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Surgical lung biopsy for suspected interstitial lung disease with 
video-assisted thoracoscopic surgery is safe, providing exact 
histological and disease specific diagnosis for tailoring treatment
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Background: Surgical lung biopsy (SLB) is required for diagnosis in patients with suspected interstitial 
lung disease (ILD) if other less invasive diagnostic methods are non-conclusive. We evaluated the outcome 
of SLB by using centralized databases in a whole-nation patient-cohort.
Methods: A population-based retrospective study on 68 consecutive patients (mean age 58 years, 58.8% 
males) that underwent SLB in Iceland between the years 2008 and 2020. Patient information was obtained 
from patient charts and peri- and postoperative complications were registered together with 30- and 90-day 
mortality. Computed tomography (CT) scans, histological biopsies and spirometry results were reviewed, 
and overall survival (Kaplan-Meier) estimated. Mean follow-up was 61.3 months (range, 3–155 months). 
Results: Out of 68 SLB-patients 41 (60.3%) had preoperatively undergone non-conclusive transbronchial 
biopsies (TBB) obtained with bronchoscopy. Spirometry showed forced vital capacity (FVC) 3.0 L and 
forced expiratory volume in 1 second (FEV1) 2.3 L, or 73.0% and 71.6% of predicted value, respectively. 
Video-assisted thoracoscopic surgery (VATS) technique was used in all cases and provided a histologic and 
disease specific diagnosis in 92.6% of cases; most often being nonspecific interstitial pneumonia (NSIP) 
(29.4%) and usual interstitial pneumonia (UIP) (23.5%). One patient (1.5%) sustained a major postoperative 
complication (excessive bleeding) and seven patients (10.3%) minor complications. Median chest tube time 
and length of stay was 1 and 2 days, respectively. No patients died <90 days postoperatively. Overall survival 
at 1 and 5 years was 95.6% and 73.5%, respectively, and 5-year survival for NSIP and UIP was 85% and 
43.7%, respectively. Long-term mortality for UIP was four times higher when compared with NSIP and 
other diagnosis. 
Conclusions: Lung biopsy with VATS-technique provided a definitive histological and disease specific 
diagnosis in majority of cases. The procedure is safe, reflected in low complication-rates and short hospital 
stay, and can therefore be used to diagnose and tailor treatment of ILD patients. 
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Introduction

Interstitial lung disease (ILD) is a collective term for diffuse 
and often progressive interstitial diseases that can cause 
irreversible damage to the lung parenchyma, and where in 
extreme cases a lung transplantation can be required (1).  
Over time the lung fibrosis affects oxygen delivery to the 
bloodstream which most commonly results in dyspnea 
(2,3). As modern developments in treatment can mitigate 
symptoms, slow down progression and decrease mortality, it 
is important that patients are diagnosed early; especially as a 
delay in diagnosis is attributed to a higher risk of death (4).  
An exact diagnosis is therefore of key importance for 
a tailored up-to-date treatment that involves both 
immunosuppressive agents such as corticosteroids and 
mycophenolate mofetil, but also antifibrotic agents such as 
pirfenidone and nintedanib (1,5-7). 

Although significant advances have been made in reading 
patterns of interstitial changes on high-resolution computed 
tomography (HRCT) scans the structural changes seen 
can be unspecific, and blood biomarkers [autoimmune, 
angiotensin converting enzyme (ACE)] are useful but not 
diagnostic by themselves without evidence of connective 
tissue disease in the diagnosis of ILD (8). Therefore, in cases 

where noninvasive techniques have been inconclusive, a 
histological biopsy is required for a more exact diagnosis (1).  
Transbronchial biopsy (TBB), using a flexible bronchoscopy 
can provide adequate histological specimens in 77.6% 
[95% confidence interval (CI), 74.6–80.3%] of patients 
where a definitive diagnosis can be obtained and avoiding 
surgical lung biopsy (SLB) in 36.1% (95% CI, 33.4–38.9%) 
of patients (2). However, 64% (95% CI, 61–67%) are left 
without a diagnosis (2). Transbronchial lung cryobiopsy 
(TBLC) is an alternative to TBB with an estimated 
diagnostic yield of 80%, but the diagnostic yield can be 
further increased when three or more histological samples 
are collected (9,10). After the publication of the American 
Thoracic Society/European Respiratory Society/Japanese 
Respiratory Society/Asociación Latinoamericana de Tórax 
collaborative clinical guidelines in 2022, TBLC may be 
considered as an alternative to SLB since it costs less, is 
less invasive and provides a similar diagnostic confidence 
in a multidisciplinary discussion (MDD). It may also 
be considered more suitable to patients that are unable 
to tolerate surgery. However, it is only recommended 
in centers that are experienced with TBLC and have 
standardized their protocols as postoperative complication 
rate is higher when compared to SLB, warranting further 
studies on safety and standardization (2,9-11). Therefore, 
SLB  in those cases were indicated, may still be the best 
suitable technique for histological sampling of lung 
parenchyma, providing a diagnostic yield of over 88% (95% 
CI, 86.9–89.4%) in patients (2,3,12). However, as patients 
with ILD often have impaired lung function perioperative 
risk can be increased, especially if conventional thoracotomy 
is used rather than video-assisted thoracoscopic surgery 
(VATS); with 30-day mortality being 4.3% and 2.1%, 
respectively (13). The aim of this study was to study the 
yield of VATS lung biopsies for ILD, clinical indications, 
and outcome, in a population-based cohort of patients. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-23-1107/rc).

