksler C, Lamas CC. Asymptomatic and sympto-
matic embolic events in infective endocarditis: 
associated factors and clinical impact. Braz J Infect Dis. 
May-Jun 2017;21(3):240-247.
Elasfar A, Albaradai A, Alharfi Z, Alassal M, Ghoneim A, 
Aighofaili F. Splenic abscess associated with infective 
endocarditis; case series. J Saudi Heart Assoc. 2015 
Jul;27(3):210-5.
Blasi S, De Martino A, Levantino M, Pratali S, 
Anastasio G, Bortolotti U. Splenectomy and valve 
replacement in patients with infective endocardi-
tis and splenic abscesses. Ann Thorac Surg. 2016 
Sep;102(3):e253-e255. 
Hayani O, Higginson LAJ, Toye B, Burwash IG. Man’s 
best friend? Infective endocarditis due to Capnocy-
tophaga canimorsus. Can J Cardiol. 2009 Apr; 25 (4) 
:e130-2. 
Pessinaba S, Kane AD, Ndiaye MB, Mbaye A, 
Bodian M, Dia MM, Sarr, et al. Vascular complications of 
infective endocarditis. Med Mal Infect. 2012 May; 42 
(5):213-7.
Kitts D, Bongard FS, Klein SR. Septic embolism 
complicating infective endocarditis. J Vasc Surg. 1991 
Oct; 14(4):480-5; discussion 485-7.

REFERENCES

1.

2.

3.

4. 

5. 

6. 

7.
 

84   Phil Heart Center J July - December 2021



Cardiovascular Surgery and Anesthesia

Perioperative Management and Anesthesia
 Considerations in Ectopia Cordis: a case report

Anne Reichel M. Lasquite, MD

Introduction --- Ectopia cordis is define as a heart which is congenitally placed outside the thoracic cavity. The 
objective of this study is to describe the multidimentional challenges hurdled in the process of anesthesia 
management and perioperative care.
Case --- Patient is a second of twin, noted to have ectopia cordis with co-existing congenital anomalies of cleft 
lip and cleft palate and underwent surgical intervention.
Discussion --- The critical areas experienced in this particular patient were (1) airway management, (2) opti-
mum patient monitoring, and (3) pulmonary and hemodynamic stability during anesthesia.  
Conclusion --- Anesthesia management for the repair of ectopia cordis remains to be very difficult for the 
anesthesiologist, and would require the use of both invasive and non-invasive monitoring. Phil Heart Center J 
2021;24(2):85-89.

Key Words:  n Ectopia cordis n airway management
 n hemodynamic stability n anesthesia management
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        ctopia cordis is defined as a heart 
which is congenitally placed outside the 

thoracic cavity, either partially or completely.2,3 
It was first noted by the Babylonians, as docu-
mented in the cuneiform tablets of Nineveh.4 
The incidence today is 5.5 – 7.9 per million live 
births. Without surgical intervention, it is incom-
patible with life.5

We would like to present our case of ectopia 
cordis who underwent surgical intervention 
at the Philippine Heart Center. Consent was 
secured for the case to be presented. Our main 
objective for submitting this case report is to 
describe the multidimensional challenges we 
hurdled in the process of anesthesia manage-
ment and perioperative care.

Preoperative Course: This patient is the second 
of twins, born to a G1P2 (2-0-0-2) mother, deliv-
ered via Low Segment Cesarean Section at 37-38 
weeks age of gestation by Ballard’s Score, with an 
Apgar Score of 7, 9, and a birth weight of 2.55kg.  

E Upon delivery, she was noted to have ectopia 
cordis, cleft lip, and cleft palate. Routine new-
born care was given. Expecting early demise, 
no additional test and diagnostic workups were 
done. Despite the conservative care rendered, 
she reached her fourth day of life. This prompted 
the parents to bring her to this Institution and 
give her the best possible care to support her 
survival.

On admission, she was awake, with regular 
spontaneous respiration and clear breath sounds. 
Oxygen support was given via face mask at 6 
liters per minute (lpm).  Her beating heart was 
covered by soft cloth, seen on top of her chest 
(Figure 1). Chest x-ray confirmed that the 
cardiac silhouette was extrathoracic, and the 
aortic silhouette cannot be assessed. The epicar-
dial echo done revealed an intracardiac lesion 
described as Atrioventricular Septal Defect 
(AVSD), Pulmonary Stenosis (PS), with Patent
Ductus Arteriosus (PDA).

