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Computed tomography (CT)-guided transthoracic needle biopsy (TTNB) is a well-es-
tablished method for investigating pulmonary nodules and masses. It offers a bet-
ter diagnostic yield than bronchoscopy for the assessment of lung nodules and 

peripheral lesions (1, 2). Referral for CT-guided TTNB is expected to increase in the com-
ing years. One reason is the higher proportion of adenocarcinomas among current lung 
cancers, which are more likely to be peripheral and not reachable by bronchoscopy (3, 4). 
Another reason is the recommendation of re-biopsy for molecular analysis of non-small cell 
lung cancers that progress or recur (5–7). Although TTNB is considered a safe and efficient 
method for obtaining a definite pathologic diagnosis, complications are reported in up to 
two-thirds of procedures (8, 9). The three main complications of TTNB are pneumothorax, 
alveolar hemorrhage, and hemoptysis. These complications are rarely life threatening, and 
pulmonary bleeding is usually self-resolving. However, severe hemoptysis can necessitate 
endobronchial tamponade, arterial embolization, or surgery (8, 10).

It is important for the operator to be aware of potentially modifiable risk factors. Sever-
al modifiable risk factors for pneumothorax have been reported in the literature, including 
angle between needle and pleural surface (11), transpulmonary needle-path length (12, 13), 
patient position during the procedure (11), and operator’s level of experience (12). A large 
pleural angle, a long needle path, the prone position, and limited expertise are all reported 
to increase the risk of pneumothorax. By contrast, data on risk factors for hemoptysis in this 
setting are scarce, and most published studies of transthoracic biopsy have combined alveo-
lar hemorrhage and hemoptysis under the term “pulmonary bleeding.” Chakrabarti et al. (14) 
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C H E S T  I M AG I N G
O R I G I N A L  A R T I C L E 

PURPOSE  
We aimed to identify modifiable and nonmodifiable risk factors for hemoptysis complicating 
computed tomography (CT)-guided transthoracic needle biopsy.

METHODS
All procedures performed in our institution from November 2013 to May 2015 were reviewed. 
Hemoptysis was classified as mild if limited to hemoptoic sputum and abundant otherwise. Pres-
ence of intra-alveolar hemorrhage on postbiopsy CT images was also evaluated. Patient- and 
lesion-related variables were considered nonmodifiable, while procedure-related variables were 
considered modifiable. 

RESULTS
A total of 249 procedures were evaluated. Hemoptysis and alveolar hemorrhage occurred in 18% 
and 58% of procedures, respectively, and were abundant or significant in 8% and 17% of pro-
cedures, respectively. Concordance between the occurrence of significant alveolar hemorrhage 
(grade ≥2) and hemoptysis was poor (κ=0.28; 95% CI [0.16–0.40]). In multivariate analysis, female 
gender (P = 0.008), a longer transpulmonary needle path (P = 0.014), and smaller lesion size  
(P = 0.044) were independent risk factors for hemoptysis. Transpulmonary needle-path length was 
the only risk factor for abundant hemoptysis with borderline statistical significance (P = 0.049). 

CONCLUSION
The transpulmonary needle path should be as short as possible to reduce the risk of abundant 
hemoptysis during CT-guided transthoracic needle biopsy. 

You may cite this article as: Chassagnon G, Gregory J, Al Ahmar M, et al. Risk factors for hemoptysis complicating 17-18 gauge CT-guided transthoracic 
needle core biopsy: multivariate analysis of 249 procedures. Diagn Interv Radiol 2017; 23:347–353.
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have shown that clinical judgment can reli-
ably assess the risk of pneumothorax but not 
that of pulmonary bleeding.

The purpose of this study was to identify 
modifiable and nonmodifiable risk factors 
for hemoptysis during CT-guided transtho-
racic needle biopsy.

Methods
The study was approved by the local eth-

ics committee. The need for patients’ writ-
ten informed consent was waived because 
of the retrospective design.

