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Abstract
Background: Early deterioration is common in intracerebral hemorrhage (ICH). Treatment at
tertiary care centers has been associated with lower ICH mortality. Guidelines recommend
aggressive care for 24 hours irrespective of the initial outlook. We examined the frequency of and
factors associated with transfer to tertiary centers in ICH patients who initially presented at non-
tertiary emergency departments (ED). We also compared observed to expected mortality in
transferred and non-transferred patients using published short-term mortality predictors for ICH.

Methods: Adult patients who resided in a 5-county region and presented to non-tertiary EDs with
nontraumatic ICH in 2005 were identified. ICH Score and ICH Grading Scale (ICH-GS) were
determined. Of 16 local hospitals, 2 were designated tertiary care centers. Logistic regression was
used to assess factors associated with transfer.

Results: Of 205 ICH patients who presented to non-tertiary EDs, 80 (39.0%) were transferred to
a tertiary center. In multivariate regression, better baseline function (modified Rankin scale 0-2 vs.
3-5) (OR=0.42, 95%CI 0.21-0.85, p=0.016) and black race (OR=2.28, 95%CI 1.01-5.12, p=0.046)
were associated with transfer. A trend toward higher 30-day mortality was observed in non-
transferred patients (32.5% vs. 45.6%, p=0.06). The ICH-GS overestimated mortality for all
patients, while the ICH Score adequately predicted mortality.

Conclusions: We found no significant difference in mortality between transferred and non-
transferred patients, but the trend toward higher mortality in non-transferred patients suggests that
further evaluation of ED disposition decisions for ICH patients is warranted. Expected ICH
mortality may be overestimated by published tools.
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Introduction
Spontaneous intracerebral hemorrhage (ICH) is a devastating form of stroke with no proven
treatment. ICH occurs in an estimated 67,000 persons annually in the United States and has
a 30-day mortality of up to 50%.1, 2 Scales that may be readily performed in the emergency
department (ED) have been developed to predict short-term ICH mortality. Hemphill et al.
proposed the ICH Score, which allocates points using the presenting Glasgow Coma Score
(GCS), patient age, ICH volume, ICH location, and the presence of intraventricular
hemorrhage (IVH); a higher score is more predictive of 30-day mortality.3 Using similar
factors but different point allocations, Ruiz-Sandoval et al. proposed the ICH Grading Scale
(ICH-GS) and found it to be more accurate than the ICH Score in predicting 30-day
mortality and functional outcomes.4 Of the factors found to predict short-term ICH
mortality, ICH volume is the strongest predictor. ICH volume may be easily calculated in
the ED using the ABC/2 method.5

The ICH Score and ICH-GS do not account for withdrawal of care and its contribution to
ICH mortality. Thus, there may be a self-fulfilling prophecy in determining very early in a
patient's course whether further aggressive care might be futile.6 On the other hand, a
previous report found that patients who had care withdrawn had no significant influence on
the performance of the ICH Score to predict short-term ICH mortality.7 Nonetheless, ICH
patients who receive aggressive specialized care at tertiary care centers have increased odds
of survival compared with patients who receive non-specialized care. In an analysis of 1,038
ICH patients, care provided in a setting other than a neuroscience intensive care unit
(NSICU) was associated with an increase in hospital mortality (OR 3.4, 95% CI 1.65-7.60).8

The proportion of ICH patients who are transferred from non-tertiary EDs to tertiary care
centers for aggressive care is unknown. We hypothesized that ICH patients frequently are
not transferred to tertiary care centers from non-tertiary EDs and that this may contribute to
overall ICH mortality. In a population-based study, we sought to determine how frequently
ICH patients are transferred from non-tertiary EDs to tertiary care centers, we examined
factors associated with transfer to tertiary care centers, and we compared observed to
expected short-term mortality in transferred and non-transferred ED ICH patients.

