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Introduction

Percutaneous computed tomography (CT)-guided 
transthoracic lung biopsy (PCTLB) is a minimally invasive 
technique and an important tool for the diagnosis of lung 
diseases, especially in cases in which the sputum cytology 
findings are negative, and the lesion cannot be reached 
in fiberoptic bronchoscopy (1-4). Although CT-guided 

lung biopsy is generally considered a safe procedure, it is 
nonetheless invasive and carries the risk of complications 
(5-7). Pulmonary hemorrhage and hemoptysis are the 
second most common and potentially life-threatening 
PCTLB-associated complications after pneumothorax (3,8). 
Preventing hemorrhagic complications following PCTLB 
requires an accurate estimation of the risk factors.
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Pulmonary hypertension (PH) has been considered a 
relative contraindication for PCTLB because it increases the 
risk of severe hemorrhagic complications (2,9,10). Patients 
with suspected PH have a chest CT scan to allow evaluation 
of the lung parenchyma and pulmonary vasculature 
structures, such as pulmonary artery enlargement, which 
may result from PH (11-15). Prior studies have shown 
a moderate to a strong correlation between PH and 
pulmonary vascular measurements on CT images, including 
the ratio of the main pulmonary artery diameter to the 
ascending aorta diameter (mPAD/AAD ratio) at the level 
of the bifurcation of the main pulmonary artery (15-19). 
Although an enlarged pulmonary artery could be the result 
of several pathologic processes, including resting PH, 
undiagnosed cardiovascular disease, or hyperinflation due to 
emphysema, PH is still the most common cause (16,20,21). 
Furthermore, a recent study reported that enlarged mPAD 
observed by chest CT is not a risk factor for higher-grade 
pulmonary hemorrhage after PCTLB (22). In contrast, 
an extensive retrospective analysis concluded that mPAD 
enlargement was a significant risk factor for severe 
hemoptysis after CT-guided lung biopsy (23). Although 
several recent studies reported that the pulmonary arterial 
hypertension did not increase the risk of hemorrhagic 
complication after PCTLB (22,24), these studies were 
limited by small sample size and included patients with 
less severe PH, and there is thus insufficient evidence to 
establish a clear relationship between PH and hemorrhagic 
complications. To our knowledge, no prior studies have 
used mPAD/AAD ratio based on CT to determine whether 
there is an increased risk of pulmonary hemorrhage and 
hemoptysis after PCTLB. 

Thus, the purpose of our study was to evaluate the 
related risk factors for pulmonary hemorrhage and 
hemoptysis following PCTLB, focusing on whether mPAD/
AAD ratio is associated with hemorrhagic complications.

Methods

Study population

We retrospectively collected electronic medical records 
(EMRs) of 1,122 cases from 1,082 patients diagnosed with 
lung disease who underwent PCTLB in the radiology 
department of our hospital from January 2014 to September 
2017. Inclusion criteria were patients for whom images 
(including preoperative chest CT images for measuring 
mPAD and AAD values) and clinical information were 

available. Furthermore, those CT-guided lung biopsies 
performed without core needles were excluded. We 
excluded 32 PCTLB cases according to these criteria. 
Ultimately, 1,090 PCTLB procedures in 1,050 patients 
(732 men and 318 women; mean age, 58.09 years; range, 
13–88 years) were included in the analysis. There were 
37 patients who underwent repeated biopsies (34 patients 
with 2 biopsies and 3 patients with 3 biopsies), and these 
were considered as separate procedures in the calculations 
as different variables were examined for each biopsy. The 
study protocol was approved by our institutional review 
board (2019-KY-056-01) with a waiver of informed consent 
obtained from each patient.

Biopsy procedure

All PCTLBs were performed under CT guidance. 
Patients underwent PCTLB (Brilliance 16; Philips, 
Amsterdam, The Netherlands) with the following CT 
scan parameters: helical scan; tube voltage, 120 kV; tube 
current, 80 mA; slice thickness, 5 mm; and CT interval,  
5 mm. Core needle biopsies were performed using an 
18G-100/150 mm needle (OptiMed Medical Instruments, 
Ettlingen, Germany; cat. no. 1399-1210) by or under the 
supervision of a chest radiologist (Z. Wen., with 28 years 
of experience in PCTLB). Bleeding profile, including 
platelet count, clotting time, prothrombin time, and 
activated partial thromboplastin time, was controlled, and 
anticoagulants were withheld for >1 week before the biopsy. 
Electrocardiogram and pulmonary function tests were not 
required by our biopsy protocol. Drugs and equipment for 
potential complications were prepared beforehand. 

