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Objective : Since the outbreak of the coronavirus disease 2019 (COVID-19) pandemic, neurointerventionists have been increasingly 
concerned regarding the prevention of infection and time delay in performing emergency thrombectomy procedures in patients 
with acute stroke. This study aimed to analyze the effects of changes in mechanical thrombectomy protocol before and after the 
COVID-19 pandemic on procedure time and patient outcomes and to identify factors that significantly impact procedure time.
Methods : The last-normal-to-door, first-abnormal-to-door, door-to-imaging, door-to-puncture, and puncture-to-recanalization 
times of 88 patients (45 treated with conventional pre-COVID-19 protocol and 43 with COVID-19 protection protocol) were 
retrospectively analyzed. The recanalization time, success rate of mechanical thrombectomy, and modified Rankin score of patients 
at discharge were assessed. A multivariate analysis was conducted to identify variables that significantly influenced the time delay 
in the door-to-puncture time and total procedure time.
Results : The door-to-imaging time significantly increased under the COVID-19 protection protocol (p=0.0257) compared to 
that with the conventional pre-COVID-19 protocol. This increase was even more pronounced in patients who were suspected to 
be COVID-19-positive than in those who were negative. The door-to-puncture time showed no statistical difference between the 
conventional and COVID-19 protocol groups (p=0.5042). However, in the multivariate analysis, the last-normal-to-door time and 
door-to-imaging time were shown to affect the door-to-puncture time (p=0.0068 and 0.0097). The total procedure time was 
affected by the occlusion site, last-normal-to-door time, door-to-imaging time, and type of anesthesia (p=0.0001, 0.0231, 0.0103, 
and 0.0207, respectively).
Conclusion : The COVID-19 protection protocol significantly impacted the door-to-imaging time. Shortening the door-to-imaging 
time and performing the procedure under local anesthesia, if possible, may be required to reduce the door-to-puncture and door-
to-recanalization times. The effect of various aspects of the protection protocol on emergency thrombectomy should be further 
studied.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has 

affected all aspects of human life. The use of protective mea-

sures against droplets with high infectivity has become man-

datory in all medical fields20). Ensuring optimal protection is 
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particularly difficult in emergency medicine because it is not 

possible to reliably distinguish patients with COVID-19 at the 

initial examination. Frequently, a number of patients are also 

diagnosed with asymptomatic COVID-19 infection21). Hospi-

tals must implement measures to ensure that every patient is 

tested to prevent the risk of spreading COVID-19, and the 

medical staff needs to comply with infection control proce-

dures, including the correct use of personal protective equip-

ment (PPE), in all situations20).

From a neurointerventionist’s point of view, it is of great in-

terest how the protective processes affect the time for recana-

lization of large vessel occlusions and its clinical outcomes. In 

this study, we compared the mechanical thrombectomy time 

indices and clinical outcomes of procedures conducted ac-

cording to the conventional protocol before the COVID-19 

pandemic with those of procedures conducted as per the new 

COVID-19 protection protocol. Furthermore, we tried to de-

termine which variables significantly affected procedure time.

MATERIALS AND METHODS

This research was approved by the Institutional Review 

Board of Eunpyeong St. Mary's Hospital, College of Medicine, 

The Catholic University of Korea (IRB No. : PC21RISI0016) 

and was conducted in accordance with the Declaration of 

Helsinki.

