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Abstract
Objective: We assessed survival, hospital length of stay (LOS), and costs of medical care for infants with lethal congenital
malformations, and also examined the relationship between medical and surgical therapies and survival.
Study design: Retrospective cohort study including infants born 1998–2009 with lethal congenital malformations, identified
using a longitudinally linked maternal/infant database.
Results: The cohort included 786 infants: trisomy 18 (T18, n= 350), trisomy 13 (T13, n= 206), anencephaly (n= 125),
bilateral renal agenesis (n= 53), thanatophoric dysplasia/achondrogenesis/lethal osteogenesis imperfecta (n= 38), and
infants > 1 of the birth defects (n= 14). Compared to infants without birth defects, infants with T18, T13, bilateral renal
agenesis, and skeletal dysplasias had longer survival rates, higher inpatient medical costs, and longer LOS.
Conclusion: Care practices and survival have changed over time for infants with T18, T13, bilateral renal agenesis, and
skeletal dysplasias. This information will be useful for clinicians in counseling families and in shaping goals of care
prenatally and postnatally.

Introduction

The diagnosis of an infant with a congenital malformation
conventionally described as ‘‘lethal’’ brings with it difficult

continuation vs. termination decisions for parents [1]. In
addition, medical providers struggle with their own emo-
tions and discomfort with uncertainty. Current practice by
providers includes counseling parents that these diagnoses
are either not compatible with survival beyond the newborn
period, or for early survivors, are associated with extremely
poor quality of a still-shortened life. Recent data describe
longer survival rates for infants with lethal malformations
than previously reported [1–4]. Wilkinson et al. [2]. pre-
sented survival data for infants with trisomy 18 (T18),
trisomy 13 (T13), anencephaly, bilateral renal agenesis, and
thanatophoric dysplasia using recent population cohort
studies and case reports. Cases of survival to at least
6 months of age have been described for all of these con-
ditions. Also, families of survivors of infants with T13 or
T18 report positive family experiences, regardless of their
child’s length of survival [1, 3–5]. These studies, in addition
to rapid technological advances, have led to a more active
approach of offering intensive treatment vs. the traditional
palliative/hospice care, non-interventional paradigm in
some neonatal intensive care units. Studies of infants with
T13 or T18 have shown that this trend towards
more intensive management has led to increased survival
rates [4, 6–14].
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This shift towards more intensive management has
increased the ethical, legal, and financial challenges asso-
ciated with the care of these infants, including the potential
burden on healthcare resources and the possibility that these
actions will only prolong suffering without providing sig-
nificant benefit. There is a critical gap in knowledge
regarding health services utilization, long-term survival,
treatment interventions, and discharge status among infants
with ‘‘lethal’’ congenital malformations, particularly for
infants with less-studied defects such as anencephaly,
bilateral renal agenesis, and lethal skeletal dysplasias.
Therefore, the purpose of this study was to assess length of
survival and describe healthcare utilization practices by
evaluating hospital length of stay (LOS) and institutional
costs of direct medical care during the first year of life for
infants with selected malformations often described as
‘‘lethal.’’ We also examined associations between medical
and surgical therapies and survival.

Methods

Study design and population

We conducted a retrospective cohort study leveraging data
from a statewide, longitudinally linked maternal and infant
database created using federal data infrastructure funds for
comparative effectiveness research [15, 16]. Briefly, for
each resident live birth in Florida from 1 January, 1998
through 31 December, 2009, we linked birth certificates to
all maternal and infant hospital discharge data and to death
certificates from birth through 31 December, 2010. Details
of the hierarchical deterministic linking strategy, which
achieved higher than a 92% linkage rate, and an evaluation
of the validity and reliability of database have been pub-
lished previously [17].

