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Abstract

neous core needle biopsy (PCNB).

for intrapulmonary lesions, performed by a single radiologist.

located lesions.

plications after PCNB.
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Background: Increasing success rate and reducing complications are important for computed tomography (CT)-guided percuta-
Objectives: To assess the influence of needle angle and lesion depth on procedural success and complications of CT-guided PCNB

Patients and Methods: A total of 689 cases of PCNB performed under CT guidance were enrolled in this study. The collected data
were retrospectively reviewed. The pathologic results and complications were evaluated for each case. Two factors-needle angle
and lesion depth-were statistically analyzed to assess the relationship with procedural success and complications of PCNB by using
univariate analysis. Post hoc analysis was performed with Bonferroni’s method.

Results: The overall success rate was 93.1% (642/689). Procedural success showed no statistically significant association with both
needle angle (P =0.568) and lesion depth (P = 0.144). The overall complication rate was 17.9% (123/689) with 15.7% for minor compli-
cations and 2.2% for major complications. The needle angle had no association with complications (P= 0.101). Presence and severity
of complications showed a direct relationship with lesion depth (P < 0.01). In fact, more severe complications occurred in deeper

Conclusion: Needle angle had no effect on both procedural success and complications. Also, there was no significant correlation
between lesion depth and procedural success. However, lesion depth was closely correlated with the incidence and severity of com-

1. Background

Computed tomography (CT)-guided percutaneous
core needle biopsy (PCNB) is a well-established method
and regarded as a relatively safe procedure for the diagno-
sis of intrapulmonary lesions (1). The main purpose of this
technique is to obtain a large volume of tissue, sufficient
for pathologic confirmation with minimal complications.
Therefore, it is important to identify factors that might
affect the outcome of the procedure. There have been a
few reports suggesting various factors affecting compli-
cations and success rates of PCNB, including lesion size,
number of needle insertion, lesion depth and underlying
lung disease such as emphysema (2-6). Among numerous
analyzed factors, needle angle showed inconsistent and
conflicting results in previous literatures (2, 5, 6). However,
in the actual clinical practice of our institute, the larger
the angle, the more complications seemed to occur.

In contrast to needle angle, lesion depth is a relatively
well-known factor influencing the outcome of the proce-
dure. However, most published reports have analyzed pro-
cedures performed by several radiologists with various lev-
els of experience, which can influence the complications
and success rates of PCNB (3, 4). To our knowledge, of the
numerous studies conducted so far, no major reports have
evaluated procedures excluding the influence of the radi-
ologist. Moreover, most prior studies were limited by a
small population size (3, 4).

2. Objectives

This study aimed to assess the influence of two factors-
needle angle and lesion depth-on the procedural success
and complications of CT-guided PCNBs using a core needle,
through retrospective review of a relatively large number
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of cases (n = 689), in which all procedures were performed
by a single radiologist.

3. Patients and Methods

3.1. Patients

From July 2004 to March 2017, CT-guided PCNBs
were performed for intrapulmonary lesions in 834 cases.
Among the 834 eligible cases, the exclusion criteria were
as follows: (1) cases with more than one needle pass dur-
ing a single biopsy attempt; and (2) cases with unmatched
biopsy result. We excluded 141 cases (n = 141) with addi-
tional passes, as these passes might impact complication
rate. However, repeated biopsies with an at-least a 1-day in-
terval between attempts (54 cases in 27 patients) were in-
cluded in the study because we assumed thatat leasta1-day
interval would not affect the incidence of complications.
Only one specimen was obtained per one biopsy attempt.
In four cases (n = 4), the histopathologic result of PCNB
(which was originally categorized as procedural success)
differed from that of surgical or bronchoscopic biopsy per-
formed at the same site. These ambiguous four cases were
also excluded from the study. Finally, 689 results from 662
patients underwent statistical analysis (Figure 1).

We use a core needle lung biopsy and all cases were per-
formed with an automated biopsy gun using an 18-gauge
needle (Magnum®, Bard) regardless of the character of the
patient and lesion. Stroke length was chosen between 1.5
cm and 2.2 cm depending on lesion size. All procedures
were performed using CT (Hispeed, GE Medical Systems,
Milwaukee, WI, USA or Sensation 64, Siemens Healthcare,
Forchheim, Germany). Patient’s posture was changed to
prone, supine, or oblique position, depending on the lo-
cation of the lesion. The puncture site of the pleura and
the needle pathway were chosen in a manner that ensured
the shortest possible distance from the lesion to the pleura,
based on CT scan data. All PCNBs were performed by one
skilled chest radiologist. All cases were retrospectively re-
viewed with the approval of the institutional review board.