Methods

This retrospective nationwide study included all patients 
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that underwent diagnostic SLB for suspected ILD in 
Iceland between January 1, 2008 and December 3, 2020. 
Patients were identified using a centralized Operation 
Registry at Landspitali University Hospital; the single 
institution performing cardiothoracic surgery in Iceland 
(370,000 inhabitants in 2020). Patient list was generated 
from the following operative codes and then evaluated: 
biopsy of lung (GDSA10, n=8), thoracoscopic biopsy of 
lung (GDSA11, n=74), wedge resection of lung (GDSB10, 
n=48) and thoracoscopic wedge resection of lung (GDSB11, 
n=24). The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Icelandic National Bioethics Committee 
(VSN 14-111-V1-S2). As individuals were not identified in 
the study, individual consent was waived.

All patient data were reviewed by at least three of 
the authors (L.T., G.G., T.G.). A total of 154 patients 
underwent  SLB dur ing  the  observa t ion  per iod . 
Furthermore, we cross-referenced all surgical patients 
(n=154) with the operation referral and also with the 
centralized Pathology Registry at Landspitali University 
Hospital which is the tertiary referral center for lung 
diseases in Iceland, in order to identify those patients with 
suspected ILD diagnosis. Patients that did not meet the 
operation indication for suspected ILD such as by having 
a primary lung cancer, metastasis and other non-cancerous 
findings were 86, they were subsequently excluded from 

the study and not evaluated further; leaving 68 patients for 
further analysis as shown in Figure 1. 

Clinical data was collected in a retrospective manner 
by surveying both hospital- and private offices records by 
using a standardized data sheet. Clinical data containing 
percentages were recorded with one decimal while reported 
data from other studies was left unformatted. When 
available the following information was recorded; age, 
sex, year and month of diagnosis, clinical symptoms and 
comorbidities, duration of symptoms, smoking history, and 
if TBB or bronchoalveolar lavage (BAL) had been obtained. 
Newest results of spirometry and diffusing capacity for 
carbon monoxide (DLCO) was always recorded if available. 
Finally, the preoperative diagnosis or primary differential 
diagnosis was recorded, together with a subsequent 
postoperative primary diagnosis. MDD was conducted in an 
informal way in the beginning of the study period, therefore 
MDD registration was limited and could not be evaluated 
as we would have liked to. 

Imaging studies were reviewed prior to the operation 
by the responsible surgeon and the best site suitable for 
biopsy selected if not indicated by MDD. Usually, the most 
inflamed part of the lung was chosen rather than the most 
fibrotic part, and if both sides were similar the right side 
was usually chosen as it had two fissures, making the biopsy 
technically easier. There was a consensus of avoiding the 
lingula if possible. Intraoperative assessment of the selected 

Figure 1 Flow chart showing the selection process for patients that underwent surgical lung biopsy for suspected interstitial lung disease 
between 2008 and 2020. 

Patients undergoing surgical lung biopsy between 
January 1, 2008 and December 3, 2020 (n=154)

Operation codes: 
•	 GDSA10—biopsy of lung (n=8)
•	 GDSA11—thoracoscopic biopsy of lung (n=74)
•	 GDSB10—wedge resection of lung (n=48)
•	 GDSB11—thoracoscopic wedge resection of lung (n=24)

Cross-referenced with pathology registry and 
operation referral

Excluded (n=86):
•	 Malignancy (n=66)
•	 Benign tumor (n=3) 
•	 Non-cancerous changes (n=14)
•	 Pleural biopsy (n=3)

Suspected interstitial lung disease (n=68)
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lung and lobe was then made which aided in the final biopsy 
site. All surgical biopsies were performed using a 3 port 
VATS-technique under general anesthesia using a double-
lumen single lung ventilation. All patients were either 
placed in right or left lateral recumbent position depending 
on the selected lung for biopsy. A standard surgical stapler 
(Endo GIA, Medtronic, Minneapolis, MN, USA) with 
regular purple staples was used. Length- and the number of 
staples used were not registered in the study. Operative time 
(skin-to-skin) was registered in minutes.

Patient morbidity was registered as  intra- and 
postoperative complications collected from patient 
charts and surgical reports. The time which the patient 
had a chest tube was registered in whole days, and if it 
was removed at the day of surgery it was registered as 0. 
Prolonged air leakage was defined as more than 4 days (>96 
hours) and excessive bleeding intraoperatively more than 
100 mL. Length of stay was recorded in days. Operative 
mortality was defined as death occurring within 30- and 
90-days after surgery while hospital mortality was defined 
as death occurring within hospital stay. Overall survival 
was registered by comparing every patient at the end of 
the observation period of December 3rd, 2020 with the 
Icelandic Death Registry. 

A radiologist (A.B.H.) reviewed all preoperative chest 
radiographs and CT imaging studies the patients had 
undergone. The findings of both the chest radiographs 
and CT were recorded on a standardized sheet (see Table 
S1). The date of study was recorded. Location of central or 
peripheral parenchymal and structural changes within the 
lung and different lobes were recorded. We then compared 
those changes and differences (localized, diffuse, interstitial 
changes in both lungs) between both lung sides and lobes. 
Specific findings of lung abnormalities are listed on Table 
S1 in the supplementary material, for instance, traction 
bronchiectasis, honeycombing, fibrosis and reticular 
changes. Signs of fibrosis independent of bronchiectasis 
and honeycombing was defined as reticular pattern with or 
without ground-glass opacities and architectural distortion. 
Reticular changes were defined as everything from small 
subtle reticulations to coarse reticular pattern. Variables 
for lung abnormalities on HRCT in this study were chosen 
based on known findings and patterns in ILDs (2).

