
Abstract
Purpose: To analyze the factors influencing the diagnostic 
accuracy of multislice CT, adding the benefit of intraoperative lung 
palpation to obtain more extensive surgical resection.

Materials and methods: A retrospective study was conducted 
on 77 patients who underwent resection for colorectal lung 
metastases from 2010 to 2016, with at least 3 years of follow-
up. All patients underwent preoperative 64-slice CT scans with 1.2 
mm slice thickness and intraoperative lung palpation. Analysis of 
the sensitivity, specificity, positive and negative predictive value 
of the multislice CT. Correlation between the number of nodules 
by CT, resected, and diagnosed as metastases (Spearman Rho). 
Classification into three groups: Group 1 (Accurate): CT and 
pathology nodule counts matched. Group 2 (Underdiagnosed): CT 
detected fewer nodules than pathology. Group 3 (Overdiagnosed): 
CT detected more nodules than pathology. The factors evaluated 
included the number of nodules, their size, laterality, the interval 
between CT scan and surgery, disease-free interval, recurrence, 
disease-free survival, and overall survival. Univariate analysis 
(Pearson’s Chi-squared t, Kruskal-Wallis t). Recurrence and 
survival analysis (Kaplan-Meier t) Significance p < 0.05. IBM SPSS 
Statistics 27.0 and Epid at 4.2 programs.

Results: Sensitivity 90.97%, specificity 31.57%, positive predictive 
value 83.34%, negative predictive value 48%. Significant 
correlation between nodules seen by CT, resected, and diagnosed 
as metastases (p < 0.001). Accurate group: 52(68%) patients, 
underdiagnosed group:8(10%) patients, Overdiagnosed group: 
17(22%) patients. Factors associated with CT accuracy for 
detection of lung nodules: Size (p < 0.001), number (p < 0.001), 
laterality (p = 0.001), and CT-to-surgery interval (p = 0.022). 
Prognostic evaluation by the three groups: Disease-free interval (p 
= 0.665); early recurrence < 24 months (p = 0.06); 3-year survival: 
43% vs. 79% and 54% respectively; 5-year survival 0% vs. 52% and 
30% respectively (p = 0.210).

Conclusion: Size (< 9 mm), multiple metastases, bilateral 
metastases, and higher CT-to-surgery interval are influencing 
factors in the lack of CT scan diagnostic accuracy. Also, lung 
palpation contributed to a more extensive resection aimed at 
complete oncologic clearance in 10% of patients.
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imaging study.

The lung metastases were resected using an open or Video-
Assisted Thoracoscopic Surgery (VATS) procedure. The open 
procedure involved anterolateral thoracotomy with costal and 
intercostal nerve preservation, a 7 cm–9 cm skin incision over the 
4th or 5th intercostal space. The VATS procedure was biportal, via 
mini-thoracotomy in the 4th–5th intercostal space, with a 4 cm–5 
cm skin incision and camera port over the 7th–8th intercostal space.

Lung palpation was performed in all patients included in the study. 
This technique involves tactile evaluation of the lung parenchyma 
during surgery. In the VATS procedure, digital palpation was 
performed by inserting a finger through the incision to explore the 
entire lung. In thoracotomy cases, manual palpation was carried 
out by inserting the surgeon’s hand to thoroughly examine the 
parenchyma. This intraoperative evaluation allows the detection 
of nodules not visible on CT imaging. The analysis consisted of 
evaluating the sensitivity, specificity, and positive and negative 
predictive values of the multislice CT. The correlation between the 
number of nodes seen by CT, those resected, and those diagnosed 
as colorectal metastases at microscopy of resected specimens 
was also studied using the Spearman Rho correlation test.

Finally, patients were classified into three groups based on the 
correlation between the number of nodules detected by CT scan 
and the number confirmed in the postoperative pathological 
evaluation:

•	 Group 1 (Accurate): The number of nodules detected by CT was 
similar to that confirmed pathologically

•	 Group 2 (Underdiagnosed): The number of nodules detected by 
CT was lower than the number confirmed postoperatively.

•     DFI: Disease-Free Interval

•     DFS: Disease-Free Survival

Introduction
The incorporation of multislice helical Computed Tomography 
(CT) has significantly advanced in the detection of small 
pulmonary nodules. Since its introduction in 1992, multislice 
CT technology has evolved from two to 320 imaging slices [1], 
offering improved image resolution and a 20% to 40% increase in 
sensitivity compared to conventional CT, enabling the detection of 
nodules as small as 2 mm–3 mm in diameter [2].

