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OBJECTIVE  Most patients suffering from aneurysmal subarachnoid hemorrhage (aSAH) initially present to a hospital 
that lacks a neurosurgical unit. These patients require interhospital transfer (IHT) to tertiary facilities capable of multi-
disciplinary neurosurgical intervention. Yet, little is known about the effects of IHT on the outcomes of patients suffering 
from aSAH. In this study, the authors examined the effects of IHT and transport method on the timing of treatment, re-
bleed rates, and overall outcomes of patients who have experienced aSAH.
METHODS  A retrospective review of medical records identified all consecutive patients who presented with aSAH at an 
outside hospital and subsequently underwent IHT to a tertiary aneurysm care center and patients who initially presented 
directly to a tertiary aneurysm care facility between 2008 and 2015. Demographic, operative, radiological, hospital of 
initial evaluation, transfer method, and outcome data were retrospectively collected.
RESULTS  The authors identified 763 consecutive patients who were evaluated for aSAH at a tertiary aneurysm care 
facility either directly or following IHT. For patients who underwent IHT and after accounting for these patients’ clinical 
variability and dichotomizing the patients into groups transferred less than 20 miles and more than 20 miles, the authors 
noted a significant increase in mortality rates: 7% (< 20 miles) and 18.8% (> 20 miles) (p = 0.004). The increased mor-
tality rate was partially explained by an increased rate of initial presentation to an accredited stroke center in patients 
undergoing IHT of less than 20 miles (p = 0.000). The method of transport (ground or air ambulance) was found to have 
significant effect on the patients’ outcomes as measured by the Glasgow Outcome Scale score (p = 0.021); patients who 
underwent ground transport demonstrated a higher likelihood of discharge to home (p = 0.004). The increased severity 
of presentation in the patient cohort undergoing IHT by air as defined by the Glasgow Coma Scale score, a need for an 
external ventricular drain, Hunt and Hess grade, and intubation status at presentation did not result in increased mortality 
when compared with the ground cohort (p = 0.074). In addition, there was an 8-hour increase in duration of time from ad-
mission to treatment for the air cohort as compared with the ground cohort (p = 0.054), indicating a potential for further 
improvement in the overall outcome of this patient group.
CONCLUSIONS  Aneurysmal SAH remains a challenging neurosurgical disease process requiring highly coordinated 
care in tertiary referral centers. In this study, the overall distance traveled and the transport method affected patient out-
comes. The time from admission to treatment should continue to improve. Further analysis of IHT with a focus on patient 
monitoring and treatment during transport is warranted.
https://thejns.org/doi/abs/10.3171/2016.9.JNS16668
KEY WORDS  aneurysmal subarachnoid hemorrhage; interhospital transfer; outcomes; vascular disorders

J Neurosurg  Volume 128 • February 2018490 ©AANS 2018, except where prohibited by US copyright law

Unauthenticated | Downloaded 03/06/22 11:15 AM UTC



Aneurysmal subarachnoid hemorrhage and transport

J Neurosurg  Volume 128 • February 2018 491

Aneurysmal subarachnoid hemorrhage (aSAH) 
represents 5% of strokes; however, it accounts for 
27% of all potential human-years lost before age 

65 years due to stroke.10,26 The increase in premature death 
arises from the increased prevalence of aSAH in younger 
patients and its high case-fatality rate.10,14 Moreover, while 
the incidence of all-cause strokes has been steadily de-
clining due to improvements in modifiable risk factors, a 
comparable decrease has not been seen in the incidence 
of aSAH.3,4 As such, aSAH remains a significant cause of 
morbidity and mortality.3,10,23,26

The most common causes of poor outcome in aSAH 
patients are the initial bleed, rebleeding, and vaso-
spasm.2,5,21,24 Rebleeding is most likely to occur within 
the first 6 hours following initial aSAH.4,8,9 Patients who 
experience a rebleeding episode are more likely to die, 
with a reported 50%–70% mortality rate.8,15,24 Rebleeding 
is prevented through successful microsurgical clipping 
or endovascular therapy.1 The timing of intervention in 
aSAH has been a focal point of aneurysm research,6 with 
studies showing no significant difference in the morbid-
ity and mortality when comparing early (0–3 days) and 
late (11–14 days) intervention.11,12 Further comparison of 
early intervention (within 3 days of aSAH) and ultra-early 
intervention (within 24 hours) showed no improvement in 
the rate of rebleeding. This finding may be explained by 
the time frame for ultra-early rebleeding that is less than 
6 hours.13 Indeed, studies examining emergency interven-
tion (within 3 hours of hospital admission) have shown an 
improvement in the rebleed rate and overall patient out-
comes.19