For this study, the initial study population consisted of all
singleton infants born alive to Florida-resident mothers who
were captured in the statewide linked database. We then
restricted to infants who were delivered at 20–44 weeks
gestation and excluded those with extreme birth weight ( <
125 or > 6000 g) or implausible birth weight-for-gestational
age, based on national fetal growth curves [18]. Then, using
a combination of International Classification of Diseases,
Ninth Edition, Clinical Modification (ICD-9-CM) and
Tenth Edition (ICD-10) diagnosis and procedure codes, we
classified infants into mutually exclusive groups based on
the presence of one or more lethal congenital malforma-
tions: (1) trisomy 18, (2) trisomy 13, (3) anencephaly, (4)
renal agenesis, (5) skeletal dysplasias, (6) > 1 lethal mal-
formation. Infants without these lethal malformations con-
stituted the reference group. To meet the case definition, the
diagnosis must have been made on a hospital discharge

record within the first 30 days of life or as an underlying or
contributing cause of death on the infant death certificate.
Due to the lack of sufficient specificity of some ICD codes
and in the absence of diagnostic verification through med-
ical record review, the case definition for renal agenesis
required an indication of oligohydramnios, and for skeletal
dysplasias required an indication of pulmonary hypoplasia
in addition to either respiratory failure or receipt of venti-
lation support. Specific codes used for each condition or
procedure are described in Supplementary Table 1.

Clinical outcomes

We compared the frequency and rates of various medical
diagnoses and clinical interventions for each defect group.
Clinical outcomes included respiratory, cardiovascular,
gastrointestinal, renal, infectious, orofacial, and neurological
diseases with long-term morbidity, non-surgical interven-
tions (e.g., invasive mechanical ventilation, non-invasive
mechanical ventilation, long-term oxygen therapy, par-
enteral nutrition, intubation, chest tube or central line pla-
cement, peritoneal dialysis, IV antibiotics, blood
transfusions, or palliative care), and surgical interventions
(e.g., cardiac surgery, extracorporeal membrane oxygena-
tion (ECMO), feeding tube, gastrointestinal surgeries, ven-
tricular shunt placement, tracheostomies, and orofacial cleft
repair). All clinical outcomes were identified using ICD-9-
CM diagnosis and procedure codes present in inpatient
hospitalizations taking place during the first year of life
(Supplementary Table 2).

An infant death was considered to have occurred if the
infant either had (1) a linked death certificate in which
the documented date of death was less than 365 days after
the infant’s date of birth, or (2) a linked hospital discharge
record with a patient disposition documented as “expired”
and in which the documented date of discharge (date of
death) was less than 365 days after the date of birth. Sur-
vival time was then calculated as the number of days from
date of birth to the date of death for infants who died during
the first year of life, and as 365 for infants who survived the
entire first year of life.

Hospital utilization

Among defect groups, we also explored two indicators of
healthcare utilization: (1) the number of inpatient days in
the hospital (i.e., LOS), and (2) cost of providing direct
inpatient medical care. For both indicators, we assessed
utilization during the birth hospitalization and during the
entire first year of life. To calculate LOS in days, we first
subtracted the dates of admission and discharge; same day
visits with a calculated LOS of 0 were assigned an LOS of
1 day since same day hospitalizations (including inpatient)
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constitute a distinct stay and are also billed as 1 day for
room/board [19]. Then, for each infant, the number of days
across all admissions within the time frame of interest was
summed. The linked database also contains department-
level (e.g., operating room) charges for each inpatient
hospitalization. However, charges reflect only what a hos-
pital bills for services and inaccurately estimates the actual
cost of service provision [20]. The degree of markup from
cost to billed charges varies considerably across hospitals,
departments within the same hospital, and over time.
Therefore, we used a previously published algorithm to
convert charges to more reliable cost estimates using time-,
hospital-, and department-specific cost-to-charge ratios
(CCRs) from hospital cost reports, and we further adjusted
estimates for inflation to 2010 dollars using the medical care
component of the Consumer Price Index [20, 21].

Covariates

Maternal and infant sociodemographic and clinical char-
acteristics for infants with and without birth defects were
captured using birth certificates and discharge data. These
characteristics included maternal age at delivery (in 5-year
age groups), race/ethnicity, nativity (US vs. foreign-born),
marital status, education, income, insurance status, preg-
nancy history, timing of prenatal care, method of delivery,
gestational age at delivery, as well as infant sex, birth
weight, appropriateness-for-gestational age (small, ade-
quate, large), and 5-min Apgar score. The complete list of
covariates along with their respective categorizations are
presented in Supplementary Table 3.

