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Low diffusion capacity of the lung predicts
pneumothorax and chest drainage after CT-
guided lung biopsy
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Abstract

Objectives Complications after CT-guided lung biopsy is a burden both for the individual patient and for the overall
healthcare. Pneumothorax is the most common complication. This study determined the association between lung
function tests and pneumothorax and chest drainage following CT-guided lung biopsy in consecutive patients in a
large university hospital.

Results We prospectively registered 875 biopsy procedures from 786 patients in one institution from January 27th
2012 to March 1st 2017 and recorded complications including pneumothorax with or without chest drainage.
Lung function data from 637 patients undergoing 710 of the procedures were available. The association of lung
function measures with pneumothorax with or without chest drainage was assessed using multivariable logistic
regression analyses. Diffusion capacity for carbon monoxide (DLCO) below 4.70 mmol/min/kPa was associated with
increased occurrence of pneumothorax and chest drainage after CT guided lung biopsy. We found no association
between FEV,, RV and occurrence of pneumothorax and chest drainage. We found low DLCO to be a risk factor of
pneumothorax and chest drainage after CT-guided lung biopsy. This should be taken into account in planning and
performing the procedure.

Keywords CT-guided lung biopsy, Chest tube, Diffusion capacity, Lung function, Pneumothorax, Multivariable
analysis.

Introduction

Patients with opacities in the lung parenchyma represent
an import challenge in pulmonary medicine. Such aber-
rations may represent infectious, inflammatory but fore-
most neoplastic processes. At our department, we usually
start with a broad examination of these patients, includ-
ing blood tests and lung function tests such as spirometry
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TNB of the lung is a well-established and accurate
method to acquire tissue for diagnosing pulmonary
lesions [1-5]. The most frequent indications for the pro-
cedure is to acquire tissue samples for determination of
malignancy or guiding oncological treatment in estab-
lished malignant disease. It also plays a role in acquisition
of samples in infectious diseases. An increased incidence
and prevalence of lung cancer and widespread use of CT
of the chest have led to the detection of more pulmonary
nodules than before, and hence an increased demand for
the procedure [6, 7].

The overall complication rate of CT-guided TNB is
high [8]. Pneumothorax and bleeding in the lung paren-
chyma are the most common complications [1] with an
incidence of 19-60% for pneumothorax [2, 9-17] and
4-9% for pneumothorax requiring chest drainage [10—
12, 14, 15, 17].

Most studies on predictors of pneumothorax after CT-
guided TNB have a retrospective design and have pre-
sented mainly univariable analyses[18, 19]. The biopsy
method varies between studies[8] and also within stud-
ies, for example in the use of core-biopsy needle vs.
fine-needle aspiration[14, 18], coaxial vs. non-coaxial
technique[20] and the caliber of the biopsy needle[14,
21].

Emphysema is a predictor of pneumothorax after the
procedure in some studies [9-11, 13, 14, 16, 19, 22]. It
is also a risk factor of chest drainage after the procedure
[4, 10, 14, 22]. To our best knowledge, few studies have
determined the association between pulmonary func-
tion test (PFT) variables and pneumothorax or chest
drainage following CT-guided TNB. One study reported
forced expiratory volume in one second (FEV;) to be a
predictor of pneumothorax [23]. Another study on diag-
nostic accuracy and complication rates following ultra-
thin needle (25G) aspiration lung biopsy reported that
FEV,, FEV, fraction of forced vital capacity (FEV,/FVC),
forced expiratory flow at 25% and 75% expired volume
of forced vital capacity and diffusion capacity of the lung
for carbon monoxide (DLCO) was associated with pneu-
mothorax, but only in univariable analysis [24]. To our
knowledge no studies have performed multivariable anal-
yses investigating the association between PFT’s includ-
ing DLCO and pneumothorax after CT-guided TNB.
DLCO is a widely used parameter for assessing quality of
lung parenchyma in clinical practice [25]. The most com-
mon reason for decreased values is emphysema.

Most studies on predictors of complications after CT-
guided TNB have mainly been focused on lesion char-
acteristics and technical aspects of the procedure[3, 5, 8,
10, 14, 17]. However, prior to referral to the procedure,
patients are evaluated clinically by the pulmonologist
with PFT’s to assess the overall preprocedural risk of
complications. FEV1 is commonly used to risky stratify
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patients before lung biopsy procedure. This study aimed
to determine the association of PFTs including DLCO
with pneumothorax and chest drainage in a large pro-
spective series of CT-guided TNBs.

Materials and methods

Sample and study design

All CT-guided TNB’s of pulmonary lesions performed
at Akershus University Hospital from January 27th 2012
to March 1st 2017 were prospectively registered using a
paper form. A total of 875 procedures were performed in
786 patients.