3.2. Data Analysis

The needle angle and lesion depth were calculated for
each case. Avirtual line perpendicular to the CT table (line
A),and another line parallel to the needle pathway (line B),
were created. The angle was determined by measuring the
acute angle between line A and line B (Figure 2). The angle
was subdivided into three categories: 0°-30°,31°-60°, and
61°-90°. The depth from the pleural surface was measured
from the point of pleural puncture to the nearest edge of
the lung lesion along the needle pathway (Figure 3). The
depth was recorded as a continuous variable.

Pathologic results and complications were evaluated
to assess their relationship with the needle angle and the
lesion depth from the pleural surface. Procedural success
was defined as completion of the biopsy procedure with
diagnostic results; procedural failure was defined as an
inconclusive histopathologic result due to inadequate tis-
sue or nonspecific findings. In case of nonspecific find-
ings (e.g., chronic inflammation), follow-up for at least 18
months was performed. During follow up period, a final
categorization of procedural success was made if (1) the
lesion remained stable or decreased in size; or (2) a spe-
cific benign diagnosis was confirmed by surgical pathol-
ogy. Complications were categorized as minor or major,
based on cardiovascular and interventional radiological
society of Europe (CIRSE) classification system for compli-
cations. The CIRSE guideline is a standardized grading sys-
tem of complications based on combining outcome, ther-
apy, and severity of sequelae (7). According to this classifi-
cation, if it belonged to grade 1 or grade 2, it was classified
as a minor complication. Complications that continued
for more than 48 hours or needed additional procedures
were categorized as major complications. This group be-
longs to grade 3 or higher according to CIRSE classifica-
tion system. Complications were evaluated by using the CT
scan obtained immediately after PCNB, follow-up chest ra-
diographs 2 hours after PCNB, and chest radiographs taken
after the next morning, as well as by reviewing electronic
medical records. Each patient’s age, sex, and lesion size
and location were also recorded. Coagulation disorder was
not recorded because the procedure was performed after
correction of coagulation factors. Presence of emphysema
was not recorded either.

To investigate if there were differences by the number
of years of experience of a radiologist, the study period, 153
months, was divided into three groups of 51 months each
to compare the rate of complications and procedural suc-
cess: group 1, from July 2004 to September 2008; group 2,
from October 2008 to December 2012; group 3, from Jan-
uary 2013 to March 2017.

3.3. Statistical Analysis

Statistical analysis was performed using the SPSS 26.0
statistical software package (IBM SPSS, Armonk, NY, USA).
Univariate statistical analysis was performed using a trend
test for a categorized variable (needle angle). The lesion
depth, belonging to continuous variable, was analyzed by
using the Kruskal-Wallis test and the Mann-Whitney U test
when comparing relationship with complications and pro-
cedural success, respectively. Differences at P < 0.05 were
considered to be statistically significant. On post hoc anal-
ysis for multiple comparisons, the Pvalue was corrected us-
ing Bonferroni’s method. AP value less than 0.0167(0.05/3)
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N=834

PCNB (July 2004 - March 2017) of 834 cases for intrapulmonary lesions

Excluded (N=145):

5| « Cases with more than one needle pass for a single biopsy (N =141);
« Cases with unmatched biopsy results (N =4).

Final analysis set : 689 cases from 662 patients
N=689

Procedural success

Procedural failure

N=642,93.1% N=47,6.9%
| |
[ 1 [ 1
Malignant Benign Inadequate tissue Nonspecific finding
N=431,67.1% N=211,32.9% N= 39, 83% N=8,17%
I I
Primary lung cancer | Infection
N =416, 96.5% N=91,43.1%
Pneumonia, fungal infection,
tuberculosis, actinomycosis
Lymphoma Benign tumors
T N=4,0.9% N=3,1.4%
Hamartoma
L Metastasis Others
N=11,2.6% N = 117,55.5%

Organizing pneumonia, anthracotic pigmentation,
fibrosis, inflammatory cells, wegener granulomatosis,
chronic inflammation

Figure 1. Flow chart shows patient selection and exclusion criteria with the distribution of biopsy results.

Figure 2. Line A is virtual line perpendicular to the CT table; line B is drawn parallel
to the needle pathway. The needle angle is determined by measuring the acute angle
between line A and line B.

