
Roman Ullrich, M.D.*
Medical University of Vienna
Vienna, Austria

ORCID ID: 0000-0002-6950-9361 (K.K.).

*Corresponding author (e-mail: roman.ullrich@meduniwien.ac.at).

References

1. Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell E,
Fan E, et al.; ARDS Definition Task Force. Acute respiratory distress
syndrome: the Berlin Definition. JAMA 2012;307:2526–2533.

2. Santos RAS, Sampaio WO, Alzamora AC, Motta-Santos D, Alenina N, Bader
M, et al. The ACE2/angiotensin-(1-7)/MAS axis of the renin-angiotensin
system: focus on angiotensin-(1-7). Physiol Rev 2018;98:505–553.

3. Zambelli V, Bellani G, Borsa R, Pozzi F, Grassi A, Scanziani M, et al.
Angiotensin-(1-7) improves oxygenation, while reducing cellular
infiltrate and fibrosis in experimental Acute Respiratory Distress
Syndrome. Intensive Care Med Exp 2015;3:44.

4. Jerng JS, Hsu YC, Wu HD, Pan HZ, Wang HC, Shun CT, et al. Role of the
renin-angiotensin system in ventilator-induced lung injury: an in vivo
study in a rat model. Thorax 2007;62:527–535.

5. Reddy R, Asante I, Liu S, Parikh P, Liebler J, Borok Z, et al. Circulating
angiotensin peptides levels in Acute Respiratory Distress Syndrome correlate
with clinical outcomes: a pilot study. PLoS One 2019;14:e0213096.

6. Annoni F, Orbegozo D, Rahmania L, Irazabal M, Mendoza M, De Backer
D, et al. Angiotensin-converting enzymes in acute respiratory distress
syndrome. Intensive Care Med 2019;45:1159–1160.

7. van Rooyen JM, Poglitsch M, Huisman HW, Mels C, Kruger R, Malan L,
et al. Quantification of systemic renin-angiotensin system peptides of
hypertensive black and white African men established from the RAS-
Fingerprint�. J Renin Angiotensin Aldosterone Syst 2016;17:
1470320316669880.

8. Kovarik JJ, Antlanger M, Domenig O, Kaltenecker CC, Hecking M,
Haidinger M, et al. Molecular regulation of the renin-angiotensin system
in haemodialysis patients. Nephrol Dial Transplant 2016;31:851.

9. Basu R, Poglitsch M, Yogasundaram H, Thomas J, Rowe BH, Oudit GY.
Roles of angiotensin peptides and recombinant human ACE2 in heart
failure. J Am Coll Cardiol 2017;69:805–819.

10. Gleeson PJ, Crippa IA, Mongkolpun W, Cavicchi FZ, Van Meerhaeghe
T, Brimioulle S, et al. Renin as a marker of tissue-perfusion and
prognosis in critically ill patients. Crit Care Med 2019;47:152–158.

Copyright © 2020 by the American Thoracic Society

Pulmonary Microvascular Changes in Adult Survivors
of Prematurity: Utility of Dynamic Contrast–enhanced
Magnetic Resonance Imaging

To the Editor:

Improvements in perinatal care have increased survival of infants born
preterm. Preterm birth has been associated with alveolar simplification
and perturbed pulmonary microvascular development (e.g., vascular

simplification), which is a known risk factor for the development of
pulmonary vascular disease (PVD) in neonates and children (1). Recent
work from our group demonstrated that young adults born preterm
exhibited early PVD (2) and impaired right ventricular (RV)–PV
coupling (3). However, it is unknown what contribution the pulmonary
microvasculature plays in these previous findings. Dynamic
contrast–enhanced (DCE) magnetic resonance imaging (MRI) is a
minimally invasive technique that can be used to probe the pulmonary
microvasculature on a regional scale (4). DCE MRI has been used to
evaluate PVD in patients with pulmonary hypertension, with prolonged
pulmonary mean transit time (MTT) associated with increased
pulmonary vascular resistance and reduced cardiac index (CI) values
(5, 6). Here, we report that male young adults born prematurely exhibit
reduced lung perfusion metrics from DCE MRI and that these metrics
correlate with gold-standard metrics of cardiopulmonary function as
well as perinatal outcomes. Some of the results of this study have
been previously reported in the form of an abstract (7).