Statistical analysis

Using descriptive statistics including frequencies and per-
centages, we first described the distribution of maternal and
infant characteristics for each type of lethal congenital
malformation. Then, the rates of inpatient medical diagnoses
and clinical interventions were compared across malforma-
tion subtypes. Chi-square or Fisher’s exact tests were used to
identify statistically significant differences in the distribution
of each characteristic or in the rate of each outcome between
infants with a given birth defect vs. infants with none of the
birth defects included in the study (the reference group). The
Kaplan–Meier method was used to estimate 1-day, 7-day,
28-day, 90-day, 180-day, and 1-year survival with 95%
confidence intervals (CI), and to generate survival curves
that were used to describe the risk of mortality during the
first year of life by type of birth defect. Both the log-rank test
and Wilcoxon test used to assess differences in survival
across defect subtypes, the latter test placing more weight on
differences in early survival.

To explore differences in hospital utilization by defect
subgroup, we calculated the mean, per infant, number of
inpatient days and costs of inpatient care, both during the
birth hospitalization and during all inpatient encounters in
the first year of life. To compare more extreme utilization,
we also calculated the proportion of infants in each defect
subgroup with ≥ 15 days in the hospital or ≥ $50,000 in total
costs. Statistically significant differences were compared
using Wilcoxon rank-sum tests (continuous utilization
measures) or chi-square and Fisher’s exact tests (dichot-
omized utilization measures). All analyses were conducted
using SAS 9.4 (SAS Institute, Inc., Cary, NC) using a 5%
type I error rate and two-sided hypothesis tests. Due to the
rarity of the lethal malformations included in this study,
only overall group frequencies and no counts fewer than 10
are presented in tables or text. The linked database was also
de-identified prior to use and was approved by the Institu-
tional Review Boards of the Florida Department of Health,
University of South Florida, and Baylor College of
Medicine.

Results

Demographic characteristics

Among 2,248,038 Florida-resident, live born infants, 786
had one of the birth defects of interest: T18 (n= 350, 1.62/
10,000 live births), T13 (n= 206, 0.97/10,000 live births),
anencephaly (n= 125, 0.56/10,000 live births), bilateral
renal agenesis (n= 53, 0.24/10,000 live births), skeletal
dysplasias (n= 38, 0.17/10,000 live births), and infants
who were diagnosed with > 1 of these birth defects (n= 14).
The distribution of selected maternal and infant socio-
demographic and clinical characteristics, overall and by
type of birth defect, is presented in Supplementary Table 3.
Mothers of infants with T13, T18, and multiple birth defects
were more likely to be 35 years or older than those of non-
case infants (P < 0.05), while mothers of infants with
anencephaly were more likely to be teens (22.4% vs. 11.0%,
P < 0.05). Mothers of infants with trisomies, bilateral renal
agenesis, and skeletal dysplasias were more likely to be
non-Hispanic black than mothers of unaffected infants, and
foreign-born mothers tended to have higher trisomy and
anencephaly rates than their US-born counterparts (P <
0.05). Mothers of case infants had later entry to prenatal
care, less education, and an increased likelihood of Cesar-
ean delivery than mothers of non-cases. Gender distribution
was similar within defect groups, with the exception of T18
(64.3% females) and renal agenesis (58.5% male). Gesta-
tional age and birth weight distributions of case infants were
lower than non-case infants.
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Co-occurring morbidities and clinical interventions

Congenital heart defects were the most frequent co-
occurring birth defect in all birth defect groups except
anencephaly. Only 1.4% of non-case infants were diag-
nosed with a congenital heart defect, compared to higher
percentages in the multiple birth defects group (71.4%, P <
0.05), T18 (63.7%, P < 0.05), and T13 (56.3%, P < 0.05)
(Supplementary Table 4). Infants with skeletal dysplasia
had the highest rates of respiratory morbidities and
respiratory interventions among all birth defect groups. All
birth defect groups, except for infants with anencephaly,
had statistically significantly higher rates of intubation
(38.3–78.9% of cases vs. 2.3% of non-cases, P < 0.05) and
of invasive mechanical ventilation (44.3–92.1% in cases vs.
2.1% of non-cases, P < 0.05).

While infants in all birth defect groups had surgical
interventions performed during their hospitalization, those
with T13 (approximately 1–14%), T18 (approximately 1–
10%) and skeletal dysplasia (approximately 3–34%) under-
went the highest number of surgical procedures. Across all
birth defect groups, gastrointestinal surgeries were most

prevalent, with percutaneous gastrostomy tube insertions
being the most common (ranging from 5.7–34.2%). Infants
with skeletal dysplasia had the highest percentage of tra-
cheostomy placement (23.7%). Infants with T18 or T13
were the only groups that underwent cardiac surgery but this
occurred among a small percentage of the group (approxi-
mately 1–2%). Among infants with T13, 31.1% were born
with a cleft lip and palate defect; of those 3.4% underwent
repair. Infants with anencephaly had the fewest non-surgical
and surgical interventions among all groups.