Patient population
Eunpyeong St. Mary's Hospital was established in April 

2019. In February 2020, after a transport agent of the hospital 

was diagnosed with COVID-19, the hospital had to be closed 

under the direction of the Korean Disease Control and Pre-

vention Agency. The hospital was reopened from March 2020 

after the COVID-19 protection protocol was established. We 

retrospectively analyzed the mechanical thrombectomy out-

comes before and after the establishment of the protection 

protocol. Between April 2019 and December 2020, 109 pa-

tients with large vessel occlusion were treated with mechanical 

thrombectomy for an acute stroke. Of these, 55 were diag-

nosed between April 2019 and February 2020 and 54 between 

March 2020 to December 2020. Of the total patients, five were 

excluded because a stenotic lesion without occlusion was pres-

ent and only angioplasty was performed. Seven patients were 

excluded because they had only undergone diagnostic angiog-

raphy and their occluded vessels were judged to have sponta-

neously recanalized, or they had chronic occlusions that did 

not need further intervention. We further excluded nine pa-

tients who underwent mechanical thrombectomy during hos-

pitalization. Finally, 88 patients were included in this study 

who underwent mechanical thrombectomy for large vessel 

occlusions on an emergency basis. Of these 88 patients, 45 

were managed using the conventional protocol and 43 were 

treated as per the COVID-19 protocol (Fig. 1).

In this study, we investigated the last-normal-to-door time, 

first-abnormal-to-door time, door-to-imaging time, door-to-

puncture time, puncture-to-recanalization time, total proce-

dure time, Thrombolysis in Cerebral Infarction (TICI) grade, 

and modified Rankin score (mRS) at discharge.

Imaging and equipment
Multiphase computed tomography (CT) angiography 

(CTA) and perfusion CT (CTP) were performed to identify 

the location of an occlusion site (SOMATOM Force; Siemens, 

Erlangen, Germany) to evaluate the extracranial and intracra-

nial vessel lesions. If enhanced imaging was not possible, a 

non-enhanced brain CT scan and diffusion magnetic resolu-

tion image (MRI) with perfusion were recorded with time-of-

flight MR angiography to detect vessel lesions (MAGNETOM 

Vida; Siemens). A biplane angiography equipment, Siemens’ 

Artis Q biplane, was used for mechanical thrombectomy.

Conventional protocol vs. COVID-19 protection 
protocol

The conventional protocol was applied before the COV-

ID-19 pandemic. When a patient visited the emergency room 

(ER) of our hospital, an emergency medical doctor first tri-

aged the patient, and a “severe emergency call” was activated 

if the patient had developed neurological symptoms within 

the last 24 hours. Simultaneously, tissue plasminogen activa-

tor (tPA) was prepared according to the patient’s weight, and 

an intravenous line was secured for CTA. Once the stroke 

team arrived at the ER, brain images were evaluated, and if 

the patient had arrived at the hospital within 4.5 hours from 

the last-normal time, intravenous tPA was administered, ex-

cept for patients for whom it was contraindicated13).

Mechanical thrombectomy was considered in the cases 

where anterior circulation (internal carotid artery or middle ca-
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rotid artery) occlusions or posterior circulation (basilar artery 

or posterior cerebral artery) occlusions, confirmed as small in-

farctions with diffusion/perfusion mismatch, occurred within 

24 hours or 6 hours from the last-normal time12,13).

Diffusion MRI was required to confirm the infarction vol-

ume in selective cases. Mechanical thrombectomy was per-

formed in the angiography room or the hybrid operation 

room depending on the availability of staff. If mechanical 

thrombectomy was conducted in the hybrid operation room, 

the interventionist determined whether to apply general anes-

thesia.

Under the COVID-19 protocol, each patient who arrived at 

the ER was initially assessed by an emergency medical doctor 

in the outdoor triage room. Then, the patient was moved to an 

isolated negative pressure room and photographed using a 

portable chest radiography machine. Any patient with consol-

idation or ground-glass opacity on chest radiograph or upper 

respiratory symptoms or fever was suspected to be COVID-19 

positive (+). Otherwise, the patient was assumed to be COV-

ID-19 negative (-). Even if the patient was assumed to be CO-

VID-19 (-), a confirmative test was conducted. For all patients, 

an isolated route was used for all subsequent movements, 

tests, and procedures before the COVID-19 test result was 

confirmed. A negative pressure tent was used outside the neg-

ative pressure room for suspected COVID-19 (+) suspected 

patients. For suspected COVID-19 (-) patients, a Kf94 (Dr. 

