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Introduction  

The current text provides a brief overview and a methodological appraisal of the systematic review and meta-

analysis conducted by Samad and colleagues (2012) who assessed the clinical utility and diagnostic accuracy of CTA 

for the diagnosis of acute coronary syndrome (ACS) in low to intermediate risk patients presenting to the emergency 

department (ED) with acute chest pain of suspected cardiac origin.1 In order to assess the methodological quality of 

the review, we retrieved the original papers2–10 and carefully examined the primary data and the review process 

using a number of methodological assessment tools such as the QUADAS 2, the STARD and an adapted version of the 

PRISMA checklists.11–13 Here we report on the results from our appraisal and discuss, taking into consideration the 

findings from previous meta-analyses, whether the presented evidence is sufficient and reliable enough to enable 

policy decisions and inform changes in the current clinical practice.  

Main messages 

Despite some methodological quality issues inherent to the original studies and some unreported aspects of the 

review process that could have potentially biased the results, the overall quality of the systematic review and the 

meta-analysis conducted by Samad and colleagues (2012) is good, the conclusions reflect the findings and are 

consistent with those from the two previous meta-analyses. They could, therefore, be used to inform clinical and 

policy decisions without need for further systematic review and meta-analysis, which was our original proposal.  

In patients presenting to the ED with acute chest pain of suspected cardiac origin and initial normal cardiac 

biomarkers and normal or non-diagnostic resting ECG (low to intermediate pre-test probability), negative CTA scan 

will effectively rule out the presence of ACS and should allow safe and rapid discharge home:   

Pre-test probability 
for ACS 

 Negative CT scan  Post-test probability for 
ACS 

10%  LR-
1
 = 0.06  <1%  

 
29%  LR- = 0.06  <2.5%  

On the other hand, positive CT scan will increase the pre-test probability for ACS to intermediate level, thus making 

the case for admission and further testing, but will not be able to definitely rule in ACS:  

Pre-test probability 
for ACS 

 Positive CT scan  Post-test probability for 
ACS 

10%  LR+
2
 = 7.4  45%  

     
29%  LR+ = 7.4  75%  

                                                           
1
 Negative Likelihood Ratio 

2
 Positive Likelihood Ration 
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Overview of the systematic review conducted by Samad and colleagues (2012) 

Background  

Acute chest pain in adults is often caused by an ACS, a range of conditions that cover ST-segment elevation 

myocardial infarction (STEMI), non-ST-segment elevation myocardial infarction (NSTEMI) and unstable angina 

pectoris (UAP). If not treated urgently, such patients have poor prognosis and high mortality rate and, therefore, 

need emergency care. The main diagnostic priorities for the ED clinicians at this early stage are to differentiate 

between ACS and other potentially life-threatening causes of chest pain such as pulmonary embolism and aortic 

dissection; and to risk stratify ACS patients so that appropriate referral and treatment decisions are made.14  

The current diagnostic and risk stratification algorithms involve, as a first step, a resting ECG and a measurement of 

the cardiac troponin levels, interpreted in the light of the patient’s clinical presentation and history. The results from 

such investigations are used to identify patients with STEMI, who would benefit from rapid, complete, and sustained 

reperfusion by primary angioplasty or fibrinolytic therapy; and to refer patients suspected to have non-ST-elevation 

ACS (NSTE-ACS) for further observation and testing. The patients in this latter group will be admitted into a chest 

pain unit (CPU) or an equivalent clinical setting and, following a short (up to 24 hours) period of observation and 

serial ECG and troponin testing, will be further qualified as patients with non-cardiac causes of chest pain, NSTEMI 

patients (elevated troponin in the absence of persistent ST-segment elevation) and UAP patients (normal troponin 

levels but with evidence of myocardial ischaemia). Patients with normal or non-diagnostic ECG and normal troponin 

levels, in whom the clinical presentation and history suggest ischaemic origin of the chest pain, will undergo a further 

confirmatory testing, usually an exercise tolerance test (ETT) or some other form of stress test, prior or soon after 

discharge home.  

It has been demonstrated that such diagnostic and stratification algorithm is not very efficient since only 15%-25% of 

the admitted patients are eventually diagnosed with ACS; and not very effective since up to 2.5% of the patients with 

ACS are missed.15–17 

 

Alternative strategies involving various diagnostic modalities, such as cardiac MRI, nuclear myocardial perfusion 

imaging and CTA, have been explored as a way of improving the effectiveness and efficiency of the diagnostic 

process and the risk stratification of patients with ACS. Particularly promising among them is the multi-detector CTA, 

which allows a rapid non-invasive evaluation of the coronary artery anatomy and, due to its very high negative 

predictive value (NPV), a safe discharge home of low-risk patients with no significant coronary artery disease (CAD). 