All patients first underwent a preoperatively planned chest 
CT scan before PCTLB. The images were reviewed by 
radiologists, who assessed the location and size of the lesion 
and determined the optimal position of the patient (prone, 
supine, or lateral decubitus) for the biopsy by drawing the 
needle path, marking the biopsy spot on patient’s body 
surface, noting the biopsy parameter, and selecting the 
length of the core needle (100 or 150 mm). The procedure 
involved passing the biopsy needle through the skin, 
chest wall, pleura, and lesion to minimize damage to lung 
tissues, while avoiding ribs, vessels, interlobar fissures, 
and intercostal nerves. After local infiltration anesthesia, 
the needle was inserted at the optimal angle until the tip 
reached the edge of the lesion, which was determined by 
several small-scale CT scans during the procedure. The 
lesion was cut once or more time to obtain tissue samples 
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which were then fixed with 10% formaldehyde and sent 
to the laboratory for pathology examination. After the 
biopsy, the patient was ordered to rest in the supine 
position, and a control CT scan was routinely performed to 
determine whether there were immediate PCTLB-related 
complications.

Definition and choice of study variables 

Two experienced thoracic radiologists (Zhibo Wen and 
Xianlong Wang) and two research fellows (Jianbin Zhu and 
Yaoming Qu) evaluated all cases in the image database of 
our institution, and reviewed institutional medical records 
including the relevant diagnostic, imaging, and pathology 

examination results.
Pulmonary hemorrhage was defined as new hyperdense 

consolidation or ground-glass opacity in post-biopsy images. 
The severity of pulmonary hemorrhage was categorized 
according to a previous study (22) but simplified from 
the previous hemorrhage grading scheme for the sake of 
convenience. The grading was as follows: no hemorrhage; 
lower-grade pulmonary hemorrhage = needle tract 
hemorrhage ≤2 cm in width; and higher-grade pulmonary 
hemorrhage = larger area of hemorrhage >2 cm around the 
needle encompassing the entire lobar and hemothorax. The 
area of pulmonary hemorrhage was measured from CT 
images (Figure 1).

 The occurrence and severity of hemoptysis during or 
after PCTLB were recorded based on EMRs of our hospital 
in one week observation. Any expectoration of blood-
streaked sputum, blood, or fresh blood after the procedure 
was considered as hemoptysis. Hemoptysis occurring in 
the CT scanning room and ward was documented by the 
clinician and nurse, respectively, and was usually categorized 
as mild-to-moderate (minor, self-limiting or treatable) or 
massive/severe (if the volume of blood was large enough 
to be life-threatening), according to the severity of the 
manifestation (25). 

Clinical data

The clinical information obtained from the EMR of each 
patient included age; sex; the history of chronic obstructive 
pulmonary disease, hypertension, or diabetes mellitus; and 
prior malignancy. 

CT images 

The mPAD at the level of its bifurcation and the maximum 
dimension of AAD from the same axial chest CT (plain or 
contrast-enhanced CT) image were measured as previously 
described (Figure 2) (18,26). An enlarged mPAD was defined 
as ≥2.95 cm (12,22,23). A threshold of mPAD/AAD ratio >1 
was defined as indicating the presence of relative pulmonary 
artery enlargement, and this has been used previously for 
accurately diagnosing PH owing to its highly balanced 
diagnostic ability (12,27).

Lesion location
Pulmonary lesions were classified according to their lobar 
location: left upper lobe, left lower lobe, left hilar, right upper 
lobe, right middle lobe, right lower lobe, or right hilar. 

Figure 1 Pulmonary hemorrhage grading scheme was shown 
on chest CT scans. (A) Lowergrade pulmonary hemorrhage in  
61 years old man. There is new ground-glass and consolidative 
opacity along needle tract measuring 2 cm or less in width after 
CT-guided lung core needle biopsy of right lower lobe solid 
lesion; (B) higher-grade pulmonary hemorrhage in 59 years old 
man. After CT-guided lung biopsy of left upper lobe solid nodule, 
there is a larger area of new ground-glass and consolidative opacity 
measuring more than 2 cm around the needle.

A

B
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Lesion characteristics
Pulmonary lesions were classified as solid (including 
solid nodules or masses), subsolid (22,28) (including 
ground-glass and partly solid), consolidation (appearing 
as a homogeneous increase in pulmonary parenchymal 
attenuation that obscures the margins of vessels and airway 
walls), or cavitary.

Lesion size
Lesion size was based on the measurement along the 
maximum long-axis diameter, and was classified into small 
size (diameter ≤3 cm) or large size (diameter >3 cm).

Lesion depth
Lesion depth was measured from the chest wall to the 
nearest edge of the lesion along the needle path and was 
categorized as subpleural and superficial location (distance 
≤3 cm), intermediate location (distance >3 and ≤5 cm), or 
deep location (distance >5 cm).

Emphysema
The presence of emphysema in the lung parenchyma 
surrounding the target lesion was assessed as absent or 
present.

