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Progression of Ventilator-Induced Lung Injury
in COVID-19-Related Acute Respiratory Distress
Syndrome, and Therapeutic Strategies

Chung-Sheng Shi"?’, Shih-Hsing Yang®’, Chieh-Mo Lin"*®, Chin-Kuo Lin"*,
Tzu-Hsiung Huang"®*

Introduction: A common and obvious complication of progressive COVID-19 is acute
hypoxemic respiratory insufficiency or failure, leading to acute respiratory distress syndrome
(ARDS) and requiring oxygen therapy and mechanical ventilation. However, the pathological
changes in ARDS resulting from COVID-19 are different from those of typical ARDS, and
mechanically ventilated patients with COVID-19-related ARDS exhibit a higher mortality rate
than do typical ARDS patients.

Objective: To review published articles on this topic with the objective of determining
how to minimize the progression of patient self-inflicted lung injury or ventilator-induced lung
injury (VILI) and improving the survival rate of mechanically ventilated patients with COVID-
19-related ARDS.

Data Source: A literature search was undertaken in the PubMed database on all related
studies up to August 2020. There were no restrictions on publication date, study design or
language.

Study Selection: Included studies involved those that investigated the pathological
changes of COVID-19-related ARDS and that proposed strategies to prevent and treat VILI
in patients with COVID-19-related ARDS. Thirty-two relevant articles were selected for final
review.

Results: We summarized the current research on the pathophysiology of COVID-19-
related ARDS and the suggested therapeutic strategies to deal with the progression of patient
self-inflicted lung injury or VILI.

Conclusion: According to the pathogenesis of mechanically ventilated patients with
COVID-19-related ARDS, lung-protective ventilation strategies and early pharmacologic
intervention may be considered not only as supportive therapy but also as preventive therapy.
(Thorac Med 2021; 36: 60-70)

Key words: COVID-19; acute respiratory distress syndrome; ventilator-induced lung injury; mechanical
ventilation

'Graduate Institute of Clinical Medicine Sciences, College of Medicine, Chang Gung University, Taoyuan, Taiwan,
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*Department of Respiratory Therapy, Fu Jen Catholic University, New Taipei City, Taiwan, ‘Division of Pulmonary
Infection and Critical Care, Department of Pulmonary and Critical Care Medicine, Chang Gung Memorial Hospital,
Puzi City, Chiayi County, Taiwan, *Department of Nursing, Chang Gung University of Science and Technology,
Chiayi Campus, Puzi City, Chiayi County, Taiwan, ‘Department of Respiratory Therapy, Chang Gung Memorial
Hospital, Chiayi County, Taiwan, "Contributed equally to the study, “Correspondence to Tzu-Hsiung Huang

Thorac Med 2021. Vol. 36 No. 2



Reducing VILI in COVID-19-Related ARDS 61

Introduction

An unexplainable increase in the incidence
of pneumonia was observed in Wuhan, Hubei
Province, China in December 2019. These
cases of pneumonia were found to be caused
by a new beta-coronavirus called severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2). SARS-CoV-2 causes an infectious dis-
ease given the name “coronavirus disease 2019
(COVID-19)” by the World Health Organiza-
tion (WHO). COVID-19 rapidly leads to cluster
spreading and affects the respiratory system,
resulting in pneumonia, respiratory failure, and
ultimately multiple organ failure [1]. According
to a WHO dashboard presented on 8 November
2020, the pandemic has 49,578,590 confirmed
cases and has caused 1,245,717 deaths world-
wide. The mortality rate of COVID-19 patients
requiring mechanical ventilation, including
subjects with COVID-19 infection and with all
underlying illnesses (mixed group), is high [2].

In some patients diagnosed with CO-
VID-19, the respiratory system is affected,
which quickly leads to respiratory distress and
hypoxemia, thus meeting the Berlin criteria for
acute respiratory distress syndrome (ARDS)
[3]. In addition to the virus-host interaction and
the comorbidities of patients with COVID-19
respiratory distress, we speculate that mechani-
cal ventilation also worsens the severity of the
existing disease. While mechanical ventilation
is required for patients suffering from ARDS,
it could potentially impair the condition by
overly distending regional pulmonary alveoli,
especially with large tidal volumes, and trigger
ventilator-induced lung injury (VILI).

However, the pathological changes of CO-
VID-19-related ARDS are different from those
of typical ARDS, and some studies consider
that COVID-19-related ARDS is not typical
ARDS [4]. In this review, we analyzed the dif-
ferences in the pathological characteristics of
typical ARDS and those of COVID-19-related
ARDS, and the proposed strategies to prevent
and treat VILI in patients with COVID-19-re-
lated ARDS.

Methods

Data sources and search strategy

We performed a comprehensive search via
the PubMed database for relevant articles up to
August 2020. Studies were not limited to hu-
man or other animal species. There were no re-
strictions on publication date, language or study
type; and non-original studies, such as editori-
als and letters, were also included. We used the
following search terms: COVID-19, acute re-
spiratory distress syndrome, ventilator-induced
lung injury, angiotensin-converting enzyme
2, coagulation abnormalities, cytokine storm,
lung-protective ventilation, prone positioning,
corticosteroids, inflammatory monocyte, and
precision medicine.

Study selection

We selected articles for our literature re-
view based on our research question and search
keywords (Figure 1). Three reviewers (CSS,
SHY, and THH) independently conducted the
primary search and screened the titles and ab-
stracts of the articles. They retrieved the full
text of potentially relevant studies and inde-

Address reprint requests to: Dr. Tzu-Hsiung Huang, Department of Respiratory Therapy, Chang Gung Memorial
Hospital, No. 6, Sec. West, Jiapu Rd., Puzi City, Chiayi County, 61363, Taiwan
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pendently assessed them. Minor disagreements
were resolved by discussion between review
authors without the requirement for a mediator.

Results

Literature review

A summary of the results of this literature
review were recorded in the flow chart (Figure
1). In searching the PubMed database, 6438
potential articles or abstracts were identified.
After removal of duplicates, 5863 articles were
screened for relevance and 575 were found to
require further review. In the end, 32 relevant

The research question:
What are the pathophysiology of ARDS caused by COVID-19?
How to prevent or treat VILI in the patients with COVID-19 resulting ARDS?

6,438 articles identified through database searching
The searched keywords:
(((((((((angiotensin-converting enzyme 2) OR (coagulation abnormalities))
OR (cytokine storm)) OR (lung-protective ventilation)) OR (prone
positioning)) OR (corticosteroids)) OR (inflammatory monocyte)) OR
(precision medicine))) AND ((((COVID-19) OR (acute respiratory distress
syndrome)) OR (ventilator-induced lung injury)))

N\

| Removed 5863 duplicate articles |

v

| Title or abstract assessed (n=575) |

y

Removed 428 articles (n=428)
because: no related topics

Full-text articles assessed for
eligibility (n=147)

117 articles excluded because:

* No mechanical ventilator use
* No relevant outcomes

e Age<l9 years

studies included (n=32)

Fig. 1. Process for study inclusion in this literature review.

Thorac Med 2021. Vol. 36 No. 2
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articles were selected for final review.

Clinical features of COVID-19-related ARDS

Although there are many causes of ARDS,
most patients have similar clinical character-
istics [5]. However, recent studies have found
that the clinical characteristics of patients with
COVID-19-related ARDS are different from
those of patients with typical ARDS [4]. Clini-
cians and respiratory therapists must understand
the differences in physiological and patho-
logical conditions for distinguishing COVID-
19-related ARDS from typical ARDS. This is
critically important to providing appropriate
mechanical ventilation to patients in critical/
intensive care. The common clinical features of
COVID-19-related ARDS are described in the
subsequent sections.

Lung mechanics in COVID-19-related ARDS
ARDS is characterized generally as low re-
spiratory system compliance in association with
noncardiogenic pulmonary edema, shunt-relat-
ed hypoxemia, and baby lung with a decreasing
aerated lung volume [5]. The ventilator settings
for patients at this stage should minimize high
transpulmonary pressure-induced overstretched
alveoli by using a low tidal volume and allow-
ing permissive hypercapnia [6]. Furthermore,
in order to improve oxygenation, the applica-
tion of higher positive end-expiratory pressure
(PEEP) is considered useful [6]. In the early
stages of COVID-19-related ARDS, most pa-
tients do not develop obvious dyspnea and
decreased lung compliance, but show the early
features of deterioration in oxygenation [7]. At
this stage, computed tomography (CT) reveals
bilateral ground-glass opacities, and the lung
infiltration is located mainly in the interstitium,
rather than the alveoli of the lung [7]. These

COVID-19-related ARDS patients are referred
to as having the "L-type" phenotype, character-
ized by low lung elastance (high compliance),
low lung weight as estimated by CT scan, and
low response to PEEP [4, 7]. For many patients,
the disease may stabilize at this stage without
further deterioration. However, with the devel-
opment of serious disease, some patients will
progress to clinical manifestations with more
typical ARDS characteristics, including CT
showing extensive lung consolidation, high
elastance (low compliance), high lung weight
and good response to PEEP [7]. This is referred
to as the "H-type" phenotype The clinical man-
agement of the 2 types of patients is different,
because H-type patients preferentially develop
pneumonia-like thickening that demands venti-
lator support, but L-type patients display clearer
lungs that can be damaged by the use of venti-
lation. Although the 2 types are 2 extremes, the
timing of their occurrence often overlaps with
each other [7], demonstrating the complexity
of clinical management of COVID-19-related
ARDS. It is crucial that H- and L-type patients
are correctly categorized, because the treatment
protocols are very different for these 2 types.

Systemic coagulation abnormalities

Another frequently reported feature is
a highly activated coagulation cascade with
widespread micro- and macro-thromboses in
the lung and in other organs [7, 8]. Extremely
elevated levels of serum fibrin degradation
product, D-dimer, are a consistent finding as-
sociated with adverse outcomes [7, 8]. A highly
activated coagulation pathway with pulmonary
disseminating thrombosis is a constant feature
in most severe COVID-19 patients, and results
in systemic coagulation abnormalities [7, 8].
Furthermore, autopsies of COVID-19 patients

Thorac Med 2021. Vol. 36 No. 2
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reveal blood clots not only in the lungs, but also
in the liver and kidneys. A study also showed
that an elevated serum concentration of D-
dimer is significantly related to mortality in
hospitals [9]. Moreover, SARS-CoV-2 can bind
to the angiotensin-converting enzyme 2 (ACE2)
receptor on vascular endothelial cells, causing
coagulation problems [10]. This may damage
the pulmonary vascular endothelium, leading to
destruction of pulmonary vascular regulation,
ventilation-perfusion disorders, and hypoxemia.

Cytokine storm syndrome in patients with CO-
VID-19-related ARDS

The pathophysiology of severe COVID-19
is similar to that of severe community-acquired
pneumonia caused by various viruses or bacte-
ria [11]. SARS-CoV-2 infection can overstimu-
late the immune system, triggering an out-of-
control immune response and the development
of macrophage activation syndrome or sec-
ondary hemophagocytic lymphohistiocytosis,
which leads to a cytokine storm and further
multiple organ failure in patients [11]. During a
SARS-CoV-2 attack, a patient’s immune system
exhibits systemic hyper-inflammation, T lym-
phocyte activation, an increase in hemophago-
cytic macrophages, profound hyperferritinemia,
and the release of a variety of proinflammatory
cytokines, including monocyte chemoattractant
protein 1, macrophage inflammatory protein
1-a, interleukin (IL)-1B, IL-6, and tumor necro-
sis factor-o (TNF-a) [11]. IL-6 and IL-1 are
related to the poor prognosis/mortality of ARDS
patients. Overproduction of acute response
proinflammatory cytokines (TNF-a, IL-6, and
IL-1B) results in an increased risk of vascular
hyperpermeability, multiple organ failure, and
eventual death in patients with COVID-19 [11].

Thorac Med 2021. Vol. 36 No. 2

Increased risk of mortality/complications in
ventilated COVID-19 patients

While mechanical ventilation is required
for ARDS patients, large tidal volumes of ven-
tilation could potentially aggravate pulmonary
function by overly distending regional pulmo-
nary alveoli, and lead to VILI [6]. VILI may
occur not only in healthy lungs but also in cases
of deteriorating pre-existing pulmonary disease,
such as ARDS [6]. It is characterized by upreg-
ulating the recruitment of numerous subsets of
leukocytes that overproduce the inflammatory
mediators that increase pulmonary vasculature
permeability, triggering protein-rich pulmonary
edema and eventually a deteriorating gaseous
exchange. Clinical studies have shown that us-
ing a lower tidal volume during mechanical
ventilation can mitigate lung injury, decrease
mortality, and reduce VILI [12]. However, the
incidence of VILI and VILI-associated mortal-
ity remains high in patients. Pre-existing lung
infections also increase patient susceptibility to
VILI, even with the application of more pro-
tective ventilation strategies using lower tidal
volume settings. We suggest that mechanical
ventilation may amplify the cytokine storm
syndrome leading to increased mortality of CO-
VID-19 patients.

How can we prevent or treat VILI in patients
with COVID-19-related ARDS?

Since there is no specific antiviral treatment
for COVID-19 at present, the current manage-
ment of COVID-19 is supportive, including
supplemental oxygen and mechanical ventila-
tion. However, the strategies for providing lung
protective mechanical ventilation to COVID-19
patients without worsening the severity of re-
spiratory failure is clinically problematic and
controversial. The critical issues of using venti-



Reducing VILI in COVID-19-Related ARDS 65

lators in COVID-19 patients are discussed sub-
sequently.

Lung-protective ventilation strategies

COVID-19-related ARDS is similar to the
early stage of typical ARDS. A previous study
has defined this group as "L-type" [7]. Hypoxic
or perfusion-related problems in patients lead
to the high transpulmonary pressures associated
with spontaneous vigorous inspiratory effort.
This may contribute to lung damage (the so-
called “patient self-induced lung injury” [P-
SILI]) [6, 7]. During mechanical ventilation,
the progressive deterioration of lung function
indicates the possibility of a VILI vortex. At
this stage, effective sedation and/or paralysis
may reduce the risk of patient-induced high
transpulmonary pressure. A previous study sug-
gested that, in this situation, it is appropriate to
target a lower PEEP (8-10 cmH,0), proper tidal
volume (7-9 ml/kg), and driving pressure below
13—15 cmH20 [7].

COVID-19 "L-type" with disease progres-
sion and/or P-SILI leads to increased pulmo-
nary edema and a reduced number of aerated
alveoli (so-called "baby lung"). "L-type" will
gradually develop into typical ARDS of an "H-
type" phenotype [7]. In the H-type phase, the
development of collapsed or consolidated al-
veoli will reduce the number of acrated alveoli,
leading to hypercapnia and hypoxemia. Lung-
protective ventilation strategies, including
permissive hypercapnia, higher PEEP (<15 cm
H,0), and lower tidal volume (6 ml/kg), and
targeting driving pressure below 13—15 cmH,O0,
are recommended during this period. Despite
the use of a lung-protective ventilation strategy,
it may be very difficult to accurately measure
and control respiratory parameters in ventilated
patients, and some ventilated patients with

COVID-19 may still develop VILI. Therefore,
besides applying personalized clinical strategies
to prevent VILI, exploration of other potential
pathological mechanisms or related pharmaceu-
tical interventions to prevent or treat VILI may
be required.

Prone positioning

Prone ventilation can be used to treat typi-
cal ARDS, mainly as a strategy to improve
gaseous exchange, thereby increasing the sur-
vival rate of patients using traditional mechani-
cal ventilation [13]. Numerous physiological
studies have shown that placing a person in a
prone position can diminish pleural pressure
gradients, reestablish aeration to dorsal lung
segments, and support more homogeneous aera-
tion of the lung in ARDS [13]. Multiple studies
suggest that the prone position can facilitate the
redistribution of pulmonary blood flow and the
maintenance of matching between ventilation
and perfusion in COVID-19-related ARDS [13].
A meta-analysis found that use of the prone po-
sition can decrease mortality in ARDS patients
when implemented in the initial hours of dis-
ease manifestation in patients with prolonged
severely impaired oxygenation [14]. And, the
minimum duration of prone positioning was
suggested to be 12 hours a day for COVID-
19-related ARDS patients [15]. These studies
indicate that early initiation and prolonged use
of the prone position can be considered a lung-
protective ventilation strategy in COVID-19
patients requiring ventilation [14-15].

Corticosteroids

Corticosteroids have been considered a
potential treatment for ARDS due to their role
in reducing inflammation; however, their ben-
efit is controversial [16]. Some studies have

Thorac Med 2021. Vol. 36 No. 2
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found that corticosteroids can reduce morbid-
ity and mortality in ARDS patients [16], but
other studies have shown that corticosteroids
can significantly increase the risk of influenza A
virus HIN1-related ARDS death [17], and may
affect the rate of virus clearance in COVID-19
patients. The Randomized Evaluation of CO-
VID-19 Therapy (RECOVERY) trial involving
severe COVID-19 patients requiring mechani-
cal ventilation reported that dexamethasone
reduced mortality compared with usual care or
a placebo [18]. A new meta-analysis review of
data also showed that for patients with severe
COVID-19, administration of systemic cortico-
steroids, compared with usual care or a placebo,
was associated with lower 28-day all-cause
mortality [19]. On September 4, 2020, and
based on new evidence, the WHO published
guidance for clinicians and health care decision-
makers on the use of corticosteroids in patients
with COVID-19. The WHO recommended
the use of corticosteroids to treat patients with
severe and critical COVID-19, but did not rec-
ommend corticosteroids for patients with non-
severe COVID-19 because the treatment would
not be beneficial and might even prove to be
harmful.

Pharmacologic intervention using a cytokine
inhibitor

At present, no antiviral drugs or vaccines
have been proven to treat COVID-19. Scientists
around the world are testing whether previously
developed drugs used to treat other viral infec-
tions can also effectively fight COVID-19. The
pathophysiology of severe COVID-19 is similar
to that of severe community-acquired pneumo-
nia caused by infections of viruses or bacteria.
The cytokine storm, an overproduction of early-
phase proinflammatory cytokines, amplified by

Thorac Med 2021. Vol. 36 No. 2

mechanical ventilation, leads to increased vas-
cular hyperpermeability, multiple organ failure,
and eventually death. Therefore, therapeutic
measures that suppress the over-activation of
cytokines may function as protective strategies
to improve the survival rate of COVID-19 pa-
tients using ventilation. Elevated interleukin-6
(IL-6) is involved in COVID-19 and induces
pneumonia and macrophage activation syn-
drome-like disease [20]. Tocilizumab, a mono-
clonal antibody against IL-6, recently showed a
potential for treating COVID-19 patients with
a risk of cytokine storm [21]. A multicenter,
randomized and controlled trial of tocilizumab
for treatment of patients with COVID-19 pneu-
monia and elevated IL-6 has been approved in
China (ChiCTR2000029765). Moreover, clini-
cal data have suggested that IL-6 plays a critical
role in the pathogenesis of VILI [12, 22]. Based
on the above studies, we can speculate that in-
hibitors and/or signal inhibitions of cytokines
may have therapeutic value in preventing or
treating VILI in COVID-19 respiratory failure.
At present, a period of testing is still needed to
know whether blockage of specific cytokines
has therapeutic value in treating COVID-19-re-
lated ARDS.

Pharmacologic intervention using ACE2 in-
hibitors

The renin-angiotensin-aldosterone system
(RAAS) is an important class of vasoactive pep-
tides that can coordinate multiple physiological
functions in the body. Angiotensin-converting
enzyme (ACE), one of the RAAS members, is
responsible for converting angiotensin I into
angiotensin II for regulating blood pressure and
fluid balance. ACE2 is a highly homologous
metalloproteases of ACE that disables angioten-
sin II and is a RAAS negative regulator. A pre-
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vious paper reported that ACE2 and angiotensin
II type 2 receptor protected mice from acid
aspiration or sepsis-induced severe acute lung
injury [23]. Furthermore, ACE2 is a necessary
receptor for cell fusion and infection of severe
acute respiratory syndrome (SARS) coronavi-
rus, the cause of SARS [24]. Moreover, ACE2
is also a co-receptor of SARS-CoV-2 infection
for cell entry in the COVID-19 pathogenesis
[25]. ACE inhibitors (ACE-1 inhibitors, such as
enalapril and ramipril) and angiotensin recep-
tor antagonists (angiotensin receptor blockers
[ARBs], such as candesartan and valsartan)
may be of value in preventing and treating
COVID-19. On the other hand, previous stud-
ies have found that RAAS is also involved in
the pathogenesis of VILI, and ACE inhibitors
or angiotensin receptor antagonists can attenu-
ate VILI in animal models [26]. Therefore, we
conjecture that ACE inhibitors or angiotensin
receptor antagonists may have therapeutic value
in preventing and treating VILI in ARDS result-
ing from COVID-19. However, ACE inhibitors
and ARBs have different effects on angiotensin
II, and the overall results of using them may be
difficult to predict in COVID-19 patients with
ARDS.

Regulation of monocyte-macrophage respons-
es

Due to the importance of monocytic lineage
cells in inflammation, regulation of the function
of macrophages and monocytes is a promising
therapeutic strategy against ARDS. Future stud-
ies need to explore whether monocytic cells are
involved in the pathogenesis of VILI in severe
COVID-19, and if targeting specific monocytic
subsets can lead to basic research into a viable
clinical treatment for severe COVID-19. The
subsets of monocytes are heterogeneous and

pluripotent cells, which phenotypically consist
of at least 2 distinct subcategories that can be
distinguished by the expression level of Ly6C,
a specific marker of monocytic lineage in mice.
Monocytes expressing high levels of Ly6C (Ly-
6C"") and C-C chemokine receptor 2 (CCR2"¢")
and low levels of CX3C chemokine receptor
1 (CX3CR1"Y) are designated as the Ly6C"*"
CCR2"" CX3CR1"™ monocytes, which are the
inflammatory subset of monocytes. Ly6C"®"
CCR2"#" CX3CR1low monocytes are derived
from bone marrow macrophage-dendritic pre-
cursor cells and can be recruited to sites of
inflammation and injury. However, the Ly6C'™""
CCR2°CX3CRI1"®" monocyte is the tissue
resident subset, which enters tissues with or
without inflammation.

Our recent study found that Ly6C
cytes can enlarge the pulmonary vascular per-

"eh mono-

meability of the resulting VILI by enriching
vascular endothelial growth factor (VEGF)
expression [27], indicating the critical Ly6C™*"
monocytes-VEGF axis during VILI. A previ-
ous study showed that mechanical ventilation
with a high tidal volume, rather than a low tidal
volume, notably prompts the expression and
activity of cyclooxygenase-2 (COX-2) in both
the lungs and the systemic circulation of mice
[28]. The study further revealed the expression
of COX-2 in monocytes and macrophages of
the alveoli of lung sections [28]. The pharma-
cologic suppression of COX-2 with CAY 10404
significantly reduced IL-6 production in bron-
choalveolar lavage fluid and attenuated VILI
in mice [28]. Furthermore, the contribution
of COX-2-dependent recruitment of VEGF-

high

secreting Ly6C™" monocytes is critical in the
increment of total protein in bronchoalveolar
lavage fluid during VILI development [29].

Therefore, we speculate that inhibiting COX-2

Thorac Med 2021. Vol. 36 No. 2
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activity to regulate the mobilization of inflam-
matory monocytes may have therapeutic value
in preventing or treating VILI in patients with
COVID-19.

Precision medicine to prevent or treat VILI

The differences in people's genes and tar-
get genes of illness that are taken into account
to implement prevention or treatment strate-
gies are also used to define precision medicine.
Since the heterogeneity of ARDS is a key factor
leading to the failure of many clinical trials [30]
and most ARDS patients require mechanical
ventilation, understanding the changes in can-
didate genes affecting VILI may reduce lung
damage caused by the ventilator and lower the
mortality rate of patients with different types of
ARDS. COVID-19 patients also have other co-
morbidities that may limit the development of
precision medicine, and therefore, the detection
of target genes of VILI can potentially address
the individual data of ventilated patients for the
implementation of personalized treatment and
improvement of outcomes. However, human
experimental models could not be used to verify
VILI in this study, and most lung gene expres-
sion data come from cell models (for example,
human epithelial and endothelial cells under
mechanical stress) [31] or animal models (for
example, the lungs of VILI mice) [32]. Hence,
the genomic information collected from these
models (especially gene expression) needs to be
confirmed by extensive research in the human
disease platform.

