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BACKGROUND: Apnea of prematurity affects a small proportion but large absolute number of late
preterm infants, with out-patient management variably utilized despite relative clinical equipoise and
potential for improved cost-effectiveness. METHODS: Over a 5-y period, from 2009 to 2013, infants
born at >34 weeks gestational age at a level IIIB academic center in Boston, Massachusetts, with
discharge-delaying apnea, bradycardia, and desaturation (ABD) events were identified. In-patient costs
for discharge-delaying ABD events were compared with hypothetical out-patient management. Out-
patient costs took into account 4–10 d of in-patient observation for ABD events before caffeine initiation,
3–5 d of additional in-patient observation before discharge, daily caffeine until 43 weeks corrected
gestational age, home pulse oximetry monitoring until 44 weeks corrected gestational age, and consid-
eration of variable readmission rates ranging from 0 to 10%. RESULTS: A total of 425 late preterm and
term infants were included in our analysis. Utilization of hypothetical out-patient management resulted
in cost savings per eligible patient ranging from $2,422 to $62, dependent upon variable periods of
in-patient observation. Sensitivity analysis demonstrated few instances of decreased relative cost-effec-
tiveness. CONCLUSIONS: Out-patient management of discharge-delaying ABD events in a late pre-
term and term population was a cost-effective alternative to prolonged in-patient observation. Key
words: cost; apnea; bradycardia; desaturation; home monitor; late preterm. [Respir Care
2017;62(1):42–42–48. © 2017 Daedalus Enterprises]

Introduction

Following the acute stabilization of an ill or preterm
infant, transition from the neonatal ICU (NICU) to home

is dependent upon the achievement of a variety of non-
acute but discharge-delaying milestones, including the
maintenance of temperature stability, feeding maturity, lung
maturity, and the resolution of apnea of prematurity.1 When
present, apnea of prematurity predictably but variably re-
solves from 34 to 44 weeks gestational age, frequently
resulting in a prolonged length of stay (LOS) long after the
aforementioned discharge criteria have otherwise been
met.2,3 Inter-unit variability in the definition and manage-
ment of apnea of prematurity results in both medical and
economic uncertainty in the context of a relatively low
acuity condition.4,5

The high cost of managing low acuity conditions in an
intensive care setting has been recognized in the adult,
pediatric, and neonatal intensive care literature. However,
resource utilization in newborn medicine is uniquely char-
acterized by a relative lack of alternative settings for non-
routine newborn care.6-9 Cost reduction strategies in neo-
natal intensive care have historically been averse to
restrictions in intensity with attempts at reductions in the
duration of in-patient care proposed although not widely
utilized.10-12 The economy of a prolonged in-patient stay,
in the setting of apnea of prematurity, has been addressed
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previously. Using computer simulation and varying days
of in-patient stay, a relatively decreased cost-effectiveness
for infants born at �30 weeks gestational age was noted.
Specifically, each additional day of monitoring was esti-
mated to cost from $25,000 per quality-adjusted life year
saved for the first day to $375,000 per additional quality-
adjusted life year saved for the 10th day.13 Such findings
highlight the need for tailored management of apnea of
prematurity in consideration of, among other factors, ges-
tational age at birth.

Home monitor use in conjunction with caffeine admin-
istration serves as one potential avenue for the safe and
relatively early discharge of infants with persistent apnea
of prematurity. Data on home monitor use in preterm in-
fants with persistent apnea, however, have failed to dem-
onstrate a decrease in LOS.14 Such findings must be in-
terpreted with caution, given the retrospective nature of
prior studies, the use of home monitors as a secondary
option after prolonged in-patient observation, and the ex-
clusive focus on infants born at �34 weeks gestational
age.4,14-17

In fact, a low percentage but large absolute number of
infants with apnea of prematurity are born late preterm,
defined as birth between 340⁄7 and 366⁄7 weeks gestation,
with clinical management specific to this vulnerable pop-
ulation lacking. Yearly, �300,000 infants in the United
States are born late preterm, with 4–12% affected by ap-
nea of prematurity.18,19

We sought to examine the economic implications of
in-patient observation versus hypothetical application of
early discharge with home monitoring and out-patient caf-
feine for a population of late preterm and term infants with
discharge-delaying apnea, bradycardia, and desaturation
(ABD) events.