Additional advantage of the CTA is its ability to rule out, during the same scan, the presence of alternative life-

threatening conditions such as aortic dissection and pulmonary embolism (“triple rule-out”)15–21 and to identify 

significant non-cardiac pathology present in up to 20% of the cardiac CTA scans.22 Multi-detector CTA is a rapidly 

evolving technology and many of its former limitations have been overcome with the new generation of scanners, 

which have a better spatial and temporal resolution, allow imaging at lower radiation dose and could image patients 

that were difficult to image with the older machines. 23  

 

A number of studies and three previous meta-analyses were conducted to assess the diagnostic utility of CTA in 

ruling out ACS in patients with acute chest pain and low to intermediate probability of ACS. They concluded that CTA, 

with its very high negative predictive value (NPV), could be successfully used to rule out ACS in patients with initial 

negative or non-diagnostic resting ECG and normal troponin tests.24–26 The authors of the current systematic review 

point out, however, that these meta-analyses suffer from some methodological shortcomings such as the inclusion 

of studies that:  
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 treated cardiac catheterisation rather than ACS as an end point;  

 enrolled patients suspected of causes other than ACS; 

  included only patients with established diagnosis of ACS; and, 

 failed to include relevant studies and especially the recently published ROMICAT trial.  

They concluded that, as a result, the reported estimates might be biased and conducted a meta-analysis including 

only those few studies that used ACS as an end point (target condition) and met some specific methodological quality 

criteria.1  

Objectives of the review 

The main objective of Samad and colleagues (2012) was to produce estimates of the diagnostic accuracy of multi-

detector cardiac CTA in confirming or excluding possible ACS in patients with acute chest pain and initial negative or 

non-diagnostic ECG and normal troponin test (p. 365).1  

Methodology 

Pub Med database, US National Institute of Health, The Cochrane Library and the Cochrane Central Register of 

Controlled Trials were searched for relevant papers in June 2011. The search was conducted using the key words: 

“chest pain”, “emergency” and “computed tomography”.  

The following inclusion and exclusion criteria were used to select studies for inclusion in the review:  

 Prospective studies with ≥ 1-month follow-up 

 Use of CTA in the emergency room setting 

 Study population with negative ECG and biomarkers on initial evaluation  

 Use of ACC/AHA guideline  definitions for ACS and major adverse cardiac events (MACE) 27 

 Use of ACS as clinical outcome/end point 

 ≥ 30 patients  

 Data presented in absolute numbers or sufficient detail to derive these numbers  

 Abstracts without peer-reviewed manuscripts were excluded.  

 

Two independent reviewers extracted the data and an appraisal of the methodological quality of the included studies 

was conducted using the QUADAS 1 assessment tool.28  

Summary estimates for sensitivity, specificity, negative and positive likelihood ratios (LR— and LR+) were calculated 

using random effects bivariate model, which takes into account the between-study heterogeneity and the 

correlation between sensitivity and specificity. Since an indeterminate/non-diagnostic CTA result would lead to a 

referral for further testing, such results were counted as positive. The presence of a threshold effect was assessed by 

calculating Spearman correlation coefficient between sensitivity and specificity and conducting a weighted 

regression of Diagnostic Odds Ratios (DORs). Since the likelihood ratios (LRs) are the test accuracy measures most 

relevant to clinical decision making, they were assessed for publication bias by visual inspection of the funnel plots 

and the Egger’s linear regression method.  

Results 

Selection of studies: The initial search identified 386 studies of which nine studies comprising 1 349 patients met the 

inclusion criteria and were included in the meta-analysis. Of the excluded studies, 19 studies were excluded because 

the outcome was different from ACS and 22 studies investigated all-cause chest pain rather than chest pain 

suspected to be caused by ACS. The reasons for exclusion for some of the excluded studies are detailed in the paper.  
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Characteristics of studies: One study was a Randomised Controlled Trial (RCT) comparing a CTA-based diagnostic 

strategy with the standard-of-care diagnostic practice in which nuclear stress imaging was used as a confirmatory 

test; only the data from the CTA arm was used in the meta-analysis.6 The remaining studies were prospective 

observational cohort studies. Studies with retrospective design were excluded from the review.  

