
absorbed granuloma doses can be assumed to be rather
modest, both a subjective and an objective treatment
response were achieved. This case is the first description of
successful therapeutic targeting of somatostatin receptors in
inflammatory diseases. We conclude that PRRT might be a
new valuable tool in patients with otherwise treatment-
refractory sarcoidosis. Further evaluation of this treatment
option is warranted. n
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Early Elevation of Plasma Periostin Is Associated
with Chronic Ventilator-Dependent
Bronchopulmonary Dysplasia

To the Editor:

Bronchopulmonary dysplasia (BPD), an inflammatory chronic lung
disease of extreme prematurity, affects 12,000 infants annually and
contributes significantly to immediate and lifelong morbidity.
Although several serum biomarkers have been associated with the
need for supplemental oxygen or respiratory support at 36 weeks
postmenstrual age (PMA) (1), biomarkers are needed to identify
infants who will develop the most severe form of BPD, which
requires tracheostomy and chronic home ventilation. Infants
requiring chronic home ventilation are particularly vulnerable to
poor respiratory outcomes (2) and may derive the most benefit
from early, directed anti-inflammatory therapy (3). The
matricellular protein, periostin, increases in response to airway
epithelial injury and has been implicated in immunomodulation,
mucous production, and extracellular matrix remodeling associated
with asthma and pulmonary fibrosis (4). In severe adult asthma,
greater responsiveness to anti–IL-13 therapy was predicted
at the time of enrollment by elevated plasma periostin (5). In adults
and children with asthma, elevated plasma periostin correlates with
greater airflow limitation, airway hyperreactivity, decline in
pulmonary function, and disease severity (6–8). In autopsied lungs
of extremely preterm infants who died with severe BPD, periostin
expression is increased (9, 10), but the ability of circulating
periostin levels to predict chronic ventilator-dependent BPD
has not been established. Therefore, we sought to define the
relationship between circulating periostin levels in extremely
preterm infants in the first postnatal weeks and the development of
severe, chronic ventilator-dependent BPD. Some of the results of
these studies have been previously reported in the form of an
abstract (11).

Infants enrolled in the Prematurity and Respiratory Outcomes
Program (PROP) study (12) at Indiana University between October
2013 and January 2015 were eligible for this substudy if, at 7 days
of age, they required any respiratory support more than 2 L/min
nasal cannula or positive pressure ventilation. Plasma periostin at
7 and 28 days of age was analyzed via multiplex immunoassay.
BPD status was determined based on the physiological need for
supplemental oxygen at 36 weeks PMA (12). Chronic ventilator-
dependent BPD was defined as the need for tracheostomy and
mechanical ventilation at discharge.

Of the 31 infants enrolled, 15 (48%) were diagnosed with BPD
and 5 (16%) died before classification. As expected, infants that died
or developed BPD were of lower gestational age, had higher rates of
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mechanical ventilation at 28 days of age, and were more likely to
require respiratory support at discharge (Table 1).

Compared with those without BPD, plasma periostin levels
at 7 days of age in infants that died or developed BPD were not
significantly different (3296 17 ng/ml no BPD vs. 3736 30 ng/ml
BPD/died; P = 0.32) (Figure 1A). However, by 28 days of age,
periostin levels in infants who developed BPD or died were
approximately 30% higher (2916 31 ng/ml vs. 3866 29 ng/ml;
P = 0.04) (Figure 1A). In either group, individual infants did not
experience a statistically significant change in periostin levels over
time (not shown). Although there were not enough infants to
perform multiregression analysis, periostin levels at 7 days of age
did not correlate significantly with gestational age (r =20.193;

P = 0.30). However, at 28 days of age, there was a weak but
statistically significant correlation, with the more premature infants
having higher periostin levels (r =20.468; P = 0.02). Periostin
levels did not correlate with exposure to chorioamnionitis, clinical
or culture-proven sepsis, necrotizing enterocolitis, or the need for
mechanical ventilation and/or fractional inspired oxygen >0.3 at
7 or 28 days of age (data not shown).

Receiver operating characteristic analysis for plasma periostin
levels at 28 days of age resulted in a c-statistic of 0.733 (P, 0.05)
(Figure 1B). Using a cutoff of .325 ng/ml, plasma periostin levels
at 28 days of age identified BPD/death with 73% sensitivity and
64% specificity, and predicted BPD/death with a positive predictive
value of 73% and a negative predictive value of 64%.

