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Editorial
Call to Create Research Study Groups

 Leahdette O. Padua, MD

 The research milieu that is existing in our institution is mostly geared towards
researches done by individuals, mostly by the trainees and by a few consultants. We have been 
proud that some of these individual researches had been recognized locally and internationally.

 However, there are a lot of limitations for researches carried out by an individual 
effort. Compared with researches done by a group, individual researches may have some 
limitations in recruiting subjects. Although they may reach the target sample size, this 
may not necessarily be the optimal sample size, since the computation is adjusted to the 
constraints imposed by the feasibility of recruiting the ideal number of subjects. Moreover, 
there is limitation in the time frame to conduct researches by individuals. Individual investiga-
tors should work within the time frame imposed by their training programme; otherwise, they 
will not graduate on time. This will not be a problem for studies to be conducted by group (e.g. 
a certain section study group). They can create a study that can have a five to ten years follow 
up, which is enough to observe long-term outcomes in certain diseases and interventions. 
Also, for longitudinal studies, studies done by individuals may just opt to collect historical data; 
as opposed to studies done by a group, data can be collected retrospectively or prospectively. 

 The “group” in researches conducted by a set of individuals should not just be limited 
to the division, section or department they belong to. Although this set up is ideal since the 
group already have set goals, meeting dates and familiarity with each other, working with 
other departments/sections/ divisions can provide a different perspective in the research.  
These collaborative researches can be done by multiple disciplines involved in the manage-
ment of patients. (e.g. creation of PHC-VTE study group may involve specialists in pulmo-
nary and vascular medicine, as well as radiologists). 

 It is high time to instigate interests in researches to be done by groups. Efforts are 
already being done to equip these individuals with tools on the how to’s of doing research. 
Technical support is also available. Incentives may be given to recognize the efforts of 
creating group researches, from the protocol to the final paper. 

 We dare not say that we should abandon doing individual papers; however, there 
should be a thrust to create research study groups if we want to contribute more to the 
advancement in cardiovascular care.



Consultant ’ s Corner
Immunocell Therapy on Pulmonary Artery Sarcoma

Avenilo P. Aventura, MD; Samuel D. Bernal, MD; Ludgerio Torres,  MD; Jose-Santos Abad, MD; 
Romeo Divinagracia, MD; Avenilo L. Aventura Jr., MD; Teresita de Guia, MD; Ruth C. Ong, MD

Background --- Pulmonary artery sarcoma is a rare tumor that is often confused with chronic thrombo-
embolic disease and have poor prognosis. 
Case Presentation --- We   report   two (2) cases   of pulmonary artery sarcoma   presenting   with signs and 
symptoms of venous  thromboembolism, which after thorough diagnostic work-up showed the presence of 
mass lesion at the pulmonary artery. We aim to strategize a  multimodality management utilizing surgery, 
immunocell therapy and MTT (Molecular Targeted Therapy) to improve survival.
Conclusion --- Pulmonary artery sarcoma is often mistaken for acute pulmonary embolism. Early diagnosis 
and proper imaging technique may prompt aggressive intervention. Multimodality treatment with immunocell 
therapy  as an adjunct may improve survival. Phil Heart Center J 2014;18(1):1-7.
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      mmune system modulation to treat cancer 
  had been extensively studied since 
the 1970’s.  Melanoma, renal cell carcinoma, 
colorectal cancer and non small cell lung cancer 
had shown sensitivity to such therapy. Immuno-
therapy for therapeutic cancer management is   
designed to target cancer-associated antigen and 
regulatory signaling molecules. As understand-
ing of the complex signaling pathways in 
immune system regulation and genetic analysis 
of   normal and tumor cells is markedly accele-
rated, many preclinical trials have shown various 
therapeutic strategies. The requirement for 
successful interventions is to target specific 
tumor antigens with regulators of antitumor 
immune response. Approaches of immunothera-
py involved interleukin (IL)-2, interferon (IFN)-
alpha-2b, antibody therapy with muromonab
-CD3, lymphokine-activated killer cell infusions, 
tumor-infiltrating lymphocyte infusions, dendri-
tic cell infusions, peptide-stimulated vaccine 
infusions, and various combinations of the above 
treatment modality.1

 Pulmonary artery sarcoma is a rare type of
tumor with malignant propensity.2 We presented   
two   cases of   main pulmonary artery neoplasm 
that underwent pulmonary thrombarterectomy in 
conjunction with immunocell therapy following 
surgery.

I  Case I: The first case involved a 29/F (50 kg, 
157.4 cm) who was admitted due to recurrent 
syncopal attacks.  Symptoms of vertigo and 
body weakness had been   present for nine 
months. She eventually presented with easy 
fatigability three months prior to admission. 
She had murmur on physical examination, 
cardiomegaly on chest x-ray and a shunt anoma-
ly causing volume and pressure overload on 
right heart on 2D echocardiography. She was 
started on digoxin and diuretics.  She had a 
syncopal attack prompting admission.  Pertinent 
findings included a grade 2/6 murmur at the 4th 
LICS parasternal border, normal neurologic 
examination, and clubbing of digits. She had 
leukocytosis with elevated hematocrit and hypo-
magnesaemia. There was a suspicious pulmo-
nary nodule at the left upper lobe on chest x-ray 
with an impression of main pulmonary artery 
mass.

 Transesophageal echocardiography showed 
the presence of a main pulmonary artery mass, 
measuring 4.2cm x 1.5cm, causing significant 
obstructive hemodynamic effect; a patent 
foramen ovale, with right to left shunt, causing 
dilation of both right atrium and right ventricle; 
severe tricuspid regurgitation; moderate pericar-
dial effusion; and the left ventricle had 
adequate contractility and systolic function. 



Lung perfusion scintigraphy showed a dimi-
nished perfusion in left upper lung segment 
and totally absent perfusion in left lower 
lung lobe and lingular segment with 
normal ventilation, consistent with obstruc-
tion of left main pulmonary artery. DVT 
screening showed no evidence of acute 
proximal deep vein thrombosis on both 
upper extremities and lower extremities.

 On the 13th hospital day, she underwent  
excision of the said mass.  An hour after inci-
sion, she had sinus bradycardia and an epicar-
dial pacemaker was inserted. Excision of 
pulmonary artery mass was successfully done 
under profound hypothermia and total circula-
tory arrest. Frozen section and left lung biopsy 
showed pleomorphic sarcoma, Grade III.  
Another piece of the tumor was sent for antigen 
extraction. Three days after, she developed   
acute respiratory distress syndrome and   an 
emergency extracorporeal membrane oxyge-
nator was instituted using veno-venous approach 
via the right   femoral vein as the inflow and left 
femoral vein as the outflow for two days. A 
month after ECMO, she was gradually weaned 
off from the oxygen therapy. A repeat 2D 
echocardiography showed that the main pulmo-
nary artery mass was not noted.

 Immunocell Therapy was initiated using 
40cc of blood sample collected intravenously. 
White blood cells were separated and cultured 
in Roswell Park Memorial Institute (RPMI) 
medium, which was expanded and induced to 
become dendritic cells. The cells were prepared 
using specific antigen from tumor cells. The cell 
processing took around two to three weeks and 
she was prepared for injection. Granulocyte 
Colony Stimulating Factor (G-CSF) 30 Mio U/E 
was given subcutaneously followed by intrader-
mal injection of the immunocell preparation   at 
the deltoid area. She remained stable before, 
during and after injection. The wheal that was 
produced during injection subsided after an 
hour. Injection site were cleared with no 
erythematous nor hypersensitivity reactions 
noted. She received a total of two injections and 
was subsequently discharged.

 On the fourth month,   she   had low grade 
fever,   vomiting   and occasional   left scapular 
pain. Repeat 2D echocardiography detected a

huge RV mass that was partially obstructing
the right ventricular outflow tract. The 
previous echocardiography a month prior   was 
devoid of any mass. Because of severe 
dyspnea, she was intubated. However, she had 
persistent oxygen desaturation and was subse-
quently hypotensive. Her unresponsiveness 
to supportive therapy led to her demise.

Case 2:  The second case involved a 38 year 
old female (57kg, 170cm) who was admitted 
due to progressive dyspnea and pleuritic chest 
pain since a year prior to admission. Work-ups 
showed an elevated D-dimer and   2D echocar-
diography showed a right coronary sinus of 
valsalva aneurysm with pulmonic regurgitation; 
mitral regurgitation; and an elevated pulmonary 
artery pressure (95mmHg).  She was treated as 
a case of pulmonary embolism. However, there 
was persistence of dyspnea and pleuritic chest 
pain, which was now accompanied by occasio-
nal occurrence of   central cyanosis, leg edema 
and appreciable weight loss. A repeat trans-
thoracic echocardiography confirmed the 
same elevated pulmonary artery pressure 
(89 mmHg). On consultation at our institution, a 
pulmonary artery and right ventricular wall 
masses were discovered. She underwent 
pulmonary thromboendarterectomy with patch 
reconstruction of pulmonary artery using autolo-
gous pericardium under cardiopulmonary 
bypass utilizing profound hypothermia and total
circulatory arrest. Tumor resection was exten-
sive   from the ventricular septum   of   right 
ventricular outflow tract (RVOT) as well as 
the pulmonic valve. RVOT was reconstructed 
using Gortex composite graft from the   main 
pulmonary artery. Pulmonic valve   was replaced   
using a tissue valve. Frozen section and   histo-
pathologic   examination   showed pulmonary 
artery sarcoma that was pleomorphic and with 
vessel wall involvement. (Figure 1)  Another 
piece was sent for antigen extraction and mole-
cular profiling and chemotherapy resistance. The 
rest of the hospital stay was unremarkable and 
she was   discharged home after 49 days.

 On follow-up one month post-op, she had 
occasional left scapular pain responsive to pain 
reliever. A repeat 2D echocardiography showed 
normal functioning bioprosthetic pulmonic 
valve with good opening and closing motion
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and a maximum gradient of 13mmHg. The 
main and branch pulmonary arteries showed 
normal dimension. After thorough evaluation, 
the patient consented for the adjunct treatment 
plan of   immunocell therapy in combination 
with chemotherapy.

 The procedure of immunotherapy required 
granulocyte-colony stimulating factor (G-CSF) 
injection, leukapheresis cell expansion, culture 
and processing prior to final injection of the 
processed cells. Two months after surgery, she 
was readmitted for the immunotherapy. Granu-
locyte Colony Stimulating Factor 30 Mio U/E 
was injected subcutaneously 24 hours prior to 
leukapheresis.  She had a port placed at the right 
internal jugular vein. Leukapheresis, a proce-
dure that involved leukocytes separation, started 
with adequate solution priming on the aphere-
sis machine. Data on patient height, weight, sex 
and hematocrit were entered into the machine 
and it automatically computed for the predicted 
time or target time (319 minutes) and the 
amount to be collected (286 ml). The initial 
extraction was yellow colored plasma fluid until 
layering occurs where red blood cell (RBC) 
occupied the lower most portion of the blood 
bag followed by white blood cell (WBC). 
Lymphocytes stayed on the third layer with
monocytes on top and the plasma was on the 
uppermost layer. Monocytes harvest was done   
collecting 301 milliliters. She tolerated the 
procedure well except for an episode of vomit-
ing and hypotension at 184 minutes. The 
vomiting resolved spontaneously while hypoten-
sion was relieved by position changes and 
volume challenge. She had generalized fatigue, 
peri-oral numbness, and leg muscle cramps, 
which were the clinical manifestation of 
hypocalcemia. Serum calcium level showed 
hypocalcemia 1.97 (2.1-2.55) and this was 
corrected. 

 Blood work-ups on the collected cells 
showed an adequate yield of leukocyte (58 
microliter) and monocytes (25.2 microliter) The  
adequacy of collected cells showed it has ample 
amounts of plasma and dendritic cells 80-90% 
confluent,  thereby incubation and cell process-
ing was started.

 Immunocell injection was done a week after.
This involved an initial subcutaneous injection

of a dose of G-CSF followed by  dendritic cell 
injected intradermally at bilateral deltoid area. 
The procedure was well tolerated except for a 
sudden hot flush that occurred 30 minutes after 
injection. Vital signs as well as temperature 
were stable. She was discharged home well the 
following day.

 She underwent monthly immunocell injec-
tion that was initiated on the third month of the 
postoperative period. Monthly injection along 
with monthly surveillance utilizing blood 
chemistry and echocardiography showed 
relatively controlled activity. Oncologic consult 
was likewise done and planned chemotherapy 
utilizing nanocell and calyx regimen were 
contemplated.

 Two weeks prior to her last dose of immuno-
cell injection, she had hemoptysis. Warfarin
was withheld and prothrombin determination 
revealed normal results.  There was two weeks 
delay in the administration of immunocell the-
rapy secondary to funding difficulties.  A week 
after, she experienced severe non productive 
cough accompanied by   dyspnea, peripheral 
cyanosis and sleeping difficulty. This resulted to 
subsequent admission.

 On admission, her initial O2 saturation was 
96% and her heart rate was at 110-120. Chest 
radiography noted a significant interval increase 
in the size of right mid lung nodular density and 
a prominent pulmonary artery segment. 2D 
echocardiography showed a 1.7 cm x 2.0 cm 
echogenic density at the RVOT bifurcation of 
left and right pulmonary artery. This mass was 
partially obstructing the RVOT. Chest CT 
showed that the previously 0.9cm x 1.0cm 
mass in the superior segment of right lower lobe 
had increased to 4.0cm x 3.7cm x 3.6cm.  
There was an interval appearance of another 
ovoid mass in the aortopulmonary window, 
which measured 2.0cm x 4.2cm x 2.3cm, 
causing extrinsic compression to the left pulmo-
nary artery, resulting in severe stenosis. (Figure 
2)

 The last dose of immunocell therapy was
given to boost her immune system. She was 
started with a molecular targeted therapy (MTT) 
agent, Trabectedin, an antineoplastic agent from
a naturally occurring compound derived from 
marine organism (Ecteinascidia turbinate). She
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had vomiting despite ranisetron and metoclo-
pramide administration that lasted for around
3-4 days. The plan was to have simultaneous 
MTT and Intensity–Modulated Radiation Thera-
py (IMRT).She was seen by Radio-oncologist;

however, the cell type was not responsive to 
radiation therapy. She survived for two years 
since diagnosis and finally succumbed secon-
dary to recurrence.

• 
• Figure 1. Microscopic examination of the pulmonary artery mass from a 38 year old female who presented with progressive 

dyspnea and pleuritic chest pain. High power field of pulmonary artery sarcoma (a) with vessel wall involvement (b)

Fig. Ia Fig. 1b

• 
• Figure 2. Chest CT Scan of a 38 year old female taken 8 months after excision of pulmonary artery mass and immune cell 

therapy. There was an interval increase in the mass at the superior segment of right lower lobe and an interval appearance of 
another ovoid mass in the aortopulmonary window causing extrinsic compression to the left pulmonary artery.
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DISCUSSION

 Pulmonary Artery Sarcoma is a rare malig-
nant mesenchymal type sarcoma that was first 
described by Mandelstamm in 1923.2-5 Its true 
incidence is unknown due to its similar presen-
tation with thromboembolism and majority of 
cases were under diagnosed.5 The prevalence 
of chronic thromboembolic pulmonary hyperten-
sion in the general population cannot be 
accurately determined and may have been signi-
ficantly underestimated.4 Recent prospective
epidemiologic data showed an incidence of 
approximately 4% after acute symptomatic pul-
monary thromboembolism.4 The etiology is 
unknown; however, it has been suggested to 
arise in large vessels such as aorta and pulmo-
nary artery. The tumor is characterized by 
luminal growth leading to intimal obstruction or 
emboli seeding.6,7 The prognosis is poor. 
Reported life expectancy from symptom onset 
is from 12 to 18 months;7 whereas, one-and 
two-year survival rates are 22% and 7% 
respectively.8 Surgical excision is the main-
stay of treatment; adjuvant radiotherapy and/
or chemotherapy may be necessary for 
complementation.5,9,10 In one study, they repor-
ted the survival according to the completeness 
of resection: 36.5 ± 20.2 months   for complete 
resection and 11 ± 3 months for incomplete 
resection.11 With regards to the modality of 
treatment, survival was increased to 24.7 ±  8.5 
months in  multimodality treatment  versus 8 ± 
1.7 months using single modality.11 

 Pulmonary artery sarcomas are rare and are
usually diagnosed during surgery or autopsy. 
There is a wide range of age presentation (22 
to 81 years), with majority presenting in the fifth 
decade and some report female sex predomi-
nance.8

 Signs and symptoms include progressive 
dyspnea and cyanosis, which are similar to 
chronic thromboembolic disease conditions, 
precluding early diagnosis.5,6,8 Imaging utili-
zing echocardiography, computed tomogra-
phy, scintigraphy  are needed for confirmation
delineation and evaluation of extent of involve-
ment.5-7,12

  

 Histopathologic   examination of tumor cells 
yield spindle cell, myxoid and pleomorphic 
type is leiomyosarcoma or undifferentiated 

spindle cell sarcoma.13 In this case series, both
our patients presented with pleomorphic type 
with spindle characteristics. Immunohistoche-
mistry showed submembranous staining with 
SMA; focal strong staining with desmin; 
diffused strong staining with neuron-specific 
enolase (NSE); and negative staining through 
cytokeratin.  Proliferation markers (p53, MIB-1) 
showed positive staining in 75% of tumor cells. 
Molecular profile on our second patient showed 
that PTEN (phosphatase and tensin homologue) 
was present and EGFR (epidermal growth factor 
receptor) was negative.

 Chemotherapy using anthracycline and 
alkylating agent was reported to have a 20% 
response rate. 14-16 There was a report of success-
ful treatment using Ifosfamide and Epirubicin 
by Uchida et al.14

 Cell based immunotherapies, which may 
consist of immune cells such as lymphocytes, 
macrophages, dendritic cells, NK (Natural 
killer) cells, and CTL (Cytotoxic T- lympho-
cytes), work together to improve the body’s 
defense.1 The goal of immunotherapy is educa-
tion of body’s immune system to recognize 
malignant cells. This process intensifies cellular 
interaction as it provides a focus for immune 
attack.1 Tumor tissues harvested during surgical 
excision were modified in laboratory so that it 
will no longer multiply; however, it still displays 
the surface antigens to stimulate the immune 
system when replaced in the body. 

 With the advent of molecular profiling, 
identifying mutations leads to personalized 
treatment, with a better chance of it working 
since it targets specific mutations found in that 
tumor. This also prevents patients from being 
exposed to drugs that have a limited chance of 
success, eliminating toxicity and improving 
quality of life. The treatment modality will 
be greatly enhance as it focus on target 
receptors.18-20

 Our first patient received immunocell thera-
py a month after operation and was symptom-
free and negative for recurrence on diagnostic 
surveillance.  She presented with fever and left 
shoulder pain and on repeat 2D echocardiogra-
phy showed retrograde recurrence to right 
ventricle partially obstructing the right ventricu-
lar outflow tract. Recurrence occurred on the 
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third month post surgery.

 Our second patient was a rare case of inti-
mal sarcoma affecting the right ventricular 
outflow tract as well. There were also seeding in 
the lungs. Her tissue showed negative for 
increased gene copy number of epidermal 
growth factor receptor (EGFR) but there was 
the presence of gene amplification. The tissue 
revealed the presence of an average of 2.20 
copies /cell of the EGFR gene located at 7 p12.  
She received immunocell therapy on the third 
month after operation. She went on to her usual 
activities of daily living with good quality of 
life.  She nearly completed the six (6) sessions 
of treatment; however, recurrence occurred on 
the 8th months post surgery. With the observed 
pattern, tumor replication was rapid and simulta-
neous multimodality treatment was the only 
hope to halt tumor aggressiveness, thus the 
current plan is simultaneous MTT (Molecular 
Targeted Therapy) and Intensity Modulated 
Radiation Therapy (IMRT).

 Molecular Targeted Therapy, such as using 
Trabectedin, works by targeting the DNA of 
tumor cells resulting to bending of the DNA at 
the minor groove and binding of the other 
molecule to a protein prevent activation of 
cellular repair mechanism to take place. This 
induces cell death and apoptosis on tumor cells. 
MTT also stops the molecular signals sent by 
cancer cell to build blood vessels resulting to 
tumor deprivation. One important feature of 
MTT, in comparison to chemotherapy, is that 
it minimizes the effects on healthy cells; where-
as, chemotherapy affects both tumor cells and 
healthy cells.19,20

 On the other hand, IMRT is a type of highly 
precise, advance type of 3D radiation therapy
that utilized Computed Tomography as  
guide.21,22 Computer controlled x-ray accelera-
tors modulate and distribute radiation doses to 
the tumor bulk while protecting the surrounding 
tissues.22

CONCLUSION

 Pulmonary Artery Sarcoma, intimal type is a 
rare malignancy. Early diagnosis is essential as 
it provides greater chance of survival. Secon-
dary to its pleomorphic features, multimodality   

intervention is suggested. Surgery is still the main 
therapeutic option; chemotherapy and radiothe-
rapy may prolong survival; and immunotherapy 
as part of the adjuncts in management, enable 
better survival as well as quality of life.
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Adult Cardiology

Accuracy of Tissue Doppler Strain in 
Predicting Significant Coronary Artery Stenosis

Ana Beatriz R. Medrano, MD; Warren S. Rondilla, MD

Background --- Strain and strain rate are new techniques in echocardiography that measures the time course 
of tissue deformation. They are highly sensitive to regional ischemia. The aim of this study  is to determine the 
accuracy of tissue doppler strain in predicting significant coronary artery stenosis.  
Methods --- This is a cross-sectional study involving  79 consecutive adults with a diagnosis of coronary artery 
disease who underwent coronary angiography during the same hospital admission. Strain and strain rate 
analysis along the areas supplied by the respective coronary  artery were done. These were correlated with the 
results of the coronary angiogram. 
Results --- Among the four myocardial segments supplied by the left circumflex artery,  ≥2 abnormal segments 
by strain had a sensitivity of 100%, specificity of 92.9%, positive predictive value of 92.5% and negative 
predictive value of 100% and  ≥2  abnormal segments by strain rate had a sensitivity of 100%, specificity of 
83.3%, positive predictive value of 84.1% and negative predictive value of 100% in predicting at least 70% 
coronary artery stenosis.
 Among the three myocardial segments supplied by the right coronary artery, ≥2 abnormal segments by 
strain had a sensitivity of 96.9%, specificity of 97.9%, positive predictive value of 96.9% and negative predictive 
value of 97.9% and >2 abnormal segments by strain rate had a sensitivity of 100%, specificity of 93.6%, positive 
predictive value of 91.4% and negative predictive value of 100% in predicting at least 70% coronary artery 
stenosis.
Conclusion --- Determination of the number of abnormal myocardial segments by strain and strain rate 
analysis of areas supplied by a particular coronary artery had high sensitivity and specificity and good positive 
and negative predictive value in predicting significant coronary artery stenosis. Phil Heart Center J 2014;18(1):8-
19.
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           oronary artery disease (CAD) is one of the 
          leading causes of morbidity and mortality 
in the world. Thus, the approach is towards 
prevention of the development of CAD and any 
cardiovascular events that may arise from it. The 
presence of CAD can be elicited through history 
and physical examinations. Several diagnostic 
procedures have also been of great help in the 
diagnosis of CAD. The gold standard used for its 
diagnosis is coronary angiography. The severity 
of the coronary artery stenosis should be 
established as well as the anatomy of the 
coronaries and the lesions before any interven-
tion is planned.

 The American College of Cardiology/
American Heart Association published guide-

C lines for coronary angiography.1 Like any 
other procedure, coronary angiography has 
complications. Aside from the complications, 
the cost of the procedure should also be consi-
dered before requesting for coronary angiogra-
phy. There are occasions where the use of 
coronary angiography cannot be questioned like 
in ST segment elevation myocardial infarction 
(STEMI). Current guidelines mandate immedi-
ate reperfusion of totally occluded arteries either 
through thrombolysis or percutaneous interven-
tion. In non-ST segment elevation myocardial 
infarction (NSTEMI), however, the culprit 
vessel is usually patent hence the strategy is 
aggressive anti-thrombotic therapy with inter-
vention reserved for high-risk patients. How-
ever, the larger subset of CAD patients belongs



to those who have chronic stable angina and
those who have silent ischemia. The appro-
priateness of coronary angiography among 
these patients should be established first though 
non-invasive diagnostic tests aside from the 
history and physical examination. 

 One of the most helpful diagnostic moda-
lity in establishing the presence of CAD is 
through echocardiography. Myocardial perfu-
sion at rest begins to diminish with coronary 
artery diameter stenosis ≥70%. Myocardial 
reserve is usually exhausted when the percent 
diameter stenosis reaches 90%. However, 
despite significant coronary artery stenosis, 
patients can still exhibit normal resting wall 
motion and ejection fractions on 2D-echocar-
diographic study. A possible explanation is 
visual analysis of wall motion is often subjective 
and prone to variability.2 Quantitative tech-
niques using tissue doppler velocities and 
derived values including strain and strain rate 
offer increased sensitivity and reproducibility in 
detecting wall motion abnormalities secondary 
to ischemia.2

 Echocardiography has been used as one of 
the first-line diagnostic modalities in assessing 
cardiovascular diseases due to its low cost, 
absence of radiation, fast results and availabi-
lity. It is also regarded as “one-stop-shop” 
because within minutes and in one study, it 
can already evaluate right and left ventricular 
function and structure, valvular problems, peri-
cardial abnormalities, aortic diseases and other 
structural problems. One primary use of 
echocardiography is in the assessment of 
patients with coronary artery disease (CAD).  
CAD is usually diagnosed by regional wall 
motion abnormality.

 The severity of coronary artery stenosis can 
be detected through echocardiography. More 
than 50% coronary artery stenosis can be 
detected by stress echocardiography with 80% 
to 90% sensitivity.3 When compared with 
nuclear perfusion imaging, it’s sensitivity was 
slightly lower but specificity was slightly 
higher.4  Another technique used to diagnose
CAD is contrast echocardiography. In a study 
that compared contrast echocardiography and 
dobutamine stress echocardiography, contrast
echocardiography was more sensitive and 

accurate in predicting more that 75% coronary 
artery stenosis than dobutamine stress echocar-
diography.5

 There are newer echocardiographic modali-
ties that determine wall motion and deformity of 
the left ventricle by using doppler or speckle 
tracking. This offers a quantitative tool provi-
ding a more objective assessment of traditional 
wall motion. These new modalities measures 
regional myocardial strain and strain rate. Strain 
and strain rate are highly sensitive to regional 
ischemia as shown in a study of Voight, et al. In 
this study, nuclear perfusion imaging was 
compared with strain and showed that strain 
imaging is able to detect stress induced ischemia.
This is especially helpful in cases where visual 
interpretation is inconclusive.2

 Detection of ischemia may be aided by 
detecting stress-induced reduction and delay in 
systolic regional deformation. Very typical of 
ischemia is a shift in the maximum deformation 
in the late systole even after aortic valve closure,
called the post-systolic deformation or thicke-
ning. This is caused by the retardation of sys-
tolic deformation.6 

 Strain and strain rate are new techniques in
echocardiography using two-dimensional tech-
niques or doppler which measures the time 
course of tissue deformation. Every time the 
ventricle contracts, there is longitudinal and 
circumferential muscle shortening.  This is 
called negative strain. Also, during contraction, 
there is thickening and lengthening in the radial 
direction, this is called positive strain.  These 
are basic descriptors of the function and 
nature of cardiac tissue. Since this is new, its 
analysis include technical complexities and
poses great challenges to the echocardiogra-
phers.7

 Strain rate can be correlated with rate of 
change in pressure (dp/dt).  Rate of change in 
pressure is a parameter used to reflect contracti-
lity, while ejection fraction is correlated with 
strain.8  Thus, like in ejection fraction, when 
preload is increased, the strain will increase at 
all levels of wall stress. Whereas, when afterload 
is increased, there is a reduction in stain. Strain
rate, on the other hand, is less related to preload 
and afterload. A left ventricular (LV) cavity size
that is normal or close to the normal range has 
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limited impact on strain. Even if this is the case, 
small ventricles have an increased in radial 
strain and a decrease in longitudinal strain.

 Detection of stress-induced reduction and 
delay in systolic regional deformation may help 
in the detection of inducible ischemia. Shift in 
the maximum of deformation to late systole or 
even after aortic valve closure called post-
systolic deformation or thickening can be 
attributed to the retardation of systolic deforma-
tion. This is typical of ischemia but is not 
specific.9,10  In acute myocardial infarction, the 
extent of tissue necrosis is inversely related to 
the amount of residual deformation or strain. In 
a study by Vartdal et al, he found out that within 
2 hours after  acute ST segment elevation myo-
cardial infarction, longitudinal strain correlated 
inversely and well with infarct size measured 
using late enhancement magnetic resonance 
imaging (MRI) nine months later.10

 In line with CAD, determination of strain is 
not just important in the diagnosis it is also 
important in determination of the contractile 
reserve of dysfunctional and viable myocar-
dium. This will indicate a possible benefit of 
revascularization as well as detection of remain-
ing inducible ischemia. Thus, it guides the 
clinician in the management and decision 
making.9   Clinicians use stress echocardiogra-
phy and nuclear perfusion methods to know 
these. A more objective way than the traditional 
methods are through determination of residual 
strain, particularly radial strain.11   The amount 
of residual strain will predict the likelihood of 
recovery. Another parameter of likelihood of 
recovery is an increase in strain rate under low-
dose dobutamine.12   

 Strain has a role in demonstrating acute 
myocardial infarction, both subendocardial and 
transmural infarctions. Normally, the systolic 
strain is characterized by shortening. In trans-
mural infarctions, strain is characterized by 
systolic lengthening and post-systolic shor-
tening. Subendocardial contraction is repre-
sented by longitudinal deformation and 
midmyocardial and subepicardial contraction is 
represented by circumferential deformation. 
Longitudinal contraction is more sensitive to 
subendocardial necrosis and ischemia than 
circumferential contraction.13, 14

 A study by Chan et al, aimed to differenti-
ate the transmural and subendocardial extent 
of myocardial infarction with the use of two-
dimensional strain rate imaging to assess short 
and long axes myocardial function. In this study, 
the echocardiographic strain was compared 
with contrast-enhanced MRI. The results showed 
that there was a lower circumferential strain 
in transmural infarction than subendocardial 
infarcts and normal myocardium. There were 
similar radial strain and strain rate in trans-
mural and subendocardial infarcts. There was 
significant reduction in longitudinal strain in 
subendocardial infarcts compared with normal 
myocardium.13,14

 There are two methods for measurement 
of strain: strain by doppler and by speckle 
tracking. Sjoli et al, determined the diagnostic 
capability and reproducibility of the two among 
patients with acute myocardial infarction. Results 
showed that circumferential strain was better 
in separating transmural from subendocardial 
necrosis than longitudinal strain in the acute 
phase of patients with STEMI. Overall, the 
results showed that the two methods have good 
and excellent reproducibility.15  In the same
study, the authors found out that viable 
and necrotic myocardium in acute and chronic 
myocardial infarctions were not detected by 
post-systolic shortening, contrary to the report 
of Skultad.6 Also, the authors of the study were 
able to determine that peak negative segmen-
tal longitudinal strain, peak systolic and end 
systolic were able to differentiate normal 
from infarcted myocardium. They were also 
able to differentiate subendocardial from 
transmural infarction on a group level, 
regardless, whether doppler or speckle strain 
imaging was used.15

 Strain echocardiography has already been
validated as a prognostic indicator.6,15  It can 
accurately measure regional left ventricular 
regional systolic function 16,17  and it can de-
monstrate different levels of infarct sizes.18  In
STEMI patients, infarct sizes of both acute and 
chronic phases correlate well with left ventricu-
lar systolic function.6,18 This is important 
because infarct size is a strong predictor of
major adverse cardiovascular events and mortali-
ty.19  Electrocardiogram is only modestly corre-
lated with infarct size.20 There are also a number
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of patients with NSTEMI that have substan-
tial infarction.  However, most of these 
patients do not have the criteria for immediate 
reperfusion.21,22  There is a study by Eek et al, 
which used strain echocardiography and wall 
motion score index to predict final infarct size in 
patients with NSTEMI. In this study, ejection 
fraction, wall motion score index and circumfer-
ential, longitudinal and radial strain using a 
16-segment left ventricular model were used to 
assess left ventricular function. Patients under-
went late enhancement MRI after 6 to 12 
months. After comparing the results, the authors 
found good correlation with LV function para-
meters and infarct size. Global longitudinal 
strain and wall motion index were found out to 
be excellent modalities to identify patients with 
NSTEMI who have substantial myocardial 
infarction. These can guide the clinician in 
identifying patients who will benefit from urgent 
reperfusion therapy.21

 Another study by Grenne et al, showed that 
strain can identify acute coronary occlusions in 
patients with NSTEMI. In this study, the infarct 
size and left ventricular ejection fraction of 
patients with NSTEMI with and without acute 
coronary occlusion were compared. Patients 
presenting with NSTEMI underwent strain 
echocardiography, using territorial and circum-
ferential strain, within 1 hour of symptom onset 
and underwent coronary angiography within 15 
to 57 hours. The authors found out that territo-
rial circumferential strain was the best para-
meter to predict acute coronary occlusion. A 
value of 10% had a sensitivity of 90% and spe-
cificity of 88% and an area under the curve of 
0.93 for determining acute occlusion.  This 
study also showed that territorial circumferential 
strain is capable of very early identification of 
acute coronary occlusion in patents presenting 
with NSTEMI. This can be used in identification 
of patients who needs urgent revasculariza-
tion.22

 There is another study by Eek et al23, 24  that 
demonstrated the ability of strain echocardio-
graphy in predicting acute occlusion. Patients 
who presented with NSTEMI for the first time 
underwent longitudinal strain echocardiography 
and wall motion scoring by visual assessment 
prior to coronary angiography. These were 
assessed by using the 16-segment model. The

results showed that an area of more than or 
equal to 4 adjacent dysfunctional segments, that 
is strain greater than or equal to -14%,  has an 
85% sensitivity and 70% specificity in identify-
ing patient with acute coronary occlusion. In 
this study also, strain was more accurate than 
wall motion score. 

