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 Coronary CT Angiography (CCTA) has been widely used as a reliable non-invasive 
modality for the diagnosis of Coronary Artery Disease (CAD) due to its improved spatial and 
temporal resolution.1-5 For patients with low to intermediate pre-test probability of CAD, CCTA 
is used as an effective gatekeeper for determination of downstream testing, such as invasive 
coronary angiography or functional imaging.6 However, CCTA is mainly an anatomic test with 
excellent visualization of coronary anatomical structures and detection of coronary lumen ste-
nosis, while providing little functional information of the coronary lesions. Despite high sensi-
tivity and negative predictive value, CCTA has been reported to have moderate specificity and 
positive predictive value due to the high percentage of false positive rates, and this is especially 
apparent in the assessment of coronary arteries with heavy calcification. Studies have shown 
the limited diagnostic value of CCTA in diagnosing highly calcified coronary plaques.7-11 Thus, 
an imaging technique able to detect ischemia-producing lesions is of paramount importance 
since coronary stenosis does not always translate to functional significance. Clinical decision 
making of whether patients should proceed to a revascularization procedure is based on the 
predictive functional effect of coronary stenosis, because no prognostic benefit of revascular-
ization has been reported in the coronary lesions without functional significance.12,13

 In recent years, a great interest has been shown in the investigation of diagnostic 
performance of non-invasive Fractional Flow Reserve derived from coronary CT angiography 
(FFRCT). The scientific basis for non-invasive quantification of FFRCT has been well described 
in the literature.14 FFRCT is computed by performing computational fluid dynamics modelling 
after image segmentation of coronary arteries and ascending aorta. The invasive FFR technique 
is conducted by using a pressure catheter to assess the rate of maximal myocardial blood flow 
through a coronary stenotic lesion in relation to the flow through the normal aorta in a hyper-
emic state.15-17 The FFR is a lesion-specific technique and is widely used as the reference test 
for assessment of the functional significance of a coronary stenosis. According to the Fractional 
Flow reserve versus angiography for multivessel evaluation (FAME) trials, FFR-guided percu-
taneous coronary intervention has been shown to result in lower rate of major adverse cardiac 
events when compared to visual estimation from invasive coronary angiography or best avail-
able medical therapy alone.18,19 However, invasive FFR is rarely performed in clinical practice, 
thus, a non-invasive method combining both anatomic and functional data to determine the 
hemodynamic significance of coronary lesions could serve as an alternative to invasive FFR for 
improvement of patient care and clinical outcomes.

 In the PLATFORM prospective multicentre trial, Douglas, et al. compared the clinical 
outcomes of symptomatic patients with an intermediate likelihood of obstructive CAD, who 
were assigned to undergo either the planned usual care testing or CCTA/FFRCT testing.20 A 
total of 584 patients were recruited from 11 clinical sites with 287 receiving usual testing and 
297 receiving CCTA/FFRCT testing. The 90-day follow-up visits were reported in this study to 
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determine the cardiac event rates. The authors reported that non-obstructive CAD was found at Invasive Coronary Angiography 
(ICA) in 73% of the patients in the usual care group with intended ICA. In contrast, non-obstructive CAD was found at ICA in 12% 
of the patients in the CCTA/FFRCT group, which is significantly lower than that observed in the usual care group (p<0.0001) (Figure 
1). Among those with planned non-invasive testing, no significant difference was found in the rates of non-obstructive CAD at ICA 
between the two groups (6.0 usual care vs. 12.5% CCTA/FFRCT, p=0.95) (Figure 1). There were no significant differences in cardiac 
events between these two groups. The authors concluded that use of CCTA/FFRCT can be more effectively triage patients than the 
use care approach for invasive procedures since ICA was cancelled in 61% patients based on the results of CCTA/FFRCT.

 
 There are 2 observations from Douglas’s study that bear discussion. First, improved diagnostic strategy has been achieved 
in patient managements based on analysis of CCTA/FFRCT, with a significantly low rate of ICA showing non-obstructive CAD. 
This further verifies the advantage of FFRCT over CCTA in the diagnostic assessment of coronary stenosis. According to a recently 
published randomized controlled PROMISE trial, coronary CTA was found to increase the rate of invasive catheterization by 50% 
compared with functional testing.21 Clinical value of FFRCT in comparison with CCTA has been reported in three multicenter tri-
als, Diagnosis of Ischemia-Causing Coronary Stenoses by Non-invasive FFR Computed from Coronary Computed Tomographic 
Angiograms (DISCOVER-FLOW), Determination of Fractional Flow Reserve by Anatomic Computed Tomographic Angiography 
(DeFACTO), and NeXtsTeps (NXT) trials.22-24 Findings of these trials confirm that FFRCT is superior to CCTA for the diagnosis of 
ischemia-causing lesions on both per-patient and per-vessel analysis as determined by an invasive FFR the reference standard. Table 
1 shows the diagnostic value of FFRCT versus CCTA in stable patients with suspected CAD based on the analysis of these three trials.

Figure 1: Determination of the rate of invasive catheterization without obstructive coronary artery disease. NI: Non-invasive; ICA: Invasive 
Coronary Angiography; Obs CAD: Obstructive Coronary Artery Disease; FFRCT: Computation of fractional flow reserve from coronary 
computed tomographic angiography data.20

Table 1: Three multicenter trials comparing FFRCT with CCTA with invasive FFR as the gold standard.

