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Abstract

Background: We performed a meta-analysis to evaluate the outcomes of acute ischemic stroke (AIS) in patients
treated with mechanical thrombectomy (MT), according to diabetes mellitus and admission glucose level (AGL).

Methods: We systematically reviewed previous studies in PubMed that reported outcomes of MT in AlS patients and
their relationships with diabetes mellitus or AGL. We used functional independence (modified Rankin score <2 at
3 months) as the primary end point.

Results: Data from 12,653 patients in 47 articles that evaluated the effect of diabetes mellitus or AGL on outcomes
after MT were included. Compared with patients without a history of diabetes mellitus, patients with a diabetes mel-
litus history had significantly lower odds of functional independence in both the unadjusted meta-analysis (odds ratio
[OR] 0.64; 95% confidence interval [CI] 0.54-0.75) and the multivariable analysis (OR 0.48; 95% CI 0.33-0.71). Similarly,
higher AGL was associated with an unfavorable functional outcome in the unadjusted meta-analysis (pooled effect
size —0.38;95% Cl —0.45 to —0.31), and the adjusted OR (95% Cl) per 1 mmol/L increase in AGL was 0.87 (0.83-0.92)
for functional independence according to the combined multivariable results. Recanalization rate and symptomatic
intracranial hemorrhage were neither related to AGL nor different in patients with or without diabetes mellitus.

Conclusions: The present study confirms that a history of diabetes mellitus and high AGL are associated with unfa-
vorable functional outcomes at 3 months after MT in AlS patients. However, the causal relationship between hyper-
glycemia and poor prognosis remains undetermined, and further investigations are required to ascertain whether AIS
patients receiving MT could benefit from intensive glucose control.
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Introduction (MT) in the management of acute ischemic stroke (AIS)
In recent years, accumulating evidence has demonstrated ~ caused by large-vessel occlusion [1-6]. Despite the sub-
the safety and efficiency of mechanical thrombectomy stantial improvements demonstrated by recently pub-
lished trials, a large number of patients do not experience
good neurological outcomes even though successful
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intra-arterial thrombolysis. It is reasonable to speculate
that the glucose value is also related to the treatment effi-
cacy of MT.

Possible mechanisms explaining the association
between hyperglycemia and poor outcomes in AIS
patients include altered blood—brain barrier permeabil-
ity [12, 13], increased lactic acid production in ischemic
tissue [14], impairment of cerebrovascular reactivity in
the microvasculature [15], and increased vulnerability
to reperfusion injury [16]. A post hoc analysis [17] of the
SWIFT (Solitaire Flow Restoration with the Intention for
Thrombectomy) trial indicated that in patients treated
with MT, hyperglycemia was independently associated
with a worse outcome at 3 months. Another analysis
[18], using data from the MR CLEAN (Multicenter Ran-
domized Clinical Trial of Endovascular Treatment for
Acute Ischemic Stroke in the Netherlands) study, showed
no significant interaction between increased admission
serum glucose and clinical outcomes in AIS patients
administered intra-arterial treatment. Available evidence
shows conflicting results with regard to a potential detri-
mental effect of glucose level on clinical outcomes.

We therefore sought to investigate whether diabe-
tes mellitus history or admission glucose level (AGL),
in patients with AIS treated by MT, was associated with
worse outcomes by conducting a systematic review of
previous observational studies.

Materials and Methods

Search Strategy

We attempted to identify all published observational and
interventional studies reporting the influence of diabetes
mellitus or AGL on efficacy or safety outcomes in AIS
patients treated with MT by searching PubMed (from
January 2007 to October 2017), without language restric-
tion. The following search terms were used: (intra-arte-
rial OR endovascular OR mechanical OR thrombectomy
OR embolectomy OR recanalization OR clot removal OR
clot disruption) AND stroke. We also searched the refer-
ence lists of the retrieved articles and published review
articles for additional studies.