Many patients experiencing aSAH initially present to 
a hospital that lacks a neurosurgical unit. These patients 
require interhospital transfer (IHT) to tertiary facilities 
capable of a higher level of aneurysm care and coordina-
tion of neurosurgical intervention.16 Rebleeding has been 
found to occur during transfer and is considered a signifi-
cant cause of patient deterioration.20,22 While some studies 
have found IHT and transfer distance to have a negative 
effect on patient outcomes, large epidemiological studies 
have found no difference in patient outcome due to trans-
fer.16–18 The decision as to when and how a patient should 
be transported remains open to interpretation. One study 
at a high-volume tertiary care center found that 57.5% of 
patients undergoing IHT for neurosurgical care underwent 
no intervention, and more than 5% were stepped down to a 
lower level of care on admission.7 The decision to transport 
via ground or air ambulance is multifactorial. Other stud-
ies have shown limited improvement in treatment times 
and patient outcomes for neurosurgical transfers.25,28 Fur-
thermore, the expectations may not be clearly discussed 
among the accepting physician, referring physician, and 
family with respect to the reasoning behind IHT.27

Indiana University (IU) Health Methodist Hospital 
located in Indianapolis functions as the primary tertiary 
care facility for aneurysm care in the state of Indiana, re-
ceiving aSAH patients from across the state and surround-
ing region. This study examines the effects of IHT and 
transport method on the timing of treatment, rebleed rates, 
and overall outcomes of patients treated for aSAH.

Methods
Patient Population

We have prospectively maintained a neurovascular da-
tabase of all patients treated at IU Health Methodist Hos-
pital who have experienced cerebral aneurysm(s) since 
1976. We performed a retrospective single-institution 
study of all patients who initially presented with aSAH 
to Methodist Hospital or an outside hospital (OSH) and 
subsequently underwent IHT to Methodist Hospital dur-
ing an 8-year period between January 2008 and December 
2015. All patients who were initially misclassified as expe-
riencing aSAH due to trauma or mycotic aneurysm were 
excluded. Patients who underwent multiple IHTs or initial 
treatment for their aneurysm at an outside facility were 
also not analyzed.

Data Collection
We collected demographic, clinical (including radio-

logical, hospital of initial evaluation, transfer method, i.e., 
air or ground ambulance), and outcome data. The hospital 
of initial evaluation and the transfer method were collect-
ed from outside records. Transfer distance was dichoto-
mized as less than 20 miles and more than 20 miles. This 
methodology is justified since a distance of less than 20 
miles from Methodist Hospital fell within an area where a 
patient can be quickly transported to Methodist Hospital 
for high-level neurosurgical care. The utility of this desig-
nation is multifactorial as hospitals within the 20-mile ra-
dius are more likely to have transfer agreements in place, 
allowing for quick communication between accepting and 
referring providers and frequently used transfer protocols.

Transfer distance was calculated differently depending 
on the method of transport. Air transport was calculated 
based on a linear distance from the address of the outside 
hospital to Methodist Hospital. Ground transport distance 
was calculated using Google Maps software (maps.google.
com), with the fastest route assumed to be the route taken. 
The time of transport was not included in this study due to 
inadequate record keeping within transfer notes regarding 
the departing, arrival, and total transport times.

The onset of aSAH was determined from OSH, emer-
gency department, and admission notes. Patients without 
a definable onset time and patients with onset longer than 
1 week prior to admission were excluded. Patients’ status-
es according to the Hunt and Hess and World Federation 
of Neurosurgical Societies (WFNS) grades at admission 
were obtained from admission documents. Fisher grade 
was determined based on radiology reports. Timing of 
intervention (e.g., surgical clipping or coiling) was deter-
mined from operative time logs. Outside records, admis-
sion notes, progress notes, transport documents, and pro-
cedural reports were reviewed to determine the patients’ 
Glasgow Coma Scale (GCS) score and intubation/external 
ventricular drain (EVD) status at the OSH and on admis-
sion to Methodist Hospital. Additional data were collected 
for patients who were intubated or had an EVD placed 
after admission, prior to definitive intervention. The des-
ignations of the OSHs as stroke centers were determined 
based on the accreditation provided by the Joint Commis-
sion on Accreditation of Healthcare organizations. Only 
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those hospitals that had completed stroke center verifica-
tion were considered to be true stroke centers.

Outcome Measures
Rebleeding was determined to occur based on the on-

set of further neurological deterioration and concurrent 
demonstration of an increased or new focus of hemor-
rhage on subsequent noncontrast CT imaging. Treatment 
time intervals were calculated for time from aSAH to in-
tervention and also the interval from admission to Meth-
odist Hospital until intervention. The Glasgow Outcome 
Scale (GOS) score and discharge destination (home, reha-
bilitation facility, skilled nursing facility [SNF], long-term 
acute care [LTAC] facility, and death [in-hospital death 
and discharge to hospice]) were used to assess patient out-
comes at discharge. Long-term follow-up data were not 
reliably available, with a significant portion of the patient 
population dropping out at 6 months. Thus, the follow-up 
for this study was limited to discharge GOS score and 
discharge location. Death was determined from hospital 
records (death notices and discharge to hospice care).

Statistical Analysis
Data analysis was performed using SPSS (version 19.0, 

IBM) and Microsoft Excel (version 2010). Data are pre-
sented as means ± SD. Statistical significance was set at 
p < 0.05.