 Echocardiographic strain and strain rate
served several other purposes aside from diag-
nosing and assessing patients with CAD. Some 
of these are in the assessment of myocardial 
viability with the use of low-dose dobutamine 
infusion, assessment of resting ventricular 
function and stress testing for ischemia.25 These
were also used for the assessment of right and 
left ventricular resting functions, identification 
of myocardial diseases and assessment of treat-
ment response.26

 The aim of this study therefore is to deter-
mine the accuracy of tissue doppler strain in 
predicting significant coronary artery stenosis 
among patients suspected with coronary artery 
disease undergoing coronary angiography.

METHODOLOGY 

 This is a cross-sectional, analytical study 
done at the Philippine Heart Center involving 
adult subjects suspected with coronary artery 
disease undergoing coronary angiography. 
Excluded were those patients with poor image 
quality on baseline echocardiogram; those with 
left and right bundle branch block; those with 
moderate to severe valvular heart disease; those 
with congenital heart disease; those with atrial 
fibrillation; those with pacemaker; and those 
previously diagnosed with cardiomyopathy. The 
informed consent and the written research 
protocol were reviewed and approved by the 
Technical Review Board and the Institutional 
Ethics Review Board of the Philippine Heart 
Center (PHC).

 Patients who were about to undergo 
coronary angiography were screened for 
possible inclusion in the study. Objectives and 
methodology of this research were explained 
and permission of the attending doctors were 
obtained to all those who fulfilled the eligibi-
lity criteria. The patients were asked to fill up 
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and sign a written informed consent. A patient 
database was filled-up primarily by the histo-
rian. Pertinent personal, medical and social 
histories as well as present medications, labo-
ratory and ancillary examinations of the 
patients were included in the database.

 Tissue doppler strain and strain rate determi-
nation were performed for all 16 segments of 
the left ventricle. The results of strain and strain 
rate were compared to the normal values adjus-
ted for age and sex of the patients. This was 
done by one technician who is well-trained in 
tissue doppler strain and strain rate imaging.

 The coronary angiogram was evaluated by a
physician blinded to the result of the tissue 
doppler strain of the patient. The following 
information were recorded: percent diameter 
coronary stenosis, presence of totally occluded 
coronary artery disease, the coronary artery 
involved, the segment in each coronary artery 
involved (proximal or mid) and presence of 
collaterals. The coronary lesion was graded as 
severe if it measured ≥70% diameter stenosis 
in relation to the reference segment for the left 
anterior descending, left circumflex, and right 
coronary arteries. For left main stenosis, percent 
diameter stenosis of  ≥50% was graded as 
severe.

Echocardiographic procedure: Conventional 
transthoracic echocardiogram and longitudinal 
two-dimensional strain and strain rate measure-
ments were performed using a cardiac ultra-
sound scanner and a 2.5 MHz transducer 
(Philips IE-33).  Patients included were evalu-
ated in the left lateral decubitus position by one 
observer trained in strain and strain rate analy-
sis. 
 
 An image with a good tissue doppler that
contained at least two completed beat cycles and 
three R waves were used for the analysis. The 
walls of the image to be accessed were centered 
on the screen.  A high frame rate was used in 
obtaining the image. Patients were also asked 
to suspend breathing while the image is 
being acquired. The image loop was trimmed 
down by removing excess frames.

 The left ventricular four-chamber, three-
chamber and two-chamber views were utilized

to obtain longitudinal two-dimensional study
images. Using the four-chamber view, the 
posterior interventricular septum and the lateral 
wall were divided into basal, middle and apical 
segments. Six segments of the left ventricle 
were analyzed using the four-chamber view. 
Using the three-chamber view, the posterior wall 
and anterior interventricular septum were divi-
ded into basal and middle segments. Four 
segments were analyzed using the three-cham-
ber view. Using the two-chamber view, the 
inferior and anterior walls were divided into 
basal, middle and apex segments. Six segments 
were analyzed using the two-chamber view. A 
total of 16 left ventricular segments were 
analyzed for calculation of longitudinal peak 
systolic strain and peak systolic strain rates. All 
measurements were obtained by one expe-
rienced investigator who is unaware of the 
patient characteristics. Measurements were 
calculated at least two times and the average of 
two measurements were determined. Segments 
with insufficient image quality were excluded 
from the analysis.

 Cineloop formats were recorded on the hard 
disk of the echocardiography machine for off-
line analysis. 

Statistical analysis: Quantitative data were 
presented as mean standard deviation and quali-
tative variables in frequency and patient 
distribution. Qualitative data were analyzed by 
t-test statistic. To determine the rate of signifi-
cant coronary artery stenosis among patients 
who underwent coronary angiography, frequen-
cy was taken. To determine the number of 
abnormal segments by tissue doppler strain and 
strain rate predictive of severe coronary
stenosis, sensitivity, specificity, positive predic-
tive value and negative predictive value were 
computed and ROC analysis was performed.

Sample size: The computed minimum sample 
size is 57. The sample size was based on an 
estimated 82% prevalence of significant 
coronary artery stenosis among patients who 
underwent coronary angiography with a relative 
error of 20% and confidence level of 95.27
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RESULTS

 There were a total of 79 patients enrolled 
in this study. Among the 79 patients, 66 (83.5%) 
had significant coronary artery stenosis defined 
as 70% or more stenosis while 13 (16.5%) 
patients had less than 70% coronary artery 
stenosis. Among those who had significant 
CAD, 28 (43%) had three-vessel involve
ment, 18 (27%) with two-vessel involvement 
and 20 (30%) had one-vessel disease. 
The mean age of patients with significant CAD 
was 59±10 years old while those with 
insignificant CAD were 50±11 years old. 
The mean left ventricular ejection fraction 
of  patients with significant CAD was 59±15% 
while those with insignificant CAD were 
71±4%. Only the mean ejection fraction 
was statistically significant (p-value = 0.013.)

 Majority of patients for both groups 
were  less than 65 years of age comprising 
51 (77%) patients for those with significant 
CAD and 13 (100%) patients for those with 
insignificant CAD. Majority of patients for both 
groups were male comprising 45 patients 
(68%) for those who had significant CAD and 
8 patients (62%) for those with insignificant 
CAD. In both groups, majority were overweight 
with a body surface area (BMI) of 25-
29. In terms of cardiac history, among patients 
with significant CAD, 3 (5%) had unstable 
angina, 14 (21%) had NSTEMI and 9 (14%) 
had STEMI. None among the patients with 
insignificant CAD had an acute coronary 
syndrome. For both groups, majority belonged 
to NYHA Class 2. There were 35 patients (53%) 
for those with significant CAD and 9 patients 
(70%) for those with insignificant CAD. In 
terms of medical history, hypertension, diabetes 
and dyslipidemia were present in 49 
(74%), 27 (41%) and 13 (20%) patients respec-
tively; while among those with insignificant 
CAD, hypertension and diabetes comprised 
5 (38%) and 2 (15%) patients respectively. 
Hypothyroidism, dyslipidemia, COPD and 
stroke had equal occurrence (8%). Majority 
of the patients in both groups were smoker 
comprising 34 (52%) and 2 (15%) for those 

with significant and insignificant CAD, 
respectively. In terms of medications, statins 
(47%), clopidogrel (45%), beta-blocker (44%), 
aspirin (42%) and nitrates (41%) were the 
most commonly used medications among 
patients with significant CAD while aspirin 
(100%), calcium channel blocker (92%), statins 
(92%), nitrates (85%) and trimetazidine (85%) 
were the most commonly used medications 
among patients with insignificant CAD.  Chest 
pain was the most common symptom 
the patients experienced for both groups 
comprising of 59 (89%) and 9 (70%) for those 
with significant and insignificant CAD respec-
tively. Majority of patientsfor both groups had 
good systolic function with an ejection fraction 
of more than 55%. 

 There was no significant difference between
the groups in terms of age, gender, cardiac 
history, symptoms and ejection fraction. 
There was also no significant difference between 
the two groups in terms of diabetes, hypothy-
roidism, dyslipidemia, COPD, stroke, 
history of alcohol intake and drug abuse. 
However, there were more hypertensive patients 
and more smokers among patients with signifi-
cant CAD with p-value of 0.039 and 0.020, 
respectively. In terms of medications, more 
patients with significant CAD were on clopi-
dogrel compared with patients with insignificant 
CAD (p-value of 0.001.) 

 Table 2 shows that four or more abnormal 
segments by strain out of nine segments 
supplied by the left anterior descending 
coronary artery was predictive of >70% coro-
nary artery stenosis. It had a sensitivity of 
100%, specificity of 91.7%, positive predictive 
value of 93.5%, negative predictive value of 
100% with a kappa of 0.923±0.112 and p-value 
of 0.000.  

  Figure 1 is the receiver operator curve
of strain in predicting significant coronary 
artery stenosis based on the number of abnor-
mal segments for left anterior descending 
coronary artery. It shows a high sensiti-
vity (100%) and specificity (91.7%).
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Characteristics ≥ 70% 
Coronary Artery Stenosis

≤ 70% 
Coronary Artery Stenosis

p value
No.

(n=66)
% No.

(n=13)
%

Age, mean ± SD
         ≥65
        ≤65

59 ± 10
15
51

-
23
77

50 ± 11
0

13
-
0

100
0.11

0.064
Gender, Male 45 68 8 62 0.749
BMI
       18-22.9
       23-24.9
       25-29
       30-34
       >34

8
16
29
12
1

12
24
44
18
2

3
1
4
5
0

23
8

31
38
0

0.505

Cardiac history
       UA
       NSTEMI
       STEMI

3
14
9

5
21
14

0
0
0

0
0
0

1.00
0.180
0.110

 NYHA
       Class I
       Class II
       Class III
       Class IV

3
35
27
1

4
53
41
2

2
9
2
0

15
70
15
0

0.039

Medical history §
       Hypertension
       Diabetes
       Hyperthyroidism
       Dyslipidemia
       COPD
       Stroke

49
27
3

13
1
1

74
41
4

20
2
2

5
2
1
1
1
1

38
15
8
8
8
8

0.020
0.117
0.520
0.444
0.304
0.304

Personal history §
       Alcoholic
       Smoker
       Drug Abuse

19
34
1

29
52
2

1
2
0

8
15
0

0.166
0.030
1.00

Medications §
       Aspirin
       Clopidogrel
       ACE Inhibitor
       ARB
       Beta-blocker
       CCB
       Statins
       Nitrates
       Digoxin
       Trimetazidine
       Fish oils
       Nicorandil
       Spirinolactone
       Furosemide
       Metformin
       Gliclazide
       Glimeperide
       Insulin  

28
30
7

17
29
10
31
27
3

10
3
1
3
1

14
5
3
2

42
45
11
26
44
15
47
41
5

15
5
2
5
2

21
8
5
3

13
10
6
7

10
12
12
11
1

11
0
0
1
1
5
4
0
1

100
77
46
54
77
92
92
85
8

85
0
0
8
8

38
31
0
8

0.266
0.001
1.00
1.00

0.182
0.316
0.359
0.119
1.00

0.447
0.252
1.00

0.627
1.00

0.114
1.00

0.252
1.00

Symptoms §
       Chest pain
       Dyspnea
       Asymptomatic

59
17
4

89
26
6

9
4
1

70
31
8

0.076
0.737
1.00

EF
      Mean
          >55
            40-55
            30-40
            <30

59 ± 15
43
25
1
1

-
65
38
2
2

71 ± 4
9
0
0
0

-
70
0
0
0

0.013

0.309

Table 1.  Clinical Profile of Patients who Underwent Coronary Angiography at the Philippine Heart Center
(PHC, 2012)

BMI-body mass index; BSA-body surface area; EF-ejection fraction; ACS-Acute Coronary Syndrome; UA-Unstable Angina; NSTEMI-
Non-ST segment elevation myocardial infarction; STEMI-ST segment myocardial infarction; NYHA-New York Heart Association; COPD-
Chronic Obstructive Pulmonary Disease; ACE-angiotensin converting enzyme;ARB-angiotension receptor blocker; CCB-calcium channel 
blocker
*p-value <0.05 considered to be significant
§  occur in multiples
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Table 2.  Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value of Doppler Tissue Longitudinal Strain in
Predicting Significant Coronary Artery Stenosis Based on Number of Abnormal Segments for Left Circumflex (LCX) Coronary Artery 
(PHC, 2012)

No. of Abnormal 
Segments by 
Strain Rate

No. of patients 
Sn Sp PPV NPV Kappa P-value*

≥ 70% LAD
Stenosis

≤70% LAD 
Stenosis

9
<9

TOTAL
4

39
43

2
34
36

9.3 99.4 66.7 46.6 0.035 ± 0.055 0.266

≥8
<8

TOTAL
6

37
43

2
34
36

14.0 94.4 75 47.9 0.078 ± 0.063 0.109

≥7
<7

TOTAL
11
32
43

3
33
36

25.6 91.7 78.6 50.8 0.162 ± 0.081 0.023

≥6
<

TOTAL
19
24
43

3
33
36

44.2 91.7 86.4 57.9 0.342 ± 0.010 0.000

≥5
<5

TOTAL
37
6

43
3

33
36

86 91.7 92.5 84.6 0.772 ± 0.112 0.000

≥4
<4

TOTAL
43
0

43
3

33
36

100 91.7 93.5 100 0.923 ± 0.112 0.000

≥2
<2

TOTAL
43
.

43
10
26
36

100 72.2 81.1 100 0.789 ± 0.109 0.000

≥1
  1

TOTAL
43
0

43
15
21
36

100 58.3 74.1 100 0.604 ± 0.103 0.000

LAD-left anterior descending; Sn- Sensitivity;  Sp- Specificity; NPV-negative predictive value; PPV-positive predictive value
*p-value <0.05 considered to be significant

Table 3.  Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value of Doppler Tissue Longitudinal Strain in 
Predicting Significant Coronary Artery Stenosis Based on Number of Abnormal Segments for Left Circumflex (LCX) Coronary Artery 
(PHC, 2012)

No. of Abnormal 
Segments by 
Strain Rate

No. of Patients
Sn Sp PPV NPV Kappa P-value*

≥ 70% LCx
Stenosis

≤70% LCx 
Stenosis

4
<4

TOTAL
21
16
37

0
42
42

56.8 100 100 72.4 0.583 ± 0.102 0.050

≥2
<2

TOTAL
37
0

37
3

39
42

100 92.9 92.5 100 0.924 ± 0.112 0.000

LCX-left circumflex; Sn- Sensitivity;  Sp- Specificity; NPV-negative predictive value; PPV-positive predictive value
*p-value <0.05 considered to be significant

No. of Abnormal 
Segments by 
Strain Rate

No. of Patients
Sn Sp PPV NPV Kappa P-value*

≥ 70% RCA 
Stenosis

≤70% RCA
Stenosis

3
<3

TOTAL
16
16
32

1
46
47

50.0 97.9 94.1 72.4 0.517 ± 0.102 0.000

≥2
<2

TOTAL
31
1

32
1

46
47

96.9 97.9 96.9 97.9 0.947 ± 0.113 0.000

≥1
 1

TOTAL
32
0

32
11
36
47

100 76.6 74.4 100 0.726 ± 0.108 0.000

Table 4.  Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value of Doppler Tissue Longitudinal Strain in Predict-
ing Significant Coronary Artery Stenosis Based on Number of Abnormal Segments for Right Coronary Artery (RCA) (PHC, 2012)

RCA-right coronary artery; Sn- Sensitivity;  Sp- Specificity; NPV-negative predictive value; PPV-positive predictive value
*p-value <0.05 considered to be significant
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 In the left circumflex artery territory (Table 3), 
two or more abnormal segments  by strain out 
of four segments was predictive of ≥70% 
coronary artery stenosis with a sensitivity of 
100%, specificity of 92.9%, positive predictive 
value of 92.5%, negative predictive value of 
100%, kappa of 0.924 ± 0.112 and p-value of 
0.000.

 In the right coronary artery territory 
(Table 4), two or more abnormal segments by 
strain out of three segments was predictive 

of ≥70% coronary artery stenosis with a 
sensitivity of 96.9%, specificity of 97.9%, 
positive predictive value of 96.9%, negative 
predictive value of 97.9% with a kappa of 0.947 
± 0.113 and p-value of 0.000.

 Table 5 shows that ≥4 abnormal segments 
by strain rate out of nine segments supplied 
by the left descending coronary artery was 
predictive of ≥70% coronary artery stenosis.
It had a sensitivity of 100%, specificity of 
97.2%, positive predictive value of 97.7%, 

Table 5.  Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value of Doppler Tissue Longitudinal Strain Rate in 
Predicting Significant Coronary Artery Stenosis Based on Number of Abnormal Segments for Left Anterior Descending (LAD) Coronary 
Artery (PHC, 2012)

No. of Abnormal 
Segments by 
Strain Rate

No. of patients 
Sn Sp PPV NPV Kappa P-value*

≥ 70% LAD
Stenosis

≤70% LAD 
Stenosis

9
<9

TOTAL
12
31
43

0
36
36

27.9 100 100 53.7 0.261 ± 0.076 0.002

≥8
<8

TOTAL
15
28
43

0
36
36

34.9 100 100 56.3 0.378 ± 0.083 0.109

≥7
<7

TOTAL
16
27
43

3
33
36

37.2 100 100 57.1 0.351 ± 0.086 0.000

≥6
<

TOTAL
27
16
43

0
33
36

62.8 100 100 69.2 0.606 ± 0.103 0.000

≥5
<5

TOTAL
37
6

43
1

35
36

86 97.2 97.4 85.4 0.823 ± 0.112 0.000

≥4
<4

TOTAL
43
0

43
1

35
36

100 97.2 97.7 100 0.974 ± 0.112 0.000

≥2
<2

TOTAL
43
0

43
3

33
36

100 91.7 93.5 100 0.923 ± 0.112 0.000

≥1
  1

TOTAL
43
0

43
5

31
36

100 86.1 89.6 100 0.871 ± 0.112 0.000

LAD-left anterior descending; Sn- Sensitivity;  Sp- Specificity; NPV-negative predictive value; PPV-positive predictive value
*p-value <0.05 considered to be significant

Table 6.  Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value of Doppler Tissue Longitudinal Strain Rate in 
Predicting Significant Coronary Artery Stenosis Based on Number of Abnormal Segments for Left Circumflex (LCX) Coronary Artery 
(PHC, 2012)

No. of Abnormal 
Segments by 
Strain Rate

No. of Patients
Sn Sp PPV NPV Kappa P-value*

≥ 70% LCx
Stenosis

≤70% LCx 
Stenosis

4
<4

TOTAL
20
17
37

1
41
42

54.1 97.6 95.2 70.7 0.530 ± 0.102 0.050

≥2
<2

TOTAL
37
0

37
7

35
42

100 83.3 84.1 100 0.824 ± 0.112 0.000

LCX-left circumflex;  Sn- Sensitivity;  Sp- Specificity; NPV-negative predictive value; PPV-positive predictive value
*p-value <0.05 considered to be significant
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negative predictive value of 100% with a kappa 
of  0.974 ± 0.112 and p-value of 0.000.

 Table 6 shows that ≥2 abnormal segments by
strain rate out of four segments  supplied by the 
eft circumflex coronary artery was predictive of 
≥70% coronary artery stenosis with a sensitivity 
of 100%, specificity of 83.3%, positive predic-
tive value of 84.1%, negative predictive value of 
100% with a kappa of 0.824 ± 0.111 and p-value 
of 0.000.

 Table 7 shows that ≥2 abnormal segments by 
strain rate out of three segments supplied by the 
right coronary artery was predictive of ≥70% 
coronary artery stenosis with a sensitivity of 
100%, specificity of 93.6%, positive predictive 
value of 91.4%, negative predictive value of 
100% with a kappa of 0.922 ±  0.112 and p-
value of 0.000.

 

 DISCUSSION
 
 Coronary artery stenosis causes impairment 
and reduction myocardial blood flow resulting in 
ischemia and hypocontractility.8 However, 
despite significant coronary artery stenosis 
patients can still have normal resting qualitative 
wall motion and ejection fractions on 
2D-echocardiographic study. In our study, 
ejection fraction was unable to identify patients 
with significant coronary artery stenosis. In the 
group with severe coronary stenosis, 65% of 
patients had normal ejection fractions. In these 
patients, exercise and dobutamine stress can be 
used to illicit ischemia and induce hypokine-
sia.6 The subjective measurement of wall 
motion is the major limitation in evaluating 
contractility. Recent developments in mea-
suring regional wall motion using the 
doppler method provide a quantitative tool 
to evaluate contractility more precisely.  

No. of Abnormal 
Segments by 
Strain Rate

No. of Patients
Sn Sp PPV NPV Kappa P-value*

≥ 70% RCA 
Stenosis

≤70% RCA
Stenosis

3
<3

TOTAL
24
8

32
0

47
47

75 100 94.1 85.5 0.781 ± 0.110 0.000

≥2
<2

TOTAL
32
0

32
3

44
47

100 93.6 94.1 100 0.922 ± 0.112 0.000

≥1
 1

TOTAL
32
0

32
27
20
47

100 42.6 54.2 100 0.375 ± 0.088 0.000

Table 7.  Sensitivity, Specificity, Positive Predictive Value and Negative Predictive Value of Doppler Tissue Longitudinal Strain Rate in 
Predicting Significant Coronary Artery Stenosis Based on Number of Abnormal Segments for Right Coronary Artery (RCA) (PHC, 2012)

RCA-right coronary artery; Sn- Sensitivity;  Sp- Specificity; NPV-negative predictive value; PPV-positive predictive value
*p-value <0.05 considered to be significant

Figure -1. Receiver Operator Curve of Strain in Predicting 
Significant Coronary Artery Stenosis Based on Number of Abnor-
mal Segments for Left Anterior Descending (LAD) Coronary 
Artery (PHC, 2012)

Figure -2. Receiver Operator Curve of Strain Rate in Predicting 
Significant Coronary Artery Stenosis Based on Number of Abnor-
mal Segments for Left Anterior Descending (LAD) Coronary 
Artery (PHC, 2012)
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 Strain and strain rate analysis quantifies the 
elongation and the shortening of the myocar-
dium during contraction. The more negative the 
value, the better is myocardial shortening and 
elongation. Strain and strain rate analysis is 
therefore a more precise and reproducible 
measure of wall motion abnormalities. 

 The ability to predict significant coronary
stenosis based on resting doppler strain and 
strain rate has significant clinical utility because 
it can stratify patients at high risk for ischemic 
events.21 Furthermore, not all patients can under-
go exercise or pharmacologic stress testing. In 
these patients the results of our study show that 
the use of doppler strain and strain rate has 
significant accuracy to predict significant coro-
nary artery stenosis. In the emergency room, 
doppler strain and strain rate analysis can iden-
tify patients with coronary artery disease who 
present with chest pain with normal wall motion 
on echocardiogram. 

 In our study, the presence of  ≥4 abnormal 
segments served by the LAD territory using 
strain and strain rate analysis predicted the 
presence of  ≥70% coronary artery stenosis with 
a positive predictive value of 93.5%. In smaller 
vascular territories like the left circumflex and 
right coronary artery territory, ≥2 abnormal 
segments on strain and strain rate analysis gave
the best trade off between sensitivity and speci-
ficity. 

 This study is the first local published report 
on the use of doppler strain and strain rate in 
identifying patients with stable coronary artery 
disease and severe coronary artery disease. Most 
of the available literature has used doppler 
strain and strain rate in identifying patients with 
inducible ischemia during stress/pharmaco-
logic testing or in identifying patients with 
NSTEMI with occluded culprit coronary 
arteries.8,22-23 This study shows that the presence 
of ischemia produces quantitative changes mea-
sured by doppler strain/strain rate analysis even 
at rest.

 Since this study used tissue doppler 
imaging, only the longitudinal strain was taken. 
The radial and circumferential strains, as well as 
the global systolic function, were not part of this 

study.   The authors of this study recommend a 
prospective validation study to determine the 
utility of the wall motion score by strain and 
strain rate in predicting severe coronary artery 
stenosis. 

 The same study can also be done by using 
speckle strain and strain rate analysis from the 
longitudinal strain and strain rate. This includes 
radial and circumferential strain. The global 
systolic strain can also be determined and 
analyzed. 
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Adult Cardiology

Prevalence of Clopidogrel Resistance Among 
Filipinos with Coronary Artery Disease: a 

Philippine Heart Center Experience 
Frederick S. Gabriel, MD; Anna Beatriz Medrano, MD; Ariel Miranda, MD; Jose Navarro, MD

Background --- Clopidogrel is an antiplatelet medication used in patients with coronary artery disease. A 
considerable number of patients still experience recurrent ischemic events secondary to thrombosis despite its 
use. A myriad of factors might contribute to individual responsiveness to clopidogrel. We evaluated the 
prevalence of clopidogrel resistance among Filipinos and its associated risk factors.
Methods --- One hundred eleven (111) patients with documented stable coronary artery disease and who had 
acute coronary syndrome for more that 6 weeks on a maintenance dose of 75mg clopidogrel for at least two 
weeks were enrolled. Baseline clinical characteristics were gathered. Whole blood sampling was done to 
measure platelet function by impedance aggregometry using a point-of-care testing (Multiplate® analyzer; 
Dynabyte Medical, Munich, Germany).  
Results --- Seventeen (15%) out of 111 patients recruited in the study were classified as low responders to 
clopidogrel. The mean age of patients recruited was 60 years old and majority of those recruited were males 
(n=83, 75%). On multivariate analysis, the use of proton pump inhibitors (PPIs) was associated with 
statistically significant greater odds of clopidogrel resistance (OR 6.5, 95% CI: 1.96-22.09 p=0.010). On further 
analysis of patients taking proton pump inhibitors, we found that only those exposed to omeprazole had a 
significant association with clopidogrel resistance (OR 9.83, 95% CI: 2.54 to 39.35).  No significant correlation 
was demonstrated in the other clinical parameters observed.
Conclusion --- The prevalence of clopidogrel resistance using the multiplate assay in Filipinos with stable CAD 
was 15%. Concomitant use of the proton pump inhibitors, specifically omeprazole, significantly increase the
odds of clopidogrel resistance by 9.83. Phil Heart Center J 2014;18(1):20-28.
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       ctivation and aggregation of platelets play 
      a major role in the reproduction of intra-
coronary thrombi after spontaneous atheroscle-
rotic plaque disruption that results in myocardial 
ischemia or infarction in the acute coronary 
syndromes (ACS),1 or   the mechanical disruption 
that results from percutaneous coronary interven-
tion (PCI).2 Platelets initially stick to collagen 
and von Willebrand factor at the site of the 
dislocated plaque, resulting in an initial platelet 
monolayer. After activation, platelets release 
secondary agonists such as thromboxane A2 and 
adenosine diphosphate (ADP),1 which together 
with “thrombin generated by the coagulation 
cascade result in stimulation and recruitment of 
additional platelets.”1,2  This is the underlying 
reason why antiplatelet therapy is a cornerstone

A in the management of ACS patients, especially 
those undergoing PCI.3-5

 Aspirin plays a key role in the treatment and
prevention of ischemic cardiovascular events. In 
the Antithrombotic Trialists’ Collaboration 
meta-analysis of patients with previous throm-
botic events or other predisposing conditions, 
aspirin use reduced the risk for vascular mortality 
by 15%, nonfatal myocardial infarction (MI) by 
34%, nonfatal stroke by 25%, and their com-
posite by 22%.6  Benefits were seen in men and 
women. However, when stratified by dose, trials 
that used doses of aspirin of more than 75 mg/
day were seen to provide significant reduction in
cardiovascular events, whereas the 3 trials using
doses less than 75 mg/day did not.7 Similarly,



the most recent large trial of aspirin in primary 
prevention in women failed to demonstrate a 
benefit of very-low-dose aspirin (100mg every 
other day).8 Conversely, an analysis from the
Clopidogrel in Unstable Angina to Prevent 
Recurrent Events (CURE) trial found a 2-fold 
greater risk for bleeding with doses ranging 
from 200-325mg compared with doses of 
75–100 mg.3 These new data raise questions 
about the optimal dosage of aspirin.

 Clopidogrel is an important part of therapy 
for patients with acute coronary syndromes 
(ACS) and patients who undergo percutaneous 
coronary intervention (PCI) with stent place-
ment. Thienopyridines (ticlopidine or clopidog-
rel) have been shown to reduce the risk for 
subacute stent thrombosis9 and are beneficial
when used before PCI, with pre-treatment 
ranging from 10 days to 2 hours before PCI.10,11 

Similarly, in patients with unstable angina or 
non–ST-elevation MI, clopidogrel significantly 
decreased the incidence of cardiovascular death, 
nonfatal MI, or stroke over a 1-year period.12 
Benefit has also now been seen in patients with 
ST-elevation MI.13,14

 There is evidence, however, that not all 
people respond comparably to antiplatelet drugs; 
hence, the concept of aspirin and clopidogrel 
“resistance” has emerged.  Although antiplatelet 
agents reduce ischemic events, “resistance” to 
their effects continues to occur. The term “resis-
tance” in this setting is challenging because “it 
has been variably used to indicate failure of an 
agent to prevent the clinical condition for which 
it is intended or failure of the agent to achieve 
the biochemical effect.”15

 Clopidogrel resistance is a rising clinical 
scenario, as antiplatelet therapy has become a 
standard of modern cardiovascular treatment. 
This phenomenon leads to increased cardiovas-
cular morbidity and mortality.16 Clopidogrel 
resistance has been defined as situations in 
which there is incomplete blockade of the 
platelet P2Y12 receptor in a patient taking clo-
pidogrel. A myriad of causes are implicated 
including variations in absorption, metabolism 
or in the interaction of the drug to its specific 
platelet receptor.17  Several studies have suggest-
ed that this variation in response to clopidogrel 
may be related to the individual variation in

response to ADP.18,19    Michelson et al showed 
that 20micromol ADP prior to administration of 
clopidogrel predicted the post clopidogrel ADP 
response.18  Hepatic enzymes involved in the 
metabolism of clopidogrel such as CYP 1A2, 
CYP3A4, and CYP2C19 or in the platelet 
P2Y12 receptor may affect platelet reaction.20,21

 A new and important piece to the emerging 
clopidogrel resistance picture was reported in a 
study by Matetzky and colleagues.22 They have 
demonstrated the correlation of a laboratory 
measure of clopidogrel nonresponse with clini-
cal outcomes. They have concluded that up to 
25% of STEMI patients undergoing primary 
PCI with stenting are resistant to clopidogrel 
and therefore may be at increased risk for 
cardiovascular events. Although the study 
population was small, the data strongly suggest 
that there is “individual variability in response 
to clopidogrel in the setting of PCI after STEMI 
and more broadly that clopidogrel resistance 
may be a marker for increased risk of recurrent 
cardiovascular events.”22 

 There have been numerous studies regarding 
aspirin and clopidogrel resistance and its corre-
lation with morbidity among patients with 
coronary artery disease. Among Filipinos, no 
data has yet been published regarding this. This 
study focuses on the prevalence of clopidogrel 
resistance. The need for an additional antiplate-
let medication or an increase in the dosage of 
aspirin or clopidogrel might be necessary if this 
is proven. This study aims to determine 
prevalence of clopidogrel resistance using a 
point-of-care multiplate platelet function 
analyzer among Filipino patients with coronary 
artery disease. Moreover, this study aims to 
identify associated factors, particularly drug 
interactions, that can contribute to clopidogrel 
response variability.

METHODOLOGY 

 This is a cross-sectional study conducted at 
the Philippine Heart Center involving subjects 
with documented coronary artery disease (using 
any of these methods:  ECG, coronary angio-
graphy or history of acute coronary syndrome of
more than six weeks, but are currently stable).
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Clopidogrel 75mg should be a part of their 
medical management. Excluded were the 
following:  patients who have estimated 
creatinine clearance of less than 59 ml/min 
using the Cockcroft-Gault formula, liver and 
hematologic disorder, those who received 
unfractionated or low molecular weight 
heparin or glycoprotein IIb IIIa, warfarin, 
cilostazol and NSAIDs. Informed consent was 
taken from the study subjects. This study was 
approved by the institutional ethics review 
board and all subjects signed an informed 
consent prior to participation.

 We interviewed each subject to determine
their age, co-morbidities, risk factors and 
current medications. After getting their baseline 
characteristics, clopidogrel assay was done 
using the Multiplate analyzer.

 Clopidogrel Assay: 3mL of blood was 
sampled from each of the subjects and placed 
in the anticoagulated test tubes that contain 
25ug/mL of hirudin, a direct thrombin 
inhibitor. Whole blood samples were analyzed 
30-180 minutes after their collection for in-vitro 
platelet function via impedance aggregometry 
using the Multiplate analyzer. The analysis was 
done using single-use test cell with two indepen-
dent impedance sensors. 300uL of patient blood 
with hirudin and 300uL of saline were 
transferred into the test cell using an electronic 
pipette. The solution was allowed to incubate at 
370C for 3 minutes. The agonist, 6.4umol/L of 
ADP, was added into the  solution and real time 
recording started. In six minutes, the capacity of 
platelets to adhere to the 2 metal electrodes was 
continuously recorded by noting the change in 
electrical resistance or impedance between 
them. The resistance change was transformed to 
arbitrary aggregation units (AUs) and plotted 
against time. The area under the aggregation 
curve (AUC) was used to measure the aggrega-
tion response. Double determination was 
performed during each measurement for quality 
assurance. Results were reported as a platelet 
aggregation with an area under the curve of 
greater than or equal to 55 AUC. The analysis 
was performed inside the clinical laboratory.

Statistical Analysis. Statistical data were ana-
lyzed using STATA 11. Categorical data were
displayed as frequencies and percentages. The

chi-square test was used for dichotomous 
analysis of categorical data. Continuous data 
were presented as mean values and standard 
deviation (SD) and were compared. Multiple 
logistic regressions to determine the association 
of independent factors with occurrence of 
clopidogrel resistance was done. A p value of 
less than 0.05 were considered significant.