Finalist, Poster Presentation - Case Report. 27th PHC Annual Research Paper Competition and Poster Presentation held on 
Fe b r u a r y  2 6 ,  2 019  a t  Ph i l i p p i n e  H e a r t  C e n te r.  C o r r e s p o n d e n c e   t o   D r.  A n n e  R e i c h e l  M .  L a s q u i t e . 
Division of Cardiovascular Anesthesia. Philippine Heart Center, East Avenue, Quezon City, Philippines 1100 Available at http://www.
phc.gov.ph/journal/publication  copyright by Philippine Heart Center,  2021 ISSN 0018-9034



Pediatric Cardiology started Ampicillin 
120mg via intravenous (IV) route every twelve 
hours, to be shifted to every 8 hours at the 
seventh day of life, Amikacin 30mg IV once 
daily (OD), and Vitamin K 12.5mg IV every 
eight hours to complete three doses.  On the ninth 
day of life, she was referred to Pediatric Cardiac 
Surgery and Cardiovascular Anesthesia for 
surgical repair and management. Weight was 
noted to be lower at 2.4 kilograms with length 
of 42 centimeters. Laboratory workups showed 
normal results, except for the blood culture 
which was found to be positive for Penicillin-
resistant Staphylococcus aureus. Hence, the 
antibiotic was shifted to Oxacillin. Patient was 
scheduled for surgical management on the tenth 
day of life.

Intraoperative Course: The Operating Room 
(OR) Suite was prepared to cater to the 
environment that is appropriate for a criti-
cally ill neonate. This included having the 
proper OR room temperature, proper breathing 
circuits, computed doses of emergency drugs and 
cardiovascular support medications to be used.

Slow intravenous induction was done with 
midazolam – ketamine – atropine given through 
the existing umbilical vein catheter.  There is some 
difficulty with the process of laryngoscopy and 
placement of the laryngoscope blade because of 
the complete cleft lip and complete cleft palate 
anomalies. (Figure 2) This is further aggravated 
by the obstruction posed by the beating extra
thoracic heart (Figure 3). With the aid of a pedia-
tric video laryngoscope miller blade 1, a size 2.5 
uncuffed endotracheal tube (ET) was inserted
and secured. The presence of the NGT help in 
the identification of the anteriorly placed 
glottic opening.

Because of the extrathoracic location of the 
heart, we cannot obtain a good electrocardio-
gram (ECG) tracing since the vector of electrical 

potentials are not properly aligned with the 
heart. (Figure 4) We relied on the information 
derived from pulse oximetry, capnography and 
direct blood pressure (BP) monitoring from the
femoral arterial line. A central venous line was 
inserted through the femoral vein for purposes 
of blood transfusion and administration of sup-
port drugs.

Arterial blood gas determination was imme-
diately requested after an A-line access was 
obtained. Prompt correction of the metabolic 
acidosis state of the patient was done. This fragile 
neonate was maintained on total intravenous 
anesthesia (rocuronium, midazolam,  and keta-
mine), supported by controlled ventilation using 
the modified Jackson Reese breathing system.

For cardiovascular support, we started milri-
none and epinephrine infusion, titrated to desired 
hemodynamic effects. With this set up, she 
tolerated the rest of the preparations until cardio-
pulmonary bypass (CPB) was initiated to safely 
allow the surgical plan of liberating the heart and 
dissection of the pericardial and inner thoracic 
cavity, with the objective of accommodating the 
heart inside the thoracic cavity without  undue 
compression. (Figure 5)  However, there was
deficient muscle and skeletal support --- the 
heart can only be partially deposited into the 
thoracic cavity. The heart was covered using a 
polytetrafluoroethylene (PTFE) graft and this 
sealed the anterior thoracic wall. (Figure 6)

In the process of weaning from CPB, we 
noted that the lungs cannot be properly inflated 
and there was some bleeding coming out of the 
endotracheal tube.  Thus, weaning was stopped, 
and the problem at hand was addressed. With 
the aid of the video laryngoscope and neonatal 
endotracheal tube changer, we smoothly replaced 
the ET 2.5 to an uncuffed ET 3.0. Such action 
facilitated better lung ventilation and improved 
the cardio-respiratory dynamics.
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Intraoperative fluid and blood replacement 
included packed red blood cell (PRBC), fresh 
frozen plasma (FFP) and platelet concentrate. 
CBG monitoring was done and maintained at 
150 mg/dL.  Weaning from the CPB was done 
cautiously and slowly, with support from milri-
none and epinephrine infusions.  Arterial blood 
gas (ABGs) and electrolytes were corrected and 
volume loading to the heart was carefully done, 
guided by central venous pressure (CVP) and 
arterial BP monitoring. Intraoperative urine 
output during CPB was 0.7 cc/kg/hr. The chest 
was successfully covered with PTFE and vital 
signs were maintained as follows: Systolic blood 
pressure (SBP) 50 – 60’s / Diastolic blood 
pressure (DBP) 20 – 30 /  Mean arterial pressure 
(MAP)  40s  / cardiac rate (CR) 140s to 160/
Sp02 80 – 83% / ETC02 20s to 30s.