Methods

Patient Population

Over a 5-y period between January 1, 2009 and Decem-
ber 31, 2013, the medical records of select neonates ad-
mitted to Beth Israel Deaconess Medical Center (BIDMC)
(Boston, Massachusetts), a large, academic, tertiary center,
were reviewed. We identified all infants born at gesta-
tional age �340⁄7 weeks with an ABD event recorded in
the electronic medical record �10 d before the infants’
discharge date. Only infants for whom ABD events re-
mained as the last discharge-delaying diagnosis were in-
cluded in our analysis. Local practice during the study
period required documentation of 5 consecutive ABD-free
days before discharge. In addition, clinical practice de-
manded direct NICU admission for all infants born at
�36 weeks gestational age. Bradycardic and desaturation
events were included in our analysis to account for the

clinical impact of such events in delaying discharge as
well as variable sensitivity of apnea monitoring in the
setting of short breathing pauses with only desaturation
and/or bradycardia alarms triggered.20

Standard definitions for apnea, bradycardia, or desatu-
ration were not utilized in this observational study. Doc-
umentation of ABD events was based on the nursing re-
port and physician discretion in accordance with clinical
practice at BIDMC. For reference purposes, however, mon-
itor settings during the study period included alarms for
apnea �20 s, heart rate �80 beats/min, and pulse oxim-
etry �90%.

Exclusion criteria included the presence of an alterna-
tive etiology for ABD events, such as neurologic or ana-
tomic anomalies (eg, seizures, stroke, Dandy-Walker mal-
formation), severe congenital heart disease (eg, tetralogy
of Fallot, transposition of the great arteries), residual lung
disease requiring any form of supplementary air flow or
oxygen, infection (eg, sepsis, meningitis, urinary tract in-
fection), genetic anomalies, significant dysmorphic fea-
tures, and drug withdrawal. This study was reviewed and
approved with waiver of consent by the institutional re-
view board of BIDMC.

QUICK LOOK

Current knowledge

A large proportion of infants born at �34 weeks ges-
tational age experience apnea of prematurity. This fact
has historically resulted in an academic focus on the
moderately to very preterm infant population. Still, ap-
nea of prematurity affects a small proportion but large
absolute number of late preterm infants with little data
available to guide clinical management. Home mon-
itoring for discharge-delaying apnea of prematurity,
as an alternative to prolonged in-patient observation,
is variably utilized despite relative clinical equipoise
and American Academy of Pediatrics support for se-
lective home monitoring as an appropriate manage-
ment option.

What this paper contributes to our knowledge

Home monitoring until 44 weeks corrected gestational
age for discharge-delaying apneic, bradycardic, and de-
saturation events in a late preterm and term population
was a cost-effective management option. The degree of
cost savings was modulated by variable periods of in-
patient observation before the initiation of out-patient
management. Longer periods of in-patient observation
resulted in decreased relative cost-effectiveness of the
out-patient management option.
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Standard of Care and Comparison Group

Consistent with standard practice, infants at BIDMC
with persistent ABD events were observed until comple-
tion of a 5-d spell count. The term “spell count,” alterna-
tively labeled “margin of safety for discharge,” is defined
as several consecutive days before discharge whereby no
ABD events are noted.21 Alternatively, and although not a
part of routine BIDMC clinical practice during the study
period, following establishment of ABD events as the last
discharge-delaying diagnoses, caffeine treatment may be
initiated or reinitiated in anticipation of out-patient man-
agement. The infant is then observed for several days be-
fore discharge to ensure resolution of events with caffeine
administration and the absence of adverse effects, such as
gastroesophageal reflux or tachycardia (Fig. 1).17