Six studies stated that patients were evaluated in a consecutive fashion during day time hours on weekdays. Patients 

in all the studies were in the low to intermediate chest pain risk category with normal initial cardiac biomarkers and 

no evidence of ischemia on the initial ECG. CTA was generally performed in the ED during the course of evaluation2,5–

7, in the observation unit9 or immediately upon admission to the hospital8.    

64-slice CT scanners were used in seven studies; one study used 16- and 64-slice scanners3 and one study used 4- and 

16-slice scanners2.  Five of the nine studies performed initial non-enhanced ECG-gated scan for calcium scoring but 

did not report these results in sufficient detail to allow further analysis.  

Non-diagnostic scans:  

 were reported in six studies;2–4,6,8,9  

 their frequency ranged from 1% to 17%;  

 the most cited reasons for non-diagnostic scans were previous stents, obesity, tachycardia and vessel 

calcification; and, 

 they were included in the analysis of diagnostic accuracy in only four studies counted as positive test 

results.3,4,6,8 

There was a significant variability across studies with regards to the definition of a positive CTA result, with the main 

criterion being the level of luminal obstruction:  

 ≥50% luminal obstruction (seven studies);  

 ≥75% (one study);2 and, 

 In one study the CTA results were stratified into three categories:  

o negative (<25%, immediate discharge home); 

o intermediate (26%-70%) or non-diagnostic scan (referral for a nuclear stress test); and,  

o positive (>70% referral for an invasive coronary angiography).6  

Only two studies blinded the physicians making the final diagnosis to the results from the CTA. 

Characteristics of the patient population: Patients in all studies were in the low to intermediate chest pain risk 

category with normal initial cardiac biomarkers and no evidence of myocardial ischemia on the initial resting ECG. 

The characteristics of the included patients and the reasons for exclusion are presented in the tables 1 and 2 below.  

Table 1 Characteristics of the pooled patient population 

Age  52±2 years 

Sex  51% male 

The prevalence of cardiac risk factors was as follows:  

 

 

 

 

 12% diabetics  

 42% hypertensive  

 35% smokers 

 29% with hyperlipidemia 

Thrombolysis In Myocardial Infarction (TIMI) score (where 

reported, in the majority of patients):  
<2  

History of CAD  
7% (although five studies excluded patients with a known 

history of CAD). 
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Table 2 Reasons for excluding patients from the studies 

 atrial or ventricular arrhythmias,  

 hypotension,  

 renal insufficiency,  

 persistent chest pain,  

 contraindications to beta-blockers or iodine,  

 asthmatics, and  

 pregnant women  

 history of CAD (only in five studies) 

 

Diagnosis of ACS was made in 10% of the cases. There were 30 cases of myocardial infarction in the entire cohort. 

The 30-day event rate included no deaths and no additional myocardial infarctions. Revascularisation was performed 

in 21% of patients with positive CTA scans and in 1 patient with a negative CTA scan (13 months after the scan). 

Main results: The summary estimates calculated for different test accuracy measures were as follows:  

 sensitivity was 95% (95%CI 88-100) and was homogeneous across studies; 

 specificity was 87% (95% CI 83-92) and showed significant heterogeneity (I2 = 74%); 

 negative likelihood ratio (LR—) was 0.06 (95%CI 0-0.14); it was homogenous across studies but the funnel 

plot revealed the presence of publication bias confirmed by the Egger’s regression intercept (intercept  = —

1.3, P = .002);  

 positive likelihood ratio (LR+) was 7.4 (95%CI 4.8-10) and showed significant heterogeneity (I2 = 71%). 

No inverse correlation was established between sensitivity and specificity when different cut-off points for a positive 

CT result were used.  

Discussion and conclusions: The authors discuss the findings from the review in the context of the current clinical 

practice, the limitations of the CTA and the limitations of the current review.  

They point out that the diagnostic protocols currently used to triage patients who present to the ED with acute chest 

pain are neither efficient nor very effective. In their opinion, there is a significant body of evidence suggesting that 

the incorporation of cardiac CTA in the triage of low to intermediate risk patients could significantly improve the 

diagnostic process.  