Induction to cutting time was one hour and 
forty-two minutes; Total bypass time was three 
hours and forty-six minutes. Total OR duration 
was eight hours and twenty-seven minutes. The 
patient was then endorsed to the pediatric 
cardiology intensive care for continuing 
management by the pediatric intensivist.

 
 

 

Figure 1. Beating heart was covered by soft cloth, seen on top of 
the neonate’s chest.

Figure 2. Complete cleft lip and complete cleft palate anomalies.

Figure 3. Difficult intubation aggravated by the obstruction 
posed by the beating extrathoracic heart.

Figure 4. ECG tracing cannot be obtained since the vector of elec-
trical potentials are not properly aligned with the heart.
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Figure 6. The heart was covered by a PTFE graft, sealing the ante-
rior thoracic wall.

Figure 5. Objective of the surgery was to accommodate the heart 
inside the thoracic cavity without undue compression.

DISCUSSION

The management of ectopia cordis on a neo-
nate with co-existing congenital anomalies of 
cleft lip and cleft palate truly presents several 
challenges in perioperative care. The critical
areas we experienced in this particular patient 
were (1) airway management (2) optimum pa-
tient monitoring and (3) pulmonary and hemo-
dynamic stability during anesthesia.

Airway Management:  The anesthesiologist 
must approach the anticipated difficult airway 
with both the science and art of anesthesia prac-
tice. As the protruding heart was lying on the 

anterior chest wall, there was a very limited
space available for maneuvering the handle of 
the laryngoscope during the process of 
laryngoscopy and endotracheal intubation. 
Utmost care must be observed not to injure the 
exposed beating heart that lies very close to the 
patient’s chin. Neonates usually have short neck, 
and the chin almost touches the anterior chest 
wall, where the beating heart sits. Thus, to 
facilitate the laryngoscopy, we elevated the torso 
of the neonate on folded linens, to a height good 
enough to allow the patient’s head to drop back, 
naturally assuming a sniffing position.  With the 
help of a pediatric video laryngoscope, success-
ful visualization and intubation of the glottis 
opening was achieved.

Patient Monitoring: Cardiovascular monitoring 
in neonates with ectopia cordis definitely 
presents another major concern. Since the heart 
lies outside the thoracic cavity, the vector did not 
cross the ECG electrodes. The ECG complexes 
on the monitor were very small and inconclusive 
even with adjustments on gains and filtering 
modes.

Direct observation of the beating heart 
becomes very essential.  Information derived 
from the invasive arterial pressure monitoring, 
pulse oximetry and capnography serve as the 
best surrogates to assess cardiac contractility, 
cardiac output and perfusion.

Hemodynamic Stability:  A proper understand-
ing of the existing cardiac congenital anomaly 
and pulmonary dynamics in neonates shall guide 
the anesthesiologist on which drugs should be 
used to support cardiac contractility and overall 
patient circulation and perfusion and the manner 
of ventilatory support to adopt intraoperatively. 
Because of the low birth weight, we opted to 
support respiration by simply using the modified 
Jackson Reese system.  Milrinone and epineph-
rine infusions were initiated to support the 
function in AVSD, PS, with PDA since we 
anticipated the pulmonary hypertension that 
may occur in this neonate. The pulmonary 
hypertension can be primary or may be 
secondary to the AVSD, PS, and PDA. However, 
what is important is to support both ventricular 
functions.

88   Phil Heart Center J July - December 2021



CONCLUSION

Anesthesia management for the repair of 
ectopia cordis remains to be very difficult for 
the anesthesiologist, and would require the 
use of both invasive and non-invasive hemody-
namic monitoring.6  Use of cardiovascular drugs 
and fluid or blood replacement must be judicious 
and goal-directed. Concomitant airway abnor-
malities must be properly evaluated preopera-
tively to allow preparation of airway tools for
proper intubation.

In summary, this patient was a great 
challenge in view of the difficult airway, limita-
tions in perioperative monitoring. Cardiac and 
hemodynamic embarrassment encountered 
during surgery.
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he patient is a cyanotic 2-month-old male
              born with an electrocardiographic finding 
of an ST segment elevation and positive serum 
Troponin T. The patient was referred to undergo a 
dipyridamole stress myocardial perfusion scinti-
graphy with Tc-99m Sestamibi.

Myocardial perfusion scintigraphy of the 
rest and stress imaging were done on separate 
days for an easier performance of the procedure. 
The patient was likewise referred to anesthesiology 
and was accompanied by the mother during the 
acquisition for proper positioning. The patient 
was clothed to prevent any unnecessary move-
ment. Rest imaging was first performed after 
injection of 112.48 MBq of Tc-99m Sestamibi. 
Four days after, the stress imaging was done 
after injection of 113.2 Mbq of Tc-99m Sesta-
mibi on the 8th minute after dipyridamole infusion. 

