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BACKGROUND: We examined changes in the causes and
circumstances of death in our neonatal intensive care unit
(NICU) over 20 years.
METHODS: For 551 infants who died between 1993 and
2013, the principal cause of death was recorded. Circum-
stances of death were assigned to one of the following four
categories: death following cardiopulmonary resuscitation
(CPR), death while being mechanically ventilated without
CPR, death after withholding life-support interventions, and
death after withdrawal of life support. Data were compared
across four 5-year epochs.
RESULTS: The mortality rate decreased from 5.9% in the first
epoch to 3.0% in the last epoch (Po0.0001). The leading
cause of death in all epochs was congenital anomalies. The
percentage of deaths due to all other categories decreased or
remained stable. Withdrawal of life support was the most
common circumstance of death in all four epochs. Only 16%
of deaths followed CPR. The percentage of neonates with
documented do-not-resuscitate orders was highest in the final
cohort (52%).
CONCLUSIONS: The mortality rate per admission decreased
between 1993 and 2013. Each cause of death was stable or
decreased as a percentage of all deaths except for deaths due
to congenital anomalies. Withdrawal of life-support interven-
tions is the most common circumstance of death in neonates.

Increased knowledge about normal neonatal physiology
coupled with advances in both medicine and technology has

led to significant progress in reducing infant mortality in the
US over the past half century. It was hypothesized at the
beginning of the twenty-first century that the US infant
mortality rate would plateau following widespread use of
surfactant (1,2); however, infant mortality has continued to
decline during recent decades. In 1993, there were 8.3 infant
deaths per 1,000 live births (3), whereas in 2013 there were 6.0
infant deaths per 1,000 live births (4). This represents a 28%
decrease in the infant mortality rate over a 20-year period.
Although the infant mortality rate in the US continues

to decrease, the causes of death have shifted. A major
contributor to the decline in infant mortality in the United

States is the decline in neonatal deaths associated with low
birth weight (5). Despite this change, it is clear that deaths
occurring in the neonatal intensive care unit (NICU) continue
to have a major impact on infant mortality. For this reason,
we believed that it would be of interest to document the
evolution of the leading causes of death in our Level IV NICU
and the circumstances surrounding death. Understanding the
major causes of death in the NICU and identifying modifiable
factors contributing to the major causes have the potential to
further reduce infant mortality. In addition, deaths in the
NICU are often confounded by questions of whether
initiation or continuation of intensive care is appropriate.
Neonatologists and patients’ families are often confronted
with challenging end-of-life decisions and are more frequently
deciding to withhold or withdraw life support for infants
judged to have incurable disorders or high probability of
future disability (6). An additional goal of this study was to
gain a greater understanding of end-of-life decision-making
and the role of palliative care in the NICU in the hope that
this may help in future decision-making and counseling of
families.

METHODS
This is a retrospective descriptive study involving infants who died in
the NICU of the University of Iowa Children’s Hospital, a Level IV
NICU with an on-site delivery service, between 1 July 1993 and 30
June 2013. Our NICU is the sole comprehensive neonatal unit in the
state, and it admits patients from a local and regional population.
There were 551 deaths during this period. Stillborn infants and
infants who died in the delivery room were excluded. The medical
records of all infants who died in the NICU were reviewed. The study
was approved by the institutional review board of the University
of Iowa.
Variables abstracted from the individual medical records were as

follows: gestational age, birth weight, sex, outborn vs. inborn,
singleton vs. multiple birth, age at death, principal cause of death,
circumstances of death, documentation of parental involvement in
end-of-life decision making, presence or absence of a do-not-resuscitate
(DNR) order, and palliative care team involvement.
The principal cause of death was determined by the NICU medical