We had no definite exclusion criteria. Each patient was
evaluated individually by the referring pulmonologist and
a thoracic radiologist based on clinical findings and PFT
data. Some of the cases were also discussed in a multi-
disciplinary team including thoracic surgeons in addition
to pulmonologists and a thoracic radiologist. Lesions in
the mediastinum and chest wall were not included. PFTs
including measurement of DLCO were performed rou-
tinely as part of the investigation prior to the TNB proce-
dure. PFT data were available for 637 patients undergoing
710 CT-guided TNB procedures; 61 patients had two
procedures, 6 had three procedures. PFT data including
height and weight were retrospectively registered in the
study database.

A letter with information was sent to the patients prior
to the procedure. Further information was given by a
nurse in the referring department and in the CT labo-
ratory by the physician performing the procedure. The
study was accepted by the Regional Ethical Committee
(REC South East) and the local data protection authority.

CT-guided TNB procedure

Antitussive and mild sedative drugs (5 mg dihydroco-
deine and 5 mg diazepam per os) were administered
according to a standard procedure at our institution by
the referring department before the procedure. Five dif-
ferent thoracic radiologists with varying degree of expe-
rience, from no experience to >5 years at study start,
performed the procedures. Inexperienced radiologists
were supervised by a more experienced colleague.

Most of the procedures were performed on a Philips
Brilliance 64 or a Philips Inginuity 128 Core, both with
a tiltable gantry. A few procedures were done using a
Philips ICT 256 with a fixed gantry (Philips, Amsterdam,
Netherlands).

In most cases a low-dose CT scan with the patient in
the position decided during planning was performed
immediately before the procedure. This scan became part
of the routine May 20th 2014. Prior to January 2013, a
CT scan with multiple single sections of the thorax was
routinely acquired after the procedure. A full volume
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Fig. 1 CT guided transthoracic needle biopsy from a lesion in left lungs upper lobe followed by pneumothorax and parenchymal hemorrhage, insertion

of a pigtail catheter and aspiration of air

low-dose CT scan after the procedure was part of the
routine on subsequent biopsies.

Under intermittent CT fluoroscopy guidance, and
using a step-wise technique, a 17 G coaxial needle was
inserted and positioned, usually at the peripheral margin
of the lesion in question. Access to some of the lesions
made it necessary to tilt the CT gantry. For guidance we
used single CT slices with a thickness of 5, 7.5 or 10 mm
depending on the lesion size, respiratory movement and
available scanner options. We did not give instructions
on pattern of breathing before or during the procedure.
Consequently the patients did not perform breathhold.
Final positioning of the coaxial needle was performed
at patients’ end-expiration during normal respiration. A
reusable core (cutting) biopsy system with 18 G needle
and 15 or 22 mm stroke length (Bard® Magnum®, Bard
Medical, Covington, GA, USA) was used, and we usually
performed three or four needle insertions through the
coaxial needle.

The patients had to lie flat in bed in the referring
department for 4 hours after the procedure. They were
not allowed to eat or drink in this period. A chest X-ray
(frontal projection, patient upright) was performed
approximately 2 hours after the procedure.

Chest drainage was performed when a pneumothorax
occupied more than 20-30% (Fig. 1) of the hemithorax,
progressed on the chest X-ray 2 hours after the procedure
or was symptomatic. Chest drainage procedures were
performed either by the performing radiologist or a tho-
racic surgeon. Insertions of pigtail catheters and short-
term aspirations were performed by the radiologist in the
CT laboratory immediately after the procedure. Short
term aspirations were done using a thin plastic catheter
or a pigtail catheter that was removed before the patient
left the CT laboratory. We used pigtail catheters with a
French size (FR) of 10 or 12. Chest drainage procedures
performed after the patients had left the CT laboratory
were performed by thoracic surgeons using Tru-Close
Thoracic Vent® (UreSil, Skokie IL, USA) or chest tubes
with a size of 22 or 24 FR. Tru-Close Thoracic Vent is a
device for drainage of pneumothorax containing a one-
way valve eliminating the need for external suction[26].
The PFTs in our study consisted of spirometry and a
measurement of DLCO. These procedures are part of the
routine workup of pulmonary lesions. Spirometry and
DLCO measurement were carried out as recommended
by American Thoracic Society and European Respiratory
Society [27, 28]. Briefly, the spirometry results were given
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Table 1 Baseline characteristics, patients and lung function
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Table 2 Pneumothorax and chest drainage, overview
Pneumothorax, number (fraction in %) 285/710 (40%)
Chest drainage, number (fraction in %) 74/710 (10%)

parameters

Patients

Age (mean), (range) 68.0(22.4-91.7)
<69.99Years n=400(56%)
>70.00Years n=310(44%)

Sex (no of patients)

Female n=330(52%)
Male n=303(48%)