Technique-related variables
Technique-related variables included the number of needle 
passes (given that lesions were cut one or more time to 
obtain tissue samples), needle angle (measured as the 

angle between line drawn along the needle trajectory and 
tangential to the pleura, with the tangent of the right part as 
the baseline, and categorized as <90° or ≥90°), and location 
of biopsy (anterior chest wall, lateral chest wall, or posterior 
chest wall, which was determined relative to the axillary 
front line and axillary posterior line).

Pathological results
Based on a review of the pathology reports, biopsy 
specimens were categorized as tumor (lung adenocarcinoma, 
lung squamous cell carcinoma, small cell lung cancer, lung 
metastases, or other tumors types), nontumor (inflammatory 
changes, tuberculosis, mycotic infection, or other non-
tumors), or non-diagnostic.

Intervention

Serious complications requiring surgical intervention, 
especially in cases where general complications developed 
continuously and were not controlled by drugs—included 
uncontrolled hemoptysis, unconsciousness, asphyxia, and 
coma, and were handled by various emergency measures.

Statistical analysis

Mean differences between two groups were evaluated by 
univariate analysis (chi-squared test and Fisher’s exact test 
for categorical variables and Student’s t-test for continuous 
variables). Binary logistic regression analysis was performed 
to find potential risk factors for overall pulmonary 
hemorrhage, higher-grade pulmonary hemorrhage, and 
hemoptysis. Variables with P values <0.1 in the univariate 
analysis were included in stepwise forward multivariate 
logistic models to adjust for confounders. Risk factors for 
patients are presented as odds ratios (OR) with a 95% 
confidence interval (CI). SPSS version 21.0 for Windows 
(IBM, Armonk, NY, USA) was used for all statistical 
analyses, and a P value <0.05 was considered statistically 
significant.

Results

Overall outcomes 

Pulmonary hemorrhage occurred in 342/1,090 cases 
(31.38%), 266/1,090 PCTLBs (24.40%) showed lower-
grade pulmonary hemorrhage, and 76 (6.97%) showed 
higher-grade pulmonary hemorrhage, with no cases of 

Figure 2 Measurement of main pulmonary artery diameter 
(mPAD) and ascending aorta diameter (AAD). Axial chest contrast-
enhanced CT image: measurement of the mPAD and the AAD by 
selecting the widest diameter at the level of the main pulmonary 
artery bifurcation, were used to calculate the mPAD/AAD ratio.

AAD

mPAD
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hemothorax. Hemoptysis occurred in 33/1,090 cases 
(3.03%). Mild-to-moderate hemoptysis occurred in 
28/1,090 cases (2.6%), and massive or severe hemoptysis 
occurred in 5/1,090 cases (0.4%). Overall mean mPAD and 
AAD were 2.97±0.49 and 3.39±0.44 cm, respectively, and 
the mPAD/AAD ratio was 0.88±0.15.

Univariate analysis

Pulmonary hemorrhage
We compared clinical and radiological data between 
patients with and without pulmonary hemorrhage (Table 1).  
Pulmonary hemorrhage was more likely to occur in 
patients with prior malignancy (P=0.002), in the right hilar 
vs. non-right-hilar regions (P<0.001), and in subsolid vs. 
solid, consolidation, and cavitary lesions (P=0.003); and 
was significantly less likely to occur with consolidation or 
cavitary lesions vs. other lesion types (solid and subsolid) 
(P<0.001). Pulmonary hemorrhage was also more likely to 
occur when lesions were small-sized (P<0.001) and had a 
deep location (P<0.001), surrounding emphysema (P=0.012), 
and lung metastases (P<0.001).

No or lower-grade pulmonary hemorrhage occurred 
in 1,014 of the 1,090 cases (93.03%). Univariate analysis 
showed that higher-grade hemorrhage was more likely to 
occur when there was a prior malignancy (P=0.028), an 
mPAD/AAD ratio >1 (P=0.037), or when lesions were small-
sized (P<0.001), had a deep location (P<0.001), surrounding 
emphysema (P<0.001), lung metastases (P=0.001), or located 
in the posterior chest wall (P=0.016) (Table 2). Higher-grade 
pulmonary hemorrhage was unrelated to mPAD, AAD, or 
other variables.

Hemoptysis 
Hemoptysis was more likely to occur with a history of 
hypertension (P=0.011) and with deeper lesions (P=0.026) 
(Table 3). In 22/33 cases, hemoptysis was accompanied by 
pulmonary hemorrhage (P<0.001), which was more likely 
to be of a higher grade (P<0.001). Notably, all patients with 
massive or severe hemoptysis had a higher-grade pulmonary 
hemorrhage.

