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Abstract
AIM: To obtain the diagnostic performance of percu​taneous transthoracic needle biopsy (PTNB) under Computed tomography (CT) fluoroscopy guidance for lung ground-glass opacity (GGO). 

METHODS: We searched for English- and Chinese-language studies in PubMed, EMBASE, EBSCO, OVID, and CNKI (China National Knowledge Infrastructure) database. Data were calculated with Meta-Disc version 1.4 and Rev Man version 5.2 software. From the pooled data, we calculated sensitivity (Sen), specificity (Spe), positive likelihood ratio (+LR), negative likelihood ratio (-LR), and diagnostic odds ratio (DOR). Summary receiver operating characteristic (SROC) curves were constructed and incidence of complications was recorded. 

RESULTS: Four documents included in this present meta-analysis met the criteria for analysis. The pooled Sen, Spe, +LR, -LR and DOR with 95%CI were 0.91 (0.86-0.95), 1.0 (0.91-1.0), 18.64 (4.83-71.93), 0.11 (0.05-0.26) and 153.17 (30.78-762.33), respectively. The area under the SROC curve was 0.98. The incidence of pneumothorax and hemoptysis was 17.86%-51.80% and 10.50%-19.40%, respectively.

CONCLUSION: CT fluoroscopy-guided PTNB, which has an acceptable incidence of complications, can be used as a primary examination method for lung GGO, with moderate sensitivity and specificity.
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Core tip: There is no consensus in the literature about the diagnostic performance of percutaneous transthoracic needle biopsy (PTNB) under Computed tomography (CT) fluoroscopy guidance for lung ground-glass opacity (GGO). We performed a meta-analysis to obtain the diagnostic performance of CT fluoroscopy-guided PTNB of lung GGO in terms of pooled sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, diagnostic odds ratio and incidence of complications. We also generated a summary receiver operating characteristic curve as a way of summarizing the global test performance of CT fluoroscopy-guided PTNB.

INTRODUCTION

Ground-glass opacity (GGO) in lung parenchyma is a image manifestation on thin-section Computed tomography (CT) that is defined as “hazy increased attenuation of the lung with preservation of bronchial and vascular margins”[1]. As prevalence of lung cancer screening with low-dose CT rises, so has the detection of pulmonary lesions that manifest as GGO nodules[2,3]. Since, GGO, not being a specific imaging finding, many differential diagnoses such as bronchoalveolar carcinoma, adenocarcinoma, atypical adenomatous hyperplasia, focal fibrosis and inflammatory diseases must be taken into consideration[4,5]. As a result, the importance of diagnosing lung GGO cannot be ignored once observation, clinical follow-up or chemotherapeutic therapy has ruled out the benign or inflammatory nature of the lesion. However, controversy does exist on whether PTNB should be attempted for the persistent presence of lung GGO or not.

Recent efforts[6-9] utilizing PTNB under the guidance of CT fluoroscopy have been attempted to increase the diagnostic accuracy of lung GGO but contain only few enrolled subjects. The objective of this article was to obtain the diagnostic performance of CT fluoroscopy guided PTNB for lung GGO with a meta-analysis, which, as far as the authors’ understanding, has not been reported previously.
MATERIALS AND METHODS

Literature search 

We searched PubMed, EMBASE, OVID, EBSCO, and CNKI (China National Knowledge Infrastructure) databases without publication date or language restrictions, from inception to August 2015, using the search terms “CT”, “computed tomography”, “CT fluoroscopy”, “CTF”, “ground-glass opacity”, “GGO”, “lung”, and “pulmonary”. Search terms were present in the title or abstract of the articles. The detailed search strategy of PubMed is shown in Figure 1.

Study selection

A system documentation retrieval of human articles was accomplished by two independent observers to find out studies about the diagnostic value of CT fluoroscopy-guided PTNB in patients with GGO. All case reports, letters, comments, and review articles were eliminated. Subsequently, studies, on the basis of their title and abstract, was either included or discarded. 

Studies that complied with the following criteria were also included in this study: (1) Adequate data to calculate the number of true positive (tp), false positive (fp), false negative (fn), and true negative (tn) results; (2) definite criteria to define a positive imaging result were documented; and (3) clinical follow-up or clinical observation for at least one year and/or surgery.