Diagnostic value
CCTA/FFRCT

DISCOVER-FLOW22 NXT24 DeFACTO23

Per-patient  
assessment

Per-vessel  
assessment

Per-patient  
assessment

Per-vessel  
assessment

Per-patient  
assessment

CCTA≥ 50%

Sensitivity

Specificity

PPV

NPV

94

25

58

80

91

40

47

89

94

34

40

92

83

60

33

92

84

42

61

72

FFRCT ≤ 0.80

Sensitivity

Specificity

PPV

NPV

93

82

85

91

88

82

74

92

86

79

65

93

84

86

61

95

90

54

67

84

PPV: Positive Predictive Value, NPV: Negative Predictive Value.
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 Second, ICA examination is associated with high rate of non-obstructive CAD as shown in Figure 1. Although physicians’ 
angiographic interpretation of coronary stenosis has been reported to have substantial disagreement from quantitative coronary an-
giographic images,25,26 the visual readings in Douglas’s study were low (57%) as the findings of determining non-obstructive CAD in 
ICA patients were determined by quantitative coronary angiography. This further highlights the limitation of ICA as an anatomic test 
or a luminogram. The role of ICA is gradually diminishing as compared to other imaging modalities such as CCTA or intravascular 
ultrasound,27,28 which are able to look beyond the lumen and characterize plaque morphology or vessel wall, thus, enabling detection 
of vulnerable coronary plaques responsible for development of adverse cardiac events. ICA remains the gold standard for the detec-
tion of coronary stenosis, however, according to the PROSPECT, the largest prospective study to investigate the natural history of 
CAD,29 the majority of non-culprit lesions responsible for acute coronary syndrome at a median follow-up of 3.4 years were mild 
lesions with diameter stenosis of 32% at baseline angiographic examination. Therefore, combining anatomic with functional imag-
ing modalities represents a future direction for determination of functional significance of coronary lesions.

 In summary, the PLATFORM trial adds additional value to other two recently published randomized controlled trials 
involving diagnostic performance of CCTA in CAD, the PROMISE and SCOT-HEART trials.21,30 Like all large multicenter trials, 
PLATFORM has limitations. It is not a randomized controlled trial. Further, the sample size and short follow-up period (90 days) 
make it difficult to detect the impact on clinical outcomes. Further studies with inclusion of a large cohort at longer follow-up peri-
ods are warranted.
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ABSTRACT

 A 74 years old man with previous right pneumonectomy was admitted with cardiac 
tamponade. Pericardiocentesis was attempted through sub-xiphoid approach but was not 
feasible. Therefore, second echo-guided pericardiocentesis was performed by apical approach 
with success.  We present our experience of apical pericardiocentesis in a patient with only the 
left lung.

KEYWORDS: Cardiac tamponade; Pericardiocentesis; Apical approach.

INTRODUCTION

 Pericardiocentesis is an emergent life-saving procedure in patients with cardiac 
tamponade. Pericardiocentesis is generally safe, but may lead to complications (perforation 
of the heart, artery, lung or liver). The failure of the procedure may evolve in patient death. 
Preferred approach for pericardiocentesis is sub-xifoid but other approaches may be required.

CASE REPORT

 A 74 years old man came to the emergency department complaining of severe dyspnea 
and reduced exercise tolerance. The patient reported no significant cardiovascular history but 
a history of lung cancer treated with right pneumonectomy, followed by local radiotherapy, 
which required an oesophagus endoprosthesis implantation due to post-radiation stenosis.

 On physical examination, his blood pressure was 90/70 mm Hg, heart rate 130 beats 
per minute. There was elevated jugular venous pressure, peripheral oedema and pulsus para-
doxus. The electrocardiogram showed sinus tachycardia with low voltage and a thoracic Com-
puted Tomography (CT) revealed severe pericardial effusion (Figure 1). Because of this, the 
patient was immediately admitted to our Intensive Care Unit (ICU). A bedside echocardiogram 
confirmed the large pericardial effusion and a right atrium diastolic collapse. The poor quality 
sub-xiphoid pericardial window did not allow the visualization of a pericardial sack, which was 
detected by parasternal and apical views (Figure 1).

Figure 1: Echocardiogram and thoracic CT showing massive pericardial effusion.
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 A sub-xiphoid pericardiocentesis was attempted with-
out success. In view of the severe clinical instability of the pa-
tient, a second echo-guided pericardiocentesis was performed, 
this time by the apical approach (Figure 2). Cardiac apex was 
identified with palpation and echocardiogram in fifth intercos-
tal space between emiclavear line and anterior axillary line. The 
needle tip was evident on echocardiographic images acquired 
through parasternal view through injection of agitated saline, 
and images were used to identify the optimal point to penetrate 
the pericardium and safely drainage the effusion. This maneuver 
was successful and 400 ml of blood-serum fluid were aspirated 
resulting in immediate improvement in symptoms, increase of 
blood pressure (110/80 mm Hg) and reduction of heart rate (90 
bpm). The echocardiogram showed complete resolution of peri-
cardial effusion (Figure 3). Finally, chest radiograph confirmed 
absence of pneumothorax or lung injury (Figure 2). Cytologi-
cal examination of pericardial fluid showed reactive blood cells. 
The patient left the hospital 5 days later in good clinical condi-
tion and has been doing well since.

DISCUSSION

 Cardiac tamponade is a life-threatening condition. 
Consequently, percutaneous pericardiocentesis is a life-saving 

therapy. Echo-guided pericardiocentesis, performed via sub-xi-
phoid, apical or parasternal approach, has smaller risk of major 
complication than blind pericardiocentesis.1-3 The sub-xiphoid 
approach is considered the safest.2,3 In our patient this approach 
was attempted but was not feasible, probably because of the 
anatomy and the fibrosis due to both previous radiation expo-
sure and the recent surgery. In this particular case, the apical 
approach was a very high-risk procedure in view of the previous 
right pneumonectomy and the risk of left pneumothorax, which 
could be life-threating in a patient with only the left lung. How-
ever, the instability of the patient and the distribution of pericar-
dial effusion in the apical region encouraged us to take the risk 
to perform this maneuver by the apical approach through echo-
cardiographic guidance. Luckily, the procedure was successful 
and we obtained a rapid improvement of the clinical condition 
without complications. We did not consider the parasternal ap-
proach because of the risk of pneumothorax and of puncturing 
the internal thoracic artery.

