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BACKGROUND:  Access to endovascular therapy (ET) in acute ischemic stroke may be 

limited, and rapid transfer of eligible patients to hospitals with endovascular capability is 

needed. However, the optimal timing of diagnostic CT-angiogram to confirm large vessel 

occlusion (LVO) is uncertain. 

METHODS: Of 57 emergency department transfers to Mount Sinai Hospital (MSH) for 

possible ET from January 2015 through March 2016, 39 (68%) underwent ET, among 

whom 22 (56%) had CT-angiogram before transfer and 17 (44%) had CT-angiogram on 

arrival. We compared mean outside hospital arrival to groin puncture (OTG) time 

between the two groups using t-tests and Wilcoxon rank sum tests. OTG was defined as 

the difference between groin puncture and outside hospital arrival time minus ambulance 

travel time. 

RESULTS: Average age was 73±13 years and average NIHSS was 19±5. There was no 

difference in average OTG time between the two groups (191 minutes for CT-angiogram 

at outside hospital vs. 190 minutes for CT-angiogram at MSH [p=0.99 for t-test and 0.69 

for rank sum test]). Among the 18 patients who were transferred but did not receive ET, 

10 had no LVO, 5 had large established infarcts on arrival and 3 had post-tissue 

plasminogen activator hemorrhage. In 9/10 patients without LVO, CT-angiogram was not 

performed before transfer. 

CONCLUSION: CT-angiogram timing in the transfer process does not impact OTG 

time, but 90% of patients without LVO had not had CT-angiogram prior to transfer. 

Hence, it may be beneficial to obtain CT-angiogram at outside hospital, if acquisition and 

read are rapidly available, to avoid the cost and potential clinical deterioration associated 

with unnecessary transfers. 



 

  



Background 

 
Multiple randomized controlled trials have demonstrated the superiority of 

endovascular therapy (ET) in addition to intravenous alteplase (IV-tPA) for eligible 

patients with confirmed large vessel occlusion (LVO) of the anterior circulation who 

present within six-hours of symptom onset. As a result, regionalized systems of care are 

being established for rapid transfer from community hospitals and primary stroke centers 

to neuro-interventional centers. Studies have demonstrated that rapid transfer of acute 

stroke patients to neuro-interventional centers for thrombectomy is feasible.1,2  Research 

also suggests that the mean cost of hospitalization for patients transferred for IV-tPA, ET, 

or both is higher than those directly admitted for the same interventions.3 While it is well 

established that shorter door to groin puncture times result in better outcomes for stroke 

patients, there is no universally agreed upon transfer protocol. 

Despite efforts to utilize clinical stroke scale cutoffs to more quickly triage 

patients with LVO to neuro-interventional centers, variation in accuracy, predictive value 

and high false negative rates currently necessitate vascular imaging to confirm LVO.4 

Holding ambulance crews at the outside hospital (OSH) while waiting to obtain CT-

angiogram before departure may result in transfer delays. Conversely, not obtaining a 

CT-angiogram prior to transfer may result in unnecessarily transferring non-LVO 

patients. To our knowledge, no other studies have examined whether performing CT-

angiogram prior to or after transfer to a neuro-interventional center results in shorter 

groin punctures times while controlling for travel time associated with the transfer 

process. We sought to examine transfer practices and evaluate for differences in groin 

puncture times in relation to timing of CT-angiogram. We hypothesized that: 1) groin 



puncture times would be similar and 2) transferring patients without CT-angiogram 

results in the unnecessary transfer of non-LVO cases. 

 

Methods 

Mount Sinai Hospital (MSH) is a 1,171-bed hospital tertiary referral academic 

medical center in a city of 8.5 million people. As one of 7 hospitals in the Mount Sinai 

Health System, MSH serves as the receiving hub for endovascular transfers from 

community emergency departments within our health system and its affiliates.  The 

satellite hospitals within the health system are designated primary stroke centers and 

physicians from these sending hospitals utilize a 24/7 neurologic emergency hotline to 

contact the MSH stroke responder on call (stroke fellow, stroke attending or neurocritical 

care attending). The relevant clinical history, examination and NIHSS are discussed via 

telephone and the decision to accept the transfer is made by the MSH stroke responder on 

call. When images are not available a verbal read of the radiologists report is obtained 

and the images are transferred onto a CD for transport. Intravenous alteplase is 

administered, if appropriate, and patients are transferred with alteplase infusing. A 

centralized transfer center facilitates ambulance transfer, as air transport is not an option. 

On arrival to MSH, all patients receive a repeat CTH and, if not already obtained, a CT-

angiogram. 

