
A novel treatment for emphysema in a porcine model:
extracorporeal radiofrequency

To the Editor:

Lung volume reduction surgery remains the only intervention shown to significantly reduce both morbidity
and mortality in selected patients with severe emphysema [1, 2]. The excision of emphysematous tissue
enhances lung mechanics, subsequently improving outcomes in COPD patients. Nevertheless, the
substantial perioperative risks and costs associated with lung volume reduction surgery have limited its
clinical utilisation [1–3]. Radiofrequency (RF) treatment is a novel non-invasive treatment for emphysema
tested in pre-clinical studies. Previous studies indicate that extracorporeal application of RF selectively
heats emphysematous tissue – characterised by diminished perfusion compared to healthy tissue – thereby
initiating a localised inflammatory response and subsequent healing. We have demonstrated that RF
treatment improves lung compliance and morphologic scores for emphysema in rats and improves exercise
capacity in a murine model of emphysema [4, 5]. However, small rodents have very different lung and
chest wall morphology compared with humans. For ultimate clinical translation, the next step is to validate
these results in larger animals. To this end, we have successfully developed a unilateral emphysema model
in pigs by instilling intratracheally 725–750 U·kg−1 of porcine pancreatic elastase (PPE) [6]. Here, we
determined the effects of RF therapy in pigs with unilateral emphysema. Pulmonary artery occlusion was
used in a subset of animals to further reduce perfusion in the PPE-treated tissue to better reflect what
might be observed in human emphysema patients.

23 female Yucatan pigs, aged eight to 16 months, were selected for this study. Animals were housed at the
University of British Columbia (UBC) Centre for Comparative Medicine. All experimental protocols were
approved by the UBC Animal Care Committee (Approval No. A20-0200). The PPE instillation adhered to
the methodology outlined in a prior publication [6], with PPE instilled solely into the left lung, leaving the
untreated right lung as an internal control. Six weeks after PPE instillation, the pigs underwent approximately
30 min of RF treatment under general anaesthesia and ventilator support in a supine position. The RF
treatment was delivered via a cuff applicator at 6.78 MHz, using a mean RF duration of 28 min (24–32 min)
and a maximum RF power of 619 Watts (521–650 W) (figure 1a). Left pulmonary artery occlusion (L-PAO)
was temporarily induced during RF treatment in some of the treatment animals. A Swan–Ganz catheter was
inserted into the left pulmonary artery via the jugular vein, and balloon occlusion was confirmed using a
fluoroscopic contrast medium. Throughout the RF procedure, temperatures were closely monitored with
fibreoptic probes inserted in the airways and positioned across the body. To measure the thermal dose
administered, temperature readings were converted to the cumulative number of equivalent minutes at 43°C
(CEM43), a metric used in thermal medicine to monitor treatment effects [7]. RF application was determined
based on the relationship between complications and CEM43 from prior studies [8, 9]. To prevent burns to
the muscles and skin, we applied cooling with water-filled bags after the RF treatment until the completion
of general anaesthesia. Six weeks post-RF treatment, the pigs were euthanised, and lung tissue was collected
as previously described [6]. Histological analysis followed procedures previously outlined [6]. The severity of
emphysema was estimated by measuring the mean linear intercept length (Lm). Lm was calculated from the
length of the lines projected onto histology slides multiplied by the number of the lines divided by the sum
of all counted intercepts [10, 11]. After data normalisation, we evaluated left–right lung differences within
each animal, expressed as the Lm ratio (Lm of left lung/right lung) and compared them across groups using a
Wilcoxon signed rank test. For inter-group comparisons, a Mann–Whitney test was employed, and a
Kruskal–Wallis test was used for comparisons involving three or more groups.
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There were three arms to the study: a control group (no intervention) N=4; a PPE group (PPE instillation in
the left lung) N=6; and a PPE+RF group (RF treatment with or without L-PAO after PPE instillation)
N=11 (PPE+RF alone N=7, PPE+RF+L-PAO N=4). Weight gain was noted across the study period in the
PPE+RF group. Median weight at the time of RF treatment was 49 kg and 54 kg after 6 weeks, at sacrifice.
The median of the maximum left lung temperature during RF was 42.7°C (41.4–44.5°C) with a median
CEM43 in the left lung of 5.12 min (2.00–47.3 min). Regarding adverse effects, only mild superficial skin
burns were observed, and no other significant side effects occurred. This suggests that RF treatment can be
applied safely within the tested parameters.