Puri® KF [Korea filter] 94-fine dust, yellow dust mask; KM 

Healthcare Corp., Guri, Korea) or N95 (3 M™ Health Care 

Particulate Respirator 1860; 3 M Health Care™, St. Paul, MN, 

USA) filtering facepiece respirator and a bouffant cap were 

worn by the treating staff6). When patients were taken to the 

CT room for brain imaging, non-enhanced chest CT was also 

Fig. 1. Timeline and patient selection process before and after establishing the coronavirus disease 2019 (COVID-19) protocol. Before the COVID-19 
pandemic, mechanical thrombectomy was conducted for 55 patients. After the hospital reopened, mechanical thrombectomy was conducted for 54 
patients. Finally, total 45 patients were treated under the conventional protocol and 43 patients under the COVID-19 protocol were included in this 
analysis. ER : emergency room.
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conducted to check for lung lesions as it is more precise than 

radiography. If a lung lesion that was not seen on the radio-

graph was found on chest CT, patients were treated as sus-

pected COVID-19 (+) cases thereafter8). Following the new 

protocol, only CTP was used to evaluate the hypoperfusion 

area in suspected COVID-19 (+) patients since there was a 

high chance of time delay for other patients because of the 

need for complete blockage and cleaning of the MRI room, 

which usually took more than 30 minutes. To protect the 

medical staff, our hospital established a PPE system according 

to the guidelines of the Korean Disease Control and Preven-

tion Agency7). When treating suspected COVID-19 (+) cases, 

level D protection gown with double gloving, protection gog-

gles, and an N95 mask were worn by the medical staff, and a 

positive air purifying respirator was added during procedures. 

When treating suspected COVID-19 (-) patients, basic PPE, 

including a disposable plastic apron, a Kf94 or N95 mask, a 

surgical cap, nitrile gloves, and a face shield (5-set) were worn 

by the medical staff7,18). In our facility, the angiography room 

was located in a separate space with a separate air-condition-

ing system. In contrast, the hybrid operation room was not 

isolated from other operating rooms. Therefore, when per-

forming mechanical thrombectomy in patients who were sus-

pected to be COVID-19 (+), only the angiography room was 

used. If a patient was suspected to be COVID-19 (-), the hy-

brid operation room was used, but the air-conditioning was 

blocked to prevent any cross-contamination. Once mechani-

cal thrombectomy was performed, patients were transferred 

to a neuro-intensive care unit (NCU) via an isolated route un-

der a negative pressure tent if suspected to be COVID-19 (+) 

or with a Kf94/N95 mask and bouffant cap if suspected to be 

COVID-19 (-). Patients were kept in a negative pressure isola-

tion room inside the NCU until COVID-19 test results were 

confirmed. Once a patient was confirmed to be COVID-19 (-), 

the patient was transferred via the routine route and routine 

care was provided (Fig. 2).

Statistical analyses
Patients were classified into two groups according to the 

protocol used. The baseline characteristics of these groups are 

listed in Table 1. A chi-square test or Fisher’s exact test was 

used for statistical analysis according to the variable factors of 

the two groups. A Wilcoxon-Mann-Whitney test was used to 

compare continuous time variables. Before the comparisons, 

we evaluated the statistical power of the Wilcoxon-Mann-

Whitney test by the method proposed by Shieh et al.16). As-

suming that the time variables of the two groups followed an 

exponential distribution, the effect size (the probability that 

the value in the first group is less than the value in the second 

group) was calculated to be 0.7. A two-sided comparison was 

performed with a significance level of 0.05, and the calculated 

statistical power was over 0.8 when the number of patients in 

each group exceeded 40. When comparing the time variables 

among the three groups, analysis was conducted using a Krus-

kal-Wallis test followed by a post hoc Dunn’s test with Bonfer-

roni p-value adjustment2). We also conducted a multivariate 

analysis to identify the variables that have a significant influ-

ence on the procedure time. In the multivariate analysis, lin-

ear regression models with log-normal errors and identity link 

were used10) because we observed that the time variables 

showed evidence of heteroscedasticity and, among the gener-

alized linear models with various distributions, the log-nor-

mal regression models fitted the data properly with the lowest 

Akaike’s information criterion. We set up the multivariate 

models using a stepwise algorithm9), and the p-value for each 

variable was calculated through a likelihood ratio test between 

the models including and excluding the variable. A variable 

was included in the model if the p-value was less than 0.10. All 

statistical analyses were performed using the R software (ver-

sion 4.0.3; R Foundation for Statistical Computing, Vienna, 

Austria). All p-values were two-sided.