The results from the meta-analysis lead to two main conclusions:  

 a negative CT scan can reliably rule out the presence of ACS in patients with low to intermediate probability 

of ACS and should allow a safe and rapid discharge home with no further testing; thus, a negative likelihood 

ration of 0.06 will reduce a pre-test probability of 10% to less than 1%, or in other words, in hundred patients 

tested, less than one out of the ten patients with ACS will be missed. The post-test probability of an ACS with 

a negative CTA does not exceed 5% until the pre-test probability is ≥57%, which is highly unlikely in patient 

population selected on the basis of normal cardiac biomarkers and normal or non-diagnostic ECG;  

 a positive CT scan significantly increases the probability of an ACS and thus may be helpful in making a timely 

triage decisions but will not be able to definitely rule in the presence of ACS; thus, a positive CT scan will 

increase a pre-test probability of 10% to 45% placing the patient in the intermediate risk category but only 

approximately half of these patients will be eventually diagnosed with ACS.  
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This means that incorporating the cardiac CTA in the triage of patients with acute chest pain and low to intermediate 

pre-test probability of ACS could potentially lead to a decrease in the unnecessary hospitalisations by reassuring ED 

clinicians that patients with negative CT scan can be safely discharged home. Also, it might be able to reduce the 

time necessary to make diagnostic and referral decisions and hopefully would lead to increased cost effectiveness.  

The findings from the review are consistent with and provide strong support to a number of policy recommendations 

regarding the use of CTA in the triage of patients with acute chest pain such as the recently published NICE guideline 

on “Chest pain of recent onset: Assessment of recent onset chest pain or discomfort of suspected cardiac origin”29, 

the ESC “Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-

segment elevation”14 and the “2010 Appropriate use criteria for cardiac computed tomography”.30 

Further considerations related to the use of CTA: The following issues need to be considered when making decisions 

about the use of CTA in the triage of patients with acute chest pain of suspected cardiac origin:  

 Non-diagnostic scans. Only six studies reported the rate of non-interpretable scans, which ranged from 1% 

to 17%. Non-interpretable results were mainly due to motion artefacts, previously implanted stents and 

severe calcification. An uninterpretable CT scan will lead to further testing related to an increased risk to the 

patient and additional costs. The frequency of non-interpretable scans could be reduced by excluding 

patients with certain characteristics, such as severe calcification or previous stents, known to predict a high 

rate of suboptimal images. If appropriate and feasible, such patients could be imaged with the new 

generation CTA scanners, which have been shown to produce scans with satisfactorily image quality in 

patients difficult to image with the 64-slice machines.23  

 Patient characteristics that preclude the use of CTA. On top of the characteristics discussed above, further 

contra-indications for the use of CTA should be taken into consideration (see table 2 above).    

 Patients with known history of CAD. Including patients with known history of CAD is likely to increase the 

number of false positives as a result of the increased proportion of patients with pre-existing stenosis 

unrelated to the current chest pain episode, previously implanted stents and calcification. This will lead to 

overestimation of sensitivity and underestimation of specificity, implying that in patients with known CAD 

CTA would be less effective as a rule-out test.1,8  

 Incidental findings: The rate of significant non-cardiac “incidental findings”, such as single or multiple 

pulmonary nodules, is reported to be as high as 23% in some studies.31 This is the main reason for the 

recommendation made by the National Imaging Board that cardiac CT scans should be performed by a 

collaboration of appropriately trained cardiologist and radiologist in order to ensure that both the cardiac 

and non-cardiac aspects of the scan are correctly interpreted and no significant incidental findings are 

missed.22  

 ACS in the absence of a coronary stenosis: In some cases (less than 10%), ACS could be caused by a focal 

spasm of a segment of an epicardial coronary artery (Prinzmetal’s angina) or some other form of dynamic 

coronary obstruction. This issue, however, was not addressed in the current review and needs further 

investigation.27  

The focus on diagnostic accuracy and the limited number of predominantly small and heterogeneous primary 

studies, did not allow many important issues, such as those discussed above, to be thoroughly investigated in the 

analysis. The authors state that further research needs to take the form of randomised trials that could provide 

better understanding of real-time performance and address some of the issues not addressed so far:  

 The application of CTA in patients with known CAD or high probability of ACS.  

 Performance in different patient subgroups, e.g. sex, age etc. 

  The downstream costs and effects of incidental findings. 

 The issue of ACS in the absence of coronary stenosis.  

 Comparison with the current diagnostic practice.  
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 The implications of using initial non-enhanced ECG-gated scans for calcium scoring.  

 Cost-effectiveness and clinical patterns.  

 Radiation exposure.   

