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One-Stop Management with Perfusion for Transfer Patients
with Stroke due to a Large-Vessel Occlusion: Feasibility and
Effects on In-Hospital Times

A. Brehm, "I, Tsogkas, ““'I.L. Maier, ¥ H.). Eisenberger, “*P. Yang, * ).-M. Liu, ). Liman, and “*’M.-N. Psychogios
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ABSTRACT

BACKGROUND AND PURPOSE: In-hospital time delays lead to a relevant deterioration of neurologic outcomes in patients with stroke
with large-vessel occlusions. At the moment, CT perfusion is relevant in the triage of late-window patients with stroke. We conducted this
study to determine whether one-stop management with perfusion is feasible and leads to a reduction of in-hospital times.

MATERIALS AND METHODS: In this observational study, we report the first 15 consecutive transfer patients with stroke with externally
confirmed large-vessel occlusions who underwent flat panel detector CT perfusion and thrombectomy in the same room. Preinterven-
tional imaging consisted of noncontrast flat panel detector CT and flat panel detector CT perfusion, acquired with a biplane angiography
system. The flat panel detector CT perfusion was used to reconstruct a flat panel detector CT angiography to confirm the large-vessel
occlusions. After confirmation of the large-vessel occlusion, the patient underwent mechanical thrombectomy. We recorded time metrics
and safety parameters prospectively and compared them with those of transfer patients whom we treated before the introduction of
one-stop management with perfusion.

RESULTS: Fifteen transfer patients underwent flat panel detector CT perfusion and were treated with mechanical thrombectomy from
June 2017 to January 2019. The median time from symptom onset to admission was 241 minutes. Median door-to-groin time was 24 minutes.
Compared with 23 transfer patients imaged with multidetector CT, it was reduced significantly (24 minutes; 95% Cl, 19—37 minutes, versus
53 minutes; 95% Cl, 44—66 minutes; P < .001). Safety parameters were comparable between groups.

CONCLUSIONS: In this small series, one-stop management with perfusion led to a significant reduction of in-hospital times compared
with our previous workflow.

ABBREVIATIONS: FPDCT = flat panel detector CT; ICH = intracranial hemorrhage; IQR = interquartile range; LVO = large-vessel occlusion; MDCT = multidetector CT

fter the publication of 5 landmark trials in 2015, thrombec-

tomy became the criterion standard for the treatment of
acute ischemic stroke due to a large-vessel occlusion (LVO) in the
first 6 hours." Although the treatment effect has been shown to be
time-dependent,” door-to-groin times in the most recent studies
remained >100 minutes.” Therefore, we previously described a
one-stop management” for patients with acute stroke, which can
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reduce door-to-groin times to 20-30 minutes by combining di-
agnostic work-up and endovascular treatment in 1 room.> One
drawback of the previously described setup, especially in patients
with a late window,® was that CT perfusion imaging was not avail-
able on flat panel detector CT (FPDCT). This made one-stop
management for patients in the extended time window, who were
often transfer patients, impractical. In this observational study,
we report the time metrics and safety parameters of the first 15
consecutive transfer patients who were transported directly to the
angiosuite and underwent FPDCT perfusion before their endo-
vascular treatment as part of their diagnostic work-up.

MATERIALS AND METHODS

Patient Selection

This retrospective observational study includes all consecutive
adults who were transfer patients and underwent FPDCT perfu-
sion from June 2017 to January 2019. All patients underwent mul-
tidetector CT with angiography at the referring center before ar-
rival at our center. In European stroke centers, it is common to
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repeat imaging (including CT perfusion) before thrombectomy
in patients with an interhospital delay of >60 minutes, to ensure
that they still meet the eligibility criteria. As part of our protocol
after the introduction of FPDCT perfusion, transfer patients with
an interhospital delay of >60 minutes and with a NIHSS score of
>7 were triaged directly to the angiosuite. Data were extracted from
a prospectively acquired institutional review board—approved data
base. As a control group, we used transfer patients treated endovas-
cularly between January 2016 and June 2017, before the introduction
of FPDCT perfusion, presenting with an NIHSS score of >7 whom
we triaged with multidetector CT (MDCT). In both groups, occupa-
tion of the angiosuite during arrival of the patients was an exclusion
criterion. One experienced neuroradiologist (I.T. with >5 years of
experience) rated FPDCT perfusion and FPDCT angiography re-
garding overall diagnostic quality, diagnostic quality of the FPDCT
perfusion, motion artifacts, LVO detection, and evaluation of collat-
erals on a 5-point ordinal scale (0 = no diagnostic quality, 1 = poor
diagnostic quality, 2 = fair diagnostic quality, 3 = good diagnostic
quality, 4 = perfect diagnostic quality). The patient’s consent for
treatment was obtained according to institutional guidelines. The
local ethics committee waived the need for a formal application or a
separate consent concerning the inclusion in our observational data
base.