RESULTS

Baseline characteristics and thrombectomy out-
comes

The age distribution of patients between the two groups was 

similar (p=0.7101), while the proportion of females was higher 

in the conventional group than in the COVID-19 group 

(48.9% vs. 27.9%, p=0.0716). Compared to that before the 

pandemic, significantly lower proportion of patients received 

tPA outside the center after the COVID-19 outbreak (No tPA, 

tPA at our center, tPA at other centers : 62.2%, 20%, and 

17.8%, respectively, in the conventional group and 65.1%, 

32.6%, and 2.3%, respectively, in the COVID-19 group; 

p=0.0405). No statistically significant differences were found 

in the last-normal-to-door time and the first-abnormal-to-
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Fig. 2. Comparison of the conventional protocol and COVID-19 protocol. Protection protocol for the prevention of COVID-19 was established and 
additional steps were included for CT imaging, mechanical thrombectomy, and patient transport route. COVID-19 : coronavirus disease 2019, EM : 
emergency medical, PPE : personal protective equipment, URI : upper respiratory infection, CTA : computed tomography angiography, CTP : perfusion 
computed tomography, CT : computed tomography, tPA : tissue plasminogen activator, MRI : magnetic resolution image, PAPR : powered air purifying 
respirator, NCU : neuro-intensive care unit.
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door time between the groups (p=0.6612 and 0.1406, respec-

tively) (Table 1).

In the conventional group, mechanical thrombectomy was 

more frequently performed in the hybrid operating room than 

in the angiography room (62.2% vs. 37.8%). In contrast, for 

the COVID-19 group, thrombectomy was more frequently 

performed in the angiography room than in the hybrid opera-

tion room (14.0% vs. 86.0%), and this difference was signifi-

cant (p<0.0001). Furthermore, mechanical thrombectomy 

was performed more frequently under local anesthesia in the 

COVID-19 group than in the conventional group (83.7% vs. 

31.1%; p<0.0001). Among the time indices, there was a signifi-

cant increase in the door-to-imaging time in the COVID-19 

group compared to that in the conventional group (median 

time in the conventional group and COVID-19 group was 14 

minutes [interquartile range (IQR), 6–18] and 15 minutes 

[IQR, 12.0–25.2], respectively; p=0.0257). Among patients 

who received tPA, the difference in the door-to-tPA time was 

borderline between the two groups (median 51 minutes [IQR, 

49–57] in the conventional group and 48 minutes [IQR, 45.0–

51.8] in the COVID-19 group; p=0.0941). It is noteworthy that 

the door-to-imaging time in the COVID-19 group tended to 

be longer than that in the conventional group, but no signifi-

cant difference was observed in the door-to-puncture time 

between the two groups. The median door-to-puncture time 

in the conventional and COVID-19 groups was 145 minutes 

(IQR, 136–162) and 140 minutes (IQR, 107.5–168.0; p= 

0.5042), respectively. The puncture-to-recanalization time was 

found to be shorter in the COVID-19 group than in the con-

ventional group (conventional group : median 60 minutes 

[IQR, 47.0–94.5]; COVID-19 group : median 43 minutes [IQR, 

26.5–74.0]; p=0.0093). Moreover, the difference in the total 

procedure time of the recanalized patients between the groups 

was borderline significant (median 209 minutes [IQR, 188.0–

270.5] in the conventional group and 189 minutes [IQR, 

158.0–241.5] in the COVID-19 group; p=0.0580). The postop-

Table 1. Baseline characteristics

Protocol Conventional COVID-19 p-value

Total number 45 43

Age (years) 75 (62–79) 73 (67.5–80.5) 0.7101

Sex 0.0716

Female 22 (48.9) 12 (27.9)

Male 23 (51.1) 31 (72.1)