Conclusion
In this review, we summarized the current

research on clinical features, cytokine storm
syndrome, and the risks of mechanical ventila-

Thorac Med 2021. Vol. 36 No. 2

tion use in patients with COVID-19-related
ARDS. Based on the pathophysiology of COV-
ID-19-related ARDS, we suggest that lung-pro-
tective ventilation strategies for L- or H-type,
and early pharmacological interventions can be
appropriately applied (Figure 2). This would be
expected to minimize patient self-inflicted lung
injury or VILI, and improve the survival rate of
mechanically ventilated patients with COVID-
19-related ARDS.

COVID-19 infection |— Vaccine ?

l Coagulation abnormalities

‘ Ventilation and perfusion disorder |

l Lung-protective ventilation

| Refractory hypozxemia | / Pharmacologic intervention

Mechanical

ventilation Cytokine storm

P-SILI

Characteristic of lung mechanics : Type L
low lung elastance

low lung weight

Lung-protective ventilation
low response to PEEP Mg wve ventat

Pharmacologic intervention

Infiltration in the interstitial lung

4

Cytokine storm

Mechanical
ventilation

Regional overdistension
Cyclic alveolar collapase

Characteristic of lung mechanics: Type H
high lung elastance

high lung weight

high response to PEEP

Collapsed or consolidated alveoli

| Impaired gas exchange |

!

‘ Multiple organ failure |

Fig. 2. Illustration of ventilator-induced lung injury present in
COVID-19-related ARDS patients.
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Feasibility of Re-biopsy by Endobronchial Ultrasound-
guided Transbronchial Needle Aspiration (EBUS-TBNA)
in Patients with Previously Treated Lung Cancer

Kai-Lun Yu"?, Han-Ching, Yang', Jen-Chung Ko', Chao-Chi Ho®,
Jin-Yuan Shih®

Background: Re-biopsy is paramount for further treatment of lung cancer patients with
recurrent or progressive disease. Endobronchial ultrasound-guided transbronchial needle
aspiration (EBUS-TBNA) is an important method for tissue sampling of mediastinal lesions.
However, the role of EBUS-TBNA in re-biopsy of lung cancer is not clear. In this study, we
investigated the feasibility of re-biopsy by EBUS-TBNA of pretreated lung cancer patients.

Methods: Consecutive patients with pretreated lung cancer with suspected progression
or recurrence that underwent EBUS-TBNA between October 2015 and December 2019 were
enrolled. The diagnostic yield, specimen adequacy, and complications were assessed.

Results: A total of 72 lesions from 45 patients with suspected lung cancer recurrence
(n=11) or progression (n=34) were sampled by EBUS-TBNA. The diagnostic yield and
specimen adequacy rate was 73.3% (33/45) and 95.6% (43/45), respectively. There was no
major complication, but 7 (15.6%) minor complications were noted in these patients. Twenty-
one patients had EGFR testing results from both the initial diagnosis and from re-biopsy
specimens. The acquired T790M mutation was identified in 5 (38.5%) of 13 patients with
EGFR-mutant lung adenocarcinoma.

Conclusion: EBUS-TBNA is a feasible and safe method of re-biopsy for pretreated lung
cancer patients. (Thorac Med 2021; 36: 71-80)

Key words: endobronchial ultrasound-guided transbronchial biopsy, re-biopsy, lung cancer
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Introduction

Lung cancer is the leading cause of cancer-
related mortality worldwide [1]. Treatment for
lung cancer has seen great advances in the most
recent 15 years, largely due to a greater under-

standing of the underlying genomic alterations
and tumor growth, and factors such as epider-
mal growth factor receptor (EGFR) [2-3]. The
use of EGFR-tyrosine kinase inhibitors (EGFR-
TKIs) has seen a good response rate and good
progression-free survival for patients with
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sensitizing EGFR mutations [3]. However, drug
resistance often developed after 10-12 months
of treatment [3]. This resistance may come
from acquired point mutations, small cell trans-
formation, or other factors [4]. When discase
progression or recurrence is observed clinically,
re-biopsy is often required to confirm current
disease status and molecular alternations to op-
timize subsequent treatment [4-5].

Endobronchial ultrasound-guided trans-
bronchial needle aspiration (EBUS-TBNA)
is a bronchoscopic method that provides real-
time images of mediastinal lesions, leading to
accurate tissue sampling of the mediastinum.
EBUS-TBNA has been reported to have good
diagnostic efficacy, and has been an important
technique for pathological diagnosis, nodal
staging, and tissue acquisition for molecular
and immune condition analysis of lung cancer
[6]. EBUS-TBNA is also a safe technique with
a low complication rate, and has a diagnostic
yield ranging between 61% and 91% [6-8].
However, most studies investigating the ef-
ficacy and clinical usefulness of EBUS-TBNA
were focused on newly diagnosed lung cancer
patients. Reports on the clinical role of EBUS-
TBNA in re-biopsy of previously treated lung
cancers are relatively rare [9]. To our knowl-
edge, there is no local data on EBUS-TBNA for
re-biopsy in Taiwan.

In this retrospective study, we aimed to
evaluate the clinical role and safety of EBUS-
TBNA for re-biopsy of patients with suspected
recurrent or progressive lung cancer after treat-
ment.

Methods

Study design and subjects
This retrospective study was conducted at

Thorac Med 2021. Vol. 36 No. 2

National Taiwan University Hospital, Hsin-Chu
Branch, between October 2015 and December
2019. Consecutive patients with progressive
or recurrent lung cancer after treatment who
underwent re-biopsy using EBUS-TBNA were
enrolled. Disease progression was determined
by the physician’s clinical evaluation, using
RECIST verl.1 [10]. Written informed consent
was obtained before the procedures. The study
was approved by the Institutional Review Board
of National Taiwan University Hospital Hsin-
Chu Branch.

EBUS-TBNA procedure

All procedures were performed in the bron-
choscopy room by an experienced pulmonolo-
gist. Patients received local anesthesia with
lidocaine and mild-to-moderate sedation with
intravenous fentanyl and midazolam in the
supine position. The bronchoscopy, equipped
with a convex probe EBUS (BF-UC260-OLS;
Olympus, Tokyo, Japan), was inserted orally.
The bronchoscopy and ultrasound images
(ultrasound processor, EU-ME2; Olympus)
were shown on the integrated monitor. After
examination by convex EBUS and the target
aspirate lesion was selected, EBUS-TBNA
was performed using a 22-gauge needle (NA-
201SX-4022; Olympus). Under real-time EBUS
imaging, the needle was inserted via the work-
ing channel of the bronchoscopy, and then pen-
etrated the tracheobronchial wall to the target
lesion. The TBNA needle was moved back and
forth around 20 times with negative pressure.
After closing the negative pressure, the needle
was removed from the bronchoscopy for further
specimen preparation.

First, the stylet was inserted into the aspira-
tion needle and the aspiration tissue was pushed
out. Histological examination of the specimen
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was performed when a solid tissue core was
obtained. Then, the fluid specimen was spread
onto the slides for further preparation of air-
dried and alcohol-fixed slides for cytological
examination. Rapid on-site evaluation (ROSE)
was not routinely performed in our institution.
Procedure-related complications were recorded.
Respiratory failure, severe bleeding, hypoten-
sion, arrhythmia, consciousness disturbance
after recovery from sedation, or any condition
requiring intensive care unit admission were
considered major complications.

Pathological and cytological results and mo-
lecular diagnosis

The histology and cytology specimens were
evaluated by a qualified pathologist. The over-
all diagnostic yield rate was the combination of
positive diagnoses of pathological or cytologi-
cal specimens. The specimens were regarded
as diagnostic when a specific diagnosis, such
as malignancy or granulomatous inflammation,
was established. Pathological specimens that
led to a definite diagnosis or to the obtaining
of a sufficient number of lymphocytes were
considered adequate. The specimens were con-
sidered inadequate if they showed only blood,
epithelial cells, cartilage cells, or no materials
(dry tapping). False negative was established
when re-biopsy specimens were negative for
malignancy, but malignancy was proved by
other sampling methods or by clinical follow-
up, at least 6 months after EBUS-TBNA. If the
clinical physician requested further molecular
testing (EGFR) or special staining (anaplastic
lymphoma kinase, ALK), these results were re-
corded.

Statistical analysis
Descriptive data were assessed as the mean

(standard deviation) or count (percentage), as
appropriate. The chi-squared test or Fisher’s ex-
act test for categorical variables, and Student’s
t-test or Mann-Whitney U test for continuous
variables were used as appropriate to assess dif-
ferences between 2 groups. A 2-tailed P-value
<0.05 was considered statistically significant.
All analyses were performed using SPSS, ver-
sion 18.0 (SPSS Inc., Chicago, IL, US).

Results

From October 2015 to December 2019, 45
previously-treated lung cancer patients with
suspected progressive disease (n=34) or recur-
rence (n=11) underwent re-biopsy using EBUS-
TBNA. Thirty-seven patients (82.2%) had lung
adenocarcinoma and 19 (42.2%) had received
targeted therapy. A total of 34 patients were fi-
nally diagnosed as having lung cancer progres-
sion, 5 had lung cancer recurrence, and 6 had no
lung cancer recurrence. The overall diagnostic
yield of re-biopsy by EBUS-TBNA was 73.3%
(33/45), and the specimen adequacy rate was
95.6% (43/45). Sensitivity and specificity were
82.1% and 100%, respectively (Table 1). The
detailed pathological results of initial diagnosis
and re-biopsy by EBUS-TBNA are summarized
in Table 2.

A total of 72 lesion punctures were per-
formed for these 45 patients. The mean lesion
size was 1.5 cm. The mean procedure time
was 29.0 minutes. The mean puncture site per
patient and puncture times per lesion were 1.6
and 3.3, respectively. No patients had major
complications, and 7 (15.6%) had minor com-
plications due to the procedures. Four patients
(8.9%) had fever after the procedure and were
given antibiotics; their fever subsided 1 day
later. Bleeding was noted in 1 patent during the
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Table 1. Characteristics of the Patients

Variable Number (%)
Total 45 (100)
Age, years

Mean 61.7

Range 36-83
Sex

Male 28 (62.2)

Female 17 (37.8)
Smoking history

Never 25 (55.6)

Former/current 20 (44.4)
Initial cancer type

Adenocarcinoma 37 (82.2)
Squamous cell carcinoma 5 (11.1)
NSCLC, NOS 1 (2.2)
Small cell lung cancer 1 2.2)
Others 1 (2.2)
ECOG PS

0-1 41 (91.1)

>=) 4 (8.9)
Stage

I 5 (11.1)

I 4 (8.9)

11 17 (37.8)

v 19 (42.2)
Previous treatment
TKIs 19 (42.2)
Chemotherapy 30 (66.7)
Radiotherapy 18 (40.0)
Surgery 14 (BL.1)
Indication of EBUS-TBNA

Progression 34 (75.6)

Recurrence 11 (24.4)
PET-CT before EBUS-TBNA

Yes 5 (11.1)

No 40 (88.9)

Acronyms: NSCLC, NOS, non-small cell lung cancer, not otherwise specified; ECOG PS,
Eastern Cooperative Oncology Group performance status; TKIs, tyrosine kinase inhibitors;
EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration; PET-CT,
positron emission tomography-computed tomography.

procedure. Endotracheal epinephrine was given, cedure and oxygenation improved soon thereaf-
and the bleeding then ceased. One patient had ter. Another patient had moderate hemosputum.
desaturation during the procedure (SpO, < 80% Intravenous transamine was administered, and
for around 10 seconds). We terminated the pro- the hemosputum resolved in 1 day (Table 3).

Thorac Med 2021. Vol. 36 No. 2
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Table 2. Pathology results of patients with progressive disease

Cell types at initial diagnosis N Cell types of EBUS-TBNA re-biopsy specimens N
Adenocarcinoma 27  Adenocarcinoma 17
NSCLC 1
Carcinoma 2
Atypical cells 2
Negative for malignancy 5
Squamous cell carcinoma 4 Squamous cell carcinoma 2
Poorly differentiated carcinoma 1
Necrosis 1
NSCLC 1 Squamous cell carcinoma 1
Lymphoepithelioma-like carcinoma 1 Lymphoepithelioma-like carcinoma 1
Small cell lung cancer 1 Small cell lung cancer 1

Acronyms: NSCLC, non-small cell lung cancer; EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration.

Table 3. Characteristics of Target Lesions and Procedures, and Diagnostic Yields of the Locations

Lesion and procedure characteristics Values Diagnostic yield

Total lesion number, n (%) 72 (100)

Lesion size, cm, mean = SD 1.5+0.8

Puncture times per lesion, mean + SD 33+1.3

Puncture site per patient, mean + SD 1.6+ 0.8

Puncture times per patient, mean + SD

Lesion Location, n (%)
2R 1(1.4) 1 (100)
2L 1(1.4) 1(100)
4R 20 (27.8) 14 70.0)
4L 13 (18.1) 11(84.6)
3P 1(1.4) 1 (100)
7 18 (25) 10 (55.6)
10R 1(1.4) 1 (100.0)
11Rs 10 (13.4) 3 (30.0)
11Ri 2(2.8) 1 (50.0)
11L 3(4.2) 0(0.0)
Right upper lung lesion 1(1.4) 1 (100)
Right lower lung lesion 1(1.4) 1 (100)

Procedure time, minutes, mean = SD 29.0+10.9

Fentanyl, mcg, mean + SD 68.9 £23.9

Midazolam, mg, mean £+ SD 8.6+5.2

Complications, n (%) 7 (15.6)
Fever 4(8.9)
Bleeding 1(2.2)
Hemosputum and IV transamine use 1(2.2)
Desaturation and termination of the procedure 1(2.2)

Acronym: SD, standard deviation.

Thorac Med 2021. Vol. 36 No. 2
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We investigated possible factors affecting

the diagnostic yield of re-biopsy. After assess-
ing age, sex, smoking, ECOG PS, lymph node
size, stage of lung cancer, total puncture times

Kai-Lun Yu, Han-Ching, Yang, et al.

per person, previous cancer treatment modali-

ties, and cancer types, we found there were no
identifiable factors that significantly affected

the diagnostic yield (Table 4).

Table 4. Factors Affecting the Diagnostic Yield of re-biopsy by EBUS-TBNA

Factors Success(n=33) Failure(n=12) P-value

Mean age 0.205
>65 14 6
<65 19 6

Sex 0.096*
Male 18 10
Female 15 2

Smoking 0.258
Current 13 7
Never or former 20 5

ECOG PS 0.561
0-1 29 12
>2 4 0

Lymph node size# 0.466*
<20 mm 23 10
>20 mm 10 2

Stage of lung cancer
I~1ITA 10 5 0.252
B~V 23 5

Total puncture times per patient
<5 13 5 0.890
>5 20 7

Previous treatment history

TKIs use 0.158
Yes 17 9
No 16 3

Chemotherapy use 0.722%*
Yes 21 9
No 12 3

Radiotherapy use 0.891
Yes 13 5
No 20 7

Surgery use 0.356
Yes 9 5
No 24 7

Cancer type 0.419

Adenocarcinoma 26 11

Non-adenocarcinoma 7 1

*Fisher's exact test. Other variables were calculated with Pearson chi-square test.

# Lymph node size was recorded as the short axis diameter of the maximal lesion per patient.

Acronyms: NSCLC, non-small cell lung cancer; EBUS-TBNA, endobronchial ultrasound-guided transbronchial nee-

dle aspiration; ECOG PS, Eastern Cooperative Oncology Group performance status; TKIs, tyrosine kinase inhibitors.
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Table 5. EGFR profiles of 21 patients with initial and re-biopsy results

Initial EGFR profile = EGFR results from re-biopsy specimens

Exon 19 del =»Exon 19 del + T790M

Exon 19 del =»Exon 19

L858R =»L858L + T790M

L858R =»L858R

L861Q =»L861Q

G719A + L861Q =»G719A + L861Q

G719S + T790M =>G719S/G719S/G719C + T790M
Wild-type = Wild-type

—_— = N W N = WB

oo

Acronyms: EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration; EGFR, epidermal

growth factor receptor.

Twenty-one patients had EGFR genotyping
results at the initial diagnosis and from EBUS-
TBNA re-biopsy specimens. Eight patients had
wild-type EGFR at the initial diagnosis, and the
EGFR from re-biopsy specimens were all wild-
type. Thirteen patients had EGFR mutations at
the initial diagnosis, and the T790M mutation
was identified in 5 (38.5%) of them (Table 5).
Sixteen patients had ALK THC results from re-
biopsy specimens and 3 had an ALK alterna-
tion. One of these 3 patients had an ALK alter-
nation at the initial diagnosis and 2 did not.

Discussion

For this study, we retrospectively collected
patients with previously treated lung cancer
who underwent EBUS-TBNA for re-biopsy.
The diagnostic yield was 73.3% and the speci-
men adequacy rate was 95.6%. There was no
major complication in our study.

EBUS-TBNA is an important method for
tissue proof and nodal staging in patients with
suspected lung cancer. Previously published
articles reported the diagnostic yield of EBUS-
TBNA was 61-91% [6-8]. The diagnostic yield
of our study (73.3%) was fair, but not as high as
in some other studies. There are some possible

reasons for this. First, most patients in previous
studies were newly diagnosed with lung cancer
without any treatment. In these cases, anatomy
of the mediastinum, cellularity of the malignant
cells, and fibrosis condition of the lesions may
change with treatment. Second, in our institu-
tion, patients underwent EBUS-TBNA via the
oral route under light-to-moderate sedation,
rather than via an endotracheal tube under gen-
eral anesthesia. Agitation, airway secretion, and
intermittent short-term desaturation of patients
may distract the bronchoscopist and compro-
mise the fluency of the procedure and even
sampling accuracy. Third, ROSE was not rou-
tinely used in our institution. If ROSE was per-
formed, it was examined by the pulmonologist
rather than a pathologist or cytologist. Hence,
the diagnostic yield may decrease without
ROSE. Fourth, 5 of 11 patients with suspected
cancer recurrence were finally diagnosed as not
having recurrence. These patients also partially
contributed to a decrease in the diagnostic yield.

The adequacy rate in our study was 95.6%
(43/45). In other words, there were 2 patients
with inadequate specimens. The procedure was
terminated in 1 patient because of desaturation
during the procedure, and we could not obtain
adequate specimens. The lymph node size of

Thorac Med 2021. Vol. 36 No. 2
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the other patient was only 1 cm. The patho-
logical result revealed some anthracnosis and
inflammatory cells. The relatively small size of
the target lesion might be the reason for the in-
adequate specimen.

We also investigated factors potentially af-
fecting the diagnostic yield, and found none
that were significant. Kim et al reported 367
previously treated lung cancer patients who
underwent re-biopsy by EBUS-TBNA [9]. The
overall diagnostic yield was 76.3%. Sensitiv-
ity was lower in the radiation group than in the
palliation (chemotherapy or EGFR-TKIs) group
(83.3% vs 97.7%, p=0.012). We could not
group patients in this simple way because most
of our patients received multiple lines and mul-
tiple modalities (chemotherapy, TKIs, radiation
therapy, surgery) of treatment before re-biopsy.
Only a few patients (n=2) had received only
radiotherapy or concurrent chemoradiotherapy
before re-biopsy. Hence, further studies with
larger case numbers are needed to confirm the
factors that affect diagnostic yield in re-biopsy
patients.

Complications were another important is-
sue. EBUS-TBNA could be performed safely in
patients with initially diagnosed lung cancer [8,
11-12]. However, the complication rate in re-
biopsy patients remains unclear. In the current
study, the minor complication rate was 15.6%
and the most common complication was fever
(8.9%). Kim et al reported 367 patients that un-
derwent EBUS-TBNA for re-biopsy [9]. There
were no major complications; the minor com-
plications rate was 3.3% and fever was noted
only in 3 (0.8%) patients. The complication rate
in patients with EBUS-TBNA re-biopsy may
need further prospective study.

Liquid biopsy, a recently developed tech-
nique, is used for detecting tumor-derived

Thorac Med 2021. Vol. 36 No. 2

genomic alterations from blood or other body
fluid. To date, several advantages of liquid bi-
opsy have been investigated [4, 13-14]. First,
liquid biopsy is less invasive than tissue biopsy,
despite the advances in minimally invasive
techniques to obtain tissue specimens. Hence,
liquid biopsy could be performed in patients
with a poor performance status. Second, liquid
biopsy can be tested repeatedly, thus enabling
disease status monitoring. Third, liquid biopsy
might overcome the spatial heterogeneity of the
tumor, and provide us a landscape of genetic
alterations [15]. However, recent studies have
found that liquid biopsy could not detect ~30%
of T790M-positive tissue specimens [15], par-
tially due to the lack of tumor/DNA shed from
tumor to blood. In addition, a false positive
condition was reported because of clonal hema-
topoiesis of bone marrow cells [16]. Moreover,
a histologic shift may occur in some patients,
resulting in an inability to detect changes in
tissue level by liquid biopsy [17, 18], although
a histologic shift was not noted in our study.
Hence, liquid biopsy and tissue biopsy for de-
tecting genomic alternations are complementary
rather than alternatives for each other.

Most published studies reporting on EBUS-
TBNA specimens for molecular testing focused
on newly diagnosed lung cancer [19-22]. Few
articles mentioned the clinical use of EBUS-
TBNA re-biopsy specimens for molecular
testing. In the current study, 21 patients had
EGFR genotyping results at the initial diagno-
sis and re-biopsy. We noted that 5 (38.5%) of
13 patients with an initial EGFR mutation had
acquired the T790M mutation detected from
the re-biopsy specimens. The proportion of ac-
quired T790M mutations was lower than that of
previously published data (~50%) [17, 23-24].
This may be because the current study, for the
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most part, used lymph nodes for EGFR test-
ing rather than primary lung lesions or distant
metastasis lesions. The discrepancy in EGFR
genotyping between the primary tumor and the
lymph nodes has been reported [25-26].

Conclusion

In summary, the current study found that
using EBUS-TBNA for re-biopsy in previously
treated lung cancer had a satisfactory diagnostic
yield and could be conducted safely. Moreover,
in some patients, further molecular testing
was successfully conducted using a re-biopsy
sample. This is the first local study to investi-
gate the role of EBUS-TBNA for re-biopsy in
Taiwan. Further large prospective studies may
be needed to validate the efficacy.
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Comparison of Effectiveness of Proportional Assist
Ventilation and Pressure Support Ventilation for
Weaning Adult Patients from Prolonged Mechanical
Ventilation: A Randomized Controlled Trial

Pi-Hua Lin', Chiu-Fan Chen??, David Lin Lee**

Background: Proportional assist ventilation with load-adjustable gain factors (PAV+) is a
promising mode with better patient synchrony and weaning advantages. This study aimed to
compare the effectiveness of PAV+ and pressure support ventilation (PSV) for weaning adult
patients from prolonged mechanical ventilation (PMV).

Methods: Patients with PMV were recruited for this prospective trial. Patients were
randomly assigned to receive PAV+ or PSV as a weaning mode. Weaning outcomes and
mortality were evaluated.

Results: A total of 36 patients completed the study (18 in the PAV+ group and 18 in the
PSV group). The peak inspiratory pressure and tidal volume initially were significantly lower
in the PAV+ group than in the PSV group. Both peak inspiratory pressure and tidal volume
decreased during the weaning process in both groups, and the PAV+ group showed a smaller
tidal volume change. Outcome analysis showed that the PAV+ group possibly had better
results in the 28-day weaning success rate, weaning duration, and hospital mortality than the
PSV group, but significance was not achieved.