Figure 3. The depth from the pleural surface was measured from the point of pleural
puncture (a) to the nearest edge of the lung lesion (b) along the needle pathway.
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was considered statistically significant for multiple com-
parisons. Other confounding factors such as gender, age,
lesion size, and location were compared between procedu-
ral success and procedural failure groups by using Mann-
Whitney U test or chi-square tests.

Comparison of procedural success rate and complica-
tion rate for each period was performed using a trend test.
APvalue less than 0.05 was considered statistically signifi-
cant.

4. Results

The study included 435 men (65.7%) and 227 women
(34.3%), with amean age of 65.69 years (range: 25 - 89 years).
Mean lesion size was 4.0 cm (range: 0.5 -13.6 cm). Mean le-
sion depth from the pleural surface was 1.94 cm (range: 0 -
8.5cm).

Of the 689 cases of PCNB, 642 were categorized as pro-
cedural success (93.1%), and the remaining 47 were cate-
gorized as procedural failure (6.9%). The causes of proce-
dural failure were inadequate tissue (n = 39) or nonspe-
cific findings (n = 8) on histopathologic analysis. In the 39
cases of inadequate tissue, pathologic findings were as fol-
lows: atypical cells (n = 15); normal biopsy tract elements
including skin, muscle and lung parenchyma (n =18), and
scant cellularity (n=6). Chronic inflammation was consid-
ered to be a nonspecific finding. Among 48 cases exhibit-
ing chronic inflammation, 40 showed no change in lesion
size, or a reduction in size, and were therefore categorized
as procedural success. Meanwhile, eight cases showed hot
uptake on positron emission tomography (PET)-CT, or were
confirmed to be a malignancy on surgical biopsy or re-
peated PCNB; they were categorized as procedural failure
(Table 1). Of the rest of 40 cases, 67.5% (27/40) showed
decrease in size, 27.5% (11/40) remained stable on follow
up and 5% (2/40) turned out to be benign on surgical re-
section. Therefore, they were categorized as procedural
success. Both of two cases with surgical biopsy were con-
firmed to be organizing pneumonia. Details of the biopsy
results of procedural success group are listed in Figure 1.

There was no significant correlation between needle
angle and procedural success (P=0.568) (Table 2). Further-
more, there was no significant difference in lesion depth
between cases categorized as procedural success and those
categorized as procedural failure (P=0.144) (Table 2). How-
ever, the mean lesion depth tended to be greater among
cases categorized as procedural failure compared to those
categorized as procedural success. The mean lesion depths
and standard deviations for cases categorized as procedu-
ral success and those categorized as procedural failure are
provided in Table 2.

Procedural success group had a significantly larger le-
sion size compared to the procedural failure group (3.5 vs

Table 1. Pathologic Results of Procedural Failure

Pathologic results (N = 47)

Inadequate tissue (N=39)

Atypical cells 15
Skin, muscle or lung parenchyma 18
Scant cellularity 6

Nonspecific finding such as chronic
inflammation (N=8)

Hot uptake on PET-CT 2
Malignancy on surgical biopsy or repeated 6
PCNB

Abbreviation: PCNB, percutaneous core needle biopsy; PET, positron emission
tomography.

Table 2. Relationship Between Procedural Success and Clinicoradiologic Features®

Procedural Procedural Pvalue
success failure
Total 642(93.1) 47(6.9)
Sex 0.356°
Male 425(93.8) 28(6.2)
Female 217(91.9) 19 (8.1)
Age,y 0.46¢
Median 69 68
Range 25-89 32-84
Lesion size, cm 0.007°
Median 3.5 2.6
Range 0.5-13.6 0.9-12
Lesion location 0.408°
RUL 213 (91.8) 19(8.2)
RML 41(89.1) 5(10.9)
RLL 109 (95.6) 5(4.4)
LUL 170 (95) 9(5)
LLL 107(92.2) 9(7.8)
Needle angle, ° 0.568¢
0-30 552(92.8) 43(7.2)
31-60 74 (97.4) 2(2.6)
61-90 16 (88.9) 2(11.1)
Lesion depth, cm 1.91+1.85 238 +210 0.144¢

Abbreviations: LLL, left lower lobe; LUL, left upper lobe; RLL, right lower lobe;
RML, right middle lobe; RUL, right upper lobe; SD, standard deviation.

Values are expressed as No. (%) or mean = SD.

bChi—square test.

“Mann-Whitney U test.

