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Abstract
Introduction: Patients with acute ischemic stroke (AIS) and large-vessel occlusion are frequently transferred by 
emergency physicians (EPs) from primary to comprehensive stroke centers (CSC) for thrombectomy, particular when 
thrombolysed. Data on complications during such transfers are highly limited.
Patients and methods: Consecutive AIS patients transferred between 01/2015 and 10/2021 to our CSC were 
included. Associations of major (MACO) and minor (MICO) complications with clinical and imaging data were assessed.
Results: In total, 985 patients were included in the analysis (58.5% thrombolysed). MACO developed in 1.6%, MICO 
in 14.6%. Compared to patients without complications (NOCO), patients with MACO did not differ in terms of 
demographics, cerebrovascular risk factors, or site of vessel occlusion. They had more severe strokes (p = 0.026), 
neurological worsening was more severe (p = 0.008), and transport duration was longer (p = 0.050) but geographical 
distances did not differ. Thrombolysed patients had any complication more often than patients without thrombolysis 
(20.3% vs 10.5%; p < 0.001); however, this finding was driven by patients with MICO (p < 0.001) only (MACO: p = 0.804). 
No associations were observed between stroke severity and complications in either thrombolysed or nonthrombolysed 
patients. Neurological deterioration during transfer was observed in 21.2%, but multivariate analysis revealed no 
association with thrombolysis (OR 0.962; 95%CI 0.670–1.380, p = 0.832). Asymptomatic intracerebral hemorrhage was 
present in 1.1%, symptomatic in 0.1%.
Discussion and conclusion: In this large cohort, no patient-specific factor increasing the risk of complications during 
interhospital transfer was identified. Specifically, our results do not indicate that thrombolysis increases MACO. Hence, 
interhospital transfer without EPs appears reasonable in most patients.
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Introduction

Endovascular stroke thrombectomy (EVT) represents a 
cornerstone in the management of patients who suffer 
acute ischemic stroke (AIS).1 Its effectiveness, with and 
without additional intravenous thrombolysis, in patients 
with large-vessel occlusions (LVO) has been proven in 
numerous studies.2,3 Primary stroke centers (PSC), estab-
lished to ensure access to acute stroke care and intrave-
nous thrombolysis in large, populated areas, are, however, 
typically not equipped to perform EVT.4 The predictive 
value of models to bypass PSCs in AIS patients in whom 
LVO is suspected remains limited and these models have 

not been established in many regions.5 Hence, LVO 
patients identified at PSCs commonly must be transferred 
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to larger comprehensive stroke centers (CSC) when EVT 
is indicated.6

It is well known that shorter time intervals between 
onset of symptoms and both start of systemic intravenous 
thrombolysis (IVT) and EVT are associated with better 
clinical outcome.1,7 As a consequence, immediate and rapid 
interhospital transfer between PSCs and CSCs is crucial for 
LVO patients. This is underscored by the observation that 
prolonged transport times of stroke patients to and between 
hospitals represent major causes of treatment delays.8–10

Two transport modalities are available for these patients 
in Germany and most other European countries: transport 
accompanied either by paramedics only or by an addi-
tional emergency physician (EP). In particular, patients in 
whom IVT is administered are most commonly accompa-
nied by an additional EP to ensure optimal safety,11 even 
when respiratory and circulatory systems in these patients 
are deemed to be “stable.” However, in addition to the 
higher costs for transfers with EP, considerable time 
delays may result from these transfers due to the “rendez-
vous” between the actual transport and the physicians’ 
vehicles at the referring PSC and the limited availability 
of EPs. Unfortunately, only very few studies have explored 
complication rates in LVO patients during interhospital 
transfer.8,12–14 Thus, it remains unknown how often EPs 
need to perform medical interventions during these inter-
hospital transfers. Moreover, to the best of our knowledge, 
clinical scores to help decide which type of transport 
should be chosen do not exist so far.

Here, we aimed to investigate complications during 
interhospital transfers between PSCs and a high-volume 
CSC in a large cohort of consecutive AIS patients with ves-
sel occlusions to evaluate whether specific criteria would 
increase the risk of major medical complications during 
interhospital transports and to analyze whether interhospi-
tal transfer without an EP could be appropriate for patients 
with AIS.

Patients and methods

Study design and modalities of patient transfer

In this retrospective observational cohort study, we included 
consecutive AIS patients (⩾18 years) transferred between 
January 2015 and October 2021 from PSCs to the CSC at 
Heidelberg University Hospital for EVT. This high-volume 
EVT site is the coordinating center of a supraregional stroke 
network (FAST; www.fast-schlaganfall.de), covering a 
population of approximately 2.5 million people. Figure 1 
illustrates the geographical distribution and distances 
between the CSC and referring PSCs.