Location 0.1670

ICA 19 (42.2) 9 (20.9)

M1 16 (35.6) 21 (48.8)

M2 6 (13.3) 6 (14.0)

Posterior circulation 4 (8.9) 7 (16.3)

tPA 0.0405

No tPA 28 (62.2) 28 (65.1)

tPA 9 (20) 14 (32.6)

tPA at other centers 8 (17.8) 1 (2.3)

GCS score 0.1721

<9 9 (20) 4 (9.3)

9–12 18 (40) 14 (32.6)

≥13 18 (40) 25 (58.1)

Last-normal-to-indoor time (minutes) 270 (121–504) 262 (81.5–511.0) 0.6612

First-abnormal-to-indoor time (minutes) 57 (30–205) 117 (42.0–266.5) 0.1406

Values are presented as median (Q1–Q3) or number (%). COVID-19 : coronavirus disease 2019, ICA : internal carotid artery, M1 : middle cerebral artery, 
horizontal segment, M2 : middle cerebral artery, insular segment, tPA : tissue plasminogen activator, GCS : Glasgow coma scale
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erative TICI was superior in the COVID-19 group than in the 

conventional group (0, 2a, 2b, 3 : 0%, 4.7%, 25.6%, 69.8% in 

the conventional group and 4.4%, 4.4%, 48.9%, 42.2% in the 

COVID-19 group, respectively; p=0.0238). The patient mRS at 

discharge were not significantly different between the two 

groups (p=0.1043) (Table 2).

The patients treated under the COVID-19 protocol were 

classified into two groups : suspected COVID-19 (-) and CO-

VID-19 (+) patients. We compared the door-to-imaging time 

and door-to-puncture time according to the subgroups (con-

ventional, suspected COVID-19 [-], and suspected COVID-19 

[+] groups). In this analysis, we found significant differences 

in the door-to-imaging time between the three groups 

(p=0.0048, Fig. 3), with a significant increase in the suspected 

COVID-19 (+) group (post hoc p=0.0043 and 0.0511, between 

the conventional group and suspected COVID-19 [-] group). 

The median door-to-imaging time in the suspected COV-

ID-19 (+) and COVID-19 (-) groups was 28.5 minutes (IQR, 

22–32) and 15 minutes (IQR, 11.2–19.0), respectively. There 

was no significant difference in the door-to-puncture time 

between the three groups (p=0.7436).

Multivariate analysis of procedure time
Multivariate analysis was conducted to identify factors that 

have a significant impact on the door-to-puncture time and 

total procedure time (Table 3). In our study, the door-to-

puncture time was significantly influenced by the occlusion 

site (p=0.0356), the last-normal-to-door time (p=0.0068), 

Table 2. Thrombectomy outcomes according to the protocol

Variable Conventional (n=45) COVID-19 (n=43) p-value

Operation room <0.0001

Angiography room 17 (37.8) 37 (86)

Hybrid room 28 (62.2) 6 (14)

Anesthesia <0.0001

Local 14 (31.1) 36 (83.7)

General 31 (68.9) 7 (16.3)

Door-to-imaging time (minutes) 14 (6–18) 15 (12.0–25.2) 0.0257

Initial imaging from other hospital 1 3

Door-to-tPA time in our center (minutes) 51 (49–57) 48 (45.0–51.8) 0.0941

Door-to-puncture (minutes) 145 (136–162) 140 (107.5–168.0) 0.5042

Puncture-to-recanalization (minutes) 60 (47.0–94.5) 43 (26.5–74.0) 0.0093

Failed to recanalization 2 0

Total procedure time (minutes) 209 (188.0–270.5) 189 (158–241.5) 0.0580

Failed to recanalization 2 0

TICI* 0.0238

0 2 (4.4) 0 (0.0)

2a 2 (4.4) 2 (4.7)

2b 22 (48.9) 11 (25.6)

3 19 (42.2) 30 (69.8)

mRS on discharge 0.1043

0–1 12 (26.7) 8 (18.6)

≥2 33 (73.3) 31 (72.1)

Unknown 0 (0.0) 4 (9.3)