Lung function parameters

DLCO (ml/min/kPA), mean (range) 5.89(1.58 - 13.87)
>6.53 n=236(33%)
4.71-652 n=238(34%)
<4.70 n=236(33%)

FEV,(litres), mean (range 2.13(0.48 - 5.29)
<1.68 n=229(32%)
1.69-238 n=238(34%)
>2.39 n=243(34%)

RV (litres), mean (range) 2.26(0.81 - 4.50)
<1.90 n=241(34%)
191-243 n=232(33%)
>2.44 n=237(33%)

as forced vital capacity (FVC), FEV, and the FEV,/FVC
ratio. DLCO measurements were accepted provided that
the inspiratory volume was 90% or more of the FVC. The
PFTs were performed using a Masterscreen PFT* system
and Spirometri Sentry Suite version 2.17 (Vyaire Medi-
cal, Mettawa, IL, USA).

Variables and classification

The performing physician registered the procedures on a
paper form. The PFT data were collected from the com-
puterized medical record and registered in a database
later on by one of the performing physician or a medi-
cal student under supervision by the same physician. The
baseline data on patients age and sex and lung function
parametres are presented in Table 1.

Registration of pneumothorax and drainage

Any amount of air in the pleural cavity on CT immedi-
ately after the procedure and/or on chest X-ray approxi-
mately 2 hours after the procedure was registered as
pneumothorax. Only one type of chest drainage was
registered in each case. When more than one type of
drainage was performed, we registered the final type of
drainage.

Statistical analysis

Descriptive statistics are presented with the mean, range
or number (%), as appropriate. Some patients had more
than one CT-guided TNB. To account for correlation
between procedures in the same patients, we analyzed
predictors of pneumothorax and chest drainage using
a generalized logistic linear mixed model with random
intercept.

First we calculated the crude incidence of pneumotho-
rax and chest drainage by covariates and the correspond-
ing odds ratio (OR) and 95% confidence interval (CI). The
covariates included in the analyses were DLCO, FEV,,
RV, age and sex.

PFT variables were categorized as tertiles, which
we thought might be clinically relevant, and we calcu-
lated ORs for each group accordingly. Age was similarly
dichotomized according to age above and below 70 years
of age. The results are presented with ORs and 95% Cls.

We selected a 5% significance level, using two-sided
tests. Stata version 16.1° (StataCorp, College Station TX,
USA) was used for all analyses.

Results

Pneumothorax occurred in 40% of the procedures, and
chest drainage was performed in 10% of the procedures
(Table 2). An overview of the patients with pneumotho-
rax vs. no pneumothorax and lung function and age is
shown in Table 3, and a similar overview of the patients
with chest drainage vs. no chest drainage is shown in
Table 4.

In multivariable analysis, the tertile with lowest values
for DLCO (£4.70 mmol/min/kPa) had increased odds of
pneumothorax compared to the tertile with highest val-
ues (=26.53 mmol/min/kPa) with OR 1.71 (p=0.04). The
tertile with lowest values for DLCO also had an increased
odds of chest drainage compared to the tertile with the
highest values with OR 6.91 (p<0.001). FEV; and RV
were not associated with pneumothorax or chest drain-
age, neither was sex. Patient and PFT variables and rate
of pneumothorax and chest drainage are presented in
Table 5.

There was no difference in rate of pneumothorax
between the group under and above 70 years of age, but

Table 3 Pneumothorax vs. no pneumothorax and lung function parameters and age

Parameters Pneumothorax (n=285) No-pneumothorax (n=425)
DLCO (ml/min/kPa, mean) 557 6.05
FEV, (litres, mean) 2.06 2.16
RV (litres, mean) 2.26 2.25
Age (years, mean) 68.6 674
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Table 4 Chest drainage vs. no chest drainage and lung function parameters and age

Parameters Chest drainage (n=74) No chest drainage (n=636)
DLCO (ml/min/kPa, mean) 4.80 5.98
FEV, (litres, mean) 1.94 214
RV (litres, mean) 224 226
Age (years, mean) 68.6 67.8

Table 5 The incidence of pneumothorax and chest drainage after transthoracic lung biopsy by relevant covariates using logistic

regression for panel data

Pneumothorax Chest drainage

Covariates n (%) OR 95% Cl p OR 95% Cl p
DLCO (ml/min/kPa)

>6.53 236 (33%) 1 1

4.71-6.52 238 (34%) 1.40 091-2.17 0.127 1.65 0.74-3.66 0.219

<470 236 (33%) 1.71 1.02-2.85 0.040 6.91 2.96-16.16 <0.001
FEV1 (litres)

<1.68 229 (32%) 1 1

1.69-2.38 238 (34%) 0.89 0.59-1.33 0.569 0.96 0.51-1.81 0.909

>2.39 243 (34%) 1.01 0.63-1.63 0.962 1.96 0.90-4.23 0.088
RV (litres)

<190 241 (34%) 1 1

1.91-243 232 (33%) 0.96 0.65-1.41 0.829 1.11 0.59-2.07 0.746

>244 237 (33%) 1.09 0.74-1.61 0.672 148 0.80-2.76 0214
Age

<69.99 400 1 1

>70 310 093 067-1.30 0.668 0.57 0.33-0.98 0.041
Sex

Male 340 1 1

Female 370 1.00 0.73-1.36 0.997 1.01 0.62-1.66 0.964

individuals>70 years of age had decreased odds of chest
drainage after the procedure with OR 0.57 (p=0.041).