director and was assigned to one of 13 distinct categories. Congenital
anomaly included any congenital malformation incompatible with
life or requiring major medical or surgical intervention to maintain
life. Death from extreme prematurity was defined as death in an
infant of gestational age less than 24 weeks with no other identifiable
cause of death. Other categories included the following: respiratory
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distress syndrome, bronchopulmonary dysplasia, infection, acquired
bowel disease, central nervous system injury, pulmonary hyperten-
sion, pulmonary hemorrhage, renal failure, hemorrhagic or hypovo-
lemic shock, multisystem failure, and others for those diagnoses that
did not fit into the above categories.
Circumstances of death were categorized into one of the following

four options: (i) death following cardiopulmonary resuscitation
(CPR), (ii) death while mechanically ventilated without CPR, (iii)
death after with holding life-support interventions, and (iv) death
after withdrawal of life-support interventions. When applicable, the
documented reason for limitation of care was categorized using
specific language as documented in the infant’s discharge summary.
Categories included the following: (i)poor developmental prognosis,
(ii) perceived futility of treatment in the face of limited life
expectancy, and (iii) suffering resulting from continuing treatment.
Parental involvement in end-of-life decision-making was deter-

mined by the presence of documented discussion with parents
regarding a plan for the infant’s death. Timing of this discussion was
defined as the first documented discussion where poor prognosis was
discussed and a decision was made regarding end-of-life plans. If a
discussion with the family regarding end-of-life care occurred or if
parents were documented as present at the time of death, they were
considered as having been involved in the end-of-life decision. Other
variables related to end-of-life decision-making were abstracted from
medical records including the presence of a DNR order and palliative
care-team involvement.
Data were entered into a REDCap database (7) and compared

across four distinct 5-year epochs: Epoch 1 (1 July 1993 through
30 June 1998), Epoch 2 (1 July 1998 through 30 June 2003), Epoch 3

(1 July 2003 through 30 June 2008), and Epoch 4 (1 July 2008
through 30 June 2013).
Analyses were conducted with SAS 9.3 (Cary, NC). Descriptive

statistics for population characteristics, circumstances, and means of
death were obtained. χ2 and logistic regression analyses were used to
compare categorical variables across epochs. Wilcoxon rank-sum
tests and generalized linear modeling were used to compare
continuous variables across the four epochs. Po0.05 was considered
to be statistically significant.

RESULTS
Over the 20-year study period, there were 13,952 admissions
to the NICU of the University of Iowa Children’s Hospital.
The mortality rate relative to admissions declined steadily
over the 20-year period: 5.9% in Epoch 1, 4.0% in Epoch 2,
3.4% in Epoch 3, and 3.0% in Epoch 4. This decrease in the
mortality rate was statistically significant (P≤ 0.0001). Both
the mean gestational age and the mean birth weight of infants
who died in the NICU trended upward over time; however,
these changes were not statistically significant. The patient
characteristics did not vary significantly among epochs (Table 1).
The mean age at death increased from 18 days in Epoch 1 to
35 days in Epoch 4 (P=0.021).
The leading cause of death in all four epochs was congenital

anomalies. The number of infants dying each year from major

Table 1. Patient characteristics of infants who died in the NICU, 1993–2013

Epoch 1 (1993–1998) Epoch 2 (1998–2003) Epoch 3 (2003–2008) Epoch 4 (2008–2013) All years P value

Mortality, deaths/admissions
(%)

179/3,055 (5.9) 125/3,141 (4.0) 139/4,148 (3.4) 108/3,608 (3.0) 551/1,395 (3.9) o0.0001

Gestational age, mean, wk 30.9 30.9 31.1 32.4 31.3 0.199

Birth weight, mean, g 1,645 1,784 1,794 1,966 1,784 0.271

Female 42% 38% 40% 41% 40% 0.867

Outborn 42% 43% 42% 46% 43% 0.922

Multiple births 17% 22% 17% 15% 18% 0.477

NICU, neonatal intensive care unit; wk, week.