 To our knowledge this is the first report of pericardio-
centesis through apical approach in a patient with only the left 
lung. Our case suggests that in emergency condition pericardio-
centesis via apical approach with ultrasound guidance may be 
considered despite its high intrinsic risk. In order to avoid pur-

Figure 3: Repeat echocardiogram showing resolution of pericardial effusion.

Figure 2: Pericardiocentesis apical approach.
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suing the sub-xiphoid approach if this is not immediate, clini-
cians can consider the apical approach that may be successful 
in particular under ultrasound guidance. In absence of previous 
description of such cases in literature, this report may be useful 
to clinicians for the management of patients in similar situations.
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ABSTRACT

 Carcinoid Heart Disease (CHD) is an important and rare cause of acquired valvular 
heart disease. Clinical examination supplemented with Echocardiographic evaluation may give 
the first clue towards an under lying carcinoid tumor. We report a case with classical Echocar-
diographic features of carcinoid heart disease.

INTRODUCTION

 Carcinoid tumors are rare neuro endocrine tumors arising in 1.2 to 2.1% per 1000,000 
people in the general population per year.1 They most commonly originate from the gastroin-
testinal tract (foregut) or the bronchus (midgut) and usually clinically asymptomatic until me-
tastases are present. The foregut carcinoids metastasize to the liver or abdominal lymph nodes 
and may present with bowel obstruction. In 20-30% cases they may present with manifestations 
secondary to the release of vasoactiveamines (serotonin, bradykinin and histamine) which are 
referred to as Carcinoid Syndrome (CS). The classical triad of CS is flushing, diarrhea and 
bronchospasm. 50% cases of CS develop Carcinoid Heart Disease (CHD) a major cause of 
morbidity and mortality in such patients especially when hepatic metastases is present.2 Car-
diac involvement is also thought to be secondary to the actions of these vasoactive amines.3 We 
recently came across a patient with a fore gut carcinoid with hepatic metastases and CHD who 
had classical echocardiographic findings of this rare disease. CHD may be the initial presenta-
tion in 20% cases of CS. Hence one should be aware of these echocardiographic findings as 
they may be the first clue of this intriguing disease. 

CASE REPORT

 A 62-year old male, known case of foregut carcinoid (arising from the first part of 
duodenum) with hepatic metastases was referred to us with progressive breathlessness. On 
examination he had features of right sided heart failure. Transthoracic Echocardiography re-
vealed dilated right atrium (RA) and right ventricle (RV). The anterior and septal leaflets of the 
tricuspid valve (TV) were thickened, shortened, retracted and fixed in open position giving rise 
to severe low pressure tricuspid regurgitation (TR) (Figures 1, 2 and 3). On continuous wave 
doppler, severe TR was characterized by a dagger shaped profile with an early peaked velocity 
and a rapid decline suggestive of rapid pressure equalization between the right sided cardiac 
chambers (Figure 4). These features are classical of carcinoid heart disease. The pulmonary and 
mitral valves were morphologically normal. The RV contractility was reduced how ever the ex-
amination of the left side of the heart was un-remarkable. There was mild pericardial effusion. 
The inferior vena cava was dilated with loss of respiratory collapsibility. Management was 
initiated with fluid restriction, decongestive therapy with intravenous diuretics with resolution 
of symptoms. He was also on octreotide which has led to disease stabilization.

http://openventio.org/Volume2_Issue5/Carcinoid_Heart_Disease_Classical_Echocardiographic_Features_HROJ_2_124.pdf
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DISCUSSION

 In patients with CHD vasoactive substances such as se-
rotonin have been implicated to cause endo-cardial damage and 
plaque formation which in turn leads to valvular damage. Right 
heart involvement is more common than left sided because these 
structures are directly exposed to the vasoactive substances 
which otherwise undergo protective first pass metabolism in the 
lungs as in the present case. Though right sided valvular lesions 
are commonest the cardiac chambers may also be involved.4 The 
tricuspid and pulmonary valves are commonly regurgitant and 
less commonly stenotic. Pulmonic stenosis is commoner than 
tricuspid stenosis as the pulmonary valve orifice is smaller and 
the plaques on the valves, in the annulus and sinuses lead to 
a narrowed pulmonic root.2,4 Left sided lesions occur in <10% 
cases and may present with mitral or aortic regurgitation.2 Myo-
cardial metastasis are rare and may occur in 4% cases5 while 
pericardial effusion occurs in 14% cases and patient for a men 
ovale (PFO) in 7% cases. PFOs are common in patients with left 
sided involvement (87%) and may be mechanism by which the 
vasoactive substances reach the left side of the heart by passing 
the lung.

 Without treatment, the median duration of survival 

with malignant carcinoid syndrome ranges from 12 to 38 months 
from the onset of systemic symptoms.6 The major therapeutic 
modality in such patients consists of symptom control, usually 
with a somatostatin analog (octreotide or lanoreotide). Tumor 
removal is of limited value since patients with carcinoid syn-
drome typically have metastatic disease and chemotherapy has 
not had much success. As a result, more aggressive approaches, 
such as surgical debulking of the liver and hepatic artery embo-
lization, are often used.

 The stenotic right sided valves may be subject to bal-
loon valvuloplasty in selected cases but symptom recurrence 
rates are high. In some cases with extensive structural defects 
valve surgery may be the only definitive treatment. Patients with 
carcinoid heart disease usually die as a result of severe tricus-
pid regurgitation rather than carcinomatosis.7 An aggressive ap-
proach with surgery soon after the onset of cardiac symptoms 
may be the answer, as delay can result in worsening right ven-
tricular failure and increase the risk of surgery. Peri-operative 
management may involve the use of an intravenous bolus or 
infusion of octreotide to reduce the risk of intra operative hypo-
tension. Anti-histamines are also used before surgery to prevent 
flushing and bronchospasm; corticosteroids can be used to re-
duce bradykinin production.

Figure 4: Continuous wave Doppler signal from TV shows dagger shaped profile with 
early peaked velocity.