Initial neurological examination, brain and vessel imag-
ing, and, if indicated, initiation of IVT was performed at the 
PSCs in accordance with current guidelines. The decision 
for EVT was made by neurologists and neuroradiologist at 

the CSC following current guidelines and local standard 
operating procedures (SOPs).15

Thereafter, patients were transferred as rapidly as possi-
ble from the PSC to the CSC. Type of transportation (ground 
or air) depended on availability and the distance from the 
CSC and was set after consultation between the PSC and 
the rescue coordination center. Patients transported by air 
were always accompanied by a paramedic and an EP; 
patients transported by ground were accompanied either by 
paramedics or with an additional EP. Treating physician at 
the referring PSCs or/and the neurological consultant of the 
network determined whether an additional EP was needed 
for ground transport based on the patient’s condition. Figure 
2 displays the decision chain regarding transport 
modalities.

After arrival at our CSC, neurological follow-up exami-
nation and follow-up imaging were performed (either CCT, 
MRI, or DYNA CT). Type of follow-up imaging was not 
prespecified. Thereafter, EVT was initiated after reaching 
interdisciplinary consensus.

Data collection

All medical documentation from the PSCs, routine trans-
port protocols fed to the CSC, as well as clinical and imag-
ing data at the CSC were routinely collected. Baseline 
demographic parameters and stroke-specific variables, 
including common stroke risk factors, were extracted. 
Severity of stroke was measured by using the National 
Institutes of Health Stroke Scale (NIHSS). Transport times, 
vital signs, and complications during transport were 
extracted from transport protocols.

All transport complications were classified into major 
(MACO) or minor (MICO), depending on the medical 
severity and the necessity for physician intervention and 
were based on a predefined list. Resuscitation, circulatory 
or respiratory failure, intubation, status epilepticus, uncon-
sciousness, tachycardia (bpm > 130/min), bradycardia 
(bpm < 40/min), and severe bleeding identified during 
transport were defined as MACO. Non-life-threatening 
conditions, including hypertension, hypotension without 
circulatory failure, mild hypoxia without respiratory fail-
ure, vomiting, nausea, and agitation were defined as MICO 
(Supplemental Table 1). In addition, we reviewed all imag-
ing data upon arrival at the CSC and before EVT to identify 
any new intracerebral hemorrhage (ICH). These ICHs were 
classified as (a) symptomatic ICH and (b) asymptomatic 
ICH, including hemorrhagic transformations of infarcted 
regions. Neurological deterioration was defined as a NIHSS 
difference of ⩾4 between PSC and CSC.

Patients with missing transport protocols, without imag-
ing at PSCs, without vessel occlusions upon imaging at 
PSCs, and for whom medical documentation was incom-
plete were excluded. All patients for whom an additional 
EP was clinically mandatory for transport before leaving 
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the PSC (e.g. mechanical ventilation) were also not included 
in the further analyses.

Statistical analysis
Descriptive data are presented as absolute and relative fre-
quencies, ordinal and continuous data as medians and inter-
quartile ranges (IQR). Differences between groups were 
examined by univariate nonparametric tests. Logistic mul-
tivariate regression was used to analyze neurological dete-
rioration in relation to demographic and clinical variables. 
A two-sided p value of <0.05 was considered as explora-
tively significant. Data were analyzed by using the 
Statistical Package for the Social Sciences (SPSS 29.0).

The manuscript was developed according to STROBE 
guidelines for reporting secondary data.16 This study was 
performed in line with the principles of the Declaration of 
Helsinki.

Results
During the study period, 1424 patients with AIS were trans-
ferred from PSCs to the CSC. After excluding patients 
without transport protocols (N = 216), without imaging at 

the PSC (N = 130), without vessel occlusion at the PSC 
(N = 10), without sufficient data (N = 17), and with a clinical 
need for an additional, accompanying EP before leaving the 
PSC (N = 66), the final sample comprised 985 patients 
(Figure 3). Basic demographic data, cerebrovascular risk 
factors, and stroke-specific findings are outlined in Table 1. 
The majority of patients included were female (53.8%), 
median age was 77 years, median NIHSS at admission at 
the PSC was 14, and 576 patients (58.5%) received throm-
bolysis before or during transport. Most patients were 
transferred from PSCs to the CSC by ground transport 
(70.2%); EPs accompanied 87.3% of transports (Table 1). 
Median transport time was 38 min (IQR: 30–49.25).