Limitations of the review: The authors of the review point to a number of potential sources of bias and limitations to 

the applicability of the results stemming mainly from the methodological shortcomings of the original studies:  

 study design: mostly non-randomised studies;  

 potential selection bias: even consecutively enrolled patients were enrolled during work hours and on 

weekdays only; one study enrolled patients only two days in the week;3 

 lack of blinding: only two studies blinded the physicians making the final diagnosis to the CTA results but 

since the results were very similar to the rest of the studies, no significant impact on the effect size was 

anticipated;3,4 

 non-interpretable scans: poor reporting and inconsistent handling of the non-diagnostic scans;  

 a lack of patient level data precluded the investigation of the variation in test accuracy between different 

subgroups;  

 use of CT scanners with different number of detectors: one study used 4- and 16-sliced scanners on all the 

included patients; excluding this study from the meta-analysis improved the summary sensitivity to 98.1% 

but the specificity remained essentially unchanged (84.9%); this means that a negative result from a higher 

resolution scanner may lead to even greater reduction in the probability of ACS (summary LR— = 0.02, 95% 

CI 0—0.10);  

 presence of publication bias in the negative likelihood ratio: publication bias was identified in the negative 

likelihood ratio, most probably due to the relatively small number of cases with ACS;  

 significant level of heterogeneity in the specificity and the positive likelihood ratio; 

 wide confidence intervals around the positive likelihood ratio; 

 inclusion of patients with known history of CAD: five studies enrolled patients with known history of CAD, 

which may have led to overestimation of sensitivity and underestimation of specificity.   

Methodological appraisal of the review 

Background, objectives and rational: The decision-making problem addressed by the review is well presented in the 

paper and a rational supported by critical examination of previously conducted systematic reviews on this topic is 

provided. The review question specifies index test, target condition and patient description, as recommended in the 

Cochrane Handbook for DTA Reviews.32  

Methods: Although the authors provided information on the design and conduct of the review, details about some 

important aspects are not given:  

 the procedures used to screen the initially identified studies, such as the number of reviewers, the method 

of resolving discrepancies and a measure of agreement;  

 the procedures and criteria used in the assessment of the methodological quality of the included studies; 

and, 

 an explicit definition of acceptable reference standard.  

The search strategy, as detailed in the paper, appears to be relatively limited, including only four databases, two of 

which index only RCTs and systematic reviews (The Cochrane Library and Cochrane Central Register of Controlled 

Trials). No hand search of relevant journals or additional search methods are mentioned. It is, therefore, possible 

that relevant studies were missed and not included in the review. 
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The lack of information about the screening process makes its evaluation difficult. Although the number of initially 

identified papers was relatively small, only 386 studies, relevant studies could have been missed if no adequate 

screening procedures were put in place to ensure that all of the studies that met the inclusion criteria were selected. 

Independent screening by two reviewers using a piloted list of criteria is the gold standard for screening and any 

deviation from this procedure could potentially lead to bias. 

In order to check whether relevant studies were missed by Samad and colleagues (2012), we retrieved some of the 

studies not included in this review but included in the previous meta-analyses and especially in the systematic review 

conducted by Takakuwa and colleagues (2011), which was not mentioned in the paper24–26 We identified one study 

that met the inclusion criteria set out by Samad and colleagues but was not included in their review. 33 This 

demonstrates the limitations of their search strategy and/or selection process and suggests that relevant studies 

could have been missed from their review.   

The data extraction, on the other hand, is well reported. It was conducted independently by two investigators and 

the discrepancies were resolved by a third reviewer or global consensus. Even though no piloting of the data 

extraction form is mentioned, it appears that the process was rigorous and the relevant data were extracted.  

The authors state that “the included studies adhered to the Quality Assessment Tool for Diagnostic Accuracy Studies 

(QUADAS) guidelines” (p. 365). However, there is no structured summary of the results from this assessment and the 

information provided in the paper suggests that many of the studies suffered serious methodological shortcomings. 

For instance, the authors acknowledge that three of the studies used convenience sampling and only in two studies 

the physicians who made the final diagnosis were blinded to the results from the CT scans. We identified the 

following issues with regards to the conduct of the methodological quality assessment: 

 First, judging by the provided reference, the authors used the old version of the QUADAS tool, QUADAS 1, 

rather than its updated version QUADAS 2, which prompts reviewers to assess both the risk of bias and the 

applicability of the primary data to the review question.11  

 Second, the QUADAS tool provides only a framework for methodological quality assessment of diagnostic 

accuracy studies. Its effective application, however, depends on the tailoring of the tool to the specific needs 

of the given systematic review. An effective assessment process would involve developing and piloting a list 

of explicitly defined criteria and independent assessment of the included studies by at least two reviewers. 