Figure 1: Retracted and shortened leaflets of the Tricuspid valve (TV).
Figure 2: Simultaneous visualization of the Tricuspid valve (TV) and mitral valve 
(MV) in systole shows an open TV with severe tricuspid regurgitation while the MV 
is closed.

Figure 3: 3D image showing the same features as mentioned in 
figure 2.
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 In the tricuspid position, mechanical prostheses are 
believed to be adequately durable and relatively unaffected by 
the vasoactive substances causing the original valve pathology.8 
However, long-term oral anti-coagulation may pose serious 
bleeding issues as these patients invariably have extensive he-
patic metastases. Bio-prosthetic valve have an edge as anti-co-
agulation is not needed how ever may undergo early degenera-
tion. Tricuspid valve repair is usually not an option due to severe 
valvular destruction. There is some debate regarding the optimal 
surgical management of the pulmonary valve; the two options 
include valvectomy or valve replacement. Although the data are 
sparse, a recent small study of 22 patients suggested that pulmo-
nary valve replacement reduced the risk of right heart dilatation 
post-operatively.9 CHD is an important cause of acquired valular 
heart disease in patients with neuroendocrine tumors. CHD war-
rants aggressive treatment as this condition carries high degree 
of morbidity and mortality.

CONFLICTS OF INTEREST: None.
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ABSTRACT

Coronary Artery Calcium (CAC) score is a widely used indicator to determine disease sever-
ity and predict the risk of severe cardiac events. However, radiation dose associated with cor-
onary CT scanning for CAC scoring raises concerns, especially for asymptomatic patients. 
Iterative Reconstruction (IR) technique represents a recently developed image processing 
approach for reduction of image noise and radiation dose, while improving diagnostic image 
quality. Despite these advantages over conventional filtered back projection technique, ef-
fects of IR techniques on CAC scores remain unclear. This review article aims to provide an 
overview of clinical applications of IR techniques in coronary CT angiography with a focus 
on the effects of different IR techniques on CAC score assessment.

KEYWORDS: Coronary calcium score; Coronary artery disease; Diagnosis; Calcified plaque; 
Image processing; Iterative reconstruction.

INTRODUCTION

Coronary Artery Calcium (CAC) scoring is considered a reliable, noninvasive technique for 
determining coronary plaque burden, risk stratification and reclassification of risk of coro-
nary artery disease.1 CAC scoring used to be performed by electron beam CT (EBCT), but 
has now been replaced by coronary CT angiography (CTA) due to rapid technical develop-
ments of multi slice CT scanners over the last 15 years.2-4 The rationale behind CAC scoring 
is that coronary calcification represents atherosclerotic changes in the coronary arterial wall, 
thus, measurement of the amount of calcium is usually performed to estimate the amount of 
coronary atherosclerosis and consequently, the risk of coronary artery disease (CAD).5 Al-
though different calcium scoring techniques have been proposed and used in clinical practice, 
such as Agatston score, volume score and mass score, with each of them having strengths and 
limitations,6 the Agatston score is the most widely used method for quantification of CAC in 
routine clinical practice during coronary CT imaging.

 The extent of coronary calcification has been shown to be closely related to the risk 
of major adverse cardiac events; therefore, quantitative assessment of coronary calcifications 
by coronary CTA has become a risk stratification scheme for patients with suspected CAD. 
However, image quality of coronary CTA depends on image reconstruction process. In recent 
years, iterative reconstruction (IR) an alternative to conventional filtered back projection 
(FBP) has been increasingly used in coronary CTA due to the following advantages: reduce 
image noise and radiation dose, in particular, significant dose reduction by up to 80% com-
pared to FBP, while still preserving diagnostic image quality.7 A recent systematic review 
has shown that IR serves as a feasible alternative to the standard FBP in coronary CTA with 
significant lower radiation dose, improved image quality and high diagnostic value in the 
diagnosis of CAD.8

http://openventio.org/Volume2_Issue5/Effects_of_Iterative_Reconstruction_on_the_Diagnostic_Assessment_of_Coronary_Calcium_Scores_HROJ_2_125.pdf
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 Despite these promising results of using IR in coro-
nary CTA for dose reduction and image quality improvement, 
the effect of IR on image appearance change compared to FBP 
reconstructions should not be ignored. There is concern that this 
effect may generate negative impact of coronary CTA on coro-
nary plaque characterization, in particular, quantification of high 
CAC, or severely calcified plaques. While beneficial effects of 
IR in coronary CTA have been reported to reduce blooming arti-
facts in highly calcified plaques and coronary stents,9-11 effects of 
IR on CAC scoring are contradictory and debatable. This review 
provides an overview of the clinical applications of IR in coro-
nary CTA with regard to its effects on CAC score, with a focus 
on how IR techniques affect CAC scoring and patient stratifica-
tion.

DIAGNOSTIC VALUE OF CORONARY CTA IN HEAVILY CALCI-
FIED PLAQUES

Coronary CTA has been widely accepted as a less invasive im-
aging modality with high diagnostic value in coronary artery 
disease. The very high negative predictive value (>95%) of 
coronary CTA allows it to serve as a gatekeeper for excluding 
patients with suspected CAD.12-17 However, diagnostic value of 
coronary CTA is affected by presence of high calcification in the 
coronary artery disease, and this is manifested by the limited 
specificity and positive predictive value (PPV) due to high per-
centage of false positive rates.18-21 These studies have shown that 
diagnostic performance of coronary CTA decreases significantly 
with the increase of CAC score. This is mainly because of the 
blooming artifacts from heavy calcification in coronary plaques 
which result in overestimation of coronary lumen stenosis; thus, 
leading to low specificity and PPV. Figure 1 is an example of 
coronary CTA in a patient with heavily calcified plaques in left 
coronary artery showing significant lumen stenosis but invasive 
coronary angiography confirms stenosis of less than 50%.