RESULTS

 The subjects’ baseline characteristics are 
shown in Table 1. The mean age of patients 
recruited was sixty years old where majority of 
those recruited were males (n=83, 75%).

 The subjects’ clinical laboratory results are 
shown in Table 2. The laboratory parameters 
recorded such as creatinine, hemoglobin, plate-
let, lipid profile, ALT, AST, 12 lead ECG, 2D 
echocardiogram derived systolic function, and 
coronary angiogram data shows no significant 
difference between the two groups. The 
presence of diastolic dysfunction documented 
by 2D echocardiogram showed an almost 
significant (53% versus 26%, p=0.051) correla-
tion with the presence of a poor response to 
clopidogrel. Table 2 likewise contains the mean 
values for platelet aggregation for clopidogrel 
responders (71AU*min) and non-responders 
(27AU*min).

 Individual results of platelet aggregation 
are plotted in Figure 1 where results of 
55AU*min was selected as the cutoff for clopi-
dogrel resistance. Patients demonstrating equal 
or higher platelet aggregation than the arbitrary 
cutoff value of 55AU*min were thus classified 
as clopidogrel resistant. The gathered data 
shows that seventeen (15%) out of 111 patients 
recruited in the study had an aggregation value 
of  ≥ 55U. This group of patients was classified 
as low responders to clopidogrel and was 
compared to the remaining subjects with a good 
response to clopidogrel. On multivariate 
analysis, the use of proton pump inhibitors was 
associated with statistically significant greater 
odds of clopidogrel resistance (OR 6.5, 95% CI: 
1.96-22.09 p=0.010). Among the patients taking 
proton pump inhibitors, we found that only 
those exposed to omeprazole had a significant 
association with clopidogrel resistance (OR 9.83,

22  Phil Heart Center J January - December  2014



95% CI: 2.54 to 39.35).  No significant correlation 
was noted among those taking the other types of 
proton pump inhibitors, namely; esomeprazole, 
lansoprazole and pantoprazole. The other clinical 

parameters observed such as age, sex, BMI, past 
medical history, use of cigarette, alcohol or 
illicit drugs did not show any correlation with a 
patients’ response to clopidogrel.

Resistant (n=17) Non-resistant (n=94) p value

Age, mean ± SD,y 60 ± 8 60 ± 11 0.942
Male, n (%) 12 (71) 71 (75) 0.387
Female, n (%) 5 (29) 23 (24)
BMI, mean ± SD, Kg/m2 24 ± 3.3 24 ± 4.1 0.747

Past medical history

     Hypertension, n (%) 14 (82) 76 (81) 0.744
     Diabetes, n (%) 10 (59) 36 (39) 0.202
     Dyslipidemia, n (%) 9 (53) 44 (47) 1.000
     COPD, n (%) 0 (0) 6 (6) 0.587
     Hyperthyroidism, n (%) 0 (0) 3 (3) 1.000
     Hypothyroidism, n (%) 1 (6) 3 (3) 0.512
     Gout, n (%) 0 (0) 5 (5) 0.590
     ACS, n (%) 15 (88) 71 (75) 0.759
     CABG, n (%) 3 (18) 6 (6) 0.160
     Stroke, n (%) 5 (29) 12 (13) 0.418
Cigarette smoker, n (%) 7 (41) 56 (59) 0.121
Illicit drug abuse, n (%) 1 (6) 3 (3) 0.512
Family history
     Hypertension, n (%)) 14 (82) 60 (64) 0.413
     Diabetes, n (%) 10 (59) 41 (44) 0.443
Dyslipidemia, n (%) 4 (23) 20 (21) 1.000
     ACS, n (%) 6 (35) 44 (47) 1
     Stroke, n (%) 1 (6) 24 (25) 0.069
Concomitant drug intake)
     ACE inhibitors, n (%) 2 (11) 32 (34) 0.055
     ARB, n (%) 12 (71) 39 (41) 0.071
     Beta blockers, n (%) 10 (59) 40 (43) 0.439
     CCB, n (%) 3 (18) 17 (18) 1.000

    Diuretics, n (%) 5 (29) 12 (13) 1.000

     Nitrates, n (%) 8 (47) 45 (48) 0.802
     Digoxin, n (%) 3 (18) 22 (23) 0.759
     Statin, n (%) 17 (100) 73 (78) 0.187
     Aspirin, n (%) 8 (47) 43 (46) 1.000
     Antithyroid, n (%) 0 (0) 1 (1) 1.000
     Antibiotics, n (%) 2 (12) 12 (13) 0.775
Proton pump inhibitors, n (%) 10 (59) 15 (16) 0.001
     Esomeprazole, n (%) 3 (18) 4 (4) 0.083
     Lansoprazole, n (%) 0 (0) 1 (1) 1.000
     Omeprazole, n (%) 8 (47) 7 (7) 0.000
     Pantoprazole, n (%) 0 (0) 3 (3) 1.000

Table 1.  Demographic data, medical history, concomitant medication, and platelet aggregation of stable CAD 
subjects, Philippine Heart Center 2011
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Table 2.  Baseline laboratory results of stable CAD subjects, Philippine Heart Center 2011

Resistant (n=17) Non-resistant (n=94) p value

Creatinine, mean ± SD, mmol/L 0.10 ± 0.06 0.13 ± 0.15 0.356
Hemoglobin, mean ± SD, mmol/L 132 ± 10 134 ± 15 0.540
Platelet, mean ± SD, mmol/L 221 ± 67 252 ± 90 0.164
Lipid Profile

     Total cholesterol, mean ± SD, mmol/L 179 ± 71 181 ± 104 0.938
     Triglycerides, mean ± SD, mmol/L 158 ±153 145 ± 84 0.591
     LDL, mean ± SD, mmol/L 93 ± 38 101 ± 49 0.500
     HDL, mean ± SD, mmol/L 43 ± 12 42 ± 18 0.884
     ALT, mean ± SD, mmol/L 37 ± 25 31 ± 14
     AST, mean ± SD, mmol/L 28 ± 23 23 ± 10 0.162
     FBS, mean ± SD, mmol/L 136 ± 61 119 ± 41
     HBA1c, mean ± SD, mmol/L 6.8 ± 1.7 6.3 ± 1.7 0.238
12 Lead ECG
     Sinus, n (%) 0 (0) 1 (1) 0.669
     Ischemia, n (%) 4 (24) 20 (21) 1.000
     Infarction, n (%) 8 (47) 36 (38) 0.793
     Ischemia + infarction n (%) 6 (35) 27 (29) 0.950
2D echocardiogram
     EF, mean ± SD, % 60 ± 14 57 ± 12
Systolic dysfunction, n (%) 5 (29) 24 (26) 1.000
Diastolic dysfunction, n (%) 9 (53) 24 (26) 0.051
Coronary angiogram
     Insignificant 4 (24) 17 (18) 0.744
     Significant 14 (82) 76 (81) 0.744
Platelet aggregation, mean ± SD, AU*min 71 27

Figure 1. Platelet aggregation of 111 stable CAD patients using impedance aggregometry 
(Multiplate® Analyser, Dynabyte Medical, Munich)

study subjects
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DISCUSSION

 To date, the prevalence and risk factors that 
impact clopidogrel resistance among Filipinos 
with stable coronary artery disease has not been 
investigated before. The availability of clopi-
dogrel testing method is required to address this 
issue. Platelet aggregation to ADP is frequently 
used as an assay to check an individual’s 
response to clopidogrel. Platelet response to 
ADP as well as inhibition by clopidogrel
depends on the concentration of the agonist. At 
low concentrations, the response to ADP is high
ly dependent on the production of thromboxane 
and is inhibited by aspirin.24 Higher concentra-
tions of ADP leads to full and irreversible 
platelet aggregation that is insensitive to aspirin 
but is inhibited by up to 90% in the presence of 
a P2Y12 antagonist. Hence, the assay is an 
effective means of assessing the response to 
clopidogrel. Other point-of-care assays are 
sensitive to P2Y12 antagonism. Born’s aggrega-
tion is the current “gold standard” that detects
platelet function in platelet-rich plasma is labo-
rious and is not appropriate for on-site testing.25

 For this reason, tests suited for point-of-care 
analysis such as the Multiplate Analyzer, which 
was used in this study, have been developed. 
Multiplate Analyzer is a whole-blood aggrega-
tion analyzer that uses single-use test cells and 
electronic interactive pipetting. With this 
method, we are able to identify patients with 
low response to clopidogrel through the amount 
of residual platelet activity. Inhibition of platelet 
aggregation to ADP by clopidogrel is variable
and shows a normal distribution; ranging from 
40% to 50% inhibition.26 This wide variation in
response implies several issues including several 
extrinsic and intrinsic mechanisms. Extrinsic 
mechanisms of clopidogrel resistance include 
clopidogrel under dosing, variable absorption of 
the prodrug or clearance of the metabolite, drug-
to-drug interactions, and the amount of CYP3A4 
activity.27 Intrinsic mechanisms could include
variability of P2Y12 receptor, release of ADP, 
or up regulation of other platelet activation 
pathways.

 Like other drugs that are metabolized by 
members of the enzyme cytochrome p450, 
clopidogrel has drug-to-drug interactions. A 
class of drug relevant to this matter is the
“statins” or HMG-CoA reductase inhibitors 

which has been demonstrated in vitro to suppress 
clopidogrel ‘s activation by 90%.28  Similarly, 
co-administration of atorvastatin suppresses 
the antiplatelet effect of clopidogrel. Evidence 
of a clinically significant interaction, how-
ever, has not been demonstrated in two studies 
of lower-risk patient cohorts.29,30  The absence of 
a clinical correlation on of the effect “statins” to 
clopidogrel is in concordance with our results 
(p=0.187).  Both clopidogrel and the PPIs, in 
varying degrees, are both metabolized by the 
same cytochrome p450 enzyme – CYP2C19. 
This interaction brings about the potential to 
inhibit the metabolism of clopidogrel to its 
active metabolite.31,32

 The earliest evidence of a pharmacological
interaction involving clopidogrel and PPIs is 
from platelet aggregation studies. A study of 105 
patients found PPI users (omeprazole, n = 24) 
had higher VASP phosphorylation levels than 
none PPI users and suggested an interaction.33  
In the OCLA study,34 measurements of VASP 
expressed as platelet reactivity index (PRI) were 
measured in 124 patients undergoing coronary 
stent insertion. Patients on clopidogrel and 
aspirin were treated with omeprazole 20 mg or 
placebo for 7 days. At the end of the study, 
60.9% of omeprazole-treated patients and 26.7% 
of placebo-treated patients were classified as 
poor responders to clopidogrel (PRI > 50%) 
indicating a significantly decreased effect of 
clopidogrel with exposure to a PPI.

 In the background that all PPIs are metabo-
lized by CYP2C19 to varying degrees and share 
the ability to inhibit CYP2C19, the issue 
whether all PPIs have negative effects on 
clopidogrel is raised. A number of studies have 
attempted to answer this question. A small study 
showed that lansoprazole 30mg when given to 
clopidogrel 300 mg diminished the inhibition 
of platelet aggregation when compared with 
clopidogrel alone.35 A different study found all 
PPIs to be comparable in terms of their inhibi-
tory profiles, although with some hetero-
geneity; lansoprazole is the most potent in vitro 
inhibitor of CYP2C19 with pantoprazole 
exhibiting more of an effect on CYP2C9. Even 
though lansoprazole has been shown to be the 
strongest inhibitor of CYP2C19,36 other evi-
dence reports that concurrent treatment with 
lansoprazole does not alter the pharmacokinetics
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of clopidogrel.35 Results from patients on clopi-
dogrel undergoing angiography (n=1000) 
examined the effect the various PPIs had on 
platelet aggregation.37 Platelet aggregation was 
higher in patients prescribed omeprazole than in 
those without PPI therapy. It was observed that 
platelet aggregation was similar in patients 
taking clopidogrel and pantoprazole, esomepra-
zole or no PPI. In another study, they found that 
omeprazole use (n=3132) was associated with 
adverse cardiovascular outcomes.38 Similar 
results were found with rabeprazole. In patients 
with coronary artery disease undergoing PCI, 
there was no difference between esomepra-
zole (n=74) and pantoprazole (n=152), in 
300 patients looking at clopidogrel responsive-
ness by VASP phosphorylation and platelet 
aggregometry. This showed no suggestion that 
either was associated with impaired response to 
clopidogrel.39 Evidence suggests that pantopra-
zole has less of a deleterious effect on 
clopidogrel than omeprazole.40  PRI VASP was 
measured in patients (n=104) undergoing PCI 
who were randomized to either pantoprazole 
(n=52) or omeprazole (n=52) in addition to both 
aspirin and clopidogrel. Results show pantopra-
zole had significantly better platelet response to 
clopidogrel (36% vs. 48%). These observations 
have led authors to recommend pantoprazole as 
the preferred PPI in the context of concomitant 
clopidogrel use.41-43  Some data suggest that 
pantoprazole is less likely to inhibit the enzyme 
CYP2C19 than omeprazole and does not 
attenuate the pharmacodynamic response to 
clopidogrel.36,39,40,43  However, recent guidelines
showed no preferentiality of using one PPI over 
another since there are no head-to-head trials 
comparing PPIs and studies comparing PPIs 
were conducted in different populations. 44 Even 
though drug–drug interactions of omeprazole for 
CYP2C19 are thought to be one of competitive 
inhibition, the issue of its short plasma half-life 
(<1h) has been brought up to refute this 
argument.41  Then again, omeprazole has a high
affinity for CYP2C19 and its binding is exten-
sive and it is unknown how long this inhibition 
persists. Omeprazole has a short half-life; 
however, separating the dose of omeprazole and 
clopidogrel is not a way of overcoming the 
interaction as some CYP2C19 may still be 
bound by omeprazole metabolism.41 Further-
more, no obvious dose–response relationship 

was found between PPI dose and adverse 
outcomes, which one would expect from 
competitive inhibition.38,41         At present, there is not 
enough evidence to recommend a particular PPI 
(e.g. pantoprazole) in preference to another to 
avoid a drug-to-drug interaction. In November 
2009, the FDA announced that clopidogrel 
should not be taken with proton pump inhibitors 
such as omeprazole and esomeprazole.45 The
ongoing SPICE trial directly compares the 
effect of all PPIs on platelet aggregation and 
VASP and should help answer the question 
of which PPI is preferable. In addition, the 
trial will examine clopidogrel resistance, 
CYP2C19 polymorphism and its effect on PPI 
on the antiplatelet activity of clopidogrel, 
mortality and the need to stop medication due to 
peptic ulcer disease or GI bleeding.46

CONCLUSION

 The overall prevalence of clopidogrel 
resistance of patients with CAD using the 
multiplate assay in this study with stable CAD 
was 15%. Concomitant use of the proton pump 
inhibitors, specifically omeprazole significantly 
increase the odds of clopidogrel resistance by 
9.83 (CI 95%, 2.54 to 39.35, p=0.000).
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Association of Electrocardiographic Ischemia Grades 
with Clinical and Angiographic Outcomes of Patients 
with ST-Elevation Myocardial Infarction Treated with 

Primary Percutaneous Coronary Intervention
Jeffrey Chua, MD

Background --- A sizeable proportion of ST Elevation in Myocardial Infarction (STEMI) patients treated with 
Primary Percutaneous Coronary Intervention (PPCI) demonstrate inadequate perfusion of the infarcted 
myocardium after successful restoration of epicardial coronary blood flow resulting to adverse angiographic and 
clinical outcomes. We sought to determine the association of ischemia grade on admission electrocardiogram 
(ECG) with the clinical and angiographic outcomes of patients with STEMI who will undergo PPCI.
Methods --- This is a single-centre, prospective cohort study, conducted on April to December 2011 among 
patients presenting with acute STEMI and underwent PCI in the Philippine Heart Center. They were classified 
into two groups based on the absence [34 patients without Grade 3 ischemia (non-GI3)] or presence [34 
patients with Grade 3 ischemia (GI3)] of distortion of the terminal portion of the QRS complex on the 
admission ECG (ECG Ischemia Grade). In-hospital outcomes were determined during the course of the study. 
It included death and a composite secondary endpoint comprising of heart failure, malignant arrhythmia, 
hemodynamic instability, and stroke.
Results --- There were no significant differences in the baseline characteristics in terms of age, gender, and 
coronary artery risk factors between patients with GI3 and non-GI3. Myocardial infarction presenting as Killip 
Class 3 and 4 occurred more frequently in patients with GI3 (p=0.001) as they have significantly lower mean 
systolic and diastolic blood pressures (p=0.001 and p=0.000, respectively) and unexpectedly lower use of ACE 
inhibitors (p=0.003). Incidence of cardiogenic shock was also higher among these patients (11 out of 12 cases) 
which subsequently necessitated use of IABP (p = 0.006). Baseline angiography showed that patients with GI3 
had longer lesion lengths (p=0.053) and insignificantly more likely to have multivessel coronary 
disease and poor collateral flow to the infarct-related artery (p=0.084 and p=0.061, respectively). The 
incidence of pre-revascularization TIMI ≤ 1 in the infarct related artery (IRA) and high-burden thrombus forma-
tion was comparable between the two patient groups. Failure to gain re-flow in the IRA after PPCI occurred in 
58.8% (40 patients), including a combined 39.7% with TIMI ≤ 2 flow and 19.1% with TIMI 3 flow but myocardial 
blush grade (MBG) ≤ 1. Grade 3 ischemia is associated with a higher incidence of angiographic no re-flow post-
PPCI (p = 0.000). This translated to a higher in-hospital mortality among these patients compared with non-GI3 
(26.5% vs. 2.9%, p=0.013). More cardiac complications were also observed in patients with GI3 than did those 
with non-GI3, particularly heart failure (p = 0.000), malignant arrhythmia (p=0.000), hemodynamic instability (p 
= 0.000), and stroke (p=0.001).
Conclusion --- ECG ischemia grade on admission can be a predictive tool of adverse clinical and 
angiographic outcomes associated with abnormalities of myocardial reperfusion. It is possible that patients with 
GI3 who will undergo PPCI will benefit further if angiographic no re-flow can be prevented and treated. Phil 
Heart Center J 2014;18(1):29-38.
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    rimary  Percutaneous Coronary Interven-
     tion  (PPCI) is the preferred treatment forP reperfusion in high risk patients with ST eleva-

tion myocardial infarction (STEMI).1 A sizeable



proportion of patients treated with PCI de-
monstrate inadequate perfusion of the infarcted 
myocardium after successful restoration of 
epicardial coronary blood flow2 which ultimate-
ly results in a larger infarct size, worse left 
ventricular ejection fraction, and increased 
mortality and cardiovascular events.3-6  This 
phenomenon termed as “no-reflow” was angio-
graphically defined as a substantial coronary
antegrade flow reduction less than Thrombolysis 
in Myocardial Infarction (TIMI) flow Grade 3 
without mechanical obstruction.7

 An electrocardiogram (ECG) is considered 
to be an appropriate method for risk stratifica-
tion in patients with reperfusion abnormalities.8

ST segment resolution (STR) was shown to be a 
very powerful predictive factor for outcomes 
after thrombolytic therapy and PPCI.9,10 In 
retrospect, the initial admission ECG itself has 
been proven to be able to predict STR even 
before they undergo reperfusion therapy. One of 
the variables available is the ischemia 
grading system.11 The ischemia grade system 
consists of three grades. Grade 1 (GI1): tall 
upright T waves without ST segment elevation; 
Grade 2 (GI2): ST segment elevation in > 2 
adjacent leads without terminal QRS distortion; 
and Grade 3 (GI3): ST segment elevation with 
terminal QRS distortion in >2 adjacent leads 
characterized by the absence of S wave in leads 
with Rs pattern, and/or a take-off of the ST 
segment at >50% of the R wave in leads with 
qR pattern (Figure I).12 Patients with GI3 on 
their admission ECG are demonstrated to have 
higher mortality, larger infarcts, less myocardial 
salvage, and less benefit with thrombolytic 
therapy with higher rates of reinfarction than 
those with GI2.13-16

 This is the first local study conducted to 
investigate whether Grade III ischemia detected 
on admission ECG is associated with worse 
angiographic and clinical outcomes in patients 
with STEMI who will undergo PPCI.

METHODOLOGY

 This is a single-center, prospective cohort 
study, conducted on April to December 2011 
among patients with acute  STEMI and candi-
dates for primary PCI presenting in the 

Philippine Heart Center. The study was 
conducted after the Institutional Ethics Review 
Board (IERB) has approved this research 
protocol. Informed consent was obtained from 
all subjects prior to participation.

 Included were adult patients who presented 
at the emergency room with symptoms of 
ischemia and an ECG showing either tall upright 
T-waves without ST segment elevation or ST-
elevation of > 0.1 mV in ≥ 2 leads and 
underwent PPCI. Excluded were the following: 
those with history of previous myocardial 
infarction; those who had previous PCI or 
coronary artery bypass surgery; those with 
concomitant significant valvular or myopathic 
heart disease; those who had rescue or facilita-
ted PCI after thrombolytic therapy; those  who 
have  a life-threatening disease with prognosis 
of < 6 months; those with negative T waves in ≥ 
2 adjacent leads with maximal ST elevation; 
those with other ECG abnormalities such as left-
bundle branch block, WPW syndrome, pace-
maker rhythm; and those with uninterpretable 
ECG data.

 Information on demographic and clinical 
characteristics was gathered from existing data 
available from the patient’s chart record made 
on the time of admission at the Emergency 
Room.  All patients were treated with aspirin 
(300 mg followed by 80 mg/day), heparin (5000 
IU) followed by infusion of 80 units/hour, 
clopidogrel (300-600 mg followed by 75 mg/
day), and statin (80 mg) directly following the 
electrocardiographic confirmation of STEMI.

Electrocardiographic analysis: The ECGs were 
analyzed according to the ischemia grading 
system by two other interventional cardiologists 
blinded to the patient’s clinical and angiographic 
outcome. We obtained ECGs for each patient on 
ER admission. The study population was 
divided into groups according to the electrocar-
diographic ischemia grades (Figure 1). GI3 is 
defined as: (1) absence of an S wave below the 
TP–PR isoelectric line in > 2 leads that usually 
have a terminal S configuration (leads V1 to 
V3); or (2) ST J point amplitude > 50% of the 
R wave amplitude measured from the TP–PR 
baseline in > 2 of all other leads”.12 (Figure 2)
Patients meeting the ST segment elevation
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criteria but not the GI3 criteria were classified as
having either GI1 or GI2.17 (Figure 3) GI1
is defined as tall upright T waves without ST 
segment elevation; and GI2 is defined as ST 
segment elevation in >2 adjacent leads 
without terminal QRS distortion as described 
above. ST segment deviation was measured 
manually to the nearest 0.5 mm at the J point in 
11 of the 12 ECG leads, excluding aVR, by 
using the TP segment as the isoelectric line. 
Alternatively, the PR segment was used if the 
TP segment was not distinct.
Angiographic data analysis: Coronary angio-
graphy was performed using the right femoral 
approach to determine the infarct related artery 
(IRA) and collateral channels. The collateral 
channels were graded according to a previously 
described method.18 Grades of collateral filling 
from the contralateral vessel were: 0 = none; 1 
= filling of side branches of the artery to be 
dilated via collateral channels without visualiza-
tion of the epicardial segment; 2 = partial filling
of the epicardial segment via collateral 
channels; 3 = complete filling of the epicardial 
segment of the artery being dilated via collateral 
channels. Quantitative coronary angiography 
was performed before and immediately after 
the procedure using the edge detection algo-
rithm19 and by selecting end-diastolic frames 
demonstrating the stenosis in its most severe and 
non-foreshortened projection. The reference 
lumen diameter (RLD) and lesion length were 
calculated with a contrast-filled guiding catheter 
used as the calibration standard. Large IRA is 
defined as having a RLD of ≥ 4.0mm and a long 
lesion of the IRA as a lesion length ≥ 15 mm 
using the criteria of type B lesions from the 
guidelines of the lesion morphology. In addition, 
the presence of an intraluminal thrombus in the 
IRA on the initial angiogram was assessed. 
High-burden thrombus formation have the 
following features: 1) an intraluminal thrombus 
with the greatest linear dimension ≥3 times the 
reference lumen diameter (RLD); 2) cut-off 
pattern (lesion morphology with a sudden cut-
off without tapering proximal to the occlusion); 
3) existence of accumulated thrombus (≥5mm of 
linear dimension) before the occlusion; 4) pre-
sence of floatingthrombus before the occlusion; 
5) persistent contrast staining distal to the 
obstruction.

 Percutaneous coronary intervention was 
performed as the reperfusion therapy in all 
patients whether with coronary stents or conven-
tional balloon angioplasty. Optimal coronary 
intervention was performed after evaluation of 
the lesion morphology. The decision making for 
the PCI strategy was left to the discretion of the 
attending physician. The TIMI flow grade was 
evaluated on the initial and final angiogram after 
PCI and Myocardial Blush Grade (MBG) on the 
final angiogram,7 and was determined by two other 
investigators who were also blinded from the 
initial ECG findings. The TIMI flow grades 
were defined as: 0, total occlusion of the IRA; 1, 
some penetration of contrast beyond the occlu-
sion point but without distal vessel perfusion; 2, 
perfusion of the entire IRA into the distal 
coronary bed but with delayed flow compared 
with a normal artery; 3, full perfusion of the 
IRA with normal flow.22 Myocardial Blush 
Grades were defined as follows: 0, no myocar-
dial blush or contrast density; 1, minimal 
myocardial blush or contrast density; 2, mode-
rate myocardial blush or contrast density but 
less than that obtained during angiography of a 
contralateral or ipsilateral non–IRA; and 3, 
normal myocardial blush or contrast density, 
comparable with that obtained during angio-
graphy of a contralateral or ipsilateral non-
IRA.23 Angiographic slow/no-reflow during PCI 
is defined as (1) angiographic evidence of 
reopening of occluded coronary artery and 
successful stent placement with no evidence of 
flow-limiting residual stenosis (≤50%), dissec-
tion, spasm, or apparent thrombus; (2) angio-
graphic documentation of a TIMI flow grade ≤ 
2 or 3 with an MBG ≤ 1, at least 10 minutes 
after the end of PCI procedure.6,7

Clinical outcome analysis: In-hospital out-
comes were determined during the course of 
the study. It included death and a composite 
secondary endpoint comprising of heart failure, 
malignant arrhythmia, hemodynamic instability, 
and stroke. Death was regarded as cardiac 
unless a non-cardiac cause of death was consi-
dered. Heart failure is defined as Killip Class ≥ 
2 requiring use of diuretics. Malignant 
arrhythmias included sustained ventricular 
tachycardia or fibrillation, or high degree 
atrioventricular block. Hemodynamic instability 
is defined as development of hypotension requi-
ring ≥ 1 inotropic agents. Stroke is defined as a
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new focal neurological deficit of sudden onset 
lasting ≥ 24 hours with or without imaging 
evidence by computed tomography or magnetic 
resonance imaging.
Statistical analysis: Sample size computed was 
N = 68 based on 95% confidence level, relative 
error of 20% and assumed mortality of 22.6% 
based on the study by Vicente.20 Data were 
summarized using mean and standard deviation. 
To determine homogeneity of patient charac-
teristics with ECG Ischemia grading, T-test and 
chi-square test were used. To determine
association of ECG ischemia grading with  

outcome, chi-square or Fisher Exact Test was 
used. Logistic regression analysis could have 
been used to adjust for probable confounders in 
determining association of ECG ischemia grade 
with the outcome however, due to small sample 
size the data did not fit into the model. To 
determine the predictive value of ECG in 
determining outcome, sensitivity, specificity, 
positive predictive value (PPV), and negative 
predictive value (NPV) were computed. Kappa 
test was used to determine the significance of 
agreement. A p-value of ≤ 0.050 was considered 
significant.
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• 
Figure 1. ECG Ischemia Grading System12

• 
Figure 2. A patient with anterior acute myocardial infarction with grade II ischemia. There is 
ST elevation in aVL and V1–V4. The J/R ratio is less than 0.5 in aVL (a lead with qR configura-
tion and ST elevation). The S waves in leads V1–V4 are preserved. 21



RESULTS

 A total of 74 patients were included for 
initial evaluation in the study between April 
2011 and December 2011. Primary PCI was 
performed in all these patients. However, six (6) 
patients were excluded from final analysis 
because of previous PCI (2 patients), planned 
rescue PCI after thrombolytic therapy (3 
patients), and presence of a life-threatening 
disease (1 patient). ECGs of the 68 patients were 
assessed for ischemia grade. (Figure 4)

 There were no significant differences in the
baseline characteristics in terms of age, gender, 
and coronary artery risk factors between patients 
with GI3 and non-GI3. (Table 1)  Anterior wall 
MI resulting from an acute LAD occlusion 
occurred more frequently than inferior wall MI 
resulting from either an acute RCA or LCx 
occlusion. Patients with inferior wall MI was
found to have a higher percentage of GI3 on 
ECG while those with anterior wall MI have a 
higher percentage of non-GI3 (p =0.034). 
Myocardial infarction presenting as Killip Class 
3 and 4 occurred more frequently in patients
with GI3 (p = 0.001) as they have significantly
lower mean systolic and diastolic blood 
pressures (p = 0.001 and p = 0.000, respective-
ly) and unexpectedly lower use of ACE inhibi-
tors (p = 0.003). Incidence of cardiogenic shock
was also higher among these patients (11 out of
12  cases) which subsequently necessitated use 

of IABP (p = 0.006). Mean value of WBC count 
and plasma glucose levels were also significant-
ly higher in patients with GI3 (p = 0.047 and p = 
0.036, respectively). Estimation of ischemic 
area at risk as measured by troponin level 
release on admission and time to treatment 
measured by door-to-balloon time was not 
significantly different between the two groups. 

 Table 2 shows the pre-revascularization 
angiographic characteristics of the eligible 
patients. Quantitative angiographic analysis 
demonstrated that patients with GI3 had longer 
lesion lengths (p = 0.053) compared to those with 
non-GI3, but did not differ in terms of incidence 
of the RLD of the IRA ≥ 4 mm (p = 0.183). The 
combined incidence of pre-revascularization 
TIMI ≤ 1 in the IRA was 63.2% but was found 
to be comparable between the two patient 
groups. The incidence of high-burden throm-
bus formation was observed in 58.8% of patients 
but likewise did not significantly differ 
between the two patient groups. However, it 
was found to occur in 71.4% of patients with 
combined GI3 and slow re-flow post-
revascularization, and only in 58% of patients 
with non-GI3. In addition, patients with GI3 
have an insignificant trend of having a higher 
percentage of multi-vessel coronary disease and 
poor collateral flow to the IRA (p = 0.084 and 
p = 0.061, respectively).
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• 

Figure 3. A patient with anterior acute myocardial infarction and grade III isch-
emia. There is ST elevation in leads I, aVL, V1–V3. There are no S waves in leads 
V2–V3.21



 Table 3 lists the angiographic and in-hospital 
clinical outcomes after PPCI. Failure to gain 
re-flow in the IRA occurred in 58.8% (40 
patients), including a combined 39.7% with 
TIMI ≤ 2 flow and 19.1% with TIMI 3 flow but 
MBG ≤ 1. Grade 3 ischemia is associated with a 
significantly higher incidence of angiographic 
no re-flow post-PPCI (p = 0.000). This trans-
lated to a higher in-hospital mortality among 
these patients compared with non-GI3 (26.5% 
vs. 2.9%, p = 0.013). More cardiac complica-
tions were also observed in patients with GI3 
than those with non-GI3, particularly heart 
failure (p = 0.000), malignant arrhythmia (p = 
0.000), hemodynamic instability (p = 0.000), 
and stroke (p = 0.001).  The sensitivity, specifi-
city, PPV, and NPV of GI3 were computed 
(Table 4) and showed significant agreement in 
predicting these outcomes.

DISCUSSION

 No re-flow phenomenon is a known condi-
tion associated with impaired myocardial 
perfusion in the absence of a significant epicar-
dial coronary artery obstruction seen in a signifi-

cant proportion of patients presenting with 
STEMI undergoing PPCI.  Based on some 
clinical trials, existence of this condition occurs 
with a prevalence ranging from 5% up to 50% 
according to the methods used to assess the 
phenomenon and to the population under study.24 

In our study, we used the angiographic TIMI flow 
grades and MBG to determine the adequacy of 
intervention among patients with STEMI.  Using 
these two methods, the CADILLAC trial estima-
ted the proportion of patients who get optimal 
myocardial reperfusion among those without 
cardiogenic shock undergoing PPCI was roughly 
49%.25 In our study, the proportion of patients 
who achieved a TIMI 3 with MBG of 2 or 3 was 
41.2%.  Successive clinical data have shown 
that no-reflow is associated with adverse clinical 
outcomes, opposing the possible benefit of 
PPCI.26 Indeed, 60% of patients with no re-flow
in our study exhibited early postinfarction 
complications (arrhythmias, early congestive 
heart failure, hemodynamic instability) and 
death. It is therefore imperative that detection,
prevention, and ultimately treatment of no-
reflow should be an important aspect in the 
management of STEMI patient undergoing 
PPCI. The pathogenesis of no re-flow is multi-
factorial and involves distal embolization, 
ischemia-reperfusion, and individual predisposi-
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tion of coronary microcirculation to injury.7 
Several clinical parameters and biomarkers 
have been studied and shown to predict risk 
of no reflow that are related to these diffe-
rent mechanisms. Among these are high 
thrombus burden, longer time to reperfusion, 
large extent of ischemic region demonstrated 
by QRS score and wall motion score index, 
elevated neutrophil count, acute hyperglyce-
mia, hypercholesterolemia, and lack of 
pre-infarction angina.7 In our study, the 
presence of high thrombus burden, higher 
WBC count and plasma glucose levels were 
observed to be highly associated with 
adverse outcomes.

 

 The ECG is considered to be an appropriate 
method for risk stratification in patients with 
reperfusion abnormalities. One of the parame-
ters of interest is the Ischemia Grade, which 
determines the degree of distortion of the 
terminal portion of the QRS segment brought 
about by the amount of disturbance and pro-
longation in the electrical conduction in the 
Purkinje fibers in the ischemic region. The 
prolonged conduction reduces the extent of 
cancellation, resulting in augmented R wave 
amplitude in leads with terminal R wave and 
diminished S wave amplitude in leads with 
terminal S wave on the surface ECG.