4Trend test.

2.6 cm, P = 0.007). There were no statistically significant
differences between procedural success and failure groups
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in another clinical data including age, sex, and lesion char-
acteristics including location (Table 2).

Complications occurred in 123 of 689 cases (17.9%), in-
cluding pneumothorax, hemothorax, hemoptysis, pneu-
momediastinum, dyspnea, and soft tissue hemorrhage.
Among these 123 cases, 15 were categorized as major com-
plications (2.2%), based on severity or requirement for an
additional procedure. Detailed data regarding complica-
tions are shown in Table 3. The relationships between com-
plications and needle angle, as well as between complica-
tions and lesion depth, are shown in Table 4. No significant
correlation was found between complications and nee-
dle angle (P = 0.101). However, Kruskal-Wallis test showed
that there was a statistically significant difference in lesion
depth between complication groups (P < 0.001). On Bon-
ferroni post hoc analysis, the lesion depth of the no com-
plication group was significantly smaller than both minor
and major complication groups (P < 0.01). Moreover, the
lesion depth of the minor complication group was also
smaller compared to the major complication group (P =
0.002). Box plots of Figure 4 shows that the lesion depth
was greater in cases involving complications, and tended
to increase with severity.

Table 3. Complications of PCNB (N =123)*

Complications Values
Pneumothorax 96/123 (13.9)
Small pneumothorax (last < 48 hours) 81/123 (11.8)
Large pneumothorax (last > 48 hours) or chest tube 15/123 (2.2)
insertion®
Hemothorax 12[123 (1.7)
Hemoptysis 12[123 (1.7)
Pneumomediastinum 1/123 (0.1)
Dyspnea 1/123(0.1)
Soft tissue hemorrhage 1/123 (0.1)

Abbreviations: PCNB, percutaneous core needle biopsy.
?Values are expressed as No. (%).
PPneumothorax was the only observed major complication.

When comparing complication rates and success rates
in three equal periods, there was no significant difference
between the three groups in both complication and suc-
cess rates (Table 5).

5. Discussion

In the present study, we investigated factors influenc-
ing the procedural success and complications of PCNB of
intrapulmonary lesions, with a particular focus on needle
angle and lesion depth. The overall success rate of PCNB
was 93.1%, which is consistent with the findings reported

Iran ] Radiol. 2020;17(2):e96221.

by Zhao et al. (5) Lee et al. (8), and Hwang al. (9). As in the
study by Zhao et al. (5), our study showed that neither nee-
dle angle nor lesion depth significantly influenced proce-
dural success. Conversely, Ohno et al. (6) found that diag-
nostic accuracy for needle lengths of < 40 mm was signif-
icantly greater than that for needle lengths > 40 mm (P <
0.05). This may accord with our study, in that our cases cat-
egorized as procedural success had a shorter mean lesion
depth than those categorized as procedural failure, even if
the difference was not statistically significant. The mean le-
sion depth of both procedural success and procedural fail-
ure group was smaller than threshold suggested by Ohno
etal. (6)and this could be the reason for statistical insignif-
icance.

According to most previous studies, lesion size is a rel-
atively well-known factor affecting procedural success (5,
10). In our study as well,among another associated factors,
only lesion size showed significant difference. The proce-
dural success group tended to have alarger lesion size com-
pared to the procedural failure group.

Pneumothorax is the most common complication of
PCNB. In our study, the incidence of pneumothorax was
13.9%, and that of chest tube placement or large pneumoth-
orax that lasted more than 48 hours was 2.2%. These inci-
dence rates were within the range reported in prior liter-
ature (11-15). Other complications were less frequent (e.g.,
hemothorax or hemoptysis, 1.7%). Among various compli-
cations, only pneumothorax led to major complications.

Our study showed that lesion depth was significantly
associated with both the occurrence and severity of com-
plications. These results were consistent with those of pre-
vious reports (2, 6, 16). Ohno et al. (6) suggested that
a longer needle pathway might increase the chance of
tearing the pleura and normal lung tissue, as the patient
breathes during the PCNB procedure. We speculated that
for deeper lesions, there is a greater chance of crossing ad-
ditional tissue planes and pulmonary vessels, which may
result in further complications.