Table 2. Causes of death in the NICU by epoch

Epoch 1 (1993–1998) Epoch 2 (1998–2003) Epoch 3 (2003–2008) Epoch 4 (2008–2013) All years P value

Congenital anomaly* 73/179 (41) 51/125 (41) 64/139 (46) 54/108 (50) 242/551 (44) 0.379

Central nervous system injury 25/179 (14) 30/125 (24) 20/139 (14) 14/108 (13) 89/551 (16) 0.059

Infection 21/179 (12) 15/125 (12) 13/139 (9) 9/108 (8) 58/511 (11) 0.725

Extreme prematurity 19/179 (11) 4/125 (3) 7/139 (5) 0/108 (0) 30/551 (5) o0.001

Respiratory distress syndrome 15/179 (8) 9/125 (7) 12/139 (9) 7/108 (6) 43/508 (8) 0.910

Pulmonary hypertension 7/179 (4) 0/125 (0) 4/139 (3) 8/108 (7) 19/551 (3) 0.010

Acquired bowel disease 6/179 (3) 3/125 (2) 5/139 (4) 4/108 (4) 18/551 (3) 0.939

Bronchopulmonary dysplasia 5/179 (3) 2/125 (2) 4/139 (3) 2/108 (2) 13/511 (2) 0.892

Pulmonary hemorrhage 4/179 (2) 4/125 (3) 2/139 (1) 2/108 (2) 12/551 (2) 0.831

Multisystem failure 0/179 (0) 1/125 (1) 2/139 (1) 2/108 (2) 5/551 (1) 0.211

Hemorrhagic shock 1/179 (1) 2/125 (2) 1/139 (1) 4/108 (4) 8/551 (1) 0.147

Renal failure 2/179 (1) 1/125 (1) 5/139 (4) 1/108 (1) 9/551 (2) 0.244

Others 1/179 (1) 3/125 (2) 0/139 (0) 1/108 (1) 5/551 (1) 0.202

*Number/total deaths (%).
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anomalies was relatively stable. The percentage of deaths due
to anomalies trended upward, but this increase was not
statistically significant (P= 0.38; Table 2). The second and
third leading causes of death in all epochs were central
nervous system injury and infection, respectively. Comparing
across epochs, the rates of death due to infection and extreme
prematurity both decreased over the 20-year study period.
There was a decrease in deaths due to infection from 0.687 to
0.249 per 100 admissions; however, this change was not
statistically significant. The decline in deaths due to extreme
prematurity was statistically significant (P= 0.0008). The
percentage of deaths due to all other categories remained
relatively stable with no statistically significant change over
time (Table 2).
Regarding the circumstances of death, the majority of

deaths in the NICU occurred after withdrawal of life-support
interventions (74%). Over the 20-year study period, only 16%
of deaths were preceded by CPR. The percentage of infant
deaths following CPR declined from 21% in Epoch 1 to 16%
in Epoch 4; however, this change was not statistically
significant (P= 0.084; Table 3). Concerning infant deaths
that occurred following limitation of care, the most
commonly documented reasons were futility of treatment
in the face of limited life expectancy (65%) and poor
developmental prognosis (32%).
As documented in the medical records, parental involve-

ment in the end-of-life decision-making process was found to
occur in 92% of cases across the 20-year study period. Rates of
parental involvement in direction of end-of-life care did not
significantly change over time (P= 0.66). The average time
between documented discussion of end-of-life decisions and
infant death increased over time, from 0.37 to 1.76 days; this
change was statistically significant (Po0.0001). The percen-
tage of neonates who died with a documented DNR order,
regardless of circumstances of death, was greatest during the
final epoch, 52%; however, this increase was not statistically
significant (P= 0.13; Table 3).
Palliative care-team involvement in the NICU was first

documented in July 2009. Documented involvement of the

palliative care team increased each year within the final epoch.
During the 4 years of the study in which the palliative care
team was available for consultation in the NICU, the team was
consulted in 54% of cases that resulted in death.