There were 57 emergency department transfers for ET from January 2015 – 

March 2016. Patients transferred for potential ET but not triaged as an acute stroke at the 

OSH or transferred from an inpatient service were excluded. We studied the 39 patients 

who underwent ET. 



Among the 39 ET patients, 22 (56%) had CT-angiogram prior to transfer and 17 

(44%) had CT-angiogram upon arrival at MSH. We calculated ambulance travel time as 

MSH arrival time minus OSH departure time. To adjust for differences in traffic and 

travel distances from different sending sites, we calculated OSH arrival to groin puncture 

(OTG) time as the difference between MSH groin puncture and OSH arrival time minus 

ambulance travel time (figure). Mean OTG times between the two groups were compared 

using the t-test and the Wilcoxon rank sum test. 

This retrospective analysis was approved by the MSH institutional review board.  

 

Results 

The main cohort consisted of elderly (73±13years) patients with severe strokes 

(NIHSS 19 ± 5) (Table). There was no significant NIHSS difference between the two 

groups. Thirty-nine patients (68%) transferred with concern for LVO ultimately 

underwent ET. Of the patients who underwent ET, the average OSH door-to-ambulance 

pick up time for patients who had CT-angiogram at OSH versus CT-angiogram at MSH 

was 150±52min (range 79min to 286min) and 132±30min (range 93min to 206min), 

respectively. The average travel time for patients who had CT-angiogram at the OSH was 

31.4±14min (range 10min to 81min) and 34.2±20min (range 11min to 90min) for those 

who had CT-angiogram at MSH. The MSH door-to-groin time was 43±18 min for those 

who received CT-angiogram at OSH vs 58±13 min for those who received CT-angiogram 

on arrival at MSH. The average OTG time was 191 minutes for those who received CT-

angiogram at OSH vs. 190 minutes for those who received CT-angiogram on arrival at 

MSH (p=0.99 for t-test and 0.69 for rank sum test). Notably, 18 patients (32%) who were 



transferred did not undergo ET, out of whom 10 had no LVO, 5 had large established 

infarcts on arrival, and 3 had post-tPA hemorrhage. The 5 patients who had large 

established infarcts on arrival all had ASPECT >7 on presentation at OSH and 

subsequently worsened on repeat non contrast CT head at MSH. Among the 16 patients 

transferred from OSH prior to CT-angiogram, 9 (56%) were found not to have LVO on 

CT-angiogram at MSH. 

 

Discussion 

The stroke community has called for regionalized systems of care to expedite 

equitable administration of IV-tPA and ET for eligible patients. Effective systems of care 

require collaboration across many parties, including EMS providers, hospital systems, 

public health agencies, professional societies and guideline makers, as well as data 

collection and analysis of quality of care.5 This analysis shows that, in an organized 

system, performing CT-angiogram before or after transfer does not appear to significantly 

impact OTG time but has greater significance for stroke systems of care.  

As we move forward into the future of endovascular thrombectomy for acute 

ischemic stroke, it is important to identify which patients should or should not be 

transferred for several reasons. First, transferring non-LVO patients requires an 

ambulance (or helicopters in some institutions) and medical personnel, putting extra 

demands on our already strained healthcare system. Secondly, moving non-LVO patients 

to a distant hospital may become a burden on family and friends who wish to visit as well 

as potentially increasing discharge disposition difficulties. Often, patients receive tPA 

before transfer and it is unknown if the transfer crew can provide the necessary post-tPA 



care, such as neurological checks and blood pressure control, during the ambulance ride. 

Given that 10 out of 57 (17.5%) of acute stroke transfers had no LVO and 90% of the 

non-LVO cases had not had a CT-angiogram at an OSH, it may be beneficial to obtain 

CT-angiogram at OSH to avoid unnecessary transfers. Without initial vascular imaging 

prior to transfer it is not possible to definitively rule out vessel recanalization, either 

spontaneous or as a result of IV-tPA, in the non-LVO cases. It should be noted that there 

was no recanalization noted on arrival to MSH in the group who had confirmed LVO on 

outside vascular imaging. Because recanalization rates in patients who receive IV-tPA are 

as low as 4-32%, we feel that obtaining the CT-angiogram prior to transfer is still 

justified.6 For all these reasons, it seems reasonable to perform a CT-angiogram to rule-in 

a potentially treatable LVO before moving patients to a distant hospital. 

Other research has suggested that decline in Alberta Stroke Program early CT 

Scores (ASPECTS) during transfer is associated with worse clinical outcome.7,8 Our 

study further supports a transfer protocol that includes repeating a non-contrast CT scan 

prior to intervention given the high incidence of established infarcts and post-TPA 

hemorrhage (3 out of 30 tPA patients) found on arrival. Although this additional CT scan 

exposes the patient to additional radiation, it can be performed rapidly on arrival, does 

not require additional contrast, and allows for better detection of complications from IV-

tPA and identification of patients who may no longer benefit from ET after transfer. 