Clinical Characteristics ECG Ischemia Grade
p-value

GI1/GI2 (n=34) GI3 (n=34)

Age, years (Mean ± SD) 57 ±10 57.4 ± 10 0.146

Female gender (%) 4 (11.8) 10 (29.4) 0.132

Diabetes (%) 7 (20.6) 13 (38.2) 0.183

Arterial Hypertension 24 (70.6) 25 (73.5) 1.000

Smoker (%) 23 (67.6) 23 (67.6) 1.000

Systolic BP, mmHg (Mean ± SD) 128 ± 25 108 ± 21 0.001

Diastolic BP, mmHg (Mean ± SD) 81 ±15 68 ± 12 0.000

Heart rate, bpm ((Mean ± SD) 76 ±16 78 ± 23 0.777

Infarct localization

    Anterior (%) 28 (82.4) 19 (55.9) 0.034

    Inferior (%) 6 (17.6) 15 (44.1)

Killip Class

    1 (%) 23 (67.6) 13 (38.2) 0.001

    2 (%) 8 (23.5) 4 (11.8)

    3 (%) 2 (5.9) 6 (17.6)

    4 (%) 1 (2.9) 11 (32.4)

Troponin, U/L (Mean ± SD) 7.2 ± 14.3 11.4 ± 17.5 0.367

WBC count, /mm3 (Mean ± SD) 12.8 ± 5.3 16 ± 6.8 0.047

Plasma glucose, mg/dL (Mean ± SD) 159 ± 69 210 ± 104 0.036

Door-to-balloon time, min (Mean ± SD) 196 ± 240 150 ± 89 0.292

Use of Intra-aortic balloon pump (%) 1 (2.9) 10 (29.4) 0.006

In-hospital medications

     Beta-blockers (%) 22 (64.7) 14 (41.2) 0.088

     ACE-inhibitors or ARB (%) 32 (94.1) 21 (61.8) 0.003

Table 1.  Baseline clinical characteristics of patients with STEMI included in the study according to 
ECG Ischemia Grade (PHC, 2012)
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 The Purkinje fibers are less susceptible to
ischemia than the viable myocytes, so for a 
distortion in the terminal portion of the QRS to 
occur, there should be a severe and extended 
period of ischemia involving the Purkinje fibers.27 
Grade III ischemia correlates positively with 
larger myocardial infarcts and less myocardial 
salvage than do non-GI3, resulting to a poorer 
left ventricular ejection fraction. This is related 
mainly to more severe regional dysfunction in 
the involved segments and less to the extent of 
involvement (size of the area at risk). Thus, the 
difference in infarct size between GI3 and 
non-GI3 patients can be explained by more 
severe ischemia and not by larger ischemic area, 
longer time to reperfusion, and lower rates of 

myocardial reperfusion.28 This may partly 
explain despite the comparable troponin level 
release on admission, door-to-balloon time, base-
line TIMI flow grade ≤1, and high thrombus 
burden between the two patient groups, patients 
with GI3 are associated with worse outcomes. 
Additionally, the absence of changes in the QRS 
complex during opening of the IRA may be an 
indication of myocardial protection despite 
prolonged ischemia (probably by persistent 
myocardial flow due to subtotal occlusion or 
collateral circulation, or due to myocardial 
preconditioning).27 This explains how patients
with GI3 show a higher proportion of multi-
vessel coronary disease and poorer angiographic 
collateral flow grades.
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Table 2.  Baseline angiographic characteristics of patients with STEMI included in the study 
according to ECG Ischemia Grade (PHC, 2012)

Angiographic Characteristics ECG Ischemia Grade
p-value

GI1/GI2 (n=34) GI3 (n=34)

Infarct Related Artery 0.103

    Left Anterior Descending 28 (82.4) 19 (55.9)

    Left Circumflex) 1 (2.9) 2 (5.9)

    Right Coronary 5 (14.7) 13 (38.2)

High thrombus burden 18 (52.9) 22 (64.7) 0.460

TIMI flow grade ≤ 1 at baseline 21 (61.8) 22 (64.7) 0.329

Collateral flow grade ≤1 20 (58.8) 28 (82.4) 0.061

Multivessel coronary disease) 16 (47.1) 24 (70.6) 0.084

Lesion length ≥ 15mm 21 (61.8) 29 (85.3) 0.053

Initial reference vessel diameter ≥ 4mm 7 (20.6) 13 (38.2) 0.183

Table 3.  Angiographic and clinical outcomes after Primary PCI of patients with STEMI included in 
the study according to ECG Ischemia Grade (PHC, 2012)

Outcomes ECG Ischemia Grade
p-value

GI1/GI2 (n=34) GI3 (n=34)

Angiographic Outcome (%)

Reflow after PCI
No re-flow after PCI
     TIMI flow ≤  2
     TIMI flow = 3 with MBG ≤  1

22(64.7)

9 (26.5)
3 (8.8)

6 (17.6)

18 (52.9)
10 (29.4)

0.000
0.000

   Clinical Outcome (%)

Death
Composite Secondary Endpoint
     Heart Failure
     Malignant arrhythmia
     Hemodynamic instability
     Ischemic stroke

1  (2.9)
7  (20.6)
4 (11.8)
4 (11.8)
5 (14.7)
0

9  (26.5)
23 (67.6)
19 (55.9)
19 (55.9)
22 (64.7)
7   (20.6)

0.013
0.000
0.000
0.000
0.000
0.011



CONCLUSION

 ECG ischemia grade on admission  can be a 
predictive tool of adverse clinical and angio-
graphic outcomes associated with abnormalities 
of myocardial reperfusion. It is possible that 
patients with GI3 who will undergo PPCI will 
benefit further if angiographic no re-flow can be 
prevented and treated. 
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Background ---  Coronary stent implantation is being performed in stenosed coronary artery with long term 
outcome improvements and improvement of the patency in treated vessels. Conventional coronary stenting 
includes standard balloon angioplasty (predilation) followed by stent deployment. Stenting without predilation 
with balloon is termed direct coronary stenting. This approach help reduce procedure time, cost, reduced risk 
of extended dissections, radiation exposure, reduce vessel trauma and lessen neointimal hyperplasia which 
can lower the incidence of subsequent restenosis. With these, direct stenting is now the primary therapeutic 
option for many coronary lesions.
Methods --- Patients with stable coronary artery disease (CAD) who underwent elective single stent implanta-
tion in a native coronary artery between January to November 2011 at the Philippine Heart Center were 
included in the study. In-hospital as well as 1 month follow-up of major adverse cardiovascular and cerebrovas-
cular events (MACCE) were noted and compared between the two groups.
Results --- A total of 229 patients, 129 in the direct stent group and 100 for the conventional group, were 
included in the study. There was no significant difference in the demographic, angiographic, and procedural 
characteristics between the two groups except for stent stenosis before the procedure, stent length, and maxi-
mum inflation pressure. Adjustment for covariates between these three parameters did not show any significant 
difference in terms of outcome.  Angiographic success based on residual stenosis was comparable between the 
two strategies. In-hospital and 1 month MACCE were similar in both groups.
Conclusions --- Compared to conventional stenting, direct stenting is a safe and feasible procedure in selected 
coronary lesions in terms of angiographic success based on residual stenosis and in-hospital and 1 month 
MACCE.  Phil Heart Center J 2014;18(1):39-44.
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  ercutaneous Transluminal Coronary 
     Angioplasty (PTCA) nowadays is being 
used for various coronary lesions.1 An increasing 
number of coronary stent implantation is being 
performed in stenosed coronary artery lesions 
and several studies showed favorable results with 
this technique which includes long term outcome 
improvements and improvement of the patency 
in treated vessels.1,2 However, overall procedural
expenses and prolonged exposure time to radia-
tion for both the operator and patients, and the 
increase in the amount of contrast agent used 
have raised some concerns about this procedure.

Conventional coronary stenting includes stan-
dard balloon angioplasty (predilation) followed 
by stent deployment.2,3 This is because of the
large profile, limited securement, and low 
balloon burst pressure of early stent designs.3

Simplification of this procedure is achieved by 
the availability of a low profile stent delivery 
system, better securement, and higher rated 
burst pressure, thereby avoiding the use of 
predilation.2,3  Stenting without predilation with
balloon is termed direct coronary stenting. This 
may help reduce procedure time, cost, reduced 
risk of extended dissections, and radiation 

P



exposure.1-3 This could also reduce vessel trauma 
and lessen neointimal hyperplasia which can 
lower the incidence of subsequent restenosis.3-5 

A number of randomized studies have 
demonstrated that direct stenting is feasible in 
28-72% of coronary lesions resulting in fewer 
use of resources and with note of early and late 
outcomes as compared with conventional 
stenting provided that careful lesion selection is 
done.6  With these, direct stenting is now the 
primary therapeutic option for many coronary 
lesions.1

 This study was done to compare the efficacy
of direct coronary stenting as compared to 
conventional coronary stenting in patients with 
coronary artery disease undergoing PTCA.

METHODOLOGY

 This is a prospective, cohort study done at 
the Philippine Heart Center involving consecu-
tive patients who underwent PTCA with stent 
implantation in the Philippine Heart Center 
cardiac catheterization laboratory from January 
2011 to November 2011. Included were male or 
female subjects aged 21 years and older with 
known coronary artery disease who underwent 
elective PTCA and with the following angio-
graphic characteristics: coronary lesion with an 
obstructive lesion ≥ 70%; native coronary lesion 
with a diameter  between 2.5 to 4.0mm; and 
native coronary lesion requiring only 1 stent.
Excluded were those with: left main disease; 
acute and recent (<72 hours) myocardial infarc-
tion; evidence of lesion-associated thrombus; 
totally occluded lesions; marked tortuosity; 
in-stent restenosis lesion; previous history of 
revascularization; multi-vessel PCI and heavily 
calcified lesions.

 Demographic data, angiographic and proce-
dural characteristics were assessed using 
hospital records, peri-operative records, and 
electronic data. In-hospital major adverse 
cardiac and cerebrovascular event (MACCE) 
which includes death, acute myocardial 
infarction, post-procedural complications re-
quiring emergency CABG (coronary perfora-
tion, cardiac tamponade etc.), acute thrombosis 

or restenosis and cerebrovascular disease were
assessed. Follow-up assessment was done by 
OPD consults, clinic records, direct interview
with their respective attending physician/angio-
graphers, hospital records, and electronic data 1 
month after hospital discharge.

Sample Size: Sample size computed was n=63 
for each group or a total of 126 based on 95% 
CI (alpha=0.05), 80% power (beta=0.20), and 
assumed clinical end point of 16.7% with direct 
stenting and 40.8% with conventional stenting 
as presented in the paper of Okmen et. al.8

Statistical analysis: Data summaries were 
carried out using mean and standard deviation 
or frequency and percent. Comparisons of 
numerically continuous data were analyzed 
using independent T-test while Fisher exact test 
was utilized for categorical data. Analysis of 
COVARIANCE was used to determine the inde-
pendent effect of the mode of stent delivery with
the outcome. A two-tailed p-value of < 0.05 was 
considered statistically significant.

RESULTS

 A total of 229 patients with stable coronary
artery disease who underwent elective PTCA 
during January 2011 to November 2011 at the 
Philippine Heart Center were included in the 
study.

 Baseline characteristics of the patients in the
two groups were described in Table I. There was 
no significant difference in the mean age, 
gender, history of ACS, hypertension, diabetes, 
dyslipidemia, CVD, and smoking between the 
two groups. The population is composed 
predominantly of males with 75% (172) of the 
whole study population (229).

 Angiographic and procedural characteristics 
were described in Tables 2 and 3. Single vessel 
diseased was the most number included in the 
study (88%). There was no significant difference 
in the number of diseased vessels between the 
two study population. LAD was the most 
common artery that was stented in this study 
followed by the RCA.
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 Proximal and the mid segment of the vessel 
was the most common site where the stent was 
deployed. However, there was no significant 
difference in terms of coronary artery stented and 
lesion site when compared between the two 
groups. Drug-eluting stents were used more 
often as compared to bare metal stents in this 
study. There was no significant difference in the 
stent size used between the two groups. The use 
of balloon to post dilate the deployed stent 
with residual stenosis showed no significant 
difference in both interventions. There was less

severe preprocedural stenosis (78.91 ±  8.908% 
vs. 88.54 ±  9.091%, p < 0.001) in the direct 
stenting group. Residual diameter stenosis after 
stent deployment was similar between the two 
groups. No residual stenoses were noted on both 
groups after balloon dilatation post stenting. 
Longer stents were noted to be utilized more in 
the conventional stenting group (25.00 ±  7.569 
mm vs. 21.46 ±  7.50 mm, p = 0.001). Maximal 
inflation pressure were also noted to be signifi-
cantly different between the two groups (15.36 ±  
2.915 atm vs. 14.36 ±  2.956 atm, p = 0.011).

Characteristics Direct Stenting Conventional Stenting 
p-value

N = 129 N = 100

Age, mean ± SD (yrs) 58.92 ± 10.915 59.015 ± 10.238 0.951

Gender
     Male
     Female

94 (73)
35 (27)

78 (78)
22 (22)

0.442

Medical History
     ACS
     Hypertension
     Diabetes
     Dyslipidemia
     CVD

49 (38)
89 (69)
37 (29)
70 (54)

6 (5)

37 (37)
74 (74)
27 (27)
45 (45)
3 (35)

0.892
0.436
0.882
0.184
0.725

Smoking 62 (48) 41 (41) 0.349

Table 1. Baseline characteristics of patients included in the study

Direct Stenting Conventional Stenting 
p-value

Characteristics N  % N % 

No. of diseased vessels 
    1  
    2 
    3

113 (88)
11 (8)
5 (4)

89 (89)
5 (5)
6 (6)

0.462

Coronary artery stented
    LAD
    LCx
    RCA
    Diagonal
    OM
    RPDA
    RPL   

85 (66)
9 (7)

27 (21)
0 (0)
5 (4)
0 (0)
3 (3)

65 (65)
10 (10)
21 (21)

0 (0)
3 (3)
1 (1)
0 (0)

0.999
0.561
0.880
0.000
1.000
0.437
0.259

Lesion site
     Ostial
     Proximal
     Mid
     Distal   

6 (5)
60 (46)
57 (44)

6 (5)

4 (4)
48 (48)
41 (41)

7 (7)

0.858

Percent stenosis before
  procedure ± SD (%)

78.91 ± 8.908 88.54 ± 9.091 0.00

Table 2. Baseline Angiographic Characteristics of patients of the study population

***LAD = left anterior descending artery; LCx = left circumflex artery; RCA = right coronary artery;
       OM = obtuse marginal; RPDA = right posterior descending artery; RPL = right postero-lateral branch
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 Post-procedural complications after PTCA 
were described in Table 4. There were no in-
hospital mortality noted in the direct stenting 
group as compared to the conventional stenting 
with two (2%) recorded fatalities. None of 
the patients in conventional group suffered from 
myocardial infarction during the admission and 
follow-up as compared to the direct stenting 
group who had two (1.6%) recorded event 
within the one month follow-up.  However, 
there was no significant difference noted in 
mortality and risk for myocardial infarction 
between both groups during the hospital stay 

and within the 1 month follow-up. There was no
reported case of patients requiring emergency 
CABG/ repeat PTCA during the whole study 
period. There is similar risk of developing CVD 
and composite endpoints between the two 
groups that were studied. Adjustments for cova-
riates were analyzed between the significant 
variables (maximal inflation, diameter before, 
and stent length) and results did not show any 
significant difference between the two groups in 
terms of overall death, MI, CVD, and composite 
outcomes.

Direct Stenting Conventional Stenting 
p-value

Characteristics N %  n=129 N  % n=100

Stent type    
   DES
   BMS  

121 (94)
8 (6)

95 (95)
5 (5)

0.780

Stent Length ± SD (mm) 21.46 ± 7.509 25.00 ± 7.569 0.001

Stent Size ± SD (mm) 3.10 ± 0.450 3.32 ± 2.726 0.390

Maximal Inflation pressure
Stent Length ± SD (atm)

15.36 ± 2.915 14.36 ± 2.956 0.011

Percent stenosis after stent ± SD (%)  3.10 ± 7.049 2.30 ± 5.835 0.288

Balloon dilatation after stenting 25 (19%) 16 (16%) 0.603

Table 3. Procedural Characteristics of the study population

***DES = drug-eluting stent; BMS = bare metal stent

Table 4. Post-Procedural Complications after PTCA

Direct Stenting Conventional Stenting 
p-value

Characteristics N % n=129 N  % n=100

Death
     In-hospital
     1 month
      Total

0 (0)
  2 (1.6)
  2 (1.6)

2 (2)
1 (1)
3 (3)

0.190
1.000
0.656

Myocardial Infarction
     In-hospital
     1 month
     Total

 
0  (0)

 2 (1.6)
 2 (1.6)

0 (0)
0 (0)
0 (0)

0.506
0.506

Emergency CABG*
     In-hospital
     1 month
     Total

0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)

CVD    
      In-hospital
     1 month
     Total

1 (0.8)
1 (0.8)
2 (1.6)

1 (0.8)
1 (0.8)
2 (1.6)

1.000
1.000
1.000

Composite endpoints  4 (3.1) 4 (4.0) 0.732

•   CABG = Coronary artery bypass graft
•  *post procedural complications requiring emergency CABG
•   CVD = cerebrovascular disease
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DISCUSSION

 Direct stenting is a widely acceptable inter-
ventional approach in a wide spectrum of 
coronary lesions because of the availability of 
more deliverable stents, with improved stent 
designs, lower profile, and greater navigability 
which simplified the implantation procedure.9-11 
This approach was also noted to be feasible, safe, 
and effective.12 Potential benefits of this inter-
ventional strategy includes avoidance of abrupt 
vessel closure after balloon predilatation, reduc-
tion of embolization of debris, and decreased 
restenosis rate due to reduced injury to the 
arterial wall.13 Additional benefits include
reduced length of ischemia, reduction in costs, 
less procedural time, and less radiation 
exposure.2,11 Two potential risks of this procedure
were incomplete stent expansion and stent 
dislodgement; however, due to the technological 
advancement in stent design and fixation by the 
balloon, the occurence of these events is very 
low.14

 Procedural approach in this study was 
performed at the discretion of the interventional 
cardiologist/operator. Direct stenting group has a 
lower preprocedural stenosis in this study. This 
could reflect the concern of the operator that 
tighter stenosis may be more difficult to cross 
without balloon predilatation and thus may lead 
to a greater risk of stent dislodgement from the 
delivery balloon.10 Thus, more operator preferred 
the conventional approach when dealing with 
tight lesion especially those with > 90% stenosis.

 Direct stenting decreases the incidence of 
myocardial injury but this was not shown in this 
study. In fact, there are two patients who suffered 
myocardial infarction in this group as compared 
to the conventional group. However, this was 
noted to be not statistically significant.

 The absence of effect of direct stenting on 
in-hospital and overall 30-day composite 
endpoint rate of 3.1% (4 events) is concordant 
with results of other previous studies (2.5%-
5.1%).13-15 This study also showed no difference 
in the angiographic and clinical parameters in
between both treatment strategy making direct 
stenting strategy an acceptable approach to 
selected coronary lesions.

CONCLUSION

 This study showed that in-hospital and 
30-day clinical outcomes in patients undergoing 
elective PTCA are equivalent using the direct 
stenting approach as compared with the more 
conventional technique. Angiographic success 
based on residual stenosis was also comparable 
between the two strategies. This study also 
showed that direct stenting is a safe and feasible 
procedure in selected coronary lesions.

Limitations of the study: The selection of the 
interventional approach in this study was mostly 
based on operator’s discretion/experience. Also, 
pre- and post-procedural (residual) stenosis was 
based on visual estimate and not on Quantitative 
Coronary Angiographic (QCA) Assessment. 
Furthermore, data for those patients who were 
initially planned to undergo direct stenting but 
converted to conventional approach due to intra-
procedural difficulties were not noted making 
assumption for success rate of direct stenting
difficult.
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Association of Severity of Sleep Apnea Syndrome 

with Driving Accidents
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Background ---  Sleepiness and reduced vigilance are important risk factors for road accidents. In the 
Philippines, accidents were caused by driver error, drunk driving, vehicle mechanical defects, speeding, and 
use of cell phone while driving represented the highest increase among causes of vehicular accidents. No data 
on sleep related disorder was presented as one of the causes of  vehicular accidents. It is the goal of this paper 
to determine if the severity of sleep apnea is a factor contributing to the incidence of vehicular accidents among 
patients diagnosed with obstructive sleep apnea in Philippine Heart Center Sleep Clinic.
Methods --- A cross sectional study was done on patients diagnosed with sleep apnea syndrome from January 
2005 up to December 2011 in the Philippine Heart Center Sleep Clinic through polysomnography. They were 
interviewed regarding driving and driving accidents.
Results --- There were 361 patient drivers included in the study. Among these patient drivers, 62 (17%) were 
noted to have mild sleep apnea syndrome, 63 (17.45%) were moderate SAS and 236 (65.37%) severe SAS 
patients. It was noted that the driving accidents tend to increase in number as the severity of SAS increases 
(mild SAS= 48.38% (30/58), moderate SAS=52.38% (33/63), severe SAS=58.47% (138/236). However, the 
incidence of driving accidents across the 3 groups of SAS did not differ significantly. Majority of the SAS patients 
gave “sleepiness” as the reason in 86.06% of the respondents. Other causes were “not following traffic rules” 
in 12.94%, alcohol intake (8.96%), attributed to other’s fault in 6.97%, personal human error (4.97%) and cell 
phone use (0.5%). By statistical analysis, the reasons of driving accidents were not significantly associated to 
the severity of SAS.
Conclusions --- The study showed that driving accidents occurred more than 50% of SAS patients regardless 
whether the severity was mild, moderate or severe. The incidence of driving accidents tends to increase with 
increasing severity of SAS. This, however, was not statistically significant.  Phil Heart Center J 2014;18(1):45-
51.
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   riving is a skilled task that requires 
         sustained vigilance if accidents are to be 
avoided. Sleepiness and reduced vigilance are 
important risk factors for road accidents.1-4.  

The available data regarding the incidence of 
sleepiness vary considerably in different 
countries.1,3 Risks for drowsy-driving crashes 
include sleep loss, nighttime or early morning 
driving, use of sedating medications, and un-
treated sleep disorders such as sleep apnea 
syndrome and narcolepsy. 

 In the Philippines, it was reported in the 
Philippine Daily Inquirer Archives-Metro 
Manila Accident and Analysis System 

D (MMARAS 2010)5 that the total number of 
vehicular crashes was 14,847 with 380 total 
number of fatal road accidents from January 
2010-October 2010. The report included that the 
traffic accidents were caused by driver errors.

 It is the goal of this paper to determine if the
severity of sleep apnea is a factor contributing to 
the incidence of vehicular accidents among 
patients diagnosed with obstructive sleep apnea 
in Philippine Heart Center Sleep Clinic from 
January 2005-December 2011.

 The total number of vehicular crashes in the 
Philippines from January 2010-October 2010 



was 14,847 with 380 fatal road accidents as
reported in the Philippine Daily Inquirer 
Archives -Metro Manila Accident and Analysis 
System (MMARAS 2010).5 Accidents were 
caused by driver error, drunk driving, vehicle 
mechanical defects, speeding, and use of cell 
phone while driving that represented the highest 
increase among causes of vehicular accidents. 
No data on sleep related disorder was presented 
as one of the causes of  vehicular accident.5

 The National Center on Sleep Disorders 
Research (NCSDR) of the National Heart, Lung, 
and Blood Institute (NHLBI) of the National
Institute of Health (NIH) and National Highway 
Traffic Safety Administration (NHTSA) Expert
Panel on Driver Fatigue and Sleepiness in USA 
noted that untreated sleep disorders are risks for 
driving crashes.5

 In a study by G. Maycock in 1997 among 
drivers, 7% of accident involvement was asso-
ciated with tiredness and the accident liability is 
shown to be sensitive to daytime sleepiness.6

 A survey by Ned Carter et al. on general 
population with regard to sleep habits and 
driving of motor vehicles showed the proportion 
of total accidents was higher among 
professional drivers as compared with males in 
the general population. When sleep study was 
done, quite a number (17%) of those examined 
received the diagnosis of obstructive sleep 
apnea.7

 A cross-sectional study conducted in 2004 
by Fabrio et al. supported by the Italian Ministry 
of Education among students 18-21 years old 
with 58% male reported that adolescent drivers 
were twice as likely to have a crash if they 
experienced sleepiness while driving (adjusted 
odds ratio 2.1) or reported having bad sleep 
(odds ratio 0.9). There were 80 out of 339 
students who crashed at least once and 15% of 
them considered sleepiness to have been the 
main cause of the crash.8

 In Canada, a study by Moller of University 
Health Network and University of Toronto Sleep 
Research Unit noted that driver fatigue 
contributes to death of Canadians every year. In
2005, through a survey, 1 out of 5 Canadians 
admitted to nodding off or falling asleep while 
driving at least once in the previous 12 months.9

 Data from New Zealand showed that 370 
heavy motor vehicle crashes in 1997 found that 
driver fatigue was listed as a contributing factor 
in 7% of accidents. In 2006, at least 40 people 
lost their lives while almost 1000 people were 
injured because they or the drivers were in 
fatigue.10 An Australian study reported 20-30% 
of heavy vehicle crashes to be sleep-related.11

 In Spain, Teran-Santos et al. showed that 
patients with apnea-hypopnea index of 10 or 
higher had an odds ratio of 6.3 (95% confidence 
interval, 2.4 to 16.2) for having a traffic 
accident, after adjusting for potential con-
founders such as alcohol consumption, 
visual-refraction, history  pertaining to the 
traffic accidents, medications causing drow-
siness, and sleep schedule of the drivers.12

 Horstmann et al. studied sleepiness-related
accidents in sleep apnea patients. They reported 
that patients with moderate to severe sleep 
apnea syndrome (SAS) with Apnea-Hypopnea 
Index (AHI) >34/hr) were more often involved 
in motor vehicle accidents than those with mild 
sleep apnea syndrome.13.

 

METHODOLOGY

 A cross sectional study was done on patient 
drivers diagnosed with sleep apnea syndrome 
from January 2005 up to December 2011 in the 
Philippine Heart Center Sleep Clinic through 
polysomnography. Excluded were patients 
below 18 years old and patients who had 
symptoms of sleep apnea but polysomnography 
result was normal. The sample size computed
was n > 87 based on 95% confidence interval, 
relative error of 20% and assumed rate of 
accident among sleep apnea syndrome patients 
of 65.6% as presented in the paper of Teran-
Santos.12   In this study, a total of 361 patients 
was included. Baseline characteristics – name, 
age, sex, address, telephone number, civil 
status, occupation, smoking history, alcohol 
intake history, intake of caffeinated drinks, other 
medical conditions, Epworth Sleepiness Scale 
(ESS) were recorded. The patients and their 
significant other were contacted by telephone or 
personal interviews. Questions to be asked 
pertaining to driving and driving accident were 
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adapted and modified from the papers of G. 
Maycock6 and Carter et al.7 that included the
type of vehicle used, number of years driving, 
number of driving hours per day, time of 
driving, sleepiness while driving, number of 
accidents the patient had before he was 
diagnosed with SAS. The questionnaire was 
piloted among patients diagnosed to have 
sleep apnea syndrome patients in the sleep 
clinic with utmost confidentiality observed. 
Outcome measured included incidence of 
driving accidents and its association with the 
severity of sleep apnea syndrome. Written 
informed consent was obtained from the 
patients, and the study was approved by 
the Institutional Ethics Review Board 
(IERB).

RESULTS

 There were 361 patient drivers included 
in the study. Table 1 showed the baseline 
characteristics of patients by SAS severity. 
Among these patient drivers, 62 (17%) were  
noted to have mild sleep apnea syndrome,
63 (17.45%) were moderate SAS and 236 
(65.37%) severe SAS patients. Majority 
were males (325/361) and married 
(293/361). Most of them had history of 
smoking (58%) and had co-morbidities 
(64.8%). The co-morbidities reported were 
hypertension, coronary artery disease, 
diabetes, aortic aneurysm, asthma, chronic 
obstructive lung disease and thyroid 
problems. More than half of them were 
taking caffeine-containing drinks. The 
average Epworth Sleepiness Score was 
11.95 ± 5.27 in mild SAS, 13.62 ± 12.01 in 
moderate SAS and 13.64 ± 5.57 in severe 
SAS which is comparable across the 3 
groups. 

 The other baseline characteristics of
patients are comparable except for: (1) 
coffee drinking with patients with severe 
SAS drinking more coffee compared to 
those with lower SAS severity (p=0.005); 
(2) BMI with those with severe SAS having 
BMI compared to those with lower SAS 

severity (p=0.031); (3) neck circumference 
in which patients with higher severity 
having bigger neck circumference 
(p=0.024);  and, (4) number of years driving 
with patients with severe SAS noted to have 
longer driving experience compared to those 
with  mild or moderate SAS (p=0.055).

 It was noted that the driving accidents tend 
to increase in number as the severity of SAS 
increases (mild SAS= 48.38% (30/58), 
moderate SAS=52.38% (33/63), severe 
SAS= 58.47% (138/236). However, the 
incidence of driving accidents across the 3 
groups of SAS did not differ significantly. 
(Table 1)

 The cause of driving accidents in the 
patients  with SAS was tabulated in Table 2.  
Majority of the SAS patients gave 
“sleepiness” as the reason in 86.06% of the 
respondents. Other causes were “not 
following traffic rules” in 12.94%, alcohol 
intake (8.96%), attributed to other’s fault in 
6.97%, personal human error (4.97%) and 
cell phone use (0.5%). These reasons were 
however not mutually exclusive as some of 
the respondents answered that the accident 
was brought about by both alcohol intake 
and sleepiness.

 By statistical analysis, the reasons of 
driving accidents such as sleepiness, not 
following traffic rules, alcohol intake, cell 
phone use while driving, and personal error 
were not significantly associated to the 
severity of SAS. (Table 3)

 A univariate analysis was done to know
the association of the severity of SAS with 
the driving accidents. There was no 
association between these variables with 
p=0.307. (Table 4) Multiple logistic 
regression analysis was performed in order 
to adjust for the effect of the confounders 
identified such as the BMI, neck 
circumference, coffee drinkers and number 
of years of driving. Table 5 showed that 
there was no significant association with 
these factors and driving accidents.
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Mild SAS
(AHI 5-15)

n = 62

Moderate SAS
(AHI 16-30)

n = 63

Severe SAS
(AHI >30)
n = 236

p-value

Age    Mean  (± SD) 48  ± 10 48  ± 9 50  ± 11 0.127
Sex:
       Males
       Females 

55
7

56
7

214
22 0.851

Civil Status:
       Single
       Married  

8
54

18
45

42
194 0.064

Non-smokers
Past smoker
Current smoker

21
28
13

23
26
14

66
114
56 0.696

Co-morbidities 38 39 157 0.646
Alcohol drinker 29 26 119 0.421
Coffee drinker 42 39 189 0.005*
Tea drinker 18 20 97 0.129
Soda drinker 32 32 138 0.414
Epworth Sleepiness Score (mean ± SD) 11.95  ± 5.27 13.62  ± 12.01 13.64  ± 5.57 0.237
Body Mass Index (mean ± SD) 30.22  ± 7.31 30.10  ± 6.41 32.40  ± 7.98 0.031*
Neck circumference (cm) 40.64  ± 4.37 40.97 ± 3.64 42.30  ± 5.41 0.24*
No. of years driving 24.95  ± 10.80 22.48  ± 10.65 26.56  ± 12.61 0.055*
No. of hours driving per day 2.38  ± 1.42 2.21  ± 1.88 2.45  ± 1.77 0.613
No. of drivers who had accidents 30 (48.38%) 33 (52.38%) 138 (58.47%) 0.307

Table 1. Baseline Characteristics of Sleep Apnea Syndrome Patients in Philippine Heart 
Center From January 2005-December 2011 

Mild SAS
(AHI 5-15)

Moderate SAS
(AHI 16-30)

Severe SAS
(AHI >30)

p-value

sleepiness 25 27 121 0.208
not follow traffic rules 5 5 16 0.913
alcohol intake 2 5 11 0.446
other ‘s fault 2 2 10 0.889
personal human error 2 3 5 0.510
cellphone use 1 0 0 0.089
vehicular defect 0 0 0 N/A

Table 3. Number of Driving Accidents According to the Cause of Accident and Severity of 
Sleep Apnea Syndrome 

Table 2. Cause of Accidents Among Sleep Apnea Syndrome Patients in Philippine Heart Center 
from January 2005-December 2011

Cause of Accident Number %

sleepiness 173 86.06
not follow traffic rules 26 12.94
alcohol intake 18 8.96
other ‘s fault 14 6.97
personal human error 10 4.97
cellphone use 1 0.5
vehicular defect 0 0



DISCUSSION

 Sleep apnea syndrome is a disorder that 
involves cessation of airflow or significant 
decrease in airflow during sleep. Its symptoms 
are snoring, sleepiness and witnessed apnea as 
observed by the patient’s bed partner. Other 
daytime manifestations are daytime somnolence, 
morning headache, excessive daytime sleepiness, 
daytime fatigue and tiredness, cognitive deficits, 
memory and intellectual impairment (short-term 
memory, concentration), decreased vigilance, 
morning confusion, personality and mood 
changes.  Symptoms of excessive daytime sleepi-
ness (EDS)  begins as feeling of sleepiness 
during quiet activities such as reading and watch-
ing television and as the severity of SAS 
worsens, the patient may feel sleepy even in 
activities that requires alertness such as driving. 