Discussion

The major finding in this study was that the incidence of
pneumothorax and chest drainage following CT- guided
TNB was significantly associated with DLCO. In con-
trast, FEV, and FVC were not associated with pneumo-
thorax or chest drainage in multivariable analysis.

DLCO is an index of the total alveolar surface area
available for gas exchange in the lungs. Measurement
of DLCO requires a dedicated procedure in addition to
regular spirometry, but this is part of the routine workup
before CT-guided TNB in most cases. DLCO is usually
reduced in emphysema, alveolar inflammation or pulmo-
nary fibrosis, but low values may also occur in pulmonary
embolism, severe cardiac failure, pulmonary hyper-
tension or anaemia[25, 29]. DLCO may be increased
in polycythemia, asthma, intracardiac shunting, mild
cardiac insufficiency and alveolar bleeding[25, 29]. We
believe that the dominant factor affecting DLCO in the
population of patients undergoing CT-guided TNB is
emphysema.

This study has shown that low values (<4.70 mmol/
min/kPa ) for DLCO were associated with increased odds
of pneumothorax and chest drainage after CT-guided
TNB. Compared to pneumothorax (OR 1.71), patient
with DLCO in the lower tertile had a considerably higher
odds for chest drainage following the procedure (OR
6.91).

It is unclear why the association of DLCO with chest
drainage seemed stronger than with pneumothorax. One
possible explanation is that emphysema, as assumed
to be the main cause of low DLCO in our population,
implies higher rate of leakage of air into the pleural cav-
ity once a pneumothorax is present and hence leads to a
larger pneumothorax. It is also possible that a pneumo-
thorax is more prone to give symptoms in patients with
emphysema.

We found that age over 70 years was associated with
lower rate of chest drainage. In contrast, there was no
difference in the rate of pneumothorax between patients
under and over 70 years of age. One possible explanation
is that older patients to a higher degree are tired after the
procedure, and this may interfere with the patients and
the performing physician eagerness to perform an addi-
tional procedure. The patients’ motivation to return to
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their homes the same day as the procedures were per-
formed may also have interfered with the eagerness to
perform drainage, and it is possible that this motivation
is age dependent.

We found no association of RV or FEV, with pneumo-
thorax or chest drainage. FEV; may be affected in lung
parenchyma disorders, but is above all reduced in disor-
ders affecting airways and musculoskeletal system and in
some neurological disorders. RV is primarily a parameter
to quantify hyperinflation in obstructive lung disease,
but may also be increased in neuromuscular disorders.
Hence, DLCO is a more specific parameter in assessing
lung parenchyma than RV and FEV,, which is in accor-
dance with our findings.

FEV, is often the highlighted parameter describing a
patient’s lung function in the communication between
pulmonologists and radiologists. Our findings sug-
gest that DLCO should be kept in mind as a predictor
of pneumothorax when planning and performing CT
guided TNB. DLCO was associated with pneumothorax
and chest drainage after CT-guided TNB and should be
taken into account when planning and performing the
procedure and evaluating risk versus benefit for the indi-
vidual patient.

Limitations

A limitation of this study is that the PFT was not per-
formed the same day of the biopsy therefore; there could
be an up to 2 week interval between the PFT being per-
formed and the biopsy procedure. The biopsies in this
study were registered prospectively while the PFT data
was retrospectively collected. In addition, all the proce-
dures were performed in one hospital, which strengthens
data control, but challenges generalization and external
validity of the findings.

Abbreviations

cl Confidence Interval

COPD Chronic Obstructive Pulmonary Disease

cT Computer Tomography

DLCO Diffusion capacity of the lung for carbon monoxide
FVC Forced vital capacity

FEV1 Forced expiratory volumein 1s

FEV1/FVC  FEV1 fraction of FVC
FEV1/FVC% FEV1 fraction in % of FVC

FR French size of catheter, three times the catheters diameter in
millimetres

G Gauge, unit for caliber of needle

OR Odds Ratio

PFT Pulmonary Function Test

RV Residual Volume

SD Standard Deviation

TNB Transthoracic Needle Biopsy
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