Our substudy analyzed prospectively acquired data from the
Newborn Lung Project (2, 3) and included adults born prematurely
(n= 8; 3 male; 26.86 0.4 yr of age at the time of the study;
gestational age, 28.96 0.9 wk; birth weight, 11746 102 g). The
Newborn Lung Project is a cohort of infants born in Wisconsin and
Iowa between 1988 and 1991. Control subjects born at term (n= 9;
7 male; 25.86 0.3 yr of age at the time of the study; gestational age,
40.26 0.2 wk) were recruited from the general population. The
institutional review board at the University of Wisconsin–Madison,
School of Medicine and Public Health, approved all procedures.
Informed consent was obtained from all subjects.

Cardiac and DCE MR images were acquired on a 3-T scanner
(Discovery MR750; GE Healthcare), including ECG-gated balanced
steady-state free precession images throughout the heart. DCE MRI
using gadobenate dimeglumine 0.025 mmol/kg (Gd-BOPTA,
Multihance; Bracco Imaging SpA) during end-expiratory breath-
hold was used to determine quantitative pulmonary blood flow
(PBF) metrics on the basis of indicator dilution theory (8). Voxel-
wise perfusion metrics were obtained via deconvolution using
standard-form Tikhonov regularization and L-curve criterion
optimization. The RV end-diastolic volume, end-systolic volume,
stroke volume, and Q̣̇ were calculated using cardiac MRI with a
short-axis cine balanced steady-state free precession series and
ventricular volumes were indexed to body surface area (e.g., CI)
(cvi42, version 5.6.6; Circle Cardiovascular Imaging, Inc.).

Pulmonary function test results using the Global Lung Initiative
tools were reported previously, in the study from which the subjects
for this substudy were recruited (2). Spirometric values of FEV1, FVC,
FEV1/FVC, and midexpiratory-phase forced expiratory flow (FEF25–
75) were similar between term and preterm subjects, whereas DLCO

was significantly lower (P, 0.05) in preterm subjects as compared
with term subjects (2). Given the unbalanced groups by biological
sex, we stratified the measures of pulmonary function by biological
sex, and these data revealed that males were driving the reductions in
DLCO, with significantly reduced % predicted values (P, 0.05),
whereas females were not different (P=0.21).

RV volumes calculated from cardiac MR revealed no significant
differences in body surface area–indexed volumes between preterm and
term-born subjects. The CI was slightly elevated in the preterm group,
but not significantly so (4.076 0.28 vs. 3.366 0.22 L/min/m2; P=0.07).

Lung-perfusion values of MTT of blood flow through the lungs,
PBF, and pulmonary blood volume (PBV) were assessed after
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segmenting the left and right lungs into apex, middle, and base
subregions. Preterm subjects exhibited similar PBF but exhibited
reduced MTT (P= 0.038) (Figure 1). There were strong
relationships between MTT with DLCO (r= 0.70) and CI (r=20.73)
(Figure 1). These correlations revealed that MTT related to