Study Selection and Data Extraction

Potentially relevant articles were independently evalu-
ated by two investigators (GD Lu and ZQ Ren) based
on the title and abstract. After primary selection, the
full text of closely related studies was then obtained for
further review, and the prespecified inclusion crite-
ria were as follows: (1) the age of included AIS patients
was > 18 years, and the sample size was>90; (2)>70%
of the included patients were treated with MT with or
without thrombolysis; and (3) a statistical analysis of
the association of outcomes (efficacy or safety) with a

history of diabetes mellitus or AGL was reported. We did
not include reviews, meta-analyses, case reports, stud-
ies focusing on posterior circulation occlusion, or stud-
ies with a treatment time>24 h after stroke onset. For
records with overlapping data, the most updated or most
inclusive data were chosen for the analysis. When multi-
ple end points were reported in separate articles or when
impacts of diabetes mellitus and AGL were reported in
separate articles, duplicate articles were included. We
did not assess the quality of studies included, for most
of them were not primarily designed to investigate the
effects of diabetes mellitus history or AGL on efficacy or
safety outcomes in AIS patients treated with MT.

Data extraction from eligible studies was independently
performed by two authors (GD Lu and ZQ Ren), and
disagreements were resolved through discussion with
another author (QQ Zu). The following relevant infor-
mation was collected: report features (first author, year
of publication, journal); study design (country included,
study period, study type); subjects included (number,
age, sex, occlusion sites, admission National Institutes
of Health Stroke Scale [NIHSS]); mechanical technolo-
gies used (Merci retriever, Penumbra system, clot dis-
ruption, angioplasty, stent placement, manual aspiration,
or stent retriever); definition and incidence of outcomes
(recanalization, mortality, functional outcomes, intrac-
ranial hemorrhage); associations with diabetes mellitus
(or AGL); and outcomes in univariate or multivariate
analyses. We did not contact the authors of the studies to
obtain incomplete data.

Outcome Variables and Statistical Analysis

The primary end point of the present study was func-
tional independence, defined as a modified Rankin
Scale score of <2 at 90 days after endovascular treat-
ment. Other end points included successful reca-
nalization/angiographic outcomes (Thrombolysis in
Myocardial Infarction > 2 or Thrombolysis in Cerebral
Infarction 2b/3) and symptomatic intracranial hemor-
rhage (sICH, defined according to definitions in the
original studies).

In the present study, AGLs were reported with the con-
ventional unit (mg/dL), and the standard unit (mmol/L)
was converted to the conventional unit by multiplying by
18 when necessary. Using patients without a diabetes mel-
litus history as the reference group, the unadjusted effect
size for diabetes mellitus according to the ORs and asso-
ciated 95% CIs was calculated by the Mantel-Haenszel
method. The unadjusted effect size for AGL was reported
as the standardized mean difference (SMD) and 95% Cls
based on the inverse variance method between patients
with and without end points. When AGL means (+SD)
were not available, the effect size was approximated by
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medians (interquartile range) or converted based on the
OR associated with the glucose cutoff level [19]. A ran-
dom-effects model was used for all syntheses. Statistical
heterogeneity was assessed with Cochran’s Q via a Chi-
square test. We performed sensitivity analyses to inves-
tigate the end points, including only studies that used
modern mechanical thrombectomy technologies (i.e.,
stent retrievers and direct aspiration) and studies that
relied heavily on the Merci device or Penumbra or did
not specify the type of mechanical thrombectomy tech-
nology used. Sensitivity analyses restricted to the studies
in which the effect size was not approximated were also
reported. Funnel plots and the Egger test (for the primary
end point only) were used to assess publication bias [20].
Finally, we collected and combined the available multi-
variate results, and for AGL, we calculated the adjusted
OR per 18 mg/dL (=1 mmol/L) increase in glucose val-
ues. All statistical analyses were performed using Stata
14.0 (Stata Corp, College Station, TX). A probability
value of <0.05 was considered significant, except for het-
erogeneity testing, for which significance was accepted at
a probability value of 0.10.