Image Acquisition and Processing

All FPDCT/FPDCT perfusion images were acquired using an
Artis Q angiography system (Siemens, Erlangen, Germany). First,
we performed a noncontrast FPDCT to rule out hemorrhage. A
commercially available 20-second rotational acquisition was used
(20-second Dyna CT Head, 109 kV, 1.8 uGy/frame, 200° angle,
0.4°/frame angulation step, effective dose ~ 2.5 mSv). The raw
data were automatically and instantly reconstructed in 5-mm
multiplanar reconstructions on a commercially available work-
station (syngo X Workplace). Second, we performed the FPDCT
perfusion (multisweep FPDCT perfusion with 10 X 5-second ro-
tations, 77 kV, 0.36 uGy/frame, 200° angle, 0.5°/frame angulation
step, effective dose ~ 5 mSv). The FPDCT perfusion protocol has
been described in detail elsewhere.”®

Statistical Analysis

We used descriptive statistics to illustrate patient characteristics
and time metrics. In case of time intervals, we opted for median
and interquartile ranges (IQRs) to describe them in detail. For the
comparison of continuous study parameters, the ¢ test was used in
the case of normal distribution, and the Mann-Whitney test, in
the case of a non-normal or ordinal distribution. Categorical vari-
ables were compared with the 2 groups by Fischer exact test. The
threshold for statistical significance was set at P < .05. We per-
formed all analyses with MedCalc for Windows, Version 18,2018
(MedCalc Software, Mariakerke, Belgium).

RESULTS

We included all 15 (mean age, 78 years; 7 women) transfer pa-
tients who underwent FPDCT perfusion after June 2017 in our
study. The median NIHSS score at admission was 15, and the
native ASPECTS was 8. Of the 15 patients, 7 arrived at our hospital
within off-duty hours. The median symptom-to-door time was

Table 1: Baseline characteristics and time metrics of the patients
with one-stop and MDCT perfusion®

One-Stop MDCT
Perfusion Perfusion P
(n=15) (n=23) Value
Baseline characteristics

Female (No.) 7 9 1
Age (yr) 78(68-88)  68(61-78)  .048°
NIHSS_a 15 (12-19) 18(14-24) 117
CCT-ASPECTS 8(8-9) 7(6-9) 149

Symptom to door
Other CT to in-house CT
Time metrics

241(204-282) 248(175-327) 784
133(14-156) 170 (145-327) .06

Door to CT 1(8-25) 15 (11-25) 129

Door to groin 24 (19-34) 53(41-69)  <.001°
In-house CT to groin 14(10-22) 34(22-43)  <.001°
Door to reperfusion 76 (59-95) 97 (81-122) .078
Groin to reperfusion 41(33-76) 54 (29-68) 578

In-house CT to reperfusion 55 (47-85)
Safety parameters

80(63-106) 083

sICH 1(6.7%) 2(8.7%) 1
Mortality 4(26.7%) 4(17.4%) n4
SAH on follow-up scan 1(6.7%) 3(13%) 1

Note:—CCT indicates cranial CT; NIHSS_a, admission NIHSS; Other CT to in-house
CT, external CT to our CT; sICH, symptomatic intracranial hemorrhage.

Data are median and IQR or No. (%).

b Significant.

241 minutes (IQR, 204282 minutes), while the median time
from the external CT to our FPDCT was 133 minutes (IQR, 114 —
156 minutes) (Table 1). The median time between the registration
in the hospital information system and the reconstruction of the
first FPDCT slices was 11 minutes (IQR, 8 =25 minutes). In all 15
cases, we confirmed the external diagnosis of an LVO. In 1 case,
we detected an intracranial hemorrhage (ICH), which was not
present on the external CT scan (On-line Figure). However, all 15
cases proceeded to endovascular treatment because the ICH was
on the hemisphere contralateral to the LVO. We achieved success-
ful reperfusion (defined as a modified TICI = 2b) in 11 of 15
cases, with median groin-to-reperfusion and door-to-reperfusion
times of 41 minutes (IQR, 33—76 minutes) and 76 minutes (IQR,
59-95 minutes), respectively. Five of the reperfused patients pre-
sented with a tandem occlusion. We observed 1 symptomatic ICH
and 1 SAH in this group. The mortality rate was 4 of 15 (26.7%).