Procedures 
We reviewed all TTNB procedures target-

ing pulmonary lesions performed in our 
tertiary referral hospital from November 
2013 to May 2015. The following laboratory 
parameters were required before perform-
ing biopsy: platelet count >100 000/mm3, 
prothrombin time >60%, and partial throm-
boplastin time ≤ 1.5 times the normal limit. 
Aspirin and clopidogrel were withheld for 5 
and 10 days, respectively, and heparin was 
withheld for 1 day. Pulmonary hypertension 
is a contraindication to TTNB at our institu-
tion. 

The procedures were performed under 
CT guidance using multislice CT devices 
(Brillance 16, Philips Healthcare; Somatom 
Sensation 16 or Somatom Definition DS, 
Siemens Healthcare). The biopsies were per-
formed or supervised by two different ra-
diologists with 15- and 2-year experience in 
interventional radiology. Coaxial 17-gauge 
needles with 18-gauge automated cutting 
needles (Bard Monopty, Bard) were used for 
all procedures. The automated cutting nee-
dle penetration depth was 22 mm. 

Patients were positioned in the supine, 
prone, or lateral position depending on the 
location of the target lesion. Unenhanced 3 
mm thick CT images were used to plan an 
optimal puncture site and needle trajectory. 
Local anesthesia was administered by sub-

Main points

•	 Concordance between the abundance 
of hemoptysis and that of pulmonary 
hemorrhage is poor. 

•	 The risk of hemoptysis is higher in small lesions 
and with longer transpulmonary needle paths.

•	 The transpulmonary needle path should be as 
short as possible to reduce the risk of abundant 
hemoptysis. 

Figure 2. a, b. Axial CT images obtained during 
CT-guided TTNB illustrating the classification of 
nodule situation. Panel (a) shows a peripheral 
lung nodule abutting the peripheral pleura. 
Panel (b) shows a nonperipheral lung nodule 
distant from the peripheral pleura. 

b

a

Figure 1. Computed tomography (CT) image 
obtained during CT-guided transthoracic 
needle biopsy (TTNB) illustrating measurements 
of  transpulmonary needle-path length 
(measurement A), lesion size (measurement 
B), and lesion diameter along the needle path 
(measurement C).

Figure 3. a–c. Post-biopsy axial CT images 
illustrating the alveolar hemorrhage grading 
scheme. Panel (a) shows a limited subsegmental 
ground-glass opacity <2 cm in width along 
the needle tract in the anterior segment of the 
right upper lobe, corresponding to a grade 1 
hemorrhage. Panel (b) shows a >2 cm ground-glass 
opacity extending in the posterior basal segments 
of the right lower lobe, corresponding to a grade 2 
hemorrhage. Panel (c) shows a ground class opacity 
extending to the right upper lobe, corresponding 
to grade 3 hemorrhage.

a

c

b



cutaneous injection of 2% lidocaine. The 
needle position was checked several times 
until the coaxial tip reached the proper po-
sition for biopsy. The number of samples 
was indicated on the radiologic report. After 
needle removal, postbiopsy CT images were 
systematically acquired to detect complica-
tions. Patients were observed for 30 minutes 

in the radiology department. They were dis-
charged the day after the procedure if the 
chest X-ray showed no signs of pneumotho-
rax. 

Study variables
CT images of the procedures, radiologic 

reports, and patient charts were reviewed 

in consensus by two radiologists (G.C. and 
M.A.A.) with respectively 3 years and 1 year 
of experience in chest imaging. 

The study variables are shown in Ta-
ble 1 and in Figs. 1, 2, and 3. Patient- and 
lesion-related variables were considered 
nonmodifiable, while procedure-related 
variables were considered modifiable. Pa-
tient-related variables included age and 
sex. Lesion-related variables included le-
sion size, defined as the longest diameter 
in the axial plane (Fig. 1), the lobar location 
(lower lobes or elsewhere), peripheral (con-
tact between the lesion and the peripheral 
pleura) or nonperipheral location (Fig. 2), 
attenuation characteristics (distinguish-
ing solid, subsolid, cavitated, and necrotic 
lesions), and the final pathologic diagno-
sis. Pathologic findings were divided into 
5 categories: adenocarcinoma, squamous 
cell carcinoma, metastasis of extrathoracic 
malignancies, other tumors, and benign le-
sions.