We performed independent t-tests to identify any signif-
icant differences between age, aneurysm size, admission 
to treatment time, and time of aSAH onset to treatment 
among the groups transferred from different distances. 
Chi-square analysis was used to identify any statistically 
significant differences among the frequency data; such 
variables included the risk of hypertension and smoking/
alcohol use, treatment type, the location of the aneurysm, 
rebleed frequency, transfer from stroke center, mortality, 
cause of death, the use of antifibrinolytic therapy, and if an 
intervention was rendered. In select instances, Fisher’s ex-
act test was used when sample sizes were too small, such 
as the number of patient transfers from stroke centers and 
rebleed rates.

In addition, we performed Mann-Whitney U-tests on 
the nonparametric ordinal data, including admission Hunt 
and Hess score, WFNS grade, Fisher grade, and GOS 
score at discharge. All analyses were repeated among the 
patients who underwent the different transfer methods. 
We ran an ANOVA to test for any significant differences 
in age, aneurysm size, admission to treatment time, time 
of aSAH onset to treatment, and mortality between those 
who were transported directly to Methodist Hospital and 
the different IHT groups. A logistic regression was per-
formed to predict the probability of mortality using the 
following selected variables: history of hypertension, 
aneurysm size, admission Hunt and Hess score, WFNS 
grade, the need for EVD at admission, and GCS score at 
the OSH.

Results
Based on our analysis, 763 consecutive patients who 

experienced aSAH were identified as being evaluated for 

aSAH at Methodist Hospital. The following patients were 
excluded according to the previously mentioned exclusion 
criteria: unknown time of aSAH onset (n = 96), patients 
misclassified as experiencing aSAH (n = 18) or harboring 
a pseudoaneurysm (n = 1), patients who underwent mul-
tiple IHTs (n = 18), and patients who did not have adequate 
medical records available (n = 26). Therefore, 604 patients 
were included in the final analysis.

Patients Grouped by Direct Presentation or Interhospital 
Transport

An initial comparison was made between the cohort of 
patients who presented directly to a tertiary aneurysm fa-
cility (n = 68; mean age 55.5 ± 13.2 years) and those trans-
ferred from a referring outside hospital (n = 536; mean age 
52.3 ± 11.5 years). The demographics for the 2 groups are 
displayed in Table 1. There were no statistically signifi-
cant differences in age, sex, preponderance of hyperten-
sion, smoking status, alcohol usage, aneurysm location, or 
method of treatment (clip or coil).

The metrics for severity of condition on presentation 
were shown to be largely similar, with a few notable ex-
ceptions. The WFNS and Fisher grades on admission 
were not statistically different between the 2 groups. The 
Hunt and Hess grade on admission was slightly worse for 
the group undergoing IHT, but this comparison failed to 
reach statistical significance (p = 0.05). There was no sta-
tistically significant difference in the rebleed rate across 
the 2 groups, but the rebleed rate was increased in the 
group undergoing IHT. While the GCS score on arrival 
was slightly worse for the transferred group, it also did not 
reach statistical significance. Moreover, the rate of EVD 
placement was similar across the groups. The outcome 
statistics demonstrated no significant differences between 
the 2 groups for GOS score and discharge disposition to 
home, rehabilitation facility, SNF/LTAC, and death.

Patients Grouped by Transfer Distance
The IHT patients were dichotomized into 2 groups of 

patients transferred less than 20 miles (n = 100; mean age 
56.6 ± 12.9 years) and patients transferred more than 20 
miles (n = 436; mean age 55.4 ± 13.2 years). Additional 
demographics, shown in Table 2, for the 2 groups were 
not statistically different in terms of age, sex, history of 
smoking, alcohol use, and preponderance of hyperten-
sion. Other variables, including aneurysm location (pos-
terior vs anterior circulation) and aneurysm size, were 
also similar.

The patients’ grades on admission to Methodist Hospi-
tal were similar, with no comparisons reaching statistical 
significance based on Hunt and Hess, WFNS, and Fisher 
grades. While the patient group transferred less than 20 
miles experienced a higher rate of preprocedural rebleed-
ing (6% vs 3.2%), this failed to reach statistical signifi-
cance. There were no statistically significant differences 
between the number of hours from the time of admission 
to intervention and the onset of aSAH to intervention be-
tween the 2 groups.

Analysis of the initial hospital of presentation showed 
a significant difference in the number of patients initially 
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admitted to a stroke center: 70% for less than 20 miles and 
32.6% for greater than 20 miles (p = 0.000). There was 
also a significant difference in the overall mortality rates 
(p = 0.004) but not in the morbidity rates of those who sur-
vived when taking into account discharge disposition to 
home (p = 0.323), SNF/LTAC (p = 0.837), or rehabilitation 
facility (p = 0.261). Of note, there was a statistically sig-
nificant difference in the mortality rate for patients with 
hypertension (2% for < 20 miles and 12.2% for > 20 miles 
[p = 0.003]), indicating that hypertension had a significant 
effect on mortality for patients undergoing IHT for longer 
distances.

Analysis of OSH placement of EVDs, OSH intuba-
tions, and OSH GCS assessments did not reach signifi-
cance for these patient populations, again emphasizing the 

relative equality of severity of presentation across patient 
groups at the time of admission to the OSH. Furthermore, 
the need for EVD placement and intubation at Methodist 
Hospital, as well as GCS score at Methodist Hospital, also 
failed to reach statistical significance, once more indicat-
ing no significant difference in patient characteristics after 
arrival based on transfer distance.