 As reported by Teran-Santos et al, the odds 
ratio for having a traffic accident was 6.3 
(95% CI, 2.4 to 16.2) in patients with apnea-
hypopnea index of 10 or higher in Spain.12 

In the report of Horstmann et al., those with
moderate to severe SAS with AHI>34/hr sleep
were more commonly involved than those 
with mild SAS.13 In our study, there was no 
association between the severity of SAS and 
occurrence of accidents (Table 3). It was impor-

tant to note that all the causes, may it be 
sleepiness, not following traffic rules, alcohol 
intake, other’s fault and personal error, each 
would have a perfect association with the 
occurrence of accidents. In other words, if the 
person was sleepy, accident may happen. As 
presented by Connor and Norton et al., there was 
a strong association between acute sleepiness 
and the sleep crash with eightfold increased for 
drivers who are sleepy but there was no signifi-
cant increase with chronic sleepiness.14 Majority 
of the drivers in our study pointed out that 
sleepiness was the cause of the accidents (Table 
2). However, sleepiness per se, whether it was 
acute or chronic, may be difficult to assess. It 
was established that patients with SAS presents 
with increased daytime sleepiness.14 The 
increase in daytime sleepiness brought about by 
sleep apnea syndrome may result to increased 
tendency of these patients to have driving 
accidents.

 The subjective perception of sleepiness had 
been correlated with Epworth Sleepiness Score 
(ESS).15  Subjective and objective methods had
been employed to evaluate excessive daytime 
sleepiness. Objectively, the test considered as
the gold standard to determine sleepiness is the
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Variables (-) accident (+) accident p-value

Mild SAS 32 30 0.307
Moderate SAS 30 33
Severe SAS 98 138
Epworth Sleepiness Score (mean ± SD) 13.58 ± 8.56 13.15 ± 5.69 0.565

Table 4. Association of Severity of Apnea-Hypopnea Index and Epworth 
Sleepiness Score With Driving Accidents

Table 5. Logistic Regression of Variables That May Affect in the Association of 
SAS Severity with Driving Accidents

Variables Odds Ratio 95% CI p-value

SAS Severity 1.19 0.91 to 1.58 0.220
BMI 1.01 0.95 to 1.05 0.331
Neck circumference 0.99 0.94 to 1.04 0.564
Years of driving 1.02 0.99 to 1.03 0.095
History of coffee intake 1.03 0.63 to 1.68 0.909



multiple sleep latency test (MSLT). The principle 
behind this was that the degrees of sleepiness can 
be measured by how quickly a person falls 
asleep (sleep latency) when given the opportuni-
ty to do so. However, because this test was 
costly and cumbersome, simple subjective scale 
such as the ESS was developed to reliably 
predict sleep latency. Studies had been pub
lished to correlate whether ESS was associated 
with MSLT. A study by Bendabis et al, 
examined the association of ESS with MSLT 
that included 102 patients evaluated for daytime 
sleepiness.15  They concluded that  ESS is 
comparable to MSLT except in some parameters 
such as determining sleep latency wherein 
MSLT can give a more objective results. Fur-
thermore, the subjective ESS and objective 
MSLT may evaluate different complementary 
aspects of sleepiness.15 In contrast to the study 
by Chervin and Aldrich on the validity of ESS 
as a measure of sleepiness among patients who 
were suspected or confirmed to have obstructive 
sleep apnea syndrome, the ESS had a statisti-
cally significant association with self-rated 
problem of sleepiness. However, the ESS was 
not associated statistically with multiple latency 
sleep test or measures of sleep apnea severity.16  
In another study by Olson et al,17 the ESS and 
the mean sleep latency (MSL) were correlated 
but not inter-changeable. It was found out that 
ESS was influenced by psychological factors but 
multiple latency  test was not affected. The ESS 
cannot be used to demonstrate or exclude sleepi-
ness as it is measured by MSLT. The informa-
tion from these studies may explain our results. 
As presented in Table 1, the ESS scores of our 
patients were not significantly different across 
the groups whether mild, moderate or severe 
SAS. Furthermore, the ESS among our patients 
who had accidents was not significantly 
different (i.e. meaning higher ESS scores from 
those who did not have accidents) (Table 4).  Our 
study was parallel to the result of the study by 
Connor and Norton et al. who reported a popula-
tion-based case-control study on driver’s sleepi-
ness and its risk of serious car injuries.14 They 
reported that subjects who had ESS of 10-15 
was associated with lower risk of accidents 
compared to drivers with ESS less than 10. 
Furthermore, an ESS of 16-24 with other factors 
were not associated with either significant 
increase or decrease in injury crash.14

It is implied that ESS may not be a good 
predictor for classifying the severity of SAS 
nor is it a good predictor of occurrence of 
driving accidents but may help gauge the 
tendency of sleepiness among drivers.

 The BMI and the neck circumference in 
our patients as grouped according to the 
severity of SAS was statistically significant 
and was noted to be greater among the 
severe SAS (Table 1). Neck circumference has 
been reported to correlate better with the 
presence of apnea than the BMI and recommen-
ded a thorough inquiry on history pertaining to 
sleep apnea symptoms when the neck circum-
ference is more than 40cm.18 Other study 
showed conflicting results otherwise and 
concluded that no single anthropometric value 
can predict the severity of SAS.19

 Coffee consumption among our patients 
was statistically different among the groups. 
This was also reported in the study of 
Bardwell et al. that patients with obstructive 
sleep apnea had significantly greater caffeine 
consumption than those without sleep apnea 
and they consume more amount of 
caffeine.20  This higher caffeine consumption 
among those with higher SAS severity may 
be indicative of the state of sleepiness of 
patients with sleep apnea that may 
otherwise be unnoticed by the patients.   

 The following were the limitations of the 
study. The patients were contacted by phone 
or personally visited through the address and 
telephone number given in the record. The 
recall bias can also be considered since the 
patients were asked about the driving 
accidents that could have happened several 
years ago. This was also the reason why a 
significant other of the patient was asked so 
as to compare the accuracy of the incidents 
that had happened. Another limitation of the 
study was the effect of other factors that 
might have contributed to the driving 
accident such as mechanical defects or 
alcohol intake, although careful extraction of
the details on the incidence was done.
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CONCLUSION

      The study showed that driving accidents 
occurred in more than 50% of SAS patients 
regardless whether the severity was mild, mode-
rate or severe. The incidence of driving 
accidents tends to increase with increasing 
severity of SAS. This, however, was not statisti-
cally significant. The most common cause of 
driving accidents among SAS patients was 
sleepiness comprising 86% of those who had 
accidents. The ESS score, a subjective measure 
of sleepiness, however, was not significantly 
different among the different severity groups of 
SAS patients. There was no difference in the 
ESS of those driver SAS patients who had 
accident and those who did not have driving 
accidents.  
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Background ---  Postoperative pulmonary complication (PPCs) increases the morbidity of post cardiothoracic 
surgery patients especially of the lower age group. This study was done to determine the risk factors associated 
with postoperative pulmonary complications following cardiothoracic surgery in children 6 years old and below 
who underwent cardiothoracic surgery from November 1, 2010 - October 31, 2011 at the Philippine Heart 
Center.
Methods --- This is a prospective cohort study done in a total of 120 patients, 52 of whom performed tidal 
breathing analysis. Upon admission, data collection sheet was filled up with the demographic and clinical 
characteristics of patients included, the preoperative risk factors identified, the American Society of 
Anesthesiologists (ASA) physical status score, and the Risk Adjustment in Congenital Heart Surgery-I 
(RACHS-1) classification. Perioperatively, the surgical procedures done, cardiopulmonary bypass time and 
aortic cross clamp time were noted. Postoperatively, the total duration of postoperative mechanical ventilation, 
recovery room stay, intensive care unit stay, length of postoperative hospital stay and the condition on 
discharge were also noted. Patients were then evaluated for postoperative pulmonary complications. Primary 
outcome was development of PPCs. Secondary outcomes included the duration of postoperative mechanical 
ventilation, recovery room (RR) stay, pediatric intensive care unit (PICU) stay, overall length of postoperative 
hospital stay and mortality. For qualitative data, proportions/percentages were computed. For quantitative data, 
means and standard deviation were used. Comparisons of categories between with and without postoperative 
complications were done using Chi-square and independent T-test for all continuous variables at α = 0.05 (5%). 
All variables that presented a p-value of ≤ 0.050 were considered independent predictors of postoperative 
pulmonary complications.
Results --- The rate of PPCs in this study was 73% with atelectasis, pneumonia and air leaks as the top three 
most common PPCs. Patients with PPCs had a longer duration of postoperative mechanical ventilation, longer 
RR and PICU stay and a longer overall length of hospital stay. There were 14 (12%) who died in the study, all 
with PPCs. There is the tendency that as the number of postoperative pulmonary complication increases, the 
rate of mortality also increases. Risk factors  associated with  PPCs were  history of respiratory tract infection 
(RTI), preoperative mechanical ventilation, high pulmonary artery pressure (PAP), hypercarbia, hemoconcen-
tration, lymphocytopenia, prolonged protime, hypoalbuminemia, complexity of cardiac surgery using the 
RACHS -1 scoring system and high ASA score. Logistic regression analysis however, only showed history of 
RTI and preoperative mechanical ventilation as independent risk factors for the development of PPCs. 
Conclusions --- Incidence of PPCs in children 6 years old and below undergoing cardiothoracic surgery is high 
and is associated with need for prolonged mechanical ventilation and longer RR, PICU and hospital stay post-
operatively. Therefore, identifying the risk factors to prevent its occurrence is of paramount importance. Phil 
Heart Center J 2014;18(1):52-67.
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     anagement of patients with congenital 
    heart disease (CHD) is an interplay 
of complexities. In taking care of the heart, one
M also has to consider the other organs of the body

most especially the lungs as their pathologies 
are interrelated.1 This subset of patients may 



have limited ability for the heart to increase 
systemic and/or pulmonary blood flow, decrease 
arterial oxygen due to shunt lesions and in-
adequate delivery of oxygen to the tissues.2 
Children with congenital heart diseases there-
fore have profound alterations in respiratory 
functions even before a surgical intervention can 
be done. Despite enormous advances both in the 
care of the child with critical heart disease in the 
last decade and in surgical interventions for 
CHD, postoperative complications remain to be 
inevitable.

 In a study by Ferguson, the most common 
form of postoperative morbidity experienced by 
pediatric patients who underwent surgical 
abdominal procedures, thoracotomy and cardiac 
surgical procedures are pulmonary complica-
tions.3 A review article by Khan and Hussain in 
2005 mentioned that postoperative pulmonary 
complications (PPCs) contribute significantly to 
morbidity and mortality in surgical patients and 
is more frequent than cardiac complications.4

 It is given that the age and growth depen-
dent changes in physiology and anatomy of the 
respiratory control mechanism, airway dyna-
mics, and lung parenchymal characteristics have 
a profound influence on the pathophysiologic 
manifestations of the disease process. In 
younger children, they have smaller airways, a 
more compliant chest wall and poor hypoxic
drive compared to their older counterparts.5 

The infant or young child is therefore an impor-
tant population in the field of cardiothoracic 
surgery as they are more prone to develop 
post-operative complications than their older 
counterparts. Morbidity and mortality are also 
higher. Currently in our institution, children 6 
years old and below comprise the majority of 
those who underwent palliative or corrective 
cardiothoracic surgery. For the year 2010, there 
were 669 cardiothoracic surgeries done among 
children 0-18 years old. Of these, 445 (66.5%) 
were among those younger than 6 years old.6

 Most of the studies on determining risk 
factors of developing postoperative pulmonary 
complications after a cardiothoracic surgery 
were done on adults and older children. It 
includes pulmonary function test (PFT) as one 
of the variables. Adults and older children 
are more cooperative and therefore able to 

perform PFTs. Controversy exists whether 
abnormalities in pulmonary function can signifi-
cantly associate or predict pulmonary compli-
cations. Punzal and colleagues noted that among
adult patients, PFT can be an optional tool rather 
than an essential part of the preoperative assess-
ment tool in cardiac patients undergoing heart 
surgery.7 In  2009, Dela Cruz et al.  studied the
risk factors for developing PPCs among children 
above 6 years old.8 Subjects included only those 
with PFT by spirometry. No study was done 
among children 6 years old and below and 
without any PFT. Hence, this study was done to 
identify the risk factors for developing PPCs 
among these age group and eventually  
propose a scoring system to predict these 
complications.

 Children 6 years old and below have 
difficulty performing the PFT. The major 
differences in undertaking PFTs in younger 
children relate to sleep state, sedation, ethical 
issues, posture and the need to adapt equipment 
for measurements in small subjects who cannot 
be asked to undertake any special breathing 
maneuvers. In addition, infants are also 
preferential nose breathers, with nasal resistance 
representing approximately 50% of total airway 
resistance. These children are also difficult to 
sedate or are old to sedate but young to 
cooperate. Thus, infants and young children 
have been regarded as the dark ages of pediatric 
pulmonology in terms of assessing lung 
function.9 For children who cannot follow 
instructions, the section of spirometry 
recommends the use of a tidal breathing analysis 
(TBA) where no cooperation is needed. Locally, 
TBA is done only in our institution. While this 
study would want to include TBA measures as 
one of the variables, doing so will neglect a 
significant portion of the population since tidal 
breathing analysis can only be performed at the 
pulmonary laboratory and limited to those 
patients who are stable enough for transport.

 It is therefore the objective of this study to 
prospectively determine the risk factors asso-
ciated with the development of PPCs in patients 
6 years old and below undergoing cardiothora-
cic surgery and to determine how various risk 
factors could be combined to best predict the 
development of PPC. 
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Entry Point

Admissions for palliative/corrective cardiothoracic surgery (0-6 y.o.) referred to the 
Section of Pediatric Pulmonology for Preoperative Evaluation

PREOPERATIVE

Demographic and clinical 
characteristics

Evaluation for presence 
or absence of preoperative 

risk factors (Table 1)

ASA score
RACHS-1 score

±

Tidal breathing analysis

PERIOPERATIVE

Surgical Procedure/ Open 
or Closed Heart Surgery

Cardiopulmonary 
Bypass Time

Aortic Cross 
Clamp Time

POSTOPERATIVE

Duration of postoperative 
mechanical ventilation

Recovery room stay, 
PICU stay and overall post-

operative length of 
hospital stay

Discharge Outcome

Correlates with Postoperative Pulmonary Complications

Identify predictors of postoperative pulmonary complications 
among 0-6yo undergoing cardiothoracic surgery 

(PREdICt Phase I)

Propose a risk scoring system
(PREdICt  Phase II)

   

 

 

 

 

Figure 1.  Conceptual model of study

METHODOLOGY

 This is a prospective cohort study done 
among children 6 years old and below who 
underwent cardiothoracic surgery at the 
Philippine Heart Center from November 1,
2010 - October 31, 2011.

 The study included all pediatric patients 
referred for preoperative evaluation to the 
Section of Pediatric Pulmonology aged 6 years 
old and below and admitted at the Philippine 
Heart Center from November 1, 2010-October 
31, 2011 for palliative or corrective cardiotho-
racic surgery.

Risk factors: Criteria for selection of risk 
factors included in this study was based on 
various literatures on PPC in children and most-
ly  from the Philippine Academy of Pediatric 
Pulmonology (PAPP) position statement on 
preoperative evaluation of pediatric patients for 
elective surgery11 and the use of risk factors 
that were accessible to the institution in the 
preoperative, intraoperative, and immediate 
postoperative setting. Accessibility and identifi-
cation of standard of care procedures were 
deemed important factors for selection in an 
attempt to build a model or a scoring system that 
would have clinical applicability to predict risk 
and guide pulmonary care in cardiothoracic
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surgery. Risk factors and operational definitions 
are shown in Table 1.

Outcome measures:  The primary outcomes 
are postoperative pulmonary complications with 
its specific definitions as shown in Table 2. 
Postoperative pulmonary complications were 
considered as pulmonary manifestations or 
problems noted within the 7th  postoperative 
day or while the patient is still in the hospital.

 Secondary outcomes were also assessed as 
to postoperative duration of mechanical ventila-
tion, recovery room stay, postoperative pediatric 
ICU stay and overall postoperative length of 
hospital stay however there were no attempts 
made to differentiate between hours or days 
attributable to the PPC versus those that were 
not. Death was also considered in this study and 
was correlated with postoperative pulmonary 
complications.

Data collection: Upon admission, data 
collection sheet was filled up with the needed 
data to determine the demographic and clinical 
characteristics of patients included in the study 
as well as to identify the presence or absence of 
the preoperative risk factors identified in Table 
1. Patients were also evaluated and scores were 
assigned as to their American Society of Anes-
thesiologist (ASA) physical status and Risk 
Adjustment in Congenital Heart Surgery-1 
(RACHS-1) score.  Perioperatively, the follow-
ing variables were recorded:  surgical procedure, 
cardiopulmonary bypass time and aortic cross 
clamp time. Immediately post op, the total dura-
tion of post-operative mechanical ventilation, 
duration of  recovery room stay, PICU stay,  
overall postoperative length of hospital stay and 
outcome upon discharge were also be noted. For 
those who underwent tidal breathing analysis, 
despite the limited number, these were also 
recorded.

 Patients were then evaluated for PPCs as 
defined in Table 2. Subjects were divided as 
those with PPCs and those without. Postopera-
tive pulmonary complications were considered 
as pulmonary manifestations or problems noted 
within the 7th postoperative day or while the 
patient is still in the hospital.

Statistical analysis and sample size calculation:
Sample size computed is n ≥ 51 based on a 95% 
confidence level, 15% relative error.  This is 
with an assumed postoperative pulmonary 
complication rate of 8.1% as found in the study 
by Borges et al.10 

 Data were presented in tabular and graphical
forms. For qualitative data, proportions/per-
centages were computed. For quantitative data,
means and standard deviation were computed. 
Comparisons of categories between with and 
without postoperative complications were done 
using Chi-square and independent T-test for all 
continuous variables using  STATA 11. All inde-
pendent variables were entered into a binary 
logistic regression model using full model 
technique. Beta coefficients and their corres-
ponding odd ratios were used  to determine the 
independent predictors of  pulmonary compli-
cations. All variables that presented a p-value of  
≤ 0.050 were considered independent predictors 
of postoperative  pulmonary complications.

RESULTS

 From November 1, 2010-October 31, 2011, 
a total of 336 (65%) out of 517 patients aged 6 
years old and below underwent cardiothoracic 
surgery at the Philippine Heart Center. Of these, 
120 patients were referred to the service of the 
pediatric pulmonology for preoperative evalua-
tion and were included in the study. 

 The mean age is 2.18 years old, with majori-
ty belonged to the 1-3 years old age group. Forty 
seven  out  of  the 120 patient [40%] were 
females and 73/120 [60%] were males. Seventy 
five of the 120 (63%) underwent open heart 
surgeries. Demographics and clinical characte-
ristics of the subjects as well as the procedures 
are detailed in the table below (Table 3).

 Cardiac diagnoses of patients included are in
Table 4. The three most common lesions were 
Tetralogy of Fallot (TOF), Ventricular Septal 
Defect (VSD) and Patent Ductus Arteriosus 
(PDA).
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Age (in years)
Age classification (Neonatal 0-28 days; Infants 29 days old <1 year old; Toddlers 1-3 years old; Pre-schoolers 4-6 yeas old

Gender  (Male or Female)
Weight (in kilograms)
History of prematurity (born less than 37 weeks age of gestation (AOG)
History of respiratory tract infection (RTI) - evidence active RTI within the past 30 days
History of reactive airway disease  (asthma attack/note of wheezing or bronchospams within 4-6 weeks
History of tuberculosis (exposure, infection, disease, post-treatment defined according to the 2010 Tuberculosis of Infancy
        and Childhook Handbook
Presence of neurologic problem (cerebral palsy, epilepsy, global development delay)
Diagnosis (cyanotic/acyanotic)
Surgical procedure (palliative/corrective)
Preoperative intubation and mechanical ventilation (intubated and hooke to mechanical ventilation at least 24 hours prior
       to operation
Presence of pulmonary hypertension (mean pulmonary artery pressure of greater than or equal to 25mmHg at  rest or 
       greater than or equal to 30mmHg during exercise)
Pulmonary arterial pressure in mmHg (PAP from 2D echocardiogram taken most immediate to operation)
PAH classification (normal <25mmHg, mild 25-44mmHg, moderate 45-55mmHg, >55 severe)
Preoperative ABG (pH, p02, HCO3, BE, 02sat)-most immediate prior to operation
Preoperative complete blood count (CBC)-white blood count, hemoglobin, hematocrit, neutrophils, lymphocytes, 
       platelet)-last determination prior to operation
Preoperative Protime (INR) - last determination prior to operation
Preoperative APTT (in seconds)-last determination prior to operation
Chest radiograph taken most recent prior to operation (normal vascularity, hypovascularity,hypervascularity, pneumonia,
      hyperaeration, scoliosis/deformity, congestion, atelectasis)
Preoperative serum albumin - last determination prior to operation
Bypass time in hours
Cross-clamp in hours
RACHS-1 Risk Adjustment in Congenital Heart Surgery classified as 1-6 
American Society of Anesthesiologists (ASA) physical status - Class I-IV 
Duration of postoperative mechanical ventilation (in hours)-
Tidal breathing analysis (TBA) - tidal volume (TV) which is the volume of air inspired and expired during normal quite
      breathing, time to peak tidal expiratory flow rato of total expiratory time (tPTEF/tE) and the volume to peak tidal
      expiratory flow ratio of total expiratory time (VPTEF/VE)
            Positive studies / Negative studies
            Patterns:
                    Normal: TV 6cc/kg and above, tPTEF/tE >30, VPTEF?VE>30
                    Restrictive: TV  less than 6cc/kg
                    Obstructive: either tPTEF/tE or VPTEF/VE is less than 30
                    Mixed: TV less than 6cc/kg, tPTEF/tE

Table I. Risk Factors of Interest for this Study

Table 2. Definitions of Postoperative Complications

Postoperative Pulmonary Complications

Pleural effusion - chest radiograph demonstrating blunting of the costophrenic angle, loss of sharp silhoutte of 
             the ipsilateral hemidiaphragm in upright position, evidence of displacement of adjacent anatomical
             structures, or (in supine position) a hazy opacity in one hemithorax with preserved vascular shadows.
Pulmonary edema - as read on chest radiograph, as airspace opacification with diffuse or perihilar distribution
             ± frothy and/or bloody endotracheal tube (ET) secretions
Atelectasis (lobar) - lung opacification with a shift of mediastinum, hilum, or hemidiaphragm toward the
             affected area, and compensatory overinflation in the adjacent nonatelectatic lung
Diaphragmatic paralysis - elevation of one of the hemidiaphragms with (+) sniff test 
Pulmonary hemorrhage - gross bleeding per ET tube not related to trauma
Air leaks - pneumothorax, pneumomediastinum, subcutaneous emphysema
Airway problem - bronchospasm, wheezing/stridor [newly detected expiratory wheezing treated with 
      bronchodilator
Pneumonia - a new or progression of localized infiltrates on CXR with fever and leukocytosis >10,000/mm3 ±
      findings of crackles not due to congestion, (+) growth on sputum/NTA/ETA/plueral CS 
Pulmonary hypertensive crisis - PAP that ≥ systemic arterial pressure that is associated with significant
      deterioration in hemodynamic status-unexplained desaturation, tachycardia and hypotension, 
      high atrial pressure12
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Charateristics With complications
N = 88

Without complications
N = 32

p-value

Age (years)
Mean ± SD

2.04 ± 2.065 2.64 ± 2.164 0.167

Age (classification)
          0-28 days old
          29 days ≤1 years old
          1-3 years old
          4-6 years old    

7
30
27
24

3
5

13
11

0.272

Sex
          Male : Female ratio 52 : 36 20 : 12 0.834
Weight (kg)
          Mean ± SD 8.574 ±  4.807 9.972 ± 5.2354 0.174
History of prematurity 11 (13) 3 () 0.758
History of RTI 64 (73) 13 (41) 0.002**
History of Reactive Airway Disease 50 (57) 13 (14) 0.149
History of TB 13 (15) 2 (6) 0.349
History of Neurologic Disease 8 (9) 4 (13) 0.731
Preoperative mechanical ventilation 22 (25) 0 (0) 0.002**
Use of bypass 56 (64) 19 (59) 0.670
Type of lesion
         Acyanotic
         Cyanotic 

41 (47)
47 (53)

19 (59)
13 (41)

0.215

Table 3. Demographics, Clinical Characteristics and Procedures of Children Ages 0-6 Years Old Included in this Study
(PHC, 2012)
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                  Cardiothoracic abnormality/Heart Lesion, n (%) No. = 120
                  Tetralogy of Fallot 27 (23)
                  Ventricular Septal Defect 23 (19)
                  Patent Ductus Arteriosus 16 (13)
                  D-Transposition of the Great Arteries 11 (9.2)
                  Double Outlet Right Ventricle 8 (6.7)
                  Pulmonic Valve Atresia 6 (5)
                  Tricuspid Valve Atresia 6 (5)
                  Atrioventricular Septal Defect 5 (4.2)
                  Atrial Septal Defect 5 (.4.2)
                  Total Anomalous Pulmonary Venous Return 4 (3.3)
                  Hypoplastic Left Heart Syndrome 1 (.83)
                  Interrupted Aortic Arch 1 (.83)
                  Double inlet, double outlet single ventricle 1 (.83)
                  Aortopulmonary window 1 (.83)
                  Truncus arteriosus 1 (.83)
                  Redundant mitral valve 1 (.83)
                  Congenital heart block 1 (.83)
                  Parachute mitral valve 1 (.83)
                  Massive pericardial effusion 1 (.83)

Table 4. Cardiothoracic Abnormalities of Children Ages 0-6 Years Old Included in this Study (PHC, 2012)

                  Pulmonary Complications No. = 170

                  Atelectasis, n (%) 41 (24)
                  Pneumonia, n (%) 37 (22)
                  Air leaks, n (%) 27 (16)
                  Airway problem, n (%) 22 (13)
                  Pulmonary edema, n (%) 14 (8)
                  Pleural effusion, n (%) 13 (7.6)
                  Pulmonary hypertensive crisis, n (%) 10 (6)
                  Diaphragmatic paralysis, n (%) 5 (3)
                  Pulmonary hemorrhage, n (%) 1 (0.6)

Table 5. Cardiothoracic Abnormalities of Children ages 0-6 Years Old Included in this Study 
(PHC, 2012)



 

 

Test With complications Without complications p-value

No. of patients n=88 n=32

PAH on 2D echocardiography 37 (42) 9 (28) 0.388

PAP (mmHg ± SD 26.86 ±  33.754 13.88 ±  23.693 0.021**

PAH classification
            No hypertension
            Mild
            Moderate
            Severe

51 (58)
0 

15 (17) 
22 (25)

23 (72)
3 (9)
2 (6)

4 (12)

0.006**

Table 6.1. 2D echocardiography and Chest Radiograph of Children ages 0-6 Years Old Included in this Study (PHC, 2012)
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Table 6.2. Pulmonary Function Test using Tidal Breathing Analysis of Children ages 0-6 Years Old Included in this Study 
(PHC, 2012)

Test With complications Without complications p-value

No. of patients n=35 n=19

Abnormal TBA result 28 (80) 14 (74) 0.594

Type of TBA Abnormality
          Normal
          Obstructive
          Restrictive
           Mixed

7 (20)
24 (69)

1 (3)
3 (8)

5 (26)
9 (47)
1 (5)

4 (21)

0.424

Tidal Volume (mean ± SD) 9.473 ±  2.6775 8.784 ±  2.9835 0.396

tPTEF%tE  (mean ± SD) 25.882 ±  8.9715 30.611 ±  12.3225 0.117

VPEF%VE  (mean ± SD) 28.1 ±  7.3903 32.021 ±  10.2073 0.116

Test With complications Without complications p-value

No. of patients n=88 n=32

Arterial Blood (mean ±  SD)
         ph
         pCO2
         p02
         HC03
         BE
         O2sat

7.36 ±  .15
39.06 ± 11.97
67.89 ± .54.18
22.06 ± 5.69

-1.552 ±  7.4883
74 ± 25.26

7.39 ±  .044
35..41 ±  6.49
82.88 ±  84.07
20.84 ± 3.16

-1.583 ±  3.31
75.72 ± 26.9

0.128
    0.036**

0.255
0.145
0.975
0.762

CBC (mean ±  SD)
          WBC
           Hgb
           HCT
           neutrophils
           lymphocytes
           platelet

8.29 ±  8.01
92.16 ±  72.668

0.59 ±  .78
44.77 ± 18.855
41.89 ±  17.804

281 ±  143

5.281 ±  7.03
62.76  ±  67.25

0.89 ±  .79
39.28 ± 13.45
50.03 ± 12.6

303.94 ± 102.5

0.063
            0.048**

0.072
0.082

    0.007**
0.346

Protime (INR)  (mean ± SD) 1.16 ±  .24 1.08 ± .16            0.048**

APTT (seconds)  (mean ± SD) 37.451 ±  9.09 36.41 ±  4.51 0.408

Albumin (g/L)  (mean ± SD) 35.48 ±  12.3 40.38 ±  11.927   0.05**

Table 6.3. Other Laboratory Parameters of Children Ages 0-6 Years Old Included in this Study Group (PHC, 2012)



 

Test
With 

complications
Without 

complications p-value

n=88 n=32

RACHS-1
        1
        2
        3
        4
        5
        6

21
32
24
11
0
0

13
14
4
1
0
0

0.010**

ASA
        1
        2
        3
        4
        5

2
33
46
7
0

5
16
11
0
0

0.003**

Table 6.4. ASA and RACHS-1 Scoring of Children Ages 0-6 Years Old Included in this Study (PHC, 2012)
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Test
With 

complications
Without 

complications p-value

No. of patients n=88 n=32

Mean Bypass Time (hrs) ±SD
Mean Cross Clamp Time (hrs) ±SD

1.37 ± 1.225
1.67 ±  6.692

1.08 ± 1.136
0.78 ± .869

0.24
0.454

Table 6.5. Perioperative Characteristics of Children Ages 0-6 Years Old Included in this Study (PHC, 2012)

Risk Factors Odds ratio [95% conf. interval] p-value

History of RTI 4.74128 1.22576 18.34024 0.024**
Preoperative mechanical ventilation* omitted
High preoperative PAP (mmHg) 1.024175 0.9984728 1.050538 0.065
High pC02 1.02187 0.9287577 1.124317 0.657
Hemonoconcentration 1.008637 0.9939698 1.02352 0.250
Lymphocytopenia 0.9148435 0.8173545 1.02396 0.122
Protime (INR) 3.977041 0.112431 140.6805 0.448
Serum albumin 0.9812228 0.925562 1.040231 0.525
ASA 0.9293152 0.3224874 2.678017 0.892
RACHS-1 1.678835 0.7439713 3.788433 0.212

Table 7. Preoperative Factors Associated with Postoperative Complication of Children ages 0-6 Years Old Included in 
this Study (PHC, 2012) 

* Preoperative ventilation was omitted because of collinearity; it predicts success perfectly

Test
With 

complications
Without

 complications p-value

No. of patients n =88 n=32

Duration of Postop Mech Vent (hours) ±SD
RR stay (hours) ±SD
Postoperative PICU stay (days) ±SD
Length of postoperative hospital stay (days) ±SD
Death, No. (%)

115.97 ± 287.693
35.23 ± 22.48
10.24 ± 20.21
20.62 ± 21.58

14(16)

14.34 ± 12.19
20.22 ± 13.08

2.84 ± 2.7
10.28 ± 4.43

0(0.0)

0.001**
0.001**
0.042**
0.008**
0.020**

Table 8. Outcome Characteristics of Children ages 0-6 Years Old Included in this Study (PHC, 2012)



 

 Of the 120 subjects, 73% (n=88) developed 
postoperative complications, 12% (n=14) died, 
all of whom are with postoperative pulmonary 
complications. Atelectasis is the most common 
complication followed by pneumonia and air 
leaks. Table 5 shows the different pulmonary 
complications.

 Table 6.1-6.5 summarized the univariate 
analysis of the risk factors. Table 6.1 showed 
that a higher pulmonary artery pressure and the 
presence of PAH are significantly associated 
with PPCs.

 Table 6.2 compared the lung function 
measures among those who developed compli-
cations and without complications. There is no 
significant difference between the two groups. 
 For the other laboratory parameters, the 
development of carbon dioxide retention
or hypercarbia (p=0.036), hemoconcentration 
(p=0.048), prolonged protime (p=0.048) and 
hypoalbuminemia (p=0.05) are associated with 
PPCs.

 Both the ASA score and complexity of 
cardiac surgery using the RACHS-1 scoring 
system are associated with postoperative pulmo-
nary complications. More complications are 
seen as the score increases though there were no 
subjects who scored 5 and 6 for RACHS-1 and 
5 for ASA.

 Though statistically insignificant, those with 
PPCs have longer bypass time (1.37±1.225 vs. 
1.08±1.136) and aortic cross clamp time 
(1.67±6.692 vs. 0.78±.869).  All factors with

p≤ 0.05 in the univariate analysis were entered 
into logistic regression analysis to see the indi-
vidual effects of these factors on the outcome 
(Table 7).

 PPCs were significantly associated with a 
longer duration of postoperative mechanical 
ventilation, longer RR stay, postoperative PICU 
stay and longer overall length of postoperative 
hospital stay.  Mean duration of postoperative 
mechanical ventilation was 115.97h (SD±
287.693) in patients with PPCs, and 14.34h 
(SD±12.19) in patients without PPCs. Mean 
length of stay in the RR was 35.23h (SD±22.48) 
in patients with PPCS and 20.22h (SD±13.08) in 
patients without PPCs. Mean length of stay in the 
PICU postoperatively was 10.24h (SD±20.21) in 
patients with PPCs and 2.84h (SD±2.7) in 
patients without PPCs. Mean length of post-
operative hospital stay was 20.62h (SD±21.58) 
in patients with PPCs and 10.28h (SD±4.43) in 
patients without PPCs. There were 14 patients 
who died in the study, all with PPCs, attaining a 
statistical significance of p=0.020.