Procedure-related variables included the 
radiologist’s experience level, the patient’s 
position, the number of consecutive CT ac-
quisitions after pleural crossing performed 
until the needle tip reached the proper po-
sition for biopsy, the coaxial tip position (in-
side or outside the target lesion), the length 
of the transpulmonary needle path, and the 
lesion diameter along the needle track, the 
latter two dimensions being measured on 
the last CT images acquired prior to the first 
sampling (Fig. 1). The number of tissue sam-
pling was also analyzed.

Postbiopsy CT images were analyzed to 
detect new ground-glass opacities indicat-
ing alveolar hemorrhage. The structured 
reports used in our institution, which men-
tion hemoptysis when present, were also re-
viewed for hemoptysis and its abundance. 
Hemoptysis was categorized as mild when 
limited to hemoptoic sputum, and other-
wise as abundant. Alveolar hemorrhage de-
fined as any new ground-glass opacity was 
considered grade 1 in case of needle tract 
hemorrhage 2 cm or less in width, grade 2 
if measuring more than 2 cm in width, and 
grade 3 when lobar or greater, as derived 
from the classification used by Tai et al. (15) 
(Fig. 3). Each patient’s hospital charts were 
reviewed to determine if specific treatment 
for hemoptysis had been necessary.

We considered that a definitive diagnosis 
had been obtained when the pathologic 
report indicated a precise tumoral or non-
tumoral diagnosis.
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Table 1. Patients, lesions, and procedures   

		  No 	 Any	 Mild	 Abundant 
		  hemoptysis	 hemoptysis	 hemoptysis	 hemoptysis 
		  n=205 	 n=44	 n=24 	 n=20 

Nonmodifiable parameters

Female gender	 64 (31)	 24 (54)	 14 (58)	 10 (50)

Age (years)	 66.8±10.4	 68.3±10.2	 66.9±8.4	 70.1±12.0

Lesion size (cm)	 4.4±4.1	 2.7±1.7	 2.5±1.2	 3.0±2.2

Nonperipheral location	 96 (47)	 26 (59)	 15 (63)	 11 (55)

Lower lobe location	 67 (33)	 20 (45)	 12 (50)	 8 (40)

Lesion morphology				  

	 Cavitated 	 12 (6)	 3 (7)	 3 (12)	 0

	 Solid 	 177 (87)	 39 (89)	 21 (88)	 18 (90)

	 Subsolid 	 5 (2)	 1 (2)	 0	 1 (5)

	 Necrotic 	 11 (5)	 1 (2)	 0	 1 (5)

Lesion attenuation (Hounsfield units)	 37.2±19.9	 39.3±25.5	 32.5±19.6	 49.4 (30)

Histologic type				  

	 Adenocarcinoma	 76 (37)	 22 (50)	 11 (46)	 11 (55)

	 Squamous cell carcinoma	 29 (14)	 4 (9)	 2 (8)	 2 (10)

	 Metastasis	 23 (11)	 5 (11)	 4 (17)	 1 (5)

	 Other tumor	 39 (19)	 7 (16)	 3 (12)	 4 (20)

	 Nontumoral	 38 (19)	 6 (14)	 4 (17)	 2 (10)

Modifiable parameters

Patient position				  

	 Prone 	 78 (38)	 16 (36)	 9 (37)	 7 (35)

	 Supine 	 86 (42)	 19 (43)	 10 (42)	 9 (45)

	 Contralateral decubitus	 41 (20)	 9 (20)	 5 (21)	 4 (20)

Ipsilateral decubitus	 23 (11)	 6 (14)	 4 (17)	 2 (10)

