
sampling sites, in agreement with a recent report regarding BMP9
GFD (12) and failing to support the idea that ALK1 ligands are the
“hepatic factor” required to prevent PAVMs. However, it remains
possible that liver-derived BMP9 or BMP9/10 proproteins (not
assayed) may exhibit site-dependent concentration differences or
that enzymes required to cleave proproteins are unavailable in the
Glenn circulation. Surprisingly, we found that Glenn cases had
significantly lower concentrations of all three ligands compared
with control subjects. Measurement of these ligands in additional
Glenn cases and in Fontan cases will be required to determine the
biological significance of this finding with respect to Glenn-associated
PAVMs. n
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Pulmonary Vascular Pruning on Computed
Tomography and Risk of Death in the Framingham
Heart Study

To the Editor:

Pulmonary vascular disease, including pulmonary hypertension
(PH), is a heterogeneous group of disorders that are associated
with a high risk of death. Regardless of etiology, this condition is
characterized histologically by the narrowing and loss of the small
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distal pulmonary vessels, thereby contributing to higher pulmonary
vascular resistance and poor outcomes (1).

Remodeling and loss of the small pulmonary vessels,
referred to as vascular “pruning,” can be evaluated noninvasively
using image analysis of computed tomographic (CT) imaging (2,
3). Prior work has shown that CT-based pruning is associated with
clinical indicators of pulmonary vascular disease. Among heavy
smokers with chronic obstructive pulmonary disease (COPD), a
population at risk for PH, radiographic pruning is associated with
histologic vascular remodeling, higher pulmonary artery pressures,
right ventricular dysfunction, and greater mortality (4–6).
However, it is unknown whether radiographic pruning can predict
poor clinical outcomes, including death, in general populations
without high burdens of heart or lung disease. Using data from the
Framingham Heart Study, we investigated the association of
pulmonary vascular pruning on CT scan with all-cause mortality
in a population not selected on the basis of any disease-related
factors.

Methods
The study population consists of 2,470 participants of the
Framingham Heart Study who underwent inspiratory noncontrast
chest CT examination between 2008 and 2011. Using software based
on the Chest Imaging Platform, three-dimensional vascular
reconstructions were generated (Figure 1), from which the total
volume of all intraparenchymal vessels (TBV) and of the small
vessels (cross-sectional area of less than 5 mm2; BV5) were
calculated (3). The small vessel fraction (BV5/TBV) represents
the relative volume within the smallest, most peripheral vessels
detectable by CT imaging and is an imaging surrogate of pulmonary
vascular pruning; lower values indicate more severe pruning.

Deaths were confirmed through review of death certificates,
medical records, and/or information provided by family members.

Participants were followed from the date of their CT scan through
December 31, 2017.

We used multivariable Cox proportional hazards models
to examine associations of CT-based pruning BV5/TBV
(as a continuous exposure and by quartile) with all-cause mortality
on follow-up. We adjusted for covariates selected a priori based
on known or suspected associations with abnormalities of
pulmonary vessels and/or risk of death. These included age, sex,
height, weight, smoking status, pack-years of cigarette exposure,
education, occupation, median neighborhood income, study
cohort, any history of cardiovascular disease (including congestive
heart failure, myocardial infarction, angina pectoris, and/or
cerebrovascular accident), systolic/diastolic blood pressure,
antihypertensive medication use, high-density lipoprotein
concentration, low-density lipoprotein concentration, triglyceride
concentration, statin use, glycated Hb concentration, antidiabetic
medication use, FEV1, FVC, diffusing capacity for carbon
monoxide, and visually evident emphysema or interstitial lung
abnormality on CT scan.

We used multiple imputation by chained equations to
impute data for covariates with missing information, using results
from 15 imputed datasets to generate estimates for the hazard
ratios (HRs). As a sensitivity analysis, we performed a complete
case analysis for the 1,947 participants (78.8%) with complete
data for every covariate.

Results
Roughly half of our cohort was female (51.1%), with a mean age
of 59.36 11.7 years. Nearly half the participants (48.2%) were
never-smokers. There was a low prevalence of cardiovascular
disease (6.8%) and COPD/emphysema (13.0%). Over 7.86 1.2
years of follow-up, there were 137 deaths in the cohort, for an
overall survival of 94.5%. In the adjusted models, we found that
more severe CT pruning was associated with a higher rate of
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Figure 1. Three-dimensional volumetric reconstruction of the pulmonary vascular tree from a Framingham Heart Study participant overlaid onto axial and
coronal computed tomographic sections. Vessels are color coded by cross-sectional size.
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death. Each SD lower BV5/TBV (i.e., more severe pruning) was
associated with a 35% greater rate of death (HR, 1.35; 95%
confidence interval [CI], 1.09–1.68; P= 0.006). Similar results
were seen when examining quartiles; the quartile of individuals
with the most severe pruning had a 2.64-fold higher rate of
death (95% CI, 1.30–5.39; P= 0.008) compared with those with the
least amount of pruning (Figure 2), with a 4.3 percentage-point
higher absolute adjusted mortality (7.9% vs. 3.6%) at the end
of follow-up. The HR for death increased linearly across quartiles

(P trend = 0.005). In those with complete data, CT pruning
remained associated with greater mortality (HR, 1.54; 95% CI,
1.19–1.99; P= 0.001).