 An in-depth analysis of those who died 
revealed that there is the tendency that  as the 
number of postoperative pulmonary complica-
tion increases, the rate of mortality also 
increases. Due to the small size for those with 4 
or more complications per patient, the trend 
however cannot strongly be demonstrated (Table 
9).
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Table 9. Association of the Number of Pulmonary Complications as to Outcome of Children ages 0-6 Years Old Included in 
this Study (PHC, 2012)

No. of postoperative pulmonary complications 
per patient

Discharge Outcome

Discharged Improved
n(%)

Expired
n(%)

p-value

0 30 0(0.0)
1 39 4(9.3) 0.003**
2 18 5(21.9)
3 13 2(13.3)
4 4 1(20.0)
5 1 0(0.0)
6 1 2(66.7)

Total 106 14(11.7)



DISCUSSION

 Postoperative pulmonary complications 
following cardiothoracic surgery can never be 
undermined.  In the study of Healy et al., children 
with congenital heart diseases already have high 
incidence of pulmonary complications even be-
fore repair.1 Locally in our institution, the study
of Damian in 2010 showed a high incidence of 
postoperative pulmonary complications follow-
ing cardiothoracic surgery at 75%,13 a somewhat 
higher incidence compared to the study of Dela 
Cruz et al.8 in 2008 (64.5%) and AM Reyes et al.  
in  2001, (63%).14  These numbers were all taken
from a higher age group of 6-18 year olds. But 
what about in the lower, much vulnerable age 
group of the pediatric population (6 years and 
below) who constitutes the majority of the 
cardiothoracic surgeries in the institution? 
Studying the lower aged group is also deemed 
essential as most of the congenital heart diseases 
are best corrected earlier in life and that doing  
surgery at a later age would only mean delay in
the diagnosis and treatment. It is in this light that 
this study was done and found out a high inci-
dence of 73%, almost the same as  in the study of 
Damian of the older pediatric age group.13  This
is far from studies done in a university hospital 
in Brazil where wherein they reported a very 
low incidence of postoperative pulmonary com-
plication at 8.1%.10 In some international 
studies, Felcar et al.15 reported a 34% incidence 
rate, with pneumonia as the most common one at 
14.8%, while Linhua et al.,16 whose study inclu-
ded children up to 1 year old reported an 
incidence rate of 21.5% for pneumonia alone. 
The lower percentage of PPCs in these litera-
tures as compared to our study could be attri-
buted to the retrospective nature of their studies, 
where documentation plays a very important 
role. The present study and the study of Damian 
are both prospective cohort studies.

In the present study, the most common 
complication is atelectasis followed by pneumo-
nia and air leaks. While atelectasis was found to
be the most common postoperative pulmonary 
complication both in a cardiac and non-cardiac 
surgery, pneumonia was not a common compli-
cation in both the studies of Dela Cruz and 
Damian which were also done in the same insti-
tution. The increase rate of pneumonia 

postoperatively among the subjects could be 
attributed to the ongoing renovation of the ope-
rating room (OR) complex at the time the study 
was done. Major changes including the change 
in the preoperative antibiotics (from Cefuroxime 
to Cefazolin plus Gentamicin) and more vigilant 
infection control monitoring were done.

 PPCs are associated with the need for 
prolonged mechanical ventilation, RR stay, 
PICU stay and overall postoperative hospital 
stay. While this is self-explanatory, this indicates 
a bigger impact when it comes to cost, both for 
the patient’s finances as well as the hospital’s 
budget as many patients in our institution are 
charity patients. Identifying the risk factors of 
developing PPCs is therefore of great impor-
tance. Notably, with the 12% mortality rate 
found in the present study, all were found to 
have pulmonary complications, however no 
attempt was made to differentiate between 
deaths attributable to the PPC versus those that 
were not but what is certain is that as the 
number of PPCs increases per patient, mortality
is most likely.

Predictors of  PPC

 Among the patient’s demographics and 
clinical characteristics, the history of respiratory 
tract infection and preoperative use of mechani-
cal ventilation were found to be significantly 
associated with postoperative pulmonary 
complications. This is similar to the studies 
cited in the PAPP position statement on the 
preoperative evaluation of pediatric patients for 
elective surgery,11 the presence of both upper 
and lower respiratory tract infections increase 
the risk of airway complications by 5.28 times. 
Several  studies have also shown that children 
who have a recent (within 1 month) or active  
URI are more likely to have respiratory compli-
cations including breath holding, oxygen 
desaturation, and severe coughing.17 Results of 
the current study show that children with active 
and recent URIs (within 4 weeks) are at 
ncreased risk for adverse respiratory events, 
particularly if they have a history of reactive 
airway disease, require surgery involving the 
airway, have a history of prematurity, are 
exposed to environmental tobacco smoke, have
nasal congestion or copious secretions, or 
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require placement of an endotracheal tube; thus, 
an algorithm was proposed to guide clinicians in 
their management. Although there is paucity of 
literatures pointing to the need of mechanical 
ventilation as predictor of PPCs, Shi et al.  noted 
in their study that prolonged mechanical ventila-
tion is associated with high postoperative 
morbidity and mortality. It is also associated 
with nosocomial pneumonia and extubation 
failure.18 

 While the age and age classification, sex, 
weight, history of prematurity, history of 
reactive airway disease, history of TB, history of 
neurologic disease, use of bypass/open heart 
surgery, type of lesion whether cyanotic or 
acyanotic, and type of procedure as to palliative 
or corrective were not statistically associated 
with postoperative pulmonary complications, 
PPCs in our patients were mostly seen in those 
patients with the following risk factors: history 
of prematurity ( 13% vs. 9%), history of reactive 
airway disease (57% vs. 41%), and the use of 
bypass or open heart surgery (64% vs. 59%). 

 Several studies mentioned history of prema-
turity and history of reactive airway disease as 
risk factors of PPCs. According to the National 
Institute for Clinical Excellence, there are two 
common concerns with former preterm infants 
and that is the presence of bronchopulmonary 
dysplasia and possibility of postoperative 
apnea.19 On the other hand, as to the history of
reactive airway disease, several studies have 
reported higher number of respiratory complica-
tions associated with anesthesia and asthma 
exacerbation in these group of patients.20  It has 
been recommended by Black and Milenkovic21

that elective surgery should be done 4-6 weeks 
after an asthma attack to prevent complications 
such as coughing and bronchospasm. It was also 
mentioned in the September 2010 issue of the 
Lancet that the following are associated with 
perioperative respiratory complications: wheeze 
during exercise, wheeze >3x in the past year, 
nocturnal dry cough and family history of 
asthma, rhinitis and eczema.22 Increasing the 
sample size of this study will probably illumine 
the true value  of the aforementioned risk factors 
as  predictors of postoperative pulmonary com-
plications.   

 While it was an ambitious attempt to asso-

ciate a certain type of congenital heart disease 
with occurrence of postoperative pulmonary 
complication, it was however difficult to do so 
as the cardiac lesions included in the study are 
varied. The top 3 cardiac lesions included in the 
study are TOF, VSD and PDA. As to whether 
the lesion was cyanotic or acyanotic, it was not 
statistically significant that it was associated 
with postoperative pulmonary complications.

 For the preoperative laboratory characteris-
tics, the following were considered to be 
associated with postoperative pulmonary 
complications: (1) high pulmonary artery 
pressure, with more pulmonary complications 
associated with the severe type (PAP >55mmHg 
as measured during 2D echocardiogram), (2) 
higher pCO2 on arterial blood gas, (3) hemo-
concentration and lymphocytopenia on CBC, (4) 
elevated protime using international normalized 
ratio (INR) and (5) hypoalbuminemia. The 
elevated white blood cell (WBC) count (p 
=0.063), high hematocrit value (p=0.072), and 
high neutrophilic count (p=0.082) were almost as 
close to being statistically significant. Further
studies or adding more subjects will evaluate its
true relevance.

 Pulmonary hypertension can result from a 
broad spectrum of cardiac and pulmonary 
diseases and like producing a domino effect, 
children with pulmonary arterial hypertension 
can have hypertensive crises precipitated by a 
rapid increase in pulmonary vascular resistance 
(PVR) in response to stimuli including: hyper-
carbia, acidosis and hypoxia. If PVR increases 
to the point where pulmonary artery pressure 
exceeds systemic blood pressure, right ventricu-
lar diastolic and systolic function decrease 
acutely and can rapidly progress to right 
ventricular failure, arrhythmias, syncope and 
death.

 The most common pCO2 abnormality seen 
among those with PPCs is acute respiratory 
acidosis. Pulmonary congestion/edema, pooling 
of secretions, bronchospasm and bronchocon-
striction result to inefficient ventilation and 
thereby CO2 retention. A state of respiratory 
acidosis if uncorrected will lead to more pul-
monary complications as alveolar hypoventila-
tion ensues leading ultimately to respiratory 
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failure. In patients with cardiac problems espe-
cially those with pulmonary hypertension, it will 
lead to pulmonary vasodilatation and incites a 
hypertensive crises event.1

 Hemoglobin is also one factor associated 
with postoperative pulmonary complications. As 
an oxygen carrier, its role in oxygen transport is 
vital such that a deficiency will compromise the 
respiratory status of patients.23 In various litera-
tures, preoperative hemoglobin determination is 
never considered routine unless the contempla-
ted surgical procedure is associated with 
considerable blood loss24 and cardiothoracic 
surgery especially those requiring cardiopulmo-
nary bypass is one of them. Patel et al. also 
recommends preoperative hemoglobin determi-
nation among those infants less than 1 year old25 
while the American Academy of Pediatrics 
recommends preoperative hemoglobin determi-
nation in those less than 6 months old because 
the physiological nadir of red blood cell produc-
tion may cause the hemoglobin level to decrease
as low as 7g/dL and in those ex prematures 
because of the higher risk of postoperative
apnea in these group.26   It was however unex-
pected that a high hemoglobin and hematocrit 
count was significantly associated with 
postoperative pulmonary complications. Hemo-
concentration is mostly seen among patients 
with cyanotic type of congenital heart disease 
where preoperatively, some may even require 
phlebotomy. A hemoconcentrated blood is a 
thicker blood, much more difficult to transport 
to other systems of the body and therefore 
oxygenation is most likely to be compromised. It 
is therefore important to have a normal or  
acceptable level of hemoglobin prior to sub-
jecting these group of patients to cardiothoracic 
surgery.

 The inclusion of lymphocytes (more likely 
lymphocytopenia) as a risk factor for developing 
PPC was also somewhat surprising. There were 
limited literatures to support this claim.  Meguid
et al.27 and Leite el al.28 noted in their studies 
that lymphocyte count 3,000 per uL3 may signi-
fy malnutrition and increased perioperative risk. 
Although patient’s weight were considered non- 
significant risk factor of developing postopera-
tive pulmonary complications, it would have 
been better to use body mass index or wasting/

stunting as a measure of nutritional status in this 
study although it was also noteworthy that both 
the study of Dela Cruz8 and Damian13 who used 
the presence or absence of wasting as marker of 
nutritional status in their studies, did not show 
any association with postoperative pulmonary 
complication.

 Deranged bleeding parameters like pro-
longed INR also pose a risk of developing post-
operative pulmonary problems. Two of the 
patients in the study developed pulmonary 
hemorrhage and both were with deranged 
bleeding parameters. Postoperative bleeding   
was  one of  the  indications why patients’ chest 
were kept open for a time, decreasing further the 
tensile strength of the muscles of respiration and 
further decreasing lung compliance. Further-
more, patient’s were kept intubated longer and 
noted to have more pulmonary complications.

 Hypoalbuminemia was also found to be 
associated with postoperative pulmonary com-
plications. Hypoalbuminemia disturbs the Star-
ling forces (hydrostatic and oncotic pressures)
that dictate the flow of water between the capi-
llaries and the alveoli posing risk of developing 
pulmonary edema.1 Children with congenital 
heart problems especially those with congestive 
heart failure is often hypoalbuminemic. Malnu-
trition which may also manifests as hypoalbu-
minemia, may contribute to the problem.
 
 In our country, the PAPP uses ASA as 
method of risk stratifying patients who will 
undergo any kind of surgery needing general 
anesthesia. Patients  who are in ASA classes I 
and II are frequently considered appropriate for 
minimal, moderate or deep sedation but those in 
classes III and IV, “children with special needs, 
and those with anatomic airway abnormalities or 
extreme tonsillar hypertrophy present issues that 
require additional and individual consideration, 
particularly for moderate and deep sedation.”11

ASA scoring in this study is found to be asso-
ciated with PPCs. ASA scoring, therefore, can 
also be used in risk stratifying patients for 
cardiothoracic surgery as well. Classifying 
patients according to the complexity of cardiac 
surgery using RACHS-1 scoring system has 
been used since the year 1997 by panel of 
experts. It has been used to correlate with 

Banque MNF et al.    Predictor of Pediatric Post Op Pulmo Complication  63



in-house mortality among pediatric patients 
undergoing cardiac surgery such that the higher 
the score, the higher the incidence of mortality.29 

In our study, the RACHS-1 scoring system is 
also associated with PPCs. The higher the ASA 
and the RACHS-1 score, the more likely PPCs 
tend to occur.  

 The present study did not show an associa-
tion between the bypass time and the aortic 
cross clamp time with postoperative pulmonary 
complications, although there is a tendency that 
the longer the bypass and aortic cross clamp 
time, PPCs are more likely. The study will need 
more subjects to qualify this claim as it has been 
well documented also in literatures that in 
patients with CHD undergoing cardiopulmonary 
bypass, systemic inflammatory responses 
contribute to pulmonary edema and resultant 
mechanical and gas exchange abnormality there-
by increasing the risk of developing PPC.1

 Pulmonary function test is considered vital 
in doing preoperative evaluation, that is why in 
the institution only those children who were able 
to do spirometry were included in the study of
Dela Cruz and Damian. The present study made
use of the infamous tidal breathing analysis to 
evaluate pulmonary function in the lower pedia-
tric age group where not much cooperation is 
needed to perform the test.  Because of the 
limited number of patients that were able to visit 
the pulmonary laboratory to do the procedure, 
only 52 patients were able to do the test, thus the 
subset analysis. Among those who performed 
the test, whether an abnormal TBA result, type of 
TBA abnormality, tidal volume, tPTEF%tE and 
VPEF%VE, it did not show any statistically 
significant association with postoperative pulmo-
nary complications. This is in agreement with the 
study of Punzal et al7 done in the same institution 
but among adult patients wherein he found out 
that pulmonary function testing is not a pre-
requisite of doing preoperative pulmonary 
evaluation. It has also been a statement of the 
PAPP that routine pulmonary function tests are 
not indicated for healthy patients prior to 
surgery.15 Lawrence et al. have shown that 
clinical findings are more predictive of pulmo-
nary complications than spirometric results.30 
It further showed that FEV1, FVC and FEV1/
FVC where nearly identical among patients with 

or without pulmonary complications and no 
spirometric value was associated with post-
operative pulmonary risk. Pulmonary function 
test may be done in those who will undergo 
thoracic surgery for prognostication and for 
patients with pulmonary symptoms that is un-
explained after clinical evaluation. However, in 
the PEDIARISM study of De la Cruz et al, 
FVC<80 is considered a risk factor of develo-
ping postoperative pulmonary complications.8 
However it is important to note that in our 
study, both the mean  tPTEF%tE 
(25.882±8.9715) and  VPEF%VE (28.1±7.3903) 
of those with PPCs were below the normal 
value of 30, indicating that small airways’ 
disease could be associated with PPCs.

 Among the risk factors that were considered 
significant (p≤.05) in the univariate analysis  
were then entered into binary logistic regression 
model using full model technique and it identi-
fied the history of RTI and preoperative 
mechanical ventilation as independent predic-
tors of PPCs. All patients intubated and 
mechanically ventilated preoperatively who 
underwent cardiothoracic surgeries developed 
postoperative pulmonary complications, the 
reason why this factor was omitted but never-
theless considered significant.

 The present study is considered phase I of  
Preoperative Risk Scoring System for Infants 
and Young Children Undergoing Cardiothoracic 
Surgery (PREdICt). After identifying these risk 
factors, enrollment of more subjects as well as 
collection of data will continue and will 
hopefully be able to develop a scoring system to 
risk stratify in terms of  developing postopera-
tive pulmonary complications those patients
6 years old and below who will undergo cardio-
thoracic surgery in the future.

CONCLUSION

 The present study identifies the predictors of 
postoperative pulmonary complications among 
children 6 years old and below who underwent 
cardiothoracic surgery in the institution. One 
hundred twenty patients were included in the 
study, majority of which are males and mostly 
belonged to the 1-3 year old age group. There 
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were 63% who underwent cardiopulmonary 
bypass, and underwent mostly corrective proce-
dures. TOF, VSD and PDA were the top three 
congenital heart diseases  included in the study.

 Overall, the incidence of postoperative 
pulmonary complications in this study is as 
high as 73% with atelectasis followed by pneu-
monia and air leaks as the most common 
postoperative pulmonary complications.

 Patients with PPCs had a longer duration of 
postoperative mechanical ventilation, longer RR 
and PICU stay and a longer overall length of hos-
pital stay. There were 14 (12%) who died in the 
study, all with PPCs. There is the tendency that  
as the number of postoperative pulmonary com-
plication increases, the rate of mortality also 
increases. Risk factors  associated with  PPCs 
were  history of respiratory tract infection (RTI), 
preoperative mechanical ventilation, high 
pulmonary artery pressure (PAP), hypercarbia, 
hemoconcentration, lymphocytopenia, prolonged 
protime, hypoalbuminemia, complexity of 
cardiac surgery using the RACHS -1 scoring 
system and high ASA score. Logistic regression 
analysis however, only showed history of RTI 
and preoperative mechanical ventilation as in-
dependent risk factors for the development of
PPCs.

 Tidal breathing analysis was not found to be 
significantly associated with postoperative 
pulmonary complications among those tested. 
With the incidence of PPCs remaining to be 
high especially in the lower pediatric age group, 
knowing the risk factors of its occurrence is of 
paramount importance.

RECOMMENDATIONS

   A much larger sample population might 
reveal more significant results as a lot of those 
risk factors being studied showed trending 
towards significant results. Although this study 
already included 35 risk factors being consi-
dered, future studies can still include nutritional 
status in terms of BMI or percent wasting, blood 
transfusion and its contribution to lung injury, 
duration of operation and the type/site of inci-
sion. 

 Preoperatively as an out patient, this study 
recommends to do pulmonary function test 
using tidal breathing analysis for the lower 
pediatric age group to be able to achieve and 
thereby analyze a large number of patients and 
will therefore evaluate and utilize its full use as 
pulmonary function evaluation among these age 
group, as in the whole country, tidal breathing 
analysis machine can only be found in this 
institution. 

Limitation of the study:

 In an ideal setting wherein a study deals 
with different age group with different reference 
normal values, it is best to do analysis for age, 
however the author cannot find a standard 
normal values for age per age group for CBC 
and ABG results. 

 To assess the true value of tidal breathing 
analysis in the preoperative evaluation prior to a 
cardiothoracic surgery, it is ideal to do this test 
among all the subjects, however, this study was 
not able to do so because in the real setting, 
more than 50% of the subjects were direct to 
ICU admissions and are critically ill therefore 
doing tidal breathing analysis was an impossibi-
bility.

 Furthermore, another limitation of our study
is the fact that it reflects a single-center 
experience, which may limit its generalizability.

 But despite all these, this study has allowed 
us to identify the risk factors that will predict 
PPCs in this subset of patients and will hope-
fully create a lay-out for the phase II of this 
study wherein we will propose a scoring system 
to predict development of PPCs in patients 6 
years old and below who will undergo cardio-
thoracic surgery in the future. 
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Radiology

The Accuracy of Hounsfield Unit CT Attenuation
 in Differentiating Transudative From Exudative 

Pleural Effusion Based on Light’s Criteria
Allan P. Celi, MD; Harold L. Tan, MD

Background ---  A non-invasive technique, such as CT scan, to determine whether pleural effusion is 
transudative or exudative would aid in therapeutic management especially in cases when thoracentesis is 
contraindicated. Aside from the financial advantage, this method would benefit patients with CHF and 
concomitant transudative effusion (comprising approximately half of all patients with pleural effusion), since 
these patients usually do not require thoracentesis, hence preventing the complications inherent to 
thoracentesis.  This study is done to determine the  accuracy of Computed Tomography (CT) in characterizing 
pleural fluid into transudative and exudative based on attenuation values (Hounsfield Units), a non-invasive 
technique not being used for this purpose at this time.  
Methods --- This is a criterion-reference based cross-sectional study. Patients with pleural effusion who had 
thoracentesis and chest CT done within 7 days of each were evaluated retrospectively over a 4 year period.   
Effusions are classified as transudates or exudates using Light’s criteria. The mean Hounsfield unit (HU) of an 
effusion is determined and a receiver operating characteristic (ROC) curve was constructed to determine 
threshold values for classification on the basis of mean HU and to examine overall accuracy, using the area 
under the curve (Az).
Results --- Of the 110 exudates and 158 transudates, the mean attenuation of exudates (25.99 HU; [SD] 9.3 
HU; range, 12–45 HU) was significantly higher than transudates (11.89 HU; 2.5HU; range, 5-19 HU), (p = 0.00).  
The overall accuracy of attenuation values for identifying exudates was high, Az = 0.981, standard error = 
0.007, with the largest limitation being the overlap of exudates in the 16 to 18 HU range, which constituted 13% 
(35/268) of the total effusions measured.
Conclusions --- The mean attenuation of exudates is significantly higher than transudates as their accuracy is 
high. However, pleural effusions with HU’s between 16 to 18 represent a gray area where clinical correlation is 
required prior to thoracentesis. Phil Heart Center J 2014;18(1):68-74.
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	 	 	 leural	 effusion	 is	 excess	 fluid	 within	 the	
	 	 	 	 	 pleura,	 and	 when	 excessive,	 may	 impair	
breathing	by	limiting	the	volume	of	inspiration.		
Pleural	 effusion	 is	 generally	 classified	 into	
transudates	 or	 exudates	 depending	 upon	 the	
concentration	 of	 protein	 within	 the	 fluid	 itself.		
The	formation	of	transudates	is	dependent	on	an	
imbalance	 of	 hydrostatic	 and	 osmotic	 forces,	
whereas	 exudates	 are	 due	 to	 pleural	 disease.	
This	damaged	pleura	leads	to	leakage	of	protein	
and	lactate	dehydrogenase	with	ensuing	elevated	
specific	 gravity.1  As	 a	 result	 of	 the	 greater	
amount	 of	 protein	 content	 in	 exudates,	 there	 is	
a	 consequential	 increase	 in	 its	 density.	 This	
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increased	 density	 may	 potentially	 demonstrate
greater	attenuation	values	on	computed	tomogra-
phy,	as	measured	with	Hounsfield	Unit	(HU),	and	
be	noninvasively	differentiated	from	a	less	dense	
transudative	type	of	pleural	effusion.

	 Once	 the	 presence	 of	 a	 pleural	 effusion	 is	
established,	 the	cause	 should	be	elucidated	and	
thoracentesis	is	frequently	the	first-line	invasive	
diagnostic	procedure.		Although	thoracentesis	is	
used	 routinely	 in	 this	 institution,	 the	 procedure	
carries	 small	 but	 occasionally	 hazardous	 risks	
such	as	pneumothorax	and	re-expansion	pulmo-
nary	 edema.	 A	 method	 to	 characterize	 pleural



fluid	would	be	valuable	 in	guiding	 therapy	and
avoiding	 these	 potential	 dangers.	 Furthermore,	
the	 financial	 impact	 of	 an	 ultrasound	 guided	
thoracentesis	 (total	 costs	 of	 which	 in	 private	
institutions	 amount	 to	 a	 minimum	 of	 15,000	
pesos)	requiring	approximately	30	to	60	minutes	
depending	on	degree	of	difficulty	and	volume	of	
fluid	removed,	is	far	greater	than	that	of	a	plain	
chest	CT	 scan	 (costing	6,000	pesos	 and	 lasting
just	under	1	minute).	

	 Some	 contraindications	 to	 thoracentesis	
include	minimal	fluid	volume	(at	least	60	mL	is	
required	 for	 diagnostic	 studies),	 internal	 septa,	
pulmonary	 disease	 severe	 enough	 to	 make	
complications	 life	 threatening	 and	 predisposi
tion	 to	 hemorrhage.2	 	 However,	 there	 are	 two
conditions	in	which	diagnostic	thoracentesis	are	
usually	 not	 compulsory:	 when	 there	 is	 a	 small	
amount	 of	 pleural	 fluid	 and	 a	 definite	 clinical	
diagnosis;	 or	 when	 there	 is	 clinically	 apparent	
congestive	heart	 failure	 (CHF)	without	atypical	
features.	 Some	 of	 these	 atypical	 features
include:	 a	 unilateral	 or	 asymmetric	 effusion,	
pleurisy,	 fever,	 normal	 cardiac	 silhouette	 on	
chest	 radiograph,	 an	 echocardiogram	 that	 is	
inconsistent	 with	 heart	 failure	 and	 an	 effusion	
that	does	not	resolve	with	heart	failure	therapy.3

	 The	 characterization	of	pleural	fluid	 aids	 to	
determine	the	underlying	pathologic	process	and	
therefore	 governs	 clinical	management.	 Light’s	
criteria	has	been	 found	 to	be	 the	most	accurate	
test	 to	 differentiate	 an	 exudate	 from	 a	 transu-
date,	and	is	as	follows:	pleural	fluid	is	transuda-
tive	if	none	of	the	following	are	met:4 

	 The	review	of	related	literature	with	regards	
to	HU	 and	 pleural	 effusion	 remains	 conflicting	
with	no	steadfast	 range	developed	to	differenti-
ate	 the	 two	 types	 of	 effusion.	 Several	 authors	
believe	 that	 CT	 is	 rarely	 helpful	 in	 their	 diffe-
rentiation5	 and	 recognize	 its	 limited	 value	 in	
distinguishing	 transudate	 from	exudates.6	 	Other	
researchers	 showed	 a	 difference	 in	 attenuation

but	are	correlated	to	the	gross	appearance	of	the	
fluid	itself.		Warakaulle	and	colleagues	cites	that	
pleural	effusions	with	Hounsfield	units	of	12	to	
20	are	suggestive	of	serosanguineous	fluid	while	
pleural	 effusions	with	 an	 attenuation	of	 30	HU	
suggests	the	presence	of	blood	or	purulent	fluid.7
In	 a	 similar	 study	 by	Arenas-Jimenez	 et	 al.	 in	
2001,	 simple	 pleural	 effusion	 was	 observed	 to	
have	a	density	below	15	HU,	while	pleural	fluid	
rich	 in	 protein,	 such	 as	 empyema,	 had	 an	 HU	
over	 30.8 Other	 techniques	 employ	 the	 use	 of	
intravenous	 contrast	 administration	 to	 help	
demonstrate	 evidence	 of	 an	 inflammatory	
process	(exudative)	such	as	the	split	pleura	sign,	
which	is	enhancement	and	thickening	of	parietal	
pleural.9	 A	 majority	 of	 the	 previous	 studies	
regarding	 computed	 tomographic	 characteris-
tics	 of	 pleural	 effusion	were	 done	more	 than	 a	
decade	 ago,	 and	 the	 equipment	 used	 were	 not	
modern	 Multi-detector	 CT	 examinations.		
Earlier	studies	have	not	assessed	the	accuracy	of	
attenuation	 values	 in	 assessing	 pleural	 fluid.	 In	
addition,	 the	 author	 is	 not	 aware	 of	 any	 local	
research,	which	has	 attempted	 to	determine	 the	
diagnostic	yield	of	this	examination.

	 The	significance	of	 this	study	aims	 to	show	
that	 attenuation	values	have	 a	potential	 clinical	
value	 in	 the	 characterization	 of	 pleural	 fluid,	
especially	when	thoracentesis	is	contraindicated	
and/or	when	 the	volume	of	effusion	 is	minimal	
in	 an	 otherwise	 asymptomatic	 patient.	 In	
addition,	these	findings	may	also	help	reduce	the	
number	of	unnecessary	thoracentesis	particular-
ly	 in	patients	with	 transudative	pleural	effusion	
secondary	 to	 CHF,	 since	 approximately	 20	
percent	of	these	effusions	present	unilaterally	or	
asymmetrically10	 (an	 indication	 for	 thoracente-
sis).	 Most	 importantly,	 this	 knowledge	 could	
also	help	 to	 corroborate	or	be	 an	 adjunct	when	
history	 and	 physical	 examination	 already	 point	
to	a	possible	etiology.			This	study	aims	to	deter-
mine	 the	 accuracy	 of	 CT	 in	 characterizing	
pleural	 fluid	 into	 exudate	 and	 transudate	 based	
on	HU.

 METHODOLOGY

	 This	 is	 a	 criterion-reference	 based	 cross-
sectional	 study	 done	 at	 the	 Philippine	 Heart	
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1.	 Ratio	 of	 pleural	 fluid	 and	 serum	
	 	 	 protein	 levels	 is	 greater	 than	 0.5,	
2.	 Ratio	 of	 pleural	 fluid	 and	 serum	
						(LDH)	levels	is	greater	than	0.6,	and	
3.	 Pleural	 fluid	 LDH	 level	 more	 than				
					two	thirds	the	upper	limits	for	serum	
					LDH	levels



Center	Radiological	Sciences	Division.	Included	
were	adults	over	a	4	year	period	(January	2007	-	
December	 2010)	 with	 CT	 and	 thoracentesis	
performed	within	7	days	of	each	other	and	with
available	 laboratory	 parameters	 (pleural	 fluid	
protein,	 serum	protein,	pleural	LDH	and	serum	
LDH).	Excluded	were	those	with	hemothorax	or	
history	of	trauma.

 Patients	from	the	author’s	previous	research	
paper	 entitled	 “The	 Utility	 of	 Ultrasound	 in	
Differentiating	 Transudative	 from	 Exudative	
Pleural	Effusion”	were	 rescreened	 to	determine	
if	 a	 CT	 scan	 of	 the	 chest	 or	 upper/whole	
abdomen	 was	 performed	 within	 7	 days	 of	 the	
thoracentesis.	 	 These	 patients	 included	 in	 the	
said	 study	 have	 had	 pleural	 fluid	 analysis	
(pleural	 fluid	 protein,	 serum	 protein,	 pleural	
LDH	 and	 serum	 LDH)	 with	 determination	 of	
exudative	or	transudative	pleural	effusion	using	
Light’s	criteria.	

	 The	 computed	 tomography	 scans	 of	 the	
patients	who	 fulfils	 the	 abovementioned	 condi-
tions	 were	 retrieved.	 	 The	 CT	 scans	 were	
reviewed	 by	 the	 Consultant	 Adviser	 blinded	
to	 the	 laboratory	 results.	 The	 three	 slices	 with	
the	greatest	 amount	of	fluid,	determined	by	 the	
largest	 anteroposterior	distances	of	 the	effusion	
were	 used.	 A	 round	 to	 oval	 region	 of	 interest	
were	 positioned	 encompassing	 the	 largest	
possible	 fluid	 collection	 on	 each	 slice	 and	 the	
mean	Hounsfield	units	(HU)	values	of	the	three	
slices	were	recorded	and	averaged.		

Sample size and statistical analysis: The	sample
size	computed	was	n	>268	based	on	95%	confi-
dence	 level,	 10%	 relative	 error	 and	 assumed	
overall	 accuracy	 of	 CT	 in	 identifying	 exudates	
of	77.5%	as	presented	in	the	paper	of	Nandalur	
KR	et	al.11

	 The	 fluid	 analyses	 were	 then	 compared	 to	
the	HU	values	taken	from	the	patients	CT	scan.	
The	data	were	evaluated	 statistically.	 	An	ROC	
curve	 were	 constructed	 to	 determine	 threshold	
values	 for	 classification	 on	 the	 basis	 of	 mean	
HU	and	 to	examine	overall	 accuracy,	using	 the	
area	under	the	curve	(Az).		The	overall	accuracy	
for	 identifying	 exudates	 were	 then	 determined	
with	 its	 subsequent	 confidence	 interval.	 The	
optimal	 threshold	 value	 was	 also	 determined	
providing	 the	 range	of	HU	 to	help	differentiate	

an	exudate	from	a	transudate.

Definition of terms: 
Hounsfield	Unit	 (HU)	 -	 the	numerical	 informa-
tion	contained	in	each	pixel	of	a	CT	image.	It	is	
related	 to	 the	 composition	 and	 nature	 of	 the	
tissue	imaged	and	is	used	to	represent	the	densi-
ty	of	tissue.	Each	pixel	is	assigned	a	value	on	a	
scale	in	which	air	has	a	value	of	-1000;	water,	0;	
and	compact	bone,	+1000.12

Exudate	-		any	fluid	that	filters	from	the	circula-
tory	 system	 into	 lesions	 or	 areas	 of	 inflamma-
tion.	 Its	 composition	 varies	 but	 generally	
includes	water	 and	 the	 dissolved	 solutes	 of	 the	
main	 circulatory	 fluid	 such	 as	 plasma	 proteins,	
white	blood	cells,	platelets	and	 red	blood	cells.

Transudate	 -	 Extravascular	 fluid	 with	 low	
protein	 content	 and	 a	 low	 specific	 gravity	
(<	1.012).	 It	 has	 low	nucleated	 cell	 counts	 and	
results	 from	 increased	 fluid	 pressures	 or	 dimi-
nished	colloid	oncotic	forces	in	the	plasma.4

RESULTS

	 In	the	Philippine	Heart	Center,	between	July
2008	and	December	2010,	a	total	of	268	patients	
underwent	 thoracentesis	 and	 plain	 chest	 CT	
within	7	 days	 of	 each	other	who	had	 sufficient	
laboratory	 data	 to	 characterize	 their	 effusion	
according	 to	 Light’s	 criteria.	 	 Plain	 CT	 was	
performed	 on	 all	 patients	 using	 40-MDCT
scanner	 (Brilliance,	 Philips	Healthcare).	 In	 this	
population	 of	 268	 patients	 (Table 1),	 there	
were	 143	 male	 and	 125	 female	 patients	 with	
ages	ranging	from	19	to	91	years	old	(mean	age	
53.9	years).		The	5	most	common	co-morbidities	
were	 congestive	 heart	 failure	 (24.9%),	 pulmo-
nary	 tuberculosis	 (11.9%),	community	acquired	
pneumonia	(9.2%),	hepatic	cirrhosis	(8.0%)	and	
lung	carcinoma	(6.5%).		A	large	minority	of	the	
patients	had	a	history	of	smoking	(40.6%).

