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Lung volume reduction surgery (LVRS) has been shown to
reduce dyspnoea and provide symptomatic improvement for
a sub-set of patients with severe emphysema. The National
Emphysema Treatment Trial (NETT) demonstrated
prognostic benefit in those with heterogenous disease, upper
lobe predominance, and low baseline exercise capacity (1).
This trial also identified patients at high risk of early
mortality over the baseline risk of usual care. These patients
had a forced expiratory volume in one second (FEV)) of
<20% predicted and either homogenous disease or diffusion
capacity (DLCO) <20% predicted. The perceived high risk
of LVRS has reduced physician willingness for referral,
despite its proven benefits (2).

Low DLCO is well recognized as a risk factor for all
lung resections, irrespective of procedure. The primary
concern is that if DLCO is too low, there will be insufficient
diffusion capacity in the remaining lung parenchyma post-
resection. In the NETT, DLCO was measured but was not
an exclusion factor for the trial (1,3). LVRS aims to resect
largely non-functioning lung parenchyma and improve
respiratory mechanics and so low pre-operative DLCO may
not be a contraindication to this surgery. Peri-operative risk
may be further increased, due to the stresses of single lung
ventilation placed on the respiratory reserve. Low DLCO
and reduced respiratory reserve place this cohort of patients
at higher perioperative risk and this impacts on their access
to LVRS.

In our centre, all patients undergoing surgical intervention
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for emphysema are discussed in a specialist LVRS
multidisciplinary team meeting (MDT) (4). Patient specific
factors and disease characteristics are considered to identify
patients most appropriate for LVRS but also possible
candidates for the newer, less invasive, endobronchial
procedures of endobronchial valves (EBV) or endobronchial
coils (EBC).

Individualised patient risk is calculated for all potential
LVR candidates using the Glenfield BFG score, which allows
better decision making on whether to proceed with LVR and
which intervention may be most appropriate. This approach
has seen a reduction in our local mortality rate. This risk
prediction score was developed by analysis of various factors
independently predicting 90-day mortality. The multivariate
analysis factors associated independently with death were:
body mass index (BMI) <18.5 kg/m’ [odds ratio (OR) 2.83,
P=0.059], FEV, <0.71 L (OR 5.47, P=0.011) and TLCO
<20% (OR 5.56, P=0.031). A risk score was calculated and
a total score assigned. Area under the receiver operating
characteristic (AUROC) for the risk score was 0.80 and a
better predictor than individual components (P<0.01) (4).
Importantly the patients are offered a realistic risk benefit
discussion as an informed decision can be made based on
multiple risk factors, rather than individual components (5).

A recent paper by Caviezel et a/. [2018] demonstrated that
DLCO actually significantly improves post-LVRS in patients
with a pre-operative DLCO less than 20%, strengthening
the argument that resection of non-contributing parenchyma
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Table 1 Leicester experience of patients with low DLCO having LVRS
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Variables DLCO >20% DLCO <20%
Number of cases 251 22

Age (years), median [interquartile range] 61 [567-66] 60 [55-63]
Male (%) 64.5 36.3
FEV, % of predicted, median [interquartile range] 27 [22-34] 22.5[19-27]
RV % of predicted, median [interquartile range] 247 [217-290] 296 [242-308]
DLCO % of predicted, median [interquartile range] 39 [31-48] 17 [15-18]

% having unilateral VATS procedure

Duration of air leak in days, median [interquartile range]

30-day mortality

98% (1 case converted to open,
3 cases bilateral VATS)

95% (1 case converted to open)

10 [5-21] 13 [8-20]

5 patients (2.0%) 3 patients (13.6%)

LVRS, lung volume reduction surgery; RV, residual volume; VATS, video-assisted thoracoscopic surgery.

increases function in the remaining lung tissue. The series
reported no mortality in this “higher risk” patient group but
did show increased post-operative complications (prolonged
air leak >7 days) when compared to patients with a DLCO
>20% (48% versus 35%) (6). Caviezel et al. concluded
that LVRS should be carefully considered in patients with
reduced transfusion factor because of potentially significant
benefits and, in their experience, avoidance of the need for
lung transplantation.

In our centre we have performed 22 LVRS procedures
in patients with DLCO less than, or equal to, 20% from
September 1997 to July 2015. Baseline characteristics and
pulmonary function tests are shown in 7uble 1. All surgical
procedures were unilateral video-assisted thoracoscopic
surgery (VATS), apart from one, which was initially VATS
then converted to open. The 30-day mortality was 13.6%
(3 patients, including the patient who had a VATS
converted to open procedure). All patients who died
developed lower respiratory tract infections post-
operatively and died as a result of this; one of these patients
had actually been discharged but later developed infection
and died in their local hospital on post-operative day 21.
The median air leak duration was 13 days (interquartile
range, 8-20 days).

Unfortunately, post-operative pulmonary function
testing in the DLCO <20% patients has been limited due to
the large referral base. The median DLCO at 1 year post-
surgery was 23% (interquartile range, 16-32%), median
FEV, 24.5% predicted (interquartile range, 20.5-33.3%)
and median residual volume (RV) 223% (interquartile
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range, 201-243% predicted). Although these appear to
show improvement post-operatively, there is insufficient
data for statistical analysis. Our cohort is slightly different
from the Swiss cohort as we cater to a population covering
areas which were formerly part of the British mining industry
with possible greater compromise in their respiratory reserve.

It is our opinion LVRS in patients with low transfusion
factor may be higher risk than patients with higher
DLCO but patients should not be excluded from surgical
intervention on the basis of this alone as the surgery
remains potentially beneficial. Each patient’s case should be
assessed and discussed in a specialist MDT and the risks and
benefits of all potential options for intervention considered
and appropriately discussed with the patient. Further work
is required to establish the most appropriate intervention
for these higher risk patients.
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