Neither such adaptation of the tool nor a list of the definitions used in the assessment is provided or 

referenced in the paper.   

The target condition is broadly defined as ACS including myocardial infarction and unstable angina and the readers 

are referred to the 2007 ACC/AHA guidelines for the specific definitions of these conditions. With regards to the 

reference standard, the authors only state that “the main analysis was performed using ACS as the gold standard” (p. 

365) and no explicit definition of acceptable reference standard is provided.  

The paper provides a full description of the statistical methods used in the meta-analysis.  

Results: The characteristics of the included studies are well presented and a detailed description of the patient 

population is provided, thus making it possible to understand the clinical context to which the results from the 

review could be generalised. The authors discuss some of the limitations of the studies, such as the study design 

(mostly observational cohort studies), the selection of patients (convenience sampling in three studies and 

enrolment of participants limited to working hours on weekdays), the lack of blinding to the CTA results (in seven 

studies) and the variability in the definition of abnormal CTA result. Limited information is provided, however, on the 

possible risk of bias that stems from the interpretation of the CTA scans and the risk of bias related to the reliability 

and conduct of the reference standard.  
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Using the QUADAS 2 and the STARD checklists, we explored some aspects of the primary studies that might have led 

to potentially biased results but were not discussed in the paper.11,12   

Index test:  

 Test review bias: Test review bias occurs when the interpretation of the index test is affected because the 

readers are aware of the results from the reference standard.12 In most of the included studies, CTA (index 

test) was done prior to the reference tests, thus precluding biased interpretation of the CT scans as a result 

of knowing the final diagnosis.  

 Variability in the interpretation of the CT scans: Previous studies have demonstrated that the interpretation 

of test results, especially in the field of imaging, is often characterised by significant inter-reader 

variability.12,34–36 Most of the studies included in this review did not report data on inter-reader variability. 

The CT scans were interpreted by one clinician in four studies; by two clinicians, jointly, in four studies and 

independently in one study. This latter study reported Cohen’s kappa of 0.92 which indicates a high level of 

agreement between the image readers. Most studies were conducted at university hospitals and the scans 

were interpreted by highly experienced clinicians whose level of expertise may differ from that of clinicians 

working in an ordinary ED setting. This means that the same level of test accuracy may not be achievable in 

the usual ED practice.12  

 Clinical review bias: Providing image readers with additional clinical information has been shown to increase 

the accuracy of interpretation thus affecting the final test accuracy results.12,37–39 Test accuracy evaluations 

should try to create conditions similar to those in practice, so that the calculated test accuracy indices are 

relevant to the clinical context in which they would be applied. In the current review, physicians reading the 

scans were blinded to the clinical data in five of the included studies and this may have affected the accuracy 

of their reading. 

Reference standard: ACS comprises a range of conditions including myocardial infarction and unstable angina, 

characterised by an imbalance between myocardial oxygen supply and demand. The most common cause of ACS is a 

narrowing or a complete occlusion of a coronary artery segment caused by a thrombus that developed on a 

disrupted atherosclerotic plaque, although other mechanisms, such as dynamic obstruction or severe narrowing 

without spasm or thrombus, are also possible.27 The presence of significant CAD is highly correlated with ACS and the 

probability of ACS happening in the absence of significant coronary stenosis is low. Therefore, some previous test 

accuracy evaluations have used ICA—the gold standard for CAD—as a reference test for establishing the presence or 

absence of ACS.40,41 ICA, however, is an invasive procedure associated with rare but serious procedure-related 

adverse events, such as bleeding and myocardial infarction, and its use in low risk patients who, following a negative 

CT scan, are very unlikely to have a clinically significant stenosis is unjustified.9,42,43   

 Composite reference standard: The current review excluded studies using ICA as the sole reference test and 

included only evaluations that used the diagnostic criteria set out in the 2007 American College of 

Cardiology/American Heart Association Guidelines. According to these criteria the diagnosis of ACS should be 

based on the results from the history and clinical examination combined with those from a range of 

diagnostic tests, the most important ones being ECG and cardiac biomarkers. More specifically, patients 

presenting with symptoms suggestive of ACS, in which the resting ECG shows persistent ST-segment 

elevation are diagnosed with STEMI if the diagnosis is confirmed by elevated cardiac troponin. Elevated 

troponin in patients without ST-segment elevation but symptoms and/or ECG results suggestive of ACS leads 

to the diagnosis of NSTEMI, while patients with symptoms and/or objective evidence of myocardial ischemia 