Multivariate analysis

To further clarify the association between clinicoradiologic 
characteristics and hemorrhagic complications, we used 
overall pulmonary hemorrhage, higher-grade pulmonary 

hemorrhage, and hemoptysis as dependent variables for 
logistic regression modeling (Table 4). Left lower lobe 
(P=0.006, OR =1.948, 95% CI: 1.21–3.14), right lower lobe 
(P=0.013, OR =1.754, 95% CI: 1.125–2.734), or right hilar 
(P=0.009, OR =5.368, 95% CI: 1.518–18.986) location; 
subsolid (P=0.007, OR =3.468, 95% CI: 1.405–8.561), 
solid (P=0.016, OR =2.618, 95% CI: 1.196–5.728), or small 
(P=0.003, OR =1.628, 95% CI: 1.186–2.236) lesions, lesions 
with intermediate (P<0.001, OR =4.558, 95% CI: 2.141–
9.704) or deep (P<0.001, OR =25.641, 95% CI: 12.276–
53.56) location; and lung metastases (P<0.001, OR =6.695, 
95% CI: 2.618–17.122) were significant independent risk 
factors of overall pulmonary hemorrhage.

For higher-grade pulmonary hemorrhage, mPAD/AAD 
ratio >1 (P=0.03, OR =1.871, 95% CI: 1.063–3.294), lesions 
that were small (P=0.023, OR =1.769, 95% CI: 1.081–2.897) 
or had a deep location (P=0.001, OR =5.88, 95% CI: 
2.046–16.898) or surrounding emphysema (P<0.001, OR 
=2.81, 95% CI: 1.709–4.621); and lung metastases (P<0.001, 
OR =6.687, 95% CI: 2.629–17.011) were significant 
independent risk factors in the multivariate analysis.

Significant risk factors for hemoptysis were a history 
of hypertension (P=0.016, OR =2.507, 95% CI: 1.191–
5.277), lower-grade pulmonary hemorrhage (P=0.008, 
OR =3.065, 95% CI: 1.332–7.053), and higher-grade 
pulmonary hemorrhage (P<0.001, OR =10.39, 95% CI: 
4.226–25.541). 

Intervention

Pulmonary hemorrhage that required intervention occurred 
in 6/1,090 cases (0.5%), of which 5 had hemoptysis. One 
patient who died (0.09%) had a small lesion with a diameter 
of 1.97 cm and a small amount of hemoptysis after PCTLB, 
after developing sudden coma and experiencing cardiac 
arrest. The patient was sent to the emergency department 
for resuscitation; this was unsuccessful, and the patient 
remained in a deep coma and eventually died. Three 
patients with massive hemoptysis accompanied by blood 
oxygen saturation lost consciousness and were admitted for 
endotracheal intubation and emergency thoracotomy. There 
was 1 case in which CT images showed mild pulmonary 
hemorrhage and slight pneumothorax after the procedure, 
with the patient losing consciousness. One patient with 
higher-grade pulmonary hemorrhage, and no hemoptysis 
case was admitted for surgery because of unconsciousness. 
These five patients were stabilized by prompt intervention.
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Table 1 Results of univariate analysis to determine risk factors 
for pulmonary hemorrhage following percutaneous CT-guided 
transthoracic lung biopsy

Variable
No pulmonary 
hemorrhage 

(n=748)

Pulmonary 
hemorrhage 

(n=342)
P value

Age (y) 58.0±13.1 57.8±12.5 0.851a

Sex 0.085b

Male 535 (71.5) 227 (66.4)

Female 213 (28.5) 115 (33.6)

History of chronic 
obstructive 
pulmonary disease

50 (6.7) 19 (5.6) 0.478b

History of 
hypertension

140 (18.7) 70 (9.4) 0.496b

History of diabetes 
mellitus

99 (13.2) 31 (9.1) 0.055b

Prior malignancy 34 (4.5) 32 (9.4) 0.002b

mPAD 0.062b

<2.95 cm 381 (50.9) 195 (57.0)

≥2.95 cm 367 (49.1) 147 (43.0)

AAD (cm) 3.38±0.45 3.40±0.43 0.429a

mPAD/AAD ratio 0.125b

≤1 608 (81.3) 291 (85.1)

>1 140 (18.7) 51 (14.9)

Lesion location 0.001b

Left upper lobe 224 (29.9) 79 (23.1)

Left lower lobe 130 (17.4) 56 (16.4)

Left hilar 6 (0.8) 7 (2.0)

Right upper lobe 217 (29.0) 107 (31.3) 

Right middle lobe 30 (4.0) 13 (3.8)

Right lower lobe 137 (18.3) 68 (19.9)

Right hilar 4 (0.5) 12 (3.5) 

Lesion 
characteristics 

<0.001b

Solid 585 (78.2) 287 (83.9) 

Subsolid 50 (6.7) 41 (12.0) 

Consolidation 70 (9.4) 5 (1.5) 

Cavitary 43 (5.7) 9 (2.6) 

Lesion size <0.001b

≤3 cm 225 (30.1) 160 (46.8)

>3 cm 523 (69.9) 182 (53.2)

Table 1 (continued)

Table 1 (continued)

Variable
No pulmonary 
hemorrhage 

(n=748)

Pulmonary 
hemorrhage 

(n=342)
P value

Lesion depth <0.001b

≤3 cm 188 (25.1) 9 (2.6)