 The limited diagnostic value of coronary CTA in the as-

sessment of severely calcified plaques can be addressed by two 
methods: use of image post-processing to minimize or suppress 
the effect of heave calcification for improvement of coronary lu-
men visualization, and use of IR techniques in either raw data or 
image space for reduction of image noise. Although only a few 
studies are available in the literature, use of image post-process-
ing algorithms in calcified coronary arteries has been shown to 
be effective with promising results reported. Tanaka et al studied 
11 patients with inclusion of 55 calcified coronary segments by 
comparing subtracted images with coronary CTA images, with 
invasive coronary angiography as the standard method.22 At per-
segment level, specificity of subtracted coronary CTA was im-
proved from 48.7% (from standard CTA) to 59%. The area under 
curve (AUC) by receiver-operating characteristic (ROC) was 
also increased from 0.741 to 0.905. We reported our early expe-
rience of using different image post processing methods for as-
sessment of calcified coronary plaques with resultant improved 
visualization of coronary lumen when the image post-processing 
“sharpen” algorithm was used compared to other algorithms.23 
This technique has been further verified by our recent report in 
50 patients with calcified coronary plaques.24 All coronary CTA 
data were post processed with “sharpen” and smooth reconstruc-
tion algorithms in comparison with the original coronary CTA 
data with the aim of determining the effects of image post pro-
cessing on reduction of blooming artifacts. Diagnostic value of 
coronary CTA in CAD was compared at per-vessel assessment 
with invasive coronary angiography as the reference method. 
While the sensitivity and negative predictive value of coro-
nary CTA remain unchanged among these coronary CTA data, 
the specificity and PPV were 66% and 57% with application of 
“sharpen” algorithm to coronary CTA data, which were signifi-
cantly higher than 33% and 41%, 44% and 44%, corresponding 
to the original and coronary CTA data with use of smooth algo-
rithm, respectively (Figure 2). The AUC by ROC analysis also 
showed significant improvement for >50% coronary stenosis is 
assessment in the left anterior descending artery when compared 
to the other two approaches (Figure 3).

Figure 1: (A). Curved planar reformatted coronary CT angiography (CCTA) shows extensively calcified 
plaques (arrows) at the left anterior descending (LAD) coronary artery in a 55-year-old man. More than 
50% and 90% stenosis was noticed at the proximal and mid-segments of LAD and about 50% stenosis at 
left circumflex (LCx) on CCTA. (B). Less than 50% stenosis was confirmed in LAD (short arrows) and LCx 
(long arrow) in invasive coronary angiography.
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Figure 3: Areas under the curve by receiver-operating characteristic curve analysis demonstrate the diagnostic performance of coronary CT angiog-
raphy (CCTA) original (CCTA_O), with use of image sharpen (CCTA_S) and smooth algorithms (CCTA_OS) in the detection of significant coronary 
stenosis when compared to invasive coronary angiography at left anterior descending (LAD), left circumflex (LCx) and right coronary artery (RCA) 
(A-C). Reprinted under terms of Open Access article from reference.24

Figure 2: Curved planar reformatted coronary CT angiography (CCTA) shows multiple calcified plaques at the left anterior descending coronary 
artery (LAD) in a 59-year-old man. CCTA original data (CCTA_O) shows 69% stenosis in LAD due to the heavily calcified plaque, while CCTA 
with “sharpen” algorithm (CCTA_S) demonstrates 45% stenosis, and 68% stenosis as shown with CCTA with original data integrated with out-
come of smoothed image subtracted from the original (CCTA_OS) (A-C). Invasive coronary angiography confirms mild stenosis of 28% at LAD 
and 44% stenosis at LCx (D). Long and short arrows refer to the stenosis at LAD and LCx, respectively. Reprinted under terms of Open Access 
article from reference.24



                                  Heart Research

Open Journal
http://dx.doi.org/10.17140/HROJ-2-125

Heart Res Open J

ISSN 2377-164X

 While image post-processing methods need to be con-
firmed by more studies, the current literature seems to favour the 
use of IR techniques in coronary CTA. The use of IR has become 
a common practice in latest multi slice CT scanners mainly be-
cause of significant dose reduction when compared to the con-
ventional FBP. By the end of 2011, IR techniques are available 
in all four major CT vendors.7 Although IR is widely accepted as 
an effective alternative to FBP for radiation dose reduction and 
image quality improvement, mixed results are reported in the lit-
erature with regard to its effect on the assessment of extensively 
calcified plaques in the coronary arteries. The following section 
will focus on detailed discussion of these studies in relation to 
the use of IR in coronary artery calcium assessment.

EFFECTS OF IR ON CORONARY CALCIUM SCORES

 Extensive calcifications cause blooming artifacts which 
lead to over estimation of coronary stenosis, and this often re-
sults in unnecessary examinations such as invasive coronary an-
giography or myocardial perfusion imaging studies.25,26 This in-
herent limitation in FBP image reconstruction can be overcome 
with use of IR techniques.

 Renker et al in their prospective study compared IR 
with FBP reconstructions in 55 patients with an Agatston score 
of more than 400 (indicating severe calcification in the coronary 
arteries).9 Specificity and PPV were significantly improved by 
using IR on a per-segment (91.2% and 61.1% for FBP, 95.8% 
and 76.9% for IR, p<0.001) and per-patient level (66.7% and 
78.9% for FBP, 79.2% and 85.7% for IR, p<0.05) for diagnosis 
of significant coronary stenosis with invasive coronary angiog-
raphy as the reference method. Their results also showed that IR 
enabled reclassification from false positive to true negative find-
ings in 4% of coronary segments and 5.5% of patients, respec-
tively. When compared with FBP, IR resulted in significantly 
lower calcium volumes.

 The effects of IR on CAC scores are inconclusive ac-
cording to the current literature, since some studies reported 
no effect, while others demonstrated significant impact which 
could change patient reclassification.27-37 IR techniques include 
either image-based such as iterative reconstruction in image 
space (IRIS), or raw-data based such as Adaptive Statistical It-
erative Reconstruction (ASIR) or sonogram-affirmed iterative 
reconstruction (SAFIRE), or hybrid approaches such as I-Dose.7 

While results of an in vitro phantom study showed mixed find-
ings of using IR in relation to the corresponding effects on cal-
cium measurements,28,29 results of some in vivo studies showed 
no significantly reduced calcium score measurements. 