Mortality Rate as a Function of Transfer Distance
To delineate the relationship between transfer distance 

and mortality, the mortality rate for IHT in 20-mile inter-
vals is plotted in Fig. 1. The mortality rate for each 20-

TABLE 1. Clinical features of the patients who were directly 
transferred to Methodist Hospital versus those who underwent 
IHT

Variable
No Transfer  

(n = 68)
Transfer  
(n = 536)

p  
Value

Mean age (yrs) 55.5 ± 13.2 52.3 ± 11.5 0.053
Female sex 52 (76.4%) 376 (70%) 0.280
HTN 35 (51%) 284 (53%) 0.814 
Smoker 41 (60%) 324 (60%) 0.981
Alcohol use 22 (32%) 178 (33%) 0.888 
Treatment*
  Clip 31 (46%) 244 (46%) 0.930 
  Coil 32 (47%) 241 (45%) 0.991
  No treatment 4 (6%) 44 (8%) 1.0
Anterior circulation 62 (91%) 441 (82%) 0.173
Mean aneurysm size (mm) 6.6 ± 3.6 7.3 ± 4.8 0.134
Mean Hunt & Hess grade 2.3 ± 1.3 2.6 ± 1.6 0.050
Mean WFNS grade 2.26 ± 1.5 2.6 ± 1.6 0.144
Mean Fisher grade 3.3 ± 0.8 3.4 ± 0.7 0.316
Mean GOS score at discharge 3.34 ± 1.3 3.2 ± 1.2 0.260
Intubated prior to arrival to IU 7 (10%) 167 (31%) 0.000
Intubated after arrival to IU 13 (19%) 27 (5%) 0.000
EVD on arrival to IU 22 (32.4%) 158 (29.5%) 0.625
Mean GCS score on arrival to IU 12.1 ± 4.3 11.3 ± 4.4 0.152
Stroke center 68 (100%) 212 (40%) 0.000
Antifibrinolytic 15 (22%) 112 (21%) 0.824
Mean admission to treatment 

time (hrs)
22.3 ± 20.2 26.2 ± 42.9 0.382

Mean SAH to treatment time (hrs) 29.7 ± 23.9 39.1 ± 52.9 0.160
Rebleeding 1 (1.5%) 20 (3.7%) 0.496
Discharge disposition
  Rehabilitation 24 (35%) 236 (44%) 0.600
  SNF/LTAC 3 (4.4%) 23 (4.3%) 0.100
  Death 9 (13%) 88 (16%) 0.930
  Home 32 (47%) 189 (35%) 0.307

HTN = hypertension.
Mean values are presented as the mean ± SD.
*  One patient in the no-transfer group and 7 patients in the transfer group 
underwent both endovascular coiling and surgical clipping.

TABLE 2. Clinical features of the patients who underwent IHT of 
less than versus more than 20 miles

Variable
<20 Miles 

IHT (n = 100)
>20 Miles  
(n = 436)

p 
Value

Mean age (yrs) 56.6 ± 12.9 55.4 ± 13.2 0.433
Female sex 73 (73%) 303 (69.5%) 0.490
HTN 59 (59%) 225 (51.6%) 0.355
  HTN & mortality 2 (2%) 53 (12.2%) 0.003
Smoker 59 (59%) 265 (60.8%) 0.743
Alcohol use 35 (35%) 128 (29.4%) 0.269
Treatment*      
  Clip 42 (42%) 202 (46.3%) 0.433
  Coil 52 (52%) 189 (43.3%) 0.117
  No treatment 4 (4%) 40 (9.2%) 0.08
Anterior circulation 78 (78%) 365 (83.7%) 0.173
Mean aneurysm size (mm) 7.0 ± 5.5 7.4 ± 4.7 0.256
Mean Hunt & Hess grade 2.4 ± 1.3 2.7 ± 1.4 0.127
Mean WFNS grade 2.5 ± 1.5 2.6 ± 1.6 0.389
Mean Fisher grade 3.4 ± 0.6 3.4 ± 0.7 0.334
Mean GOS score at discharge 3.3 ± 1.1 3.2 ± 1.3 0.668
Intubated prior to arrival to IU 28 (28%) 139 (31.9%) 0.450
Intubated after arrival to IU 6 (6%) 21 (4.8%) 0.626
EVD at OSH 4 (4%) 6 (1.4%) 0.080
EVD on arrival to IU 24 (24%) 134 (30.7%) 0.183
Mean GCS score at OSH 12.6 ± 4 12.5 ± 4.2 0.828
Mean GCS score on arrival to IU 12 ± 3.8 11.2 ± 4.5 0.316
Mean admission to treatment 

time (hrs)
25.5 ± 50.4 26.2 ± 40.5 0.766

Mean aSAH to treatment time 
(hrs)