DISCUSSION
The death rate per NICU admission decreased over the 20-
year period of study, from 5.9% in the first epoch (1993–1998)
to 3.0% in the last epoch (2008–2013). This represents a 49%
decrease in the mortality rate over a 20-year period.
Congenital anomalies were the leading cause of death in all
epochs. This is in agreement with other studies using various
methodologies, which found congenital anomalies to be
among the leading causes of neonatal mortality (4,8–11). In
our study, the high proportion of deaths due to congenital
anomalies was not due to an increase in the absolute number
of infants dying each year from major anomalies, but because
deaths from other causes declined. Most notably, deaths due
to infection and extreme prematurity decreased, and oppor-
tunities remain for further reduction of mortality due to these
causes. It should be noted that, in the final epoch, no deaths
were characterized as solely due to extreme prematurity. This
was due to both improved diagnostic capabilities and a
conscious decision by the medical director to define a more
specific cause of death in such cases. Despite this change in
coding, it is interesting to note that both the mean gestational
age and the mean birth weight of infants who died in the
NICU tended to increase over time, which supports the
conclusion that deaths secondary to extreme prematurity have
decreased at our institution. In addition, other causes of death
known to be direct consequences of prematurity did not
increase.
Although we are aware of no similar study of this breadth

and duration from a US institution, our results are consistent
with a multi-institution study that examined the causes and
timing of death among extremely premature infants over a
10-year period (12). Patel et al. found that overall mortality
declined among infants of gestational age 28 weeks and less
born between 2000 and 2011; moreover, as gestational age

Table 3. End-of-life care approach and documented parental involvement

Epoch 1 (1993–
1998), n= 179

Epoch 2 (1998–
2003), n=125

Epoch 3 (2003–
2008), n= 139

Epoch 4 (2008–
2013), n=108

All years,
n= 551

P
value

Circumstances of death

Died after CPR, n (%) 37 (21%) 19 (15%) 14 (10%) 17 (16%) 87 (16%) 0.084

Died while mechanically ventilated without
CPR, n (%)

17 (9.5%) 8 (6.4%) 12 (8.6%) 6 (5.6%) 44 (8.0%) 0.706

Life-support interventions withheld, n (%) 3 (1.7%) 0 (0.0%) 3 (2.2%) 4 (3.7%) 10 (1.8%) 0.205

Life-support interventions withdrawn, n (%) 122 (68%) 98 (78%) 110 (79%) 81 (75%) 409 (74%) 0.072

Parental involvement

Parent-directed end-of-life care, n (%) 155 (87%) 114 (91%) 130 (94%) 99 (92%) 498 (92%) 0.664

Documented DNR order, n (%) 75 (42%) 57 (46%) 50 (36%) 56 (52%) 238 (44%) 0.132

CPR, cardiopulmonary resuscitation; DNR, do-not-resuscitate.
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increased, the percentage of deaths contributed to congenital
anomalies also increased (12).
Our study shows that the majority of deaths in our unit are

preceded by end-of-life decisions. Most deaths occurred
without CPR, and 74% occurred following withdrawal of life
support. This finding is similar to other recent studies in
North America and Europe, indicating that removal of life-
sustaining support is the primary mode of neonatal death,
occurring in 62–93% of cases (6,11,13–15). These findings
were unchanged throughout our 20-year study period. The
most common reason for withdrawal of intensive care was
perceived futility of treatment; the second most common
reason was perceived poor developmental prognosis. With-
drawal of life-sustaining support as the primary neonatal
mode of death reflects a change from earlier studies, such as
the groundbreaking study by Duff and Campbell of neonatal
deaths from 1970 to 1972, which documented that the
majority of deaths (86%) at their institution occurred
following full resuscitation (16).
The study by Duff and Campbell was also one of the first to