 Matsuura and colleagues compared hybrid IR with FBP 
in 77 patients with suspected CAD, and their results showed no 
significant effect of using IR on assessing the calcium score, 
with percentage difference between FBP and hybrid IR being 
20.7%, 20.7% and 27.1%, respectively corresponding to the 
Agatston, volume and mass scores.30 Hecht et al tested standard 

CAC scoring protocol using I-Dose level 3 and low-dose pro-
tocol of using I Dose level 7 in 102 consecutive patients. Ag-
atston, volume and mass scores were measured and compared 
between these two protocols. There was excellent correlation 
in Agatston, volume and mass scores between the standard and 
low-dose protocols (p<0.001), with the mean differences in 
Agatston scores between these two protocols being 17.4±25.8. 
There were no significant differences in Agatston scores, except 
for the right coronary artery, or for aortic calcification.31 These 
findings are further confirmed by a recent in vitro and in vivo 
study.32 Schindler et al evaluated IRIS and SAFIRE techniques 
in a cardiac phantom and 110 patients for calcium scoring. Both 
IR techniques had excellent agreement with FBP for Agatston 
scores, while the patient’s risk reclassification was less than 3%, 
indicating no significant effect on Agatston assessment.

 Contrary to the above-mentioned studies, most of the 
recent reports support the statement that IR has significantly af-
fected the CAC scores which could change patient’s risk strati-
fication.33-39 These studies can be summarized into three groups 
based on the use of IR techniques: use of ASIR or SAFIRE for 
image reconstruction, use of I-Dose with different levels and use 
of iterative model reconstruction (IMR). A number of studies 
have reported the effects of using ASIR or SAFIRE on calcium 
score measurements with results showing significant reduction 
in Agatston score and volume scores.33-36 These findings gener-
ally indicate that the mean calcium scores decreased with the 
use of IR or increased SAFIRE degrees, with up to one third of 
patients being reclassified to a lower risk category with IR in 
comparison with FBP. Furthermore, increased IR level such as 
high-grade SAFIRE has been shown to result in a negative cal-
cium score as reported by Kurata et al.34 Similarly, use of I-Dose 
levels leads to reduction in Agatston, volume and mass scores, 
with reclassification of patient risk up to 15%.37,38 Szilveszter et 
al in their recent study applied IMR and hybrid IR techniques in 
63 symptomatic patients and 504 asymptomatic individuals. Use 
of IR techniques resulted in significantly lower CAC score with 
the median values of CAC score being 147.7, 107 and 115.1 for 
FBP, hybrid IR and IMR, respectively. No significant difference 
in CAC score was found between these two IR techniques; how-
ever, the main difference was noticed between FBP and IMR 
reconstructions with difference of 7.3%. Authors found that the 
IMR led to 2.4% of individuals reclassified with modest effect 
on the actual risk classification.39 These findings raised concerns 
about use of IR techniques in CAC scoring, although further 
larger prospective studies are needed to confirm these results.

SUMMARY AND CONCLUDING REMARKS

There is no doubt that IR techniques are replacing the conven-
tional filtered back projection in coronary CT angiography due 
to significant image noise and radiation dose reduction and im-
provement of image quality. However, the effects of IR tech-
niques on coronary calcium scores remain to be further clarified 
since these reported findings should be interpreted with caution. 
It should also be noted that CAC scoring not only depends on 
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the use of imaging reconstruction techniques, but also relies on 
different vendors. Significantly different CAC scores were re-
ported among different CT scanner types with resultant reclas-
sification of patients in up to 6.5% of cases.40 Further studies 
are warranted to assess the effects of different IR reconstruction 
techniques with use of different types of CT scanners in larger 
population groups.
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ABSTRACT

Objectives: The study was conducted to check the frequency of development of complication 
in the patients with small Ventricular Septal Defects (VSDs) considered not requiring surgical 
closure during childhood.
Methods: A descriptive study was conducted on children from January 2015 to December 2015 
at Children Hospital and Institute of Child Health, Lahore, Pakistan. The data with isolated 
VSDs considered too small to require surgery from 1 month to 15 years of age were reviewed. 
The data was analyzed with SPSS 20 version.
Results: The total of 883 patients of restrictive VSDs considered not to require surgery, 60.6% 
(n=535) were males and 39.4% (n=348) were females. The significant number of patients 
i.e. 18.7% (n=166) developed complications. Aortic cusp prolapsed developed in 13.6% i.e. 
p≤0.05, 2.3% developed aortic regurgitation secondary to aortic cusp prolapsed. 1.8% devel-
oped right ventricular track outflow obstruction (RVOT) i.e. p≤0.05 and 0.3% of patient de-
veloped left ventricular outflow track obstruction (LVOT) i.e. p≤0.05. Similarly 0.8% patients 
developed endocarditis. Regarding types of VSD, we found Perimembranous in 65.8%, mus-
cular in 12.6%, Subaorticin 8.3%, doubly committed in 6.0%, Inlet in 5% and outlet in 1.7% 
of our patients. 
Conclusions: Patients with small restrictive Ventricular Septal Defects (VSDs) generally been 
considered as do not required surgery, the data suggested that a significant percentage of these 
patients developed complications later in their life i.e., 18.7%.

KEYWORDS: Ventricular septal defect; Aortic cusp prolapsed; Aortic regurgitation; Right ven-
tricular outflow track obstruction; Left ventricular outflow track obstruction.

ABBREVATIONS: VSD: Ventricular Septal Defect; RVOT: Right Ventricular Outflow; LVOT: 
Left Ventricular outflow; AR: Aortic Regurgitation.