40.2 ± 53.5 38.5 ± 52.4 0.999

Antifibrinolytic 23 (23%) 89 (20.4%) 0.566
Rebleeding 6 (6%) 14 (3.21%) 0.184
Stroke center 70 (70%) 142 (32.6%) 0.000
Discharge disposition      
  Rehab 53 (53%) 183 (42%) 0.261
  SNF/LTAC 9 (9%) 14 (3.2%) 0.837
  Death 7 (7%) 81 (19%) 0.004
  Home 31 (31%) 158 (36%) 0.323

Mean values are presented as the mean ± SD.
*  Two patients who traveled less than 20 miles and 5 patients who traveled 
more than 20 miles underwent both endovascular coiling and surgical clipping.
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mile interval is defined as the number of deaths in that 
distance interval divided by the total number of patients 
transported in that interval. Notably, the mortality rate 
continued to increase for distances greater than 40 miles 
and for distances up to 100 miles. The mortality rate de-
clines for distances greater than 100 miles but does not 
return to the rate seen for transfers of less than 20 miles.

Based on the graph displayed in Fig. 1, the distance 
groups were dichotomized a second time into patients 
transferred less than 40 miles (n = 191) and patients trans-
ferred more than 40 miles (n = 345), as this appeared to 
be a natural cutoff point for differences in mortality. The 
mortality rates for transfers less than 40 miles and more 
than 40 miles overall and without intervention are shown 
in Table 3. The mortality rate for these patients was statis-
tically significant (p = 0.019), with a higher mortality rate 
in patients being transferred from longer distances. The 
measures of morbidity were similar in terms of the pro-
portion of patients discharged to home and SNF/LTAC, 
while the rate of discharge to a rehabilitation center was 
higher for the group undergoing IHT of less than 40 miles. 
The higher rate of discharge to a rehabilitation center for 
patients undergoing IHT may be due to the increased sur-
vival rate mentioned previously.

Patients Grouped Based on Transfer Method
Following the analysis of transfer distance, the 536 pa-

tients who underwent IHT were dichotomized into groups 
transferred by ground ambulance (n = 272; transfer dis-
tance 42.8 ± 36.7 miles; mean age 55.9 ± 13.8 years) and 
air ambulance (n = 264; transfer distance 74.3 ± 51.2 miles; 
mean age 55.3 ± 12.5 years). Table 4 displays the demo-
graphic and outcome findings for the method of transport 
groupings. Many of the demographic variables for the 
2 groups failed to reach statistical significance, includ-
ing age, sex, prior diagnosis of hypertension, or smoking 
status. There was a preponderance of alcohol use in the 
group transferred by air (p = 0.034), and, as expected, the 
transfer distance was significantly greater for the group 
transferred by air (p = 0.001).

Many of the aneurysm-related variables were similar 
across the 2 groups, including location (anterior vs poste-

FIG. 1. Mortality rate plotted as a function of distance in miles (mi).

TABLE 3. Clinical features of patients who underwent IHT of less 
than versus more than 40 miles

Variable
<40 Miles  
(n = 191)

>40 Miles  
(n = 345)

p  
Value

Mortality 22 (11.52%) 67 (19.4%) 0.019
Discharge disposition      
  Rehabilitation 95 (49.7%) 141 (40.9%) 0.048
  SNF/LTAC 12 (6.28%) 11 (3.19%) 0.090
  Death 22 (11.5%) 66 (19.1%) 0.023
  Home 62 (32.5%) 127 (36.8%) 0.313

TABLE 4. Clinical features of patients undergoing IHT based on 
transfer method 

Variable
Ground  

(n = 272)
Air  

(n = 264)
p  

Value

Mean transfer distance (miles) 42.8 ± 36.7 74.3 ± 51.2 0.001
Mean age (yrs) 55.9 ± 13.8 55.3 ± 12.5 0.054
Female sex 197 (72.4%) 179 (67.8%) 0.242
Hypertension 144 (52.9%) 140 (53%) 0.597
Smoker 159 (58.5%) 165 (62.5%) 0.338
Alcohol use 94 (34.6%) 69 (26.1%) 0.034
Treatment*      
  Clip 120 (44.1%) 124 (47%) 0.507
  Coil 131 (48.2%) 110 (41.7%) 0.131
  No treatment 18 (6.6%) 26 (9.8%) 0.173
Anterior circulation 224 (82.4%) 219 (83%) 0.854
Mean aneurysm size (mm) 7.0 ± 4.6 7.6 ± 5.1 0.064
Mean Hunt & Hess grade at 

admission
2.3 ± 1.3 2.9 ± 1.4 0.000

Mean WFNS grade 2.3 ± 1.6 2.9 ± 1.6 0.000
Mean Fisher grade 3.4 ± 0.7 3.5 ± 0.6 0.005
Mean GOS score at discharge 3.3 ± 1.2 3.1 ± 1.2 0.021
Intubated prior to arrival to IU 67 (24.6%) 100 (37.9%) 0.001
Intubated after arrival to IU 13 (4.8%) 14 (5.3%) 0.782
EVD at OSH 3 (1.1%) 7 (2.7%) 0.185
EVD on arrival to IU 67 (24.6%) 91 (34.5%) 0.013
Mean GCS score at OSH 13.1 ± 3.7 11.9 ± 4.5 0.012
Mean GCS score on arrival to IU 12.1 ± 4.1 10.6 ± 4.6 0.000
Mean admission to treatment time 