All surgical specimens were analyzed by an attending 
pathologist at the Department of Pathology at Landspitali 
and later reviewed by one senior pulmonary pathologist 
(H.J.I.), using the Systematized Nomenclature of Medicine 
(SNOMED) coding system. The study recorded the 

surgical specimens on a standardized sheet (see Table S2) 
which included SNOMED coding, sample size and if the 
size was ≥2 cm × 2 cm, and if one or two or more different 
lobes had been biopsied. The final pathological evaluation 
was then recorded.

Finally, the two most common histology groups 
usual interstitial pneumonia (UIP) and nonspecific 
interstitial pneumonia (NSIP) were compared with each 
other by comparing demographics, lung function tests, 
bronchoscopy, operative time, intra-and postoperative 
complications, survival, and length of stay. 

Statistical analysis

For data collection a databank was constructed and managed 
in REDCap, version 11.1.24 (Research Electronic Data 
Capture – 2021, Vanderbilt University, USA). All clinical 
data was then subsequently recorded and stored in the 
REDcap databank. Fisher’s exact test was used to compare 
categorical variables and Mann-Whitney U test to compare 
continuous variables. Mortality was compared between 
histological groups using Kaplan-Meier curves and Cox 
regression. All statistical tests were two-tailed and a P value 
less than 0.05 was considered significant. Statistical analysis 
was performed using R software version 2023.06.2+561 (R 
Foundation for Statistical Computing, Vienna, Austria). 

End of follow-up was December 3rd, 2021, with mean 
follow-up 61.3 months (range, 3–155 months). No patients 
were lost to follow-up.

Results

During the 13-year study period a total of 68 patients 
underwent SLB for diffuse lung disease, or on average 5.2 
patients annually; ranging between 9 operations in 2014 to 
one in the years 2010 and 2012. The location of the SLBs is 
shown in Table 1; with all samples being larger than 2 cm × 
2 cm in size and within the range of recommended sample 
size (14). Right superior lobe (29.6%) was the most common 
lobe selected for biopsy, followed by the right inferior lobe 
and middle lobe. A single biopsy was performed in 51 (75%) 
of cases and two or more biopsies were either obtained from 
the same lobe in 5 cases (7.4%) or different lobes in 12 cases 
(17.7%) as is shown in Table 2. Ninety-seven biopsies were 
taken in total. 

Patient demographics are shown in Table 3. The average 
age of the patients was 55.6±15.1 years (range, 13–76 years) 
with 40 (58.8%) of them being males. Thirty-eight (55.9%) 

https://cdn.amegroups.cn/static/public/JTD-23-1107-Supplementary.pdf
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of patients had history of smoking with 34 (50.0%) having a 
smoking cessation of >12 months while 5 (7.4%) patients were 
still actively smoking at the time of surgery. Pack years were 
registered for 49 (72.1%) with a mean of 12.8±16.4 years.  
Most patients had been symptomatic for more than 1 year 
before the operation. Comorbidities were common with 
hypertension, rheumatic disease and ischemic heart disease 
being the most common.

The most common presenting symptoms was dyspnea 
57 (83.8%), followed by coughing 47 (69.1%), malaise 25 
(36.8%), mucus production was seen in 24 (35.3%) patients, 
with fever being seen in 12 (17.6%) and 11 (16.2%) had 
unintentional weight loss. 

Flexible bronchoscopy was performed preoperatively as 
shown in Table 3. It included TBB in 41 (60.3%) patients, 
and BAL in 39 (57.4%) patients. In half of the TBB and 
BAL-samples that were sent for histological analysis a non-
specific inflammation was seen in 21 (30.9%) with the 
other half of the samples being normal in 5 (7.4%) cases, 
5 (7.4%) had plausible cryptogenic organizing pneumonia 
(COP) changes, while the rest of the samples either showed 
without any diagnosis, chronic inflammatory changes with 

Table 1 Anatomical location selected for surgical lung biopsy†

Location Values (n=81), n (%)

Right superior lobe 24 (29.6)

Right medial lobe 18 (22.2)

Right inferior lobe 21 (25.9)

Left superior lobe‡ 13 (16.0)

Left inferior lobe 5 (6.2)
†, the table shows the distribution of different locations selected 
for biopsy but does not take into account if multiple biopsies 
were taken from the same lobe. ‡, includes both biopsies from 
superior lobe and lingula.

Table 2 Biopsies from one or more lobes

Characteristics
Values (n=68),  

n (%)

Single biopsy, same lobe 51 (75.0)

Two biopsies, different lobes 8 (11.8)

Two biopsies, same lobe 5 (7.4)

>2 biopsies, different lobes (range, 3 to 10) 4 (5.9)

The table shows if one or more biopsies were taken from single or 
multiple lobes during surgery.

Table 3 Patient demographics

Characteristics Values (n=68)

Gender (male), n (%) 40 (58.8)

Age (years), mean ± SD 55.6±15.1

Smoking

Non-smoker, n (%) 23 (33.8)

Ex-smoker >12 months, n (%) 34 (50.0)

Ex-smoker but within 12 months†, n (%) 4 (5.9)

Active smoker‡, n (%) 5 (7.4)

Pack years, n (%), mean ± SD 49 (72.1), 12.8±16.4

Comorbidities, n (%)

Ischemic heart disease 13 (19.1)

Hypertension 29 (42.6)

Diabetes 7 (10.3)

COPD 5 (7.4)

History of malignancy 7 (10.3)

Rheumatic disease 23 (33.8)

Duration of symptoms, n (%)

Not known 2 (2.9)

0–3 months 16 (23.5)

6–12 months 13 (19.1)