INTRODUCTION 

Isolated ventricular septal defect occurs in approximately 2-6 of every 1000 live births and 
accounts for more than 15-20% of all congenital heart diseases.1 Soto et al divided VSD into 
Perimembranous, Muscular and Doubly committed sub-arterial (DCSA) types.2 It had been 
well accepted for many years that patients with a small ventricular septal defect (VSD) as de-
fined by a left-to-right shunt of <50%, normal pulmonary artery pressure (PAP), and absence 
of symptoms do not require surgical repair.3,4 Operation were postponed on the observation that 
VSDs frequently close spontaneously.5,6 The patients with such small defects are unlikely to 
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develop pulmonary hypertension and that the clinical outcome 
was assumed to be good.4 

 The natural history of VSD is also characterized by 
many complications. Of special interest is prolapse of the aor-
tic valve cusp, which classically occurs with doubly commit-
ted subarterial and less commonly with perimembranous outlet 
type.7 Secondary aortic insufficiency, is associated along with 
prolapse of aortic valve cusps. This complication is observed 
only in 5% of patients with ventricular septal defect.8 Aortic re-
gurgitation occurs due to a poorly supported right coronary cusp 
combined with the Venturi effect produced by the ventricular 
septal defect jet, resulting in cusp prolapsed.9 Aortic regurgita-
tion is progressive in nature and presence of even mild aortic 
regurgitation or aortic valve prolapse in the absence of aortic 
regurgitation is an indication for surgery.10 Perimembranous out-
let VSD are also associated with infundibular hypertrophy, and 
right ventricular outflow tract obstruction can progress in sever-
ity. This also requires surgical intervention.11 Discrete fibrous 
subaortic stenosis is occasionally associated with a ventricular 
septal defect. This complication is most often reported with peri-
membranous ventricular septal defects and can first appear after 
either spontaneous or surgical closure.12 Infective endocarditis is 
rare in children younger than 2 years.6 

METHODS

Data Collection Procedure

All echocardiography reports were reviewed from hospital re-
cord. Patients only having isolated restrictive ventricular septal 
defect (VSD) were included in the study. Associated complica-
tions like aortic valve prolapse and aortic regurgitation, acquired 
right and left ventricular outflow tract obstruction and infective 
endocarditis were noted.

Patient Population

The patient population represents the total number of patients 
visited in the Department of Cardiology for echocardiology in 
Children Hospital & Institute of Child Health, Lahore, Pakistan 
from January 2015 to December 2015. A total of 883 patients 
with small VSDs (male/female 535/348) were selected. All pa-
tients fulfilled the following inclusion criteria:

1) Surgical closure had not been performed for the following 
reasons:

a. Gradient across VSD more than 50 mm of Hg,
b. Normal LVEDD according to age,
c. Size of VSD less than 3 mm, 
d. No PR (normal PAP) and 
e. Asymptomatic children.

2) No additional hemodynamically related heart defects were 
present. 

Echocardiography

All echocardiograms were performed and interpreted at one lab-
oratory by consultant pediatric cardiologist. Standard transtho-
racic M-mode, two-dimensional and Doppler echocardiography 
were performed with GE VIVID-7 DIMENSION echo-machine. 
The VSDs were classified by their location into perimembra-
nous, inlet, outlet, doubly committed (Supracristal), and mus-
cular. A normal left ventricular end-diastolic diameter (LVEDD) 
according to age. The peak pressure difference between right 
and left ventricle (LV) was calculated from the continuous-wave 
Doppler-measured maximum VSD jet velocity using the simpli-
fied Bernoulli equation. Systolic right ventricular-to-right atrial 
pressure difference was calculated from the continuous-wave 
Doppler-measured peak tricuspid regurgitant velocity with the 
simplified Bernoulli equation. Systolic PAP was obtained by 
adding 5 mmHg for the right atrial pressure as long as the gradi-
ent did not indicate pulmonary hypertension and tricuspid re-
gurgitation was not hemodynamically relevant. A systolic PAP 
≤25 mmHg was considered normal.13-15 If no adequate Doppler 
signal of the tricuspid regurgitant flow could be obtained, PAP 
was calculated by subtracting the left ventricular to right ventric-
ular systolic gradient (LV-RV gradient) from the systemic arte-
rial pressure measured with cuff, provided that no aortic stenosis 
was present.15

Statistical Analysis

Appropriate statistical data analysis technique by using SPSS 
version 20 was applied. Qualitative variables were described 
by numbers and percentages while quantitative were described 
as mean and SD (standard deviations). Chi-square test was ap-
plied for categorical variables and independent sample t-test was 
applied for quantitative variables. Five percent level of signifi-
cance was used.

RESULTS

The 883 patients of restrictive hemodynamically small VSDs 
considered not to require surgery were entered. There were 60.6 
% (n=535) males and 39.4% (n=348) were females (Figure 1). 
Regarding types of ventricular septal defects (VSD), we found 
Perimembranous in 65.8%, muscular in 12.6%, Subaortic in 
8.3%, doubly committed in 6.0%, inlet in 5% and outlet in 1.7% 
of patients (Table 1). Complications were predominantly found 
more in male in case of perimembranous and doubly committed 
VSD i.e. 67% and 7.1% respectively (Figure 1).
  
 The significant number of patients i.e. 18.7% (n=166) 
developed complications. Aortic cusp prolapsed was found to 
be the commonest one i.e. developed in 13.6% (n=120) p≤0.05 
of patients. Second common complication was aortic regurgi-
tation secondary to aortic cusp prolapsed which was found in 
2.3% (n=20) of patients. 1.8% (n=16) of patients developed 
right ventricular track outflow obstruction (RVOTO) p≤0.05 and 
0.3% (n=3) of patient developed left ventricular outflow track 
obstruction (LVOTO) p≤0.018. Similarly 0.8% (n=7) patients 
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developed echo based endocarditic (Tables 2 and 3).

 Regarding complications aortic cusp prolapse was 
found commonly in perimembranous ventricular septal defect 
i.e. 11.09% as compared to doubly committed VSD which was 
1.2% p≤0.05. Similarly aortic regurgitation was also commonly 
found in perimembranous types of ventricular septal defect (Ta-
ble 4).

