








PVL analysis groups (all below the 0.1
threshold).

Secondary Analysis: Regional
Survival in Severe IVH

From the analysis cohort of 32 672
patients, we created matched groups
of patients with and without severe
IVH for each of 4 NIS regions:
Northeast (n = 60 each), Midwest (n =
332 each), West (n = 854 each), and
South (n = 1467 each). As was the
case in our primary survival analysis,
these region-specific groups were
balanced for all measured covariates
(Supplemental Table 3) and matched
for center. In all 4 regions, neonates
with severe IVH were more likely to
die than those without severe IVH
(Fig 3). Among paired regional
comparisons, the greatest difference
in severe IVH–associated mortality
risk was observed between the West
and the Midwest (West: HR 4.27
[95% CI 3.39–5.37]; Midwest: HR
1.78 [95% CI 1.28–2.48]; P , .001).

To further investigate the above
difference between the West and
Midwest regions, we conducted
a sensitivity analysis in which we
directly compared the survival of
patients from these 2 regions
according to IVH status. To do so, we
created 2 matched subsets with
severe IVH (n = 465 each from the
West and Midwest) and without
severe IVH (n = 3112 each from the
West and Midwest) that were
balanced for all measured covariates
(Supplemental Table 4). Patients with
severe IVH in the West were more
likely to die than those in the Midwest
(HR 1.52; 95% CI 1.25–1.85),
whereas survival among those
without severe IVH did not vary
between the regions (HR 0.87; 95%
CI 0.72–1.04).

DISCUSSION

We conducted this study to
determine the extent to which severe

FIGURE 1
Consolidated Standards of Reporting Trials flow diagram. CMV, continuous mandatory ventilation;
HFOV, high-frequency oscillatory ventilation.
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IVH is associated with mortality in
extremely premature neonates. To
begin, we impaneled the largest
known cohort of neonates ,29
weeks’ gestation whose natural, all-
cause mortality was described
according to IVH status. In this overall
cohort, the prevalence of severe IVH

(14.3%) was similar to that of other
cohorts in large retrospective cohort
studies4,5 and suggests an annual
incidence of ∼5000 cases in the
United States.33 Given that 50% of the
patients in the matched cohort had
severe IVH and 1470 patients died,
we had 80% power to detect a HR

$1.16. Having controlled for a variety
of maternal and neonatal
characteristics, including markers of
overall illness severity, we found that
severe IVH was independently
associated with an increased risk of
mortality (HR 2.79). Among all
extremely premature neonates who

FIGURE 2
A–C, Overall survival by severity of IVH for patients in the full cohort (N = 32 672 patients) (A), matched cohort (n = 2848 matched pairs) (B), and
landmark cohort, which was restricted to 1527 matched pairs in which both patients were still alive and in the hospital at 30 days (C).
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died, patients with severe IVH died
earlier than those without severe IVH.

Both grade 3 and grade 4 IVH were
independently associated with
mortality (HR 1.76 and 3.54,
respectively). To put this in context
with other morbidities affecting
extremely premature neonates, these
mortality HRs are similar to those
seen in patients with early evidence
of pulmonary hypertension (HR 2.0)
and those with NEC (HR 2.67).34,35

We also found that grade 4 IVH was
associated with greater mortality
among patients who survived the first
30 days of life. This increased risk
could be due to complications of
posthemorrhagic hydrocephalus or
ventriculoperitoneal shunt
placement,7 although we do not know
the prevalence of these variables in
our cohort. We also compared the
risks of 4 secondary outcomes
associated with long-term
neurodevelopmental compromise
(NEC, CLD, tROP, and PVL).36–40

Consistent with previous
observations, severe IVH was
associated with an increased risk of
PVL.37 The similar risks of NEC, CLD,
and tROP observed among patients
with and without severe IVH likely
resulted from survivorship bias.

Although we could not directly assess
cause or mode of death in this study,
3 pieces of evidence suggest that

severe IVH–associated mortality in
our cohort was due to withdrawal of
LSMT, as others have established.7,8,11

First, in the overall cohort,
approximately half of the 14.3% of
patients diagnosed with severe IVH
died before transfer or discharge (Fig
2A), similar to the proportion of
deaths caused by IVH in a subset of
641 patients included in our analyses
(9.4%).6 Second, the median age of
death for patients with severe IVH
was 7.5 days, nearly 1 week earlier
than patients without severe IVH and
within days of maximum-grade IVH
diagnosis. Last, we observed regional
differences in mortality, suggesting
that provider and/or parental
decision-making may have informed
the decision to withdraw LSMT for
patients with severe IVH. Providers’
beliefs and practices are known to
underlie regional variation in the
intensity of care at the end of life,18–20

and there is evidence that rates of
LSMT discontinuation differ among
the NIS regions.41 Although these
regional comparisons have important
implications for future study of
neonatal outcomes and decision-
making in the NICU, we must
acknowledge that the geographic
distribution of PMG NICUs influenced
the outcomes of the primary analyses
(eg, overrepresentation of hospitals in
the South and underrepresentation of
hospitals in the Northeast).