3–5 cm 318 (42.5) 66 (19.3)

>5 cm 242 (32.4) 267 (78.1)

Emphysema 166 (22.2) 100 (29.2) 0.012b

Number of needle 
passes

0.103b

One 136 (18.2) 79 (23.1) 

Two 599 (80.1) 260 (76.0)

Three or more 13 (1.7) 3 (0.9)

Needle angle 0.415b

<90° 442 (59.1) 211 (61.7)

≥90° 306 (40.9) 131 (38.3)

Location of biopsy 0.18b

Anterior chest 
wall

258 (34.5) 116 (33.9)

Lateral chest wall 166 (22.2) 61 (17.8)

Posterior chest 
wall

324 (43.3) 165 (48.2) 

Pathological results <0.001b

Lung 
adenocarcinoma

275 (36.8) 148 (43.3)

Lung squamous 
cell carcinoma

80 (10.7) 19 (5.6)

Small cell lung 
cancer

31 (4.1) 21 (6.1) 

Lung metastases 12 (1.6) 19 (5.6) 

Other tumors 51 (6.8) 17 (5.0) 

Inflammatory 
changes

149 (19.9) 52 (15.2)

Tuberculosis 49 (6.6) 23 (6.7)

Mycotic infection 23 (3.1) 6 (1.8)

Other non-tumors 42 (5.6) 16 (4.7)

Non-diagnostic 36 (4.8) 21 (6.1)

Pulmonary hemorrhage was significantly more likely to occur 
with a right hilar location (P<0.001), subsolid lesions (P=0.003), 
and lung metastases (P<0.001). Continuous variables are 
expressed as mean ± SD. Categorical data are No. (%) of 
patients undergoing percutaneous CT-guided transthoracic 
lung biopsy. a, Student’s t-test; b, Chi-square test. mPAD, main 
pulmonary artery diameter; AAD, ascending aorta diameter.
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Discussion

In this retrospective study, we evaluated the risk factors for 
pulmonary hemorrhage and hemoptysis following PCTLB 
with a core needle and investigated whether mPAD/AAD 
ratio is a potential risk factor. The incidence of PCTLB-
related pulmonary hemorrhage (31.38%) was consistent 

Table 2 Results of univariate analysis to determine risk factors for 
higher-grade pulmonary hemorrhage following percutaneous CT-
guided transthoracic lung biopsy

Variable
No/lower-grade 

hemorrhage 
(n=1,014)

Higher-grade 
hemorrhage 

(n=76)
P value

Age (y) 57.9±12.9 57.7±11.6 0.864a

Sex 0.973b

Male 709 (69.9) 53 (69.7)

Female 305 (30.1) 23 (30.3)

History of chronic 
obstructive 
pulmonary disease

64 (6.6) 5 (6.6) 0.993b

History of 
hypertension

196 (19.3) 14 (18.4) 0.846b

History of diabetes 
mellitus

124 (12.2) 6 (7.9) 0.261b

Prior malignancy 57 (5.6) 9 (11.8) 0.028b

mPAD 0.321b

<2.95 cm 540 (59.8) 36 (47.4)

≥2.95 cm 474 (40.2) 40 (52.6)

AAD (cm) 3.38±0.44 3.44±0.45 0.275a

mPAD/AAD ratio 0.037b

≤1 843 (83.1) 56 (73.7)

>1 171 (16.9) 20 (26.3)

Lesion location 0.162b

Upper and middle 
lobes 

629 (62.0) 41 (53.9)

Lower lobe and 
lung hilar

385 (38.0) 35 (46.1)

Lesion characteristics 0.126b

Solid 809 (79.8) 63 (82.9)

Subsolid 82 (8.1) 9 (11.8)

Consolidation or 
cavitary

123 (12.1) 4 (5.3) 

Lesion size <0.001b

≤3 cm 344 (33.9) 43 (56.6)

>3 cm 670 (66.1) 33 (43.4)

Lesion depth <0.001b

≤3 cm 193 (19.0) 4 (5.3)

Table 2 (continued)

Table 2 (continued)

Variable
No/lower-grade 

hemorrhage 
(n=1,014)

Higher-grade 
hemorrhage 

(n=76)
P value

3–5 cm 372 (36.7) 12 (15.8)

>5 cm 449 (44.3) 60 (78.9)

Emphysema 231 (22.8) 35 (46.1) <0.001b

Number of needle passes 0.386b

One 273 (26.9) 17 (22.4)

Two or more 741 (73.1) 59 (77.6) 

Needle angle 0.392b

<90° 611 (60.3) 42 (55.3)

≥90° 403 (39.7) 34 (44.7)

Location of biopsy 0.016b

Anterior chest wall 356 (35.1) 17 (22.4)

Lateral chest wall 214 (21.1) 13 (17.1)

Posterior chest wall 444 (43.8) 46 (60.5) 