 Patients were grouped into four groups according to 
age. Group-1 included patients of 1 day to 1 year, Group-2 in-
cluded from 1 year to 5 years, Group-3 included from 6 years to 
10 years and group-4 included more than 10 years of age.

DISCUSSION

The significant number of patients of restrictive small ventricu-
lar septal defect developed complications in our study. We found 

it to be 18.7%. Associated complications related with VSD are 
already known in the literature, these included upto 25%, in-
cluding infective endocarditis in 11 percent.16 Another follow-up 
study revealed that 22% subjects had major, VSD-related com-
plications.17

 The natural history has a wide spectrum, ranging from 
spontaneous closure to congestive heart failure (CHF) to death 
in early infancy.7 Spontaneous closure frequently occurs in chil-
dren, usually by age of 2 years. Closure is most frequently ob-
served in muscular defects (80%), followed by perimembranous 
defects (35-40%).5 Outlet ventricular septal defects have a low 
incidence of spontaneous closure, and inlet ventricular septal de-
fects does not close.1

 Regarding complication in our study aortic cusp pro-
lapsed was found to be the commonest one i.e. developed in 
13.6% (n=120) of patients. Similar results were shown in local 

VSDs Total Percent %

Perimembranous 581 65.8%

Muscular 111 12.6%

Subaortic 73 8.3%

DCSA 53 6.0%

Inlet 50 5.7%

Outlet 15 1.7%

Total 883 100.0%

Complications of VSD Number of patients Percentage %

Aortic cusp prolapse 120 13.6%

Aortic regurgitation 20 2.5%

RVOT obstruction 16 1.8%

Vegetation 07 0.8%

LVOT obstruction 03 0.3%

Figure 1: Gender difference with type of VSDs.

Table 1: Type of VSD  (n=883).

Table 2: Complications Observed with restricted VSDs (n=166).
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studies by Uzma Kazmi et al18 and Masood Sadiq et al19 con-
ducted in Lahore, Pakistan. This frequency is in keeping with 
other studies. Lue et al20 found aortic cusp prolapse and aortic 
regurgitation in 11.9% of their patients with VSD. Brauner et al21 
found aortic cusp prolapse in over 5% of children with VSD.

 Classically Doubly committed sub-arterial type VSD is 
associated with progressive development of aortic cusp prolapse 
and aortic regurgitation.7 Contrary to this; our study showed that 
incidence of aortic cusp prolapse and aortic regurgitation with 
doubly committed VSD was 1.2%.

 Development of aortic regurgitation (AR) or presence 
of AR at late follow-up has been reported within the wide range 
of 2% to 20% in previous studies.10 Patients with obvious pro-
lapse of an aortic cusp into the VSD have the highest risk of 
developing progressive aortic regurgitation. We found 2.3% 
of our patients developed aortic regurgitation which was more 
common in case of perimembranous type of VSD.

 Right ventricular outflow obstruction occurs in 3 to 
7% patients and is due to hypertrophy of anomalous muscle 
bundles.11 We found 1.8% of our patients with development of 
RVOT obstruction. Glenn et al22 found that 5.8% patients of 

VSD developed infundibular stenosis. One study from Multan 
showed 1.6% of cases of their patients developed RVOT ob-
struction.

 Discrete fibrous subaortic stenosis most often reported 
with perimembranous ventricular septal defects and can first ap-
pear after either spontaneous or surgical closure.12 0.3% of our 
patients developed LOVT obstruction.

 The occurrence of endocarditis has been described as 
the major risk in small VSDs.6 Again, the incidence of this com-
plication varies widely in previous reports, ranging from 1% 
to15%.6,7 Variations reflect the difficulty of estimating the true 
incidence of this complication.5 Shah et al23 estimated the risk 
of a 15-year-old with a VSD developing bacterial endocarditis 
by age 70 to be 11.5%. The highest percentage of 15% (5.7 per 
1,000 patient-years) was reported by Otterstadet al.17 On the 
contrary, we found 0.8% echo based endocarditis in our patients. 

LIMITATION

Limitation of this study is that it did not reflect the complications 
in total population as it was limited to one hospital attendance. 
Also, excluded were children not reaching a tertiary care centre 

Age
Total

Day 1 to 1 year 1 year to 5 years 5 years to 10 years 10 to onward

Subaortic
21 8 6 2 37

9.3% 5.0% 7.3% 16.7% 7.7%

perimembranes
145 112 58 9 324

64.4% 70.4% 70.7% 75.0% 67.8%

muscular
34 22 11 0 67

15.1% 13.8% 13.4% 0.0% 14.0%

outlet
3 2 2 0 7

1.3% 1.3% 2.4% 0.0% 1.5%

inlet
15 8 2 1 26

6.7% 5.0% 2.4% 8.3% 5.4%

DCSA
7 7 3 0 17

3.1% 4.4% 3.7% 0.0% 3.6%

225 159 82 12 478

100.0% 100.0% 100.0% 100.0% 100.0%

Complications Types of VSD

Perimembranous Muscular Subaortic DCSA Inlet Outlet

Aortic cusp prolapse 98 0 10 11 0 1

Aortic regurgitation 16 0 1 2 0 0

RVOTobstruction 7 3 5 1 0 0

Vegetation 4 0 2 1 0 0

LVOT obstruction 0 1 2 0 0 0

Table 4: Types of VSDs according to age groups.

Table 3: Complications Observed with Types of  VSDs (n=166).
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or admitted to critical care or ward, yet the results are compa-
rable with other local and international studies. As it was a ret-
rospective study, it was difficult to control bias and confounders. 
Also, we had to rely on the available written record. Results are, 
at best, hypothesis-generating.

CONCLUSION

Although patients with small VSDs have generally been consid-
ered not to require surgery, data suggests that a significant per-
centage of these patients developed complications later in their 
life i.e., 18.7%.
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