Values are presented as median (Q1–Q3) or number (%). *0 : no perfusion, 2a : only partial filling of the entire vascular territory is visualized, 2b : com-
plete filling of all the expected vascular territory is visualized but the filling is slower than normal, 3 : complete perfusion. COVID-19 : coronavirus dis-
ease 2019, tPA : tissue plasminogen activator, TICI : Thrombolysis in cerebral infarction scale, mRS : modified Rankin scale
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Table 3. Multivariate analysis for the door-to-puncture time and total procedure time

Variable
Door-to-puncture time (n=84) Total procedure time (n=84)

Parameter* (95% CI) p-value† Parameter* (95% CI) p-value†

Occlusion vessel 0.0356 0.0001

ICA 1‡ 1‡

M1 -16.55 (-36.90 to -3.22) -32.49 (-62.37 to -3.57)

M2 -25.83 (-50.56 to -0.10) -59.50 (-94.35 to -23.79)

Posterior circulation -35.75 (-60.09 to -9.98) -81.56 (-116.05 to -45.63)

Last-normal-to-door time (per 10 minutes) 0.31 (0.08 to 0.56) 0.0068 0.36 (0.05 to 0.70) 0.0231

GCS score 4.61 (1.51 to 7.65) 0.0045 4.28 (-0.14 to 8.60) 0.0574

Door-to-imaging time (per 10 minutes) 11.28 (2.73  to 20.30) 0.0097 15.40 (3.65 to 27.76) 0.0103

Anesthesia 0.0694 0.0207

Local 1‡ 1‡

General 15.58 (-1.26  to 32.63) 28.39 (4.45 to 52.76)

*Parameters are interpreted as the ordinary linear regression model. They indicate average change by one unit increase in each variable. †p-values are 
estimated by the likelihood ratio tests. ‡Reference categories. ICA : internal carotid artery, M1 : middle cerebral artery, horizontal segment, M2 : middle 
cerebral artery, insular segment, GCS : Glasgow coma scale

Fig. 3. Graphical comparison of the door-to-imaging time and door-to-puncture time in the conventional, suspected coronavirus disease 2019 
(COVID-19) positive, and suspected COVID-19 negative groups. The door-to-imaging time was longer in the suspected COVID-19 positive group 
compared to that in the suspected COVID-19 negative and conventional protocol groups. The door-to-puncture time showed no statistical di�erence 
between the three groups.
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Glasgow coma scale (GCS) score at arrival (p=0.0045), and the 

door-to-imaging time (p=0.0097). Type of anesthesia showed 

borderline significance (p=0.0694). In the model for total pro-

cedure time, the same variables were shown to be significant, 

except GCS score (p-value for occlusion site, last-normal-to-

door time, GCS score, door-to-imaging time, and anesthesia 

type : 0.0001, 0.0231, 0.0574, 0.0103, and 0.0207, respectively). 

Among the hospital-based variables, the door-to-imaging 

time was the factor that contributed to a significant increase 

in the door-to-puncture time and total procedure time. The 

expected increment of the door-to-puncture time per 10-min-

ute increase in the door-to-imaging time was 11.28 minutes 

(95% confidence interval [CI], 0.54–17.29), and the expected 

increase in the total procedure time per 10-minute increase in 

the door-to-imaging time was 15.4 minutes (95% CI, 3.65–

27.76). A significant delay in the total procedure time was ob-

served among patients who received general anesthesia. In our 

multivariate analysis, expected delay in the total procedure 

time was 28.39 minutes (95% CI, 4.45–52.76) in patients who 

underwent mechanical thrombectomy under general anesthe-

sia when compared to those who received local anesthesia.

DISCUSSION

Neurointerventionists are under a lot of pressure to timely 

treat patients with acute stroke, as the saying goes “time is 

brain”15). Therefore, for patients with acute stroke requiring 

mechanical thrombectomy, neurointerventionists must ques-

tion whether a level of protection that prevents infection but 

does not significantly affect patient outcomes and time vari-

ables is possible. In 2020, Nguyen et al.11) published a mechani-

cal thrombectomy guideline to be used during the COVID-19 

pandemic. A few COVID-19-related studies have also dis-

cussed protection protocols for managing such cases. Howev-

er, the protection protocols they proposed were ambiguous 

and did not provide evidence regarding the extent to which 

these protective procedures affect care time and outcomes11,20). 