Other potentially eligible studies were identified by manually searching the reference lists of the articles enrolled in this meta-analysis. Any differences of opinion in selecting the studies between the two reviewers were resolved through discussion. If there was any unresolved studies advices were sought from another two reviewers experienced in study selection and data extraction in more than six meta-analyses or systematic reviews. 

Data extraction

A 2 × 2 table was created to input following data extracted from each study included in the present meta-analysis: (1) true positive results (subjects with disease diagnosed correctly from the standard test); (2) false positive results (subjects without disease diagnosed as diseased from the standard test); (3) false negative results (subjects with disease diagnosed as without disease from the standard test); (4) true negative results (subjects without disease diagnosed correctly as without disease from the standard test); and (5) other clinical characteristics of the studies (including author, year of publication, lesion size, and complications).

Quality assessment

Methodological quality was evaluated on the basis of the Quality Assessment of Studies of Diagnostic Accuracy included on Systematic Reviews (QUADAS-2) guidelines independently by the same two reviewers who had performed the literature search. The quality of studies of diagnostic accuracy was specifically evaluated by the evidence-based tool above. Any dispute was resolved through discussion among the reviewers. A more detailed description of each item and a guideline on how to use the QUADAS-2 tool are provided by Whiting et al[10].

Statistical analysis

The data integration for the accuracy of CT fluoroscopy-guided PTNB for lung GGO lesions was made by calcu​lating pooled estimates of sensitivity (Sen), specificity (Spe), positive likelihood ratio (+LR), negative likelihood ratio (-LR), and diagnostic odds ratio (DOR) at a patient level. We also generated a summary receiver operating characteristic (SROC) curve as a way of summarizing the global test performance from different diagnostic studies. The pooled Sen, Spe, +LR, -LR, DOR, and SROC across studies were calculated by using a random or fixed effect model according to the heterogeneity. Heterogeneity across studies was evaluated by using the 2 and Fisher’s exact tests. Threshold effect was assessed by using the Spearman rank correlation test. Subgroup analysis was also performed if necessary. Statistical analyses in this present meta-analysis were all carried out with Meta-disc software (version 1.4). P < 0.05 was considered statistically significant.

RESULTS

Study selection

Literature search revealed 82 articles which, after reading the titles and abstracts of the searched articles, 76 documents were discarded as they did not meet the inclusion criteria. After closer inspection of full text, 2 out of six were again discarded for the causes provided in Figure 2. Finally, the remaining four studies which fulfilled the inclusion criteria were included in this meta-analysis[6-9]. All 4 studies were published in English. Table 1 shows the basic characteristics of the included four studies. Methodological quality of the four studies, as evaluated by the QUADAS-2 tool, is shown in Figure 3. 

Diagnostic accuracy

The pooled sensitivity with 95%CI was 0.91 (0.86-0.95), ranging from 0.71 to 0.88. However, the pooled specificity with 95%CI was 1.00 (0.91-1.00), and the specificities in the four studies were all reported as 1.00. The +LR, -LR and DOR with 95%CI was 18.64 (4.83-71.93), 0.11 (0.05-0.26), and 153.17 (30.78-762.33), respectively. 2 values of Sen, Spe, +LR, -LR, and DOR were 11.07 (P = 0.01), 0.0 (P = 1.0), 0.40 (P = 0.94), 11.14 (P = 0.01), and 0.84 (P = 0.84), respectively, indicating that there are some degree of heterogeneity among the four documents. 

Forest plots (Figure 4) reveals the detailed sensitivity and specificity with 95%CI of each individual study. The detailed +LR and -LR with 95%CI for each individual study are shown in Forest plots (Figure 5). Figure 6 is the Forest plot of the DOR. The SROC curve showed a good overall diagnostic performance for CT fluoroscopy-guided PTNB for all studies combined (Figure 7). In this meta-analysis, Q-value of the maximum joint sensitivity and specificity was 0.94. The area under the SROC curve (AUC) was 0.98, which indicated a relatively high level of overall accuracy.

Subgroup analysis

Subgroup analysis was performed according to the size of the lesions and pooled indexes (Sen, Spe, +LR, -LR, DOR and SROC) with 95%CI are summarized in Table 2. 