Pathological results <0.001b

Lung 
adenocarcinoma

392 (38.7) 31 (40.8)  

Lung metastases 23 (2.3) 8 (10.5) 

Other tumors 211 (20.8) 8 (10.5) 

Inflammatory 
changes

190 (18.7) 11 (14.5)

Other non-tumors 151 (14.9) 8 (10.5)

Non-diagnostic 47 (4.6) 10 (13.2)

Higher-grade pulmonary hemorrhage was significantly more 
likely to occur with lung metastasis lesions compared with 
non-lung metastasis lesions (P=0.001). Continuous variables 
are expressed as mean ± SD. Categorical data are No. (%) of 
patients undergoing percutaneous CT-guided transthoracic 
lung biopsy. a, Student’s t-test; b, Chi-square test. mPAD, main 
pulmonary artery diameter; AAD, ascending aorta diameter.
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with previously reported results (range, 30–65.6%) (4,7,22). 
Moreover, the frequency of hemoptysis in our study was 
3.03%, which is similar to the rates in previous studies 
(range, 1.5–9.5%) (4,22,23,29). Our mortality rate of 0.09% 
(1/1,090), which may be attributable to the risk of death 
from hemoptysis, was also comparable to the rate of 0.07% 
found in a large national study (6).

It is not recommended that patients with PH undergo 
lung biopsy (9,10). Right-sided heart catheterization (RHC) 
is the gold standard in diagnosing PH, but the invasive 
procedure is associated with risks and complications (30). 
Noninvasive approaches such as Doppler echocardiography 
is recommended for screening PH at the initial stage (31),  

Table 3 Results of univariate analysis to determine risk factors for 
hemoptysis following percutaneous CT-guided transthoracic lung biopsy

Variable
No hemoptysis 

(n=1,057)
Hemoptysis 

(n=33)
P value

Age (y) 58.0±12.8 56.5±14.9 0.520a

Sex 0.117b

Male 743 (70.3) 19 (57.6)

Female 314 (29.7) 14 (42.4)

History of chronic 
obstructive pulmonary 
disease

67 (6.3) 2 (6.1) 1c

History of hypertension 198 (18.7) 12 (36.4) 0.011b

History of diabetes 
mellitus

128 (12.1) 2 (6.1) 0.416c

Prior malignancy 64 (6.1) 2 (11.8) 1c

mPAD 0.106b

<2.95 cm 554 (52.4) 22 (66.7)

≥2.95 cm 503 (47.6) 11 (33.3)

AAD (cm) 3.39±0.44 3.36±0.54 0.760b

mPAD/AAD ratio 0.716b

≤1 871 (82.4) 28 (84.8)

>1 186 (17.6) 5 (15.2)

Lesion location 0.533b

Upper and middle 
lobes 

648 (61.3) 22 (66.7)

Lower lobe and lung 
hilar

409 (38.7) 11 (33.3)

Lesion characteristics 0.572b

Solid 847 (80.1) 25 (75.8)

Subsolid 87 (8.2) 4 (12.1)

Consolidation or 
cavitary

123 (11.6) 4 (12.1) 

Lesion size 0.203b

≤3 cm 367 (34.7) 15 (45.5)

>3 cm 690 (65.3) 18 (54.5)

Lesion depth 0.026b

≤3 cm 193 (18.3) 4 (12.1)

3–5 cm 378 (35.8) 6 (18.2)

>5 cm 486 (46) 23 (69.7)

Emphysema 260 (24.6) 6 (18.2) 0.398b

Table 3 (continued)

Table 3 (continued)

Variable
No hemoptysis 

(n=1,057)
Hemoptysis 

(n=33)
P value

Number of needle 
passes

0.141b

One 210 (19.9) 10 (30.3)

Two or more 847 (80.1) 23 (69.7) 

Needle angle 0.657b

<90° 632 (59.8) 21 (63.6)

≥90° 425 (40.2) 12 (36.4)

Location of biopsy 0.672b

Anterior chest wall 360 (34.1) 13 (39.4)

Lateral chest wall 222 (21.0) 5 (15.2)

Posterior chest wall 475 (44.9) 15 (45.5) 

Pathological results 0.542b

Lung adenocarcinoma 410 (38.8) 13 (39.4)

Other tumors 244 (23.1) 6 (18.2) 

Inflammatory changes 192 (18.2) 9 (27.3) 

Other non-tumor 211 (20.0) 5 (15.2)