Survival and timing of death

Figure 1 shows the Kaplan–Meier survival curves for each
defect group with corresponding median survival and var-
ious time-specific survival estimates in Table 1. Infants with
skeletal dysplasia had the highest 1-year survival rate
(28.9%), followed by T13, T18, and bilateral renal agenesis,
which had similar 1-year survival rates (18%, 17.4%, and
15.1%, respectively). Infants with anencephaly had the
lowest survival rate at each time point evaluated. Infants
with anencephaly or bilateral renal agenesis had the highest

Fig. 1 Kaplan–Meier survival curves representing risk of mortality in
the first year of life by type of birth defect, Florida, 1998–2009. This
figure represents the survival curves that describe the risk of mortality
during the first year of life by type of birth defect. The solid black
curve represents trisomy 18, the solid red curve represents trisomy 13,
the solid blue curve represents anencephaly, the solid green curve
represents renal agenesis, the dotted black curve represents the skeletal
dysplasias (thanatophoric dwarfism, achondrogenesis, and osteogen-
esis imperfecta), and the dotted red curve represents the > 1 lethal

malformation group (MULT). T18 trisomy 18, T13 trisomy 13, ANEN
anencephaly, RENAL renal agenesis with oligohydramnios, TH/AC/
OI thanatophoric dwarfism, achondrogenesis, or osteogenesis imper-
fecta with agenesis, hypoplasia, or dysplasia of the lung, and indica-
tion of respiratory failure, MULT more than one of the birth defects
included in the study. Note: Both the log-rank and Wilcoxon tests
indicated statistically significant differences in one-year survival
across defect types (P < 0.01)
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mortality rate within the first day of life (85.6% and 66%,
respectively) (Supplementary Table 3) and the lowest
median age of survival (median survival 1 day) (Table 1).

Length of hospitalization and discharge disposition

With the exception of infants with anencephaly, those in all
birth defect groups spent significantly more time in the
hospital during their first year of life than non-case infants
(mean LOS: 11.9–64.1 vs. 3.9 days for case vs. non-case
infants respectively, P < 0.05) (Table 2). Notably, 31.6% of
infants with skeletal dysplasia spent more than 90 days in
the hospital during their first year of life compared to 0.3%
of non-case infants (P < 0.05). Over 80% of infants with
anencephaly or bilateral renal agenesis had hospitalizations
of 5 days or less (Fig. 2).

The majority of infants in all birth defect groups were
discharged home except for those with anencephaly, who
had fairly equal disposition to home or hospice (6.4% and
5.6%, respectively). Approximately 5–6% of infants with
T18, T13, or anencephaly received hospice care (Supple-
mentary Table 3) and had palliative care encounters during
their hospitalization (Supplementary Table 4).

Costs of direct inpatient care

Except for infants with anencephaly, those in all birth defect
groups had significantly higher inpatient costs during the
first year of life than non-case infants (mean hospital costs

$26,032–$131,223 vs. $3714 for case and non-case infants,
respectively P < 0.05) (Table 2). Hospital care costs during
the first year of life exceeded $250,000 for 21%, 7.1% and
5.7% of infants with skeletal dysplasia, multiple birth
defects, and bilateral renal agenesis, respectively, vs. 0.1%
of non-case infants (P < 0.05). In contrast, infants with
anencephaly had the lowest total costs of hospitalization
with 76% incurring less than $1000 (Fig. 3). The mean cost
of inpatient care for the first year of life for infants with
anencephaly neared the mean cost of inpatient care for the
first year of life for infants without birth defects ($5537 vs.
$3714 respectively) (Table 2).