Conclusion: This study proved the effectiveness of the PAV+ mode for weaning patients
with PMV. PAV+ may be a potential mode for weaning patients with PMV in the future. (Thorac
Med 2021; 36: 81-94)

Key words: pressure support ventilation, prolonged mechanical ventilation, proportional assist
ventilation, respiratory failure, weaning

Introduction 10% will transition from acute to chronic criti-
cal illness and require prolonged MV (PMV),

Approximately 1 in 3 patients admitted to resulting in poor quality of life, pervasive func-
intensive care units (ICUs) will receive me- tional and cognitive disabilities, intense care-
chanical ventilation (MV) [1]. Of these, 5%— giving needs, high mortality, and a high cost
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for care [2]. Pressure support ventilation (PSV)
is the most frequently used ventilator weaning
mode, especially for patients with PMV [3-4].
However, this conventional mode has several
disadvantages, including patient-ventilator
asynchrony, over- and under-assistance, and
subsequent diaphragm weakness [5-7]. Dia-
phragm weakness has been reported to be as-
sociated with prolonged weaning and decreased
survival [8-10].

Proportional assist ventilation (PAV), de-
signed and developed by Younes, is a promis-
ing mode that improves patient-ventilator syn-
chrony [11-12]. It provides synchronized partial
ventilator assistance in proportion to a patient’s
instantaneous effort, amplifying the patient’s
ventilatory effort and giving the patient the free-
dom to adapt to his or her own breathing pattern
[11,13]. The initial version of PAV required cli-
nicians to measure lung compliance and airway
resistance manually. PAV with load-adjustable
gain factors (PAV+) was developed subsequent-
ly, to automatically and frequently measure
compliance and resistance using noninvasive
methods, making the mode more convenient for
clinical use [14]. A recent meta-analysis of ran-
domized controlled trials (RCTs) showed that
PAV+ was associated with significantly lower
patient-ventilator asynchrony, a lower weaning
failure rate, and shorter MV duration than PSV
for weaning ICU patients from MV [15].

According to a small-scale physiologic
study, PAV+ also resulted in significantly fewer
asynchronies than PSV in difficult-to-wean pa-
tients [16]. However, the clinical effectiveness
of PAV+ on weaning outcomes for patients with
PMYV has not yet been evaluated. Therefore,
this study aimed to compare weaning outcomes
between PAV+ and PSV in adult patients with
PMYV in Taiwan.

Thorac Med 2021. Vol. 36 No. 2

Methods

Patients, randomization, and masking

This randomized controlled trial was con-
ducted over an 11-month period in a 16-bed
respiratory care center (RCC) of a tertiary
medical center in southern Taiwan. Patients
who transferred to the RCC due to PMV were
screened for enrollment. PMV was defined as
MV use >21 days. The study was approved
by the Institutional Review Board of Kaohsi-
ung Veterans General Hospital (VGHKS99-
CT14-15), and written informed consent was
obtained from all patients before enrolling them
into the study.

The RCC is a specialized weaning unit for
patients with PMV, with the primary aim of lib-
erating patients from MV and improving ICU
turnover. It was established in accordance with
the integrated delivery system policy of Tai-
wan’s National Health Insurance Bureau. The
system includes 4 stages of care for patients on
MYV support: Ist stage, ICU care at 1-21 days
of MV; 2nd stage, RCC care at 21-63 days; 3rd
stage, chronic respiratory care unit for patients
on long-term MV support >63 days; and 4th
stage, an optional choice: home care for MV-
dependent patients. In the RCC, 24-hour vital
sign monitoring and nursing care is performed,
and the nurse-to-patient ratios are 1:4 during
both daytime and nighttime.

Patients meeting the following inclusion
criteria and who had been admitted to the RCC
were enrolled in the study: age >20 years,
extubation failure or spontaneous breathing
trial (SBT) failure at least once in the ICU,
conditions requiring PMV or patients who
were expected to receive PMYV, stable hemo-
dynamics, no vasopressor, inspired oxygen
(Fi0,) <0.40, external positive end-expiratory
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pressure (PEEP) <5 cmH2O, partial pressure
of oxygen (PaO,) >60 mmHg, and body tem-
perature <38°C (within 24 hours). Patients with
the following characteristics were excluded:
bronchopleural fistulas, central neurological
disorders, hemodialysis, and patients with a
pressure support level already <15 cmH,0O. The
patients were enrolled and randomly assigned
to the PAV+ group or the PSV group, using a
computer-generated random number list. All
patients were ventilated via endotracheal tube
or tracheostomy tube. Both groups (PAV+ and
PSV mode) used the same Puritan-Bennett 840
ventilators (Nellcor Puritan Bennett LLC, Gos-
port, UK). Blinding after randomization was
not possible in this study. The withdrawal cri-
teria used in this study were: (1) the patient de-
veloped severe or intolerable adverse events, (2)
the patient had new medical problems requiring
further treatment and intervention, and therefore
had to discontinue the weaning process, (3) the
patient had poor cooperation, and (4) the patient
was not obeying the study protocol.

Measurement

Before the weaning trial, the following in-
formation was collected for each patient: age,
sex, body mass index, MV duration before this
trial, number of reintubations, Acute Physiol-
ogy and Chronic Health Evaluation I (APACHE
IT) score at RCC admission, PaO,/Fi0O,, lung
compliance, airway resistance, maximal inspi-
ratory pressure (MIP), tidal volume (VT) at
spontaneous breathing, respiratory rate (RR)
at spontaneous breathing, rapid shallow breath
index (RSBI), tracheostomy rate, initial cause
of MV, and MV mode at enrollment. MV du-
ration before the trial was defined as the time
from the start of ventilation support to the time
of randomization. Lung compliance and airway

resistance were measured at volume control
ventilation, with tidal volume setting of 10 ml/
kg, flow of 60 L/min, square wave, and pla-
teau pressure measured at 1-1.5 seconds after
the end of inspiration. The lung compliance
calculation formula was: Static compliance =
VT/(Pplat-PEEP), ml/cm H,O. The airway re-
sistance (Raw) calculation formula was: Raw
= (PIP-Pplat)/flow, cm H,O/L/sec (PIP = peak
inspiratory pressure, Pplat = plateau pressure).
The patient was removed from the ventilator
for 3-5 minutes, then RR and minute ventilation
were measured during 1 minute of spontaneous
breathing, to calculate RSBI. Minute ventila-
tion was measured using a Wright Respirometer
(Ferraris Medical Ltd, UK). Later, MIP was
measured using an Inspiratory Force Meter
(Boehringer Laboratories, USA).

The following data were collected 1 hour
after the first setting for MV weaning (PAV+ or
PSV) and after each adjustment of the support
level, which included the support level, FiO,,
PEEP, VT, RR, RSBI, minute ventilation, peak
inspiratory pressure (PIP), mean airway pres-
sure, inspiratory time (Ti), ratio of inspiratory
time and respiratory cycle time (Ti/Ttot), heart
rate, and peripheral oxygen saturation. At this
stage, VT, RR and RSBI were obtained when
the patient was under PAV+ or PSV support.

The primary outcome was 28-day wean-
ing success rate. The secondary outcomes were
weaning duration, hospital length of stay (LOS),
RCC LOS, weaning success rate at discharge,
and hospital mortality. Weaning duration was
defined as the time from randomization to suc-
cessful liberation from MV. For those who
failed to liberate themselves from MV through-
out the course of the weaning trial, the weaning
duration was defined from randomization to the
end of the study (discharge or up to 28 days).
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Weaning success was defined as being alive and
liberated from MV for more than 48 hours.

Weaning protocol

The weaning protocol for this study was
similar to the ICU difficult weaning protocol
(stepwise adjustment of the MV support level).
The flowchart of the weaning protocol is shown
in Figure 1. Weaning was attempted at least
twice a day. Under similar baseline conditions
(PEEP <5 cmH,0, FiO, <0.4), the goal of the
initial weaning mode setting was to maintain

VT above 5-8 ml/kg and RR between 8 and
25/min. Therefore, the initial support level was
dependent on each patient’s lung condition at
that moment. For patients with adequate VT
and stable RR for 1-2 hours, the ventilator sup-
port level was tapered gradually (reduction of
5%-10% in PAV+ and 2-4 cmH,O in PSV).
For patients with tachypnea (>35-40/min) or
low VT <5 ml/kg, the ventilator support level
was titrated up (increased 5%—10% in PAV+
and 2-5 cmH,O in PSV). If the patient still had
tachypnea (>35-40/min) and low VT (<5 ml/

Patients with PMV and
transferred to RCC

.

Stable hemodynamic, no vasopressor, FiO,=40%,
PEEP =5cmH,0, PaO,>60mmHg, no fever for 24 hours

Weaning: goal to maintain V1 5-8 mlkg
and RR §-25 /min

.

4% Totclerance sigu? (RE. >35-40 fuin or Vi <5 mlkp) |<7

.

¢ Yes No I l

Already PAV+ 80% or PSV 20
H,0, or FiO, =50% with
hypercapnia/hypoxemia ?

Already PAV+ 20-30% or
PSV 8-10 cmH,0 ?

S s @

Hold weaning,
switch back to
control mode for
12-24 hours

PAV+ increase 5-10%
PSV increase 2-5
cmH,0

Fig. 1. Flowchart of the weaning protocol for patients with PMV

SBT for
2 hours

PAV+ decrease 5-10%
PSV decrease 2-4 cmH,0

, .

Successful SBT: Failed SBT: restart

extubation weaning on next day

PAV+ = proportional assist ventilation with load-adjustable gain factors, PEEP = positive end-expiratory pressure, PMV = prolonged mechanical

ventilation, PSV = pressure support ventilation, RCC = respiratory care center, RR = respiratory rate, SBT = spontaneous breathing trial, VT =

tidal volume
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Assessed for eligibility (n= 49)

Excluded (n=5)

A 4

+ Not meeting inclusion criteria (n= 1)
+ Declined to participate (n= 4)

Randomized (n=44)

h 4

Allocated to PAV+ (n= 23)
+ Received allocated intervention (n= 23)

A 4

Discontinued intervention (n=5)

¢ 2 early change of mode

+ 1 pulmonary hemorrhage

+ 1 upper gastrointestinal bleeding
+ 1 bronchospasm

Analysed (n=18)
+ Primary outcome (n= 18)
+ Secondary outcomes (n= 18)

Fig. 2. Flowchart of patient selection and randomization

v

Allocated to PSV (n= 21)
+ Received allocated intervention (n=21)

A4

Discontinued intervention (n= 3)
4+ 2sepsis
4+ 1 upper gastrointestinal bleeding

Analysed (n=18)
« Primary outcome (n= 18)
+ Secondary outcomes (n= 18)

PAV+ = proportional assist ventilation with load-adjustable gain factors, PSV = pressure support ventilation.

kg) despite PAV+ 80% or PSV 20 cmH,O, or
Fi0, increased to 50% with hypercapnia or
hypoxemia, then the weaning process was held
and switched back to control mode for 12-24
hours. Once the patient had a ventilator support
level tapered to 20%-30% in PAV+ or 8§-10
c¢cmH,0 in PSV, a SBT was performed to evalu-
ate the readiness for extubation.

The SBT was performed by discontinuing
MYV and connecting a T-tube to the patient to
deliver oxygen; respiration then was observed
for 2 hours. For patients that could tolerate the
SBT, the clinician would perform extubation.
If the SBT failed, MV would be continued, and
the weaning process would be restarted on the
next day. SBT failure was determined using the
following indices: (1) objective indices of fail-

ure, such as tachypnea (RR >35/min for more
than 5 minutes), hypoxemia (SPO, <90%), ar-
rhythmia (heart rate >140 beats/min and/or >
20% change from baseline), and hypertension/
hypotension (systolic pressure >180 or <90
mmHg or >20% change from baseline), and (2)
subjective indices, such as agitation, depressed
mental status, diaphoresis, and evidence of in-
creasing respiratory effort [1,17].

Statistical analysis

Continuous variables were expressed as
mean =+ standard deviation and were compared
using independent t-tests and paired t-tests. Di-
chotomous variables were expressed as number
(percentage) and were compared using Pear-
son’s chi-squared tests. Time from randomiza-
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tion to weaning from MV was evaluated using
the Kaplan-Meier method, and the log-rank test
was used to compare differences between the
2 groups. SPSS software (version 20.0; IBM
Corp., Armonk, NY) was used for statistical
analysis. A 2-tailed p value <0.05 was consid-
ered statistically significant.

Results

From 1 May 2010 to 31 March 2011, a total
of 44 patients who transferred to the RCC due
to PMV or expected PMV were enrolled in the
study and were randomly assigned to the PAV+
or the PSV group (Table 2). Of the original
44 patients, 36 completed the study (18 in the
PAV+ group and 18 in the PSV group), and 8
discontinued the study (2 for ventilator-associ-
ated pneumonia, 1 for severe bronchospasm, 1
for pulmonary hemorrhage, 2 for upper gastro-
intestinal bleeding, and 2 for early change of
ventilation mode). The mean age of the patients
was 73 £ 13.6 years, the APACHE II score at
RCC admission was 14.7 + 3.8, and the MV
duration before enrollment was 26 + 15.5 days.
The baseline physiologic parameters before
enrollment were as follows: PaO,/Fi0O, ratio,
293.2 £ 110; lung compliance, 29.8 + 12.2 ml/
c¢cmH,0; maximal inspiratory pressure, -33.2
+ 11.1 cmH,O; and RSBI, 111.7 + 53.9. The
tracheostomy rate was 55.6% at baseline. The
most common cause of MV was pneumonia,
followed by chronic obstructive pulmonary dis-
ease and sepsis. There was no significant differ-
ence between the 2 groups in terms of baseline
clinical features and MV mode at enrollment
(Table 1). The majority of patients were on con-
trol modes (volume control ventilation, 36.1%;
pressure control ventilation, 33.3%) before ran-
domization.

Thorac Med 2021. Vol. 36 No. 2

After randomization, the support level af-
ter the first MV setting for weaning was 60.8 +
9.3% in the PAV+ group and 15.4 + 1.8 cmH,O
in the PSV group. Analyses of the physiologic
parameters of the first MV setting for weaning
revealed the following: the PAV+ group had
significantly lower PIP (14.7 + 4.5 vs. 21.3 +
2.4 cmH,0, p < 0.001), longer Ti (0.97 = 0.17
vs. 0.68 = 0.16 sec, p < 0.001), higher Ti/Ttot
(0.41 £ 0.06 vs. 0.29 + 0.06, p < 0.001), lower
VT (356.3 £ 61.4 vs. 431.5 £ 103.8 ml, p =
0.013), and lower VT/ideal body weight (6.6 +
1.3 vs. 7.6 £ 1.7 ml/kg, p = 0.047) than the PSV
group. There was a borderline significant trend
of higher RSBI in the PAV+ group (81.6 = 27.5
vs. 64.2 £ 24.7 breath/min/L, p = 0.053) (Table
2).

A comparison of the physiologic parameters
of the lowest ventilator setting for the weaning
trial showed that the support level was 32.5 +
6.2% in the PAV+ group and 10.1 + 0.8 cmH,O
in the PSV group. The PAV+ group also had
significantly lower PIP (11.4 + 2.4 vs. 16 £ 1
cmH,0, p < 0.001), longer Ti (0.86 = 0.16 vs.
0.67 £ 0.13 sec, p = 0.001), and higher Ti/Ttot
(0.39 £ 0.06 vs. 0.31 + 0.06, p < 0.001) and
RSBI (89.4 + 27.9 vs. 70.7 + 23.5, p = 0.037)
than the PSV group. Moreover, the PAV+ group
had a trend toward lower VT than the PSV
group (334.2 + 64.4 vs. 388.5 £ 95.6, p = 0.054).
However, patient heart rate was higher in the
PAV+ group than in the PSV group (97.4 £ 17.5
vs. 85.8 £12.6, p =0.031) (Table 3).

A comparison of physiologic parameter
changes between the initial and the lowest sup-
port level is shown in Figure 3. In the PAV
group, there were significant decreases in PIP
(mean difference, -3.2 + 4.3 cmH,O; p = 0.006)
and Ti (mean difference, -0.11 + 0.17 sec; p =
0.017). In the PSV group, there was a signifi-
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Variables All (n=36) PAV+ (n=18) PSV (n=18) p value
Age, years 73+13.6 74.8 £12.2 71.1£15.1 0.421
Sex, males, n (%) 23 (63.9) 12 (66.7) 11 (61.1) 0.729
BMI, kg/m? 24.9+6.1 23.9+49 259+7.1 0.325
MV duration before enrollment, days 26+ 15.5 23.5+10 28.4+19.5 0.348
Number of reintubations before enrollment 0.75+0.91 0.83 £1.1 0.67 £0.69 0.589
APACHE 11 14.7+3.8 148+3.4 147+42 0.931
Pa0O,/FiO, ratio* 293.2+ 110 263.4+97 321.41+£117.2 0.163
C., ml/cmH,O 29.8 +12.2 27.6+7.8 31.9£15.3 0.312
Raw™, sec + cmH,0/L 11.2+£6.5 11.9+7.8 105+5 0.561
MIP", cmH,0 -33.2+11.1 -31.7+10.4 -344+11.8 0.518
VTsb", ml 298.6 +98.5 292.8 + 58 304.4 £ 128.9 0.744
RRsb", /min 29.2+8.1 27.5+7.6 30.9+8.5 0.248
RSBI", breath/min/L 111.7 +53.9 101.5+47.6 121.9+59.4 0.292
Tracheostomy, n (%) 20 (55.6) 10 (55.6) 10 (55.6) 1.000
Reason for MV, n (%)

Pneumonia 19 (52.8) 10 (55.6) 9 (50) 0.275

COPD 5(13.9) 3(16.7) 2 (11.1)

Sepsis 4 (11.1) 2 (11.1) 2 (11.1)

Heart failure 3(8.3) 1(5.6) 2 (11.1)

Postoperative state 2 (5.6) 0(0) 2 (11.1)

Post-CPR 1(2.8) 0(0) 1(5.6)

Other 2 (5.6) 2 (11.1) 0 (0)
MYV mode at enrollment, n (%)

A%\ 13 (36.1) 9 (50) 4(22.2) 0.178

PCV 12 (33.3) 4(22.2) 8 (44.4)

PRVC 2 (5.6) 2 (11.1) 0 (0)

SIMV 3(8.3) 1(5.6) 2 (11.1)

PSV 6 (16.7) 2 (11.1) 4(22.2)

Data presented as mean + SD or n (%).

APACHE II = acute physiology and chronic health evaluation II, BMI = body mass index, CL = lung compliance, COPD = chronic obstructive

pulmonary disease, CPR = cardiopulmonary resuscitation, Raw = airway resistance, MIP = maximal inspiratory pressure, MV = mechanical ven-

tilation, PAV+ = proportional assist ventilation with load-adjustable gain factors, PCV = pressure-controlled ventilation, PSV = pressure-support

ventilation, PRVC = pressure-regulated volume control, RRsb = respiratory rate at spontaneous breathing, RSBI = rapid shallow breathing index,
SD = standard deviation, SIMV = synchronized intermittent mandatory ventilation, VCV = volume-controlled ventilation, VTsb = tidal volume at

spontaneous breathing.

*Pa0,/FiOx: 29 cases, 'CL and Raw: 34 cases, TMIP: 31 cases, "VTsb, RRsb and RSBI: 32 cases

cant decrease in PIP (mean difference, -5.2 + 2.4
cmH,0; p < 0.001). The-PSV group showed a
wide range of RR and VT variations at the ini-
tial support level, but the variations decreased
at the lowest support level. The PAV group
showed a wide range of RR and RSBI variation
at both the initial and the lowest support levels;

however, VT remained in a narrow range at
both the initial and the lowest support levels of
PAV+.

For all patients, the weaning duration was
15.3 = 9.4 days, the RCC LOS was 29.7 + 22
days, the hospital LOS was 57.8 £ 21 days, the
weaning success rate at 28 days was 61.1%, the
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Table 2. Comparison of Physiologic Parameters 1 Hour After the First Vventilator Setting for Weaning

Parameters PAV+ (n=18) PSV (n=18) p value
PAV+ level, % 60.8+9.3

PSV level, cmH,O 154+ 1.8

FiO,, % 358+3.5 36.1+£3.2 0.807
PEEP, cmH,0O 5+£0 46+12 0.202
RR, /min 264+5.5 25+54 0.448
VT, ml 356.3+61.4 431.5+103.8 0.013*
VT/IBW, ml/kg 6.6+13 7.6+1.7 0.047*
RSBI, breath/min/L 81.6 +£27.5 64.2 £24.7 0.053
Minute ventilation, L 89+1.38 102+3.3 0.156
PIP, cmH,O 14.7+£4.5 213+24 <0.001*
Pmean, cmH,0 82=+1.2 9.1+13 0.059
Ti*, sec 0.97£0.17 0.68£0.16 <0.001*
Ti/Ttot™ 0.41+£0.06 0.29 £0.06 <0.001*
Heart rate, beat/min 952+ 15.8 89.1 £16.6 0.267
Sp0O,,% 96.7+3.2 952+2.1 0.585

Data presented as mean + SD, *p < 0.05

‘n=35"n=34

IBW = ideal body weight, min = minute, PAV+ = proportional assist ventilation with load-adjustable gain factors, PEEP = external positive end-

expiratory pressure, PIP = peak inspiratory pressure, Pmean = mean airway pressure, PSV = pressure support ventilation, RR = respiratory rate,

RSBI = rapid shallow breathing index, SD = standard deviation, SpO = peripheral oxygen saturation, Ti = inspiration time, Ttot = total cycle time,

VT = tidal volume

Table 3. Comparison of Physiologic Parameters of the Lowest Levels of Ventilator Settings for Weaning

Parameters PAV+ (n=18) PSV (n=18) p value
PAV+ level, % 32.5+6.2

PSV level, cmH,0 10.1£0.8

Days of weaning 83+72 6.6+5 0.412
FiO,, % 347+4.7 347+3.6 1.000
PEEP, cmH,0O 5+£0 5+0 1.000
RR, /min 28.1+4.8 26.1+4.7 0.218
VT, ml 3342+ 64.4 388.5+95.6 0.054
VT/IBW, ml/kg 62+1.5 6.9+1.9 0.228
RSBI, breath/min/L 89.4+£279 70.7 £23.5 0.037*
Minute ventilation, L 8.9+22 99+28 0.249
Ti*, sec 0.86 +0.16 0.67+0.13 0.001*
Ti/Ttott 0.39+0.06 0.31 +£0.06 <0.001*
PIP*, cmH,O 114+£24 16 +1 <0.001*
Pmean*, cmH,0O 7.2+0.6 8.5+0.7 <0.001*
Heart rate, beat/min 97.4+17.5 85.8+12.6 0.031*
SpO,*, % 973+2.6 97.4+2 0.888

Data presented as mean + SD, *p < 0.05

+n =35

IBW = ideal body weight, min = minute, PAV+ = proportional assist ventilation with load-adjustable gain factors, PEEP = external positive end-

expiratory pressure, PIP = peak inspiratory pressure, Pmean = mean airway pressure, PSV = pressure support ventilation, RR = respiratory rate,

RSBI = rapid shallow breathing index, SD = standard deviation, SpO, = peripheral oxygen saturation, Ti =inspiration time, Ttot = total cycle time,

VT = tidal volume
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Fig. 3. Comparison of physiologic parameters of the first (blue) and the lowest (green) ventilator support level during weaning
In the PAV group, there was a significant decrease in PIP (-3.2 + 4.3 cmH20; p = 0.006) and Ti (-0.11 + 0.17 sec; p = 0.017). In the PSV group,

there was a significant decrease in PIP (-5.2 + 2.4 cmH20O; p < 0.001).