Comparator

In-patient costs were calculated from the time when
ABD events were determined to be the sole discharge-
delaying diagnosis. Accordingly, following the last day of
non-oral feedings and temperature support, in-patient costs
were accounted for with all prior in-patient days excluded
from the cost analysis. For out-patient management, 2 in-
patient parameters were first taken into account, denoted
as X and Y in Figure 1. First, days spent as an in-patient
for discharge-delaying ABD events, and before the initi-
ation of caffeine in anticipation of out-patient manage-
ment, were varied from 4 to 10 d. Second, a subsequent
in-patient period of observation following the initiation of
caffeine, but before discharge home, was varied from 3 to
5 d. Both in-patient parameters were derived from local
practice. Out-patient costs additionally accounted for daily
caffeine until 43 weeks corrected gestational age and daily
home monitoring, in the form of out-patient pulse oxim-
etry, until 44 weeks corrected gestational age. Discontin-
uation of caffeine and out-patient pulse oximetry at 43 and
44 weeks corrected gestational age, respectively, were cho-

sen as out-patient management end points in accordance
with the largest available home monitoring data set.
Namely, the Collaborative Home Infant Monitoring Eval-
uation (CHIME) study group found no significant differ-
ences in apneic events between previously symptomatic
preterm and healthy term infants at 44 weeks corrected
gestational age.3

Sources of Costs

Four primary costs were taken into consideration: (1)
the cost of daily NICU hospitalization; (2) daily out-pa-
tient caffeine; (3) daily out-patient pulse oximetry; and (4)
the cost of readmission for an apparently life-threatening
event. The daily cost of NICU hospitalization was esti-
mated for an infant receiving room air utilizing previously
published data regarding the per diem hospital fee,22 with
the daily Centers for Medicare and Medicaid Services phy-
sician payment for convalescent care23 additionally taken
into account for a total daily cost of $941/d of NICU stay.
Personal communication with the local BIDMC pharmacy
and Boston Children’s Hospital case management yielded
daily out-patient costs for caffeine and pulse oximetry,
respectively. Readmission costs were extrapolated using
the literature for apparently life-threatening events, a di-
agnosis felt to be most consistent with our patient popu-
lation’s risk for readmission.24 We conservatively assumed
a cost/charge ratio of 0.4 to generate an estimated cost of
$7,427 per readmission (all costs and sources are noted
in Appendix 1; see the supplementary materials at
http://www.rcjournal.com). All costs were expressed in
2013 United States dollars, using the consumer price index
where necessary to inflate to the same currency.

Sensitivity Analysis

Sensitivity analyses were conducted at the extremes of
out-patient management variables, and thus extremes of
cost savings, with each cost parameter adjusted from 50 to
400% of baseline values. Additionally, given our local
experience with persistent and out-patient managed apnea
of prematurity in �150 infants from 2011 to 2015, we
assumed a 0% rate of readmission for our base case anal-
ysis. Published data pertaining to readmission rates for
infants discharged with out-patient pulse oximetry and caf-
feine are currently unavailable. A large review of read-
mission statistics for all late preterm infants from 2003 to
2012 by Kaiser Permanente of Northern California was
remarkable for a �1% readmission rate for apparently
life-threatening events.25 Still, acknowledging that a pop-
ulation of previously symptomatic late preterm and term
infants with out-patient pulse oximetry may be at increased
risk for readmission secondary to an apparently life-threat-
ening event, we varied readmission rates from 0.5 to 10%.

Fig. 1. Standard of care and comparison group. ABD � apnea,
bradycardia, desaturation.
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Results

A total of 681 infants were screened during the 5-y
study period, with 425 infants included in our analysis
(Fig. 2). The median gestational age at birth of infants
included in our study was 354⁄7 weeks with an interquartile
range of 345⁄7 to 366⁄7 weeks gestation. The mean � SD
LOS for our study cohort was 14.4 � 8.3 d with a
mean � SD LOS following achievement of full oral feeds
and temperature regulation of 9.8 � 5.9 d. Proportionally,
LOS solely for discharge-delaying events was �5 d for
23% of infants and �14 d for 15% of infants (Fig. 3).