However, multislice CT sensitivity is inversely related to nodule 
size. While sensitivity is almost 100% for nodules larger than 10 
mm, 68% for nodules 6 mm–10 mm, and further declines to 50%–
61% for nodules smaller than 6 mm [3]. Therefore, intraoperative 
lung palpation can complement CT imaging, aiding in the 
localization and resection of all lung metastases, particularly 
smaller nodules. A meta-analysis by Macherey et al. found that 
patients with multiple, small, or mesenchymal metastases benefit 
most from lung palpation [4]. However, the clinical involvement 
of these occult nodules in CT and their impact on patient survival 
remains unclear [5].

Conversely, the increased sensitivity of multislice CT can lead to a 
higher rate of false positives, potentially resulting in unnecessary 
lung resections, a critical consideration in patients with limited 
pulmonary reserve.

Consequently, this study aims to analyze the diagnostic accuracy 
of multislice CT and its influencing factors, with a particular focus 
on undetected pulmonary nodules identified via intraoperative 
lung palpation, which can make for more radical surgery, and 
assess unnecessary lung resections, all in patients with colorectal 
lung metastases.

Material and Methods
This retrospective study included patients who underwent surgical 
resection for colorectal lung metastases between January 2010 
and December 2016 further follow-up until 2019. Inclusion 
criteria for surgery were controlled primary tumor and absence 
of extrathoracic disease, with the except for the presence of 
liver metastases. In cases of concurrent liver metastases, these 
were treated prior to addressing the lung disease. Staging was 
performed using a body CT scan and PET/CT scan in 59 patients. 
Suspected mediastinal lymphadenopathy was evaluated and ruled 
out by means of video mediastinoscopy. Fourteen patients with 
previous pulmonary metastasectomy were excluded for potential 
difficulty in palpation due to pleuropulmonary adhesions after the 
first intervention; four patients were excluded for having a non-
colorectal histopathological diagnosis. A total of 77 patients who 
were treated by surgery during this period were included (Figure 1).

The 64 imaging-slice Revolution-Evo CT with a slice thickness of 
1.2 mm and intravenous contrast was used for the preoperative 

Figure 1: Flow diagram.
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•	 Group 3 (Overdiagnosed): The number of nodules detected by 
CT was higher than the number confirmed pathologically.

We aimed to identify the factors that could influence the CT 
accuracy for the detection of lung nodules and, therefore, predict 
which patients could benefit from intraoperative lung palpation 
to radicalize surgery, and which group was more likely to have 
unnecessary lung resections because of CT overdiagnoses. We 
evaluated the influence of the size (mm), which was measured 
by selecting the size of the largest metastasis, number of 
nodules (one or multiple), disease-free interval (months), which 
was the time from resection of the primary tumour to lung 
metastasectomy, and CT-to-lung-resection interval (days). We 
also analyzed the prognosis of the three groups, evaluating the 
survival times (months), recurrence, Disease-Free Interval (DFI), 
and Disease-Free Survival (DFS).

Pearson’s Chi-squared test was used to analyze the association of 
the qualitative variables, and Fisher’s exact test or the likelihood-
ratio test were used for variables with more than two categories 
according to their suitability. Group comparisons were analyzed 
with the Student’s t-test for independent samples or the Mann-
Whitney U test, depending on the case for two groups, and the one-
way ANOVA or Kruskal-Wallis nonparametric test for more than two 
groups to compare. Finally, we also analyzed the clinical relevance 
of non-detected nodules using the Kaplan-Meier recurrence and 
survival analysis by subgroups. The data were processed using 
the IBM SPSS Statistics 27.0 for Windows program and the Epidat 
4.2 program. Values of p < 0.05 were considered significant.
This study was conducted with informed consent from all patients 
and was approved by the Clinical Research Ethics Committee.

Results
The sample comprised 77 patients, 54 (70.1%) men and 23 
(29.9%) women. The mean age was 65.7 ± 10.6 years, and the 
patient demographic characteristics are set out in (Table 1) and 
(Figure 2). The mean number of nodules per patient was 2.03 ± 
1.58 (range 1-8), and the mean size was 17.65 ± 9.03 mm (range 
2–40). The main characteristics regarding nodule averages in CT, 
resected and analyzed, are set out in (Table 2).