>12 months 37 (54.4)

Spirometry 58 (85.3)

FVC (L) with % (pre/pred),  
n (%), mean ± SD

57 (83.8), 
3.0±0.9/73.0±17.8

FEV1 (L) with % (pre/pred),  
n (%), mean ± SD

58 (85.3), 
2.3±0.7/71.6±18.7

DLCO, n (%) 45 (66.2)

DLCO percentage of estimate,  
mean ± SD

50.0±11.2

Bronchoscopy, n (%) 41 (60.3)

Biopsy and lavage 39 (57.4)

Biopsy only 1 (1.5)

Lavage only 1 (1.5)

Histopathology, non-specific inflammation 21 (30.9)

Epidemiology and spirometry values of 68 patients undergoing 
surgical lung biopsies. †, greater than >28 days but <12 months. 
‡, still smoking but not >28 days. SD, standard deviation; 
COPD, chronic obstructive pulmonary disease; FVC, forced vital 
capacity; FEV1, forced expiratory volume in 1 second; DLCO, 
diffusing capacity for carbon monoxide.
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or without interstitial changes. Whereas samples sent for 
bacterial culture were only positive in 1 (1.5%) out of 
39 cases for pathological bacteria (Staphylococcus aureus), 
27 (39.7%) patients had normal upper respiratory flora 
with the rest having either very few bacterial colonies or a 
negative bacterial culture.

Spirometry was obtained in 58 (85.3%) patients with 
mean forced vital capacity (FVC) being 3.0±0.9 L and 
73.0%±17.8% of predicted value. Similar values were 
registered for forced expiratory volume in 1 second (FEV1) 
2.3±0.7 L and 71.6%±18.7% of predicted, respectively. 
DLCO was within normal limits in 2 (2.9%) patients but 
lowered in 43 (63.2%) patients, with a mean 50.0%±11.2% 
of the predicted value, it was not performed in 23 (33.8%) 
of the patients.

All the patients had a conventional chest radiograph 
performed preoperatively and in all but one case a chest CT 
was done. Table 4 shows the most common radiographic 
changes seen on chest radiographs, scattered reticular 
changes were seen in 51 (75%) patients with 45 (66.2%) 
having interstitial lung changes. Reticular changes were 
seen in 58 (85.3%) patients on CT, they were also the most 
common changes seen, followed by ground class changes in 
45 (66.2%) and fibrosis in 34 (50%). 

Table 5 shows the postoperative diagnosis obtained with 
SLB. In 63 out of 68 patients (92.6%) a definite diagnosis 
was obtained. However, in 2 (2.9%) cases tissue samples 
were non-diagnostic, while in 3 (4.4%) patients they were 
suspected of having ILD but a histopathological diagnosis 
could not be obtained. These 5 cases were therefore 
subsequently classified together as non-classifiable cases 
(5/68, 7.4%). NSIP (29.4%) and UIP (23.5%) were the 
most common postoperative diagnoses, followed by 
hypersensitivity pneumonitis (HP) (7.4%) and pulmonary 
sarcoidosis (7.4%).

Operative data and peri- and postoperative complications 
are shown in Table 6. Mean operative time was 40±17 minutes 
(range, 11–109 minutes). Intraoperative complications 
were seen in 1 case (1.5%) and included perforation of the 
diaphragm with subsequent laceration of the liver after 
trocar placement, the liver laceration was observed and 
required no major surgical intervention or admission to the 
ICU. Major postoperative complications were only seen in 
1 patient (1.5%) which had excessive postoperative bleeding 
from the trocar insertion site, requiring a reoperation with 
subsequent mechanical ventilation and ICU stay of 4 days. 
No patient developed acute exacerbation of interstitial lung 
disease (AE-ILD). One patient that had biopsies taken from 
right superior- and inferior lobe had prolonged air-leakage. 
No other complications were registered for those that had 
multiple biopsies taken. Minor postoperative complications 
were seen in 7 (10.3%) patients, with the most common 
being pneumonia seen in 4 (5.9%) patients followed by 3 
(4.4%) having a prolonged air leakage of more than 4 days 

Table 4 Radiologic evaluation of 68 patients that underwent 
surgical lung biopsy

Characteristics Value, n (%)

Chest radiography 68 (100.0)

Normal 4 (5.9)

Scattered reticular changes 51 (75.0)

Interstitial lung changes 45 (66.2)

Patchy bilateral airspace opacities 16 (23.5)

Focal opacity 7 (10.3)

Pleural effusion 7 (10.3)

Scattered nodular changes 3 (4.4)

Unilateral diffuse airspace opacities 2 (2.9)

Other 3 (4.4)

Chest CT 67 (98.5)

Reticular changes 58 (85.3)

Ground glass changes 45 (66.2)

Fibrosis 34 (50.0)

Enlarged lymph nodes 30 (44.1)

Nodules 27 (39.7)

Multiple nodules 25 (36.8)

Single nodule 2 (2.9)

Bronchiectasis 30 (44.1)

Traction bronchiectasis 24 (35.3)

Honeycombing 23 (33.8)

Peripheral consolidations 15 (22.1)

Emphysema 11 (16.2)

Pulmonary cysts 9 (13.2)

Pleural effusion 8 (11.8)

Other 2 (2.9)

The table shows the number of patients that underwent either 
chest radiography or CT prior to surgery. It also reports the 
different changes seen on both imaging studies. CT, computed 
tomography.
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Table 5 Postoperative histopathologic or disease specific diagnosis 
of 68 patients that underwent surgical biopsy for suspected ILD 

Characteristics Values (n=68), n (%)