(hrs)
22.4 ± 28.3 30.1 ± 54 0.054

Mean aSAH to treatment time (hrs) 37.1 ± 40.4 41.3 ± 63.3 0.352
Antifibrinolytic 56 (20.6%) 56 (21.2%) 0.859
Rebleeding 9 (3.31%) 11 (4.17%) 0.600
Stroke center 112 (41.2%) 99 (37.5%) 0.421
Discharge disposition      
  Rehabilitation 109 (40.1%) 127 (48.1%) 0.061
  SNF/LTAC 14 (5.1%) 9 (3.4%) 0.321
  Death 37 (13.8%) 51 (19.3%) 0.074
  Home 112 (41.2%) 77 (29.2%) 0.004

Mean values are presented as the mean ± SD.
*  Three patients who were transported via ground and 4 patients who were 
transported via air underwent both endovascular coiling and surgical clipping.
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rior circulation) and aneurysm size. The difference in the 
Fisher grade was statistically significant (p = 0.005), with 
the air transportation cohort having a higher Fisher grade 
on admission, as were the clinical ratings for aSAH (Hunt 
and Hess grade [p = 0.000] and WFNS grade [p = 0.000]). 
The difference in the time of aSAH to intervention did 
not reach statistical significance. There was an 8-hour 
increase in duration of time from admission to treatment 
for the air cohort compared with the ground cohort (p = 
0.054). There were no significant differences between the 
2 groups as far as initial evaluation at a stroke center or ad-
ministration of antifibrinolytic therapies. The preoperative 
rebleeding rates were also similar between the 2 groups.

Further metrics characterizing patients’ status at the 
OSH and on arrival to the tertiary facility showed a sig-
nificant difference in the patients’ status between the 2 
groups. Patients transferred by air were statistically more 
likely to be intubated prior to arrival (p = 0.001), receive 
an EVD at the tertiary facility (p = 0.013), and demon-
strate a lower GCS score at the OSH (p = 0.012) and GCS 
score on arrival (p = 0.000); all of these factors indicated 
that patients transferred by air ambulance arrived in worse 
neurological condition than their counterparts transferred 
by ground.

The GOS score was statistically different, with the co-
hort transported by ground having a significantly better 
GOS score at discharge than the group transferred by air 
(p = 0.021). The improved GOS score at discharge resulted 
in an improved discharge disposition, with a higher pro-
portion of patients transferred by ground being discharged 
to home (p = 0.004). There was no difference in the likeli-
hood of patients discharged to rehabilitation, SNF/LTAC, 
or those who died.

Analysis Across All Groups by Distance and Method
To discern the effect of transport distance, a variation 

on the 3-way ANOVA test was run for no transfer, trans-
fer less than 20 miles, and transfer more than 20 miles 
and is shown in Table 5. For all groups, the demographic 

data failed to reach statistical significance in terms of age, 
aneurysm size, admission to treatment time, and aSAH to 
treatment time. The outcome of mortality was found to be 
statistically significant across the groups, with the cohort 
transported more than 20 miles having an increased rate 
of mortality compared with the other groups (p = 0.012).

In a similar fashion, the effect of transport method was 
computed using a variation of the 3-way ANOVA as previ-
ously described, and the results are displayed in Table 6. 
Again, there was no difference in computed demographic 
statistics in terms of age, aneurysm size, time from admis-
sion to treatment, or time from aSAH to treatment. In ad-
dition, there were no statistically significant differences in 
outcomes for overall mortality, mortality after definitive 
intervention, or mortality prior to intervention.

Multivariate Analysis
A multivariate analysis was performed using a logisti-

cal regression method to ascertain which of a subset of 
collected variables (hypertension, aneurysm size, Hunt 
and Hess grade, WFNS grade, EVD placement, OSH GCS 
score, and transfer distance more than 20 miles) predicted 
the outcome of mortality for the transferred patients. First, 
the regression was computed based on transfer distance, 
and the results are shown in Table 7. Both Hunt and Hess 
grade on admission (p = 0.000) and a transport distance 
greater than 20 miles (p = 0.007) predicted mortality with 
statistical significance. Similarly, a multivariate logistic 
regression was analyzed for the prediction of mortality in 
the comparison of ground and air transportation, with the 
results shown in Table 8. Only the Hunt and Hess grade on 
admission predicted mortality in a statistically significant 
manner for these patient cohorts.