Our study identified a total of 38 (21%) benign nodules: 26 (14%) 
were false positives from the multislice CT, and 13 (7%) were false 
negatives that were detected through lung palpation. A total of 
144 colorectal cancer metastatic nodules were also identified: 131 
(83.4%) nodules were true positives from the multislice CT, while 
13 (7,1%) nodules were false negatives on CT that were detected 
through lung palpation in a total of 8 (10%) patients. A sensitivity 
of 90.97% (CI 95% 85.94–96); specificity of 31.57% (CI 95% 15.48–
47.65); positive predictive value of 83.43% (CI 95% 77.31–89.57), 
and negative predictive value of 48% (CI 95% 26.42-69.58) were 
obtained (Figure 3).

Figure 2: A). Axial CT scan showing pulmonary metastases from colorectal cancer

(multiple, bilateral and peripheral metastases). B). Intraoperative photograph

demonstrating the pleural surface in a patient with a peripheral metastatic lesion.

Figure 3: Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive 

Value Results.
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Table 1: Patient characteristics:
Sex n %
Men 54 70.1
Women 23 29.9
Number
Single 44 57.1
Multiple 33 42.9
Laterality
Unilateral 56 72.7
Bilateral 21 27.3
Approach
VATS 48 62.4
Thoracotomy 29 37.6
Interval from TC until surgery
<30 days 36 47
30 days–60 days 13 16
60 days–90 days 19 25
>90 days 9 12

Table 2: Description of the number of nodules.

DIAGNOSTIC TECH-
NIQUE

Number of 
nodules

Average 
per patient Range

CT scan 157 2 1–8

Surgery 182 23 1–10

Pathology diagnosis 182 23 1–10

Benign pulmonary 
nodules 38 0.5 0–2

Malignant pulmonary 
nodules (colorectal-
metastases)

144 1.8 1–10

There was a statistically significant correlation between the 
number of nodules identified on CT and those resected (correlation 
coefficient = 0.76), as well as between CT-identified nodules 
and those confirmed as colorectal metastases on microscopic 
examination (correlation coefficient = 0.64) (p < 0.001).
Lung palpation in the 29 patients (37.6%) operated on with the 
thoracotomy procedure was manual. 48 patients (62.4%) were 
operated on with VATS, and in their case, lung palpation was 
digital.

Manual and digital lung palpation revealed nodules missed by 
preoperative CT imaging. Colorectal metastasis nodules were 

obtained using VATS in 4 patients (8.3%) and using thoracotomy 
in 4 patients (13.8%). Benign nodules were identified using VATS in 
13 patients (27.2%) and using thoracotomy in 4 patients (13.8%). 
We therefore considered it important to also study this patient 
group in which unnecessary lung resections were performed.
We divided the patients into three groups: 52 (68%) were correctly 
diagnosed, 8 (10%) were underdiagnosed, and 17 (22%) were 
overdiagnosed. CT accuracy for detection of lung nodules was 
significantly influenced by nodule size (p < 0.001), the number 
of metastases (p < 0.001), laterality (p = 0.001), and the interval 
between CT scan and surgery (p = 0.022), (Table 3).

Table 3: Characteristics by groups.

FACTORS: ACCURATE
n = 52 (68%)

UNDERDIAGNOSED
n = 8 (10%)

OVERDIAGNOSED
n = 17 (22%)

p

Size (mm). 14 (8–40) 9,1 (5–20) 7,8 (2–15) < 0.001

Number: < 0.001

Single 40 (91%) 3 (7%) 1 (2%)

Multiple 12 (36%) 5 (15%) 16 (49%)

Laterality: 0.001

Unilateral 45 (81%) 4 (7%) 7 (12%)

Bilateral 7 (33%) 4 (19%) 10 (48%)

Interval from CT to surgery 0.022

<30 days 27 (75%) 3 (8%) 6 (17%)

30 days–60 days 6 (46%) 0 7 (54%)

60 days–90 days (74%) 2 (11%) 3 (15%)

>90 days 5 (56%) 3 (33%) 1 (11%)

In relation to the prognosis of the underdiagnosed patients, where 
more malignant tumors than those shown by CT were resected, 
we found that half presented a DFI of less than 18 months. 
Furthermore, of the 8 patients in this subgroup, 6 relapsed, 
representing 75% of the underdiagnosed patients, and they all 
relapsed within 2 years (p = 0.06); average DFS in these patients 
was 9.8 months, less than the other two groups, although the 

difference was not statistically significant (p = 0.278). Average 
overall survival was 26.8 months, which was also less than the 
two comparison groups, although with no statistically significant 
differences (p = 0.210). Only 43% of the underdiagnosed patients 
were still alive after 3 years, and none survived to 5 years. Although 
no differences were found between subgroups (p = 0.210), overall 
survival was objectively lower in this patient subgroup (Table 4).
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Table 4: Prognostic evaluation by groups.