PAV+ = proportional assist ventilation with load-adjustable gain factors, PIP = peak inspiratory pressure, PSV = pressure support ventilation, Ti =

inspiration time, Ttot = total cycle time

Table 4. Comparison of PAV+ and PSV Group Outcomes

All (n=36) PAV+ (n=18) PSV (n=18) p value
Weaning duration, days 153+9.4 14.6+£9.2 16.1 £9.8 0.652
RCC LOS, days 29.7+£22 24.5+£13.7 349+275 0.160
Hospital LOS, days 57.8 21 539+ 14.6 61.7+25.7 0.268
Weaning success at 28 days, n (%) 22 (61.1) 13 (72.2) 9 (50) 0.171
Weaning success at discharge, n (%) 24 (66.7) 14 (77.8) 10 (55.6) 0.157
Hospital mortality, n (%) 4 (11.1) 0(0) 4(22.2) 0.104

Data presented as mean + SD or n (%)

LOS = length of stay, PAV+ = proportional assist ventilation with load-adjustable gain factors, PSV = pressure support ventilation, RCC = respira-

tory care center, SD = standard deviation

weaning success rate at discharge was 66.7%,
and hospital mortality was 11.1%. The PAV+
group had a nonsignificant trend toward a
higher weaning success rate at 28 days (72.2%
vs. 50%, p = 0.171) and at discharge (77.8% vs.
55.6%, p = 0.157) than the PSV group (Table 4).
The Kaplan-Meier curve of time-to-successful

weaning for the PAV+ and PSV groups also
showed a trend toward greater weaning suc-
cess and shorter weaning duration in the PAV+
group than in the PSV group (Figure 4), al-
though the difference between the 2 groups was
not significant (log-rank test, p = 0.294).
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Fig. 4. Kaplan-Meier curve for comparison of time to successful weaning between the PAV+ and PSV groups

The PAV+ group (green line) had a nonsignificant trend toward a higher weaning success rate and shorter weaning duration than the

PSV group (blue line). Log-rank test: p = 0.294.

PAV+ = proportional assist ventilation with load-adjustable gain factors, PSV = pressure support ventilation

Discussion

This is the first RCT comparing the wean-
ing outcomes of PAV+ and PSV in patients with
PMV. This study found that PAV+ is as effective
as PSV for weaning adult patients from PMV.
The 28-day weaning success rates were 72.2%
in the PAV+ group and 50% in the PSV group,
and the weaning durations were 14.6 days in the
PAV+ group and 16.1 days in the PSV group,
suggesting a potential advantage of PAV+ for
weaning from PMV. Although statistical signifi-
cance was not achieved due to the small sample
size and inadequate statistical power, our results
are consistent with recent literature evaluating
the efficacy of PAV+ for weaning MV patients
in the ICU [15].

PSV is the most commonly used ventilator
mode for weaning patients from MV, specifical-
ly for those patients with difficult or prolonged

Thorac Med 2021. Vol. 36 No. 2

MV weaning [3-4]. However, PSV has several
disadvantages, including patient-ventilator
asynchrony, and inability to evaluate and match
the patient’s breathing effort, which results in
over- or under-assist of MV. Both over- and
under-assist of MV in PSV may result in dia-
phragm weakness [5], and diaphragm weakness
has been reported to be associated with wean-
ing failure, prolonged weaning, and extubation
failure [8-10]. Moreover, gradual tapering of
the PSV level is also a poor predictor of the pa-
tient’s ability to sustain ventilation after extuba-
tion [18].

Asynchrony is common in PSV and the
assist-control mode, with 18%-24% of pa-
tients having an asynchrony index >10% [19-
20]. Asynchrony is unfavorable to weaning and
was found to result in prolonged MV duration,
increased need of sedation, extended ICU stay,
and increased ICU and hospital mortality [21-
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22]. Asynchrony was reported to be more com-
mon in PSV of a high support level and high
VT, and to improve in PSV of a low support
level and decreased VT [19,23-24]. Ineffective
triggers are the most common type of asyn-
chrony in PSV and other MV modes [21,25-
26]. A higher PSV support level was associated
with significantly higher VT and lower RR of
MYV than a lower PSV support level, because
patients are unable to compensate for the ini-
tial high assist in PSV [24]. Furthermore, the
initial high VT in PSV may contribute to an
ineffective effort by increasing intrinsic PEEP,
resulting in lower RR of MV [19,26]. It was
also reported that lowering VT by decreasing
the pressure support level or Ti in PSV can ef-
fectively reduce ineffective triggers in patients
with weaning difficulties [23].

PAV+ is designed to adjust the inspiratory
pressure proportionally to the patient’s inspira-
tory demand (instantaneous flow, volume, and
pressure generated by the respiratory muscles),
and is a form of partial ventilator support, like
additional inspiratory muscles, for the patient
[11,14-15]. PAV+ delivers support propor-
tional to lung mechanics and allows the patient
to maintain his or her own breathing pattern,
without targeting inspiratory flow, VT, or pres-
sure [11]. PAV+ is reported to be a more user-
friendly mode than PSV, with less need of inter-
vention for ventilator settings and sedative dose
changes [12,27]. There is emerging evidence
that the PAV+ mode is a promising mode for
MYV weaning in the ICU. A recent meta-analysis
evaluating RCTs comparing the effectiveness
of PAV+ and PSV in ICU patients found that
PAV+ had a significantly lower incidence of an
asynchrony index >10%, a lower rate of wean-
ing failure, and shorter MV duration than PSV
[15]. Recent literature also suggested that PAV+

had more stable VT and thus prevented over-
assistance and diaphragm dysfunction [6,28].

A similar proportional mode, neurally
adjusted ventilatory assist (NAVA), is also
designed to improve patient-ventilator asyn-
chrony, but via methods different from PAV+.
While PAV+ operates via ongoing assessment
of lung mechanics and the work of breathing (by
air pressure, flow, volume), NAVA operates via
measurement of diaphragmatic electromyogra-
phy to control gas delivery [12,15]. Therefore,
NAVA provides ventilator support proportional
to electrical signals directly from the diaphrag-
matic muscles [12]. According to a recent meta-
analysis of RCTs comparing NAVA and PSV in
the ICU, NAVA also had a significantly lower
incidence of an asynchrony index >10% than
PSV. However, the effectiveness of NAVA on
the weaning rate and MV duration was insig-
nificant after pooling the RCT results [15].
Furthermore, NAVA requires the placement of
a special nasogastric tube to monitor diaphrag-
matic electrical signals, while PAV+ does not
require this invasive device [12]. Therefore,
PAV+ is considered a more practical propor-
tional mode, with more evidence on outcome
benefits compared to NAVA.

Evaluating both the percentage of ventila-
tor support and the patient’s own respiratory
effort is difficult under the PSV mode. In cur-
rent practice, adjustment of the PSV support
level during the weaning process relies mainly
on clinical markers, such as RR, respiratory
pattern, VT, and heart rate. However, previous
literature reported that these clinical markers
were poor predictors for assessing the work of
breathing in patients with PSV, and titrating the
PSV level according to the respiratory pattern
may result in inappropriate respiratory muscle
workloads [29-30].

Thorac Med 2021. Vol. 36 No. 2
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PAV+ monitors both total workload and the
patient’s respiratory workload, and the RCC
staff can properly adjust the ventilator sup-
port percentage to keep the patient’s work of
breathing within the comfort zone (0.3-0.7 J/
L). In PAV+, the work of breathing is calculated
using noninvasive measurement of resistance
and elastance of the pulmonary system [20,31].
Using measurement of the work of breathing,
PAV+ can guarantee an appropriate ventilator
support level to match the patient’s require-
ment, preventing over- or under-assistance.
This effort-adapted mode of MV helps improve
patient-ventilator synchrony and effectively un-
load the respiratory muscles [6,32].

In our study, both groups showed a signifi-
cant PIP decrease during the weaning process.
However, PIP was significantly lower in the
PAV+ group than in the PSV group, at both
the first and the lowest levels of MV setting.
A previous study reported that PAV+ had con-
sistently lower PIP than PSV [20]. The marked
reduction in PIP, while achieving similar VT,
suggests that patients using PAV+ assumed a
greater total respiratory workload than patients
using PSV [20]. In the PSV group, there was
a wider range of VT at the initial assist level,
with a considerable number of patients with
high VT. This phenomenon was consistent with
the literature showing that PSV was prone to
over-assist in the initial stage, which may result
in air trapping and increase the ineffective trig-
ger [7,12]. In contrast, in the PAV+ group, VT
was lower and more stable among different as-
sist levels, consistent with previous literature,
implying that this mode better matches the
patient’s demand and prevents over-assistance
[7,12,20,24,28].

Our study has some limitations. This was a
single-center study consisting of a small sample

Thorac Med 2021. Vol. 36 No. 2

size and with inadequate statistical power;
therefore, the generalizability of the results is
limited. Blinding was impossible for the MV
patients and healthcare staffs. Our study did not
evaluate the patient’s work of breathing, patient-
ventilator asynchrony, and the use of sedation.
We evaluated weaning duration, rather than MV
duration, because the MV duration before the
trial was long and highly variable. Moreover,
some patients remained on MV support despite
the 28 days of the weaning trial during the
study. The patients included in this study were
in a prolonged MV status and were difficult to
wean. Not all patients can successfully taper
the MV support level to PAV+ 30% or PSV 10
c¢cmH,0O and proceed to SBT. Therefore, the av-
erage lowest support level was slightly higher
than PAV+ 30% and PSV 10 cmH,O.

Conclusion

In this study, the use of PAV+ was associ-
ated with a significantly lower PIP and a more
stable VT than with the use of PSV for patients
with PMV. The 2 modes had a similar weaning
duration and weaning success rate. Although
the clinical use of this mode for MV weaning
is still uncommon, evidence supporting the
better efficacy of PAV+ with MV weaning is
increasing. Moreover, a large multicenter RCT
comparing PAV+ and PSV for weaning patients
with acute respiratory failure is already ongo-
ing (NCT02447692). Our study demonstrated
the effectiveness of the PAV+ mode for wean-
ing patients with PMV. And with its additional
advantages of patient-ventilator synchrony and
matching of the patient’s effort requirement, we
suggest the PAV+ mode is a promising weaning
mode for PMV patients in the future.
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Disseminated Intravascular Coagulation in Sepsis
is Associated with Specific Infection and Organ
Dysfunction

Yao-Wen Kuo', Kuei-Pin Chung®, Hou-Tai Chang®®, Chong-Jen Yu®?®

Introduction: The failure of randomized controlled trials to demonstrate the efficacy of
treatments targeting disseminated intravascular coagulation (DIC) in sepsis may imply that
DIC develops under specific clinical contexts in patients with sepsis. However, the clinical
features associated with DIC development in sepsis are not well understood yet.

Methods: We conducted a prospective study and enrolled 126 patients with sepsis
admitted to medical intensive care units (ICUs) in 2 medical centers. DIC was determined
based on the Japanese Association for Acute Medicine (JAAM) or the International Society on
Thrombosis and Haemostasis (ISTH) scoring systems.

Results: Using the JAAM score, we identified 39 patients (31%) with DIC at ICU
admission. Multivariate analysis indicated that clinical features significantly associated with
increased risk of JAAM DIC included hypotension (odds ratio [OR] 8.037, 95% confidence
interval [CI] 1.496-43.175, P=0.015) and infections other than pneumonia, particularly intra-
abdominal infections (OR 8.952, 95% CI 1.765-43.395, P=0.008). Meanwhile, 10 patients
(7.9%) were diagnosed with overt DIC according to the ISTH score, and multivariate analysis
indicated that congestive heart failure (OR 9.192, 95% CI 1.665-50.761, P=0.011) and
hyperbilirubinemia (OR 6.525, 95% CI 1.311-32.481, P=0.022) were significantly associated
with increased risk of overt DIC.

Conclusion: Our results suggest that, rather than being a common phenomenon in
sepsis, DIC may be a unique complication under certain clinical conditions. The exact
mechanisms that explain the association between these clinical features and DIC are
unknown, and warrant further investigation. (Thorac Med 2021; 36: 95-105)
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Introduction

Systemic inflammatory response syndrome
can cause an imbalance between coagulation
and fibrinolytic pathways through endothelial
dysfunction and the systemic release of inflam-
matory cytokines [1-2]. Abnormal activation of
the coagulation system can provoke dissemi-
nated intravascular coagulation (DIC), which is
characterized by extensive formation of intra-
vascular microthrombi in the microvasculature,
leading to compromised microcirculation and
tissue perfusion [3-4]. Previous studies have
indicated that DIC in critically ill patients is as-
sociated with multi-organ dysfunction and poor
survival [5-6], and that sepsis is the most com-
mon etiology of DIC in critically ill patients
[7]. In murine models of sepsis, treatments to
correct abnormal coagulation activation have
been shown to improve organ dysfunction and
host survival [8-9]. However, to date, random-
ized controlled studies have all failed to dem-
onstrate the efficacy of DIC-targeted treatments
in sepsis, including antithrombin III, tissue fac-
tor pathway inhibitors, activated protein C and
thrombomodulin [10-13].

The failure of these clinical trials raises
doubts as to whether DIC is a common patho-
physiological phenomenon in all patients with
sepsis, since 40% to 75% of patients with sepsis
will not develop overt DIC [14-17]. Dhainaut et
al. reported that overt DIC in sepsis was associ-
ated with non-Caucasian ethnicity and surgical
intensive care unit (ICU) admission, but not
acute respiratory distress syndrome [14]. The
findings thus implicated that sepsis-related DIC
may develop under particular clinical contexts.
However, the clinical features associated with
DIC development in sepsis are not yet clear.
Therefore, we conducted this prospective study
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to explore the clinical characteristics, including
comorbidities, infection diagnoses, and dys-
function of specific organ systems, significantly
associated with DIC in sepsis, and further in-
vestigated the prognostic significance of DIC.

Materials and Methods

Settings and study population

This study was carried out at 2 tertiary
medical centers in northern Taiwan; the pa-
tient enrollment process was described in our
previous study [18]. The Institutional Review
Board of each institution approved the protocol
(200907064R and 098014-3), and the patients
were enrolled after informed consent had been
obtained. Consecutive adult patients (>18 years
of age) who were admitted to medical ICUs
for sepsis or septic shock from August 2010
through January 2012 were screened for eligi-
bility. Sepsis was defined as that associated with
acute organ dysfunction, including hypotension
(systolic blood pressure < 90 mmHg, mean ar-
terial pressure < 65 mmHg, or reduction in sys-
tolic blood pressure > 40 mmHg), respiratory
dysfunction (bilateral pulmonary infiltrates with
a partial pressure of arterial oxygen to fraction
of inspired oxygen ratio [PaO,/FiO, ratio] < 300
mmHg), renal dysfunction (serum creatinine
level>2 mg/dL or urine output<0.5 mLkg"-h"
for 2 h), hyperbilirubinemia (total serum biliru-
bin level > 2 mg/dL), thrombocytopenia (platelet
count < 100 x 10°/uL), coagulation abnor-
malities (activated partial thromboplastin time
[aPTT] > 60 s or international normalized ratio
> 1.5), and hypoperfusion (serum lactate level >
2 mmol/L) [19-20]. Septic shock was defined as
sepsis with systolic blood pressure < 90 mmHg,
mean arterial pressure < 65 mmHg, or reduc-
tion in systolic blood pressure > 40 mmHg
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despite an adequate volume resuscitation or
use of vasopressors. The exclusion criteria
were pregnancy, Child-Pugh C cirrhosis, pres-
ence of acute cerebral vascular events, primary
diagnosis of arrhythmia or acute cardiogenic
lung edema, massive gastrointestinal bleeding,
status epilepticus, need for immediate surgery,
hematologic malignancies, febrile neutropenia,
treatment with immunosuppressive agents be-
fore admission, advanced malignancy with poor
preadmission performance status and inevitable
short-term mortality, human immunodeficiency
virus infection, and refusal to consent to par-
ticipate in the study. Patients who had abnormal
coagulation or had received anticoagulants be-
fore admission were also excluded.

The patients’ clinical parameters, includ-
ing demographic data, baseline comorbidities,
and infection diagnoses, were obtained. Disease
severity was evaluated according to the Acute
Physiology and Chronic Health Evaluation
(APACHE I1I) score. Sequential Organ Failure
Assessment (SOFA) scores were calculated at
admission to evaluate the severity of global or-
gan dysfunction.

Diagnosis of DIC

We measured prothrombin time (PT), aPTT,
d-dimer, fibrin degradation products (FDP), and
fibrinogen at ICU admission. Platelet count was
determined at admission and again 24 h after
admission. The definition of DIC was based on
the scoring systems developed by the Interna-
tional Society on Thrombosis and Haemostasis
(ISTH) or the Japanese Association for Acute
Medicine (JAAM) [21,22]. The occurrence of
DIC was thus determined according to both
JAAM DIC and ISTH overt DIC scores, as
described in previous reports [21,23]. Patients
with a JAAM DIC score >4 or ISTH overt DIC

score > 5 were considered to have JAAM DIC
or ISTH overt DIC, respectively.

Statistical analysis

Data are reported as mean + standard devia-
tion (SD), median [minimum-maximum], or
number (proportion). Comparisons of propor-
tions were performed using Pearson’s ¥ test or
Fisher’s exact test, while continuous variables
were compared with Student’s ¢-test or the
Mann-Whitney U test, as appropriate. Multi-
variate logistic regression analysis was used to
investigate specific organ dysfunction, infection
diagnoses or other clinical parameters inde-
pendently associated with JAAM DIC or ISTH
overt DIC. Statistically significant variables (P
< 0.05) in univariate analysis were included in
multivariate logistic regression analysis with
backward variable selection. The criteria of
P values for entry into and remaining in the
regression models were set at 0.05 and 0.2,
respectively. Kaplan—Meier curves for 28-day
survival were plotted, and survival differences
were compared using a log-rank test. Two-sided
P values < 0.05 were considered to be statisti-
cally significant. All analyses were performed
using SPSS (version 17.0 for Windows; IBM
Corporation, Armonk, NY, USA) or GraphPad
Prism (version 5.0; GraphPad Software, La
Jolla, CA, USA).

Results

Diagnosis of DIC

From August 2010 through January 2012,
126 consecutive patients admitted to medical
ICUs for sepsis or septic shock were enrolled
as the study population. The clinical features
of these 126 patients are described in Table 1.
None of the study population received drotreco-

Thorac Med 2021. Vol. 36 No. 2



98 Yao-Wen Kuo, Kuei-Pin Chung, et al.

Table 1. Clinical Characteristics of the Study Population

28-day survival

Parameters Entire group - -
Survived Died P+
Number 126 94 32
Age 70.5+15.5 70.1 £16.0 71.8+14.3 0.609
Sex 0.733 0.733
Male 78 (61.9) 59 (62.8) 19 (59.4)
Female 48 (38.1) 35 (37.2) 13 (40.6)
Comorbidities
Congestive heart failure 10 (7.9) 6 (6.4) 4 (12.5) 0.273
Coronary artery disease 24 (19.0) 17 (18.1) 7 (21.9) 0.637
Diabetes mellitus 48 (38.1) 31 (33.0) 17 (53.1) 0.043
Neurologic disease 35 (27.8) 25 (26.6) 10 (31.3) 0.612
Chronic kidney disease 26 (20.6) 17 (18.1) 9 (28.1) 0.225
Infection diagnosis
Pneumonia 74 (58.7) 58 (61.7) 16 (50.0) 0.245
Urosepsis 26 (20.6) 20 (21.3) 6 (18.8) 0.760
Blood stream infection 9 (7.1) 5 (5.3) 4 (12.5) 0.230
Intra-abdominal infection 11 (8.7) (6.4) 5 (15.6) 0.145
Others* 6 (4.8) 5 (5.3) 1 3.1 1.000
Blood culture positivity 29 (23.0) 20 (21.3) 9 (28.1) 0.427
APACHE 11 253+7.7 24.0+6.8 29.2+8.8 0.001
SOFA score 9.9+3.6 9.3+3.5 11.6 £3.6 0.002

Data are presented as mean + SD or number (percentage); APACHE 11, Acute Physiology and Chronic Health Evaluation IT; SOFA, Sequential Or-

gan Failure Assessment

*including central nervous system infection (n=2), infective endocarditis (n=1), necrotizing fasciitis (n=1), osteomyelitis (n=1), and psoas muscle

abscess (n=1).

+comparison of patients who survived and those who died within 28 days after admission

gin alfa (Xigris®, Eli Lilly, Indianapolis, IN) or
anticoagulants for DIC treatment. JAAM DIC
was found in 39 (31.0%) patients, and ISTH
overt DIC was found in 10 (7.9%). All of the
patients with ISTH overt DIC met the criteria
for JAAM DIC. The patients with JAAM DIC
or ISTH overt DIC had a significantly decreased
platelet count, lengthened PT and aPTT, and in-
creased levels of d-dimer and FDP compared to
those without DIC. Fibrinogen levels were not
significantly decreased in patients with either
JAAM DIC or ISTH overt DIC.

The 28-day mortality rate of the study
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population was 25.4% (32 of 126 patients).
Compared to the survivors, non-survivors had
significantly higher median ISTH overt DIC
scores (Figure 1A). There was no significant
difference in the 28-day survival rate between
patients with and without JAAM DIC (71.8%
vs. 75.9%, P=0.552) (Figure 1B). Compared
to patients without DIC, those with ISTH overt
DIC had significantly decreased 28-day survival
(76.7% vs. 50.0%, P=0.026) (Figure 1C).

Clinical characteristics of patients with
sepsis-related JAAM DIC

Our data revealed that JAAM DIC was
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Fig. 1. Disseminated intravascular coagulation (DIC) and 28-day survival in patients with sepsis. (A) Compared to the survivors, the non-
survivors had significantly higher International Society on Thrombosis and Haemostasis (ISTH) DIC scores (P=0.049, Mann-Whitney U test).
However, the Japanese Association for Acute Medicine (JAAM) DIC scores were not significantly different between the survivors and non-
survivors (P=0.166, Student’s t-test). In the box plots, boxes represent the 25th to 75th percentiles, whiskers represent the lowest and highest
values of the respective quartile, and dots represent outliers. (B) Patients with JAAM DIC did not have worse 28-day survival than those without
JAAM DIC. (C) In contrast, patients with ISTH overt DIC had worse 28-day survival than those without ISTH overt DIC (50.0% vs. 76.7%,

P=0.026, log-rank test)

significantly associated with intra-abdominal
infections and other miscellaneous infections,
mainly of soft tissue and neurological origin
(Table 2). We further evaluated the association
between JAAM DIC and acute dysfunction of
organ systems other than the coagulation sys-
tem, and found that hypotension, hyperbilirubi-
nemia, and hypoperfusion were significantly as-
sociated with JAAM DIC. In addition, patients
with JAAM DIC had significantly increased
serum levels of creatinine and lactate (Figure 2)
and increased SOFA scores, compared to those
without DIC (Table 2).

Clinical characteristics of patients with
sepsis-related ISTH overt DIC

Similar to the patients with JAAM DIC,
those with ISTH overt DIC were significantly
associated with intra-abdominal infections
(Table 3). However, hyperbilirubinemia was the
only organ dysfunction significantly associated
with ISTH overt DIC. Of the laboratory indices
of specific organ dysfunction, ISTH overt DIC
was significantly associated with increased se-

rum levels of total bilirubin and lactate (Figure
2) and increased SOFA scores (Table 3).

Sepsis-related DIC was associated with
specific clinical characteristics

Multivariate logistic regression analysis was
used to investigate specific clinical characteris-
tics, including comorbidities, types of infection,
and organ dysfunction, independently associ-
ated with increased risk of JAAM DIC or ISTH
overt DIC (Table 4). The results revealed that
hypotension (odds ratio [OR] 8.037, 95% con-
fidence interval [CI] 1.496-43.175, P=0.015)
and specific infection sources, particularly
intra-abdominal infections (OR 8.952, 95% CI
1.765-45.395, P=0.008) and miscellaneous
infections (OR 28.283, 95% CI 1.990-401.950,
P=0.014), were significantly associated with in-
creased risk of JAAM DIC, and that congestive
heart failure (CHF) (OR 9.192, 95% CI 1.665—
50.761, P=0.011) and hyperbilirubinemia (OR
6.525, 95% CI 1.311-32.481, P=0.022) were
significantly associated with increased risk of
overt DIC.