(e.g. from a stress test or imaging) but without elevated cardiac biomarkers are diagnosed with UAP.27 The 

diagnosis of UAP is particularly challenging since neither the clinical symptoms nor the non-invasive tests 
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used to diagnose myocardial ischemia are perfectly accurate and there is always the possibility of an error 

and some level of subjectivity in the diagnosis.9,44,45  

In diagnostic accuracy evaluations, when no gold standard is available or could be used in all patients, a 

composite reference standard is constructed, using a combination of diagnostic tests and procedures to 

verify the presence and absence of the target condition. The use of a composite reference standard, 

however, is associated with possible misclassifications and this should be taken into account in the design 

and appraisal of test accuracy evaluations.46 In the included studies, the combination and sequence of 

reference tests and diagnostic procedures, such as expert panel decisions, used to verify positive and 

negative CTA results showed significant variability. In order to improve the reliability of the reference 

standard and to obtain prognostic information on the CTA results, the authors of the review included only 

studies that had at least one month follow up for MACE. This, however, added another source of variability, 

since the follow-up period across studies ranged from one to fifteen months.  

 Differential verification bias: If the positive and negative outcomes from the index test are verified using 

different reference tests this may result in a differential verification bias since the different reference tests 

are unlikely to have the same test accuracy.12,46,47 In the included studies positive and negative CTA results 

were verified using different diagnostic algorithms combining a number of diagnostic tests and procedures. 

Typically, a positive CT scan was verified by increased troponin, SPECT or ICA2,7,10, while the verification of a 

negative CT scan ranged from simply discharging patients home and following them up for at least one 

month7,9,10 to ICA and a follow-up period. 2 The incorporation of a follow-up period increases the reliability of 

the reference standard, especially in terms of providing reassurance that patients with a negative CTA result 

could be safely discharged home. 

 Incorporation bias: Physicians who interpreted the reference tests and made the final diagnosis were 

blinded to the results from the CTA in only two studies. In these studies, a panel of experts blinded to the 

CTA results reviewed all patient data and made the final diagnosis, resolving disagreements by consensus 

and arbitration.3,4 In the remaining studies, no blinding to the results from the CTA was present and, 

therefore, these studies are at increased risk of incorporation bias. Incorporation bias occurs when the 

interpretation of the reference standard is affected by the results from the index test and most often results 

in overestimation of test accuracy.48–50 

Statistical analysis: Statistical analysis appears to be well conducted. The test accuracy results from the individual 

studies were given in a table (sample size, sensitivity, specificity and predictive values presented as proportions and 

percentages) and as forest plots of sensitivity, specificity, negative and positive likelihood ratios.  

Summary estimates of sensitivity, specificity and positive and negative likelihood ratios were presented with 95% CI 

and assessed for heterogeneity. Significant heterogeneity was identified in the estimates for specificity and positive 

likelihood ratio, while sensitivity and negative likelihood ratio were homogenous across studies. The effect of 

different cut-off points for “significant” luminal obstruction was also assessed and no inverse correlation between 

sensitivity and specificity was found. Diagnostic performance, as assessed by the diagnostic odds ratio using random 

effects, was not affected by the threshold for sensitivity and specificity. Publication bias was identified in the 

negative likelihood ratio (which reflects the sensitivity) due to the low number of patients with coronary events.  

We found a minor mistake in the way in which the results from one of the studies were included in the meta-

analysis. In their study, Goldstein and colleagues6 stratified the results from the CTA into three categories: normal 

(<25% luminal obstruction), intermediate (26-70%) and abnormal (>70%). Patients with intermediate results were 

referred for a nuclear stress test and, in the case of a positive test result, underwent an ICA. Thus, out of all 24 

patients with intermediate results, three patients had positive stress scans and underwent ICA, which confirmed 

significant stenosis. Despite this, in the meta-analysis all 24 intermediate results were included as false positives, 

although three of them were, in fact, true positives. This, however, is a minor inaccuracy and is unlikely to have 
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affected the calculation of the final test accuracy estimates. Also, from the paper it is not clear whether 25% or 70% 

luminal obstruction was considered to be the cut-off point used to differentiate a positive and negative CT scan. In 

the original study positive result was defined as >70% luminal obstruction but in the meta-analysis positive and 

intermediate results were combined and all treated as positive. This means that for the purposes of the meta-

analysis 25% luminal obstruction was considered to be the cut-off point used to differentiate a positive from a 

negative CT scan.  