Complications

The incidence of pneumothorax ranged from 17.86% to 51.80%, and was reported in all four studies, with six patients requiring chest tube drainage. The incidence of hemoptysis ranged from 10.50% to 19.40% without any patients requiring treatment for it. Systemic air embolism occurred in one case as reported in the study by Inoue et al[8]. Apart from these, there were no other complications or adverse effects reported in the four studies included in the meta-analysis.

DISCUSSION

Bronchoscopy is one option for examination of patients with suspected lung masses. It can be used for tissue sampling, evaluating the nature and extent of a lung mass or a lesion and guiding therapy. However, in the case of a non-diagnostic bronchoscopy (i.e., failure to obtain a histopathological diagnosis from lung lesion), image-guided PTNB is usually performed. Among these interventional techniques, lung biopsy under CT guidance has widespread acceptance as a preferred modality for the diagnosis of pulmonary masses. Its diagnostic accuracy is 92.9%-95% and the incidence of adverse effects is within an acceptable range[11-13]. Compared with techniques under conventional CT guidance, as it was reported, “CT fluoroscopy-guided PTNB allows continuous monitoring of the needle as it progresses toward the target lesion, enabling manipulation in response to respiratory movements”[14,15]. 

Nevertheless, diagnostic performance of PTNB under CT fluoroscopy guidance for the diagnosis of pulmonary GGO nodules is not well established. This meta-analysis investigated the overall diagnostic performance of CT fluoroscopy-guided PTNB in the differential diagnosis of GGO lesions with a high Sen and Spe, 0.91 (95%CI: 0.86-0.95) and 1.00 (95%CI: 0.91-1.00), respectively. The SROC curve stands for a global summary of test efficacy and indicates the trade-off between Sen and Spe[16]. Our meta-analysis, according to the SROC curve, indicated that the maximum joint Sen and Spe was 0.94 and the AUC was 0.98, suggesting a high level of overall diagnostic efficacy. We conclude that CT fluoroscopy-guided PTNB plays an important role in the diagnosis of GGO lesions. DOR which, combines the data from Sen and Spe into a single value, is another reference of test accuracy[17]. In our meta-analysis, the DOR with 95%CI was 153.17 (30.78-762.33), indicating that CT fluoroscopy-guided PTNB was valuable in the diagnosis of GGO lesions. Subgroup analysis was performed according to the size of the lesions, and the pooled parameters were still good, indicating that CT fluoroscopy-guided PTNB was valuable in the diagnosis of GGO lesions regardless of their size. 

The rate of complications was thought to be within an acceptable range. Pneumothorax, with an incidence of 17.86%-51.8%, was the most frequently encountered complication of CT fluoroscopy-guided PTNB[6-9]. Out of the 246 patients, only six required chest tube drainage. The incidence of hemoptysis ranged from 10.5% to 19.4%, without any of the patients requiring treatment. Yamagami et al[9], in the largest study, reported that the incidence of pneumothorax and hemoptysis was 51.8% and 10.6%, respectively. Inoue et al[8] reported one case of systemic air embolism. Even though an exact reason behind it could not be determined, there is a possibility of creating needle-induced fistula between the bronchus and the pulmonary vein in GGO lesion biopsy more than during solid lesion biopsy since GGO lesions preserve the bronchus and pulmonary vessels located inside them[8]. Hence, taking the results of Sen, Spe, DOR, +LR, and -LR into account, it is reasonable to think that CT fluoroscopy-guided PTNB can be used as one of the primary examination procedures for lung GGO lesions.

With respect to influencing factors for pneumothorax, there were significant differences reported, including patient age, sex, lesion location, number of pleural passages, and emphysema along the needle pathway[6-9,18]. Influencing factors for hemoptysis included patient age and sex, lesion location, nodule type, and distance from the pleura to the target lesion. Ground-glass nodules and deeper-located lesions were significant independent risk factors for hemoptysis[6-9,18]. In addition, the needle–pleural angle is another predictor of pneumothorax as reported by Li et al[19] and Niu et al[20]. De Filippo et al[21] reported that non-calcified density (the higher the density, the better the accuracy) was a positive predictive factor for diagnostic accuracy. The diagnostic performance of PTNB under CT guidance can be elevated by the use of multiplanar reformatting imaging, which is useful for planning the path of the needle while performing needle aspiration.