Thorac Med 2021. Vol. 36 No. 2
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Table 2. Clinical Features of Patients with or Without Sepsis-Related JAAM DIC

Parameters JAAM DIC P*
Without With
Number 87 39
Age 70.1 +16.6 71.6 £12.9 0.619
Sex
Male 54 (62.1) 24 (61.5) 0.955
Female 33 (379 15 (38.5)
Comorbidities
Congestive heart failure 4  (4.6) 6 (154 0.068
Coronary artery disease 15 (17.2) 9 (23.1) 0.441
Diabetes mellitus 31 (35.6) 17  (43.6) 0.395
Neurologic disease 28 (32.2) 7 (17.9) 0.099
Chronic kidney disease 18 (20.7) 8 (20.5) 0.982
Infection diagnosis
Pneumonia 60  (69.0) 14 (359 <0.001
Urosepsis 16  (18.4) 10 (25.6) 0.353
Blood stream infection 7 (8.0) 2 (5.1 0.720
Intra-abdominal infection 3 (34 8 (205 0.004
Others I (LD 5 (12.8) 0.011
Blood culture positivity 16  (18.4) 13 (33.3) 0.065
APACHE 11 244 +6.7 27.5+9.3 0.065
Acute organ dysfunction at admission
Hypotension 63 (72.4) 37 (94.9) 0.004
Respiratory 16  (18.4) 6 (154 0.681
Renal 33 (379 22 (56.4) 0.053
Hyperbilirubinemia 5 (5.7 9 (23.1) 0.011
Hypoperfusion 53 (60.9) 33 (84.6) 0.008
SOFA score at admission
Total score 87+3.2 12.5+3.1 <0.001
Without hematologic score 84+3.0 11.2+2.8 <0.001

Data are presented as mean + SD or number (percentage); JAAM DIC, Japanese Association for Acute Medicine disseminated intravascular co-
agulation; APACHE 11, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment;
*Compared between patients with and without JAAM DIC: continuous variables using Student’s t-test, and proportions using Pearson’s %’ test or

Fisher’s exact test, as appropriate.

Discussion

This study found that specific infections
and organ dysfunction in patients with sepsis
were associated with DIC development. Intra-
abdominal infections were significantly asso-
ciated with increased risk of both JAAM and
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ISTH DIC. However, the association between
DIC and acute organ dysfunction depended on
the DIC scoring system.

Our data revealed that CHF is the only
pre-admission comorbidity associated with
DIC development. The exact mechanism that
accounts for the association between CHF and
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Fig. 2. Association between laboratory indices of organ dysfunction and disseminated intravascular coagulation (DIC). Patients

with Japanese Association for Acute Medicine (JAAM) DIC, compared to those without DIC, had significantly increased

levels of serum creatinine (P=0.030) and lactate (P<0.001). In addition, patients with International Society on Thrombosis and

Haemostasis (ISTH) overt DIC were significantly associated with increased levels of serum total bilirubin (P=0.008) and lactate
(P=0.010). Neither JAAM DIC nor ISTH overt DIC was significantly associated with decreased PaO,/FiO, ratios. Patients with
JAAM DIC vs. those without JAAM DIC were compared using Student’s #-test; patients with ISTH overt DIC vs. those without
ISTH overt DIC were compared using the Mann-Whitney U test. In the box plots, boxes represent the 25" to 75" percentiles,

whiskers represent the lowest and highest values of the respective quartile, and dots represent outliers.

sepsis-related DIC is unclear. However, endo-
thelial dysfunction in patients with CHF may
predispose the patient to and exacerbate endo-
thelial damage in sepsis, leading to DIC devel-
opment [24-26]. Meanwhile, consistent with a
previous study [14], we did not observe an as-
sociation between DIC and respiratory dysfunc-
tion in our patients with sepsis. Sepsis-related
DIC may be the consequence of systemic in-
flammation [3].

The development of multi-organ dysfunc-
tion in sepsis is caused by various mechanisms,

such as hyperactive inflammation and mito-
chondrial injury [27]. The dominant pathophys-
iologic mechanism for the dysfunction of each
organ system may be different, and the causal
link between DIC and multi-organ dysfunc-
tion has yet to be elucidated [28]. It is not clear
whether coagulation dysfunction and the devel-
opment of DIC contribute to multi-organ failure
in sepsis. In the current study, we found that pa-
tients with DIC tended to have intra-abdominal
infections. In a post-hoc analysis of the Protein
C Worldwide Evaluation in Severe Sepsis
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Table 3. Clinical Features of Patients With or Without Sepsis-Induced ISTH overt DIC

ISTH overt DIC P
Without With
Number 116 10
Age 76 [29-95] 68  [58-87] 0.632
Sex 0.741
Male 71  (61.2) 7 (70.0)
Female 45  (38.8) 3 (30.0)
Comorbidities
Congestive heart failure 7 (6.0) 3 (30.0) 0.032
Coronary artery disease 21 (18.1) 3 (30.0) 0.401
Diabetes mellitus 45  (38.8) 3 (30.0) 0.741
Neurologic disease 34 (29.3) 1 (10.0) 0.281
Chronic kidney disease 25 (21.6) 1 (10.0) 0.686
Infection diagnosis
Pneumonia 69  (59.5) 5 (50.0) 0.740
Urosepsis 24 (20.7) 2 (20.0) 1.000
Blood stream infection (7.8) 0 (0.0 1.000
Intra-abdominal infection 8 (6.9) 3 (30.0) 0.043
Others 6 (5.2) 0 (0.0 1.000
Blood culture positivity 25 (21.6) 4 (40.0) 0.237
APACHE 11 25 [6-50] 27 [14-47] 0.597
Acute organ dysfunction defined for enrollment
Hypotension 90 (77.6) 10 (100.0) 0.121
Respiratory 21 (18.1) 1 (10.0) 1.000
Renal 50 (43.1) 5 (50.0) 0.746
Hyperbilirubinemia 10 (8.6) 4 (40.0) 0.014
Hypoperfusion 77  (66.4) 9 (90.0) 0.168
SOFA score
Total score 9.5 [2-20] 14.0 [8-16] 0.002
Without hematologic score 9.0 [2-18] 1.5  [6-15] 0.043

Data are presented as median [minimum-maximum] and number (percentage); ISTH overt DIC, International Society on Thrombosis and Hae-

mostasis overt DIC; JAAM DIC, Japanese Association for Acute Medicine disseminated intravascular coagulation; APACHE II, Acute Physiology
and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment
*Compared between patients with and without JAAM DIC: continuous variables using the Mann-Whitney U test, and proportions using Pearson’s

%? test or Fisher’s exact test, as appropriate.

(PROWESS) trial [29], surgical patients were
found to be at a significantly increased risk of
overt DIC [14]. Furthermore, in the PROWESS
cohort, more surgical patients had infections
other than pneumonia, especially intra-abdom-
inal, soft tissue, and neurological infections

Thorac Med 2021. Vol. 36 No. 2

[30]. Our findings thus are consistent with the
findings of the PROWESS cohort. However,
regarding the association between DIC and spe-
cific organ dysfunction and infection sources,
the exact pathophysiological mechanisms are
unknown, and further investigations are war-
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Table 4. Multivariate Logistic Regression Models: Specific Organ Dysfunction and Infection Sources Associated with JAAM DIC or ISTH Overt

DIC
JAAM DIC

Covariate Estimate SE Odds ratio (95% CI) P
Infection diagnosis

Intra-abdominal infection 2.192 0.828 8.952 (1.765-45.395) 0.008

Others 3.342 1.354 28.283 (1.990-401.950) 0.014
Organ dysfunction

Hypotension 2.084 0.858 8.037 (1.496-43.175) 0.015

Hypoperfusion 1.030 0.552 2.800 (0.949-8.261) 0.062

ISTH overt DIC

Comorbidity before admission

Congestive heart failure 2.218 0.872 9.192 (1.665-50.761) 0.011
Infection diagnosis

Intra-abdominal infection 1.370 0.880 3.936 (0.702-22.075) 0.119
Organ dysfunction

Hyperbilirubinemia 1.876 0.819 6.525 (1.311-32.481) 0.022

JAAM DIC, Japanese Association for Acute Medicine disseminated intravascular coagulation; ISTH overt DIC, International Society on Throm-
bosis and Haemostasis overt DIC; SE, standard error; 95% CI, 95% confidence interval.

ranted to clarify this issue.

Several previous studies have reported
inconsistent results regarding the association
between the development of JAAM DIC and
survival of patients with sepsis [7,21,23]. We
found that JAAM DIC was not associated with
decreased survival in patients with sepsis or
septic shock. JAAM DIC may represent the
early stage of DIC development, and the pro-
gression of DIC may be halted after initial treat-
ment. In addition, only 7.9% of our patients had
ISTH overt DIC, which is far lower than that re-
ported in previous studies (ranging from 29% to
30%) [14,16]. Both advanced cancer and Child-
Pugh C cirrhosis can predispose septic patients
to the development of DIC [3,16]; however, pa-
tients with these co-morbidities were excluded
from our study. Therefore, the occurrence of
ISTH overt DIC in sepsis may be overestimated
in previous studies. In addition, a recent study
indicated that the incidence of ISTH overt DIC

in critically ill patients has decreased over the
last decade [31]. Taken together, the differences
in the incidence of sepsis-related ISTH overt
DIC between our and previous studies may be
explained by differences in the characteristics
of the study populations and changing epidemi-
ology.

Some limitations of this study should be
addressed. First, we did not record DIC scores
after admission. However, Gando et al. reported
that 87.5% of their JAAM DIC cases were
diagnosed at the time of ICU admission [21],
suggesting that most patients with sepsis with
JAAM DIC would be identified at this time.
In contrast, only 64.1% of the ISTH overt DIC
cases in Gando et al.’s study were diagnosed at
the time of ICU admission [21]. Thus, the actual
occurrence of ISTH overt DIC in patients with
severe sepsis may have been underestimated in
the present study. Therefore, our results con-
cerning ISTH overt DIC should be interpreted
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with caution. Second, although we found an in-
dependent association between ISTH overt DIC
and hepatic dysfunction in patients with severe
sepsis, a previous study found that the develop-
ment of ISTH overt DIC was also associated
with renal and cardiovascular dysfunction, us-
ing a different definition of organ dysfunction
[14]. Therefore, additional studies are needed
to verify the independent association between
hepatic dysfunction and ISTH overt DIC. Third,
DIC is a pathophysiological process leading
to both increased bleeding and a thrombotic
tendency, and may lead to increased bleeding
or thrombotic events in sepsis. Whether sepsis-
related DIC will remarkably increase the risk of
bleeding or thromboembolic events is unknown
from our study, and should be further investi-
gated in the future.

In conclusion, our findings indicate that
DIC may be a unique feature in sepsis. Patients
with sepsis tended to have DIC when they had
specific infections, particularly intra-abdominal
infections, or specific organ dysfunction, such
as hypotension or hepatic dysfunction. Our re-
sults suggest that DIC may play a crucial role
in the development of specific, but not all organ
dysfunction, or that DIC may be just a reflection
of disease severity. The exact clinical impor-
tance of DIC in sepsis needs to be re-defined,
and the mechanisms and causality underlying
our results require future investigation.
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Meta-Analysis of Relationship Between EGFR
Mutations, Risk of Brain Metastasis and Survival in
NSCLC Patients
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Introduction: To investigate whether epidermal growth factor receptor (EGFR) mutations
are associated with the risk of developing brain metastasis (BM) or with overall survival after
BM in non-small cell lung cancer (NSCLC) patients.

Methods: We systematically performed meta-analyses and meta-regression to examine
the associations. Seventeen studies involving 8,010 NSCLC patients were included for
analysis.

Results: Meta-analysis of 12 studies (5,962 patients) yielded a pooled odds ratio of 1.70
(95% confidence interval (Cl): 1.47-1.96, p < 0.001), and meta-regression indicated that
patients with EGFR mutations had a higher risk of BM at initial diagnosis. Meta-analysis of 11
studies (3,170 patients) yielded a pooled odds ratio of 2.20 (95% CI: 1.76-2.75, p < 0.001),
and meta-regression indicated that patients with EGFR mutations also had a higher risk of
subsequent BM. Finally, meta-analysis of 5 studies yielded a pooled hazard ratio of 0.29
(95% CI: 0.22-0.39, p < 0.001), indicating EGFR mutations are associated with longer overall
survival in NSCLC patients with BM.

Conclusion: Although EGFR mutations increased the risk of BM in NSCLC patients, they
also predicted longer overall survival in those with BM. (Thorac Med 2021; 36: 106-122)

Key words: EGFR mutation, brain metastasis, overall survival, NSCLC, meta-analysis, meta-regression

'Department of Internal Medicine, National Cheng Kung University Hospital, College of Medicine, National Cheng
Kung University, Tainan, Taiwan

*Department of Nursing, National Cheng Kung University Hospital, College of Medicine, National Cheng Kung
University, Tainan, Taiwan

*Graduate Institute of Clinical Medicine and School of Nursing, College of Medicine, National Taiwan University,
Taipei, Taiwan

“International-Harvard Statistical Consulting Company, Taipei, Taiwan

*Institute of Clinical Medicine, National Cheng Kung University Hospital, College of Medicine, National Cheng
Kung University, Tainan, Taiwan

*These authors contributed equally to this work. Acronyms: BM, brain metastasis; CT, computed tomography; EGFR,
epidermal growth factor receptor; GAM, generalized additive model; GOF, goodness of fit; MRI, magnetic resonance
image; NA, not applicable; NSCLC, non-small cell lung cancer; OS, overall survival; TKI, tyrosine kinase inhib
Address reprint requests to: Dr. Jeng-Shiuan Tsai, Department of Internal Medicine, National Cheng Kung University
Hospital, College of Medicine, National Cheng Kung University, No.138 Sheng-Li Road, Tainan 704, Taiwan

Thorac Med 2021. Vol. 36 No. 2



EGFR mutations, Risk of Brain Metastasis, Survival, NSCLC 107

Introduction

Brain metastases (BM) occur in 22%—54%
of non-small cell lung cancer (NSCLC) pa-
tients and progress at various speeds. Although
advances in systemic therapies have improved
survival outcomes in patients with advanced
NSCLC, BM is still an important cause of
morbidity and mortality in NSCLC patients.
Previous studies have attempted to identify the
predictive factors of BM in NSCLC patients,
including carcinoembryonic antigen levels [1],
tumor size, lymph node involvement, and extra-
cranial involvement [2]. BM is more common
in patients with adenocarcinoma and undifter-
entiated NSCLC than in those with squamous
cell lung cancer [3]. However, the predictive
values of some recently identified molecular
biomarkers for BM have not yet been verified
[4-5].

The epidermal growth factor receptor
(EGFR), a trans-membrane receptor for tyro-
sine kinase, is involved in various cellular pro-
cesses. First-line treatment with tyrosine kinase
inhibitors (TKIs) is recommended for patients
with certain EGFR mutations. In NSCLC pa-
tients with EGFR mutations, treatment with
TKIs results in better response rates (RR) and
progression-free survival (PFS) than treatment
with chemotherapy [6]. In contrast, NSCLC pa-
tients with wild-type EGFR do not benefit from
TKIs. EGFR mutation status is thus crucial to
the efficacy of TKIs.

Evaluation of risk factors for BM in
NSCLC patients may help improve treatment
decisions. For example, the presence of EGFR
mutations that are associated with BM indicates
that brain screening and surveillance are neces-
sary. A recent study demonstrated that whole-
brain radiotherapy might be more effective in

NSCLC patients with EGFR mutations who
have developed BM than in those with wild-
type EGFR [7]. Another study showed that
TKIs were more effective than chemotherapy in
patients with EFGFR mutations who developed
asymptomatic BM [8]. However, differences
in treatment outcomes in NSCLC patients with
BM, depending on EGFR mutation status, re-
main [9-10]. In this meta-analysis, we therefore
examined the effects of EGFR mutations on the
risk of BM in NSCLC patients and on overall
survival in NSCLC patients with BM.

Methods

Search strategy

This meta-analytic study was conducted
according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRIS-
MA) Statement guidelines [11]. Three authors
(CH Lai, SY Wang, and PL Su) independently
searched the MEDLINE, PubMed, and Web of
Science databases for clinical studies published
between January 1, 2003 and July 31, 2017.

99 ¢¢

Search terms included “lung cancer,” “non-small
cell lung cancer,” “NSCLC,” “lung adenocar-
epidermal growth factor receptor,”

“EGFR,” “brain metastasis,” “brain metas-

99 ¢

cinoma,

tases,” and “recurrence;” Boolean logic was
used. A flow chart depicting the search strategy
is shown in Figure 1. All studies referenced in
each of the retrieved articles were also exam-
ined to identify any relevant studies missed in
the primary search.

Study selection

Three reviewers (YL Wu, CH Lai, and SY
Wang) independently scanned the titles and ab-
stracts of all retrieved studies to identify those
that were relevant. The inclusion criteria were:
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o Record identified Record identified Record identified
*§ through pubmed through medline through Web of science
= N=664 N=646 N=971
E
Record scanned P o | Duplicate
& for duplicate N=2281 excluded N=1098
- —
g | Case report, or review article
] Records screenedl by Including other mutation,

(et »| Basic mechanism, including other tumor, drug resistance
= N=1183 mutation, clinical trial not full fill criteria, limitation at
:E certain group (young, old, HIV, EGFR mutant),other
=) metastasis (bone, liver), other mutation N=1101
= Study included for : ——————

qualitative synthesis F—— Analyzing EGFR mutation distribution only from BM
N= 82 or other metastatic patients , no detail of distribution of
BM patients in EGFR wild type, or mutant type , or
only comparing treatment outcome for BM patients
N=62
2 full article are not available
1 Duplicate (updated results from same trial)

Fig. 1. Flow diagram of the study selection process (PRISMA 2009) [11]

(1) investigations of the association between
EGFR mutations and lung cancer recurrence,
and (2) investigations of the association be-
tween EGFR mutations and metastasis. After
potentially relevant articles had been reviewed
in full and additional information was requested
from the authors by email, the same review-
ers independently assessed the eligibility of all
studies; any discrepancies were resolved by
consulting with the 2 primary investigators (JS
Tsai, CC Lin).

Data extraction

According to a pre-specified study protocol,
3 authors (PL Su, YL Wu and SC Yang) inde-
pendently extracted the following data: authors,
publication year, country, study design, and
variation in clinical characteristics associated

Thorac Med 2021. Vol. 36 No. 2

with EGFR mutations, BM, and survival (e.g.,
age, sex, smoking, and follow-up duration).

Assessing potential confounders

The “Reader’s Guide to Critical Appraisal
of Cohort Studies” [12] was used to assess po-
tential confounding factors in each cohort study
and to determine whether the study provided
information on the distribution of potential con-
founding factors between patient groups. Dis-
crepancies in these assessments were resolved
through discussions among the authors or con-
sultations with primary investigators (JS Tsai
and CC Lin).

Statistical analysis
Meta-analysis and meta-regression analysis
were performed by three authors (FC Hu, JS
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Tsai, and CC Lin) using the metafor package of
Viechtbauer in the free R software, Version 3.4.2
(R Foundation for Statistical Computing, Vi-
enna, Austria). Two-sided p values < 0.05 were
considered statistically significant.

To examine the effect of EGFR mutations
on BM in NSCLC patients and then evaluate the
effect of EGFR mutations on overall survival of
NSCLC patients with BM, we recorded the es-
timated individual-study odds ratio (OR) of BM
given EGFR mutations in NSCLC patients, and
the estimated individual-study hazard ratio (HR)
of survival given EGFR mutations in NSCLC

patients with BM from each collected study,
with the corresponding 95% confidence inter-
vals (Cls) as the measures of effect sizes. The
reason for studying the ORs instead of central
nervous system (CNS) progressions was that
only a few studies compared the median time to
CNS progression in EGFR-mutant versus wild-
type patients (Supplementary Table 1). Yet, the
estimated HRs of survival given EGFR muta-
tions in NSCLC patients with BM were avail-
able in only 2 of the 5 collected studies with
survival data; thus, we estimated the HRs from
the reported group-specific median survival

Supplementary Table 1. Studies Comparing the Time to CNS Progression in EGFR-Mutant Versus Wild-type Patients

Median months to CNS progression

No Author, year (EGFR+/EGFR-)
1 Yasunori Enomoto, 2013 [17] NA

2 Daichi Fujimoto, 2014 [18] NA

3 Dong-Yeop Shin, 2014 [28] NA

4 Hiroaki Akamatsu, 2014 [16] NA)

5 Jae Hyun Jeon, 2015 [27] NA

6 Karmen Stanic, 2014 [13] 25.1/11.8
7 Bo Li, 2015 [23] NA

8 Kosuke Tanaka, 2015 [20] NA

9 Shigehiro Yagishita, 2015 [21] NA
10 Toshihiko Tuchi, 2015 [63] NA

11 Fred Hsu, 2016 [64] NA
12 Guang Han, 2016 [65] NA
13 Jian Guan, 2016 [24] NA
14 Min Young Baek, 2016 [66] 13.4/8.8
15 Bao-Xiao Wang, 2017 [22] NA
16 Vijaya Raj Bhatt,2017 [30] NA

17 Shih-Hsin Hsiao, 2017 [29]

31.6/not reached
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times in those 3 studies.

Let the median survival times of NSCLC
patients with BM in the EGFR-mutant and
wild-type groups be denoted by 71 and 72, re-
spectively. It is usually assumed that 71 and 7>
are exponentially distributed with the survival
functions S(#1) and S(#2) with constant hazards
A1 and Az, respectively. The survival function
of an exponential distribution is simply S(¢) =
exp(—As). Thus, as an example, the hazard rate A
1 of the EGFR-mutant group with a median sur-
vival time of 12.6 months in Study 6 [13] was
estimated using the following calculations:

exp(—l x 12.6) =0.5

—12.6 1 =—log(2)

A1=1og(2)/12.6 =0.0550

where “log” was the natural logarithm. And,
the hazard rate A2 of the EGFR wild-type group
with a median survival time of 6.8 months in
Study 6 [13] was

A2=1og(2) /6.8 =0.1019.

Then, the estimated HR for Study 6 was 41
/ 22 = 0.5396. Similarly, we used the upper and
lower limits of the 95% ClIs of median overall
survival to estimate the upper and lower limits
of the 95% CIs of the HR for this study.

The log(OR) or log(HR) and the corre-
sponding variances were computed using the
escalc() function of the metafor package for
each collected study in R, where “log” was the
natural logarithm. Then, the meta-analyses and
linear meta-regression analyses were performed
using the rma() function of the metafor package
in R. The weighted averages of (1) individual-
study ORs of BM given EGFR mutations in
NSCLC patients and (2) individual-study HRs
of overall survival given EGFR mutations in
NSCLC patients with BM were calculated re-
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spectively using the inverses of the variances
of log(OR) or log(HR) as the weights from the
selected studies as the fixed-effects estimates of
the pooled effect measures of EGFR mutations.
Heterogeneity was examined using the Chi-
square Q test and the /? statistic (= total hetero-
geneity / total variability), where a p value of
the Chi-square Q test < 0.15 or I? > 50% indi-
cates a substantial amount of heterogeneity [14-
15]. If the statistical test of heterogeneity or the
I? statistic revealed substantial heterogeneity
among the collected studies or that the effects
of relevant covariates on the pooled effect mea-
sures should be explored based on substantive
knowledge and investigators’ insights, a fixed-
effects linear meta-regression model for model-
ling log(OR) or log(HR) was fitted to the study-
specific data by the weighted least squares
(WLS) method to identify the important covari-
ates (called the “moderators” in meta-analytic
studies), which accounted for the observed het-
erogeneity or exerted significant effects on the
pooled effect measures. Moreover, if the sta-
tistical test of heterogeneity in the residuals of
the fixed-effects linear meta-regression model
still revealed substantial heterogeneity among
the collected studies, a mixed-effects linear
meta-regression analysis of log(OR) or log(HR)
would be conducted with the added random-
effects to account for the unknown sources of
heterogeneity.