Transpulmonary needle-path length (cm)	 1.5±1.6	 2.5±1.9	 2.4±1.9	 2.5±1.9

Coaxial tip outside the target lesion	 31 (15)	 10 (23)	 2 (8)	 8 (40)

Lesion diameter along the needle path (cm)	 2.3±1.7	 1.7 ±1.3	 1.6±0.8	 1.9 ±1.7

	 <2.2 cm	 119 (58)	 34 (77)	 18 (75)	 16 (80)

Operator:				  

	 Operator 1	 141 (69)	 29 (66)	 16 (67)	 13 (66)

	 Operator 2	 64 (31)	 15 (34)	 8 (33)	 7 (34)

Number of per-procedure CT acquisitions 	 2.0±1.3	 2.7±1.8	 2.5±1.7	 3.0±1.9 
until biopsy	

Number of tissue sampling	 2.9±1.0	 2.5±1.1	 2.6±1.6	 2.3±1.0

Data are presented as n (%) or mean ± standard deviation.
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Statistical analysis
Standard descriptive analyses (propor-

tions, means, and standard deviations [SD]) 
and univariate analyses were performed 
first, using the Chi-square test for cate-
gorical variables and the Wilcoxon test for 
continuous variables. A logistic regression 
model was then used to identify predictors 
of hemoptysis, and a multinomial regres-

sion model was used to identify predictors 
of hemoptysis abundance. For multivariate 
analysis, predictive models were construct-
ed in successive steps, as follows: we first 
modeled patient characteristics, followed 
by lesion characteristics, and then proce-
dure-related variables. Odds ratios (OR) 
and 95% confidence intervals (CI) are re-
ported as appropriate. P values below 0.05 

were considered to indicate statistical sig-
nificance. All analyses were done with the  
R statistical software package (version 3.1.3, 
R Foundation for Statistical Computing).

Results
Characteristics of patients and proce-

dures are summarized in Table 1. We ana-
lyzed a total of 249 biopsies in 240 patients 

Table 2. Univariate analysis of nonmodifiable and modifiable parameters as predictors of hemoptysis

		  Any hemoptysis 		  Mild hemoptysis		  Abundant hemoptysis

		  Odds ratio (95% CI)	 P 	 Odds ratio (95% CI)	 P 	 Odds ratio (95% CI)	 P 

Nonmodifiable parameters

Female gender	 2.64 (1.37–5.17)	 0.002	 2.86 (1.22–6.92)	 0.002	 2.94 (0.76–4.91)	 0.061

Age (years)	 1.01 (0.98–1.05)	 0.35	 1.00 (0.96–1.04)	 0.94	 1.03 (0.99–1.08)	 0.067

Lesion size (cm)	 0.75 (0.60–0.89)	 <0.001	 0.68 (0.49–0.88)	 <0.001	 0.84 (0.65–1.02)	 0.026

Nonperipheral location	 1.64 (0.83–3.20)	 0.13	 1.84 (0.78–4.54)	 0.074	 1.30 (0.52–3.30)	 0.46

Lower lobe location	 1.72 (0.88–3.32)	 0.10	 2.00 (0.88–4.71)	 0.046	 1.27 (0.48–3.20)	 0.50

Lesion morphology		  0.65		  0.59		  1

	 Cavitated 	 2.75 (0.30–60.31)		  ∞ (0.45–∞)		  0 (0–19.00)	

	 Solid 	 2.42 (0.45–44.95)		  ∞ (0.28–∞)		  1.12 (0.17–25.03)	

	 Subsolid 	 2.20 (0.07–63.85)		  0 (0–∞)		  2.10 (0.05–92.11)	

	 Necrotic 	 1.00 (reference)		  1.00 (reference)		  1.00 (reference)	

Lesion attenuation (Hounsfield units)	 1.00 (0.99–1.02)	 0.56	 0.99 (0.96–1.01)	 0.11	 1.02 (1.00–1.05)	 0.002