FACTORS: ACCURATE

n = 52 (68%)

UNDERDIAGNOSED

n = 8 (10%)

OVERDIAGNOSED

n = 17 (22%)

p

DFI* median (months) 24 ± 30 18 (2–98) 34 (8–86) 0.665

Recurrence n (%) 20 (38%) 6 (75%) 9 (53%) 0.116

   DFS** median (months) 17.3 ± 13 9.8 ± 6.6 20.7 ± 14 0.278

   DFS interval 0.06

<24 months, n (%) 12 (60%) 6 (100%) 5 (55%)

>24 months, n (%) 7 (40%) 0 (0%) 4 (45%)

Median survival (months) 79.9 ± 6.4 26.8 ± 3.5 54.7 ± 9.2 0.210

3 years (%) 72 ± 5 43 ± 15 54 ± 10

5 years (%) 52 ± 6 0 30 ± 10

Discussion
While CT sensitivity for diagnosing malignant nodules can 
reach approximately 95% [6], the accuracy of modern helical 
multislice CT is influenced by several factors, including slice 
thickness. Pfannschmidt et al. reported sensitivities of 84% with 
5 mm slices and 89% with slices thinner than 3 mm (p = 0.002) 
[7], demonstrating the impact of slice thickness on diagnostic 
performance. In this study, the patients were diagnosed using a 
64 imaging-slice helical multislice CT with 1.2 mm thick slices. 
We obtained 91% sensitivity and an 83% positive predictive value; 
however, the negative predictive value fell to 48% and 16.5% false 
positives were obtained. Therefore, while reducing slice thickness 
increases both sensitivity and the rate of false positives, this 
trade-off must be carefully considered when planning surgical 
interventions.

Regardless of the current diagnostic progress, the debate around 
the need for careful exploration of the lung parenchyma to 
make surgery more radical continues. The present study aims 
to explore this issue in greater depth. A lung exploration was 
performed across all patients, using digital or manual palpation of 
the parenchyma. The correlation between the nodules identified 
by multislice CT, those resected, and those finally identified 
as metastatic was statistically significant (p < 0.001). We also 
observed a strong correlation between those identified by CT 
and those resected after applying the lung palpation technique 
(ρ = 0.76). Despite this good correlation between preoperative 
diagnosis and intraoperative findings, lung palpation identified 
colorectal metastases that had gone unnoticed in the CT in some 
10% of patients. In 1 of every 10 patients, lung palpation effectively 
added radicality to the surgical process, identifying more 
metastatic nodules than those diagnosed preoperatively. In other 
studies, Chun et al. obtained 25% of nodules not detected by CT in 
patients with colorectal metastases [8], Cerfolio et al. obtained 20% 
of patients underdiagnosed by CT and found malignant nodules 
among patients with a higher likelihood of presenting occult 

nodules [5] and Zabaleta et al. obtained 12% occult nodules and 
a 9.5% probability of resecting more metastases in patients with 
one or two malignant nodules with respect to other histological 
subtypes [9].

A crucial consideration is the rate of false positives obtained by 
using more sensitive imaging and meticulous lung palpation, 
since this makes it possible to identify more nodules than those 
diagnosed. This combination of factors will inevitably contribute 
to identifying a higher proportion of nodules that are eventually 
found to be benign. Our study identified a total of 39 (21%) benign 
nodules: 26 (14%) were false positives from the multislice CT, and 
13 (7%) were false positives from lung palpation. Therefore, lung 
resections should prioritize parenchyma preservation to minimize 
unnecessary lung tissue loss. Preoperative histological diagnosis 
can be a valuable tool in this regard, as Ludwig et al. recommend 
in their study [10].

Macherey et al. analyzed a total of 56 articles in their meta-analysis, 
which included 1,472 patients, and found 48.5% false positives. 
Indeed, more than one-third of all the nodules of primary-tumor 
patients were benign lesions [4]. Our study obtained 16,5% false 
positives, while Pfannschmidt et al. obtained 16% [7], Cerfolio et al. 
13% [5], and Nakajima et al. 18% [11]. However, Zabaleta et al. and 
Nakas et al. obtained a smaller percentage of false positives, at 
2.8% and 1.9% respectively [9,12]. The median size for the group of 
patients with occult nodules in the CT was 9 mm compared to 14 
mm in correctly diagnosed patients. The Cerfolio et al. prospective 
analysis also found that patients with small nodules (1.6 cm vs. 
2.3 cm) were more likely to be underdiagnosed by CT (p = 0.004) 
[5], and Kidner et al. also considered size a factor associated with 
underdiagnosis for nodules of 1.5 cm vs. 2.3 cm [13]. However, 
the overdiagnosed group presented significantly smaller tumor 
sizes.This suggests that smaller nodules detected by CT are more 
likely to be benign, and that nodule size is associated with lower 
diagnostic accuracy of the CT scan. Similarly, Nakajima et al. 
reported that nodules smaller than 5 mm in diameter detected by 