The diagnostic outcomes of conventional CT-guided lung biopsy have been studied previously. Kim et al[22] reported the outcomes of 50 patients (< 2.0 cm vs ≥ 2.0 cm and GGO component > 90% vs 50%-90%) who had been investigated with coaxial 18-gauge or 20-gauge core needles. The overall Sen, Spe, positive predictive value (PPV), negative predictive value (NPV), and diagnostic accuracy were 92.0%, 90.0%, 97.0%, 75.0% and 91.0%, respectively. Sensitivity and accuracy were not significantly different between the two groups of lesion size and GGO components. Lu et al[23] reported the outcomes of 49 patients investigated with coaxial 20-gauge core needles. The overall Sen, Spe, PPV, NPV, and diagnostic accuracy were 93.62%, 100%, 100%, 40.0% and 93.88%, respectively. Compared to these results[22,23], we assume that the methodologies used in the included studies[6-9] (i.e., the CT fluoroscopy and coaxial needle system) contributed to the high diagnostic accuracy observed.

This study is in accordance of the recommendation based upon the reporting of meta-analysis on diagnostic test[24]. We based this study on thorough literature searches and careful data extraction. Nevertheless, some limitations may be considered when interpreting the results. First, study includes only four articles. The limited number of patients (n = 246) may have an effect on our study. Second, the four studies did not compare directly the diagnostic accuracy of CT fluoroscopy-guided PTNB with other methods. Thus, we cannot definitively state which method is better at this time. However, studies by Rotolo et al[25] and Prosch et al[26] concluded that CT fluoroscopy systems for lung nodule biopsy are similar in terms of diagnostic performance and effective dose as cone-beam CT-guided and multislice CT systems. Finally, the publication format of four studies was English, which might resort to the so called “Tower of Babel” bias. In a word, further, larger prospective studies may be needed.

In conclusion, in spite of the difficulties mentioned above, considering the high diagnostic performance of CT fluoroscopy-guided PTNB in our study, along with the acceptable number of complications, we still have the reason to believe that this method can be recommended in clinical practice. In the end, update of systematic review and meta-analysis is possible only when further research and data is available on this topic. 

COMMENTS

Background

In recent years, as prevalence of lung cancer screening with low-dose computed tomography (CT) rises, so has the detection of pulmonary lesions that manifest as ground-glass opacity (GGO) nodules. Recently, several efforts utilizing percutaneous transthoracic needle biopsy (PTNB) under the guidance of CT fluoroscopy have been attempted to increase the diagnostic accuracy of lung GGO. Despite this, no consensus is available in the literature about whether it is beneficial to the patient.

Research frontiers

Because lung GGO is a nonspecific finding, it occurs in both malignant and benign lung lesions. Thus, the diagnosis of GGO lesions has become an important issue. Global research is directed towards an accurate and minimally invasive method for the diagnosis of lung GGO.

Innovations and breakthroughs

In this study, the authors investigated the value of CT fluoroscopy-guided PTNB for diagnosis of lung GGO. It is believed to be the first meta-analysis evaluating the value of CT fluoroscopy-guided PTNB for lung GGO.

Applications

The present study helps the authors understanding of the role of a minimally invasive technique for the diagnosis of lung GGO.

Peer-review

The aim of manuscript was to evaluate the value of CT fluoroscopy guided PTNB for the diagnosis of lung GGO with the use of meta-analysis method. The authors used the restrictive inclusion criteria, so only 4 manuscripts were included into analysis. Based on this they made some useful conclusions.
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Figure 1  Search strategy for PubMed. GGO: Ground-glass opacity.
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Figure 2  Flow chart of study selection.
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Figure 3  Quality assessment of diagnostic accuracy studies and criteria for included studies.
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Figure 4  Forest plot shows sensitivity and specificity from individual studies and pooled estimates. Summary sensitivity and specificity were 0.91 (95%CI: 0.86-0.95) and 1.0 (95%CI: 0.91-1.00), respectively.
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Figure 5  Forest plot shows positive likelihood ratio and negative likelihood ratio from individual studies and pooled estimates. Summary positive likelihood ratio (LR) and negative LR were 18.64 (95%CI: 4.83-71.93) and 0.11 (95%CI: 0.05-0.26), respectively.
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Figure 6  Forest plot shows diagnostic odds ratio from individual studies and pooled estimates. Diagnostic odds ratio (OR) was 153.17 (95%CI: 30.78-762.33).
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Figure 7  Summary receiver operating characteristic curve. SROC: Summary receiver operating characteristic.
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Table 1  Characteristics of the included four studies


Ref.