Discussion
The mortality rate for patients initially presenting to 

an outside hospital and subsequently undergoing IHT to a 
tertiary aneurysm facility displayed a clear, nonlinear de-
pendence on distance (Fig. 1). Importantly, there was no 
intuitive direct link between transfer distance and patient 

TABLE 5. Three-way ANOVA analysis for patients who presented 
directly to Methodist Hospital versus those who underwent IHT 
of less than 20 or greater than 20 miles

Variable
No Transfer  

(n = 68)
<20 Miles  
(n = 100)

>20 Miles  
(n = 436)

p  
Value

Mean age (yrs) 52.3 ± 11.5 56.6 ± 12.9 55.4 ± 13.2 0.102
Mean aneurysm 

size (mm)
6.6 ± 3.6 7.0 ± 5.5 7.4 ± 4.7 0.384

Mean admission 
to treatment 
time (hrs)

33.6 ± 58.1 25.5 ± 50.4 26.2 ± 40.5 0.460

Mean aSAH to 
treatment time 
(hrs)

29.4 ± 23.5 40.2 ± 53.5 38.5 ± 52.4 0.362

Mortality 9 (13.2%) 7 (7%) 82 (18.8%) 0.012
  No intervention 4 (5.9%) 4 (4%) 40 (9.17%) 0.181
  Intervention 5 (7.4%) 3 (3%) 42 (9.63%) 0.091

Mean values are presented as the mean ± SD.

TABLE 6. Three-way ANOVA analysis for patients who came 
directly to Methodist Hospital versus those who underwent 
ground versus air IHT

Variable
No Transfer  

(n = 68)
Ground  

(n = 272)
Air  

(n = 264)
p  

Value

Mean age (yrs) 52.3 ± 11.5 55.9 ± 13.8 55.3 ± 12.5 0.125
Mean aneurysm size 

(mm)
6.6 ± 3.6 7.0 ± 4.6 7.6 ± 5.1 0.140

Mean admission to 
treatment time (hrs)

33.6 ± 58.1 22.4 ± 28.3 30.1 ± 54 0.096

Mean aSAH to treat-
ment time (hrs)

29.4 ± 23.5 37.1 ± 40.4 41.3 ± 63.3 0.232

Mortality 9 (13.2%) 38 (13.9%) 51 (19.3%) 0.190
  No intervention 4 (5.9%) 18 (6.62%) 26 (9.85%) 0.989
  Intervention 5 (7.4%) 20 (7.35%) 25 (9.47%) 0.999

Mean values are presented as the mean ± SD.
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outcome; however, the distance of IHT should be consid-
ered a surrogate for patient transport time and difficulty 
involving ground or air ambulance transportation. Indeed, 
the abrupt doubling of the mortality rate at 40 miles, com-
pared with transfers of less than 40 miles, indicates that 
there is a clinically significant difference between these 2 
transfer groups (Fig. 1 and Table 3). Given the number of 
variables involved in IHT, it is likely that the correlation 
between mortality rate and IHT distance is multifactorial. 
However, there were no statistically significant differences 
in demographics between the groups transported less than 
20 miles and those transported more than 20 miles. More-
over, the clinical markers selected to indicate severity of 
presentation (WFNS grade, Fisher grade, Hunt and Hess 
grade, EVD, and intubation status) showed the clinical 
presentation to be quite similar between the groups.

One factor that provides an explanation as to why the 
group undergoing longer IHT would have a higher mortal-
ity rate is that a significantly greater proportion of patients 
undergoing IHT for shorter distances (i.e., < 20 miles) 
were first treated at certified stroke centers (p = 0.000). 
Presumably, initial evaluation and treatment at the hospi-
tals lacking stroke center certification led to inadequate 
cardiovascular and neurological management after the 
SAH ictus. Indeed, OSH emergency departments lacking 
neurosurgical coverage and stroke center designation may 
not have the necessary experience to provide appropriate 
measures and orders for the transport team to adequately 
manage the patient population during IHT.

Furthermore, the clinical assessments and correspon-
dence between an initial hospital evaluation at a desig-
nated certified stroke center and the receiving hospital 
are likely to be more reliable when compared with the 
hospitals with little experience in managing intracranial 
hemorrhage, specifically as it relates to aSAH. The identi-
fication of significant deterioration was presumably more 
challenging among patients presenting from non–stroke 
centers. However, this explanation does not materialize 
as improved clinical (Hunt and Hess grade, WFNS grade, 
and GCS score) or radiographic (Fisher grade) findings on 
admission for the patients traveling less than 20 miles. In 
addition, the 2 groups showed no difference in their need 
for advanced procedures (e.g., intubation or EVD place-
ment) at the OSH or on admission to the tertiary hospital. 
However, as previously mentioned, it is highly likely that 
hospitals within a 20-mile radius of Methodist Hospital 
have predetermined and often-used transport protocols 
that allow for optimal IHT.

Many of the variables that were initially hypothesized 
as being associated with the overall outcomes and mor-
tality of IHT for aSAH patients were found to be statisti-
cally unrelated. For example, the difference in intervention 
times (i.e., timing of onset of aSAH to intervention and 
admission to intervention) did not explain the difference 
in outcomes between the groups transferred less than 20 
miles and more than 20 miles, as these times were clini-
cally and statistically similar. Analogously, the rebleeding 
rate was found to be similar between the 2 groups. A mul-
tivariate analysis of the transport distance with mortality 
as the end point found that only the Hunt and Hess grade 
and a transport distance of more than 20 miles predicted 
mortality with statistical significance. Thus, it is likely that 
there are other variables that were not accounted for in the 
present analysis that led to the higher mortality rate in the 
group transported more than 20 miles. It is important to 
note the improvement in mortality rates for patients trans-
ported more than 100 miles. Similar results have been 
found in prior studies.18 The most probable explanation of 
this improved clinical outcome during IHT is that primar-
ily stable patients were selected for transport for these lon-
ger distances.