A previous report by Kerleroux et al.5) analyzed the changes in 

mechanical thrombectomy outcomes during the COVID-19 

pandemic using multi-center data in France. They demon-

strated a significant delay in the imaging-to-groin puncture 

time during the pandemic, which was not seen as significant 

in patients receiving mechanical thrombectomy at the stroke 

center5). However, Kerleroux et al.5) did not focus on the de-

tailed correlation between protection protocol and time delay. 

A recent study by Siegler et al.17) analyzed treatment times of 

patients with acute ischemic stroke. The authors demonstrat-

ed small but significant delay of procedure time in large co-

hort, and the result is somewhat different from that of our 

study. However, most of the previous data on these issues are 

likely to be biased since the data collected before the COV-

ID-19 pandemic would have been collected from medical staff 

with expertise in the existing conventional protocol, and there 

is a high possibility that the time indices of the data from the 

pre-COVID-19 period would be smaller than those in the 

post-COVID-19 period. Contrarily, the special situation at our 

center, where a shutdown period was implemented after open-

ing for 1 year, involved a new protocol for the periods before 

and after the COVID-19 outbreak. This made it possible to 

objectively evaluate the differences in time delay between the 

two protection protocols without bias from various aspects.

In the comparison between the conventional and the COV-

ID-19 protocols, the most prominent result was that the pa-

tients’ door-to-imaging time was significantly longer with the 

COVID-19 protocol. Further analysis revealed that the signifi-

cance of this difference was because of the protocol applied 

for suspected COVID-19 (+) patients, which was distinctively 

prolonged. The door-to-puncture time could be standardized 

for all patients if the diffusion MRI step is skipped in all sus-

pected of COVID-19 (+) patients. Though skipping diffusion 

MRI would result in microbleeds not being detected, CTA 

with CTP are as effective as diffusion MRI for the detection of 

penumbra. Therefore, we were able to reduce the time re-

quired under the COVID-19 protocol without affecting the 

efficiency of the protocol4,22).

Interestingly, using a moderate level of protection for sus-

pected COVID-19 (-) patients, there was little difference in 

time indices from the conventional group. These facts clearly 

show that the more protection requirements, the greater the 

time delay. Moreover, it is evident that an appropriate level of 

protection can be provided with almost no time delay com-

pared to that with the conventional protocol; therefore, a bal-

ance between time savings and protection is needed. Based on 

further understanding of COVID-19 and its diagnosis, it 

would be beneficial to develop comprehensive criteria to dis-

tinguish the patients who require high-level protection from 

those who do not. An adequate level of protection could be 
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provided to other patients if these high-risk patients can be 

optimally identif ied, and the same time indices can be 

achieved as those before COVID-19. Discussions regarding 

the degree of protection and methods for screening patients 

with a high likelihood of COVID-19 infection in an emergen-

cy setting are warranted.

Through our multivariate analysis, it was confirmed that 

the significant hospital-based factors to be considered for the 

door-to-puncture time and total procedure time were the 

door-to-imaging time and anesthesia type. Considering that 

the intensive COVID-19 protocol significantly prolonged the 

door-to-imaging time, as mentioned above, the results of the 

multivariate models also indicated that setting an appropriate 

level of protection to reduce the door-to-imaging time is im-

portant and must be considered when establishing a protec-

tion protocol. Interventionists always consider risk to benefit 

ratio of mechanical thrombectomy for patients with a long 

last-normal-to-door time. Additionally, patients need to be 

informed regarding the hemorrhagic transformation risks af-

ter mechanical thrombectomy. These factors may affect the 

door-to-puncture time and need more specific analysis in fu-

ture12,14). Based on the anesthesia types, it was confirmed that 

the use of general anesthesia caused a considerable delay. Re-

cent studies have not been able to prove the superiority or in-

feriority of one anesthesia type over the other1). One may pre-

fer general anesthesia, given the advantages of patient’s airway 

maintenance and ease of irritability control and the potential 

risks of conversion from local anesthesia to general anesthesia. 