Pulmonary hemorrhage 320 (30.3) 22 (66.7) <0.001b

Lower-grade pulmonary 
hemorrhage

254 (24) 12 (36.4) 0.104b

Higher-grade pulmonary 
hemorrhage

66 (6.2) 10 (30.3) <0.001b

Continuous variables are expressed as mean ± SD. Categorical 
data are No. (%) of patients undergoing percutaneous CT-
guided transthoracic lung biopsy. a, Student’s t-test; b, Chi-
square test; c, Fisher’s exact test. mPAD, main pulmonary artery 
diameter; AAD, ascending aorta diameter.
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but are usually not available when planning a biopsy in 
practice. Thus, mPAD or mPAD/AAD ratio may be used as 
a surrogate for preliminary assessment of mean pulmonary 
artery pressure, as they are useful parameters for predicting 
PH, and are highly specific but relatively insensitive 

(12,19). Additionally, mPAD/AAD ratio appears to be a 
better predictor of mean pulmonary artery pressure than 
mPAD alone, the ratio of mPAD over body surface area, 
or segmental arterial diameter (14,15,32). Another more 
precise method to measure the main pulmonary artery, 

Table 4 Results of multivariate logistic regression analyses for pulmonary hemorrhage, higher-grade pulmonary hemorrhage, and hemoptysis

Variable Odds ratio (95% CI) P value

Multivariate analysis for pulmonary hemorrhage

Lesion location (Ref. = left upper lobe) 

Left lower lobe 1.948 (1.209–3.138) 0.006

Left hilar 2.497 (0.749–8.329) 0.136

Right upper lobe 1.365 (0.922–2.022) 0.12

Right middle lobe 1.682 (0.734–3.853) 0.219

Right lower lobe 1.754 (1.125–2.734) 0.013

Right hilar 5.368 (1.518–18.986) 0.009

Lesion characteristics (Ref. = cavitary) 

Solid 2.618 (1.196–5.728) 0.016

Subsolid 3.468 (1.405–8.561) 0.007

Consolidation 0.496 (0.146–1.679) 0.259

Lesion size ≤3 cm 1.628 (1.186–2.236) 0.003

Lesion depth (Ref. = ≤3 cm)

3–5 cm 4.558 (2.141–9.704) <0.001

>5 cm 25.641 (12.276–53.56) <0.001

Lung metastases 6.695 (2.618–17.122) <0.001

Multivariate analysis for higher-grade pulmonary hemorrhage

mPAD/AAD ratio >1 1.871 (1.063–3.294) 0.03

Lesion size ≤3 cm 1.769 (1.081–2.897) 0.023

Lesion depth (Ref. = ≤3 cm)

3–5 cm 1.505 (0.468–4.84) 0.493

> 5 cm 5.88 (2.046–16.898) 0.001

Emphysema 2.81 (1.709–4.621) <0.001

Lung metastases 6.687 (2.629–17.011) <0.001

Multivariate analysis for hemoptysis

History of hypertension 2.507 (1.191–5.277) 0.016

Hemorrhage (Ref. = no hemorrhage)

Lower-grade pulmonary hemorrhage 3.065 (1.332–7.053) 0.008

Higher-grade pulmonary hemorrhage 10.39 (4.226–25.541) <0.001

CI, confidence interval; Ref. Reference; mPAD, main pulmonary artery diameter; AAD, ascending aorta diameter.
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cross-sectional area of the main pulmonary artery, did 
not strengthen correlations with PH compared with the 
mPAD/AAD ratio (14). Previous studies found that a CT-
demonstrated mPAD/AAD ratio >1 was associated with 
PH, with a positive predictive value of more than 95% and 
a specificity of more than 90% (15,19,33). Moreover, the 
mPAD/AAD ratio allows adjustment for anthropometric 
differences between patients to a greater extent than mPAD 
alone and can eliminate the influence of other factors on 
the pulmonary artery or aorta diameter (34). In our study, 
mPAD/AAD ratio >1 was not a significant risk factor for 
overall pulmonary hemorrhage and hemoptysis. However, 
a ratio >1 was a significant risk factor for higher-grade 
pulmonary hemorrhage. Hemorrhagic complications 
in patients with PH generally occur as a result of high 
perfusion pressure in the pulmonary artery; injury to 
pulmonary vessels during the biopsy procedure increases the 
risk of severe pulmonary hemorrhage and hemoptysis, as 
evidenced by the observation that an increase in mPAD was 
associated with severe hemoptysis following PCTLB (23). 
Thus, although PH may not increase the overall incidence 
of pulmonary hemorrhage and hemoptysis, once pulmonary 
bleeding occurs, it can exacerbate intrapulmonary 
hemorrhage. As demonstrated by our own and previous 
studies,  the mPAD/AAD ratio appears to sl ightly 
outperform or show performance similar to established risk 
factors for higher-grade pulmonary hemorrhage, including 
smaller lesions, lesion location, lesion characteristics, sex, 
and age (22,35). Consistent with previous reports (22,23), 
in this study, mPAD enlargement was not a significant risk 
factor for overall pulmonary hemorrhage, higher-grade 
pulmonary hemorrhage, or hemoptysis. The mPAD/AAD 
ratio can be a clue to explaining the elevated pulmonary 
artery pressures and is easily measured on CT images. In 
our experience, an mPAD/AAD ratio >1 may increase the 
risk of the higher-grade pulmonary hemorrhage, and these 
cases require close post-PCTLB monitoring.