T Baseline ECG showed sinus rhythm. Dipyri-
damole (1.5 mg) was infused for 4 minutes. 
Baseline blood pressure was 69/34 mmHg to a 
low of 59/27 mmHg. The cardiac rated was 150 
bpm at baseline and reached a peak of 166 bpm. 
No significant dipyridamole -induced ST-T wave 
changes were noted. Post-infusion recovery was 
uneventful.

Stress images showed moderate to severe 
reduction of tracer activity in the basal to apical 
inferior/inferolateral segments. The remainder of 
the LV myocardium exhibited normal tracer 
distribution.

On interpretation, mainly scarred myocardium 
in the basal to apical inferior/inferolateral segments 
were noted. There was no evident inducible myo-
cardial ischemia as well.

Figure 1. SPECT images showing the stress and rest images in 
short axis (SA), vertical long axis (VLA), and horizontal long aixs 
(HLA) views. The first row of images show moderate to severe 
reduction of tracer activity in the basal to apical inferior/infero-
lateral segments. This was persistent on rest images.

Figure 2. Polar map of the left ventricle perfusion for stress and 
rest.
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        his is a case of a 24-year-old male who 
came in due to epigastric pain with a 

6-day history of generalized body weakness and 
body malaise. One day prior to admission, the 
patient had grade 8/10 epigastric pain which was 
non-radiating and was accompanied by nausea 
and vomiting. ECG was done showing Antero-
septal ST elevation, was managed as a case of ST 
elevation. myocardial infarction and was subse-
quently admitted. 

Laboratories showed elevated Troponin I 
and a positive result on SARS-CoV-2 Assay. 
Chest X-ray showed hazy densities in the right 
lower lung with a consideration of pneumonia 
(Figure 1). The admitting impression was CO-
VID-19 pneumonia; ACS, STEMI, Anterior 
Wall, Killip I, TIMI 2, in sinus rhythm, FC II. 

COVID-19 medications were not started due 
to elevated liver function tests. Antibiotics, ste-
roids and ACS regimen were started. However, 
the patient was persistently tachypneic with de-
saturations which lead to intubation. CT scan of 
the pulmonary arteries was done which showed 
moderately extensive areas of consolidation in 
both lower lobes and patchy ground-glass opaci-
ties in both upper lobes which were typical CT 
findings for COVID-19 pneumonia (Figure 2). 
Bilateral pleural effusion was also seen. There 
was no evidence of pulmonary embolic process 
on the CTPA. 

2D echocardiography showed normal left 
ventricular dimensions with multi-segmental 
wall motion abnormality and depressed systolic 
function with diastolic dysfunction. On the suc-
ceeding hospital days, there was progression of 
the hazy densities in both lower lungs seen on 
chest x-ray (Figure 3). The patient was then 
managed as fulminant myocarditis and colchi-
cine was started. 

T 2D Echo was repeated which showed normal 
left ventricular dimension with normal wall motion,
contractility and systolic function. Compared to 
the first 2D echo, there was an increase in ejection 
fraction from 35% to 55%. Cardiac MRI was 
done which showed T2W hyperintensity signals 
in the left ventricular myocardium compared 
with the skeletal muscle, indicative of myocardial 
edema (Figure 4). Normal chamber dimensions 
were noted with preserved systolic function. 
Patchy areas of late gadolinium enhancement in 
the apical anterior, apical septal, apical inferior 
and apical cap segments were seen which may 
represent necrosis (Figure 5). The MRI findings 
were consistent with COVID-19 myocarditis. 

Figure 1. Chest X-ray showed hazy densities in the right lower 
lung.



A B

Figure 2. A. Moderately extensive areas of consolidation in both lower lobes (yellow arrows). B. Patchy ground-glass opacities in both 
upper lobes (red arrows).
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Figure 5. a. T1W axial image non-contrast. b. T1W post-contrast axial image. Patchy areas of late gadolinium enhancement (yellow 
arrows) in the apical anterior, apical septal, apical inferior and apical cap segments. Findings were consistent with non-ischemic pat-
tern of enhancement such as myocarditis. 

a b

Figure 4. Cardiac MRI was done which showed T2W hyperin-
tensity signals in the left ventricular myocardium (yellow arrow) 
compared with the skeletal muscle (red arrow), indicative of 
myocardial edema. Figure 4. Cardiac MRI was done which showed 
T2W hyperintensity signals in the left ventricular myocardium 
(yellow arrow) compared with the skeletal muscle (red arrow), 

Figure 3. Hazy densities in both lower lungs seen on chest x-ray 
(yellow arrows). 
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