Estimated in-patient costs secondary to discharge-de-
laying ABD events were $3,942,790 for the entire cohort,
with individual patient costs ranging from $2,823 to
$35,758. Hypothetical out-patient management yielded 3
potential scenarios: (1) infants whose relatively short stay
for ABD events precluded initiation of out-patient man-
agement; (2) infants whose stay for ABD events was slightly
longer, although it resulted in increased costs with out-
patient management; and (3) infants who experienced a

prolonged length stay for ABD events with notable cost
savings upon hypothetical application of out-patient man-
agement. The total number of infants that qualified for
out-patient management progressively decreased as days
to caffeine initiation were varied from 4 to 10 following
feeding maturity, temperature regulation, and establish-
ment of ABD events as the sole discharge-delaying diag-
nosis. Cohort level cost savings were noted across all X
and Y variable in-patient parameters and ranged from
$874,476 if caffeine was offered after 4 d of discharge-
delaying ABD events with 3 subsequent days of in-patient
observation to $9,143 if caffeine was offered after 10 d of
discharge-delaying ABD events with 5 subsequent days of
in-patient observation (Fig. 4A). Alternatively, and con-
sidering only infants in scenarios 2 and 3 that were eligible
for out-patient management, cost savings per eligible pa-
tient ranged from $2,422 if caffeine was offered after 4 d
of discharge-delaying ABD events with 3 subsequent days
of in-patient observation to $62 if caffeine was offered
after 10 d of discharge-delaying ABD events with 5 sub-
sequent days of in-patient observation (Fig. 4B).

Sensitivity Analysis

Generally, increasing estimates of in-patient costs re-
sulted in economically favorable early discharge, whereas
increasing estimates of out-patient costs resulted in eco-
nomically favorable in-patient management. More specif-
ically, cost savings persisted if caffeine was offered after
4 d of discharge-delaying ABD events with 3 subsequent
days of in-patient observation, with the exception of ad-
justment of out-patient caffeine to 400% of the estimated
base value. Assuming readmission rates of 0.5, 1, and
10%, cost savings per eligible subject continued under the
aforementioned in-patient observation periods. Conversely,
greater relative cost of out-patient management was noted
in 9 of 15 cases of the adjusted analysis when caffeine was
offered after 10 d of discharge-delaying ABD events with
5 subsequent days of in-patient observation (Table 1).

Fig. 2. Flow chart. NICU � neonatal ICU, ABD � apnea, bradycar-
dia, desaturation.

Fig. 3. Length of stay for subjects with apnea, bradycardia, des-
turation (ABD) events only.
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Discussion

Despite available observational data suggestive of clin-
ical equipoise, the use of home monitors and caffeine, as
an alternative to prolonged in-patient observation for per-
sistent ABD events, remains dependent upon unit-specific
practice patterns.4,5,21 Our study was able to demonstrate
the potential for significant cost savings with out-patient
management of discharge-delaying ABD events. Cohort
level cost savings were universally noted when out-patient
management was offered after 4–10 d of discharge-delay-
ing ABD events with 3–5 subsequent days of in-patient
observation before discharge. Sensitivity analysis mostly
resulted in persistent cost savings per eligible subject. How-
ever, increasing in-patient observational periods resulted
in decreased cost benefit, consistent with previous data.13

Of importance when considering observational period
variations is a notable absence of definitive data in support

of a defined safe period of in-patient observation.26,27 In
the only available survey of �300 neonatologists, pub-
lished in 1997, responding to the question of a margin of
safety, responses varied from 1 to 10 d. Approximately
75% supported a 5–7-d event-free observation period be-
fore discharge.21 Most recently, in 2016, a clinical report
on apnea of prematurity by the American Academy of
Pediatrics advocated for an individual approach to dis-
charge management considering gestational age at birth as
well as the severity and nature of events.27

Of additional importance for consideration is the method
of reimbursement assumed. In the midst of our study pe-
riod, the passage of the Patient Protection and Affordable
Care Act of 2010 required a shift in the reimbursement
paradigm from a predominately fee-for-service to a bun-
dled payment model.28 The impact on neonatal care re-
mains vague, with concerns abounding and including the
potential for destabilization of regional perinatal referral
systems, underuse of essential services in the setting of
capitation, and suboptimal care of costly outlier cases.29

Under this new model of health care, savings may be
realized via utilization efficiency rather than fee-for-ser-
vice cost savings.