Other PCTLB-related variables were found to be 
independent predictors of pulmonary hemorrhage. The 
location of the lesion on the left or in the right lower lobe 
or right hilum was a risk factor for overall pulmonary 
hemorrhage. A possible explanation for this is that the 
lower lobes of the lung have a large capacity and can easily 
cause further tearing and enlargement of the biopsy orifice 
during the operation, while the lung hilum is far away from 
the chest wall at a deep location close to large blood vessels 
of the heart. This thereby increases the risk of injury to 
pulmonary vessels during the procedure. Basal lesions (36), 

along with subsolid lesions which may not be sufficiently 
compact to limit hemorrhage, have been reported as 
significant risk factors for pulmonary hemorrhage after 
PCTLB (22,23,37). Small and deep lesions, as previously 
described in the literature, are independent risk factors 
for both overall and higher-grade pulmonary hemorrhage, 
(4,22,38). We speculate that smaller lesions move more 
readily during respiration which could alter the direction 
of the needle, damaging the surrounding small vessels. 
Moreover, the needle path through the lung parenchyma is 
longer for deeper lesions, which increases the possibility of 
damage to the pleura and pulmonary vasculature. 

We observed that emphysema around the lesion was a 
significant risk factor for overall and higher-grade pulmonary 
hemorrhage. A previous study found that imaging signs of 
emphysema were often associated with PH and increased the 
risk of pulmonary hemorrhage (39). Emphysema can also 
cause expansion of the bleeding space, which is linked to a 
reduced capacity to limit hemorrhage (22). Lung metastases 
were associated with both overall and higher-grade 
pulmonary hemorrhage, as metastatic lesions are probably 
generally small, or some metastases have a rich blood supply. 
Although PCTLB is a useful technique for diagnosing 
suspected pulmonary metastases as it allows open biopsy to 
be avoided in most cases (40), more attention must be paid to 
bleeding risk. 

An interesting finding of our study was that a history of 
hypertension was a risk factor for hemoptysis, although it 
may be an aggravating factor rather than a cause. Recurrent 
hemoptysis has been reported in patients with a history of 
hypertension after flexible bronchoscopy (41). Hemoptysis 
following PCTLB is often accompanied by pulmonary 
hemorrhage; therefore, pulmonary hemorrhage during 
or after the procedure must be monitored to determine 
whether patients also have hemoptysis. Furthermore, in 
female patients, subsolid nodules and deeply located lesions 
were found to be independent risk factors for hemoptysis 
(23,29), although this was not substantiated in the present 
study, possibly due to the small number of hemoptysis cases.

There were some limitations to this study. Firstly, the 
retrospective design introduced an unavoidable bias as 
patients were preselected to undergo CT-guided lung 
biopsy. Secondly, we were unable to confirm the predictive 
value of the mPAD and mPAD/AAD ratio for PH in our 
study, as we could not collect data on pulmonary artery 
pressure measured directly by RHC or echocardiography 
owing to the small number of cases. Thus, very few patients 
have a clear history of PH, and the clinician may have 
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declined performing biopsy on those patients with severe 
pulmonary hypertension. Therefore, there is a limitation 
to the statistical power of the analyses. We hope that future 
prospective studies are designed to assess the relationship 
between PH and the risk of hemorrhagic complications. 
Thirdly, the diagnosis of pulmonary hemorrhage was 
screened from CT images during or immediately after 
the biopsy. It is thus possible that delayed pulmonary 
hemorrhage related to the procedure may have been missed 
before or after hospital discharge. Moreover, a small amount 
of pulmonary hemorrhage is difficult to detect, especially in 
cases of subpleural or consolidation lesions, and hemoptysis 
that developed after the biopsy was not recorded in the 
EMR, which could have led to the underestimation of the 
incidence of postoperative bleeding. Finally, other variables 
(e.g., operator skill, biopsy type, or needle gauge) that are 
difficult to assess were not considered in the analysis.

In conclusion, we showed that CT-detected pulmonary 
artery enlargement (mPAD/AAD ratio >1), a small and 
deeply located lesion, the presence of emphysema around 
the lesions, and suspected lung metastases are significant 
risk factors for PCTLB-related higher-grade pulmonary 
hemorrhage. The mPAD/AAD ratio is especially useful 
in clinical practice, given that it can be determined with 
minimal training and is reproducible and routinely available 
when measured at the pulmonary artery bifurcation. Risk 
factors for hemoptysis were a history of hypertension and 
the occurrence of pulmonary hemorrhage, especially of a 
higher grade. Our findings provide a tool for the timely 
identification of patients undergoing PCTLB who are at 
risk of hemorrhage and hemoptysis so that appropriate 
interventions can be implemented, and postoperative 
outcomes improved.
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