Idiopathic interstitial pneumonia 

NSIP 20 (29.4)

Idiopathic pulmonary fibrosis

UIP 16 (23.5)

COP 4 (5.9)

PPFE 1 (1.5)

Granulomatous

HP 5 (7.4)

Sarcoidosis 5 (7.4)

Autoimmune related 

Collagen vascular disease 1 (1.5)

Graft vs. host interstitial lung fibrosis 1 (1.5)

IPAF 1 (1.5)

SOP with associated RA 1 (1.5)

Vasculitis 1 (1.5)

Various diagnosis

Asbestosis 1 (1.5)

Bronchiolitis obliterans 1 (1.5)

Drug-induced

Nitrofurantoin induced interstitial lung 
disease

1 (1.5)

Follicular bronchiolitis 1 (1.5)

Giant cell interstitial pneumonitis 1 (1.5)

Respiratory bronchiolitis 1 (1.5)

Non-classifiable 5 (7.4)

Non-interstitial diagnosis

Emphysema 1 (1.5)

ILD, interstitial lung disease; NSIP, nonspecific interstitial 
pneumonia; UIP, usual interstitial pneumonia; COP, cryptogenic 
organizing pneumonia; PPFE, pleuroparenchymal fibroelastosis; 
HP, hypersensitivity pneumonitis; IPAF, interstitial pneumonitis 
with autoimmune features; SOP with associated RA, secondary 
organizing pneumonia with associated rheumatoid arthritis.

(>96 hours). Total registered postoperative complications 
were 10 (14.8%) for 8 (11.8%) patients. Median chest tube 
time was 1 [mean 1.8±1.6 days (range, 0–8 days)].

The median length of postoperative stay was 2 days [mean 

2.8±2.5 days (range, 1–13 days)]. No patient died during 
hospital stay, at 30- (operative mortality 0%) or 90-day. 

A comparison of the two main histology groups; NSIP 
versus UIP, is shown in Table 7. Patients with NSIP were on 
average 10 years younger and more often females. Ischemic 
heart disease, hypertension and rheumatological disease 
were more commonly seen in the UIP group with ischemic 
heart disease being statistically significant. Bronchoscopy 
was only performed preoperatively in 31.3% of the UIP 

Table 6 Postoperative complications and length of stay

Characteristics Values (n=68)

Type of operation, n (%)

VATS 66 (97.1)

Conversion to open mini-thoracotomy 2 (2.9)

Operative time (minutes), mean ± SD 40±17

Intraoperative complications, n (%) 1 (1.5)

Liver laceration from trocar 1 (1.5)

Postoperative complications, n (%) 8 (11.8)

Pneumonia 4 (5.9)

Prolonged air leakage >4 days (>96 hours) 3 (4.4)

Need for mechanical ventilation 1 (1.5)

Excessive bleeding 1 (1.5)

Pneumothorax requiring a new chest tube 1 (1.5)

AE-ILD 0 (0.0)

Operative mortality, n (%)

Hospital mortality 0 (0.0)

30 days 0 (0.0)

90 days 0 (0.0)

Length of stay (days)

Median [range] 2 [1–13]

Mean ± SD 2.8±2.5

Chest tube duration (days)

Median [range] 1 [0–8]

Mean ± SD 1.8±1.6

Follow-up time (months)

Median [range] 54.5 [3–155]

Mean ± SD 61.3±41.3

VATS, video-assisted thoracoscopic surgery; SD, standard 
deviation; AE-ILD, acute exacerbation of interstitial lung disease. 
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Table 7 Comparison of the two major histology groups, NSIP and UIP 

Characteristics NSIP (n=20) UIP (n=16) P value

Gender (male), n (%) 10 (50.0) 12 (75.0) 0.18

Age (years), mean ± SD 56.3±11.5 65.9±5.8 0.005

Smoking

None-smoker, n (%) 6 (30.0) 4 (25.0) 1

Ex-smoker >12 months, n (%) 14 (70.0) 8 (50.0) 0.31

Ex-smoker but within 12 months†, n (%) 0 (0.0) 3 (18.8) 0.08

Active smoker‡, n (%) 0 (0.0) 0 (0.0) N/A

Pack years, n (%), mean ± SD 14 (70.0), 10.1±13.0 12 (75.0), 23.0±21.0 0.16

Duration of symptoms, n (%)

Not known 0 (0.0) 1 (6.3) 0.44

0–3 months 5 (25.0) 5 (31.3) 0.72

6–12 months 5 (25.0) 3 (18.8) 0.71

>12 months 10 (50.0) 7 (43.8) 0.75

Comorbidities, n (%)

Ischemic heart disease 2 (10.0) 7 (43.8) 0.049

Hypertension 6 (30.0) 8 (50.0) 0.31

Diabetes 1 (5.0) 3 (18.8) 0.30

COPD 0 (0.0) 1 (6.3) 0.44

History of malignancy 3 (15.0) 1 (6.3) 0.61

Rheumatic disease 6 (30.0) 7 (43.8) 0.49

Spirometry 16 (80.0) 15 (93.8) 0.35

FVC (L) with % (pre/pred), mean ± SD 2.9±0.6/74.0±7.5 2.9±0.7/72.5±18.9 0.74/0.68

FEV1 (L) with % (pre/pred), mean ± SD 2.3±0.5/75.2±6.0 2.4±0.6/77.4±18.0 0.71/0.72