Methods
This report analyzes data from a group of patients with ICH identified as part of the Genetic
and Environmental Risk Factors for Hemorrhagic Stroke (GERFHS) study. The
methodology of the GERFHS study has been previously described.9 Briefly, a portion of
this study attempted to identify all residents of the five-county Greater Cincinnati/Northern
Kentucky (GCNK) area ≥ 18 years of age who were hospitalized with first-ever ICH
between 1/01/05 and 12/31/05. Cases were identified by retrospective review of primary and
secondary ICD-9 codes 430-438.9. Study nurses also maintained active surveillance (“hot
pursuit”) at several hospitals that treat most ICH in the area by reviewing neurosurgery logs
and patient rosters several times each week. Two of 16 area hospitals that treat adult patients
were designated as tertiary care centers, as determined by the availability of 24-hour
emergent attending and resident neurosurgery coverage in addition to the presence of a
dedicated NSICU. A 17th hospital exists in the region, but it is devoted to the care of
children and is not included in the analysis. All potential cases were abstracted by study
nurses and confirmed by study physicians. Patients living outside the five counties,
determined by zip code of residence, were excluded. Other exclusion criteria were previous
ICH, traumatic ICH, hemorrhagic cerebral infarction, hemorrhage associated with brain
tumor or encephalitis, and hemorrhage resulting from thrombolytic treatment of ischemic
stroke. IRB approval was obtained at all participating hospitals.
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Patient demographics, hospital of presentation (tertiary care center or non-tertiary facility),
ICH location (infratentorial or supratentorial), ICH volume, presence of IVH and
hydrocephalus, presenting GCS score, baseline (pre-ICH) modified Rankin scale (mRS)
score, ED disposition (transfer to a tertiary care center or not), and 30-day mortality were
obtained; mRS was determined by retrospective review. Mortality was assessed by querying
GERFHS study records and the Social Security Death Index. Hemorrhage volumes were
measured using the ABC/2 method.5 GCS, patient age, ICH volume, location, and IVH
presence were used to determine the ICH Score and ICH-GS. To estimate whether
withdrawal of care decisions in the ED may have impacted the decision not to transfer to a
tertiary care center, we compared death within 3 days of symptom onset in transferred and
non-transferred patients.

For comparisons between transferred and non-transferred patients, Student's t-test was used
for age and volume, and the chi-square test was used for dichotomized mRS (0-2: good
baseline function; 3-5: poor baseline function), gender, race, presence of IVH and
hydrocephalus, and location. GCS, ICH Score, and ICH-GS were considered ordinal
variables and were compared using the Kruskal-Wallis test. Mortality after ICH in the two
groups was compared with a log rank test. To compare observed to expected mortality as
predicted by the ICH Score and ICH-GS, logistic regression models were constructed with
the mortality at 30 days as the dependent variable and the two groups of ICH patients as the
independent variables, adjusting for the ICH Score and ICH-GS, as appropriate. Logistic
regression was also used to determine factors associated with transfer to a tertiary care
center.

Results
In 2005, 286 ICH cases occurred among GCNK residents. Six cases of pure IVH were
excluded from the analysis because the ICH Score and ICH-GS could not be calculated due
to lack of ICH volume. Excluded from the remaining 280 cases were 53 cases who
presented to tertiary care EDs, 21 cases who were not seen in an ED (6 were hospitalized for
a different condition at a tertiary care hospital, 11 were hospitalized for a different condition
at a non-tertiary hospital, and 4 were directly admitted to non-tertiary hospitals), and 1 case
whose GCS score was not available. Thus, 205 ICH patients who presented to non-tertiary
EDs are included in the analysis; 80 (39.0%) were transferred to a tertiary care center from
the non-tertiary ED.