To ensure a good quality of analysis, the
model-fitting techniques for (1) variable selec-
tion, (2) goodness-of-fit (GOF) assessment, and
(3) regression diagnostics and remedies were
used in our meta-regression analyses. Specifi-
cally, with the aid of substantive knowledge, the
stepwise variable selection procedure (including
iterations between the forward and backward
steps) was applied to obtain the candidate final



EGFR mutations, Risk of Brain Metastasis, Survival, NSCLC 111

linear meta-regression model for log(OR) or
log(HR). All the univariate significant and non-
significant study-level covariates were put on
the variable list to be selected. The significance
levels for entry and for stay were set to 0.15 (or
larger) to be conservative. Then, with the aid
of substantive knowledge, the best candidate
final linear meta-regression model was identi-
fied manually by dropping the covariates with
a p value > 0.10, 1 at a time, until all regression
coefficients were significantly different from
0. Generalized additive models (GAMs) were
fitted to detect nonlinear effects of continuous
covariates on log(OR) or log(HR), and iden-
tify appropriate cut-off point(s) for discretizing
continuous covariates, if necessary, during the
stepwise variable selection procedure. Next, the
coefficient of determination (R?) was calculated
to assess the GOF of the fitted linear meta-
regression model. Technically, the R? statistic
(0 < R* < 1) equals the square of the Pearson
correlation between the observed and predicted
response values of the fitted linear regression
model, and it usually indicates how much of
the response variability is explained by the co-
variates included in the fitted linear regression
model. Finally, the statistical tools of regres-
sion diagnostics were used for examination of
publication bias (using the funnel plot and the
regression test for funnel plot asymmetry).
Since randomized clinical trials are not
feasible in investigating the effects of EGFR
mutations on BM or survival, only observa-
tional retrospective or prospective studies could
be conducted. Thus, the results of this meta-
analytic study must be interpreted with caution.

Results

Characteristics of the selected studies

As shown in the flow diagram in Figure
1, our systematic search identified 2,281 ar-
ticles from 3 databases. Among these, 1,098
were excluded due to duplications, 1,101 were
excluded due to irrelevance after titles and ab-
stracts were scanned, and 62 were excluded for
other reasons after the full text was examined.
Ultimately, 17 original articles were selected for
this meta-analytic study.

The 17 studies in which associations be-
tween EGFR mutations and BM in patients with
NSCLC at initial diagnosis and/or at recurrence
were examined are listed in Table 1. The stud-
ies were published between 2013 and 2017 and
involved a total of 8,010 NSCLC patients, with
study-specific sample sizes ranging from 44 to
1,672. Most of the studies were conducted in
Asia, including 6 in Japan [16-21], 4 in China
[22-25], 3 in Korea [26-28], and 1 in Taiwan
[29]; the remaining 3 studies were performed
in the United States [30], Canada [31], and Slo-
venia [13]. The mean patient age ranged from
53.0 to 70.4 years old, the percentage of female
patients from 27.3% to 60.0%, the EGFR muta-
tion rate from 17.0% to 53.0%, and the Stage
IV percentage from 0% to 100% among these
studies. Five studies investigated associations
between EGFR mutation and brain metastasis
at diagnosis, and 4 focused on associations be-
tween EGFR mutation and subsequent brain
metastasis. In addition, 7 studies investigated
associations between EGFR mutation and brain
metastasis both at and after initial diagnosis.
Eleven studies demonstrated statistically sig-
nificant positive associations between EGFR
mutations and BM, while 4 failed to show and
2 did not mention such an association.

The 5 studies selected for examination of
the association between EGFR mutations and
overall survival in NSCLC patients with BM

Thorac Med 2021. Vol. 36 No. 2
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Table 1. Details of the 17 Studies of Associations Between EGFR Mutations and BM at or Subsequent to Initial Diagnosis in NSCLC Patients

Association
Numb S EGFR
No Author, year of uzr:tlieirts Count Mean (F?’j ) mutation Stage4  Image for EGFR between BM
Y P Y age o (%) BM mutation assay and EGFR
(n) (%) mutations
N
1 Yasunori Enomoto, 2013 [17] 95 Japan 704 400 368 100 MRI RTPCR (PNA) oon
significant
2 Daichi Fujimoto, 2014 [18] 246 Japan  68.0 42.0 39.8 100 MRI RTPCR (PNA) Significant
Direct ing th
3 Dong-Yeop Shin, 2014 [28] 314 Korea 640 519 439 487 MRl o octSCQUENCETCN g ificant
pyrosequencing
RTPCR (PNA-LNA
4 Hiroaki Akamatsu, 2014 [16] 44 Japan 652 273 29.5 0 MRI P(CR) Significant
Not
5 Jae Hyun Jeon, 2015 [27] 138 Korea 643 47.8 53.0 7.2 MRI or CT RTPCR _0
mentioned
_ _ RTPCR -
6 Karmen Stanic, 2014 [13] 629 Slovenia 64.0 48.2 21.8 60.2 MRIorCT Significant
(TheraScreen)
Not
7 BoLi, 2015 [23] 100 China 53.0 43.0 51.0 64.0 MRI RTPCR ,0
mentioned
Not
8 Kosuke Tanaka, 2015 [20] 104 Japan  62.0 38.0 28.0 0 MRI or CT RTPCR(PNA) _0
mentioned
RTPCR high-resolu- Not
9 Shigehiro Yagishita, 2015 [21] 198 Japan  60.0 30.2 17.0 0 MRI tion melting analysis mentioned
(HRMA)
10 Toshihiko Iuchi, 2015 [63] 1127 Japan  67.0 34.8 294 32.6 MRI RTPCR Significant
11 Fred Hsu, 2016 [64] 543 Canada 66.0 60.0 223 100 MRIorCT RTPCR Significant
12 Guang Han, 2016 [65] 234 China 575 46.6 462 44.4 MRI RTPCR (PNA) Significant
13 Jian Guan, 2016 [24] 401 China  60.0 30.2 39.7 49.6 MRIor CT RTPCR +sequencing  Significant
S ing then RT-
14 Min Young Baek, 2016 [66] 259  Korea 68.0 355 282 100 MRI equlfg;’zi Nz‘; Significant
15 Bao-Xiao Wang, 2017 [22] 1672 China  68.1 424 27.8 NA  MRIorCT Direct sequencing Significant
16 Vijaya Raj Bhatt,2017 [30] 1522 USA NA 35 29.7 90.7 MRIorCT RTPCR Significant
17 Shih-Hsin Hsiao, 2017 [29] 384 Taiwan NA 474 48.4 NA NA Direct sequencing Significant
Table 2. Details of the 5 Studies of Associations Between EGFR Mutations and Overall Survival in NSCLC Patients with BM
. . . . Medi i Medi i
Patients with ~ Patients with cdian OS in edian OS in Reported Imputed

No Author, year mutated EGFR wild-type EGFR mutated EGFR wild-type hazard ratio** hazard ratio**

patients EGFR patients

6 Karmen Stanic, 2014 [13]* 26 64 12.6 6.8 Not available 0.540

10 Toshihiko Iuchi, 2015 [63]* 104 157 Not available ~ Not available 0.448 --

11 Fred Hsu, 2016 [64]* 47 118 12.4(5.2-26.1) 5.8(4.4-7.5) Not available 0.468

12 Guang Han, 2016 [65]* 48 28 238 14.2 (8.6-19.8) Not available 0.597
(17.1-30.5)

14 Min Young Baek, 2016 [66] 27 40 25.7 3.8 0.278 -

* EGFR mutation was an independent prognostic factor in univariate and multivariate analysis.
** The “reported hazard ratio” is the value of the hazard ratio reported in the original article; the “imputed hazard ratio” is the value of the hazard

ratio imputed from the median survival times reported in the original article. The imputation method is explained in the “Methods” section
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are listed in Table 2. These studies involved a
total of 659 NSCLC patients with BM, including
839 EGFR-mutant and 1,619 EGFR wild-type
patients. Only 2 of the 5 studies reported esti-
mated HRs; median overall survival times with-
out HRs were reported in the other 3 studies.

EGFR mutations are associated with initial
brain metastasis in NSCLC patients

We performed a fixed-effects meta-analysis
of the 12 identified studies to examine the asso-
ciation between EGFR mutations and the risk of
initial BM in NSCLC patients. As shown in the
forest plot in Figure 2A, the weighted average
OR of BM in mutated EGFR versus wild-type
EGFR patients was 1.70 (95% CI: 1.47-1.96,
p<0.001), indicating that EGFR mutations
are associated with an increased risk of BM in
NSCLC patients. The heterogeneity of the ORs
in these 12 studies was low, with /I (total het-
erogeneity / total variability) < 1% and Q (df =
11)=14.7499 (p=0.1942 > 0.15).

Moreover, we conducted a meta-regression
analysis to investigate moderators (i.e., covari-
ates or regressors) that might affect the ORs
of BM, including average age at diagnosis,
percentage of female patients, percentage of
smoking, FGFR mutation percentage, Stage [V
percentage, adenocarcinoma percentage, other
metastasis percentage, brain imaging method,

type of EGFR mutation assay, Asian vs. non-
Asian patient population, and median follow-
up time. Some of the covariates were reported
to be associated with the frequency of EGFR
mutations and may therefore have affected the
ORs of BM [32-34]. And, in a large retrospec-
tive analysis using a database (a nationwide
database of 18,973 surgically resected lung
cancer patients), patients with an L858R muta-
tion showed a lower risk of intracranial recur-
rences (p=0.003) compared to those with an
Exon 19 Del [35]. However, most of the studies
included in the current meta-analysis used posi-
tive EGFR mutations without classification of
the specific exon 19Del or L858R mutation, so
we were unable to identify which type of EGFR
mutation might affect the ORs of BM.

As shown in Supplementary Table 2, mul-
tivariate fixed-effects meta-linear regression
analysis of log(OR) indicated that FGFR muta-
tion percentage was the only moderator that af-
fected the OR of BM. GAM plots revealed that
EGFR mutation percentage had a non-linear
effect on the predicted value of log(OR) of BM
(Supplementary Figure 1A). Cut-off values of
30.0% and 47.4% were chosen accordingly
to discretize it for meta-regression analysis,
since the EGFR mutation percentage ranged
from 22.0% to 51.0% among the 12 selected
studies. Then, the studies with higher EGFR

Supplementary Table 2. Meta-regression Analysis of Brain Metastasis at Diagnosis From 12 Studies, Performed by Fitting a Fixed-Effects
Linear Meta-Regression Model of log(odds ratio) with the Stepwise Variable Selection Method*.

Moderator Estimate Standard Error z Value p Value 95% Confidence Interval
Intercept 0.4376 0.0839 5.2126 <.0001 0.2731-0.6021
0/ < 1
30.0% < Mutation 0.3836 0.1713 22392 0.0251 0.0478-0.7193

percentage < 47.4%

* The test of residual heterogeneity: y2 statistic QE (df = 10) = 9.7357, p-value = 0.4640 > 0.15. Thus, the fixed-effects linear meta-regression
model was reported. Next, the test of all moderators: y2 statistic QM (df = 1) = 5.0142, p-value = 0.0251 < 0.05. Finally, the goodness-of-fit mea-
sure: R? = 0.3126. This meta-regression analysis was performed using the escalc() and rma() functions of the metafor package in R (version 3.4.2).
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A
&) Fixed-Effects Meta-Analysis for Brain Metastasis at initial diagnosis(k=12)

EGFR + EGFR -

Authoris) and Year Mutation (%) BM+ BM - BM+ BM - Odds Ratio [25% C.1)
1. Yasunor Enomoto, 2013 037 1% 19 20 40 —— 1,68 [0.72, 3.06)
2. Daichi Pujimots, 20114 0.4 45 53 48 102 —— 1.88[1.11, 3.1%]
3. Dong-Yeop Shin, 2014 0.44 33 105 18 158 p——— .76 [1.48, 5.15)
6. Karmen Stanic, 2014 0.22 28 111 84 428 ——t 1.57 [0.95, 2.59)
7. Bo LL 2015 0.51 12 W0 18 M .—— 0.53 [0.22, 1.26)
10. Toshihiko uchi, 2015 0.20 58 273 96 ToO l—-—i 1.55[1.00, 2.21]
11. Fred Hsu, 2016 0.22 T B4 106 36 —— 1.3 [0.84, 2.05)
12 Guang Han, 2016 0.468 25 8% 14 12 [ —— 241 [1.18, 4.92)
13. Jian Guan, 2016 0.4 2% 1M 15 2 | 282 [1.44, 5.54)
14. Min Young Baek, 2016 0.28 20 53 27 1% | ——y 222145, 4.24)
16. Vijaya Raj Bhatt, 2017 0.3 83 350 143 a7 | - 1.68 [1.26, 2.24)
17, Shih-Hsin Hslao, 2017 0.48 51 135 36 162 . 1.70 [1.08, 2.78)
FE Modal - 1.70 [1.47, 1.06]
Tost Tor Heterogeneny. O [dr=11) = 14.7400, p = 01042 015 ; , ,

0.25 1 4 16

Odds Reaso log scal)

B)
Fixed-Effects Meta-Analysis for Subsequent Brain Metastasis (k=11)

EGFR + EGFR -

Autharis) and Year Mutation (%) BM+ BM- BM+ BM - Odds Ratio [95% €.1]
4. Hircaki Akamatsu, 2014 03 8 T 4 27 = 5,70 [1.17, 26.29]
5, Jae Hyun Jeon, 2014 053 12 &1 41 54 e 0.07 [0.38, 2.37]
6. Karmen Stanic, 2014 021 21 0 57 M o 1.52 [0.88, 2.83]
7.Bo LI, 2015 0.56 8 M 4 27 e E— 1.74 [0.47, 8.43]
8. Kosuke Tanaka, 2015 0.28 10 19 1 B4 — 306 [1.13, 8.31)
9. 8higehira Yagishita, 2015 047 4 M 15 148 '_'—'—' 1.32 [0.41, 4.27]
10. Toshiniko luchi, 2015 028 46 23T 61 630 e 242 [1.41, 3.20]
11, Fred Hsu, 2018 021 10 74 13 303 —_ 315133, T.44]
12. Guang Han, 2016 043 23 60 14 g8 S — 2.68 [1.28, 5.61]
14, Min Young Baek, 2016 025 7T 46 13 148 —_— 1.71 [0.64, 4.54]
17, Shih-Hsin Hslao, 2017 045 45 90 18 144 ] 4,00 [2.18, T.34]

FE Model | - 220 [1.78, 275

1*2 (total heterogeneity | vulll:llw BN

Test for Heterogeneity: @ (df=10) = 127721, p = 0.2367 » 0,15 | : |

0.25 1 4 16
Odds Ratio log scale)

Fig. 2. (A) Fixed-effects meta-analysis of the association between EGFR mutations and the risk of brain metastasis (BM) at diagnosis in NSCLC
patients. Squares and horizontal lines correspond to study-specific odds ratios (OR) and 95% confidence intervals (CI), respectively. (B) Fixed-
effects meta-analysis of the association between EGFR mutations and the risk of subsequent BM in NSCLC patients. Squares and horizontal lines
correspond to study-specific OR and 95% CI, respectively. The sizes of the data markers indicate the weight of each study in the meta-analysis.
The diamond represents the pooled OR and its 95% CL.
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mutation percentages (30.0% < EGFR muta-
tion percentage < 47.4%) had an estimated OR
of 2.2732 (i.e., exp(0.4376 + 0.3836)), which
was 1.4676 times higher (i.e., exp(0.3836)) than
the estimated OR of 1.5490 (i.e., exp(0.4376))
in those with an EGFR mutation percentage <
30%. However, 2 studies with an EGFR muta-
tion percentage > 47.4% were exceptions [23,
27]. The non-significant result of the test for
residual heterogeneity (QE (df = 10) = 9.7357,
p=0.4640> 0.15) suggested that the fixed-
effects linear meta-regression model of log(OR)
sufficed for the needs of this analysis. The value

of the GOF measure R? was 0.3126, indicating
that the correlation between the reported and
predicted study-specific log(OR) of BM from
this fixed-effects linear meta-regression model
equated 0.5591.

As shown in Supplementary Figure 2A,
the funnel plot and the regression test for
funnel plot asymmetry (r=—1.2632, df = 9,
p=0.2383> 0.05) ruled out any publication
bias after adjusting for the effects of modera-
tors in the multivariate fixed-effects meta-linear
regression analysis of log(OR). As shown in
Supplementary Figure 3A, the quantile-normal
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Fig. 3. Fixed-effects meta-analysis of the association between EGFR mutation and overall survival in NSCLC patients with brain metastasis (BM).

Squares and horizontal lines correspond to study-specific hazard ratios (HR) and 95% confidence intervals (CI), respectively. The sizes of the data

markers indicate the weight of each study in the meta-analysis. The diamond represents the pooled HR and its 95% CI.
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plot supported the normality assumption for the
fixed-effects linear meta-regression model of
log(OR).

EGFR mutations were associated with subse-
quent BM in NSCLC patients

Next, we performed a fixed-effects meta-
analysis of the 11 relevant studies to examine
the association between EGFR mutations and
the risk of subsequent BM in NSCLC patients.
As shown in the forest plot in Figure 2B, the
weighted average OR of BM in mutated EGFR
versus wild-type EGFR patients was 2.20 (95%
CI: 1.76-2.75, p < 0.001), indicating that EGFR
mutations were associated with an increased
risk of subsequent BM in NSCLC patients. The
heterogeneity of the ORs in these studies was
low, with 12 (total heterogeneity / total variabil-
ity) of 23.91% and Q (df = 10) = 12.7721 (p=
0.2367).

Moreover, we conducted a meta-regression
analysis to investigate moderators (i.e., covari-
ates or regressors) that might affect ORs of BM.
As shown in Supplementary Table 3, we found
that the moderator affecting the OR of subse-
quent BM was the percentage of EGFR muta-
tions (»p=0.0386). In Supplementary Figure 1B,
GAM plots revealed that the EGFR mutation
percentage had non-linear effects on the pre-

dicted value of log(OR) of BM. The cut-off val-
ues of 24.1% and 48.1% were chosen accord-
ingly to discretize it for meta-regression analy-
sis, since the EGFR mutation percentage ranged
from 17.0% to 56.0% among the 11 studies. The
studies with higher EGFR mutation percentages
(24.1% < EGFR mutation percentage < 48.1%)
had an estimated OR of 2.6211 (i.e., exp(0.4730
+ 0.4906)), which was 1.6333 times higher (i.e.,
exp(0.4906)) than the estimated OR of 1.6048
(i.e., exp(0.4730)) in those with an EGFR mu-
tation percentage < 24.1%. However, 2 studies
with EGFR mutation percentages > 48.1% were
exceptions [23, 27]. The non-significant result
of the test for residual heterogeneity (QE (df =9)
= 8.4944, p=0.4852) suggested that the fixed-
effects linear meta-regression model of log(OR)
sufficed for the needs of this analysis. The value
of the GOF measure R? was 0.3756, indicating
that the correlation between the reported and
predicted study-specific log(OR) of BM from
this fixed-effects linear meta-regression model
equated 0.6129.

As shown in Supplementary Figure 2B, the
funnel plot and the regression test for funnel
plot asymmetry (¢ = 0.7919, df = 8, p=0.4513)
ruled out potential publication bias after adjust-
ing for the effects of moderators in the multi-
variate fixed-effects meta-linear regression anal-

Supplementary Table 3. Meta-regression Analysis of Subsequent Brain Metastasis from 11 Studies, Performed by Fitting a Fixed-effects Linear
Meta-Regression Model of log(odds ratio) with the Stepwise Variable Selection Method*.

Moderator Estimate Standard Error z Value p Value 95% Confidence Interval
Intercept 0.4730 0.1901 2.4877 0.0129 0.1003-0.8457
0L < 1
24.1% < Mutation 0.4906 0.2372 2.0682 0.0386 0.0257-0.9555

percentage < 48.1%

* The test of residual heterogeneity: y2 statistic QE (df = 10) = 8.4944, p-value = 0.4852 > 0.15. Thus, the fixed-effects linear meta-regression
model was reported. Next, the test of all moderators: y2 statistic QM (df = 1) = 4.2776, p-value = 0.0386 < 0.05. Finally, the goodness-of-fit mea-
sure: R? = 0.3756. This meta-regression analysis was performed using the escalc() and rma() functions of the metafor package in R (version 3.4.2).
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ysis of log(OR). And, in Supplementary Figure
3B, the quantile-normal plot barely supported
the normality assumption for the fixed-effects
linear meta-regression model of log(OR).

EGFR mutations are associated with longer
overall survival in NSCLC patients with BM

Next, we performed a fixed-effects meta-
analysis of the 5 relevant studies to examine
the associations between EGFR mutations and
overall survival in NSCLC patients with BM.
As shown in the forest plot in Figure 3, NSCLC
patients with BM in the EGFR-mutant group
survived longer than those in the EGFR wild-
type group (HR = 0.29, 95% CI: 0.22—-0.29, p
< 0.001). The heterogeneity of the HRs from
these 5 studies was quite low, with /> (total
heterogeneity / total variability) < 1% and Chi-
square Q (df =4) = 1.1940 (p=0.8791). We
also conducted a meta-regression analysis to
examine moderators (i.e., covariates or regres-
sors) that might affect the HRs of overall sur-
vival, but none were identified. As shown in
Supplementary Figure 2C, the funnel plot and
regression test for funnel plot asymmetry (QE
(df = 6) = 1.1678, p=0.9784) also ruled out
potential publication bias in the fixed-effects
meta-analysis of log(HR). Finally, as shown in
Supplementary Figure 3C, the quantile-normal
plot supported the normality assumption for the
fixed-effects meta-linear regression analysis of
log(OR).

Discussion

In this meta-analytic study, we found that
EGFR mutations increased the risk of BM both
at and after diagnosis in NSCLC patients, and
that EGFR mutations were associated with bet-
ter overall survival in NSCLC patients with

BM.

Survival outcomes are poor in NSCLC pa-
tients with BM [36]. Resection of early-stage
NSCLC offers patients the best chance of a
cure, but post-resection recurrence rates remain
high. Approximately 64% and 36% of NSCLC
patients experience distant metastasis in a single
or multiple organs, respectively [37]. The most
common sites of distant metastasis are the brain
[38] and bone [37, 39].

Although previous studies have examined
the prognostic value of TNM stage, smoking
index, and number of mediastinal lymph nodes
dissected/sampled in NSCLC patients [40],
none have evaluated the significance of EGFR
mutations. Our data show that BM rates are
higher in NSCLC patients with EGFR muta-
tions than in those without mutations. Unfor-
tunately, we were unable to evaluate the sig-
nificance of TNM stage and mediastinal lymph
node dissection surgery with regard to BM in
this study, because most of the studies examined
lacked the data. In addition, studies examining
the impact of ALK rearrangements [41] or other
mutations (Kras) [42] on BM were not included
in this study, which prevented comparison of
EGFR mutations to other mutations. Since ALK
rearrangements are less common than EGFR
mutations, and agents that target Kras muta-
tions are not available for clinical use, ALK and
Kras mutations are not routinely screened in
clinical settings before first-line treatment for
NSCLC [43]. However, our findings emphasize
the importance of careful evaluation and early
detection of BM.

Fixed-effects meta-analysis revealed that,
compared to NSCLC patients with wild-type
EGFR, the OR of developing BM after initial
diagnosis was higher than the OR of having
BM upon diagnosis in patients with EGFR mu-
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tations (2.2 versus 1.7). Although previous stud-
ies have indicated that brain MRIs are of lim-
ited efficacy in patients with operable NSCLC,
due to the low incidence of asymptomatic BM
[44], another study emphasized that the inci-
dence of silent BM is high in patients under 70
years of age, and especially those with adeno-
carcinoma, even in its early stages [45]. Our re-
sults reinforce the importance of brain imaging,
especially for patients with EGFR mutations,
even if NSCLC patients do not have BM at di-
agnosis. Furthermore, a recent study proposed
that EGFR-TKIs might improve adjuvant treat-
ments for NSCLC [46]; a number of associated
clinical trials are ongoing [47].

The molecular mechanisms underlying this
association between EGFR mutations and BM
are unknown. Signaling downstream of EGFR
or activation of other pathways might help ex-
plain how EGFR mutation-harboring NSCLC
casily metastasizes to the brain. Mutant EGFR
can activate the gp130/JAK/STAT3 pathway by
upregulating IL-6 [48], and STAT3 promotes
lung-to-brain metastases [49]. STAT3 also regu-
lates VEGF, which is upregulated by EGFR sig-
naling, to create an environment that promotes
BM [50]. Other pathways, such as Met, are also
activated by the EGF receptor through MAPK,
and enhance invasion and BM in NSCLC pa-
tients [51]. Moreover, activation of C/EBPj-
LIP/CUG-binding protein 1 (CUGBPI1) [52]
and phosphoinositide 3-kinase/protein kinase B/
phospholipase C y [53] by EGFR promotes BM.
Although the mechanisms described in these
studies might contribute to the increased risk of
BM in NSCLC patients with EGFR mutations,
additional studies are needed to determine how
EGFR mutations affect BM at the molecular
level.