DLCO, n (%) 16 (80.0) 10 (62.5) 0.29

DLCO percentage of estimate, mean ± SD 50.7±11.2 49.5±12.4 0.81

Bronchoscopy, n (%) 15 (75.0) 5 (31.3) 0.02

Not done 5 (25.0) 11 (68.8) 0.02

Biopsy and lavage 15 (75.0) 4 (25.0) 0.006

Biopsy only 0 (0.0) 1 (6.3) 0.44

Lavage only 0 (0.0) 0 (0.0) N/A

Histopathology, non-specific inflammation 8 (40.0) 2 (12.5) 0.13

BAL, culture—normal respiratory flora 9 (45.0) 3 (18.8) 0.16

Operative time (minutes), mean ± SD 34±12 36±11 0.77

Intraoperative complications, n (%) 0 (0.0) 0 (0.0) N/A

Table 7 (continued)
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cases compared to 75.0% for NSIP.
As shown in Table 7 postoperative complications were 

found in two patients with NSIP (10.0%) and in one patient 
with UIP (6.3%). The median chest tube time was 1 day for 
both NSIP [mean 1.8±1.6 days (range, 1–8 days)] and UIP 
[mean 1.8±1.4 days (range, 0–6 days)], as was the length of 
stay, or 2 days median in both groups.

Figure 2 shows long-term survival for all patients, 
comparing UIP, and NSIP to other diagnoses. Patients with 
UIP had higher long-term mortality compared to patients 
with NSIP (HR: 4.27, 95% CI: 1.53–11.92, P=0.006) and 
patients with other diagnosis than UIP or NSIP (HR: 4.99, 
95% CI: 1.82–13.72, P=0.002). 

Overall, 1- and 5-year survival for all patients was 95.6% 
(95% CI: 87.6–99.1%) and 73.5% (95% CI: 61.4–83.5%), 
respectively. No mortality occurred within the first year of 
follow up for the NSIP- and UIP-patients, and at 5 years 
the overall survival rate was 85.0% (95% CI: 62.1–96.8%) 

Table 7 (continued)

Characteristics NSIP (n=20) UIP (n=16) P value

Postoperative complications, n (%) 2 (10.0) 1 (6.3) 1

Pneumonia 2 (10.0) 0 (0.0) 0.49

Excessive bleeding 1 (5.0) 0 (0.0) 1

Need for mechanical ventilation 1 (5.0) 0 (0.0) 1

Reoperation 1 (5.0) 0 (0.0) 1

Pneumothorax requiring a chest tube drainage 0 (0.0) 0 (0.0) N/A

Prolonged air leakage >4 days (>96 hours) 0 (0.0) 1 (6.3) 0.44

AE-ILD 0 (0.0) 0 (0.0) N/A

Chest tube duration (days) 0.87

Median [range] 1 [1–8] 1 [0–6]

Mean ± SD 1.8±1.6 1.8±1.4

Length of stay (days) 0.48

Median [range] 2 [1–13] 2 [1–5]

Mean ± SD 3.0±2.6 2.3±1.3
†, greater than >28 days but <12 months. ‡, still smoking but not >28 days. NSIP, nonspecific interstitial pneumonia; UIP, usual interstitial 
pneumonia; SD, standard deviation; N/A, not applicable; COPD, chronic obstructive pulmonary disease; FVC, forced vital capacity; 
FEV1, forced expiratory volume in 1 second; DLCO, diffusing capacity for carbon monoxide; BAL, bronchoalveolar lavage; AE-ILD, acute 
exacerbation of interstitial lung disease. 
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Figure 2 Overall survival of patients with NSIP and UIP 
compared to patients with other histology. NSIP, nonspecific 
interstitial pneumonia; UIP, usual interstitial pneumonia.
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and 43.7% (95% CI: 19.8–70.1%), respectively. At 1-year 
follow-up COP and secondary organizing pneumonia (SOP) 
survival was 80% (95% CI: 28.4–95.0%) with one reported 
mortality; no additional mortality was reported at 5 years. 
No mortality was reported for HP and sarcoidosis at neither 
1- or 5-year follow-up.

Discussion

In this population-based retrospective study we reviewed 
all patients that underwent SLB in Iceland for suspected 
ILD over a 13-year period using a centralized database 
that covered the whole nation. The study addresses several 
issues related to ILD, such as diagnostic yield of SLB, the 
different histological and final diagnosis, intra-/postoperative 
complications, and length of stay together with both short- 
and long-term survival. We found that SLB resulted in 
definite diagnosis in almost all patients with a low rate of 
postoperative complications and no operative mortality.

The diagnostic yield for SLB in the current study was 
high, giving a definite diagnosis in roughly 93% of cases. 
The final diagnosis was reached after MDD using clinical, 
radiologic, histopathologic, and other data to reach the final 
diagnosis. For the first years of the study period MDD was 
informal but became more formalized for the latter part of 
the study period. In a prospective multicenter study from 
France including 103 patients that underwent SLB reported 
a definite diagnosis after MDD in 84.4% of cases (15). 
A meta-analysis of 2,148 patients from 23 studies which 
included both VATS and open thoracotomies reported a 
median diagnostic yield of 95% (range, 42–100%) (15).  

UIP (23.5%) and NSIP (29.4%) were the most common 
histological groups while 7.4% remained non-classifiable. 
Our interpretation on why NSIP was more common in 
our study than UIP is that radiologic diagnosis has recently 
become more common for UIP, but is still more difficult 
for NSIP. Therefore, patients with unspecific radiologic 
changes on CT were more likely be referred to SLB than 
radiologic patterns suggesting UIP.