This retrospective study is limited by the small number of patients transferred as 

well as the lack of data on outcomes and costs associated with patients for whom 

intervention was not performed. We do not have data on CT-angiogram acquisition and 

interpretation times at both hospitals because that is not routinely and reliably 



documented. Another confounding factor is the imaging protocol variations at different 

OSH such as creatinine requirement prior to CT-angiogram or ability to obtain CT-

angiogram immediately after non-contrast CT head. Accounting for these real-life 

practice variations we looked at different time segments of the entire process and found 

that those who had CT-angiogram at OSH, compared to those who did not, had longer 

OSH door-to-ambulance (150min vs 132min), similar ambulance travel (31min vs 

34min), and shorter MSH door-to-groin times (43min vs 58min). We postulate that the 

time differences are due to the time required to obtain and interpret the additional 

imaging (at the OSH or at MSH).  

It seems that patients benefit from repeat CTH prior to intervention. Our practice 

to always repeat a noncontrast CTH on arrival and our streamlined process of getting a 

subsequent CT-angiogram, if needed, means that the speed of obtaining CT-angiogram at 

MSH is more predictable and reliable than at the OSH. Although performing CT-

angiogram prior to transfer does not appear to affect OTG times, it is important to 

emphasize that the value in obtaining a CT-angiogram at the OSH is the diagnostic 

accuracy in not wasting resources associated with transferring non-LVO patients. 

Our hospital network has benefited from ongoing collaboration and feedback via 

semi-annual system-wide symposiums among all stakeholders (emergency department, 

nursing, administration, transfer personnel, etc) of the acute stroke process in an effort to 

optimize our workflow. Primary stroke centers accepting potential LVO patients should 

make efficient CT-angiogram acquisition a priority in acute stroke protocols. However, 

given the proven superiority of ET, it would be appropriate for centers without access to 

rapid vascular imaging to transfer suspected LVO patients without CT-angiogram. 



A more reliable prehospital method of triaging patients with suspected LVO may 

be beneficial to save the time lost by taking patients initially to a primary stroke center 

before a neuro-interventional center. Further investigation may elucidate patterns in the 

logistics of the transfer process resulting in established infarcts and post-tPA hemorrhage 

on arrival such that selection criteria and transfer protocols can be improved. 

Additionally, it may be worthwhile to continue to examine cost, length of stay, and 

complications for patients transferred but ineligible for ET on arrival.  

In conclusion, this study provides proof of concept that in an urban, densely 

populated hospital network, obtaining CT-angiograms at outside hospitals prior to 

transferring for potential endovascular intervention is feasible. It can help mitigate the 

transfer of non-LVO patients without causing significant delays in the overall groin 

puncture time. We advocate focusing resources on streamlining CT-angiogram protocols 

at primary stroke centers who transfer patients out for endovascular intervention. 

 
 

 
 
  



Table 1: Study population characteristics and timing 

  Total CTA at OSH CTA at MSH 

Number of participants (%) 57 24 (42) 33 (58) 

Age (year), mean (SD) 73.6 (13.5) 74.5 (14.4) 72.4 (12.5) 

NIHSS, mean (SD) 19.3 (5) 18.8 (4.8) 20 (5.3) 

tPA prior to transfer, number (%) 30 18 (60) 12 (40) 

Endovascular Therapy, Number (%) 39  22 (56) 17 (44) 

     OSH door-to-ambulance, minutes (SD) 142 (44) 150 (52) 132 (30) 

     Ambulance travel, minutes (SD) 32 (17) 31.4 (14) 34.2 (20) 

     MSH door-to-groin, minutes (SD) 50 (18) 43 (18) 58 (13) 

     OTG, minutes (SD) 190 (43) 191 (54) 190 (25) 

No Endovascular Therapy, Number (%)  18  2 (11%) 16 (89%) 

     No LVO, Number (%) 10  1 (10) 9 (90) 

     Established infarct, Number (%) 5 0 5 (100) 

     Post tPA hemorrhage, Number (%) 3 1 (33.3) 2 (66.7) 

Abbreviations: CTA, CT Angiogram; CTH, CT Head; LVO, Large Vessel Occlusion; 
MSH, Main Stroke Hospital; NIHSS, National Institute of Health Stroke Scale; OSH, 
Outside Hospital; OTG, outside hospital door to groin puncture; tPA, Tissue 
Plasminogen Activator 
 

  



Figure: Transfer process work flow  
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