Discussion

In this large, population-based study we describe the inpa-
tient hospital care, medical and surgical therapies, survival,
and healthcare resource utilization in the first year of life for
infants born in Florida with the congenital malformations
most widely considered to be lethal: T18, T13, anence-
phaly, bilateral renal agenesis, thanatophoric dysplasia,
achondrogenesis, and neonatal lethal osteogenesis imper-
fecta. Case infants received inpatient medical care, under-
went various medical and surgical interventions, had higher
survival rates compared to prior studies, and experienced
increased healthcare costs and longer LOS compared to
infants without birth defects; though, this generalization did
not hold for infants born with anencephaly. Thus, using the

Fig. 2 Hospital length of stay associated with direct inpatient medical
care by type of birth defect, Florida, 1998–2009. This figure represents
the inpatient hospital length of stay, categorized from anywhere
between 0 to greater than 90 days, for each birth defect group and non-
case infants. The percentages displayed in each bar represent the
proportion of all infants in that group who spent 5 or fewer days in
receiving inpatient care during the first year of life. NONE none of the

birth defects included in the study, T18 trisomy 18, T13 trisomy 13,
ANEN anencephaly, RENAL renal agenesis with oligohydramnios,
TH/AC/OI thanatophoric dwarfism, achondrogenesis, or osteogenesis
imperfecta with agenesis, hypoplasia, or dysplasia of the lung, and
indication of respiratory failure, MULT more than one of the birth
defects included in the study
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term lethal may no longer be appropriate in describing some
of these infants and could lead to miscommunication with
families and inconsistent decision-making [2]. These results
should be used in counseling families with fetuses or
newborns affected with these diagnoses to reach a balanced,
well-informed decision regarding the use of intervention,
comfort care, perinatal hospice, or alternative forms of
management.

Survival and outcomes

Skeletal dysplasias

Although the three most common skeletal dysplasias (tha-
natophoric dysplasia, achondrogenesis, and neonatal lethal
osteogenesis imperfecta) comprise 40–60% of all lethal
skeletal dysplasias, these diagnoses are rare. The published
literature indicates that death occurs before or during the
neonatal period, usually secondary to respiratory failure
[22–25]. We observed higher survival rates, with 50%
survival to the neonatal period and 28.9% survival to 1 year
of life.

The higher survival rates for infants with skeletal dys-
plasias in our cohort could be linked to the finding that these
infants had more procedures than other birth defect groups
in our study. These include intubation (78.9%), mechanical
ventilation (92.1%), and tracheostomy placement (23.7%).
They also had the longest hospital LOS among all birth
defect groups, incurred the highest hospital costs, had the

highest C-section rate, experienced the highest percentage
of chronic lung disease, respiratory failure, pulmonary
hypertension, sepsis, and pneumonia, and maintained the
second highest seizure rates. Two case reports describe
increased survival for three children with thanatophoric
dysplasia, aged 4–9 years, who received life-sustaining
equipment but had significant medical sequelae, including
chronic ventilator dependence via tracheostomy, hydro-
cephalus with ventriculoperitoneal shunt placement, seizure
disorders, profound developmental delay, and growth fail-
ure [26, 27]. Our data and the case report outcomes suggest
that while aggressive treatment may increase life expec-
tancy, there is a concomitant increase in morbidity and
healthcare utilization.

Bilateral renal agenesis

Bilateral renal agenesis is considered incompatible with
extrauterine life, with a median postnatal survival of < 24 h;
less than 5% of infants survive beyond 1 week [2]. Fetal
losses are common, frequently due to cord compression,
and newborns die within hours of birth due to severe
respiratory insufficiency and severe pulmonary hypoplasia
secondary to prolonged anhydramnios [28]. Despite a very
poor prognosis, the 1 week survival rate of 20.8% in our
study is considerably higher than reported in previous lit-
erature. However, the median survival of 1 day is similar to
national rates [2]. While we were unable to find comparable
1-year survival rates in the literature, we observed a 15.1 %

Fig. 3 Costs associated with direct inpatient medical care by type of
birth defect, Florida, 1998–2009. This figure represents costs expres-
sed as unadjusted costs associated with direct medical care in inpatient
setting, per infant, in thousands of 2010 US dollars. Costs are cate-
gorized from anywhere between < $1000 to ≥ $750,000, for each birth
defect group and non-case infants. Percentages displayed in each bar
represent the proportion of all infants in that group whose direct
medical costs of inpatient care during the first year of life totaled less