* DFI: disease free interval;  ** DFS: disease-free survival.
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CT were often not lung metastases (p = 0.001) [11].

The number of nodules significantly impacted diagnostic 
accuracy (p < 0.001): with patients presenting multiple metastases 
being more likely to have CT underdiagnose their disease. This 
observation aligns with previous research. Zabaleta et al. reported 
statistically significant differences when comparing correct CT 
diagnosis in patients with a single lesion (86%) and those with 
multiple lesions (65%) (p < 0.001) [9], while Kinder et al. found 
that patients with an average of 2 nodules were more likely to 
present occult nodules (p = 0.001) [13]. In our work, we observed 
that almost half the patients with multiple metastases found 
by multislice CT were overdiagnosed, compared to the 91% of 
patients with single metastases who were correctly diagnosed. 
Therefore, patients with multiple metastases are more likely to 
have their disease underdiagnosed by CT. While lung palpation can 
identify nodules missed by CT, it is important to recognize that 
these patients will tend to be overdiagnosed by CT.

The laterality of the metastases was another factor of significant 
influence (p = 0.001). 80% of patients with unilateral metastases 
were correctly diagnosed, compared to the 48% with bilateral 
metastases who were overdiagnosed. These findings suggest 
that patients with bilateral nodules on CT are more likely to receive 
false positives, so prior histological diagnosis would be justified 
to prevent unnecessary lung resections, since this is a bilateral 
procedure with the added comorbidity this entails.

Finally, another factor that had a significant influence on CT 
accuracy for the detection of lung nodules was the time to 
surgery. The longer the time interval, the higher the proportion of 
underdiagnosed patients (p = 0.022). We found that up to 33% 
of patients with CT-to-surgery intervals of more than 3 months 
had nodules that would not have been detected if it had not been 
for lung palpation. These findings suggest that lung palpation is 
a useful and necessary tool for patients with long intervals from 
when the CT scan was done, and will contribute to more radical 
surgeries.

The clinical significance of occult nodules underdiagnosed by 
CT remains unclear. One possible explanation is the presence of 
micrometastases at the time of primary tumor diagnosis, which are 
not detectable by CT but may later become palpable as they grow. 
Does this imply a worse prognosis for these patients, or could it be 
more favorable due to the more radical surgery they undergo? The 
answer remains uncertain. In our experience, although we did not 
obtain statistically significant results, what we could see is that 
the DFI was shorter in the group of patients with underdiagnosed 
occult nodules than in the other two groups. The average was 
18 months, compared to 24 months for the correctly diagnosed 
group and 34 months for the overdiagnosed group. Disease 
behavior was also worse in the underdiagnosed group, where, 
despite the absence of statistical significance, we found that 6 of 
the 8 patients had a recurrence, and all of them within 2 years. We 
also saw lower overall survival in this patient subgroup. Therefore, 

although we did not obtain statistically significant differences, we 
found that the underdiagnosed patient subgroup tended to have 
a worse prognosis. This raises the question regarding the most 
appropriate treatment procedure for these patients and whether 
they would benefit from systemic treatment.

Conclusions
In conclusion, despite the increased sensitivity of multislice CT and 
the strong correlation between the number of nodules detected 
on CT and the number resected, intraoperative lung palpation 
identified additional metastases in 1 of every 10 patients, adding 
radicality to the surgical process. We should pay special attention 
to patients with multiple and bilateral metastases and with small 
nodules, given the lack of CT accuracy for the detection of lung 
nodules as shown in this work, and those with CT-to-surgery 
intervals of over 3 months. While we hypothesized that patients 
with occult nodules identified via palpation might have a worse 
prognosis and earlier recurrence, this association could not be 
statistically confirmed in our study.

The limitations of this study presents are partly due to sample size, 
since it is a single-site study, and partly due to the retrospective 
nature of the design. Larger clinical trials with more scientific 
evidence would therefore be needed to reaffirm these conclusions.
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