�
Year


�
Lesion size (mm)


�
tp


�
fp


�
fn


�
tn


�
All


�
Complications


�
�
Hur et al[6]


�
2009


�
≤ 10


�
  4


�
0


�
2


�
  4


�
10


�
Pneumothorax (5); 


�
�
�
�
11-20


�
  5


�
0


�
2


�
  3


�
10


�
Hemoptysis (3); Thoracostomy tube insertion (2)


�
�
�
�
> 20


�
  3


�
0


�
1


�
  4


�
  8


�
�
�
�
�
All


�
12


�
0


�
5


�
11


�
28


�
�
�
Yamauchi et al[7]


�
2011


�
≤ 10


�
  6


�
0


�
1


�
  1


�
  8


�
Pneumothorax (14); Hemoptysis (13); Thoracostomy tube insertion (0)


�
�
�
�
11-20


�
36


�
0


�
1


�
  5


�
42


�
�
�
�
�
> 20


�
17


�
0


�
0


�
  0


�
17


�
�
�
�
�
All


�
59


�
0


�
2


�
  6


�
67


�
�
�
Inoue et al[8]


�
2012


�
≤ 10


�
21


�
0


�
1


�
  2


�
24


�
Pneumothorax (30); Hemoptysis (7); Thoracostomy tube insertion (1); 


Air embolism (1)�
�
�
�
11-20


�
36


�
0


�
2


�
  3


�
41


�
�
�
�
�
> 20


�
  1


�
0


�
0


�
  0


�
  1


�
�
�
�
�
All


�
58


�
0


�
3


�
  5


�
66


�
�
�
Yamagami et al[9]


�
2013


�
≤ 10


�
16


�
0


�
4


�
11


�
31


�
Pneumothorax (44); Hemoptysis (9); Thoracostomy tube insertion (3)


�
�
�
�
11-20


�
30


�
0


�
4


�
  6


�
40


�
�
�
�
�
> 20


�
12


�
0


�
0


�
  2


�
14


�
�
�
�
�
All


�
58


�
0


�
8


�
19


�
85


�
�
�
fn: False negative; fp: False positive; tn: True negative; tp: True positive.








Table 2  Subgroup analysis of the included four studies


Size


�
Sen


�
Spe


�
+LR


�
-LR


�
DOR


�
SROC


�
�
All


�
  0.91 (0.86-0.95)


�
1.0 (0.91-1.0)


�
18.64 (4.83-71.93)


�
0.11 (0.05-0.26)


�
153.17 (30.78-762.33)


�
0.98


�
�
≤ 10 mm


�
  0.85 (0.73-0.94)


�
1.0 (0.81-1.0)


�
  8.03 (2.21-29.18)


�
0.24 (0.14-0.41)


�
37.94 (7.48-192.37)


�
0.92


�
�
11-20 mm


�
  0.92 (0.86-0.96)


�
1.0 (0.80-1.0)


�
  9.35 (2.45-35.71)


�
0.13 (0.08-0.22)


�
  67.98 (13.06-353.87)


�
0.96


�
�
> 20 mm


�
0.94 (0.70-1.0)


�
1.0 (0.54-1.0)


�
6.24 (0.97-40.0)


�
  0.20 (0.07-0.60)a


�
  38.93 (2.80-541.16)b


�
-c


�
�
a,bOnly studies 6 and 9 were calculated; cSROC for GGO > 20 mm could not be calculated in this meta-analysis because of only two data points. Sen: Sensitivity; Spe: Specificity; +LR: Positive likelihood ratio; -LR: Negative likelihood ratio; DOR: Diagnostic odds ratio; SROC: Summary receiver operating characteristic; GGO: Ground-glass opacity.
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