than $1000. The TH/AC/OI group did not have any infants with costs
less than $1000. NONE none of the birth defects included in the study,
T18 trisomy 18, T13 trisomy 13, ANEN anencephaly, RENAL renal
agenesis with oligohydramnios, TH/AC/OI thanatophoric dwarfism,
achondrogenesis, or osteogenesis imperfecta with agenesis, hypopla-
sia, or dysplasia of the lung, and indication of respiratory failure,
MULT more than one of the birth defects included in the study
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1-year survival rate, which may be due to some infants
receiving aggressive intervention: nearly 55% were intu-
bated at birth and placed on invasive mechanical ventila-
tion, 23% received chest tube placement, and 6% underwent
peritoneal dialysis. The longest surviving child with bilat-
eral renal agenesis is a 9-month-old infant described by
Bienstock et al. [28]. In this case, the mother underwent
serial amnioinfusions as a means of preventing pulmonary
hypoplasia, the infant was born at 29 weeks with normal
lung volumes, and underwent peritoneal dialysis at 36 hours
of life. Even if pulmonary hypoplasia can be prevented by
amnioinfusion, dialysis as a channel to renal transplantation
is the only treatment that can ensure survival [28]. Perito-
neal dialysis carries significant risks, with a very high
mortality risk incurred when started before 3 months of age
[28, 29].

Anencephaly

Anencephaly is one of the most fatal congenital mal-
formations. The survival rates in our study are consistent
with previous literature, with 85.6% of infants dying within
the first 24 h of life. The 1 week and median survival rates
(0–14% and ~1–24 h, respectively) are also comparable
with other studies [2, 30]. There are few case reports of
anencephalic infants with longer survival, with the longest
documented survival to 28 months of life [30, 31]. Given
the extremely poor prognosis for these infants, it is not
surprising that infants with anencephaly in our study had the
fewest medical and surgical procedures, lowest 5 min Apgar
score, and lowest survival. These findings support the
American Academy of Pediatrics Neonatal Resuscitation
Guidelines listing anencephaly as a condition for which
non-initiation of resuscitation is appropriate [32].

Trisomy 13 and 18

T18 and T13 are the second and third most commonly
diagnosed trisomies in live born patients after trisomy 21.
While in previous years medical treatments for trisomy 21
were withheld because of the associated congenital devel-
opmental delays and handicaps, the provision of intensive
care for these infants has now been standard for decades
[13]. However, there has been much controversy and debate
on the management of infants with T13 or T18, resulting in
numerous studies on survival and outcomes. Some studies
have recommended that families not be offered intensive
care due to the poor prognosis of these infants, with only
about 50% of infants with T13 or T18 survived the first
week of life, and approximately 5–10% survived through
the first year of life [33–37]. More recent studies provide
evidence of increased survival when significant medical and
surgical inventions are provided [4, 6–14]. In comparison to

these recent studies that have reported increased survival
with intensive care, our study demonstrated similar survival
rates for T18 or T13. Our 1-year survival rate for infants
with T18 is analogous to that of these other studies (17.4%
vs.12–25%, respectively), however our median survival rate
is higher than other studies (20 days vs. 8–14 days,
respectively) [2, 6, 8, 12]. Our 1-year survival rate and
median survival for infants with T13 is comparable that of
these other studies (18% vs.12–37%, respectively, and
12 days vs. 5–12 days, respectively) [2, 6, 12, 14]. Recent
studies have also reported survival rates for 5 to 10 years of
life [6, 12].

The perception of providers has also changed over time.
McGraw et al. [33] found that a high proportion of US
neonatal providers would consider resuscitating a 36-week
infant prenatally diagnosed with T18 and a congenital heart
defect, with maternal preference being the main reason to
initiate resuscitation. Other studies that have surveyed par-
ents of children with T18 or T13 and found that many
parents observed that their children experience a higher
quality of life and less pain and suffering than their care
providers predicted [3, 4]. Although we were unable to
assess intellectual disability in our cohort, others have
reported that although individuals with T13 or T18 are
generally severely or profoundly handicapped, these
patients can continue to make modest developmental pro-
gress [3, 4, 9, 38]. However as providers, we should con-
tinue to have unbiased discussions with families on quality
of life, taking into account their values and wishes but also
continue to educate parents that despite aggressive inter-
ventions, improved quality of life is not a guarantee.