Regardless of whether the cost of out-patient monitor-
ing is superior or even equivalent to in-patient observation,
consideration of relative quality of life is important. Where

Fig. 4. Cohort level cost savings progressively declined with in-
creasing observational periods (A). Infants were considered for
cost analysis only if eligible for out-patient management second-
ary to persistent apnea, bradycardia, desaturation (ABD) events.
Lack of a smooth decline in cost savings with increasing obser-
vational periods is accounted for by the variable number of infants
considered for cost analysis at each time period (B).

Table 1. Sensitivity Analysis Cost Savings per Eligible Subject

Parameters

4 d to Caffeine
Initiation/3 d

In-Patient Observation
(n � 360)

10 d to Caffeine
Initiation/5 d

In-Patient Observation
(n � 148)

Base case* 2,422 62
Hospital cost

50% 566 �536
200% 6,134 1,257
400% 13,558 3,648

Home monitor cost
50% 2,622 2,071
200% 2,022 �290
400% 1,222 �994

Out-patient caffeine cost
50% 2,867 453
200% 1,533 �720
400% �246 �2,283

Readmission rate
0.5% 2,385 25
1% 2,348 �12
10% 1,680 �681

Readmission cost (0.5%
readmission rate)

50% 2,404 43
200% 2,348 �12
400% 2,274 �141

All values are in United States dollars.
* Base case analysis with 0% readmission rate based on local experience.
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appropriate, parental involvement in the care of NICU
patients has previously been demonstrated to effectively
decrease stress.30 The potential for increased stress with
home monitoring is undeniable, although pertinent studies
have yielded conflicting results.31-35

Moreover, our study assumed the safety of home mon-
itor use with out-patient caffeine for persistent apnea of
prematurity. In the absence of randomized prospective data
specifically pertaining to the safety of out-patient pulse
oximetry use and caffeine for persistent apnea of prema-
turity, providers may be disinclined to utilize an out-pa-
tient management option. Still, targeted home monitor use
is supported by the most recent American Academy of
Pediatrics clinical report on apnea of prematurity.27 We
also assumed that all infants initiated on caffeine would
cease to experience further ABD events. A small propor-
tion of infants, however, may not respond to caffeine treat-
ment and would require further in-patient management.
Even following discharge with out-patient pulse oximetry
and caffeine, parental expenditures and days lost from
work may have the unintended consequence of cost-
shifting from hospitals and/or insurers to caregivers.36

Furthermore, our study did not utilize standard definitions
for ABD events, and documentation was based on the
nursing report and clinician discretion, consistent with clin-
ical practice. The lack of routine cardiorespiratory monitor
review invites the possibility of misclassification of ABD
events.37,38 Last, extrapolation of our theoretical model is
limited because our data were derived from infants at a
single level IIIB academic center.

Despite these study limitations, our retrospective cost
analysis demonstrates the potential for significant cost sav-
ings when out-patient management for persistent ABD
events is offered to a cohort of affected late preterm and
term infants. The absence of a unified approach for the
clinical management of persistent ABD events presents
the opportunity for both quality improvement and signif-
icant cost savings. Confirmation of our findings via a multi-
site and prospective study design is required to further
examine the potential for out-patient pulse oximetry use as
a safe, family-centered, and cost-effective management op-
tion for late preterm and term infants with persistent ABD
events.
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15. Côté A, Hum C, Brouillette RT, Themens M. Frequency and timing
of recurrent events in infants using home cardiorespiratory monitors.
J Pediatr 1998;132(5):783-789.

16. Lorch SA, Srinivasan L, Escobar GJ. Epidemiology of apnea and
bradycardia resolution in premature infants. Pediatrics 2011;128(2):
e366-e373.

17. Butler TJ, Firestone KS, Grow JL, Kantak AD. Standardizing doc-
umentation and the clinical approach to apnea of prematurity reduces
length of stay, improves staff satisfaction, and decreases hospital
cost. Jt Comm J Qual Patient Saf 2014;40(6):263-269.

18. Martin JA, Hamilton BE, Osterman MJ, Curtin SC, Matthews TJ.
Births: final data for 2013. Natl Vital Stat Rep 2015;64(1):1-68.