Medical complications during interhospital 
transfer

In total, medical complications developed in 160 patients 
during interhospital transfer (16.2%). Details of all medical 
complications are outlined in Figure 3. Most registered 
complications were MICO (144 patients; 14.6%); MACO 
were present in 16 patients (1.6%; Figure 3 and Table 1). 
Angioedema was not observed in any patient.

Figure 1. Study region in southwest Germany.
Note: Red box: comprehensive stroke center (CSC), black dots: primary stroke centers (PSC) that transferred patients for endovascular thrombec-
tomy. Thin black line: federal state borders within Germany; thick black line: German border; blue dashed concentric circles: air distance between 
CSC and PSCs (kilometers, km).
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Overall, no difference was observed between ground 
and air transport in regard to complications (p = 0.468, 
Supplemental Table 3). Differences between patients with 
MACO and those without complications (NOCO) are given 
in Table 1. No differences were observed with regard to 
demographic data, cerebrovascular risk factors, thrombo-
lytic treatment, and site of vessel occlusions. However, 
patients with MACO more often received antiemetics prior 
to thrombolysis (p = 0.030), they were more severely 
affected by their stroke (median NIHSS 18 vs 14; p = 0.026), 
and neurological worsening during transport was more 
severe than in NOCO patients (p = 0.008). Transport dura-
tion was longer in patients with MACO (p = 0.050) but geo-
graphical distances between PSC and CSC did not differ 
(p = 0.892 and 0.757, respectively) (Table 1).

Differences between MICO and NOCO patients are 
also outlined in Table 1. Coronary artery disease, atrial 
fibrillation, and wake-up stroke situations were less often 
observed in patients with MICO (p = 0.049, p = 0.013, and 
p = 0.049 respectively). On the other hand, these patients 
were more often treated with thrombolysis (p < 0.001) and 
antihypertensives prior to thrombolysis (p < 0.001) and 
they were more often transported with an EP (p = 0.004). 

No differences with regard to transport duration or geo-
graphical distances was observed.

Table 1 also outlines differences between patients with 
any complication during interhospital transfer (major or 
minor) and without complications. Patients with any com-
plication were more often treated with thrombolysis 
(p < 0.001), they were more often treated with antihyper-
tensives prior to thrombolysis (p < 0.001), and they were 
more often transported with an EP (p = 0.001). Moreover, 
transport duration was longer (p = 0.017) but geographical 
distances between PSC and CSC did not differ.

Overall, patients treated with thrombolysis were more 
often accompanied by an EP during transfer (535/576 vs 
325/409, p < 0.001). Thrombolysed patients more often 
developed any medical complication during transport than 
patients without thrombolysis (20.3% vs 10.5%; p < 0.001). 
However, this result was driven by those MICO patients 
(p < 0.001) only; MACO were not observed more often in 
thrombolysed patients (p = 0.804). In addition, neither in 
thrombolysed nor in nonthrombolysed patients were sig-
nificant associations observed between stroke severity and 
medical complications during transport (data not shown, 
Figure 4).

Figure 2. General transport modalities of patient transfers between PCS and CSC.
IVT: intravenous systemic thrombolysis; EVT: endovascular stroke thrombectomy; PSC: primary stroke center; CSC: comprehensive stroke center; 
ECC: emergency control center.
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In 209 patients (21.2%), neurological deterioration was 
observed during transport. This was associated with previ-
ous stroke (p = 0.044, OR 1.535; 95%CI 1.012–2.328), 
atrial fibrillation (p = 0.032 OR 1.511; 95%CI 1.036–2.204), 
and LVO (p = 0.029, OR 1.631; 95%CI 1.052–2.528) in 
multivariate analysis (Table 2). No association with throm-
bolysis was present (p = 0.832, OR 0.962; 95%CI 
0.670–1.380).

Follow-up imaging at arrival

Follow-up imaging at CSC arrival prior to EVT was per-
formed in 84.9% of patients (N = 836). Here, hemorrhagic 
transformation or asymptomatic ICH was observed in 11 
(1.1%) and symptomatic ICH in one patient (0.1%). This 
83-year-old male patient was treated with IVT 2 h 22 min 
after observed onset of stroke due to an M2 occlusion 
(NIHSS at PSC: 2). Medication at home consisted of 
100 mg aspirin once daily. No contraindication concerning 
thrombolysis was present, and all laboratory values were 

normal. Atrial fibrillation was newly diagnosed at the PSC. 
During transport (accompanied by an EP), neurological 
symptoms worsened markedly but no hypertensive derail-
ment and no cardiorespiratory instability were present. 
NIHSS at CSC arrival was 19; severe space-occupying ICH 
with intraventricular bleed was identified. No EVT was 
performed and the patient died during the further course. 
There was no death during transport from the PSC to the 
CSC.