explore ethical questions about various aspects of intensive
care for critically ill infants as well as the involvement of the
parents in these decisions (16). It was not until 1996, more
than 20 years later, that a statement from the American
Academy of Pediatrics explored the ethical controversy
surrounding the treatment of dying neonates. This publica-
tion formally recommended parental involvement in the end-
of-life decision-making process for critically ill pediatric
patients (17). In our study, parental involvement in end-of-life
decisions was documented in 92% of cases. A question that
arises is the long-term implication of this high rate of parental
involvement. Does shared decision-making make a difference
in helping parents grieve or is it better to relieve the parents of
responsibility for the decision and allow the physician to
make the final decision regarding end-of-life care? Caeymaex
et al. found that in decisions to withdraw or withhold
treatment, parental perception of a shared decision is
associated with a lower grief-score years after the child’s
death (18).
Our study found that the average time between documented

discussion of end-of-life decisions and time of infant death
was relatively stable over the first 15 years of the study, and
then increased significantly in the final 5-year epoch. This
could be due to multiple factors. One possible explanation is
that conversations regarding end-of-life decisions for infants
with major congenital anomalies tend to take place earlier
than those for neonates with severe illness or imminent death.
These conversations often take place out of concern for future
quality of life and likely require more time and contemplation
than conversations that focus on the futility of continued
treatment. Although our study did not specifically associate
diagnosis with reason for limitation of care, a recent study
found that nonterminal redirection of care (where quality-of-
life considerations were considered) was most common in
patients with severe central nervous system complications (9).
It seems likely that this would also apply in many cases of

infants with major congenital anomalies who may be
physiologically more stable but have future quality-of-life
concerns. In contrast, terminal redirection of care was most
common in the setting of failure of other organ systems (i.e.,
cardiovascular or respiratory failure), where life-sustaining
therapies are felt to be justified until further efforts are judged
to be futile (9). Another explanation for the increased time
between the family care conference and time of infant death is
that palliative care-team involvement in our NICU was first
introduced at the beginning of the final epoch and likely
facilitated earlier end-of-life discussions with families. A
recent study explored the impact of a palliative care program
on end-of-life care in a NICU and found that implementation
of a neonatal palliative care program did not significantly
change the incidence of withdrawal of life support or overall
mortality in their NICU (19). However, the authors reported
that the time between the first end-of-life discussion and
withdrawal of treatment was longer in those patients enrolled
in the palliative care program, and DNR orders were found to
be more frequent (19). A trend toward the increased use of
DNR orders in the last epoch was seen in our study.
A potential limitation of our study is the retrospective

design, which required reliance on review of medical records
for details of care. Information about communication between
the physicians and families may not have been fully
documented and, in some cases, it was challenging to assess
details of family participation in decision-making. However,
these limitations of medical record review applied equally for
the entire 20-year period and so did not affect our
interpretation of changes over time. An additional limitation
is that not all neonates who died in our hospital were included.
We excluded the few infants who died outside of the NICU,
e.g., in the delivery room, on pediatric inpatient units, or in the
pediatric intensive care unit. We did not have complete
records for all of these infants. Another limitation is that
determining a single principal cause of death when multiple
causes may have a role can be both difficult and subjective. We
attempted to minimize this as a source of error by having all
principal causes of death assigned using consistent criteria by
one of two individuals who served as medical directors during
the period of study (EFB and JMK). Another potential
limitation is that the generalizability of this study may be
limited in that we report the results from a single center, albeit
the only comprehensive neonatal unit in our state. Despite
these limitations, our study was able to achieve its goal of
examining changes in the causes and circumstances of death in
a large cohort of patients over a 20-year period and generate
further discussions on this important topic.
Our 20-year review of deaths in our NICU showed a

significant reduction in the mortality rate, from 5.9 to 3.0
deaths per 100 admissions. Congenital anomaly was the
leading cause of death in all four 5-year epochs, and it became
relatively more prominent as deaths from other causes
declined. Our analysis also showed that most infants (75%)
died after withdrawal of intensive care and that parental
involvement in end-of-life decisions was documented in 92%
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of cases. Although deaths from infection and extreme
prematurity have diminished over the years, opportunities
remain for further prevention of deaths in the NICU.
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