Healthcare utilization

Our study has evaluated the impact of lethal congenital
malformations on the cost of providing direct inpatient
medical care. Courtwright et al. [34] also estimated costs of
direct medical care for infants with varying lethal congenital
malformations and reported a range of $0–$70,130 for the
cost of medical treatment from delivery until death or dis-
charge, with a median cost of $4541. We report mean costs
of inpatient care ranging from $5537–$131,223 for only the
first year of life for the entire cohort. While Courtwright
et al. [34] provided median costs until death or discharge,
our estimate for mean costs for the first year of life suggests
that our costs are higher. Increased costs in our study could
be related to longer survival, more intensive interventions,
and thus longer hospital LOS. Another contributing factor
could be the distribution of infants in the cohorts. Our study
showed the highest costs of care were for infants with
skeletal dysplasias. However, this group of infants repre-
sented just 2% of Courtwright’s cohort. In addition, we
found the lowest costs of care for infants with anencephaly,
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and in Courtwright’s study, infants with lethal CNS mal-
formations, which includes anencephaly, comprised the
second largest group (24%). In today’s age of increasing
hospital care costs, providers must consider the potential
burden of these expenses on the community, as it is ethi-
cally and socially irresponsible to consume resources that
do not provide inherent medical benefits to the patient.

Hospice and palliative care

In a survey of 653 neonatologists across the US and
Canada, approximately 95% endorsed the benefits of pal-
liative care programs, although many reported barriers to
supporting these programs including stigma, funding, dif-
ficulty with implementation, and lack of evidence of pal-
liative care efficacy [39]. However, studies have shown that
the impact of a palliative care consultation and the devel-
opment and implementation of guidelines for the provision
of palliative care in the NICU have enhanced end-of-life
care [40–44]. Samsel et al. [44] found that implementation
of a palliative care initiative that included provider educa-
tion, written practice guidelines, and an electronic medical
record order set led to an increase in re-direction to comfort
care and increased palliative medication usage for infants in
their final 48 h of life.

In addition, palliative care discussions have also included
the consideration and organization of hospice care. Nelson
et al. [7] found that infants with T18 who had disposition to
home health, which includes hospice, nearly doubled over
the study period. Among infants with selected birth defects
in our study, only infants with T13, T18, or anencephaly
received hospice care (6.6%, 5.3%, and 5.6% respectively).
These findings clarify that the possibility of longer than
anticipated survival has motivated the provider and family
to make goal-oriented decisions regarding the care of their
infant, including discussions of hospice care and extra-
ordinary measures.

Strengths and limitations

There results should be interpreted after considering a few
limitations. This study relies on administrative data, not
collected for research purposes, linked to create a multi-year
longitudinal database. The use of ICD-9-CM codes to
identify infants with birth defects and outcomes is subject to
human error, misdiagnosis, and improper identification due
to the dependence on physician documentation in the
medical record, coders’ translation of information into
appropriate ICD-9-CM codes, and correct documentation of
those codes. Inherent problems with the lack of specificity
of ICD-9-CM codes, particularly the codes for the skeletal
dysplasias and bilateral renal agenesis, which include
diagnoses that are considered benign conditions, also

complicate these data. For these conditions, in order to
ensure we were considering lethal diagnoses, a combination
of diagnosis codes were used, rather than solely relying on
the specific birth defect code. We also restricted the eva-
luation to 1 year of life in order to increase the sample size
of each birth defect group by identification of the infants in
each year over the entire 9 years of data analysis. Also, we
did not have clinician review of records of all diagnoses of
interest or access to review the specific details concerning
severity of the malformations. Thus, extrapolating these
data to larger populations beyond 1 year of life is fraught
with potential bias. Another limitation of relying on the use
and linkage of administrative data is the likelihood of not
capturing birth hospitalizations among infants with lethal
defects who died immediately after birth or died before the
first day of life. These infants are less likely to generate a
hospital discharge record to be linked, and therefore to not
be classified as a case. Furthermore, this study did not
include cases diagnosed prenatally that may have been
electively terminated or spontaneously aborted, resulting in
a higher number of live born infants with congenital mal-
formations with less severe phenotypes. This, along with
the inability to disproportionately capture deaths occurring
immediately after birth, may have resulted in overestimated
survival rates. Our observed survival rates for infants with
T13 or T18 may be overestimated as well, given the
inability of the coding system to distinguish between full
trisomy and partial or mosaic variants; infants with partial
or mosaic trisomies have longer survival than those with
full trisomy [6]. Our study was also limited due to lack of
availability of outcome data after 2010. Future research
should assess the extent to which our findings may have
changed in recent years. Lastly, we were not able to
investigate whether treatment intensity may have impacted
survival among infants with lethal conditions. Two recent
studies have evaluated treatment intensity and survival in
infants with lethal congenital malformations and both con-
cluded that aggressive obstetric or neonatal care did not
prolong survival [34, 36]. These studies continue to raise
the question of how much care is “the right amount”, given
the poor prognosis of these children [10].