In this study, we only included
patients who required mechanical
ventilation on days of life 0 to 2.
Although this limits the patient
population to which our findings may
be generalized, a more rigorous
matching strategy (eg, requiring the
same mode of ventilation on the day
the maximum IVH grade was
diagnosed) would have prevented
us from creating cohorts balanced
for other important covariates. It
is also important to note that
uninformative patient characteristics
were excluded from the PS model. For
example, some variables were highly
collinear (eg, maximum fraction of
inspired oxygen and mode of
ventilation) and others were common
to patients with and without severe
IVH (echocardiographic assessment
of PDA: 49.9% and 49.5%,
respectively).

The maximum IVH grade and
diagnosis of PVL were derived from
all clinical reports generated during
routine clinical care for each PMG
NICU patient. We were unable to
know whether a neonatologist or
pediatric radiologist provided a given
grade or diagnosis or whether
independent readings were
performed to yield final consensus
interpretations. Likewise, we were
unable to know why some patients
did not receive a graded neurologic

TABLE 2 Comparison of Secondary Outcomes by Severity of IVH in the Matched Cohort

Severe IVH Nonsevere IVH OR (95% CI) P

ROP treated
No. neonates with ROP evaluated 2250 23 077 — —

No. matched pairs used in analysis 1470 1470 — —

No 1274 (86.7%) 1294 (88.0%) — —

Yes 196 (13.3%) 176 (12.0%) 1.13 (0.91–1.41) .27
CLD
No. neonates still in hospital at $36 wk CGA 1880 18 174 — —

No. matched pairs used in analysis 1168 1168 — —

No 493 (42.2%) 500 (42.8%) — —

Yes 675 (57.8%) 668 (57.2%) 1.03 (0.87–1.21) .77
PVL
No. neonates with imaging 4510 30 135 — —

No. matched pairs used in analysis 2841 2841 — —

No 2508 (88.3%) 2760 (97.2%) — —

Yes 333 (11.7%) 81 (2.9%) 4.52 (3.53–5.80) ,.001

—, not applicable.
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assessment during the first 7 days of
life. It is conceivable that some
providers or parents elected to forgo
a cranial ultrasound because the
result would not influence their
decision-making. Interestingly, in the
overall cohort, we found that 13.3%
of patients in the Midwest had no IVH

grade assigned. In a post hoc analysis
in which we considered all Midwest
patients without neurologic imaging
to have severe IVH, we observed an
increased risk differential between
those with severe IVH and those
without, further suggesting that
a cranial ultrasound was unlikely to

influence decision-making in this
region.

Last, we did not have access to
patient-level data regarding IVH
laterality or the size and location of
hemorrhages. A post hoc review of all
CDW patients ,29 weeks’ gestation
revealed bilateral severe IVH in 68%

FIGURE 3
A–D, Overall survival by severe IVH of patients in the matched cohort for the Northeast (A), the Midwest (B), the West (C), and the South (D). The survival
estimates were derived from a Cox model, with patients entering the risk set at their age at the index date.
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of patients with maximum grade 3
IVH and in 59% of patients with
maximum grade 4 IVH. Determining if
laterality influences survival would
be particularly important for patients
with grade 4 IVH because the
neurodevelopmental consequences of
unilateral and bilateral hemorrhage
are drastically different.14

We strongly encourage the validation
of more refined ultrasound
classification systems for IVH and
periventricular hemorrhagic
infarction made possible with
advances in ultrasound
technologies.42,43 By improving our
understanding of prognosis in severe
IVH, we can better support
neonatologists and their patients’
parents when they engage in difficult,
but indicated, discussions about
limiting LSMT.44–46

CONCLUSIONS

The early diagnosis of severe IVH is
independently associated with
mortality in extremely premature
neonates. Regional differences in
survival suggest that neonatologists
and/or families emphasize the
presence of severe IVH when deciding
whether to continue LSMT,
irrespective of overall severity of
illness. Given the apparent
importance of severe IVH in end-of-
life decision-making, there is a need
for tools that improve the predictive
value of cranial ultrasound results.
Such tools, coupled with a provider’s
clinical expertise and parental
perspectives on their child’s
outcomes,47,48 could better inform
goals of care and help navigate shared
decision-making for extremely
premature neonates.49,50

ABBREVIATIONS

CDW: Clinical Data Warehouse
CGA: corrected gestational age
CI: confidence interval
CLD: chronic lung disease
HR: hazard ratio
IVH: intraventricular hemorrhage
LSMT: life-sustaining medical

treatment
NEC: necrotizing enterocolitis
NIS: National (Nationwide) Inpa-

tient Sample
OR: odds ratio
PMG: Pediatrix Medical Group
PS: propensity score
PVL: periventricular leukomalacia
ROP: retinopathy of prematurity
tROP: retinopathy of prematurity

that required treatment
during the index
hospitalization
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