Histologic type		  0.54		  0.53		  0.22

	 Adenocarcinoma	 2.10 (0.73–7.63)		  1.96 (0.49–13.12)		  3.41 (0.62–63.81)	

	 Squamous cell carcinoma	 1.00 (reference)		  1.00 (reference)		  1.74 (0.16–38.71)	

	 Metastasis	 1.58 (0.38–7.01)		  2.58 (0.46–19.78)		  1.00 (reference)	

	 Other tumor	 1.30 (0.36–5.36)		  1.08 (0.17–8.58)		  2.57 (0.36–51.75)	

	 Nontumoral	 1.14 (0.30–4.83)		  1.55 (0.28–11.70)		  1.29 (0.12–28.46)	

Modifiable parameters

Patient position		  0.98		  0.99		  0.93

	 Prone 	 1.00 (reference)		  1.07 (0.38–2.61)		  1.00 (reference)	

	 Supine 	 1.08 (0.52–2.26)		  1.00 (reference)		  1.17 (0.42–3.38)	

	 Lateral 	 1.07 (0.42–2.59)		  1.06 (0.31–3.16)		  1.08 (0.27–3.77)	

Ipsilateral decubitus	 1.25 (0.44–3.11)	 0.65	 1.6 (0.44–4.65)	 0.34	 0.83 (0.13–3.10)	 0.75

Transpulmonary needle-path length (cm)	 1.36 (1.14–1.65)	 <0.001	 1.29 (1.03–1.62)	 0.006	 1.34 (1.04–1.71)	 0.002

Coaxial tip outside the target lesion	 1.65 (0.71–3.59)	 0.22	 2.31 (0.64–14.77)	 0.13	 4.0 (1.45–10.33)	 <0.001

Lesion diameter along the needle axis (cm)	 0.75 (0.56–0.96)	 0.015	 0.66 (0.41–0.95)	 0.004	 0.87 (0.60–1.17)	 0.25

	 <2.2 cm	 2.45 (1.19–5.49)	 0.011	 2.00 (0.80–5.69)	 0.064	 2.69 (1.01–9.60)	 0.013

Operator		  0.70		  0.82		  0.66

	 Operator 1	 1.00 (reference)		  1.00 (reference)		  1.00 (reference)	

	 Operator 2	 1.14 (0.56–2.44)		  1.08 (0.42–2.59)		  1.17 (0.43–2.99)	

Number of per-procedure CT acquisitions 	 1.33 (1.08–1.62)	 0.005	 1.17 (0.89–1.49)	 0.15	 1.38 (1.07–1.76)	 0.001 
until biopsy	

Number of tissue sampling	 0.65 (0.44–0.92)	 0.011	 0.79 (0.50–1.21)	 0.19	 0.55 (0.31–0.91)	 0.001



(86 women and 154 men). Seven patients 
had 2 biopsies and one patient had 3 biop-
sies. Mean age was 67±10.5 years (range, 
31–89 years). 

The mean size of the lesions was 41±38 
mm (median, 31 mm). Of the lesions, 35% 
were located in the lower lobes (n=87) and 
49% in a nonperipheral location (n=122). 
The mean transpulmonary needle-path 
length was 17±17 mm and the mean lesion 
diameter along the needle path was 22±16 
mm. Diameter of the lesion along the nee-
dle path was smaller than the 22 mm nee-
dle-throw of the cutting needle in 61% of 
the lesions (153/249). The coaxial needle tip 
remained outside the target lesion in only 
41 procedures (17%). 

The mean number of tissue samples per 
procedure was 3±1, and 243 procedures 
(98%) yielded a definite diagnosis. Among 
the 243 lesions with a definite diagnosis, 
201 were malignant (adenocarcinomas, 
n=98; squamous cell carcinoma, n=33; 
metastasis, n=28; other malignant tumors, 
n=42) and 42 were nonmalignant (benign 
tumors, n=4; others, n=38). 