	 According	to	Light’s	criteria,	59%	of	the	268	
pleural	effusions	were	transudates	and	41%	were	
exudates.	 	 The	 mean	 attenuation	 of	 exudates	
(25.99	HU;	Std	Deviation	9.3	HU)	was	twice	as	
high	 as	 that	 of	 transudative	 pleural	 effusion	
(11.89	HU;	Std	Deviation	2.5	HU).		The	attenua-
tion	of	exudates	ranged	from	12	to	45	HU	while	
the	attenuation	of	 transudates	 ranged	 from	5	 to	
19	HU.	(Figure 1)	
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 Among	 the	 patients	 with	 exudative	 pleural
effusion,	 the	most	 common	causes	were	due	 to	
malignant	 disease,	 pulmonary	 tuberculosis	 and	
pneumonia	 while	 the	 most	 common	 causes	 of	
transudate	 pleural	 fluid	 were	 congestive	 heart	
failure	and	hepatic	cirrhosis	(Figure 2).		Table	3
summarizes	 the	 different	 causes	 of	 pleural	
effusions	 and	 their	 respective	mean	 attenuation	
in	 Hounsfield	 units.	 	 There	 was	 no	 significant	
difference	 in	HU	among	the	different	causes	of
transudates	 or	 exudate,	 although	 malignant	
pleural	 effusion	was	 found	 to	 have	 the	 highest	
HU	 (probably	 because	 of	 its	 hemorrhagic	
component).	 	There	 is	no	previous	 study	 to	 the	
author’s	 knowledge	 that	 has	 compared	 the	HU	
among	the	different	causes	of	exudative	pleural	
effusion.

	 An	ROC	curve	 for	 the	accuracy	of	attenua-
tion	values	in	the	identification	of	exudates	was	
constructed	 and	 is	 depicted	 in	 Figure	 4.	 The	
overall	 accuracy	 for	 identifying	 exudates	 using	
HU	 is	 high	 (Az	 =	 0.981;	 Std	 error	 =	 0.007).			
There	 was	 an	 overlap	 in	 the	 optimal	
threshold	 value	 for	 exudates	 which	 was	 deter-
mined	 to	 be	 16	 to	 18	 HU,	 which	 constituted	
13%	 of	 effusions.	 At	 16	 HU	 the	 sensitivity	
is	84.1%	with	a	specificity	of	92.9%,	at	17	HU	
the	sensitivity	is	76.6%	with	a	specificity	of	96.1	
and	 at	 18	 HU	 the	 sensitivity	 was	 found	 to	 be	
72.9%	and	specificity	of	98.7	%	(Table 2).

•	

•	

Figure 1. Average HU of exudates vs. transudates 
(PHC, 2011)

Figure 2. Most common comorbidities encountered 
among patients with transudates (clumped together) 
and exudates (separated). (PHC, 2011)

Variables No. (%)

Age 19-91 y/o (mean 53.9)

Sex
              Male
              Female

143 (53.3)
125	(46.6)

Smoking History 108 (40.6)

Co-morbidities:
            Congestive Heart Failure
            PTB
            Pneumonia
            Cirrhosis
            Lung Carcinoma/metastasis

67  (24.9)
32		(11.9)
22		(9.2)
21		(8.0)
17		(6.5)

Table I. Baseline Characteristics of Patients with Pleural 
Effusion Included in the Study (PHC, 2011)
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Figure 4. Graph shows receiver operating characteristic (ROC) curve plotting 100 – specificity (x axis) 
against sensitivity (y axis). Overall accuracy was high, with area under ROC curve of 0.981 and standard 
error of 0.007. (PHC, 2011)

•	

Figure 3. Summary of average HU for the most common causes of exudates and transudates.  Other 
causes of exudates+ include  SLE, Pancreatitis, Appendicitis, and Pulmonary Embolism. Other causes of 
transudates* include Schistosomiasis, Nephrotic Syndrome, ESRD, Myxedema, SVC Syndrome and 
Hepatitis. (PHC, 2011)

+ *



	 Ninety	 nine	 (99)	 patients	 underwent	 thora-
centesis	before	CT	and	169	underwent	CT	before	
thoracentesis	 (both	 within	 7	 days).	 The	 mean	
attenuation	 of	 patients	 in	 whom	 thoracentesis	
preceded	 the	 CT	 was	 slightly	 lower	 (14.9	 HU	
compared	with	15.6	HU).

DISCUSSION

	 Pleural	 effusion	 occurs	 “whenever	 the	 rate	
of	 fluid	 formation	 exceeds	 the	 rate	 of	 its	
removal.This	 occurs	 either	 because	 of	 an	 ele-
vated	 net	 hydrostatic	 pressure	 gradient	 (transu
dation)	or	because	of	an	 increased	permeability	
of	 the	 pleural	 vessels	 (exudation).”14	 Thora-
centesis	 is	 routinely	 performed	 in	 our	
institution,	 often	 on	 a	 daily	 basis.	 	 Although	
thoracentesis	 is	 considered	 a	 relatively	 safe	
procedure,	it	is	associated	with	its	own	risks	and	
contraindications.	 Finding	 an	 efficient	 non-
invasive	 technique	 to	 help	 characterize	 pleural	
effusions	 would	 be	 clinically	 and	 financially	
beneficial	 for	 many	 patients	 whose	 effusion	 is	
secondary	to	Congestive	Heart	Failure	(the	most	
common	cause	of	pleural	effusion	in	this	study)	
since	these	patients	often	respond	to	diuresis.

	 In	 the	 study	 of	 145	 patients	 by	 Nandalur	
et	al,11	it	was	found	that	the	average	attenuation
of	 exudates	 was	 17.1	 HU	 while	 the	 average	
attenuation	 for	 transudates	 was	 12.5	HU.	 	 The	
mean	 difference	 between	 exudates	 and	 transu-
dates	is	smaller	 in	this	previous	study	but	 there	
is	a	moderately	measureable	difference	between	
the	 two.	 	Although	 this	 study	 and	 the	 study	 of	
Nandalur	were	done	with	 similar	methodology,	
there	is	no	definitive	explanation	for	 the	defini-
tive	 explanation	 for	 the	 different	 attenuation

dingly	 giving	 a	 larger	 mean	 difference.	 	 The	
study	of	Nandalur	was	performed	in	the	United	
States	 where	 PTB	 is	 a	 rarity,	 found	 predomi-
nantly	in	AIDs	patients.

	 “Prior	 to	 this	 study,	 it	 was	 expected	 that	
because	 exudative	 fluid	 contains	 high	 levels	 of	
protein,	 LDH,	 and	 bilirubin,	 this	 could	 poten-
tially	 show	 increased	 attenuation	 (HU)	 on	 CT	
scan.”14	Only	a	few	clinical	studies	done	about	a	
decade	ago	have	been	published	in	an	attempt	to	
prove	this.	The	present	research	performed	with	
a	 modern	 Multidetector	 CT	 scan	 concurs	 with	
these	 previous	 studies	 showing	 that	 the	
Hounsfield	 Unit	 of	 exudates	 are	 indeed	 higher	
than	transudates,	more	than	previously	reported.		
In	our	study,	mean	attenuation	of	exudates	was	
25.99	HU	compared	with	11.89	HU	for	 transu-
dates,	 and	 the	 overall	 accuracy	 for	 identifying	
exudates	was	high	(Az	=	0.981).		The	usefulness	
of	identifying	exudates	and	transudates	was	also	
evaluated	by	calculating	 the	 sensitivity,	 specifi-
city,	 positive	 predictive	 value	 (PPV),	 and
negative	 predictive	 value	 (NPV)	 for	 each	
Hounsfield	Unit.	The	value	for	p	attained	is	0.00	
which	is	considered	significant.

	 In	 determining	 the	 actual	 HU	 cut-off	 to	
differentiate	an	exudate	from	a	transudate,	3	HU	
levels,	namely	16,	17	and	18,	provided	the	most	
sensitive	and	specific	values	with	no	significant	
advantage	of	one	over	 the	other.	This	gray	area	
represented	 13%	 of	 the	 pleural	 effusions	
encountered	 in	 this	 study,	 71%	 of	 which	 were	
exudates	(9	due	to	PTB,	8	due	to	pneumonia,	8
due	 to	 lung	 neoplasm/metastasis	 and	 1	 due	 to	
pulmonary	 embolism).	 The	 rest	 (29%)	 were	
transudative	 namely	 8	 patients	with	 congestive	
heart	 failure	 (1	patient	 of	which	had	 rheumatic

100.0 24.7 48.0 100.0 0.212 ± 0.038
100.0 41.6 54.3 100.0 0.368 ± 0.048
99.1 69.5 69.3 99.1 0.643  ± 0.058
97.2 73.4 71.7 97.4 0.673 ± 0.059
96.3 81.8 76.6 96.9 0.755  ± 0.061
84.1 92.9 89.1 89.4 0.776  ± 0.062
77.6 96.1 93.3 86.0 0.756  ± 0.061
72.9 98.7 97.5 84.0 0.744  ± 0.060
63.6 99.4 98.6 79.7 0.665  ± 0.059
44.9 100.0 100.0 72.7 0.490  ± 0.053
40.2 100.0 100.0 70.6 0.442 ± 0.051
39.3 100.0 100.0 70.3 0.433  ± 0.051

Table 2. Sensitivity, Specificity, Positive Predictive Value (PPV), and 
Negative Predictive Value (NPV) of CT Findings for Diagnosis of 
Exudative Versus Transudative Pleural Effusions. (PHC, 2011)

values	 between	 the	 two	 studies.	 	One	
possible	 explanation	 is	 that	 the	 quali-
ty	 and	 the	 resolution	 of	 	 the	 CT	
images	 in	 this	 study	 were	 probably	
higher	 thus	 elevating	 sensitivity.		
Another	 explanation	 is	 the	 number	 of	
effusions	 in	 The	 Philippine	 Heart	
Center	 is	 largely	 due	 to	 congestive	
heart	 failure	 and	 pulmonary	 tubercu-
losis.	 The	 densitometry	 of	 these	 two	
disease	 entities	 are	 theoretically	 on	
the	opposite	sides	of	the	HU	spectrum	
pulling	 the	 average	 HU	 of	 exudates	
and	 transudates	 further	 apart	 accor-
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heart	disease)	and	2	due	to	liver	cirrhosis.		At	all
HU	levels	between	16	and	18	exudates	predomi-
nated,	at	16	HU	70%	were	exudates,	at	17	HU
66%	 were	 exudates	 and	 at	 18	 HU	 80%	 were	
exudates.			One	explanation	for	this	may	due	to	
different	 etiologies	 of	 pleural	 effusion	 in	 a	
single	patient,	 for	 example,	 a	patient	with	PTB	
who	 developed	 concomitant	 congestive	 heart	
failure	 would	 theoretically	 have	 a	 HU	 in	 the	
mean	 area.	 	 Another	 possibility	 is	 due	 to	 the	
effects	of	 treatment	 such	as	antibiotics,	heparin	
or	 diuresis	 which	 may	 affect	 effusion	 bio-
chemistry	and	hence	altering	CT	attenuation.13

CONCLUSION

 In	conclusion,	the	Hounsfield	Unit	exposes	a
potential	 clinical	 value	 in	 the	 stratification	 of	
pleural	 fluid.	 The	 results	 of	 the	 present	 study	
should	 encourage	 physicians	 to	 apply	 this	 tool	
in	 the	 management	 of	 patients	 with	 pleural	
effusion.	However,	when	 the	CT	attenuation	of	
pleural	fluid	 ranges	 from	16	 to	18	HU,	clinical	
correlation	 as	 well	 as	 assessment	 for	 cardiac	
configuration,	 parenchymal	 masses	 and	 infil-
trates	 on	 CT	 images	 should	 be	 weighed.	
Nevertheless,	CT	should	not	replace	thoracente-
sis	when	the	latter	 is	 indicated	and	the	etiology
remains	in	question.	

RECOMMENDATION

	 The	 limitation	 of	 this	 study	 was	 that	 it	 is	
retrospective	 study,	 and	 the	 thoracentesis	 and	
CT	scans	were	not	performed	at	 the	 same	 time	
in	 a	 majority	 of	 patients.	 Diuresis	 as	 well	 as	
antimicrobial	 treatment	 may	 influence	 bio-
chemistry	 of	 pleural	 fluid	 or	 CT	 appearance.13	
To	 minimize	 the	 effect	 of	 this	 limitation	 a	
prospective	study	prior	to	any	form	of	treatment	
may	be	warranted.	
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Cardiovascular Anesthesia
A Comparison of Patient-Controlled Analgesia (PCA) 

with Nurse-Administered Analgesia (NAA) 
in Post-Operative Pain Control Among Open Heart 

Surgery Patients at the Philippine Heart Center
Juffey Tabingan, MD; Carina Dipasupil, MD; Veronica Durante, MD

Background ---  Intravenous Patient Controlled Analgesia (PCA) was compared to a round the clock Nurse 
Administered intravenous Analgesia regimen (NAA) to determine if the PCA was advantageous in terms of pain 
scores and satisfaction ratings among post cardiac surgery patients.
Methods --- Eighty patients, 22 to 76 years of age, undergoing cardiac surgery under sternotomy approach 
were randomly assigned to receive Tramadol HCl either by PCA or by NAA for 24-hours after admission to the 
recovery room. Minimum and maximum doses were standardized.  Pain intensity was tested four times a day 
and satisfaction ratings were obtained on the 24th hour after admission to the recovery room.
Results --- There was no difference in pain scores obtained between both groups (p > 0.05) in spite of greater 
analgesic usage by the PCA group (p = 0.000). Satisfaction ratings were higher among the PCA group. 
(p = 0.000)
Conclusions --- In using Tramadol HCl at 150 to 300mg per day, PCA and NAA methods are equally effective 
in treating post cardiac surgery pain. However, patients are significantly more satisfied with using the PCA 
pump. Phil Heart Center J 2014;18(1):75-79.
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    f utmost importance to every preoperative 
  patient is the management of post-
operative pain. However, inadequate treatment 
of acute post-operative pain has been well 
documented and probably still persists today.1

 Effective opioid analgesia is maintained by 
sustaining adequate plasma opioid concentra-
tions and avoiding the pitfalls of so called 
“peaks” and “troughs”.2 (Figure 1) Peaks happen
immediately after an IV bolus of an opioid 
wherein serum concentrations of the opioid 
suddenly increases, sometimes above effective 
serum concentrations. It is at these concentra-
tions where opioid side effects such as nausea, 
vomiting, pruritus and even respiratory dep-
ression or hypotension may occur.1 Troughs on
the other hand happen when due to pharmacoki-
netics, serum opioid concentration falls, 
sometimes below effective serum analgesic 
concentration. This usually happens when 

O dosaging schedules are scheduled too far apart. 
Troughs are when patients could experience 
inadequate pain relief.1 In our current practice of 
Nurse Administered Analgesia (NAA), wherein 
pain medications are given by an attending nurse 
on a scheduled dosage (e.g. Tramadol HCl 50mg 
IV every 8 hours), patients may experience pain 
in between dosing schedules. 

 Intravenous Patient-Controlled Analgesia 
(PCA) is an alternative modality used for the 
management of pain after major surgery.1

In general, Grass loosely defines patient-
controlled analgesia (PCA) to  imply an on-
demand, intermittent, IV administration of 
opioids under patient control (with or without a 
continuous background infusion).1 This 
technique is based on the use of a sophisticated 
microprocessor-controlled infusion pump that 
delivers a preprogrammed dose of opioid when 
the patient pushes a demand button.1



 Austin et al3 has demonstrated that when 
analgesia starts to wane after an initial dose, even 
small increments of opioids could produce 
adequate pain relief. The least serum concentra-
tion at which pain was relieved was termed the
“minimum effective analgesic concentration” 
(MEAC). (Figure 2) The maintenance of MEAC 
while avoiding serum opioid concentration 
peaks and troughs is the theoretical advantage of 
using PCA. This is the reason why we postulate 
that employing PCA would translate to better 
patient pain scores and satisfaction ratings as 
compared to NAA. 
 
 Although the use of the PCA has been exten-
sively studied, almost all of the data obtained was 
from foreign centers.4 The authors have not found
any local data pertaining to the use of PCA in 
post-cardiac surgery. We therefore performed a 
prospective randomized controlled open label 
study to compare pain scores and satisfaction 
ratings between post cardiac surgery patients 
managed with PCA and NAA.

METHODOLOGY

 A randomized controlled open label clinical 
study involving 80 patients from 22 to 76 years
old undergoing cardiac surgery by the sternoto-
my approach at the Philippine Heart Center was 
conducted from November 2010 to January
2011. They were allocated by block randomiza-
tion into Group 1 (PCA) and Group 2 (NAA). 
Group 1 post-op pain was managed by means of 
a PCA pump, which was set to give an initial 
bolus of 50mg Tramadol HCl followed by a 
continuous infusion of 4.2mg of tramadol per 
hour (100mg/24 hours). On demand boluses of 
10mg Tramadol HCl was programmed with a 
lock out time of 10 minutes with a maximum 
allowable on demand dose of 40mg per hour. 
Group 2 post-op pain was managed by the NAA 
method with 50mg of Tramadol HCl IV every 8 
hours with an additional 25mg of Tramadol 
HCl intravenously (IV) given every 4 hours as 
needed for pain scores of 4 and above. In both 
groups, the minimum amount of Tramadol HCl 
was set at 150mg/day and the maximum dose 
per patient was standardized at 300mg per day. 
Pain management was started within the first 15 
minutes upon admission at the post-anesthesia 

care unit (PACU or recovery room). Visual
Analog Scores (VAS) for pain were recorded at 
1, 6, 12 and 24 hours after the patient was
admitted at the PACU and satisfaction ratings 
using a four point scale were obtained 24 hours 
after admission at the PACU. 

 The study protocol was approved by the 
Institutional Ethics Review Board (IERB) of the 
hospital. A signed consent was obtained from 
the patients. Data was analyzed using the mean, 
standard deviation, t-test, Mann-Whitney test 
and Friedman Test.

• 
Figure 1. This representation shows serum opioid 
concentrations given by intermittent boluses 
showing “peaks and troughs” as shown in the straight 
line (NAA). Maintenance of effective serum concen-
trations with frequent small doses are indicated by 
the dotted lines (PCA). The shaded area is the target 
analgesic concentration. Adapted from Ferrante and 
Covino.2

• 

Figure 2. A figure showing that a minimal increase in 
opioid concentration could result in significant pain 
relief as long as the minimal effective analgesic 
concentration is reached. Adapted from Austin et al.3

76  Phil Heart Center J January - December  2014



 RESULTS

 Eighty patients were included in the study 
and randomly allocated into 2 groups. Each 
group was comparable in age, weight, sex and 
operations performed. (Tables 1 and 2)

 There was no statistical difference between 
pain scores among both groups however, 
patients enrolled at the PCA Group had signifi-
cantly higher total 24 hour Tramadol dosage 
(PCA  250 ± 28.53mg vs. NAA 209.72 ± 44.
832mg, p = 0.00). (Tables 3 and 4)

  Patients enrolled in the PCA group also had 
significantly better satisfaction ratings than the 
NAA group (PCA 3.66 ±  0.591, NAA 3.06 ±
0.583, p = 0.00). (Table 5)

 In both groups, there was a significant 
increase in reported pain scores between the first
hour VAS and the 24th hour VAS (PCA2.29 ±
2.066 to 3.74 ± 1.336; NAA 1.89 ± 1.817 to   
3.69 ± 1.600). (Table 3)

 (PCA) n=40  (NAA) n=40 p-value
Mean ± SD Mean ± SD

Age 55.94  ± 12.139 50.36  ± 13.764 0.075
Weight 67.33 ± 12.394 67.17 ± 13.919 0.959
Gender, Male 34 (85) 28 (70)

Table 1. Demographic Comparison Between the Treatment Groups

Table 2. Comparison of Operations Done on the Treatment Groups

Operations done  (PCA) n=40  (NAA) n=40
CABG 28 (70) 24 (60)
Valve 11 (28) 11 (28)
Others (Congenital) 1 (2) 5 (12)

Table 3. Comparison of Pain Scores Using Visual Analog Scores (VAS) According to Treatment 

VAS Scores taken after 
admission at the 
Recovery Room

(PCA) n=40 (NAA) n=40 p-value

Mean ± SD Mean ± SD
1 hour 2.29 ± 2.066 1.89 ±1.817 0.438
6 hours 3 ± 1.698 3.11 ± 1.801 0.967
12 hours 3.31 ± 1.530 2.72 ± 1.427 0.082
24 hours 3.74 ± 1.336 3.69 ± 1.600 0.787

Table 4. Total Analgesic Dosage During First 24 Hours Post-op According to Treatment Groups

(PCA) n=40 (NAA) n=40 p-value
Mean  ± SD Mean  ± SD

Total 24 hour Tramadol dose  (mg) 3.66 ± 0.591 3.06 ± 0.583 0.000
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DISCUSSION

 Our results agree with the conclusions from
foreign centers4,6-8 that PCA does not confer 
additional pain relief regardless of significantly 
increased analgesic doses compared to NAA.
However, most of these foreign studies 
employed morphine as the analgesic, while our 
study used Tramadol HCl. Two studies reported 
significantly lower pain scores using PCA but in 
these studies, piritamid and ketobemidone were 
used as the analgesic.9,10 Tramadol was used in 
our study because it does not interfere with plate-
let function as compared to NSAIDs and it 
carries a low risk of respiratory depression, 
tolerance and dependence as compared to other 
pure opioid agonists such as morphine.11 Trama-
dol was demonstrated to be safely used via 
PCA1,12 and it also the most commonly used 
analgesic given to post operative patients in our 
institution. It is possible that some analgesics 
are more efficacious when given by PCA as 
opposed to be given by NAA.

 Our results also showed that there was a 
significantly increased pain score on the 24th 
hour as compared to the baseline pain score on 
the first hour after admission at the PACU. Two 
factors may have contributed to this phenome-
non. The first is that opioids given intraopera-
tively may still have conferred some pain relief 
up to the 12th hour of  pain scoring but not up to 
the 24th hour. This is probable since the trend in 
anesthetic management in adult cardiovascular 
surgery is by the “fast track method” wherein 
the total dosage of intraoperative opioids are 
decreased. The second possibility is that the 
Tramadol dosage given was suboptimal leading 
to an increased pain score on the 24th hour. 
Marcou et al. reported that the ED50, or the dose

of Tramadol wherein 50% of patients report pain 
relief is 86mg,13 while a follow up study by 
Thevenin et al showed that the ED80 or the dose 
of Tramadol to confer pain relief in 80% of 
patients was 260mg.11 However, Lehman clari-
fied that the minimum effective analgesic 
concentration of tramadol varies greatly.12 On 
average in this study, patients reported mild to 
moderate pain. As such, the researcher 
recommends an increase in the initial bolus of 
Tramadol to a dose higher than the ED50 and 
that the total 24 hour dosage should be adjusted 
according to the patient’s  weight,  pain status 
and age in case of the geriatric population.

 This study is at an intellectual impasse since
it states that even though the PCA group 
received significantly greater amounts of analge-
sic, there was no significant difference in pain 
scores between the two groups and even if there 
was no difference in pain scores, satisfaction 
ratings were  higher with the PCA group. There 
are several possible explanations to this 
dilemma. First is that the patients themselves 
may not have reported significant pain such as 
with York et al. wherein in their study, less than 
half the participants always communicated their 
experience of pain to nurses.5 Another possibili-
ty is that this study assessed pain status four 
times in 24 hours, which may not be a true 
reflection of the patient’s overall pain condition. 
As such, an explanation to this predicament,
which was not tackled by available related 
literature, is that pain scores in the NAA group 
may have been understated due to the actual 
timing of pain scoring in relation to the 
timing of analgesic administration. For a better 
assessment of the patients pain status, at the 

 
(PCA) n=40 (NAA) n=40

p-value

Mean ± SD Mean  ± SD

Satisfaction rating 1 day post operation 3.66 ± 0.591 3.06. ± 0.583 0.000

Table 5. Comparison of Satisfaction Ratings According to Treatment Group
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very least, pain scores should have been collected 
at baseline, 2 hours after dosing since this is the 
time of peak effect of tramadol,14 and imme-
diately prior to giving the next dose of Tramadol 
by NAA since this is theoretically the time of 
least serum concentrations and maximum pain.  

 In summary, the PCA and NAA methods  
have been shown to be equally effective in 
treating post-op pain but several factors such as 
the type of analgesic used, analgesic dosage and 
timing of administration together with intra-
operative opioid usage  may alter these findings.

CONCLUSION

 In using Tramadol HCl at 150 to 300mg 
per day, PCA and NAA methods are equally 
effective in treating post cardiac surgery pain, 
however, patients are significantly more satisfied 
with using the PCA pump.
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Case Report

Familial Interstitial Lung Disease in a Family 
With Familial Juvenile Idiopathic Arthritis

Charo N. Francisco, MD

Background ---  Interstitial lung disease (ILD) includes a large, heterogeneous group of mostly rare pulmonary 
conditions that cause derangements of the alveolar walls and loss of functional alveolar capillaries.  It is a 
complex disease.   Familial ILD is a rare type of hereditary disease and a thorough evaluation of the root cause 
is needed.  It becomes explicitly rare and multifaceted when the main cause is another familial type of disease, 
familial juvenile idiopathic arthritis.  
Case --- We present a case of an 8 year old girl who presented with difficulty of breathing, swelling of fingers, 
ankles and knees and respiratory distress when she was 2 years old. She was diagnosed initially to have miliary 
tuberculosis. Workups done included Chest CT scan and open lung biopsy. RF factor was extremely high, and 
anti-dsDNA was equivocal. Her eldest sister died of respiratory distress when she was 1 year and 4 months old. 
Her third sibling was diagnosed with systemic lupus erythematosus (SLE), juvenile idiopathic arthritis (JIA) at 3 
years old. There is a familial history of ILD among the sisters, with one unaffected younger sister.  She is 
presently maintained on corticosteroids, and sildenafil for the pulmonary hypertension.
Conclusion --- The diagnosis of interstitial lung disease is challenging. In this report, we describe a rare type 
familial ILD in Filipino children. Searching for the known etiology of such disease requires a thorough history 
and a complete physical examination. Since cases are under-reported and often misdiagnosed, vigilance is 
imperative to decrease morbidity and mortality among these children. Phil Heart Center J 2014;18(1):80-89.
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  nterstitial lung disease (ILD) comprises a 
  large, diverse group of rare pulmonary con-
ditions, sharing common histologic features, 
with resultant derangement of alveolar walls and 
loss of functional alveolar capillary units.1  Aside
from the alterations in the alveolar walls and 
spaces, the distal airways are commonly 
affected.2 The prevalence of childhood ILD 
(chILD) is not well-known, probably due to 
under diagnosed and under-reported cases. It is 
certainly rare among children and involves only 
a small percentage of cases seen by pediatric 
pulmonologists worldwide.1

 The clinical criteria for chILD must include 
the presence of at least 3 of the 4 common 
clinical manifestations for at least a month: 
symptoms of impaired respiratory functions 
(cough, breathlessness, exercise intolerance; 
evidence of impaired gas exchange (hypoxia  or 
hypercapnia either at rest or induced by exer-

I cise); diffuse or patchy radiological chest 
abnormality on CXR or CT scan; and adventi-
tious sounds on auscultation (crepitations or 
wheeze).3

	 ILD	is	a	complex	disorder	and	the	exact	defi-
nition, causes and spectrum of such disease is 
difficult	 to	 identify.	 Once	 the	 syndrome	 of	
chILD is recognized, a pursuit for a more 
precise diagnosis should be considered. 
Although,	 no	 classification	 is	 completely	
sufficient,	 classifications	 for	 chILD	 of	 known	
and unknown etiologies and of conditions that 
are	 unique	 to	 infants	 are	 identified.1 (Table I) 
Clinical	 expression	 of	 the	 disease	 is	 influenced	
by several factors such as host susceptibility, 
genetics and environmental aspects.  Conside-
ring these factors plus clinical heterogeneity 
makes	 the	 identification	 and	 classification	 of	
ILD	in	children	difficult.4



	 Familial	interstitial	lung	disease	is	identified	
by verifying the presence of the disease in two or 
more members of the same family. Establishing
an	 exact	 familial	 disease	 phenotype	 is	 difficult	
since different subtypes of ILD can be found in 
the affected family.5 Familial clusters of 
seemingly	 similar	 cases	 have	 been	 identified.	
Sandoz	 made	 the	 first	 description	 of	 familial	
idiopathic	 interstitial	 fibrosis	 in	 twin	 sisters	 in	
1907.	 	 Others	 hypothesized	 that	 the	 familial	
clustering may be secondary to exposure to 
shared environmental factors.6 However, 
Peabody and associates in 1950 reported a case 
of	familial	idiopathic	pulmonary	fibrosis	in	twin	
sisters who have been separated geographically 
for 25 years, uncovering that a genetic analysis 
of the disease was involved.7 Knowledge on the
clinical features of hereditary ILD is essential to 
determine	significant	patients	for	genetic	analy-
sis in clinical practice. Study of genetics provide 
insight into the pathogenesis of these diseases.4 A 
thorough way of searching the familial or gene-
tic causes of ILD in any child should be done 
when the following are noted: severe unex-
plained lung disease in the newborn period; 
diffuse disease involving the entire lung on 
HRCT; histopathology that demonstrates alveo-
lar proteinosis, DIP, or chronic pneumonitis of 
infancy;	 and	 electron	 microscopic	 findings	 of	
abnormal or absent lamellar bodies.1 Familial 
cases account for 0.5-2% of idiopathic pulmo-
nary	 fibrosis	 and	 occur	 as	 an	 autosomal	 domi-
nant disorder with variable penetrance.7  

 

tions of the disease are always immunologically 
mediate; however, there are reports of genetic 
predisposition in some cases. The clinical mani-
festations maybe triggered by infectious or 
environmental	influences.1 

 Rheumatoid arthritis-ILD is common among 
adult counterpart. However, lung involvement
is rare in JRA and it is limited to children with 
systemic	onset.	The	first	case	of	ILD	secondary	
to	 rheumatoid	 arthritis	 was	 first	 described	 in	
1948.1 Though cases of familial ILD were 
reported,9,10 only two cases of familial juvenile 
rheumatoid	 arthritis	 causing	 fibrosing	 alveolitis	
was	described	 in	 literature.	 	One	case	 involved	
identical twin sisters presenting with familial 
fibrosing	 alveolitis	 with	 rheumatoid	 arthritis;	
while the other case involved a family, with a 
father	and	six	of	his	children	 inflicted	with	 this	
familial disease.6   

 In view of the rarity of this familial associa-
tion, we present a case of one family with 
familial	 chILD,	 probably	 the	 first	 case	 in	 the	
Philippines, given that it is not common in our 
settings or possibly some are not reported or are 
misdiagnosed.  This is a case of familial 
childhood interstitial lung disease secondary to
juvenile idiopathic arthritis. This case involved 
three  out of four sisters wherein the eldest died 
and the youngest sibling is presently unaffected.

Interstitial Lung Disease of Known Etiology Interstitial Lung Disease of Unknown Etiology
Aspiration syndromes Primary Pulmonary Disorders
Infectious or post infectious lung disease Desquamative interstitial pneumonia (DIP)
Drug or radiation-induced lung disease Lymphoid interstitial pneumonia (LIP) and   related 

disorders
Hypersensitivity pneumonitis Nonspecific interstitial pneumonia (NSIP)
Lysinuric protein intolerance Cryptogenic organizing pneumonia
Lysosomal storage disorders Acute interstitial pneumonia
Neurocutaneous syndromes Alveolar hemorrhage syndromes
Surfactant dysfunction mutations Pulmonary infiltrates with eosinophilia

Bronchiolitis obliterans
Pulmonary alveolar proteinosis
Pulmonary vascular disorders (proliferative and 
congenital)
Pulmonary lymphatic disorders
Pulmonary microlithiasis
Systemic Disorders with Pulmonary Involvement
Connective tissue disease
Malignancies
Histiocytosis
Sarcoidosis

 Although distinct entities of
ILDs	 are	 identified,	 only	 a	 few	
numbers of cases are encoun-
tered clinically.  The most 
common form of ILD seen in 
practice is the idiopathic pulmo-
nary	 fibrosis,	 also	 called	 as	 the
cryptogenic	 fibrosing	 alveolitis,	
accounting for approximately 
25% to 35% of ILD cases.8 The
most common histopathologic 
form of childhood ILD is 
lymphoid interstitial pneumo-
nia.1

 Clinical evidence of pulmo-
nary involvement in rheumatoid 
disorders is not uniform and 
often insidious. The manifesta-

Table 1. Classification of Pediatric interstitial Lung Disease* 

*Adapted from Kendigs, Disorders Of The Respiratory Tract In Children, 7th ed. 
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Case

 This is a case of an 8 years old female who
was	 admitted	 for	 difficulty	 of	 breathing.	 	 She	
was delivered full term to a 20 years old G2P1 
(1001) mother at home, assisted by a midwife. 
She had good cry and activity, and with no note 
of respiratory distress.  She was brought to a 
private pediatrician the following day, given 
vitamin K and diagnosed as well baby. Perinatal 
history showed that her mother had regular 
prenatal checkup and had UTI on the 6th month 
age of gestation. 

 At 1 month old, Bacillus Calmette-Guerin 
(BCG) was given at a local health center and 
was diagnosed as accelerated BCG reaction.  
She was started on triple anti-tuberculosis medi-
cations. Since 2 months of age, she had recu-
rrent respiratory tract infections.