19. Engle WA, Tomashek KM, Wallman C. “Late-preterm” infants: a
population at risk. Pediatrics 2007;120(6):1390-1401.

20. Di Fiore JM, Arko MK, Miller MJ, Krauss A, Betkerur A, Zadell A,
et al. Cardiorespiratory events in preterm infants referred for apnea
monitoring studies. Pediatrics 2001;108(6):1304-1308.

21. Darnall RA, Kattwinkel J, Nattie C, Robinson M. Margin of safety
for discharge after apnea in preterm infants. Pediatrics 1997;100(5):
795-801.

22. Zupancic JA, Hibbs AM, Palermo L, Truog WE, Cnaan A, Black
DM, et al. Economic evaluation of inhaled nitric oxide in preterm
infants undergoing mechanical ventilation. Pediatrics 2009;124(5):
1325-1332.

23. Center for Medicare and Medicare Services. Physician fee schedule.
www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/
PhysicianFeeSched/index.html. Accessed July 1, 2015.

ECONOMICS OF HOME APNEA MONITORING

RESPIRATORY CARE • JANUARY 2017 VOL 62 NO 1 47

http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeeSched/index.html
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/PhysicianFeeSched/index.html


24. Tieder JS, Cowan CA, Garrison MM, Christakis DA. Variation
in inpatient resource utilization and management of apparent
life-threatening events. J Pediatr 2008;152(5):629-635, 635.
e1-635.e2.

25. Kuzniewicz MW, Parker SJ, Schnake-Mahl A, Escobar GJ. Hospital
readmissions and emergency department visits in moderately pre-
term, late preterm, and early preterm infants. Clin Perinatol 2013;
40(4):753-775.

26. Finer NN, Higgins R, Kattwinkel J, Martin RJ. Summary proceed-
ings from the apnea-of-prematurity group. Pediatrics 2006;117(3 Pt
2):S47-S51.

27. Eichenwald EC and Committee on Fetus and Newborn. Apnea of
prematurity. Pediatrics 2016;137(1):1-7.

28. American Hospital Association. Issue brief: moving towards bundled
payment. 2013. www.aha.org/content/13/13jan-bundlingissbrief.pdf.
Accessed November 2, 2016.

29. Profit J, Wise PH, Lee HC. Consequences of the affordable care act
for sick newborns. Pediatrics 2014;134(5):e1284-e1286.

30. Heermann JA, Wilson ME, Wilhelm PA. Mothers in the NICU:
outsider to partner. Pediatr Nurs 2005;31(3):176-181, 200.

31. Black L, Hersher L, Steinschneider A. Impact of the apnea monitor
on family life. Pediatrics 1978;62(5):681-685.

32. Wasserman AL. A prospective study of the impact of home moni-
toring on the family. Pediatrics 1984;74(3):323-329.

33. McElroy E, Steinschneider A, Weinstein S. Emotional and health
impact of home monitoring on mothers: a controlled prospective
study. Pediatrics 1986;78(5):780-786.

34. Vohr BR, Chen A, Garcia Coll C, Oh W. Mothers of preterm and
full-term infants on home apnea monitors. Am J Dis Child 1988;142(2):
229-231.

35. Leonard BJ, Scott SA, Sootsman J. A home-monitoring program for
parents of premature infants: a comparative study of the psycholog-
ical effects. J Dev Behav Pediatr 1989;10(2):92-97.

36. Donath S. Hospital in the home: real cost reductions or merely
cost-shifting? Aust N Z J Public Health 2001;25(2):187-188.

37. Muttitt SC, Finer NN, Tierney AJ, Rossmann J. Neonatal apnea:
diagnosis by nurse versus computer. Pediatrics 1988;82(5):713-720.

38. Vagedes J, Poets CF, Dietz K. Averaging time, desaturation level,
duration and extent. Arch Dis Child Fetal Neonatal Ed
2013;98(3):F265-F266.

This article is approved for Continuing Respiratory Care Education
credit. For information and to obtain your CRCE

(free to AARC members) visit
www.rcjournal.com

ECONOMICS OF HOME APNEA MONITORING

48 RESPIRATORY CARE • JANUARY 2017 VOL 62 NO 1

http://www.aha.org/content/13/13jan-bundlingissbrief.pdf