Table 1. Patient Characteristics

No BPD BPD/Died P Value

Subjects, n 11 20
Male, n (%) 7 (64) 10 (50) 0.71
Gestational age, wk 27.36 1.03 26.06 1.71 0.03
Birth weight, g 10136 167 8686 246 0.09
Chorioamnionitis*
Yes, n (%) 4 (36) 8 (40) 0.71
Undetermined, n (%) 3 (27) 9 (45) 0.45

Prenatal steroids, n (%)† 9 (82) 17 (85) 1.00
Surfactant, n (%) 10 (91) 20 (100) 0.35
1-minute Apgar 3.86 2.9 3.76 2.0 0.88
5-minute Apgar 5.96 2.6 4.76 2.5 0.21
Sepsis
Culture-proven, n (%) 1 (9) 8 (40) 0.11
Clinical, n (%) 3 (27) 8 (40) 0.70

Patent ductus arteriosus, n (%)‡ 3 (27) 7 (35) 1.00
Necrotizing enterocolitis, n (%)x 2 (18) 2 (10) 0.60
Retinopathy of prematurity, n (%) 6 (55) 8 (40) 0.48
Postnatal systemic steroids, n (%)jj 2 (18) 8 (40) 0.27
Pulmonary hypertension, n (%)‡ 2 (18) 3 (15) 1.00
Total ventilator days¶ 7.86 6.7 51.36 44.1 0.003
Respiratory support at 7 d
MV, n (%) 2 (18) 12 (60) 0.06
nCPAP, n (%) 8 (73) 7 (35) 0.07
Nasal cannula/high-flow nasal cannula, n (%) 1 (9) 1 (5) 1.00
Room air, n (%) 0 (0) 0 (0) n/a
Average FIO2

on Day 7 0.27 0.35 0.09
Respiratory support at 28 d**
MV, n (%) 1 (9) 11 (69) 0.005
nCPAP, n (%) 5 (45) 2 (13) 0.08
Nasal cannula/high-flow nasal cannula, n (%) 5 (45) 3 (19) 0.21
Room air, n (%) 0 (0) 0 (0) n/a
Average FIO2

on Day 28 0.27 0.42 0.02
Respiratory support at discharge††

Tracheostomy/MV, n (%) 0 (0) 5 (33) 0.05
Nasal cannula, n (%) 1 (9) 7 (47) 0.08
Room air, n (%) 10 (91) 3 (20) ,0.001

Definition of abbreviations: BPD = bronchopulmonary dysplasia; MV =mechanical ventilation; nCPAP = nasal continuous positive airway pressure.
Values are expressed as mean 6 SD unless otherwise indicated. The analysis was performed with Fisher’s exact or Student’s t test, where appropriate.
A P value ,0.05 was considered significant.
*Defined by placental pathology.
†At least one dose before delivery.
‡Defined by echocardiogram.
xBell Stage 2 or higher.
jjAt least two doses of hydrocortisone or dexamethasone.
¶For infants discharged on mechanical ventilation, includes days of mechanical ventilation from birth to date of tracheostomy placement.
**Percentages based on 16 infants that survived to 28 days of age.
††Percentages based on 15 infants that survived to discharge from the Neonatal Intensive Care Unit.
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The diagnosis of BPD, using a physiological need for oxygen
at 36 weeks PMA, may not adequately classify those infants with
the most severe respiratory disease (13). Therefore, we examined
the association of plasma periostin with respiratory support at
discharge. In those patients requiring tracheostomy for chronic
mechanical ventilation (n = 5) compared with those discharged
on room air (n = 13), periostin levels were significantly higher at
7 days (443 ng/ml vs. 328 ng/ml; P = 0.03), and the difference
persisted at 28 days (476 ng/ml vs. 320 ng/ml; P = 0.02) (Figure 1C).
Although those infants discharged on oxygen via nasal cannula had
similar periostin levels at Day 28 compared with those discharged
on room air, periostin levels in those requiring tracheostomy and
mechanical ventilation were significantly higher (320 ng/ml [room
air] vs. 318 ng/ml [nasal cannula] vs. 476 ng/ml [tracheostomy and
mechanical ventilation]; P, 0.05) (Figure 1D).

The present study establishes a relationship between plasma
periostin at 28 days and the development of BPD. More important,
compared with those discharged on room air, periostin levels as
early as 7 days of age were significantly higher in infants that
developed chronic ventilator-dependent BPD requiring home

ventilation. Thus, periostin levels soon after birth may potentially
identify infants at risk for greatest morbidity that may benefit from
early intervention.