The control group consisted of 23 transfer patients (mean age,
68 years; 9 women), with a median symptom-to-door time of 248
minutes (IQR, 175-327 minutes) and a median time from the
external CT to our MDCT of 170 minutes (IQR, 145-327 min-
utes). All patients in the control group had an externally con-
firmed LVO. The median time between registration in the hospi-
tal information system and reconstruction of the first MDCT slide
was 15 minutes (IQR, 11-25 minutes; P = .129) and therefore
comparable. All other baseline parameters, excluding age, which
was significantly higher in the one-stop management group (78
years; IQR, 68—88 years, versus 68 years; IQR, 61-78 years; P =
.048), were comparable between groups.

In the one-stop management with perfusion group, 80% were
treated with the Stent retriever Assisted Vacuum-locked Extraction”
(SAVE) technique (a primary combined approach of a stent retriever
and an aspiration catheter), while the remaining 20% were treated
with A Direct Aspiration first Pass Technique (ADAPT) as a first-pass
strategy. In the control group, 65.2% were treated with SAVE, while
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Table 2: Subjective evaluation of the quality of the FPDCT angiography and perfusion

No Diagnostic

Poor Diagnostic

Fair Diagnostic Good Diagnostic  Perfect Diagnostic

Variable Quality/Severe Quality/Substantial Quality/Tolerable Quality/Negligible  Quality/None
FPDCT angiography/perfusion overall 0 1 3 7 4
Detection of LVO 0 0 3 5 7
Evaluation of collaterals 0 0 4 5 6
FPDCT perfusion 1 1 3 6 4
Motion artifacts 1 2 4 5 3

FIG 1. FPDCT angiography for the identification of an LVO on a transversal FPDCT angiogram (A),
a coronal FPDCT angiogram (B), and early-phase (C) and late-phase (D) collaterals.

the remaining 34.8% were treated with A Direct Aspiration first Pass
Technique (ADAPT) as a first-pass strategy. There was no statistically
significant difference between groups (P = .333). Of the control
group, 52.2% received general anesthesia, while 46.7% of the one-
stop management with perfusion group received general anesthesia
(P=1.0).

We were able to significantly reduce median door-to-groin
times from 53 minutes (IQR, 41-69 minutes) in the MDCT group
to 24 minutes (IQR, 19-34 minutes) in the one-stop management
group (P < .001). In-house median CT-to-groin times were sig-
nificantly reduced as well from 34 minutes (IQR, 22—43 minutes)
to 14 minutes (IQR, 10-22 minutes) (P < .001). The impact on
door-to-reperfusion times was also relevant; however, it was not
statistically significant (76 minutes; IQR, 59-95 minutes, versus
97 minutes; IQR, 81-122 minutes; P = .078).

The frequencies of symptomatic ICH (6.7% versus 8.7%; P =
1), SAH observed on a follow-up scan (6.7% versus 13%; P = 1),
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and mortality (26.7% versus 17.4%; P =
.114) did not differ significantly between
groups.

The diagnostic quality was sufficient
for the delineation of the LVO and the
evaluation of collaterals in all cases (Ta-
ble 2). In 11 of 15 cases (73.3%), the
overall diagnostic quality was at least
good, while it was fair in 3 cases (20%)
and poor in 1 case (7.7%), due to heavy
motion artifacts. One of 15 FPDCT per-
fusions was not of diagnostic quality due
to heavy motion artifacts.