Pulmonary bleeding, including alveolar 
hemorrhage and hemoptysis, complicated 
60% of the procedures (150/249). Alveolar 
hemorrhage occurred in 145 procedures 
(58%). There were 59 cases of grade 1 alve-
olar hemorrhage (24%), 85 cases of grade 
2 alveolar hemorrhage (34%) and one case 
of grade 3 alveolar hemorrhage (0.4%). He-
moptysis occurred in 44 cases (18%). It was 
mild in 24 cases (10%) and abundant in 
20 cases (8%). Concordance between the 
occurrence of significant alveolar hemor-
rhage (grade ≥ 2) and hemoptysis was poor 
(κ=0.28; 95% CI [0.16–0.40]). All pulmonary 
bleeds resolved spontaneously; none ne-
cessitated embolization or surgery.

In univariate analysis, female gender  
(P = 0.002) and smaller lesion size (P < 
0.001) were significant nonmodifiable 
predictors of hemoptysis (any abun-
dance) and mild hemoptysis. Among the 

modifiable variables, transpulmonary 
needle-path length (P < 0.001, P = 0.006) 
and lesion diameter along the needle 
axis (P = 0.015, P = 0.004) were signif-
icant risk factors for hemoptysis (any 
abundance), and for mild hemoptysis, 
respectively. Lower-lobe lesion location  
(P = 0.046) was a significant predictor of 
mild hemoptysis only. Univariate anal-
ysis also identified smaller lesion size (P 
= 0.026), higher lesion attenuation (P = 
0.002) and coaxial needle tip outside the 
target lesion (P < 0.001) as significant pre-
dictors of abundant hemoptysis (Table 2).

When the lesion diameter along the 
needle axis was smaller than the 22 mm 
needle-throw, the odds ratio for abun-
dant hemoptysis was 2.69 (1.01–9.60; P 
= 0.013), but this was not a risk factor for 
mild hemoptysis. Lesion size correlated 
with lesion diameter along the needle axis 
(P < 0.001). The number of consecutive CT 
acquisitions was significantly higher in pa-
tients with hemoptysis (any abundance) 
(P = 0.001) or abundant hemoptysis (P = 
0.005). This was not the case for mild he-
moptysis (P = 0.15). A smaller number of 
biopsy sampling was paradoxically asso-
ciated to an increased occurrence of he-
moptysis (any abundance) (P = 0.011) and 
abundant hemoptysis (P = 0.001). The rate 
of hemoptysis was not significantly differ-
ent between the two radiologists (29/170 
[17%] vs. 15/79 [19%], P = 0.70) (Table 2).

In multivariate analysis (Table 3), female 
gender (P = 0.008), a longer transpulmo-
nary needle path (P = 0.014) and smaller 
lesion size (P = 0.044) were the only inde-
pendent risk factors for hemoptysis of any 
abundance and for mild hemoptysis. The 
needle-path length was the only indepen-
dent risk factor for abundant hemoptysis, 
with P value at the limit of significance  
(P = 0.05). As lesion size and patient gender 
interacted (P < 0.001, smaller lesions being 
found in women), we performed multivar-
iate analyses within gender strata. These 

analyses identified no other predictors 
apart from transpulmonary needle-path 
length (OR=1.26 [1.04; 1.54]; P = 0.019) and 
lesion size (OR=0.78 [0.63; 0.95]; P = 0.022).

Discussion
We found that female gender, smaller le-

sion size, and longer transpulmonary nee-
dle path were independent risk predictors 
for hemoptysis during transthoracic needle 
biopsy. Few studies have specifically exam-
ined predictors of hemoptysis in this setting 
(13, 16), and most grouped hemoptysis to-
gether with alveolar hemorrhage under the 
term “pulmonary bleeding” (12, 14, 17–21). 