 At 8 months old, she was brought to her 
pediatrician for cough and fast breathing. She 
was diagnosed to have Pneumonia and a conge-
nital heart disease due to presence of murmur. 
2Decho done revealed pulmonary regurgitation, 
mild,	 patent	 foramen	 ovale	 (PFO)	 and	 slightly	
elevated pulmonary artery pressure. Her parents 
were advised that the lesion will close sponta-
neously and to repeat 2Decho after a year. 
Repeat	2Decho	done	revealed	a	closed	PFO	and	
a mild pulmonary artery hypertension; however 
no medications were given. She also had 
recurrent knee joint swelling since she was 1 
year old. 

 When she was 2 years and 2 months old, she 
was diagnosed to have miliary tuberculosis, 
based on her chest x-ray at a local hospital. She 
was transferred to Philippine General Hospital 
(PGH) where the impression was Pneumonia, to 
consider miliary tuberculosis, rule out interstitial 
lung disease.  She was given unrecalled IV anti-
biotics, nebulizations, and quadruple therapy 
(INH, Rifampicin, Pyrazinamide, and Ethambu-
tol).	 Purified	 Protein	 Derivative	 (PPD)	 and	
gastric acid fast bacilli (AFB) were negative. 
Interstitial lung disease was considered based on 
Chest CT scan. Quadruple anti-Kochs therapy 
was discontinued. Barium enema was done to 
rule out aspiration but revealed normal results.  
Repeat 2D echocardiography revealed 
pulmonary artery pressure of 72mmHg by PAT 
and with good LV function.  She was given 

prednisone unrecalled dose and beraprost.  Her 
parents were advised to do lung biopsy once her 
condition stabilizes. She completed IV antibio-
tics for 14 days and was discharged thereafter. 
She	 was	 started	 on	 Oxygen	 0.5	 to	 1LPM	 for	
episodes of cyanosis when she is in distress and 
fatigue. Due to frequent attacks of pneumonia, 
the lung biopsy was always deferred.

	 She	 was	 regularly	 seen	 at	 PGH-OPD	 from	
2005 to 2008 and was maintained on the follow-
ing	 medications:	 salmeterol	 plus	 fluticasone	
inhaler, prednisone and beraprost, which was 
shifted to chloroquine. Referral to geneticist was 
done and impressions were Hamman-Rich 
syndrome and desquamative interstitial lung 
disease. They were advised to do immunologic 
workups but failed to comply. She had episodes 
of bilateral swelling of wrists, knees and ankles 
as well as respiratory distress when prednisone 
was tapered and discontinued. She became 
oxygen-dependent since she was 4 years old.

 She was referred to Philippine Heart Center 
in	 2008	 and	 was	 regularly	 seen	 at	 our	 OPD.	
Initial physical examination showed the 
presence of moon facie, truncal obesity, and 
clubbing of nails but with no cyanosis. 2D echo 
(January 2010) revealed that her estimated PA 
pressure was 30 mmHg by TR jet and 74 mmHg 
by PAT.  Chest CT scan revealed an impression 
of pulmonary lymphangiomyomatosis, rule out 
interstitial lung disease. Tidal Breathing Analy-
sis	 done	 in	May	 2010	 revealed	 restrictive	 lung	
disease.	 	 She	 was	 maintained	 at	 Oxygen	 0.5	
LPM	and	increased	to	2	LPM	when	in	distress.	
She was started on bosentan and iloprost, and 
shifted	 to	 sildenafil.	 	 She	 continued	 her	 salme-
terol	plus	fluticasone	and	prednisone.	 	She	was	
referred to TCVS for lung biopsy.  However, 
due	 to	 financial	 constraints,	 biopsy	 was	
deferred.

 Ten days prior to admission, she developed 
distressing cough and colds with no fever noted. 
She was given salbutamol nebulization and 
clarithromycin	 at	 6mg/kg/dose	 BID.	 Oxygen	
requirement	 was	 increased	 to	 4LPM	 when	 in	
distress. She had gradual improvement after 
completion of antibiotics for 7 days. Three days 
prior to admission, there was recurrence of 
distressing cough, noted to be productive, 
accompanied with moderate grade fever. Nebu-
lizations were resumed and paracetamol at 12mg/
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kg/dose was given. She had episodes of cyanosis 
during	 bouts	 of	 cough.	 Oxygen	 support	 was	
maintained	 at	 4LPM.	 Clarithromycin	 was	
resumed. Two days prior to admission, her fever 
subsided but she had worsening of cough. Persis-
tence of her symptoms, accompanied with 
difficulty	of	breathing	prompted	consultation	and	
subsequent admission.

 Figure 1 shows her family pedigree. Her 
parents are not related by consanguinity. Perti-
nent family medical history showed that two 
younger brothers of her maternal grandmother 
died of an unknown cause. Both have a history 
of	 bronchial	 asthma	 and	 diabetes	 mellitus.	 On	
the paternal side, one of her uncle had psoriasis 
and one died of unknown kidney disease.
Both parents have history of hypertension in the

family. There was no history of any other 
connective tissue disease in their family.

 Her eldest sister presented with respiratory 
distress	and	chest	x-ray	finding	of	miliary	tuber-
culosis when she was 1 year and 3 months 
old; she died at 1 year and 4 months old.  Her 
third sibling, presently 5 years old, was diag-
nosed with SLE with overlapping JIA at 3 years 
old.   She presented with respiratory distress at 4 
years	old	and	she	had	similar	chest	x-ray	finding	
with her older sibling. Chest CT scan showed 
interstitial lung disease. (Figure 2) Her mother 
observed presence of pectus excavatum on her 
first	 and	 3rd	 daughter.	 Presently,	 her	 sibling	 is	
maintained on Naproxen sodium and on oxygen 
support	at	1-2	LPM,	when	in	distress.	

Legend:

 Unknown cause of death
Psoriasis

Kidney disease

Bronchial Asthma with DM2

ILD with JIA

DM2 with Hypertension

Hypertension

Deceased
Figure 1. Pedigree of an 8 year old female with familial interstitial lung disease and 
juvenile idiopathic arthritis 

Figure 2. Chest X-ray and CT scan of sisters with familial interstitial lung disease.  Chest x-ray of her younger sister (A) showed haziness 
on both lungs; while the patient’s chest xray (B) showed reticulonodular and hazy infiltrates. Interstitial lung disease was considered 
for the Chest CT scan of her younger sister (C)  and of the patient (D). 
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	 On	admission,	she	was	tachypneic,	in	respi-
ratory distress, with tight air entry and oxygen 
saturation	of	94%	at	4	LPM.		She	had	leukocyto-
sis, respiratory acidosis and mild hypoxemia. Her 
chest	xray	showed	 infiltrates	on	 the	right	 lower	
lobe (Figure 3).  She was started on Cefuroxime 
at 100mg/kg/day q8h and Amikacin at 15 mg/kg/
day	OD.			Sildenafil	at	0.8	mg/kg/day,	prednisone	
at	 1mg/kg/day	 and	 salmeterol	 plus	 fluticasone	
inhaler were continued. However, there was 
progression	of	infiltrates	(Figure 4) accompanied 
with recurrence of her fever. Her antibiotics were 
shifted to Piperacillin plus tazobactam at 300mg/
kg/day	 q6°,	 Fluconazole	 6	 mg/kg/day	 OD	 and	
her amikacin was continued. Her condition 
improved and she was referred for lung biopsy. 
She had recurrence of fever and leukocytosis on 
the 11th hospital day, and her antibiotics were 
shifted	to	Meropenem	120	mg/kg/day	q8°.

	 On	the	15th	hospital	day,	a	repeat	Chest	CT
scan (Figure 5) was done with an impression of 
interstitial lung disease, cannot rule out pulmo-
nary lymphangiomyomatosis. Repeat 2D echo, 
showed pulmonary arterial hypertension, with 
PA pressure of 52-56mmHg from previous of 
74mmHg. She was cleared by infectious and 
cardiology service and scheduled for lung biopsy 
on 21st  hospital day. She underwent posterola-
teral thoracotomy and  right wedge lung biopsy 
of the right upper and lower lobes.

	 The	histopathology	 report	 showed	fibrosing	
alveolitis	 (interstitial	 pulmonary	 fibrosis)	 of	
varied etiologies (systemic disease, dusts, inha-
lants, drugs, infections, miscellaneous diseases, 
familial conditions or cryptogenic in nature).
(Figure 6)

 She tolerated the procedure and was 
discharged improved on the 30th hospital stay. 
She	had	regular	follow-up	at	our	OPD	in	Pedia-
tric Pulmonology and PAH-clinic. She is main-
tained	 on	 oxygen	 support	 at	 3	 LPM	 when	 in	
distress	and	decreased	to	1.5	LPM	when	asleep.		
Anti-dsDNA was equivocal and rheumatoid 
factor (512umol) was markedly increased. She 
was advised referral to a pediatric rheumatolo-
gist. She is advised monitoring of PA pressure 
by 2D echocardiography, and repeat 6 minute 
walk test and tidal breathing analysis. She was 
maintained	on	sildenafil,	prednisone	and	salme-
terol	plus	fluticasone.

Figure 3. Chest x-ray on admission of an 8 year old 
female with familial interstitial lung disease.

Figure 4. Chest x-ray of an 8 year old female on the 4th hospital 
day showed progression of infiltrates on both lung fields

Figure 5. Chest CT scan done of an 8 year old female with inter-
stitial lung disease on admission. There are reticular  and linear 
pattern due to fibrosis. (A,B) with note of 1-2 cm air containing 
cysts (A, D, F). There are ground glass pattern seen in the middle 
lobes (D,F) 

A B
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DISCUSSION

 Interstitial lung disease (ILD) represents a 
heterogeneous group of chronic respiratory 
disorders associated with morbidity and mortali-
ty rate of 15% in the pediatric age group.10 The
spectrum of ILD is described as varying 
morphology	 of	 inflammatory	 interstitial	
diseases,	 of	 unknown	 cause,	 with	 no	 definite	
diagnoses, and probably related to immunity.

 There are important differences between 
ILDs in adults and chILD.3 ILDs in adults are 
more common than chILDs, which can occur in 
the context of the maturing lung. They may 
share similar etiology, however, they may 
present differently histologically.  There are also 
some	specific	forms	of	ILD	that	are	only	seen	in	
children.		ILDs	in	children	are	more	difficult	to	
manage.

 Cases of idiopathic ILD have been docu-
mented, although they may be linked to some
systemic disorders. Recently, genetic causes of 
ILD were considered.4,5,9 Although rare in 

children, there have been reported cases of 
hereditary types. Although there have been cases 
of systemic disorders causing familial type of 
ILD	 in	 children	 that	 were	 identified,	 these	 are	
rare, especially in our setting. Among these 
systemic disorders that are related to ILD, there 
is little information available on the relationship 
of connective tissue disease (CTD) causing ILD 
in children.

 Juvenile idiopathic arthritis (JIA), represen-
ting heterogeneous group of disorders characte-
rized	by	a	chronic	 inflammatory	arthritis,	 is	 the	
most common rheumatic disease in childhood.  
It	is	characterized	by	inflammatory	arthritis	with	
symptoms lasting for at least a week and presen-
ting by 16 years of age.12 It is a diagnosis 
exclusion and its current terminology of JIA was 
developed by the International League of 
Associations for Rheumatology to create an 
international consensus on the diagnosis of 
persistent childhood arthritis.13 Etiology of JIA 
remains to be unknown; however, there have 
been association with some infectious agents. It 
is considered an autoimmune disease, with 
possible genetic connection. Patients with JIA 
have a positive history of RA.13 JIA, which is 
more common in females than males, has an 
incidence of 5–18 per 100,000, and prevalence 
of approximately 1 per 1,000 children in USA.12 
Recently, the reported prevalence of JIA ranges 
from 0.07 to 4.01 per 1,000 children, and the 
annual worldwide incidence varies from 0.008 
to 0.226 per 1,000 children.14

 The risk of developing JIA is thought to be
influenced	 by	 a	 combination	 of	multiple	 genes	
and environmental factors. In one cohort study 
on	the	multi-ethnic	influence	on	the	risk	of	deve-
loping JIA, European descent and native of 
North America were at a higher risk of develo-
ping JIA. Those of black origin, Asians and 
Indian subcontinent origin had a statistically 
significantly	 lower	 likelihood	 of	 developing	
such illness.15 Patients of European ancestry 
present at an earlier age, had an increased risk of 
developing all subtypes of JIA, with the excep-
tion of the RF-positive polyarticular JIA and 
systemic JIA.14 This study states that predispo-
sing genetic factors exist and that the European 
ancestry is an important factor for the develop-
ment of JIA.

A B

C D

Figure 6. Microscopic section of  the right lung from an 8 year old 
female with interstitial lung disease.  A. foreign-body type giant 
cells are associated with crystalline material,(probably choles-
terol crystals (arrow); B. Few dilated bronchioles filled with 
numerous foamy macrophages, edema fluid, scant fibrinous 
material, and inflammatory cells. The air spaces (alveoli) are 
compressed, slit like to irregular, and mostly lined by metaplastic 
cuboidal cells with the interstices widened by cellular infiltrates 
composed of lymphocytes, plasma cells, some eosinophils and 
neutrophils. C. Masson’s trichrome stain highlights the increase 
in collagenous fibers within the interstitium and alveolar walls.  
D. Elastic (von Gieson) stain shows rare small arteries with mild 
medial thickening
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 Environmental factors, such as breastfeeding, 
infections and maternal smoking, were associa-
ted with the risks of JIA.14,16 In individuals who 
were HLA-DR4 negative (i.e. those that do not
carry this aspect of genetic predisposition to 
polyarticular JIA) breastfeeding for greater than 
three (3) months has a protective effect on  the 
development	of	RF	positivity.	(OR	0.18;	95%	CI	
0.04, 0.99; P=0.049).16 Certain infections, 
particularly Epstein-Barr Virus (EBV), human 
parvovirus 19 and streptococcus, were associated 
with risk of JIA development.

 The diagnosis of Familial JIA requires the 
identification	of	a	genetic	component.	The	cumu-
lative incidence of the disease in family members 
would justify genetic predilection.14,17-21	 Muaz	
and colleagues17	 identified	 a	 family	 with	 non-
consanguineous parents in which JIA was 
identified	in	three	out	of	four	male	siblings.	Both	
the clinical and radiological presentation of 
these patients was compatible with polyarticular 
type of JIA.  There is also a report of a familial 
occurrence	in	five	out	of	seven	siblings,	with	the	
parents being distantly related. Their symptoms 
were similar with monoarticular and oligoarthri-
tis course of JIA.18 In one study involving the 
largest cohort of JIA affected sibling pairs (ASP), 
there is concordance of the disease onset and type 
among these siblings.19  Prahalad and co-workers 
estimated the degree of familial aggregation of 
JIA.20	 	The	 risk	was	 increased	 among	 the	first-
and third-degree relatives of children with JIA 
and	 recurrence	 risk	 was	 highest	 among	 first	
degree relatives and substantially lower among 
third-degree relatives.  There was an increased 
risk	of	JIA	for	various	levels	of	type	1	DM.		The	
concordance rate among monozygotic twins is 
25%, suggesting prevalence ~250 times than the 
population	 prevalence.	On	 the	 other	 hand,	Zeft	
and colleagues21 showed that there were diffe-
rences in the prevalence of autoimmune (AI) 
diseases among maternal and paternal relatives 
of	children	with	JIA.		Overall	the	prevalence	of	
AI	 diseases	 was	 significantly	 increased	 among	
maternal second degree relatives as compared to 
that of controls (14% vs. 4.3%; p <0.001). The 
prevalence of AI diseases among mothers of JIA 
cases was three times that of fathers (32.3% vs. 
11.4%; p <0.0001). The prevalence of AI 
diseases	 was	 significantly	 higher	 among	 all	
maternal second-degree relatives of children with 
JIA than that of all paternal second-degree rela-

tives [14% vs. 7.9%; p<0.004].  These results 
demonstrate that maternal relatives of children 
with JIA have an increased prevalence of autoim-
munity compared to paternal relatives, suggest-
ing that there might be maternal parent of origin 
effect in JIA.14

 Heritable component to JIA risk mainly 
contributed from twin and family studies, 
showed an increased prevalence of JIA in twins 
and siblings of JIA probands. About 20-30 % 
of concordance rates were seen in monozygotic 
twins.22  The concordance rates quoted above are 
far from 100%, stating that certain environmen-
tal factors that the twins are individually 
exposed to must also contribute on the JIA 
risk.23 Studies reported that in siblings, they tend 
to develop JIA at the same age of onset rather 
than the same calendar year.20  Kwoh et al. states 
that probands from multiplex families have a 
1:1 male to female ratio and have a younger age 
of onset as compared to the probands from 
simplex families. In addition, one third of fami-
lies that appear to have familial cases may 
actually involve the chance occurrence of two 
sporadic cases within the same family.12

 With regard to its pathogenesis, abnormal 
reparative	process	triggered	by	an	acute	inflam-
matory process as a response against infectious 
and exogenous agents, may result in structural 
remodeling,	 scarring	 and	 fibrosis.3.24 The 
involvement at the alveolar level may manifests 
as	 significant	 impairment	 in	 gas	 exchange.	 In	
chILD, these processes occur in an organ that is 
still developing, further complicating the 
pathophysiology. The impairment in gas 
exchange may result to pulmonary hypertension 
and vascular remodeling. Honeycombing,  
which are a result of replacement of portions of 
the	lung	by	fibrotic	septae,	are	seen	in	end	stage	
of ILD. These changes may also result to reduc-
tion in lung compliance, causing an increase in 
the energy expenditure for breathing.24

	 In	 CTDs,	 the	 systemic	 inflammation	 may	
affect the different components of the respirato-
ry	system.	It	was	theorized	that	the	lung	fibrosis	
seen in RA was initiated by an initial cellular 
inflammatory	process	and	a	secondary	fibropro-
liferative	 process.	 Once	 the	 fibroproliferative	
process begins, the clinical course and gene 
expression	 profile	 become	 similar	 to	 those	 of	
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idiopathic	 pulmonary	 fibrosis	 (IPF),	 the	 proto-
typical	 fibrosing	 lung	 disease,	 and	 the	 disease	
becomes unresponsive to immunosuppression.25

 In a case series by Takastuki and 
co-workers,26 three children presenting with 
pulmonary arterial hypertension were subse-
quently found to have auto-antibodies.  There is 
subtlety in the manifestation of PAH and is 
usually part of the initial presentation of child-
hood connective tissue disease (CTD).26

 Several diagnostic examinations are warran-
ted in the management of ILDs. They may 
include imaging, bronchoalveolar lavage, and 
biopsy.	Chest	radiograph	is	nonspecific	and	non-
diagnostic. There are four radiographic patterns
usually seen: reticular, reticulonodular, reticulo-
granular and ground-glass patterns. In advanced 
cases, honeycombing is seen. In some children, 
the chest radiograph maybe normal.4	 	 On	 the	
other hand, high resolution computed tomogra-
phy (HRCT) is more sensitive than chest x-ray 
in capturing the early stages of alveolar wall 
thickening.  It is useful in assessing disease 
severity as well as identifying the most suitable 
site for biopsy. Chest CT is more accurate (66% 
correct diagnoses) compared with that of chest 
radiography (45% correct diagnoses) in the 
diagnosis of chILD.2

 The diagnostic yield of bronchoalveolar 
lavage (BAL) in the context of ILD in the other-
wise normal host is poor.  However, it is diag-
nostic	 in	 a	 few	 specific	 conditions	 (IPH,	LCH,	
PAP and lipoid pneumonia due to aspiration of 
oily medications). It is usually carried out in the 
most affected area. In diffuse involvement, it is 
performed in the right middle lobe, or for 
infants, in the lower lobe.2 Bronchoalveolar 
lavage has also been used to diagnose alveolar 
proteinosis, lysosomal storage disorders, histio-
cytosis,	 and	 surfactant	 protein	 deficiency	 in	
children.1

	 Majority	of	chILD	will	require	a	biopsy	for	
diagnosis, and this should not be delayed unless 
there is a realistic prospect that lesser proce-
dures will obviate the need for this invasive 
procedure.  There are several types of lung 
biopsy:	 open	 lung	 biopsy	 (OLB)	 with	 limited	
thoracotomy; video-assisted thoracoscopic 
(VAT) biopsy; transbronchial biopsy (TBB); and  

percutaneous lung biopsy with HRCT scan of 
the chest.

 Percutaneous biopsy would seem the least 
invasive of the possible transthoracic app-
roaches and has been reported in one series to 
have a high success rate with minimal complica-
tion.  Another group reported a diagnostic yield
of only 14/24 patients (58%) despite using CT 
guidance	 and	 17%	 subsequently	 required	 OLB		
This procedure may have a role but needs 
further evaluation.1

 Video-assisted biopsy can be safely per-
formed even in small children. In one study 
involving 36 children, histological diagnosis 
was obtained in 97%, therapy was directly 
affected in 83% and there were no postoperative 
complications.27 The procedure may not be 
suitable in the smallest patients because of the 
size of the trocar involved and in certain chILD, 
where high proportions of the patients are 
infants (12/27 in the present series).28

	 On	 the	 other	 hand,	 transbronchial	 biopsy
(TBB) is usually performed to obtain a tissue 
diagnosis for a variety of conditions, such as 
tumors,	 chronic	 infiltrative	 diseases,	 and	 infec-
tions, and for lung transplant monitoring. The 
pieces of tissue are too small to be useful in 
the context of an undiagnosed interstitial 
process Furthermore, TBB is contraindicated 
when there is pulmonary hypertension. Compli-
cations associated with the procedure were 
minimal and the results of the biopsy sample 
enabled each child to be treated ppropriately.29,30

	 Open	lung	biopsy	in	the	diagnosis	of	chronic	
ILD in children, carries a low risk of morbidity 
(3%) and mortality (1%).29	 It	provide	a	specific	
histological diagnosis in a high proportion of 
patients (93%) and help initiate or change 
management (56%), with few complications 
related directly to the biopsy procedure (11%).  
In another study of children with ILD,29 a 
specific	 diagnosis	 was	 provided	 by	 OLB	 in	
53%, but there was a lower diagnostic yield in 
children aged 2 yrs.24,29 The in-hospital mortality 
rate was 20%. Reserved for patients in whom a 
diagnosis that might change therapy is suspected 
and the underlying condition does not have a 
high mortality, it was least successful in making 
a	 definitive	 diagnosis	 in	 immunocompromised
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children. (5 of 43, 28%; p 1.024) It is most 
successful in the patients with some element of 
pulmonary hypertension (17 of 18, 94%; 
p=0.006). The risk of the procedure is highest in 
patents requiring mechanical ventilation (15 of 
19,	 65%;	 p=1024)	 or	 ECMO	 support	 (6	 of	 8,	
75%; p=0.007).29

	 One	study	compared	the	diagnostic	yields	of	
TBB,	 VAT	 and	 OLB	 in	 immunocompetent	
children.2 Rothenberg et al. reported on the 
safety	 and	 efficacy	 of	 VAT	 lung	 biopsies	 in	 a	
series of infants and children with ILD.3  

 Having described these possibilities, it has 
been found that a positive serological diagnosis 
is rare in chILD. DNA tests for mutations in 
SPB, SPC and ABCA3 are only available at 
specialist centers.1 

 The management of ILD depends on its 
underlying cause. In some cases wherein no 
cause	has	been	identified,	a	therapeutic	trial	with	
systemic steroids is prudent. The dose and 
duration of steroid therapy depends on the 
severity of illness and therapeutic response. It 
can be given initially at a high dose with gradual 
tapering or as a pulse therapy using IV methyl-
prednisolone.4 Other	 forms	 of	 immuno-
suppressive and immunomodulating treatments, 
such as cyclophosphamide, azathioprine, metho-
trexate, hydroxychoroquine, and chloroquine,
have all been tried with varying success. Post-
infectious organizing pneumonia usually 
responds to corticosteroids.4 Hydroxychloro-
quine has anecdotal success in ILD and alveolar 
hemorrhage syndromes.3	 Methotrexate	 and	
cyclophosphamide has a dose-limiting pulmo-
nary toxicity, limiting its use. In one study in 
2010, azithromycin treatment resulted in clinical 
improvement in children with ILD with surfac-
tant metabolism disorder.32 In all forms of ILD, 
if medical therapy has failed, lung transplanta-
tion can be tried.3

	 On	the	other	hand,	several	treatment	modali-
ties are available for those with JIA. Some of
these may be given to patients with ILD as well. 
According to Haines and colleagues, nonsteroi-
dal	anti-inflammatory	drugs	(NSAIDS),	 intraar-
ticular steroids, tumor necrosis factor-alpha 
(TNF-α),	 and	 autologous	 stem	 cell	 transplant	
can be given to patients with JIA.33

	 Moreover,	 clinicians	 utilized	 biomarker	 in	
ILD to predict responsiveness and progression 
of disease. They provide prognostic information 
that may help clinicians in the management of 
patients with ILD.34

 With regards to survival, Fan and co-
workers devised a severity of illness scoring 
system, which has been shown to be a predictor 
of survival. The scoring included the following 
parameters: presence of symptoms, hypoxemia 
at rest, hypoxemia during exercise and presence 
of pulmonary hypertension. The following 
parameters, on the other hand were not asso-
ciated with decreased survival: family history of 
ILD, age of onset, weight, presence of clubbing, 
crackles and duration of illness. Those with 
lower scores had higher survival probabilities. 
However, there is a need for further investiga-
tion to determine whether the changes in the 
score over time is associated with disease 
progression.35

SUMMARY

 In summary, we presented a case of an 8 
years old female, who initially presented with 
recurrent cough and colds, and eventually had 
swelling of joints and pulmonary hypertension. 
She had a family history of death due to unknown 
cause in the family and SLE with overlapping 
JIA and ILD. She was found to be rheumatoid 
factor (RF) positive. A consideration of possible 
ILD was noted on her chest CT scan. Lung 
biopsy	 revealed	 idiopathic	 fibrosing	 alveolitis.		
On	 further	 evaluation,	 a	 diagnosis	 of	 juvenile	
idiopathic arthritis was established.

 Hereditary forms should always be consi-
dered when one or two of the family members 
were presented with such disease.  We should 
always remember that the adult type of ILD is 
markedly different from the pediatric type.  
Children with ILD should be treated as such and 
not	as	small	adults,	since	the	classification	of	the	
adult-ILD is different from pediatric patients.

 In this report we describe a rare kind of 
illness, a familial ILD in a Filipino child. 
Searching for the known etiology of such 
disease requires a thorough history, complete 
physical examination and prudent laboratory 
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examinations.	Once	diagnosed,	clinicians	should	
always be vigilant since this disease entails a 
higher morbidity and mortality rate.

REFERENCES

1. Chernick V, Kendig, EL. Kendig’s Disorders of the 
 respiratory tract In children. 7th ed. Philadelphia (PA) :  

Elsevier, c2006.
2. Paiva MAS, Amaral SMM. Chronic interstitial lung 
 diseases in children. J Bras Pneumol. 2009;35(8):792-

803.
3. Shaheen M. Clinical approach for childhood interstitial 

lung disease child: journey to solve the mystery. Egypt 
J Bronchol. 2011;5(1):55-79.

4. Hartl D, Griese M. Interstitial lung disease in children 
– genetic background and associated phenotypes. 

   Respir Res 2005:6(1);32.
5. Grutters JC, du Bois RM. Genetics of fibrosing lung 

diseases. Eur Respir J. 2005; 25: 915–927.
6. Hilton RC, Pitkeathly DA. Familial association of 
 rheumatoid arthritis and fibrosing alveolitis. Ann 

Rheum. Dis.1974:33;191-195.
7. Allam JS, Limper AH. Idiopathic pulmonary fibrosis: is 

it a familial disease? Curr Opin Pulm Med. 2006 Sep; 
12(5):312-7.

8.  Ryu JH, Daniels CE, Hartman TE, Yi ES. Diagnosis of 
interstitial lung diseases. Mayo Clin Proc. 2007 Aug; 
82(8):976-86.

9.  Kim HB, Lee SY, Kim JH, Jang JY, Huh J, Park SJ, 
Hong SJ. Familial interstitial lung disease in two young 
Korean sisters. J Korean Med Sci. 2005 Dec; 20 (6): 
1066-9.

10.  Clement A, Eber E. Interstitial lung diseases in infants 
and children. Eur Respir J. 2008 Mar;31(3):658-66.

11.  Prahalad S, Ryan MH, Shear ES, Thompson SD, Glass 
DN, Giannini EH. Twins concordant for juvenile 

 rheumatoid arthritis. Arthritis Rheum. 2000 Nov; 43 
(11):2611-2.

12. Jordan A, McDonagh JE. Juvenile idiopathic arthritis: 
the paediatric perspective. Pediatr Radiol. 2006 Aug; 
36(8):734-42.

13.  Olson JC. Juvenile idiopathic arthritis: an update. WMJ. 
2003;102(7):45-50.

14. Youn-Soo H, Joong-Gon K. Pathogenesis and clinical 
manifestations of juvenile rheumatoid arthritis. Korean 
J Pediatr. Nov 2010; 53(11): 921–930.

15. Saurenmann RK, Rose JB, Tyrrell P, Feldman BM, 
 Laxer RM, Schneider R, Silverman ED. Epidemiology 

of juvenile idiopathic arthritis in a multiethnic cohort: 
ethnicity as a risk factor. Arthritis Rheum. 2007 
Jun;56(6):1974-84. 

16.  Ellis JA, Munro JE, Ponson AL. Possible environmen-
tal determinants of juvenile idiopathic arthritis. Rheu-
matol. 2010;49:411-425.

17.  Shafi S, Muaz A, Ahmed S,  Salim A, Siddika MM, Deb 
B. Family of juvenile idiopathic arthritis: case report. 
Bangladesh J Child Health 2010;  34 (1): 31-33.

18.  Yodfat Y, Yossipovitch Z, Cohen I, Shapira E. A family 
with a high incidence of juvenile rheumatoid arthritis. 
Ann. Rheum. Dis. 1972; 31:92-94. 

19.  Moroldo MB, Chaudhari M, Shear E, Thompson SD, 
Glass DN, Giannini EH. Juvenile rheumatoid arthritis 
affected sibpairs: extent of clinical phenotype concor-
dance. Arthritis Rheum. 2004 Jun;50(6):1928-34.

20.  Prahalad S, Glass DN. Is juvenile rheumatoid arthritis/
juvenile idiopathic arthritis different from rheumatoid 
arthritis? Arthritis Res. 2002; 4 (suppl 3):303-310

21.  Zeft A, Shear ES, Thompson SD, Glass DN, Prahalad 
S. Familial autoimmunity: maternal parent-of-origin 

 effect in juvenile idiopathic arthritis. Clin Rheumatol. 
2008 Feb;27(2):241-4.

22.  Prahalad S. Genetic analysis of juvenile rheumatoid 
 arthritis: approaches to complex traits. Curr Probl 
 Pediatr Adolesc Health Care. 2006 Mar;36(3):83-90.
23.  Kwoh CK, Venglish C, Lynn AH, Whitley DM, Young E, 

Chakravarti A. Age, sex, and the familial risk of 
 rheumatoid arthritis. Am J Epidemiol. 1996 Jul 1;144 

(1):15-24.
24. Bush A,  Nicholson  AG. Paediatric interstitial lung 
 disease. Eur Respir Mon, 2009, 46, 319–354.
25.  Brown KK. Rheumatoid lung disease.  Proc Am 
 Thorac Soc. 2007; 4:443- 448.
26. Takatsuki S, Soep JB, Calderbank M, Ivy DD. Pediatr 

connective tissue disease presenting with signs and 
symptoms of pulmonary hypertension in children. 

 Cardiol. 2011 August ; 32(6): 828–833.
27. Coren ME, Nicholson AG, Goldstraw P, Rosenthal M, 

Bush A. Open lung biopsy for diffuse interstitial lung 
disease in children. Eur Respir J. 1999 Oct;14(4):817-
21.

28. Clement A; ERS Task Force. Task force on chronic 
 interstitial lung disease in immunocompetent children. 
 Eur Respir J. 2004 Oct;24(4):686-97.
29.  Visner GA, Faro A, Zander DS. Role of transbronchial 

biopsies in pediatric lung diseases. Chest. 2004 Jul; 
126(1):273-80.

30.  Smyth R, Carty H, Thomas H, van Zelzen D,  Heaf D. 
Diagnosis of interstitial lung disease by a percutane-
ous lung biopsy sample. Arch Dis Child. Feb 1994; 
70(2): 143–144.

31.  Kramer MR, Berkman N, Mintz B, Godfrey S, Saute M, 
Amir G. The role of open lung biopsy in the manage-
ment and outcome of patients with diffuse lung 

 disease. Ann Thorac Surg. 1998 Jan;65(1):198-202.
32. Epaud R, Kron C, Flamein F, Nimal D, Nathan N, 
 Corvol H, et al. Azithromycin in interstitial lung 
 disease associated with surfactant metabolism disor-

ders. Available at URL: http://www.atsjournals.org/doi/
abs/10.1164/ajrccm-conference.2010.181.1_Meeting-
Abstracts.A3993. [retrieved on] 20 October 2014. 

33.  Haines KA. Juvenile idiopathic arthritis: therapies in 
the 21st century. Bull NYU Hosp Jt Dis. 2007;65(3):205-
11.

34. Tzouvelekis A, Kouliatsis G, Anevlavis S, Bouros D. 
 Serum biomarkers in interstitial lung diseases. Respir 

Res. 2005 Jul 21;6:78.
35.  Fan LL, Kozinetz CA. Factors influencing survival in 

children with chronic interstitial lung disease. Am J 
 Respir Crit Care Med. 1997 Sep;156(3 Pt 1):939-42.

  Francisco CN   Familial Interstitial Lung Disease  89


	1 PHCJ2014JanDecFRONT_Page
	2 PHCJ2014JanDec_Table_of_Contents
	3 PHCJ2014JanDec_Editorial
	4 PHCJ2014JanDec_Consultants_Corner
	5 PHCJ2014JanDec
	6 PHCJ2014JanDec
	7 PHCJ2014JanDec
	8 PHCJ2014JanDec
	9 PHCJ2014JanDec
	10 PHCJ2014JanDec
	11 PHCJ2014JanDec
	12 PHCJ2014JanDec
	13 PHCJ2014JanDec