However, under the COVID-19 protection protocol, there is 

already a time delay in obtaining brain imaging before the 

procedure. Therefore, efforts to reduce the time taken to per-

form other processes are needed. Furthermore, it is worth 

noting that the emergency conversion to general anesthesia 

from local anesthesia in mechanical thrombectomy is report-

ed to be tolerable, and the risk of COVID-19 droplet infection 

during general anesthesia because of intubation has already 

been reported3,11). Therefore, in situations with high risks of 

infective diseases, such as COVID-19, it may be a good idea to 

use local anesthesia first.

The protection protocol is not a small burden for the medi-

cal staff, especially for interventionists. Many factors contrib-

ute to the burden, including the delayed time caused by the 

protection processes, increased fatigue by wearing heavy PPE 

and lead protection equipment simultaneously, and increased 

difficulty when performing the procedure because of the dis-

comfort caused by PPE; these are difficult to objectively evalu-

ate but cannot be overlooked. In our data, the total procedure 

time was not prolonged even with a significant increase in the 

door-to-imaging time because our puncture-to-recanalization 

time was significantly shortened in patients under the COV-

ID-19 protocol. This was largely attributed to a large portion 

of patients undergoing mechanical thrombectomy under local 

anesthesia under the COVID-19 protection protocol. Howev-

er, there was a possibility of increased burden or fatigue for 

the medical staff, which may have made mechanical throm-

bectomy faster. Nevertheless, our data showed that there was 

no significant difference in patients’ mRS between the two 

protocols at the time of discharge and that postoperative TICI 

grades tended to be slightly better in patients in the COV-

ID-19 group than in the conventional group. While various 

aspects must be considered, it can be argued that the COV-

ID-19 protection protocol did not significantly diminish ef-

fectiveness mechanical thrombectomy. There must be further 

investigations into the impact of the protection protocol from 

an interventionist’s perspective.

This study had several limitations. Even though the size of 

our data was not exceedingly small, there were only six pa-

tients in the suspected COVID-19 (+) group; therefore, suffi-

cient statistical power could not be achieved in the analysis of 

this group. In addition, since there was no patient who was ac-

tually diagnosed with COVID-19 based on the confirmatory 

test, the actual protection capabilities of our protection proto-

col could not be evaluated. Furthermore, the effectiveness of 

classifying a patient as suspected COVID-19 (+) case using 

only early clinical symptoms and chest radiography with chest 

CT needs to be justified8,19). Lastly, though we presented a 

well-organized COVID-19 protection guideline for mechani-

cal thrombectomy, there may be limitations in applying the 

same protection protocol for other procedures and other hos-

pitals. Recently, many people have been vaccinated against 

COVID-19. Our hospital is establishing a fast-track protocol 

for patients who have been vaccinated. We intend to conduct 

further research after establishing this protocol.

CONCLUSION

For mechanical thrombectomy, protection protocols to pre-



J Korean Neurosurg Soc 65 | March 2022

234 https://doi.org/10.3340/jkns.2021.0053

vent the spread of COVID-19 affected the time interval from 

patient arrival to acquiring brain images, particularly in pa-

tients needing a high-level of protection. Even though there 

was no statistical difference in the door-to-puncture time be-

tween the conventional and COVID-19 groups, shortening of 

the door-to-imaging time and performing the procedure un-

der local anesthesia whenever possible are required for short-

ening of the door-to-puncture and door-to-recanalization 

times. However, we could not find any evidence indicating in-

feriority of mechanical thrombectomy outcomes under the 

COVID-19 protection protocol compared to those conducted 

under the conventional protocol. The design and processes of 

a protection protocol that can satisfy both time efficiency and 

adequate level of protection warrant further in-depth discus-

sion. A protection protocol that is both time efficient and pro-

vides an adequate level of protection warrants further in-

depth investigation.
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