DISCUSSION

In this small, observational study, one-
stop management with perfusion for
transfer patients with a confirmed
LVO was safe and significantly short-
ened door-to-groin times compared
with transfer patients imaged with an
MDCT perfusion protocol. The re-
ported door-to-groin times are compa-
rable to the door-to-groin times, which
we achieved with our original one-stop
management with a biphasic FPDCT
angiography protocol (20.5 minutes;
95% CI, 17-26 minutes).” Acquisition
and reconstruction of the FPDCT perfu-
sion did not result in a relevant time loss.
Besides, they are well below those times
in recent randomized controlled trials
with median door-to-groin times of >60 minutes, even for trans-
fer patients.>”'? The reduction of door-to-reperfusion times was
relevant, but not statistically significant (P = .078). However, this
has to be attributed to the small sample size and the high preva-
lence of carotid-terminus and tandem occlusion in this small
sample. This argument is strengthened because imaging-to-rep-
erfusion times were shorter as well with 55 minutes compared
with 80 minutes (P = .083), which is well below the <90 minutes
suggested by Goyal et al."" According to Guenego et al,'* the main
subgroup of transfer patients in which repeat perfusion imaging is
necessary are those with fast-progressing strokes because they
might miss the eligible criteria after transfer to the comprehensive
stroke center. Saving 30 minutes of in-hospital time in this cohort
of patients might result in significantly better clinical outcomes,
strengthening the argument for a direct transfer to the angiosuite
for diagnostic work-up and mechanical thrombectomy.



FIG 2. Reconstruction of the CBV (A), CBF (B), and MTT (C) map by the syngo X Workplace
(Siemens). Visualization of the 10-mL infarct core (D), the 225-mL mismatch volume (E) by the
RAPID ANGIO software solution, and the final infarction on a follow-up CT scan 2 days after the

thrombectomy (F).

Regarding the differentiation between ischemic and hemor-
rhagic stroke, which is particularly important in “mothership”
(direct admission) patients, previous work from our group
showed that FPDCT detects ICH with a high sensitivity and spec-
ificity, comparable with MDCT."? Furthermore the FPDCT per-
fusion dataset can be used to reconstruct FPDCT angiography as
was pointed out by Yang et al'* in a prior publication. In our
sample, the quality of the reconstructed FPDCT angiography was
sufficient to delineate the LVO in all cases and evaluate collaterals
(Fig 1 and Table 2). This confirms prior results of other work
groups who used it successfully for evaluating collaterals and the
clot-burden score.'>'® Collaterals can be used as an additional
tool for patient selection as pointed out by Schregel et al,'” who
compared the prognostic value of CBV-ASPECTS and collaterals.
Although the time resolution of the FPDCT perfusion is 5 seconds
lower than the time resolution of the MDCT Perfusion (1.5 sec-
onds), motion artifacts were not a serious issue in our small co-
hort. Overall the diagnostic quality of the reconstructed FPDCT
perfusion (Fig 2) was sufficient in 14 of 15 cases (93.3%). Further-
more, the next generation of FPDCT is reported to have faster
acquisition times, which might improve the time resolution of the
FPDCT perfusion protocol. Regarding automated evaluation of
FPDCT perfusion, the RAPID ANGIO software solution (iSch-
emaView, Inc) was presented recently (Fig 2),'® providing swift
and automated calculation of infarct core and mismatch. The
reliability and accuracy of RAPID ANGIO for the exact depiction
of core and penumbra are the subject of running studies. The
effective dosage of the FPDCT perfusion protocol is comparable
with the effective dosage of an MDCT perfusion protocol.'**°

Another interesting aspect of our approach is that FPDCT
angiography can be projected into the angiosuite, giving the treat-
ing physician important information about the vessel architec-
ture, which can be particularly helpful in case of an occlusion of
the terminus of the internal carotid artery because the down-

stream vessel architecture cannot be vi-
sualized with DSA. Even in case ofan M1
occlusion, information about the down-
stream vessel architecture can be helpful
to navigate the stent retriever into the
more prominent truncus, which might
improve angiographic outcomes.”!

The primary limitations of our study
are the observational design, which is
prone to selection bias, and the small
number of reported patients.

“Time is brain” is the mantra that
was propagated by Saver et al,”> who
showed a tight correlation between
door-to-reperfusion times and out-
come. Even in our setting with the
MDCT scanner only 20 meters away
from the angiosuite, we were able to sig-
nificantly reduce door-to-groin times
compared with traditionally triaged pa-
tients, despite the fact that we had opti-
mized the MDCT route with standard-
ization and weekly training before
introduction of the one-stop manage-
ment.>” Effects on door-to-groin times should be even more pro-
found in other hospital settings, where the MDCT scanner is far
away from the angiosuite or even located in another building.
However, a prospective study is warranted to confirm the ob-
served differences in a larger cohort and examine its effect on
outcome. Furthermore, the equivalence of FPDCT and MDCT
perfusion is still a topic of ongoing investigation.

CONCLUSIONS

One-stop management with perfusion for transfer patients with a
confirmed LVO in a modern angiosuite is feasible and safe and
leads to a significant reduction of door-to-groin times.
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