Discussion

The main findings of our study are: (1) no patient-specific 
factors increasing the risk of suffering medical complica-
tions were identified during interhospital transfer between 
PSCs and the CSC; (2) despite a large sample size, MACO 
during transfer were only rarely observed (1.6%); and (3) 
our data do not indicate that IVT would represent a relevant 
factor for MACO during interhospital transfers of AIS 
patients with LVO. We observed that patients with MACO 

Figure 3. Flow chart representing patient inclusion and transport complications.
Note: >1 complications were recorded in single patients.
PSC: primary stroke center; CSC: comprehensive stroke center; CPR: cardiopulmonary resuscitation; bpm: beats per minute.
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were more severely affected by their stroke. However, the 
overall number of MACO was very low and, while no sig-
nificant associations were observed between stroke severity 
and medical complications during transport, no specific 
NIHSS value could be established that would help in select-
ing patients at risk of developing transport complications.

To the best of our knowledge, this study reports the larg-
est consecutive sample of AIS patients transferred between 
PSCs to a high-volume CSC for EVT to date. Hence, com-
parability to other studies is limited. In a study of 377 
patients14 evaluating complications during interhospital 
transfer within a German stroke network, no major medical 
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Figure 4. Distribution of patient numbers and NIHSS values with regard to complications during transfer in all thrombolysed  
(a) and nonthrombolysed (b) patients. Neither in thrombolysed nor in nonthrombolysed patients were associations 
observed between stroke severity and medical complications during transport: (a) all thrombolysed patients (N = 576); (b) all 
nonthrombolysed patients (N = 409).
IVT: intravenous thrombolysis; PSC: primary stroke center; CSC: comprehensive stroke center; N: number of patients; NIHSS: National Institutes 
of Health Stroke Scale.
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complications were observed. However, 10% of patients 
required medical interventions, defined as any intravenous 
medication being required during transfer.14 On the other 
hand, an even smaller report that evaluated complications 
during interhospital transfer in 253 patients described a 
higher frequency of any complication during transport than 
in the present study (26.9% vs 16.2%) and life-threatening 
complications in 4.3%.12 Differences in particular with 
regard to non-life-threatening complications between these 
reports and our findings may be a consequence of alloca-
tion to MACO and MICO, respectively. For example, we 
did not define the need of any i.v. treatment as a MACO 
because paramedics are usually allowed to administer anti-
hypertensives or antiemetics themselves, at least in our 
region. Notably, arterial hypertension, nausea/vomiting, 
and agitation were the most frequent MICO during transfer 
both in the report of Pallesen and coworkers and the present 
study. These findings emphasize that additionally deploy-
ing EPs is potentially unnecessary in many cases if para-
medics are adequately trained and permitted to administer 
basic i.v. medications during interhospital transfer of AIS 
patients.

We found no association between stroke severity and 
risk for MICO. This is in line with the report of Pallesen 
and colleagues; stroke severity at PSC and at arrival at CSC 
was not associated with the need for medical interventions 
during transfer.14 However, neurological deterioration 
according to usual definitions (NIHSS difference ⩾ 4)17 

was reported in 21.2% of our patients and was therefore 
higher than in the aforementioned study that applied NIHSS 
differences > 4 (N = 38, 11.1%).14 Importantly and in line 
with the findings of the much smaller cohort by Leibinger 
and colleagues,13 we did not observe a higher risk of clini-
cal deterioration in case of thrombolysis in multivariate 
analysis (p = 0.832).

On the other hand, we observed that patients with docu-
mented MICO were treated with thrombolysis more often 
(p < 0.001). Explaining this finding remains speculative. 
Due to the observation that patients with MICO were more 
often transported with EPs than patients without any com-
plications, differences in the perception of medical compli-
cations between paramedics and physicians or more precise 
documentation particularly in patients with ongoing throm-
bolysis may contribute to this result. Studying possible dif-
ferences in the perception of transport complications in AIS 
patients could therefore be a future focus of research.