Transferred patients were 6 years younger on average, had a trend toward lower 30-day
mortality, were more likely to be black, and had better baseline functional status as assessed
by mRS (Table). In multivariate analysis, age, GCS, ICH location and hemorrhage volume
were not associated with transfer to a tertiary care center, while better baseline mRS
(OR=0.42, 95%CI 0.21-0.85, p=0.016) and black race (OR=2.28, 95%CI 1.01-5.12,
p=0.046) remained associated with transfer to a tertiary care center. To examine whether the
trend toward lower mortality in transferred patients was a function of better baseline mRS in
those patients, we compared 30-day mortality in transferred and non-transferred patients,
stratifying by mRS (Figure 1). No significant difference was found among patients with a
baseline mRS of 0-2 (Figure 1a, p=0.23) or among patients with baseline mRS 3-5 (Figure
1b, p=0.54). However, when all transferred patients were compared with all non-transferred
patients, the difference in mortality approached significance (Figure 2, p=0.06). Early
mortality (within 3 days of onset) was significantly lower in transferred patients (17.2% vs.
32.0%, p=0.02) (Figure 2).

ICH Scores and ICH-GS were similar in transferred and non-transferred patients. The
observed 30-day mortality for all transferred patients was 32.5%, which was similar to the
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expected mortality of 29.2% by the ICH Score (p=0.35). For non-transferred patients, the
observed 30-day mortality was 45.6%, again similar to the expected mortality of 47.6% by
ICH Score (p=0.13). Figure 3 illustrates the observed and expected 30-day mortality in
transferred and non-transferred patients, distributed by ICH Score.

Using the ICH-GS, the observed 30-day mortality for all transferred patients of 32.5% was
significantly lower than the expected mortality of 43.1% (p<0.001). The observed 30-day
mortality of 45.6% for all non-transferred patients was lower than the expected mortality of
68.6% using the ICH-GS (p=0.002). Figure 4 illustrates the observed and expected 30-day
mortality in transferred and non-transferred patients, distributed by ICH-GS.

Discussion
We found that 93% (259/280) of ICH cases in our community in 2005 were first assessed in
an ED, 79% (205/259) of these cases presented to a non-tertiary ED, and fewer than half
(39%) of those patients were subsequently transferred to a tertiary center for continued care.
Baseline function and black race were significantly associated with transfer to a tertiary
center in multivariate modeling. The proportion of ICH patients who initially present to non-
tertiary EDs, the proportion transferred to tertiary care centers, and factors associated with
transfer have not been previously studied. The lower likelihood of transfer with poorer
baseline function may be due to patient/family preference. Poorer function may also make it
less likely for physicians to transfer patients for more aggressive care. While we are unable
to definitively determine why black race was associated with a higher likelihood of transfer,
it is possible that blacks in our community were more likely to seek higher level care.

We did not find a significant difference in 30-day mortality between transferred and non-
transferred patients, although there was a trend toward higher mortality in non-transferred
patients. Since poorer baseline function was associated with transfer, we compared mortality
in transferred and non-transferred patients after stratifying by mRS. Mortality was lower in
transferred patients with and without serious disability (Figure 1). This suggests the trend
toward lower mortality in transferred compared with non-transferred patients was
independent of baseline function. Well-recognized predictors of ICH mortality include age,
GCS, ICH volume, IVH, hydrocephalus, and ICH location.1 Previous reports have
suggested that care at tertiary centers and the availability of specialized neurocritical care
may be associated with improved ICH survival.8, 10 This may account for the trend toward
lower mortality in our transferred patients. The lack of a significant mortality benefit from
transferring ICH patients to a tertiary center in our study may be due to sample size
limitations and the similarities in ICH volume, location, IVH and hydrocephalus in
transferred versus non-transferred patients (Table). Further, unaccounted confounders or a
real lack of difference may also account for our findings.

We also found that the ICH Score adequately predicted 30-day mortality while the ICH-GS
significantly overestimated short-term mortality in all patients in our cohort. This finding is
consistent with a recent report that found an overestimation of mortality with the ICH-GS
but not the ICH Score in 125 patients with ICH.11 Other published reports have validated
the ICH Score as an accurate predictor of short-term ICH mortality,7, 12-14 while the ICH-
GS is yet to be independently validated. On the other hand, Ruiz-Sandoval et al. found the
ICH Score to be less accurate than the ICH-GS in predicting functional outcome in survivors
of ICH.4 Thus, caution must be taken in utilizing these prediction tools in clinical decision
making for the individual ICH patient in the ED.