Alveolar hemorrhage is a frequent compli-
cation of lung TTNB but is usually limited to 
the needle path. It is reported to occur in up 
to 66% of procedures (9), while hemoptysis 
is reported to occur in up to 20% of proce-
dures (22). Interestingly, we found that the 
occurrence of hemoptysis and alveolar hem-
orrhage were independent. Hemoptysis and 
alveolar hemorrhage occurred in respective-
ly 18% and 58% of our procedures, values on 
the high side of previously reported rates. 
However, as suggested by Tai et al. (15), he-
moptysis limited to hemorrhagic sputum 
may have been underreported. The higher 
rate of hemoptysis in our study may also be 
related to the use of cutting needles and a 
coaxial technique, which were found to in-
crease the risk of bleeding in some series (15, 
16, 23) but not in others (17, 23–25). 

An association between female gender 
and pulmonary bleeding has already been 
reported, based on both univariate and mul-
tivariate analysis (15, 16, 18). Tai et al. (15)  
have suggested that females may have con-
founding morbidities, without any further 
explanation. We also found a significant 
interaction between female gender and 
smaller lesion size. Because the smaller le-
sion size in women might have been a con-
founding factor, we performed a second 
multivariate analysis that excluded gender, 
but this did not unmask other risk factors.
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Table 3. Multivariate analysis of risk factors for hemoptysis

		  Any hemoptysis 		  Mild hemoptysis		  Abundant hemoptysis

		  Odds ratio (95% CI)	 P 	 Odds ratio (95% CI)	 P 	 Odds ratio (95% CI)	 P 

Female gender	 2.47 (1.24–5.00)	 0.008	 2.77 (1.13–6.83)	 0.013	 2.19 (0.83–5.78)	 0.083

Transpulmonary needle-path length	 1.29 (1.06–1.58)	 0.014	 1.29 (1.01–1.66)	 0.041	 1.30 (0.99–1.72)	 0.049

Lesion size	 0.82 (0.66–0.97)	 0.044	 0.69 (0.50–0.95)	 0.022	 0.94 (0.75–1.17)	 0.57

Coaxial tip outside the lesion	 1.33 (0.81–2.33)	 0.28	 0.27 (0.06–1.30)	 0.10	 2.67 (0.94–7.54)	 0.062
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Small lesion size is one of the most fre-
quently reported risk factors for pulmo-
nary bleeding (12, 13, 15, 17–19, 24, 26). 
A higher bleeding rate has been reported 
for lesions with diameters smaller than 20 
mm (12, 19, 26), a value corresponding to 
the throw-length of most cutting needles. 
Some authors have speculated that the 
higher bleeding rate observed in patients 
with lesions smaller than 20 mm may be 
due to extension of the cutting needle into 
the normal surrounding lung parenchyma 
(12, 19, 26). We distinguished between the 
target lesion size and its diameter along the 
needle axis. A diameter along the needle 
axis smaller than the 22 mm needle throw 
was not a significant risk factor in multivar-
iate analysis, and neither was “coaxial nee-
dle tip outside the target lesion”, despite 
the significance of both parameters in uni-
variate analysis. The observed interaction 
between lesion size and lesion diameter 
along the needle axis might have masked a 
relation between the latter parameter and 
the risk of hemoptysis. It is noteworthy in 
this respect that a study of tumor perfusion 
based on dynamic contrast-enhanced CT 
showed higher perfusion of smaller lesions, 
which might contribute to a higher risk of 
hemoptysis (27).

The association observed here between 
transpulmonary needle-path length and 
hemoptysis is in keeping with previous re-
ports (12, 13, 15, 17–20, 24, 28). Transpul-
monary needle-path length is a modifi-
able parameter that depends on patient 
positioning. Increasing the length of lung 
parenchyma crossed by the biopsy needle 
increases the risk of damaging pulmonary 
vessels, a known risk factor for pulmonary 
bleeding (17). In a comparison of two tech-
niques for TTNB of small subpleural lesions, 
the long needle-path technique was asso-
ciated with a higher risk of bleeding than 
the short needle-path technique (28). Lon-
ger transpulmonary needle paths also cor-
respond to more centrally located lesions 
that are difficult to reach and sometimes 
require multiple needle reorientations (15, 
17). However, in our study, bleeding never 
occurred during needle positioning but 
only after obtaining at least one sample. It 
has been suggested that the larger size of 
pulmonary vessels around centrally locat-
ed lesions may explain the increased risk 
of major bleeding (17). This is supported 
by our finding that transpulmonary nee-
dle-path length was the only independent 
risk factor for abundant hemoptysis. 