There are alternatives to surgical biopsy for ILD, such 
as conventional transbronchial forceps biopsy (TBFB) 
and more recently transbronchial cryobiopsy (10,11). 
Importantly, neither of these techniques have the same 
diagnostic yield for the diagnosis of ILD, ranging from 
20–30% for TBFB and 73–81% for cryobiopsy, compared 
to SLBs 90–95% (16-19). The newly published CAN-ICE 
study from 2023 aimed to assess the diagnostic agreement 
between TBLC and SLB at both histologic and MDD 

level (20). In 56.7% [k value 0.38 (95% CI: 0.22–0.53)] of 
cases a histologic diagnostic agreement was reached, after 
MDD the diagnostic agreement between TBLC and SLB 
increased to 61.7% [k value 0.46 (95% CI: 0.29–0.63)] 
demonstrating only a moderate agreement for ILD (20). 
While the COLDICE study reported a histological 
agreement of 62.9% [k value 0.47 (95% CI: 0.30–0.64)] 
and an MDD agreement of 76.9% [k value 0.62 (95% 
CI: 0.47–0.78)] for TBLC and SLB (10). While MDD 
is important and recommended in the diagnosis of ILD 
and can increase the diagnostic yield of both TBLC and 
SLB, it is interesting that the diagnostic agreement can 
vary so much between the previous mentioned techniques 
(9,10,20). Furthermore, cryobiopsy has been reported to 
have higher rate of complications such as pneumothorax 
(8–12%) and moderate/severe bleeding (14–39%) with 
an overall complication rate of 23% (11,16,18). TBLC 
may be considered as an alternative of SLB especially for 
patients that are unable to tolerate surgery, however, it is 
only recommended in centers that are experienced with 
TBLC and have standardized their protocols to reduce 
complications rate and increase diagnostic yield (9). With 
the relatively small size of our center and TBLC being first 
described in 2009 it was decided by our center to prioritize 
SLBs over TBLC as the main diagnostic method for ILD (21). 
TBLC was therefore not performed in Iceland during the 
study period. 

Patient characteristics were similar to other studies; 
males being predominant, with cardiovascular disease, 
hypertension and diabetes being the most common 
comorbidities (22,23). History of smoking and pre-operative 
spirometry results were also in line with other studies 
(22,23). We, however, reported a lower age at diagnosis 
for both UIP (65.9 years) and the whole patient cohort 
(55.6 years), which is slightly lower in comparison with a 
previous study from Iceland where it was 58 years in patients 
operated between 1986 and 2007 (24). In other similar 
studies the mean age ranges between 68 and 73 years; which 
is considerably higher than in the current study (22,23,25). 
Furthermore, our NSIP patients were on average 10 years  
younger than those with UIP. This could in part be 
explained by pulmonologists referring younger patients 
for SLBs; in order for them to receive a tailored treatment 
regimen to reduce disease progression. In our study long-
term mortality rate for UIP was four times greater when 
compared with NSIP and other diagnosis. Therefore, it 
is important that patients with suspected UIP changes 
receive a prompt diagnosis so that a targeted treatment 
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can be initiated during the early disease phase; as a delay in 
treatment has been associated with higher risk of death (6). 
Disease-modifying therapy with nintedanib and pirfenidone 
has also been shown to reduce the decline of FVC by almost 
half when compared to the placebo group (5-7). 

Radiologic findings were similar to what others have 
described (9,12). Chest radiographs were most commonly 
suggestive of diffuse ILDs and CT scans showed both 
reticular and ground glass changes, as was expected as NSIP 
and UIP were the most common diagnoses.

Intra- and postoperative severe complications were 
rare (n=2), with only one patient sustaining intraoperative 
liver laceration from a trocar, and another patient required 
a reoperation for excessive postoperative bleeding with 
subsequent mechanical ventilation and ICU stay. Other 
complications were minor, most often pulmonary infections, 
and occurred in 10.3% of cases. Similar complications rates 
have been reported in other studies, or ranging from 9.4% 
to 30% for minor complications, and 0% to 7.7% for major 
complications (25-28).

Only 2 out of 68 patients had to be converted to mini-
thoracotomy, which is as comparable rate to other studies 
as was the length of chest tube drainage (1 day median) and 
postoperative stay (2 days median) (25,26,28). In patients 
with severe hypoxemia, a mini-thoracotomy has been 
suggested over double-lumen intubation with single lung 
ventilation, as it eases the application of continuous positive 
airway pressure (CPAP), inspiratory positive airway pressure 
(IPAP) and partial lung ventilation techniques (29). Our 
results, however, show that our approach with a double-
lumen intubation and single lung ventilation is safe, and we 
find it technically easier to perform the biopsy with deflated 
lung. Another important advance is that postoperative pain 
is less following VATS compared to open thoracotomy 
(30,31). VATS offers a wide range of surgical techniques 
such as uni-, bi- and tri-portal but also awake and non-
intubated. In our center we felt most comfortable with 
tri portal VATS approach. Awake non-intubated VATS 
approach with regional anesthesia (epidural, local) has been 
described in the literature as an alternative to standard 
SLB by removing the need for neuromuscular blocking 
agents and mechanical ventilation which may predispose 
the patient to barotrauma, upper airway muscle weakness, 
airway obstruction and diaphragmatic dysfunctions (32-34).  
Postoperative complication rates were few with short 
operative time and length of stay and a diagnostic yield of 
97% (33,34). However, those surgeries were performed 
on few and highly selective patient’s groups that had been 

evaluated preoperatively to tolerate the surgical procedure 
(33,34).