Unlike lesion depth, needle angle did not influence the
rate of complications in the present study. In contrast, Saji
et al. (2) reported that needle angle constituted a novel
predictor of complications, and suggested that needle an-
gle may be significantly correlated with the requirement
for chest tube placement as treatment for pneumothorax.
There are some reasons for this contradictory result. First
of all, the method of measuring the needle angle was differ-
ent from our study. We did not choose the angle between
a line perpendicular to the pleural surface and the needle
tract because we thought that this might have a limit to
the variety of angles. In addition, since a line perpendic-
ular to the CT table is used as the reference for the needle
angle at the time of CT-guided PCNB procedure in actual
clinical practice, this method was chosen to reflect the ac-
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Table 4. Comparison of Needle Angle and Lesion Depth Among Complication Groups®

No complications Minor complications Major complications Pvalue

Needle angle, ° 0.101°

0-30 483 (81.2) 98(16.5) 14 (2.4)

31-60 67(88.2) 8(10.5) 1(13)

61-90 16(88.9) 2(111) 0
Lesion depth, cm 1.49 +1.65 339171 4.72 +154 < 0.01°
Comparison

No complications vs. minor complications < 0.01

No complications vs. major complications < o0.01

Minor complications vs. major complications 0.002¢

Values are expressed as No. (%) or mean = SD.
"Trend test.
“Kruskal-Wallis test.

4p < 0.0167 was considered statistically significant with Bonferroni correction. Comparsions of lesion depth depending on complications severity were performed.

10.0
P<0.01
Q

8.0

. 6.0
§

~ P=0.001

=
a
%]

R a0

2.0

——— p<0.01
.0
No complications Minor complications Major complications
Complications

Figure 4. Box and whisker plots for lesion depth by complications

tual clinical setting. Second, Saji et al. (2) speculated that
a greater angle has less chance to get a satisfactory biopsy
result and concluded that the angulation might have cor-
relation to the number of needle pass. However, unlike
Saji et al. (2), more than one needle pass during a single
biopsy attempt was excluded from our study and there is
no possibility that the angle would be affected by the num-

ber of needle passes. In addition, to the best of our knowl-
edge, there have been no major studies of relatively large
populations, such as that in the present study. Moreover,
in most prior reports (including that of Saji et al. (2), PC-
NBs were performed by several radiologists. Notably, this
mightimpact the outcomes of PCNB (2,17-20). Indeed, Otto
etal. (4) reported differences in the rates of complications
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Table 5. Comparison of Complications and Procedural Success Rates Between Three Equal Period Groups™ b

Group1 Group 2 Group 3 Pvalue
Complications 0.12a
No complications 169 (83.3) 233(89.6) 164 (72.6)
Minor complications 28(13.8) 24(9.2) 54(24.8)
Major complications 6(3.0) 3(1.2) 6(2.7)
Procedural success 0.934a
Procedural success 187(92.1) 247(95) 208 (92)
Procedural failure 16 (7.9) 13(5) 18(8)

Values are expressed as No. (%).

bGroup 1, from July 2004 to September 2008; group 2, from October 2008 to December 2012; group 3, from January 2013 to March 2017.

“Trend test.

of PCNB among radiologists. Therefore, our study differs
in that PCNB was performed on a relatively large number
of patients without the variation seen when the procedure
was performed by multiple radiologists. Furthermore, few
wide-angle cases in our study could bias results, which may
lead to differences relative to previous reports.

As mentioned above, Otto et al. (4) found a significant
difference of the outcomes of PCNB between different radi-
ologists. Therefore, to control this confounding factor, we
conducted a study with cases performed by a single radi-
ologist. Moreover, we also found that in the same radiol-
ogist, there was no significant association between PCNB
outcomes (including success rate and complications) and
his/her experience based on years of clinical activity.

There may have been limitations to our study. First,
we did not exclude emphysema, which has been reported
in many studies (6, 21-23) as a potential confounding fac-
tor that may affect accuracy and complication rates. Thus,
there is a possibility that the measured rate of pneumotho-
rax was higher than the actual rate. Second, this study used
asingle-center design with one radiologist,and most PCNB
procedures were performed at a shallow angle in our insti-
tution. Thus, nearly 70% of the cases in our study were in
the 0° - 30° group, and a relatively small number of wide-
angle cases were included; this may have constituted a se-
lection bias. Third, because the angle was measured manu-
ally, rather than automatically (i.e., via machine), the data
may have been subjective and thus prone to error.

In conclusion, in CT-guided PCNB, needle angle had
no effect on both procedural success and complications.
Also, there was no significant correlation between lesion
depth and procedural success. However, lesion depth was
closely correlated with the incidence and severity of com-
plications after PCNB.
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