The comparison of patients who underwent IHT to 
those who presented directly to a tertiary center indicated 
that there were no significant differences in demographics, 
severity of presentation, or outcomes when combining all 
of the transferred patients into one group. This relation-
ship held true whether patients received definitive inter-
vention or not. The effect of transport distance on the rate 
of mortality was only retained when breaking the group 
undergoing IHT into the cohorts (i.e., < 20 miles and > 
20 miles) and performing a 3-way ANOVA. The selected 
demographic information of age, aneurysm size, and treat-
ment times failed to provide an underlying etiology for this 
outcome. Again, it is likely that the reduced distance and 
increased familiarity with IHT protocols resulted in pa-
tients undergoing IHT less than 20 miles being evaluated 
and managed at the tertiary hospital in a time frame more 
similar to that of the group who presented directly to the 
tertiary center.

The analysis of ground versus air ambulance IHT pro-
vides a number of interesting issues for the present study. 
First, the patients transported via air ambulance had sig-
nificantly worse Hunt and Hess and WFNS grades at pre-
sentation. This is further underscored by the fact that the 
GCS score on admission to Methodist Hospital was sta-
tistically worse for patients transported via air ambulance 

TABLE 7. Multivariate analysis of transfer distance

Variable p Value

Hypertension 0.170
Aneurysm size 0.108
Admission Hunt & Hess grade 0.000
WFNS grade 0.149
EVD at IU 0.299
GCS score at OSH 0.299
>20-mile IHT 0.007

TABLE 8. Multivariate analysis of travel method

Variable p Value

Hypertension 0.211
Aneurysm size 0.017
Admission Hunt & Hess grade 0.000
WFNS grade 0.701
EVD at IU 0.443
GCS score at OSH 0.408
Method of IHT 0.585
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than those transferred via ground (mean 10.6 for air and 
12.1 for ground), a difference in score of approximately 1.5 
GCS points. This difference in presentation manifested 
with a significantly higher rate of EVD placement for the 
group undergoing IHT by air, again, a surrogate for poor 
clinical presentation. Furthermore, the lower GCS score 
of the air cohort resulted in a significantly higher rate of 
intubation at the outside hospitals. Thus, patients who were 
transported by air either arrived to the outside hospitals 
with a poor clinical presentation or decompensated prior 
to or during IHT.

The outcome data for ground versus air transport dis-
played a clear improvement in GOS score at discharge and 
in the rate of discharge to home in the cohort that was 
transported by ground. This is explained by the improved 
clinical presentation at both the outside hospital and on 
admission for the group transported by ground. Interest-
ingly, the mortality rate was higher for the air transport 
group, but this did not reach statistical significance. Fur-
thermore, the difference in mortality rates when compar-
ing ground and air IHT (~ 6%) was significantly smaller 
than the difference between patients undergoing IHT of 
less than 20 miles and greater than 20 miles (~ 12%). 
Thus, there appears to be some improvement in overall 
mortality rate for patients who are transported by air. This 
is further underscored by the fact that the transport dis-
tance was significantly longer for the air cohort than the 
ground cohort.

One variable where the transport method would be ex-
pected to make a major impact would be the timing of 
onset of aSAH to intervention and admission to interven-
tion. In both instances, there was a shorter time interval to 
treatment for ground transport than for air transport (onset 
aSAH to intervention, 37.1 ± 40.4 hours [ground] vs 41.3 
± 63.3 hours [air]; admission to intervention, 22.4 ± 28.3 
hours [ground] vs 30.1 ± 54 hours [air]). In short, it ap-
pears that the patients transported via air ambulance did 
not receive treatment within a time frame that would make 
the resource expenditure beneficial when compared with 
alternative modes of transport. Thus, there is a need to fo-
cus on shortening the treatment time after arrival to allow 
the duration of the transport to become more influential on 
the final outcome.

It is important to note that this study had a number of 
limitations. First, it is a retrospective study that evaluates 
8 years of clinical data. Inherently, it is not possible to col-
lect data on variables that were not accounted for in the 
hospital electronic medical record. As such, we were un-
able to retrieve important variables, such as total transport 
time, environmental factors affecting transport, or images 
obtained at the OSH, that would provide a better indica-
tion of a patient’s neurological status at presentation. Fur-
thermore, there were no records regarding the adequacy 
of patient management during transport or serial neuro-
logical examinations that would indicate a change in clini-
cal status. Thus, the study is limited to assuming that no 
neurological assessment was performed between the OSH 
and presentation to the tertiary center, and the finding of 
clinical deterioration is based on neurological examina-
tions and imaging findings from different practitioners and 
hospitals, respectively. Unfortunately, it is not possible to 

account for how each of these variables affected the re-
ported results.

Conclusions
Aneurysmal SAH remains a challenging neurosurgical 

disease process that requires highly coordinated care in 
tertiary referral centers. The time from admission to treat-
ment must continue to improve. In this study, transport 
distance and transport method appeared to have a signifi-
cant effect on patient mortality.
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