Based on histology, PPE instillation significantly increased the Lm ratio by 0.51 from 1.06 in the control
group to 1.57 in the PPE group (p=0.009), representing a 48.1% (0.51/1.06×100) increase. In the PPE+RF
group, the Lm ratio was significantly reduced by 0.19 from 1.57 to 1.38 (p=0.01), representing a 37.2%
(0.19/0.51×100) reduction relative to the effect caused by PPE but without RF treatment (figure 1b and c).
There was no significant difference in the Lm ratio between the PPE+RF alone and PPE+RF+L-PAO (PPE
+RF alone 1.38 (1.17–1.58) versus PPE+RF+L-PAO 1.35 (1.23–1.42), p=1.00). However, the median
CEM43 in the left lung was 2.94 min (0.259–5.12) in the PPE+RF alone and 48.2 min (23.7–63.8) in the
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FIGURE a) Radiofrequency (RF) device used in the experiment. b) Haematoxylin and eosin staining of lung tissue. Emphysematous changes were
seen in the PPE (porcine pancreatic elastase) group. c) Mean linear intercept (Lm) comparison on histological sections normalised with left lung/
right lung. The Kruskal–Wallis test showed a significant difference (p=0.001). Significant differences were found between Control and PPE, PPE and
PPE+RF, and Control and PPE+RF. d) Lm comparison on micro-computed tomography (CT) normalised with left lung/right lung. The Kruskal–Wallis
test showed a significant difference (p=0.02). Significant differences were found between Control and PPE, and Control and PPE+RF. Data are
presented as median (line) with interquartile range (error bars) (*: p<0.05; **: p<0.01).
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PPE+RF+L-PAO (p=0.006 comparison between the groups); there was no significant correlation between
Lm and CEM43. Similarly, micro-computed tomography (CT) analysis showed that PPE increased the Lm
ratio from 1.07 to 1.32 (p=0.02), a 23.4% rise. This increase was attenuated to 1.21 in the PPE+RF group,
indicating a 44.0% relative reduction, although not statistically significant (figure 1d), which likely reflects
reduced sensitivity of micro-CT compared with standard histology in assessing Lm in these animals.

COPD patients with emphysema are more symptomatic and experience an accelerated disease progression
compared with patients who have a predominance of airway disease [12]. However, there is currently a
scarcity of disease-modifying therapy for emphysema. Human emphysema develops over many decades. In
animals, emphysema is artificially induced over several weeks. Thus, in most cases, the animals develop
only mild (patchy) emphysema. To better mimic the human condition where we observe both airway and
vascular remodelling [13, 14], we performed L-PAO using an intravascular catheter in a select number of
animals. However, we did not observe any impact on the overall emphysema burden or modifying effects
of RF treatment. In addition to CT, micro-CT, and water displacement were performed, but no significant
differences were observed [4, 5].

One limitation of the study was that the porcine model we developed demonstrates mild emphysema, and
there are inherent differences between human and porcine models as reported in previous studies [6].
Another limitation was the shape of the chest wall of pigs. Because of the thick subcutaneous layer of the
chest wall, there was a relatively low ceiling in the amount of RF energy that could be administered before
these pigs experienced significant side effects. This may have also limited the RF’s effectiveness in
treating the emphysema. While the effect of RF therapy on emphysema burden as measured by Lm was
encouraging, we could not determine the exact mechanisms by which RF ameliorated the emphysema;
there are ongoing experiments to determine potential mechanistic pathways. Due to the limited sample size
in the PPE+RF+L-PAO group (N=4), we have combined it with the PPE+RF alone group for the primary
analysis, with subgroup analyses conducted separately. However, in future studies, we will increase the
number of samples in the PPE+RF+L-PAO group to better evaluate the effects and further elucidate the
mechanisms involved. It should be noted that the measurement of Lm was not blinded and was conducted
by a single evaluator with extensive training in applied stereology of the lung. In a significant proportion
of the cases, double reading was done independently by two trained investigators, which showed good
concordance (r=0.92; p<.001). One important advantage of our model was the unilateral nature of the
emphysema, which enabled us to use the right lung as the animal’s own internal control. This reduced
biological variability and thus enhanced the signal to noise ratio.

Our study results demonstrate the potential therapeutic effect of extracorporeal RF given as one dose in a
large animal model of unilateral emphysema, which may be a novel way of non-surgically achieving “lung
volume reduction”. In sum, we have shown that external RF therapy can significantly reduce emphysema
in large animals.
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