Several studies have investigated factors

Thorac Med 2021. Vol. 36 No. 2

that affect the prognosis of BM; these factors
include surgical resection, neurofunction class,
extent of metastasis, and whole brain irradiation
[2, 54, 55]. Evidence suggests that 1st genera-
tion EGFR-TKIs can penetrate the blood—brain
barrier [56-57], and that 2nd generation EGFR-
TKIs may be an effective first-line treatment
for BM in patients with EGFR mutations [8]. A
meta-analysis also found that EGFR-TKIs are
an effective treatment for NSCLC patients with
BM, particularly those with activating EGFR
mutations [58]. Although the 3rd generation
EGFR-TKI osimertinib has been shown to have
superior brain penetration in Ist-line and 2nd-
line treatment for EGFR-mutant lung cancer
[59-60], the high cost of osimertinib presents
an economic burden and limits its use in pa-
tients with EGFR mutations. A recent study
also highlighted that osimertinib for T790M-
mutant NSCLC may not be cost-effective [61].
For those countries in which osimertinib is
unaffordable and not reimbursed by health in-
surance, the impact of EGFR mutations on BM
and subsequent survival still merits investiga-
tion.

In this study, median survival was better in
EGFR-mutant patients with BM than in those
with wild-type EGFR. Moreover, EGFR muta-
tions were identified as an independent prog-
nostic factor. Thus, EGFR mutations should be
considered a prognostic factor in lung cancer
patients with BM. However, we were not able
to investigate other factors that may affect
prognosis in NSCLC patients with BM, such
as extracranial metastasis [62], tumor size [25],
lymph node involvement [25], and treatment
strategy [13, 31]. We were also unable to evalu-
ate whether various EGFR-TKIs have different
levels of efficacy on BM. The treatment strat-
egies employed in the 5 selected studies are
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Supplementary Table 4. Treatment Strategy in the 5 Included Studies

Treatment strategy

No Author, year

2 Daichi Fujimoto, 2014 [18]
10 Toshihiko Tuchi, 2015 [63]
11 Fred Hsu, 2016 [64]

12 Guang Han, 2016 [65]

EGFR+ (First-line chemotherapy: 53% TKIs, 42% platinum combination, 3% sin-
gle-agent, and 2% no chemotherapy), EGFR— (First-line chemotherapy; 3% TKIs,
60% platinum combination, 22% single-agent, and 15% no chemotherapy).

Treatment for the brain metastasis EGFR+ (Surgery 15.1%, Chemotherapy 9.7%,
and TKI 61.3%), EGFR— (Surgery 22.6%, Chemotherapy 33.3%, and TKI 7.7%).

EGFR+ (Chemotherapy 49%, TKI 81%), EGFR— (Chemotherapy 49%, TKI 48%).

Treatment for the brain metastasis: EGFR+ (Radiotherapy 61.4%, Chemotherapy
50%, and TKI 91.3%), EGFR— (Surgery 38.6%, Chemotherapy 50%, and TKI
8.3%).

EGFR+ (TKI: 48.7% at first line, 40.7% at second line, and 7.4% at third line;

14 Min Young Baek, 2016 [66]

Chemotherapy: Not available).

listed in Supplementary Table 4.
Conclusion

In summary, this meta-analysis revealed
that EGFR mutations are a risk factor for BM
in NSCLC patients, but are also associated with
improved survival in NSCLC patients with BM.
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Pulmonary Tuberculosis with Mediastinal Involvement
Mimicking Lung Cancer on Chest Images: A Case
Report

Ming-Hung Chang', Shian-Chin Ko?

Although the incidence of tuberculosis is declining, it is still the most common notifiable
infectious disease in Taiwan. Tuberculosis is known as a great imitator. Atypical clinical
presentations will mislead us and delay the diagnosis. Here, we present the case of a patient
with pulmonary tuberculosis and huge mediastinal lymphadenopathy, who was initially
diagnosed as having advanced lung cancer. Histologic and microbiologic evidence led to the
final accurate diagnosis. We should maintain a high index of clinical suspicion for tuberculosis
in areas of high prevalence, such as Taiwan. Biopsy and culture remain the gold standard for
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the definitive diagnosis of tuberculosis. (Thorac Med 2021; 36: 123-128)

Key words: pulmonary tuberculosis, mediastinal lymphadenopathy, chest imaging

Introduction

Worldwide, tuberculosis (TB) is 1 of the top
10 causes of death, and the leading cause from
a single infectious agent [1]. In Taiwan, through
the efforts of the central government’s public
health department, TB prevalence and mortality
have continued to decline over the years. The
prevalence rate of TB has been reduced by 46%
during the past 13 years [2]. According to the
statistical data of Taiwan’s Ministry of Health
and Welfare, TB was the 23rd leading cause of
death in Taiwan in 2018 [3]. However, TB is
still the most common notifiable infectious dis-

ease in Taiwan and cannot be ignored.

Early diagnosis and prompt treatment are
the most important methods to control TB.
However, TB is a great imitator. The symptoms
of pulmonary TB are nonspecific, and there is
great variability in the radiographic findings.
Differentiating the diagnosis of TB and that of
malignancy is often the doctor's dilemma.

Case Report

This 53-year-old woman presented to out
chest clinic with the chief complaints of chronic
productive cough and exertional dyspnea for
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about 2 months. The sputum was mucoid, whit-
ish and medium in amount. She felt short of
breath when climbing upstairs to the 3rd floor.
There was no fever, chest pain, cold sweating
or body weight loss.

The patient had no major medical disorder,
such as hypertension or diabetes. She had had
asthma in her childhood, but she experienced
no further attacks as an adult. She had smoked
0.5 packs a day for 15 years, but quit 20 years
ago. She was a housekeeper and had no travel
or contact history within the half year before the
onset of illness. The patient did not remember
having been exposed to TB. The people around
her had no similar symptoms.

On arrival to our OPD, she was alert, but
chronically ill-looking. Her vital signs were
stable: BT 35.8°C, RR 16 breaths/min, PR 65
beats/min, BP 104/74 mm Hg, and SpO, 95%
on room air. On chest auscultation, the breath-
ing sounds were decreased and inspiratory scat-
tered crackles were heard in the left lower lung
field.

The blood test results were as follows: leu-
kocyte count: 4,100/uL, hemoglobin: 12.3 g/
dL, platelet count: 201x10*/uL, glucose: 108
mg/dL, aspartate transaminase (AST): 21 U/L,
alanine transaminase (ALT): 9 U/L, creatinine:
0.75 mg/dL, blood urea nitrogen: 18 mg/dL, so-
dium concentration: 142.8 mmol/L, potassium
concentration: 3.90 mmol/L, chloride concen-
tration: 107.9 mmol/L, immunoglobulin (Ig)
E 248.3 TU/mL (ref <100), and an eosinophil
count < 50 /uL (ref 50-350).

Chest radiography showed a consolidated
lesion in the left lower lobe and an enlarged left
hilar shadow (Figure 1). Under the impression
of lung tumor or atelectasis, the patient was
admitted for further investigation. After admis-
sion, chest computed tomography (CT) scan
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Fig. 1. Chest radiography at initial presentation showed consolidation
in the left retrocardiac area and hyperlucency in the left upper lung
field, suggestive of left lower lobe collapse. Enlargement of the left
hilar shadow was also found.

revealed infiltrations with tree-in-bud signs in
the right upper and left lower lobes. A left lower
lobe lung mass, 8.3x9.0%3.0 cm in size, with
inhomogeneous contrast enhancement and cal-
cified plaques, extended to the left upper lobe
and mediastinum. Atelectasis of the left lower
lobe with a significant fluid-bronchogram was
noted. There were also multiple small nodules
in the bilateral lung fields. Left hilar and medi-
astinal lymphadenopathy was also found. Lung
cancer with clinical stage T4N2M1a, stage [Va,
was diagnosed based on the radiologist's report
(Figure 2).

Bronchoscopy was performed for histologic
confirmation and staging of the suspected lung
cancer. It showed that the carinal angle was
fixed and widening. Total obstruction of the ori-
fice of the left lower lobe bronchus and stenosis
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Fig. 2. Chest CT scan at initial diagnosis showed: (A) Some infiltrations with tree-in-bud signs in the right upper lobe and left

basal lung in the lung window, in addition to the left lower lobe consolidation; (B) Some calcified plaques within the lesion were

found in the non-contrasted soft tissue window; (C) After contrast enhancement, the soft tissue window showed a left lower lobe

mass, 8.3x9.0x3.0 cm in size, extending to the left upper lobe and mediastinum. Some low-attenuation areas within the lesion

were suggestive of secretion retention due to proximal airway obstruction. There were bilateral multiple tiny nodules and enlarged

lymph nodes in the left hilum and mediastinum; (D) The coronal reconstruction view revealed significant fluid-bronchograms,

which represented bronchial obstruction.

of the left upper lobe bronchus due to mucosal
swelling and external compression were found.
The mucosa had an irregular surface and ery-
thematous change with many rice-like nodules.
There were copious tenacious whitish secre-
tions with many cheese-like materials (Figure 3).
Bronchoscopic biopsy revealed multiple pieces
of necrotic tissue with inflammatory exudates.
Numerous mycobacterial microorganisms in
necrotic tissue were highlighted by acid-fast
stain (Figure 4). Mycobacterium tuberculosis
quantitative polymerase chain reaction (PCR)
was positive. Culture from bronchoalveolar la-
vage finally yielded Mycobacterium tuberculo-
sis complex.

Fig. 3. Bronchoscopy showed widening of the carinal angle with

overlying erythematous swollen mucosa. The left main bronchus was
stenotic with copious cheese-like materials and tenacious secretions.
After removal of the debris and secretions, an endobronchial tumor-

like lesion with an irregular surface was revealed.
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Fig. 4. Histological examination with acid-fast stain (400x) showed many clustered acid-fast bacilli (AFB)

in the necrotic tissue and inflammatory exudates.

After confirmation of the pulmonary TB di-
agnosis, combined anti-TB therapy with isonia-
zid, rifampicin, ethambutol and pyrazinamide
was immediately initiated. The drug susceptibil-
ity test revealed that the M. tuberculosis isolate
was susceptible to all first-line anti-TB drugs.
After 6 months of anti-TB therapy, the follow-
up chest CT scan revealed marked shrinkage
of the left lower lobe lesion and mediastinal
lymphadenopathy with residual fibro-calcified
lesions (Figure 5). The patient completed a
9-month anti-TB treatment course uneventfully.

Discussion

Although the incidence of TB is decreas-
ing, it is still a healthcare problem in Taiwan.
TB has the highest prevalence rate and greatest
number of mortality cases among the notifiable
infectious diseases in Taiwan. According to of-
ficial statistics, there are nearly 9,000 newly
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diagnosed TB cases in Taiwan every year [2].
The lung is the major organ affected by M.
tuberculosis, and pulmonary TB accounts for
about 85% of TB cases. However, M. tubercu-
losis can also cause infection in almost all other
organs and tissues in the body. Up to 25% of

Fig. 5. Chest CT scan after more than 6 months of anti-TB treatment

showed marked shrinkage of the left lower lobe consolidation and
mediastinal lymphadenopathy. Some fibrocalcified lesions were left
behind.
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TB cases present extrapulmonary involvement.
This is caused by the hematogenous and lym-
phatic spread of the M. tuberculosis bacillus to
other organs. Pulmonary TB is reported in 18-
42% of patients with extrapulmonary TB, as in
our case. Among cases of extrapulmonary TB,
the incidence of lymph node TB is second to
that of TB pleuritis [4].

Early diagnosis and proper treatment are
keys to preventing M. tuberculosis transmission.
However, TB is well known as a diagnostic
chameleon and can also resemble malignancy.
In the thorax, TB can manifest as a pulmonary
infiltrate and/or mediastinal lymphadenopathy
[5].

In our case, advanced lung cancer was
first suspected because of severe mediasti-
nal involvement. Benign diseases such as TB
and sarcoidosis can also cause mediastinal
lymphadenopathy [6]. Mediastinal tuberculous
lymphadenitis is more common in childhood
and primary TB. It causes lipid inflammation
and the development of matting and conglom-
eration around the lymph nodes. There is lung-
parenchymal involvement in 80% of patients
with mediastinal TB lymphadenitis [7]; in our
case, there were tree-in-bud lung lesions. Other
chronic infections can also cause similar le-
sions. Chronic melioidosis was reported to have
cavitary lung lesions and mediastinal lymph-
adenopathy [8]. Despite the highly suggestive
diagnosis of malignancy using radiographic
findings, a tissue biopsy should be performed
for all patients, if possible, given the fact that
the management options are widely different.

CT is a valuable complementary technique
in the evaluation of mediastinal lymphadenopa-
thy. There are 3 CT patterns of nodal involve-
ment in TB. In the early course of the disease,
the nodes are homogeneous in attenuation

and contrast enhancement. As the disease pro-
gresses, the second and most common pattern, a
node with a central area of necrosis, presents as
a center of low attenuation with an enhancing
rim. The low-attenuated center indicates case-
ation or liquefaction necrosis. The enhancing
rim is representive of granulation tissue with
inflammatory hypervascularity and hyperper-
meability. The third pattern is a fibrocalcified
node that is usually seen in patients who have
been treated. Fibrotic strands and calcified spots
are characteristic [9]. Central necrosis, fibrosis
and calcified spots were also evident in the CT
images of our case.

Bronchoscopy can play a primary role in
the pulmonary TB diagnosis of patients who
cannot cough up qualified sputum or who have
negative sputum examination results [10]. A re-
liable specimen can be obtained by bronchoal-
veolar lavage (BAL). Bronchoscopic forceps
biopsy can accurately diagnose endobronchial
TB. A definite diagnosis was obtained for our
patient by bronchoscopy. In addition to tradi-
tional lavage and biopsy, endobronchial ultra-
sound-guided transbronchial needle aspiration
(EBUS-TBNA) may be useful in the setting of
isolated intrathoracic lymphadenopathy [11].
Nucleic acid amplification (NAA) testing of
sputum and tissue can facilitate an early diag-
nosis and differentiate TB from nontuberculous
mycobacteria. In a systematic review and meta-
analysis, the sensitivity and specificity of the
Xpert MTB/RIF assay with lymph nodes were
83% and 94%, respectively [12]. In our case,
TB-PCR showed positive for the biopsied tis-
sue. A combination of EBUS-TBNA and NAA
can increase the diagnostic rate in cases of me-
diastinal lymphadenopathy [13]. Tracheal or
bronchial stenosis and lung atelectasis are the
common complications of tracheobronchial TB.

Thorac Med 2021. Vol. 36 No. 2
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In our case, left lower lobe collapse was evident
on chest CT images. Balloon dilatation and
bronchial stent by bronchoscopy may be the
feasible treatment modalities [14].

Lung cancer and pulmonary TB can coex-
ist in the same patient, and even in the same
pulmonary lobe [15]. Even if TB has been diag-
nosed, the lesion should be followed up during
anti-TB treatment. If the lesion does not shrink
as expected, re-biopsy should be considered.
Fortunately, in our case, the lung lesion de-
creased in size after anti-TB therapy.

In conclusion, TB and lung cancer have
been confused and misdiagnosed for centuries,
especially in countries with a low TB incidence.
The atypical symptoms and imaging findings
of some TB patients are diagnostic challenges
[16]. We reported a patient with presumed lung
cancer due to imaging findings, who turned out
to have pulmonary TB instead. Microbiologic
and histopathologic examinations, the gold-
standard diagnostic methods for TB, should be
performed in a timely manner to prevent a de-
lay in diagnosis.
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Marked Improvement in Pulmonary Function
after Nintedanib Treatment in a Patient with Rapid
Progressive Fibrosing Interstitial Lung Disease

Yen-Kun Ko', Chih-Yi Liu®, Po-Ju Chen®, Ming-Hong Yen*

A 62-year-old male, a smoker with rapid progressive fibrosing interstitial lung disease,
developed exertional dyspnea and dry cough lasting for 1 year, with a decreased forced vital
capacity (FVC) of 300 mL during the last 6 months. High-resolution computed tomography
(HRCT) and the surgical lung biopsy pathology report showed a fibrosing pattern that lay
somewhere between that of usual interstitial pneumonia and that of non-specific interstitial
pneumonia. Twenty-one months after starting nintedanib therapy, the predicted FVC value
increased 20% and the ground-glass opacity and consolidation on HRCT improved. The FVC
value was subsequently maintained above baseline for 28 months. We concluded that the
rapid improvement of the patient indicated a super-responder to nintedanib therapy. (Thorac

Med 2021; 36: 129-134)

Key words: progressive fibrosing interstitial lung disease, pulmonary function test, high-resolution

computed tomography, nintedanib

Introduction

The term interstitial lung disease (ILD) en-
compasses a large group of over 200 pulmonary
disorders, and of them, idiopathic pulmonary
fibrosis (IPF) is a classic fibrosing ILD. There
is a larger group of patients with differing clini-
cal ILD diagnoses who develop a progressive
fibrosing phenotype during the course of their
disease; this was described as progressive fi-
brosing interstitial lung disease (PF-ILD) by
Flaherty et al [1]. About 18~32% of patients

diagnosed with non-IPF ILDs would develop
progressive fibrosis in the USA [2].

Nintedanib is a small-molecule multikinase
inhibitor that targets intracellular receptors of
fibroblasts, and platelet-derived and vascular
endothelial growth factor receptors [3-4]. In pa-
tients with PF-ILD (including usual interstitial
pneumonia (UIP)-like or other fibrotic patterns),
treatment with nintedanib has been reported to
reduce the annual decline in forced vital capac-
ity (FVC) by approximately 50% compared
with a placebo over the course of 1 year [5-6].
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To our knowledge, few previous case re-
ports have described ILD patients who were
super-responders to nintedanib. We report the
case of a patient with rapidly deteriorating
PF-ILD for whom treatment with nintedanib
yielded remarkable improvements in FVC and
high-resolution computed tomography (HRCT)
findings.

Case Report

A 62-year-old male who was a trunk driver
had smoked 1 pack of cigarettes a day for over
30 years. He had been well before, and then
experienced shortness of breath and dry cough
for 1 year. He had been prescribed oral pred-
nisolone 5 mg/day, clarithromycin 1 g/day, a
fixed-dose combination of evohaler (salmeterol
100 pg/day and fluticasone propionate 1000 pg/
day), and quit smoking for 6 months, but the
symptoms progressed.

He was then referred to a pulmonary physi-
cian in a regional hospital. Fine crackles were
audible in the bilateral basilar lung region, and
the FVC value decreased from 2.1 1/min to 1.8
1/min (from 62% to 53.3% of predicted). HRCT
of the chest revealed progressive peribroncho-
vascular reticulation with consolidation, fi-
brotic change and traction bronchiectasis in
both lungs, predominantly at the peripheral
and lower lung fields, without the presence of
honeycombing (Figure 1A, B). Fibrosing ob-
structive pneumonia or non-specific interstitial
pneumonia (NSIP), and “probable UIP”” without
a honeycombing pattern of IPF were considered
[7-8].

No underlying condition that could have
caused ILD was identified, and all of the exam-
ined autoantibodies (including ANA, RA, anti-
Jol, anti-Scl-70) were negative. Surgical lung

Thorac Med 2021. Vol. 36 No. 2

biopsy (SLB) was advised to reach a definitive
diagnosis.

In the histopathological exam, the section of
the right lower lung revealed diffuse homoge-
neous alveolar wall thickening with infiltration
of mononuclear cells and slight hyperplastic
type 2 pneumocytes, compatible with fibrotic
NSIP. There was mild interstitial inflammation
and prominent fibrotic change, with a UIP-like
pattern. Fibroblastic foci were also noted. These
results showed a fibrosing pattern lying some-
where between UIP and NSIP, and a distinction
could not be made with certainty (Figure 2).

PF-ILD was diagnosed based on the risk
factor of smoking, the clinical symptoms, a
rapid decline in FVC, and features of possible
UIP or fibrosing NSIP on HRCT and SLB. The
patient was treated with 150 mg nintedanib
administered twice daily, and all other medi-
cations were withheld. After treatment with
nintedanib for 6 months, the patient had no re-
spiratory symptoms and HRCT images showed
reduced areas of ground-glass opacity (GGO)
and consolidation (Figure 1C).

Twenty-one months after treatment, HRCT
images revealed continued regression of the PF-
ILD (Figure 1D) and an improvement in FVC
from 1.8L to 2.5L, or 20.7% (Figure 3).

During treatment, we noted grade 1 mild
elevation of liver enzymes, which recovered by
reducing the dose of nintedanib by half for 2
weeks. Diarrhea occurring less than 2 times/day
continued, but was tolerable.

Discussion

Idiopathic pulmonary fibrosis (IPF) is an
ILD of unknown cause with progressive dete-
rioration in lung function and a 5-year survival
rate of 20% [7].
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A. Six months before treatment

B. Just before treatment

C. Six months after treatment

D. Twenty-eight months after treatment
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Fig. 1. Serial HRCT images at the carina level and at the lower lobe level. (A) Six months before treatment; (B) Just before initiating

nintedanib therapy; (C) Six months after starting treatment; (D) Twenty-eight months after starting treatment. HRCT images showed
reductions in the area of ground-glass opacities and consolidation compared to the images obtained before treatment.
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Fig. 2. Histopathology A surgical lung biopsy was obtained from
the right lower lobe. There was mild interstitial inflammation and
prominent fibrotic change, with a UIP-like pattern. Fibroblastic foci
(*) were also noted. These results showed a fibrosing pattern lying
somewhere between UIP and NSIP that could not be distinguished
with certainty. (hematoxylin & eosin stain; x200 magnification).

PF-ILD has demonstrated a number of sim-
ilarities to IPF, with the disease being defined
by the presence of progressive pulmonary fibro-
sis, worsening respiratory symptoms, declining
lung function, resistance to immunomodulatory
therapies and, ultimately, early mortality [9].

Among patients with PF-ILD (including a
UIP-like fibrotic pattern or others), the annual
rate of decrease in FVC after 52 weeks of treat-
ment was significantly lower among those who
received nintedanib (-80.8 ml/yr) than among
those who received placebo (-187.8 ml/yr) in
the INBUILD study [6]. FVC in untreated pa-
tients with IPF has been reported to decrease
150 to 200 mL per year on average, similar to
patients with PF-ILD [10].

In addition, the manifestations of fibrosing
ILD that are associated with these diseases can
overlap substantially with those of IPF, with
radiographic and histologic patterns that meet
the criteria for UIP, which was once considered
the hallmark of IPF. As such, there is a lack of a
diagnostic marker that would distinguish fibros-
ing ILD from IPF [9],

We report a patient with PF-ILD without
an acute exacerbation episode, who had a rapid
decline of 300 ml in FVC during a 6-month pe-
riod under steroid treatment and a smoking ces-
sation. The positive effects of nintedanib were

ml

2600

2400

2200

2000

1800

%
78

73

68

63

58

FVC (mL)

months on Nintedanib treatment

e= == FVC(% predicted)

53
15 21 28

Fig. 3. Changes in forced vital capacity (FVC) and predicted FVC values during treatment.

FVC decreased 300 ml (8.7% of predicted) within 6 months before treatment and improved by up to
700 ml (20% of predicted) after 21 months of nintedanib treatment

Thorac Med 2021. Vol. 36 No. 2
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clearly demonstrated by the clinical parameters,
including FVC, HRCT findings, and clinical
symptoms. In this case, FVC had improved by
up to 20% when tested 21 months after initia-
tion of treatment with nintedanib. Given these
changes in FVC, the patient was regarded as a
super-responder to nintedanib [11].