Leibinger and coworkers reported that basilar occlu-
sions were significantly associated with transport compli-
cations13 whereas we did not find associations between 
location or size of vessel occlusions or clinical deterioration 
during interhospital transfer. It is worthy of mention that 
comparability between these studies is highly limited due 
to different inclusion criteria. While we aimed to evaluate 
not only transport complications, but also the actual need 
for an additional EP to transfer AIS patients from PSCs to 
CSC in patients deemed to be “stable” with regard to their 
respiratory and circulatory systems, we excluded patients in 
whom an additional EP was clinically mandatory at the 
time of leaving the PSC (e.g. mechanical ventilation). 
Interestingly, two thirds of these excluded patients 
(N = 41/66; 62.1%) suffered basilar occlusions and their 
clinical condition definitely required the support of an 
accompanying EP already at the PSCs. Hence, the condi-
tion of patients with basilar occlusions frequently appears 
to require an additional EP already at the time of leaving the 
PSC.

Patients included in our analysis whose clinical condi-
tion did not definitely require EP support were nevertheless 
very frequently accompanied by an additional EP during 
transport, most likely due to concerns about feared compli-
cations particularly in thrombolysed patients. However, as 
demonstrated by our data, MACO were extremely rare 
(1.6%) and we did not find that IVT would represent a rel-
evant factor for MACO. Considering the significantly 
higher costs of transfers with an additional EP, potentially 
significant time delays in case of “rendezvous” systems and 
nonavailability of the respective EPs for primary rescue 
missions during these transports, our data suggest that 
interhospital transfer without additional EPs is reasonable 
in most patients.

As specific factors that increase the risk of MACO in 
particular during interhospital transfer between PSCs and 
CSCs could not be identified in our cohort, we cannot 

Table 2. Multivariate logistic regression between neurological 
deterioration (NIHSS difference between PSC and CSC ⩾ 4) and 
demographic and clinical variables (n = 209, 21.2%).

Variable OR 95%CI p-value

Age 1.001 0.985–1.016 0.936
Gender 1.038 0.745–1.445 0.827
Arterial hypertension 0.991 0.606–1.621 0.971
Diabetes 1.064 0.722–1.568 0.755
Coronary artery disease 1.116 0.757–1.645 0.581
Previous ischemic stroke 1.535 1.012–2.328 0.044
Atrial fibrillation 1.511 1.036–2.204 0.032
Peripheral artery disease 0.612 0.298–1.258 0.182
History of smoking 1.006 0.602–1.682 0.981
Antihypertensive medication 0.767 0.463–1.269 0.302
Respiratory disease 0.961 0.578–1.596 0.876
Wake-up stroke 0.935 0.603–1.449 0.764
IVT 0.962 0.670–1.380 0.832
LVO 1.631 1.052–2.528 0.029
Posterior circulation stroke 1.039 0.599–1.802 0.892
EP-led transport 1.552 0.884–2.724 0.126
Ground/air transport 1.049 0.736–1.495 0.79

NIHSS: national institutes of health stroke scale; OR: odds ratio; CI: 
confidence interval; IVT: intravenous thrombolysis; LVO: large-vessel 
occlusion; EP: emergency physician. p values in bold are statistically 
significant.
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provide clear recommendations that would unequivocally 
help select patients requiring EP-accompanied transport. 
On the other hand, our data support careful training of 
paramedics, including the administration of basic i.v. 
medications, so that they can manage most MICO during 
interhospital transfer of AIS patients with LVOs, irre-
spective of previous or ongoing thrombolysis, especially 
in German emergency medical services with a high num-
ber of preclinical emergency physicians compared to 
most other countries.

Recently, tenecteplase (TNK) was approved for stroke 
treatment by the EMA, including in patients with LVO that 
need to be transferred from PSCs to thrombectomy centers. 
We are convinced that the results of our study indicate that 
it is feasible to transport the majority of these patients with-
out additional EPs in most cases, especially if IVT can then 
be performed with a single bolus injection, which is the 
case for TNK. Positive impacts on clinical outcomes or EP 
shortages still need to be evaluated, however.

An obvious strength of the present study is the large 
number of patients included and meticulous analysis of 
complications and their potentially associated demographic 
and clinical factors. Transport modalities are comparable at 
least in most regions of Germany, but generalizing our 
results to other regions might be restricted due to different 
geographical and organizational factors. Moreover, we had 
to exclude almost one third of patients transferred during 
the study period, predominantly due to inadequate transport 
documentation. The retrospective design may further limit 
our results, and we cannot exclude the possibility that 
unmeasured variables may influence medical complica-
tions during interhospital transfer of AIS patients with 
LVO.

Conclusion

Our study confirms that MACO are extremely rare during 
interhospital transfer of AIS patients and specific interven-
tions by EPs are seldom required. Moreover, no patient-
specific pattern could be detected that increases the risk of 
complications during transfer, including systemic throm-
bolysis. Our data suggest that interhospital transfer without 
additional EPs is reasonable in most patients with AIS and 
LVO, at least in our region.
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