In our center a single biopsy was performed in 75% of 
cases with right lung being the most commonly biopsied as 
it had two fissures, making it technically easier. Although 
it has been recommended to ideally take biopsies from 
multiple lobes to increase the likelihood that an area 
with UIP is not missed, it was our believe, although not 
scientific, that taking multiple samples from different lobes 
would both increase the rate for intra- and postoperative 
complications, most importantly air leakage (14,35). 
Therefore, instead of taking multiple biopsies we tried 
to select the most inflamed part of the lung rather than 
the most fibrotic part, which in most cases was located in 
the upper lobes. Our hospital-, 30- and 90-day mortality 
was zero. Hutchinson et al. reported 6.4% overall 30-day 
mortality in 30,000 SLB procedures where 1.7% in-hospital 
mortality rate was reported after elective surgery (36). There 
was significantly higher mortality rate of 16% for non-
elective surgery (urgent and emergency), with possible 
complications to occur in 30% of elective procedures. 
However, their patient cohort included both open- and 
VATS cases. Median length of stay was reported as 5 days, 
which is more than twice compared to two days in the 
current study. Furthermore, Hutchinson et al. did not report 
30- and 90-day mortality rate since most patients were 
discharged within 30 days (36). Park et al. reported similar 
mortality rates at 30- and 90 days when comparing VATS 
with thoracotomy. VATS being 4.0% and 8.0% compared 
to 4.0 and 10.0% respectively (37). Nguyen et al. reported 
similar findings with VATS 30-day mortality being 2.1% 
compared to 4.3% for open technique (13). 

Overall survival for all groups was 95.6% and 73.5% at 1 
and 5 years, respectively, which is in line with other studies. 
Kreider et al. reported a 95.6% survival rate at 60 days 
after SLB while Kim et al. reported a 90.6% rate at 2 years 
(38,39). Furthermore, Nagano et al reported a survival rate 
at 5 years of 50% for idiopathic pulmonary fibrosis (IPF) 
and 91% for non-IPF after SLB, respectively (25).

The main strength of the study lies in the two centralized 
databases used to identify the ILD patients and almost a 
complete follow-up regarding survival from the centralized 
Icelandic Death Registry. Furthermore, Landspitali 
University Hospital is the only tertiary care center in 
Iceland and the only center performing cardiothoracic 
surgery, including SLBs. Finally, all the imaging studies 
were reviewed by a radiologist and all histological biopsies 
obtained during surgery were reviewed by a senior 
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pathologist. Due to the small size of the center with few 
specialists that are specialized in the evaluation of ILD 
and with the few patients being operated throughout the 
study period it may be debated if it is seen as a strength 
or a limitation that images and histological biopsies were 
reviewed by a single radiologist and a senior pathologist. 

The main limitations of the study are those related to 
the retrospective nature of the study with relatively limited 
number of patients in some of the rarer histological groups. 
MDD was conducted in an informal way in the beginning 
of the study, therefore standardized MDD registration was 
limited and could not be evaluated for all patients as we 
would have liked to. This issue has been addressed in the 
recent years and MDD are now conducted in a formal way 
and registered accordingly.

Conclusions

Advances in surgical technique for SLB in Iceland; with an 
almost over-night switch from open thoracotomy towards 
a more minimal invasive VATS technique after 2005, has 
halved the length of stay and median chest tube time (24). 
Importantly, SLB with VATS-technique provided definitive 
histological and disease specific diagnosis in majority of 
cases. The procedure is safe, reflected in low complication-
rates, relatively short operation times and hospital stay, 
with good short- and long-term overall survival for most 
ILD groups. Therefore, we think that patients with 
suspected ILD should receive a prompt definitive diagnosis 
so that tailored treatment regimen can be initiated. This 
is especially important for patients with progressive 
pulmonary fibrosis; since an early irreversible destruction 
of lung parenchyma can be slowed with modern treatment, 
providing improved prognosis for the patient (6).
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Supplementary

Table S1 Imaging studies

Variables

CT thorax—date D-M-Y

CT thorax—location of changes Not known
Left—central
Left—peripheral
Left superior lobe
Left inferior lobe
Lingula
Right—central
Right—peripheral
Right superior lobe
Right middle lobe
Right Inferior lobe

CT thorax—pattern of changes Not applicable, cannot be found
Localized changes (localized changes in one lobe)
Diffused changes (at least 2 changes in 2 lobes) Interstitial changes (Changes in both lungs)

CT thorax—location of changes, text box

CT thorax Not done
Honeycombing
Ground glass
Multiple nodules
Single nodule
Peripheral consolidations
Lymph node enlargement(s)
Traction bronchiectasis
Reticular changes
Pleural effusion
Pulmonary cysts
Fibrosis
Pulmonary embolism
Emphysema
Bronchiectasis
Other

Other: text box

Diagnosis from CT: text box

X-ray lungs—date D-M-Y

X-ray lungs Not done
Normal
Interstitial changes
Patchy bilateral airspace opacities
Unilateral diffuse airspace opacities
Focal opacity
Pleural effusion
Diffused reticular changes
Diffused nodular changes
Other

Other: text box

Diagnosis from X-ray: text box

CT, computed tomography.; D-M-Y, date, month, year; X-Ray, chest radiography. 
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Table S2 Pathology

Variables

Size One lobe, size >2 cm
Two different lobes, size >2 cm

Biopsy, size <1 cm; >2 cm

Biopsy size and greatest diameter (cm): text box

Biopsy—number of lobes selected for biopsy 1 lobe
2 lobes
Greater than 2 lobes

Pathology diagnosis SNOWMED code

Pathology diagnosis SNOWMED text

Total number of biopsies: text box

Biopsy—location Not known
Left superior lobe
Left inferior lobe
Lingula
Right superior lobe
Right middle lobe
Right Inferior lobe

SNOWMED, systematized nomenclature of medicine.