Discussion
In this large cohort of adults who were not selected on the basis
of any disease and who had a low overall risk of death, we found
that a quantitative CT-based measure of pulmonary vascular
pruning was associated with greater all-cause mortality. This
association was robust to adjustment for demographic factors and
measures of cardiovascular and pulmonary health. These findings
suggest that CT-based pruning may be a noninvasive marker of
pulmonary vascular abnormalities that influence clinical outcomes,
including death.

Although pulmonary vascular disease encompasses a
heterogeneous set of disorders, certain shared histopathologic
features of the small pulmonary vessels are observed regardless of
etiology. These changes, which include vasoconstriction and
intimal/medial hypertrophy (eventually resulting in luminal
narrowing and vascular loss) may be represented and quantified as
pruning on CT imaging. Prior studies in heavy smokers with COPD
have shown that radiographic pruning is linked to structural
histologic changes in the pulmonary vessels and to clinical measures,
including higher pulmonary arterial pressures, right ventricular
remodeling, and mortality (5–8).

Our results suggest that CT pruning may be an indicator
of clinically significant pulmonary vasculopathy not just in
those with lung disease who are at high risk for PH but
also inmore general populations who are at lower risk. These findings
may be of relevance to screening protocols. Recent studies have found
that even mild hemodynamic perturbations are associated with
poor prognosis (9), but effective methods of screening for these
early pulmonary vascular abnormalities remain lacking. Doppler
echocardiography is widely used for noninvasive assessment
of PH, but echocardiographic pressure estimation is operator
dependent, requires the presence and appropriate measurement of a
tricuspid regurgitation jet, and has limited diagnostic accuracy,
particularly when hemodynamic disturbances are less severe (10).
Furthermore, elevations in pulmonary artery pressures are a
downstream consequence of vascular loss and may occur only
after much of the pulmonary circulation has been occluded (10).
Although our study is not designed to elucidate the underlying
mechanisms of this association, our finding that pruning
predicts mortality suggests that CT imaging may provide
an opportunity to capture clinically meaningful changes
in the small pulmonary vessels directly, perhaps before
hemodynamically significant pulmonary vascular disease has
developed. Additional research is necessary to clarify the precise
underlying mechanisms of this association and to determine whether
CT imaging may have a role in screening algorithms for pulmonary
vascular disease.

In this study of generally healthy, community-dwelling
adults, more severe pruning on CT imaging was associated
with an increased risk of death. Further research is necessary
to determine whether CT imaging—a widely used tool in
current clinical practice—may have a role in screening
algorithms for pulmonary vascular pathology in at-risk
individuals. n
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Figure 2. Top shows adjusted survival curves by quartiles of pruning on
computed tomographic imaging. Bottom is with truncated y-axis. Results
are shown of multivariable Cox proportional hazards models. Imputation of
missing data was performed using multiple imputation by chained
equations with a total of 15 imputations. BV5= total volume of small (cross-
sectional area ,5 mm2) vessels; TBV= total volume of all intraparenchymal
vessels.
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Recombinant MG53 Protein Protects Mice from Lethal
Influenza Virus Infection

To the Editor:

Respiratory virus infections, including influenza, are a top 10 cause of
humanmortality, and new therapeutics are needed for limiting infectious
pulmonary injury. Existing antivirals have a limited spectrum of activities
and can have limited therapeutic windows for efficacy in reducing tissue
damage. Thus, new broad-acting therapeutics are needed to combat
existing and emergent respiratory viruses. A host-directed strategy that
limits tissue damage from virus-induced inflammation, while also
promoting lung regeneration and repair capacity, would hold promise for
preserving airway integrity until a respiratory virus is cleared by the
immune system. Herein, we demonstrate this precise therapeutic
profile for an antiinflammatory tissue repair protein,MG53 (mitsugumin
53), in lethal influenza virus infections of mice.

MG53 is a member of the TRIM (tripartite motif) family of proteins
and is also known as TRIM72. It plays an essential role in cell membrane
repair (1), and MG53 knockout (mg532/2) mice develop pulmonary and
cardiac pathology due to cumulative cell membrane damage (2–4). We
recently reported that mg532/2 mice experience worsened morbidity
and delayed recovery compared with wild-type mice in a nonlethal
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