Flaherty et al. reported that in some IPF
patients (24.8%) whose FVC improved or did
not decline, median improvements in FVC at
week 52 were 77 mL in the nintedanib treat-
ment group [12]. The mechanisms underlying
improvement in FVC in patients with IPF are
unknown and no related data have been report-
ed for PF-ILD.

In the INBUILD study, the FVC decline
and therapeutic effect of nintedanib on main-
taining FVC were similar in PF-ILD patients
with a UIP-like fibrotic pattern or others [6].
A decline in FVC or an increase in fibrotic
changes on HRCT in patients with ILDs reflects
disease progression and is predictive of mortal-
ity [2].

An analysis of serial CT images may be
useful for assessing the treatment efficacy of
anti-fibrotic agents for IPF. Iwasawa et al. clas-
sified the CT lung field into normal, GGO,
consolidation, emphysema, and fibrosis patterns
[13]. The increase in GGO and fibrous pattern
lesions and the decrease in the normal lung ca-
pacity of the antifibrotic agent (pirfenidone)-
treatment group were also significantly less than
that of the control. In previous case reports of
IPF involving a super-responder to anti-fibrotic
agents, the HRCT images showed a reduction
in the areas of GGO [11, 14] and consolida-
tion [11]. In the present case, the patient was
without honeycombing on baseline HRCT, and
showed improvement in GGO and consolida-
tion 6 months after treatment.

The most frequently reported adverse event
(over 60%) with nintedanib treatment is diar-
rhea, which was mild or moderate in intensity,
and led to premature discontinuation of the
medication in less than 5% of patients [5, 6].
About 11.4% of patients under nintedanib treat-
ment in the INBUILD trials had elevated levels
of liver enzymes [6]. In our patient, we noted
grade 1 mild elevation of liver enzymes for
about 2 weeks and diarrhea continued, but was
tolerable without discontinuation of nintedanib
treatment.

The median survival times for patients with
non-IPF ILDs with progressive fibrosis in the
USA, from the onset of symptoms to death,
was estimated to be 61~80 months [2]. But
the prognosis for an improvement in FVC with
anti-fibrotic agent treatment is unknown. We
believe that nintedanib improved the prognosis
in our case because the FVC improved up to
20%. In addition, nintedanib remained tolerable
for our patient 28 months after the start of ther-
apy and FVC remained above baseline without
respiratory symptoms.

In conclusion, we reported a patient with
PF-ILD who was classified as a super-responder
to nintedanib. A change in FVC and findings on
HRCT images may be useful for assessing the
efficacy of nintedanib. Further research is there-
fore highly warranted to identify predictive fac-
tors and the prognosis for an improvement in
FVC in the subgroup patients with PF-ILD.
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Pulmonary Adenocarcinoma Presenting as a Simple
Cystic Lung Lesion: A Case Report

Po-Pin Cheng’, Luga Lee?, Jen-Jyh Lee"?, Bee-Song Chang'?, Chih-Bin Lin'?

A pulmonary cyst is defined as a round, thin-walled (often less than 2 mm thick)
parenchymal lucency that may contain air, fluid or a solid. A pulmonary cyst should be
differentiated from a pulmonary cavity because the 2 entities often have very different
etiologies. The differential diagnoses of lung cyst observed on HRCT or chest CT can range
from isolated lung diseases to multisystem diseases. Primary lung cancer presenting as a
cystic airspace lung lesion is relatively rare, and is often misdiagnosed or the diagnosis is
delayed due to the poorly understood pathogenesis and sometimes subtle image changes. It
is imperative that the underlying reason be sought when pulmonary cysts are identified on CT.
We present the case of a 54-year-old male with a pulmonary cystic lung lesion at the upper
segment of the right lower lobe that was eventually proved to be adenocarcinoma. (Thorac

Med 2021; 36: 135-138)

Key words: pulmonary cyst, adenocarcinoma of the lung

Introduction

A pulmonary cyst is defined as a round
and thin walled (often less than 2 mm thick)
parenchymal lucency or area of low attenua-
tion that may contain air, fluid or a solid [1]. A
pulmonary cyst should be differentiated from
a pulmonary cavity because the 2 entities often
have very different etiologies. A cavity is a gas-
filled space which is often produced by empty-
ing the necrotic part of the lesion, and contains
a fluid level [1]. Differential diagnoses of lung
cysts observed on high-resolution computed to-

mography (CT) or chest CT can range from iso-
lated lung diseases to multisystem diseases [2].
Primary lung cancer presenting as a cystic air-
space lung lesion is relatively rare, and is often
misdiagnosed or the diagnosis is delayed due to
the poorly understood pathogenesis and some-
times subtle image changes. When pulmonary
cysts are identified on CT, it is imperative that
the underlying reason be sought. We present the
case of a 54-year-old male with a pulmonary
cystic lung lesion in the upper segment of the
right lower lobe that was eventually proved to
be adenocarcinoma.
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Case Report

The patient was a 54-year-old male non-
smoker with hypertension, who was admitted
to our hospital due to a cystic lesion growing
in the upper segment of the right lower lobe,
as noted on serial chest CT images. The patient
was noted to have a small cystic lung lesion
measuring about 1 cm x 0.7 cm in the upper
segment of the right lower lobe on low-dose
CT (Figure 1) during a health check-up about
4 years prior (2014). The patient had no com-
plaints about fever, cough or significant body

weight loss. Physical examinations, complete

i G

Fig. 1. Chest CT performed in June 2014 showing a 1 cm x 0.7 cm
cystic lesion at the right lower lobe.

Fig. 2. Chest CT performed in October 2018 showing an enlarged
cystic lesion, 2.2 cm x 1.7 cm in size, with septation at the right
lower lobe.

Thorac Med 2021. Vol. 36 No. 2

blood count and blood chemistry panel results
were unremarkable. Sputum acid-fast stains and
cultures were found to be negative. Standing
chest x-ray revealed no suspicious pulmonary
lesions. The follow-up low-dose lung CT exam-
inations in 2018 showed continued enlargement
of the cystic lesion with a thickening cyst wall,
irregular margin and septation (Figure 2). No
other emerging lung cysts, nodules, or medias-
tinal lymphadenopathy was noted on low-dose
lung CT. Malignant cystic lung lesion was high-
ly suspected, so the patient opted to undergo a
right lower lobe lobectomy using single-port
video-assisted thoracic surgery (VATS) with
lymph nodes dissection, rather than CT-guided
transthoracic needle biopsy. The pathology re-
port of the cystic lung lesion later confirmed it
to be a mixed-type adenocarcinoma (Figure 3),
pT1cNOMO. Immunohistochemical stain results
included: TTF-1 (+), napsin-A (+), and CK7(+).
The patient underwent a complete tumor resec-
tion, and no further chemotherapy was used.
Follow-up positron emission tomography (PET)
scan performed in 2019 showed no residual or
new lung lesions.

- s _—
Fig. 3. Histopathology of the cystic lung lesion performed in
December 2018 confirmed adenocarcinoma.
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Discussion

The lungs normally do not develop simple
cyst(s) like other solid organs, such as the kid-
ney or liver. Consequently, any cystic lesions of
the lungs will require careful investigation [2].
The Fleischner Society defined cyst as a “thin-
walled (<2 mm), spherical parenchymal lucency
interfaced with the normal lung” and cavity as
a “gas-filled space within a pulmonary consoli-
dation, mass, or nodule, typically thick-walled
(>2 mm) and more irregularly shaped than a
cyst;” the 2 must be differentiated because a
cavitary lesion has a higher risk of malignancy
[1]. Primary lung cancers arising in associa-
tion with cystic air space are uncommon. The
prevalence of this condition is as yet unknown
[3]. The distinguishing radiological features of
pulmonary cystic lesions that point to malig-
nancy include rapid growth with increased and
uneven wall thickening [4]. abutting nodule(s)
inside or outside the cystic wall, spiculation and
septation [5]. The imaging features of the cystic
lesion on the low-dose chest CT of our patient
showed enlargement and septation, which was
indicative of possible malignancy. The patient
had no history of acute or chronic pulmonary
infections which could potentially cause cystic
wall thickening or irregularity.

Patients with cystic lesions suspected to be
malignant should undergo percutaneous needle
biopsy (3) to determine the nature of the le-
sion. Fluorodeoxyglucose (FDG)-PET may
help strengthen the suspicion of malignancy [6].
However, a negative FDG-PET result does not
rule out malignancy unless the solid component
of the cystic lung lesion is greater than 8§ mm [7].

The majority of primary cystic lung cancers
are found to be adenocarcinoma, which often
co-exists with pulmonary emphysema found in

current or former smokers [6-7]. Cystic lung
cancers show a slower growth rate than lung
cancers arising from solid nodules [1]. Although
malignant cystic lung cancers have a higher risk
of a delayed diagnosis, no evidence has shown
that this group of patients has a worse prognosis
[3].

It is still uncertain whether malignant cystic
lung cancer arises from pre-existing cystic le-
sions or that a microscopically small malignan-
cy forms a check-valve which may result in cyst
formation [6]. Despite currently insufficient
information on the pathogenesis of malignant
cystic lung cancer, any lung cysts without clear
clinical or radiological characteristics pointing
toward a benign lesion should be treated as lung
cancer until proven otherwise.
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Disseminated Mycobacterium abscessus Infection in
a Patient with Invasive Thymoma: A Case Report

Fan-Yi Chuang', Jia-Yi Feng'?, Yu-Chung Wu*?, Wei-Juin Su'?

Nontuberculous mycobacteria (NTM) can be isolated from a variety of environmental
sources. These free-living organisms have potential to cause a variety of infections, such as
lung disease, soft tissue infection, and disseminated disease. Treatment for NTM can include
anti-mycobacterial therapy and surgical management. Here, we present a case of dyspnea
after recent median sternotomy, with disseminated NTM infection. (Thorac Med 2021; 36:

139-146)

Key words: nontuberculous mycobacteria (NTM), M. abscessus subspecies massiliense, disseminated

infection, invasive thymoma

Introduction

Nontuberculous mycobacteria (NTM) are
widely distributed in the environment and can
cause infections in humans exposed to the
bacterial reservoirs, such as soil and natural or
drinking water. This species is known to cause a
broad spectrum of diseases in the human body,
which more frequently present as lung disease,
lymphadenitis, skin and soft tissue infections
(SSTIs) and disseminated infection, often lead-
ing to mortality and morbidity. The incidence
and prevalence of pulmonary NTM disease has

been increasing [1]; it has become a health issue
worldwide, and presents a greater disease bur-
den than even tuberculosis in many geographic
regions.

Up to now, more than 170 species of NTM
have been identified [2], with many of them be-
ing documented as capable of causing disease
in both immunocompromised and immunocom-
petent patients. All NTM species are character-
ized by a slow growth rate compared to other
bacterial pathogens, but can still be further
divided into rapidly growing and slowly grow-
ing organisms. Rapidly growing mycobacteria
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(RGM) usually grow in less than 1 week after
initial isolation, and the most clinically relevant
species are Mycobacterium abscessus (M. ab-
scessus) complex (including the subspecies: ab-
scessus, massiliense, and bolletii), M. fortuitum,
and M. chelonae. Both slow-growing and rapid-
growing organisms have diverse manifestations
from colonization to disseminated diseases. In
this report, we present a case of disseminated
M. abscessus subspecies massiliense infection
with lung, pleural, sternum, and pericardium
involvement.

Case Report

A 51-year-old female presented to our emer-
gency department with symptoms of dyspnea.
She worked as a hairdresser and lived with her
family in Taoyuan County in Taiwan. She was a
non-smoker and did not drink alcohol. She was

non-diabetic and in good health until she under-
went median sternotomy surgery for an anterior
mediastinal tumor 2 months prior to her present
hospital visit. The initial presentation was pain
in the left shoulder and chest that had persisted
for approximately 2 years. A chest X-ray (Figure
1A) and chest computed tomography (CT) scan
(Figure 2A) showed a 7-cm irregular mass in
the anterior mediastinum with bilateral pulmo-
nary centrilobular opacities. Since respiratory
symptoms were insignificant, evaluation of the
pulmonary infiltrations was not pursued preop-
eratively. The patient underwent extended thy-
mectomy, partial pericardiectomy, angioplasty,
left upper lobe S3 segmentectomy, and artificial
pericardium patch repair. The pathology was
reported as invasive thymoma. Postoperative
recovery was smooth and she was discharged
on the 8" day postoperatively.

Approximately 2 days prior to this admis-

-
L]
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Fig. 1. Chest X-ray obtained before surgery showing (panel A) an anterior mediastinal tumor abutting the aortic arch. Before the present

admission, bilateral pleural effusion, cardiomegaly, and increased pulmonary infiltrations were noted in the lung fields 2 months after surgery

(panel B).

Thorac Med 2021. Vol. 36 No. 2
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Fig. 2. Chest computed tomography (CT) obtained before surgery (panel A) showing an anterior mediastinal tumor and bilateral

centrilobular opacities. Chest CT scans obtained before the present admission (panel B) showing gas accumulation in the

sternotomy wound, bronchiectasis, centrilobular opacities in both lung fields, and bilateral pleural and pericardial effusion.

sion, the patient developed progressive short-
ness of breath. The symptoms developed gradu-
ally, without precipitating, exacerbating, or
relieving factors. In addition, limb edema was
also noted bilaterally. At the emergency depart-
ment, her blood pressure was 144/103 mmHg,
her pulse rate was 126 beat per minute, her re-
spiratory rate was 22 per minute, and her body
temperature was 37.1°C. Her oxygen saturation
was 94% while breathing ambient air. An elec-
trocardiogram showed sinus tachycardia, and
chest X-ray revealed bilateral pleural effusion
with increased infiltration in both lung fields
(Figure 1B). Cardiomegaly was also observed.
Laboratory data revealed leukocytosis (WBC
12600/cumm) with a left shift and an elevated

C-reactive protein level (14.64 mg/dL). Diag-
nostic thoracocentesis of pleural effusion was
performed at the emergency room and showed
lymphocyte-predominant exudates with 73%
lymphocytes and lactate dehydrogenase (LDH)
levels of 400 mg/dL (serum LDH: 304 mg/dL).

Tube thoracotomy with pig-tail catheter
placement was performed for bilateral pleural
effusion drainage, and cefmetazole antibiotic
was prescribed as empiric therapy. A chest CT
scan reported gas accumulation in the sternot-
omy wound, accumulation of bilateral pleural
effusion, and pericardial effusion with bronchi-
ectasis and centrilobular opacities in both lung
fields (Figure 2B). The acid-fast bacilli staining
of pleural effusion and sputum were positive,

Thorac Med 2021. Vol. 36 No. 2



142 Fan-Yi Chuang, Jia-Yi Feng, et al.

and the nucleic acid amplification test was
negative for M. tuberculosis. Cytology of pleu-
ral effusion was negative for malignant cells.
The level of complement component 3 and 4
were low (C3: 52.3, C4: 7.0 mg/dL). Tests for
autoimmune disease showed positive results
for antinuclear antibodies (1:160 diffuse type)
and anti-double strand DNA antibody (138 1U/
mL), and weak positive results for anticardio-
lipin antibody (12 MPL-U/mL). In addition, a
serological test revealed that the patient was
a hepatitis B virus (HBV) carrier. CT-guided
pericardiocentesis was also performed for pig-
tail placement, and pericardial fluid analysis
showed 79% lymphocytes and LDH levels of
1435 mg/dL. Mycobacterium culture of speci-
mens from pleural effusion and sputum showed
growth of M. abscessus after 8 days of culture.
Subsequent genotyping confirmed the subspe-
cies M. abscessus massiliense. Chemotherapy
for M. massiliense was then started with com-
bined therapy of parenteral imipenem, ami-
kacin, moxifloxacin and oral clarithromycin.
Video-assisted thoracic surgery for deloculation
of pleural effusion and wedge resection of the
left lower lung lobe were then performed. In ad-
dition, wound debridement was done after me-
dian sternotomy surgery for invasive thymoma.
Tissue culture of the pleura, pericardium, lung
and sternotomy wound were all reported posi-
tive for M. abscessus.

A peripherally inserted central catheter was
implanted in the left arm for medication infu-
sion, and intravenous therapy was continued.
Mycobacterium culture of the patient’s sputum
showed negative conversion after 5 weeks of
treatment. She was discharged after 6 weeks
of treatment for M. abscessus. Intramuscular
administration of amikacin was maintained for
8 weeks. Oral moxifloxacin and clarithromycin

Thorac Med 2021. Vol. 36 No. 2

were prescribed as maintenance therapy.

Liver function test results remained within
normal limits during treatment, but an abdomen
sonography reported chronic liver parenchy-
mal disease with a cirrhotic appearance, sple-
nomegaly and the presence of ascites. A high
HBYV viral load test was detected (150,000,000
IU/mL). Entecavir was prescribed for treatment
of HBV-related cirrhosis by a gastrointestinal
specialist. In addition, persistent positive ANA,
anti-dsDNA, anti-phospholipid antibody and
low complement (C3/C4), with an episode of
autoimmune hemolytic anemia with a posi-
tive direct Coomb's test were observed during
follow-up. Systemic lupus erythematosus (SLE)
was diagnosed and azathioprine and predniso-
lone (10 mg per day) were prescribed by a rheu-
matologist.

After 16 months of antibiotic treatment,
the follow-up chest CT scan showed stationary
bronchiectasis with regression of pulmonary
centrilobular opacities (Figure 3). We discon-
tinued the maintenance treatment and her con-
dition was generally stable on follow-up clinic
visits.

Discussion

M. abscessus complex is a group of rapidly-
growing multi-drug resistant mycobacterium
species [3]. Based on genome sequencing, the
complex can be further divided into 3 subspe-
cies: M. abscessus abscessus, M. abscessus
massiliense and M. abscessus bolletii. The
global isolation and prevalence of M. abscessus
complex infection is diverse. According to re-
cent research, M. abscessus/chelonae infection
is the 2" most common NTM pulmonary dis-
ease in the United States [4], secondary only to
Mycobacterium avium complex, and accounts
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Fig. 3. Chest X-ray obtained after 12 months of
maintenance therapy (panel A) showing regression
of pleural effusion and pericardial effusion. Chest
CT scan (panel B) showing stationary bronchiectasis
with improvement in pulmonary centrilobular

opacities.

for 2-13% of NTM incidence. M. abscessus
complex is more commonly detected in East
Asia, and comprises 17.2% of all clinical NTM
isolates in Taiwan [5]. The incidence of M. ab-
scessus bolletii is rare [6], but the subspecies M.
abscessus abscessus and M. abscessus massil-
iense both commonly cause human diseases [7].

M. abscessus complex usually causes pul-
monary disease, SSTIs, central nervous system
infection and occasionally, disseminated dis-

ease. Disseminated M. abscessus complex in-

fection is more likely to occur in immunocom-
promised patients, such as hosts with acquired
immune deficiency syndrome, anti-interferon-y
immunodeficiency syndrome [8] and malig-
nancy. In a case series and literature review,
about 8% of cancer patients with RGM disease
had disseminated disease [9]. Disseminated
infections were seen mostly in patients with he-
matologic malignancies (83% of cases). Among

Thorac Med 2021. Vol. 36 No. 2
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RGM, M. abscessus complex (46%) was the
most common species, followed by M. chelo-
nae (27%) and M. fortuitum (23%). In a retro-
spective cohort of 725 SLE patients [10], NTM
disease was not uncommon, with a prevalence
of 1.5%. Among the 11 patients with NTM
disease, most of them had skin and soft tissue
infection and 1 had disseminated infection.
Nevertheless, NTM infection was found to de-
velop in the late disease course, rather than with
the first presentation of a lupus diagnosis in the
series. Initially, we thought that our patient was
immunocompetent. However, during treatment,
the patient was diagnosed with HBV-related
cirrhosis and SLE, and therefore, we presumed
that she was already immunocompromised be-
fore this infection. We did not check for anti-
interferon antibody, and thus it is uncertain
whether the patient also had concomitant anti-
interferon immunodeficiency syndrome.

NTM species identification should be done
after diagnosis. Molecular methods such as
polymerase chain reaction are reliable for dif-
ferentiation of RGM [11]. However, there are
still no available commercial DNA probes for M.
abscessus complex. Meanwhile, M. abscessus
complex identified as “M. chelonae/abscessus
complex” or “M. abscessus” may be inadequate
without accurate subspecies identification. M.
abscessus complex includes the subspecies
abscessus, massiliense, and bolletii. Inducible
drug resistance and treatment outcomes differ
between subspecies [12], and thus may influ-
ence the treatment strategy chosen by physi-
cians. In our case, subspecies identification was
carried out after diagnosis of disseminated M.
abscessus complex infection, which included
identification of the subspecies as massiliense.

M. abscessus complex is resistant to most
antibiotics and to anti-tuberculosis chemothera-
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py. Susceptibility testing with macrolides (clar-
ithromycin), aminoglycosides (amikacin), fluo-
roquinolones, doxycycline, tigecycline, cefoxi-
tin, imipenem, cotrimoxazole and linezolid was
recommended by The Clinical and Laboratory
Standard Institute [13]. Recent studies have
questioned the important role of macrolides in
the management of RGM, because of inducible
resistance to clarithromycin in M. abscessus
subsp. abscessus, due to the erythromycin ribo-
somal methylase (erm[41]) gene. This specific
gene was present in M. abscessus complex, but
absent in M. chelonae [14]. M. abscessus subsp.
massiliense had a non-functional copy of the
erm(41) gene, and thus the rate of clarithromy-
cin resistance was lower in M. massiliense than
in M. abscessus subsp. abscessus. An alterna-
tive mechanism leading to acquired macrolide
resistance occurs via a point mutation in the 7/
gene, which encodes the peptidyl transferase
domain of the 23S rRNA. The r7/ gene point
mutation at nucleotides 2058 and 2059 was
responsible for a high level of macrolides re-
sistance in M. abscessus complex, even in the
absence of a functional erm(41) [15-16].
Optimal regimens for adult patients with
M. abscessus complex pulmonary disease are
still lacking. According to the most recent Brit-
ish Thoracic Society guidelines published in
2017 [17], sensitivity to macrolides should be
determined before the initiation of treatment.
For macrolide-sensitive isolates, initial therapy
with > 4 weeks of macrolide-based therapy in
combination with intravenous amikacin, tigecy-
cline and imipenem, followed by a continuation
phase with nebulized amikacin and macrolide in
combination with 1-3 oral antibiotics is recom-
mended. Unfortunately, macrolide susceptibil-
ity testing is not routinely performed in clinical
practice in most institutes in Taiwan, including
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our hospital. However, our in-house subspecies
identification revealed that the isolate in our
patient was M. abscessus subsp. massiliense.
Therefore, we included macrolide in our regi-
men, which demonstrated a good treatment
response. This highlights the importance of
having subspecies identification and/or macro-
lides susceptibility tests in the management of
patients with M. abscessus-complex pulmonary
disease.

There is still a lack of consensus around the
optimal treatment for M. abscessus complex
infections in extrapulmonary organs, and thus
the choice of treatment may rely on reported
case series [7]. Surgical debridement of infec-
tive foci or abscess drainage may be beneficial
in patients with skin and soft tissue infection,
bacteremia and disseminated infections. The
minimum length of therapy was 4 months in
mild diseases, with at least 2 weeks of intrave-
nous therapy. Continuation therapy for at least
4 weeks after a negative blood culture for bac-
teremia was recommended. The treatment out-
come of NTM disease was satisfactory in SLE
patients, and the therapy duration varied from
10 to 42 weeks for different sites of infection
[10]. In our patient, surgical wound infection
with M. abscessus was also noted, and therefore
wound debridement was performed in the initial
phase of our treatment. We also optimized the
antibiotics duration and the treatment outcome
was favorable.

In summary, we successfully treated an im-
munocompromised patient with disseminated
M. abscessus subsp. massiliense infection. Our
success was attributed to the rapid identifica-
tion of the infection based on microbial culture
evidence from the sputum, pleural effusion,
pericardium and wound, and to an optimal
combination therapy. Subspecies identification

of M. abscessus complex plays a crucial role in
the therapy strategy and prediction of macrolide
susceptibility. Although the compromised im-
munity and disseminated infection indicate a
higher treatment failure rate, our patient had a
good outcome after long-term, complete main-
tenance therapy.
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