This study has several strengths. Birth defect cases were
identified from a large, ethnically diverse, longitudinally
linked statewide database that includes data on over 2
million live births during a 12-year period. The large sample
size allowed for the assessment of survival and healthcare
utilization practices for several birth defects in which pre-
vious findings were based largely on case series reports
(e.g., bilateral renal agenesis, anencephaly, thanatophoric
dysplasia, achondrogenesis and neonatal lethal osteogenesis
imperfect). These studies often include a limited amount of
information about the infants’ medical courses and prac-
tices, which vary broadly across different countries and
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sites. Additionally, the large sample size, compared to
previous studies of live born infants, also enabled us to
investigate several maternal and infant risk factors poten-
tially related to survival that had not been previously
studied.

Implications and conclusion

The results of this study have significant implications for
the care and management of infants considered to have
lethal malformations. The evolution of these lethal birth
defects and their medical management has led to a shift to a
new era of the consideration of providing life-prolonging
medical interventions, especially for infants with T13 or
T18, raising significant ethical and financial concerns. The
current practice of some providers is to withhold life-
sustaining treatment and counsel parents based on historical
precedence without considering current data regarding
natural progression and survival. Impartial discussions
regarding quality of life are rarely held. We support the shift
in the paradigm to a model of shared decision-making that
actively engages the expertize and perspectives of parents
and providers, incorporating current medical literature with
the values of the family to assist in shaping goals of care at
critical time points prenatally, perinatally, and postnatally
[45]. Providers who counsel families of these infants should
continue to stress that these diagnoses are associated with
poor prognoses; however, all potential outcomes should be
discussed, including variable survival. Parents should be
counseled to be prepared to care for a critically ill infant if
they choose to continue the pregnancy, understanding that
multiple invasive procedures can be painful, psychologi-
cally traumatic, and do not guarantee long-term normal
outcomes or improved quality of life. Regarding longer than
anticipated survival, the provider and family again should
make goal-oriented decisions on how to care for the infant,
including discussions of involvement of hospice and pal-
liative care as well as the possible provision of extra-
ordinary measures [30]. We also support a palliative and
hospice approach, if consistent with families’ wishes, for
infants with very poor prognoses, given the potential of the
infant experiencing pain and suffering without significant
medical benefit and allocation of scarce resources [2, 45].
Hospice and Palliative Care medicine teams should be
considered during these discussions as they can assist the
providers with these often difficult conversations. These
teams can be of most benefit when a prenatal diagnosis is
discovered.

This study evaluated healthcare utilization by hospital
LOS and healthcare costs of specific groups of infants,
therefore, more comparative studies are needed. Studies
evaluating the home medical care system for these infants,
examining intensity of intervention, and costs after hospital

discharge as well as the benefits of hospice care are also
needed, as are studies evaluating both quality of life in
infancy and childhood for infants with life-limiting
diagnoses.

In summary, this population-based study describes out-
comes, survival rates, and healthcare utilization of patients
with specific congenital malformations considered lethal,
using a linked database in Florida. We conclude that infants
with T18, T13, bilateral renal agenesis, thanatophoric dys-
plasia, achondrogenesis or neonatal lethal osteogenesis
imperfecta who undergo medical and surgical interventions,
have increased survival rates compared with infants
described in previous population studies and case reports.
However, they have the potential for longer hospital stays
and increased hospital care costs, especially in the case of
infants with skeletal dysplasias. We hope that this infor-
mation will help providers and parents make more informed
decisions related to the management of the pregnancy, fetus
and neonate, keeping in mind the varying survival out-
comes, appropriate use of healthcare resources, and con-
sideration of the best interest of the infant. Also we hope
that this study will assist with the formation of best practice
recommendations for the inpatient hospital care of these
infants, and will impact healthcare policy and practice for
this population.
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