None of the other factors we evaluated 
was independently predictive of hemop-
tysis. In particular, we found no association 
between patient position (including the ip-
silateral decubitus) and hemoptysis. This is 
in keeping with previous studies showing 
no influence of patient position on the risk 
of pulmonary bleeding or pneumothorax 
(20, 29). Some authors found age, emphy-
sema, subsolid type, nonperipheral, middle, 
and basal location, and dual antiplatelet 
therapy to be significantly associated with 
pulmonary hemorrhage after TTNB, but 
most of these studies used only univariate 
analysis (15–17, 21, 29). Although pulmo-
nary hypertension has also been identified 
as a potential risk factor, no significant asso-
ciation between pulmonary hypertension 
and high-grade pulmonary bleeding was 
found in recent studies (15, 30). Similar to 
the report of Yeow et al. (12), the level of 
experience was not found to influence the 
hemoptysis risk in our study. The influence 
of the radiologist experience level may 
have been masked by the fact that difficult 
cases, especially biopsies of small nodules, 
were preferably referred to the more expe-
rienced radiologist.

All factors predictive of hemoptysis iden-
tified here are also known predictors of 
pneumothorax. However, transpulmonary 
needle-path length is the only modifiable 
parameter, and also the only predictor of 
abundant hemoptysis. Choosing a patient 
position that shortens the transpulmonary 
needle path could reduce the risk of both 
hemoptysis and abundant hemoptysis, and 
has also been reported to reduce the risk of 
pneumothorax (12–14, 20, 29, 31). However, 
in patients with small subpleural lesions, a 
better diagnostic yield has been reported 
with an indirect approach that involves a 
longer intrapulmonary needle path (28, 32).

We found that a smaller number of biop-
sy sampling was paradoxically associated to 
an increased occurrence of hemoptysis. This 
is due to the fact that hemoptysis was often 
observed after the first sampling, leading to 
interruption of the procedure.

This study has several limitations resulting 
from its retrospective design. Data on he-
moptysis were collected from the radiology 
reports, with a risk of inconsistent estimation 
of its abundance. However, the use of a struc-
tured report form that included hemoptysis 
occurrence probably limited this risk, as did 
the simple distinction we made between 
mild (limited to sputum) and abundant he-
moptysis. Another limitation is the small 

number of cases of abundant hemoptysis, 
together with interactions between some of 
the study variables, which may have masked 
other predictors in multivariate analysis. 
None of the hemoptysis cases required spe-
cific therapy. We had data on hospitalization 
duration for all patients but we could not 
distinguish between hospitalization due to 
hemoptysis or other reasons. Thus, we could 
not use the stratification of complication se-
verity proposed in the Quality Improvement 
Guidelines for Percutaneous Biopsy of the 
Society of Interventional Radiology (33) in 
which hemoptysis is considered as a major 
complication if it requires hospitalization or 
specific therapy. The proportion of biopsies 
leading to a definite diagnosis was in the up-
per range of values reported in these guide-
lines (98% vs. 77%–96%) (33).

In conclusion, we found that female 
gender, smaller lesion size, and a longer 
transpulmonary needle path were predic-
tive of hemoptysis after lung TTNB. Nee-
dle-path length was the only predictor of 
abundant hemoptysis. The risk of hemop-
tysis can thus be reduced by optimizing 
the needle trajectory and patient position, 
thereby shortening the transpulmonary 
needle path. 
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