This study has important limitations. It is a single-center
experience with a small cohort of patients with significantly high
severity of illness in which 65% either died or developed BPD and
16% required tracheostomy and mechanical ventilation. Because of
the small number of subjects, we could not account for confounding
variables including gestational age, chorioamnionitis, sepsis, and
mechanical ventilation. Although these factors appeared to have a
weak or insignificant association, we cannot exclude the possibility
of a significant effect on periostin levels independent of BPD. To
establish predictive value beyond the current association, the results
require external validation in a larger cohort, and further research
is needed to elucidate the mechanistic role for periostin in BPD
pathogenesis. To minimize blood draws, we chose to focus on just
two times: Day 7 (when early intervention to prevent BPD is
beneficial) and Day 28 (when clinicians may be considering
aggressive treatment of established lung disease with systemic
corticosteroids). Although our strategy provided longitudinal
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Figure 1. Association of plasma periostin with development of bronchopulmonary dysplasia (BPD) and degree of discharge respiratory support.
(A) Relationship between plasma periostin at 7 and 28 days of age and the incidence of death/BPD at 36 weeks postmenstrual age (PMA).
(B) Receiver operating characteristic curve estimate of the ability of plasma periostin levels at 28 days of age to predict death/BPD at 36 weeks PMA.
(C) Association of plasma periostin at 7 and 28 days of age with degree of respiratory support required at discharge. (D) Comparison of plasma
periostin levels at 28 days of age with degree of respiratory support required at discharge. BPD status was determined by the physiological need
for oxygen at 36 weeks PMA. RA = room air; O2 = oxygen via nasal cannula; Trach/MV = tracheostomy with mechanical ventilation. Data presented
as mean6 SD; *P, 0.05 versus RA at same time by Student’s t test (A and C) or one-way ANOVA using Tukey’s multiple comparison post-test
analysis (D).
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data, earlier (cord blood) or intermediate (Day 14) samples may
have provided timelier and/or more robust predictive ability.
Nevertheless, our data support periostin as a potentially useful early
indicator of severe lung disease in extremely preterm infants,
thereby capable of directing therapies to prevent BPD. n
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State of the Heart in Chronic Obstructive Pulmonary
Disease: The Best Is Yet to Come

To the Editor:

We recently enjoyed reading the article by Stone and colleagues (1)
on pharmacologic pulmonary deflation and cardiovascular
structure and function in patients with chronic obstructive
pulmonary disease (COPD). It describes the findings of a phase IIIb,
randomized, double-blind, placebo-controlled, single-center
clinical trial performed on 45 out of 96 screened patients; the
study shows the improvement of the right ventricular end-diastolic
volume index, paralleled by a reduction of residual volume after
a 7- to 14-day treatment with fluticasone furoate/vilanterol.
Changes in cardiac parameters were assessed through cardiac
magnetic resonance (CMR).

As pointed out by Watz (2) in an editorial published in the
same issue of the Journal, this well-designed study represents
crucial scientific evidence for a long-discussed but yet-to-be-known
issue: the relationship between cardiovascular diseases and COPD.

Cardiocerebrovascular diseases represent an important
public health issue in high-income countries, being responsible
for 40 to 45% of the total proportional mortality. Unfortunately,
they share several risk factors with COPD, particularly the
exposure to tobacco smoking. However, in the last decade, several
authors have suggested that the role played by pulmonary dynamic
hyperinflation in the poor left/right-sided cardiac performance
of patients with COPD is pathogenetically different if compared
with the effect of conventional risk factors (3, 4).

Therefore, it seems crucial to address the cardiovascular
diseases threat in patients with COPD from two different
perspectives: decreasing the exposure to the Framingham study risk
factors and pharmacologically/nonpharmacologically improving
lung hyperinflation.

In the recent past, our group focused its attention on the
relationship between heart and pulmonary hyperinflation,
evaluating the impact of indacaterol on right cardiac performance
in 40 patients with COPD in a phase IV, randomized, crossover
trial (5); right ventricular compliance indexes were assessed
through transthoracic echocardiography (TTE). The main findings
of the study outlined the improvement of the heart and lung
functionality after treatment.

Both our results and those of Stone and colleagues (1)
demonstrated a positive acute effect of pharmacologic interventions
on cardiac function after drug-induced deflation, highlighting the
impact of this mechanism on cardiac compliance. However,
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