Discussion and conclusions: The conclusions made by the authors, namely that “ACSs may be excluded with high 

sensitivity in low to intermediate risk patients with chest pain presenting to the ED if there is no coronary disease on 

CTA” and that “a positive CTA significantly increases the probability of an ACS and may thus be helpful in making a 

timely triage decisions” (p. 370), seem appropriate and reasonable, and grounded in the findings from the review. 

The authors discuss the appropriate context for the application of the review results—namely patients presenting to 

the ED with acute chest pain of suspected cardiac origin and initial negative or non-diagnostic ECG and cardiac 

troponin. They also point out that even though the results concur with the recently published 2010 appropriateness 

criteria for cardiac computed tomography30 they are derived from a limited number of small and heterogeneous 

studies and should be treated with caution. 

Conclusions  

The systematic review and meta-analysis conducted by Samad and colleagues (2012) focused on the diagnostic 

accuracy of CTA when used to establish the presence and absence of ACS in ED patients with acute chest pain of 

suspected cardiac origin and initial negative ECG and cardiac biomarkers. In order to achieve more precise and 

clinically relevant estimates of test accuracy the authors included only studies that used the 2007 ACC/AHA criteria27 

for the diagnosis of ACS and followed up the patients for at least one month after their discharge.  

Only nine studies were included in the review most of which were small and suffered from significant methodological 

shortcomings such as convenience sampling; a lack of independent reading of the CT scans by at least two readers; 

differences in the clinical information available to the CT scan readers (clinical review bias); use of different reference 

tests to verify the positive and the negative results from the index test (differential verification bias); incorporation of 

the results from the index test into the final diagnosis (incorporation bias); and not reporting/ excluding the 

indeterminate test results. The small number of studies precluded a sub-group analysis and the impact of different 

study characteristics on the final results is not clear.   

At systematic review level, some minor methodological issues were identified: limited search strategy and a lack of 

detail about the screening process which may have resulted in omitting some relevant studies; a lack of detail about 

the methodological quality assessment of the included studies; and minor inaccuracies in the handling of the primary 

data. Despite these minor issues, the systematic review and meta-analysis conducted by Samad and colleagues 

(2012) appear to be of good quality and their conclusions take into account the limitations inherent to the primary 

studies.  

Moreover, the test accuracy estimates produced by Samad and colleagues (2012) are consistent with those from the 

previous meta-analyses (see table 3 below) and re-enforce the main message coming from research, namely that 

CTA could be used in the ED setting to rule out safely the presence of ACS in patients with acute chest pain and initial 

negative cardiac biomarkers and ECG results. 

 

Zhivko Zhelev,  

Peninsula College of Medicine and Dentristry 
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Table 3 Comparison of test accuracy estimates produced by different meta-analyses 

Review/Study Studies/ 

Patients 

Sensitivity Specificity LR- LR+ SDOR 

Vanhoenacker et 

al  2007 

 9 studies,  

566 patients  

0.95 (95% CI, 

0.90-0.98) 

0.90 (95% CI, 0.87-

0.93) 

0.12 (95% 

CI, 0.06-

0.21) 

8.60 (95% 

CI, 5.03-

14.69) 

131.81 (95% 

CI, 50.90 – 

341.31) 

Athappan et al 

2010 

16 studies, 

1119 patients 

0.96 (95% CI, 

0.93-0.98) 

0.92 (95% CI, 0.89-

0.94) 

0.09 (95% 

CI, 0.06-

0.14) 

10.12 (95% 

CI, 6.73-

15.22) 

190.80 (95% 

CI, 102.94 – 

353.65) 

Takakuwa et al 
2011 

9 studies,  
1559 patients 

0.93 (95% CI, 
0.88 – 0.97) 

0.90 (95% CI, 0.88 – 
0.91) 

PPV: 
48.1% 
(95% CI, 
42.5 – 
53.8) 

NPV: 
99.3% 
(95% CI, 
98.7 – 
99.6)  

102.4 (95% 
CI, 51.8 – 
207.6) 

Samad et al 2012 9 studies,  

1349 patients 

0.95 (95% CI, 

0.88-1.00) 

0.87 (95% CI, 0.83-

0.92) 

0.06 (95% 

CI, 0.00-

0.14) 

7.4 (95% 

CI, 4.8-

10.00) 

 

 

LR- = negative likelihood ratio                    PPV = positive predictive value        SDOR = summary diagnostic odds ratio 

LR+ = positive likelihood ration                  NPV = negative predictive value      CI = confidence interval  
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