A limitation of our study is the inability to assess the impact of withdrawal of care and/or
patient or family preference on the decision to transfer ICH patients to tertiary centers. As
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depicted in Figure 2, early mortality was greater in non-transferred patients. Although
withdrawal of care within 24 hours of symptom onset is contrary to current guidelines,1
patient/family decision regarding transfer for a higher level of care may prompt care
limitation given a poor initial outlook. The fact that baseline function was significantly
associated with transfer may reflect this, although there are limitations to our retrospective
ascertainment of baseline function. We were also unable to evaluate functional outcomes in
our cohort. While short-term mortality may be reduced by care at tertiary centers, no proven
interventions are available to improve functional outcomes in ICH. Thus, it is unlikely that
tertiary care center management in itself would improve outcomes among survivors.
Nonetheless, future studies are planned to evaluate functional outcomes in ICH patients who
receive care in tertiary and non-tertiary settings.

No clear delineation of tertiary versus non-tertiary hospitals exists. The centers we
designated as tertiary centers received approximately 90% of ED ICH referrals in our region
in 2005, serve as the primary referral centers for neurosurgical emergencies, and did not
transfer acute ICH patients to other hospitals in the region. In the absence of other criteria,
we believe these criteria constitute a reasonable definition of tertiary centers. A final
limitation is that ED disposition of ICH patients in our community may not reflect practice
patterns elsewhere, thereby limiting the generalizability of our findings. As mentioned
above, we are unaware of other reports that discuss where most ICH patients initially present
or the subsequent disposition of those patients from the ED. Practice patterns may vary
locally and across the country. The 16 hospitals in our region belong to a variety of health
systems and are served by at least six separate and independent practice groups of
emergency physicians.

In summary, we found a non-significant trend toward higher mortality in non-transferred
ICH patients, suggesting that further evaluation of ED disposition decisions for ICH patients
is warranted. Expected ICH mortality may be overestimated by published tools for
predicting ICH outcomes. Thus, caution must be taken in using these tools in clinical
decision making. Future investigations are planned to determine the association of
withdrawal of care decisions with ED disposition of ICH patients, to assess functional
outcomes in patients who receive care in tertiary versus non-tertiary centers, and to clarify
how race and baseline function may influence transfer decisions.
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Figure 1.
Thirty Day Survival Curves in Transferred and Non-transferred ICH Patients, by mRS
1a – mRS 0-2
1b – mRS 3-5
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Figure 2.
Thirty Day Survival Curves in All Transferred and Non-transferred ICH Patients
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Figure 3.
Observed vs. Expected 30-Day Mortality by ICH Score
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Figure 4.
Observed vs. Expected 30-Day Mortality by ICH-GS
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Table

Comparison of Transferred and Non-transferred ICH Patients Presenting to Non-tertiary EDs in the Greater
Cincinnati Region in 2005

Transferred Non-transferred p value

N 80 125

Age, mean (SD) 66.3(15.6) 72.4(15.3) 0.006

Black Race (%) 18(22.5) 12(9.6) 0.01

Female Gender (%) 42(52.5) 71(56.8) 0.55

Baseline mRS 0-2, N (%) 67(83.8) 82(65.6) 0.0044

Baseline GCS, median
(range)

14(3-15) 13(3-15) 0.33

ICH volume, mean(CI) 15.6(10.9-22.3) 13.3(9.7-18.3) 0.53

Infratentorial location, N
(%)

15(18.8) 17(13.6) 0.067

IVH (Y or N) 35(43.8) 50(40.3) 0.63

Hydrocephalus (Y or N) 24(30.0) 43(34.4) 0.51

ICH Score, median (range) 2(0-5) 2(0-5) 0.76

ICH-GS, median (range) 8.5(5-13) 8.0(5-13) 0.68

30-day mortality, N (%) 26(32.5) 57(45.6) 0.06
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