canonical measures of pulmonary and cardiac function,
respectively. The groups were unbalanced by biological sex.
Specifically, females made up most of the preterm group (n= 5 out
of a total n= 8), and males made up most of the term group (n= 7
out of a total n= 9). Therefore, we further analyzed our data by sex.
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Figure 1. Two-way ANOVA for lung regions in the apex, middle, and base (top left image) shows differences in mean transit time (MTT) (P=0.038) and
pulmonary blood volume (PBV) (P=0.034; data not shown) between term and preterm groups and by lung region for PBV (P=0.036). Although
qualitatively lower in individuals born preterm, pulmonary blood flow shows no significant differences (data not shown) by group or lung region.
Furthermore, Spearman correlation analysis revealed that MTT was moderately to significantly related to DLCO and cardiac index (CI), respectively.
However, the data highlight a sex-dependent reduction in MTT (P=0.009) (bottom left image) that is independent of birth status, likely owing to increased
CI (P=0.0035) (bottom right image), given that there were no sex differences in PBV (bottom middle image). Notably, we see males born prematurely
exhibit lower PBV as compared with term-born males (P=0.02). *P, 0.05.
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Figure 2. Dynamic contrast–enhanced measures of pulmonary blood flow (PBF) stratified by biological sex. A Student’s t test was used to determine
differences between term and preterm subjects by biological sex. Males born preterm exhibit significant reductions in PBF (P=0.035) compared with term
males. Females born prematurely do not exhibit any differences in any of the dynamic contrast–enhanced measures of lung perfusion. PBF (r=20.65;
P=0.05) is moderately correlated with days in the neonatal ICU (NICU) and with total days on ventilation in males, but not in females, when correlating PBF
with days in the NICU (r=0.04; P=0.95) and total days on ventilation (r=0.04; P=0.95), respectively (data not shown). *P, 0.05.
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Notably, females showed no differences in PBV but exhibited lower
MTT (P=0.009), which was likely due to increased CI values
(P=0.0035) as compared with males (Figure 1). Sex-dependent
differences in MTT were not related to lung volumes calculated from
the segmented MR images (r=0.30; P= 0.24) (data not shown).

Interestingly, males born preterm exhibited reduced perfusion
metrics compared with term-born males. Preterm males exhibited
reduced PBF and PBV compared with term-born males (P= 0.039
and P= 0.02, respectively) (Figures 1 and 2). However, there were
no differences in lung-perfusion metrics between females by birth
status.

DCE MRI revealed a preferential reduction of PBF and PBV in
the lungs of male adults born prematurely (Figures 1 and 2)
compared with male term-born control subjects, despite similar CI
values. Reduced PBF and PBV, and decreased DLCO combined with
previous work showing increased pulmonary vascular impedance
(3) suggests a potential biological sex dependence; specifically, it
suggests that males born preterm may have unresolved vascular
simplification into adulthood. Moreover, these findings are
consistent with those of a recent report that males born
prematurely may be more susceptible to cardiac growth arrest than
females born prematurely (9).

The decreased PBF, PBV, and DLCO observed in the male
population of this small substudy is necessarily preliminary.
However, larger studies to elucidate the impact of biological sex
on perturbed regional V

_
/Q
_
relationships in individuals born

prematurely is clearly warranted.
In summary, young male adults born preterm with no

overt cardiopulmonary disease exhibit altered pulmonary
microvascular hemodynamics as measured by DCE MRI.
These data add to a growing body of knowledge that
prematurity may have persistent, lifelong consequences
in pulmonary vascular health that may be more pronounced in
males. n
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Point-of-Care Spirometry Identifies High-Risk
Individuals Excluded from Lung Cancer Screening

To the Editor:

The United States lung cancer (LC) screening guidelines
recommend low-dose computed tomography in individuals 55–80
years old with >30 pack-year smoking history; this was derived
from the NLST (National Lung Screening Trial) (1). However,
under these guidelines, only 43% of LC cases would be detected
through screening (2). The PLCO (Prostate Lung Colorectal
Ovarian) Trial LC Risk Calculator (PLCOm2012) was developed to
improve participant selection by leveraging 11 LC risk factors. The
PLCOm2012 is the only risk calculator with prospective evidence
demonstrating higher performance compared with the American
guidelines (3).

Chronic obstructive pulmonary disease (COPD) is a smoking-
independent LC risk factor leveraged by the PLCOm2012 and
confers a z2.5-fold increase in LC risk (4). However, risk
calculators only consider self-reported COPD, limiting utility as
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