Results

Study Selection and Characteristics

A total of 5975 potentially eligible records were identi-
fied from PubMed. During the selection process, 5582
records were eliminated after reading the titles and
abstracts alone: 1301 reviews; 2913 studies not related
to our study; 932 case reports, comments, errata, or
study protocols; and 436 studies in which the number
of patients was<90. Of the 393 remaining articles, the
full text was reviewed, and study exclusion was as fol-
lows: 240 were excluded due to missing required infor-
mation, 8 were excluded because of overlapping patient
populations, 5 were excluded because they only included
patients with posterior circulation occlusion, 88 were
excluded because they only included patients with sim-
ple intravenous thrombolysis or>30% of the included
patients underwent intra-arterial thrombolysis only, and
5 were excluded because they only included patients with
successful recanalization. No additional studies were
found by hand-searching the review and relevant arti-
cles. Finally, 47 articles from 42 studies including a total
of 12,653 patients were included in the meta-analysis
(Fig. 1).

The main features of the included articles are shown
in Table I in Supplemental Material. Thirty-eight studies
reported the number of diabetes mellitus patients, and
the proportion of diabetes mellitus patients was 21.3%
(2586/12,138). Of the 41 studies that reported occlusion
location, 28 included anterior circulation strokes only,

and the remaining 13 studies included both anterior
and posterior circulation strokes. Of the 36 studies that
reported the type of mechanical thrombectomy technol-
ogy used, modern mechanical thrombectomy technolo-
gies (i.e., stent retrievers and direct aspiration) were used
in 21 of them.

Diabetes Mellitus and Outcomes

The available unadjusted results of the effect of diabe-
tes mellitus on functional outcomes were reported in
23 studies (n=6515). Compared with those without,
patients with a history of diabetes mellitus were associ-
ated with significantly lower odds of functional inde-
pendence (Fig. 2). We found similar results in a sensitivity
analysis that only included studies that utilized modern
mechanical thrombectomy technologies (Fig. 2) and in
a pooled analysis of available multivariate ORs (Fig. 4a).
There was no significant difference in recanalization
rates (OR 1.00; 95% CI 0.85-1.18; I>=0.0%) between
the patients with and without a history of diabetes mel-
litus (13 studies; #=4234). A similar result was found in
the sensitivity analysis that only included studies utiliz-
ing modern mechanical thrombectomy technologies (6
studies, 7n=1254; OR 0.99; 95% CI 0.72-1.36; I?=0.0%).
We also found no difference in the combined available
unadjusted results for sSICH (OR 0.97; 95% CI 0.71-1.31;
PP =0.0%) between patients with and without a history of
diabetes mellitus (6 studies; #=2729). Additionally, the
sensitivity analysis that only included studies utilizing
modern mechanical thrombectomy technologies showed
a similar result (2 studies, »="778; OR 0.89; 95% CI 0.53—
1.48; P =0.0%).

Admission Blood Glucose Levels and Outcomes

The available unadjusted effect sizes of the effect of
AGL on functional outcomes were reported in 13 stud-
ies (n=3199), and patients with functional independ-
ence had a significantly lower AGL than patients without
functional independence (Fig. 3). A similar result was
found in a sensitivity analysis that only included studies
with modern mechanical thrombectomy technologies
(Fig. 4) or excluded studies with approximate effect sizes
(7 studies; n=2007; pooled effect size —0.37; 95% CI
—0.46 to — 0.28; I’ =0.0%). A higher AGL remained asso-
ciated with poor functional outcomes when the available
multivariable results were combined (calculated as ORs
per 18 mg/dL of glucose, Fig. 4b). There was no difference
in AGL (pooled effect size —0.04; 95% CI —0.18 to 0.09;
P=0.0%) between the patients with and without suc-
cessful recanalization (6 studies; n=1070). Moreover, a
similar result was found in a sensitivity analysis that only
included studies with modern mechanical thrombectomy
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5975 citations identified by searching Pubmed

5582 excluded based on title and abstract

- review (n=1301)

- records not related (n=2913)

- case reports, comments, errata or study
protocols (n=932)

- number of cases <90 (n=436)

A4

393 records retrieved for more detailed evaluation

346 excluded by full text review:

- no information required (n=240)

- repeating data overlap (n=8)

- only including posterior circulation occluded
patients (n=5)

- including patients with simple intravenous
thrombolysis or more than 30% of included patients
received intra-arterial thrombolysis only (n=88)

- only including patients with successful
recanalization (n=5)

A4

47 articles included in the study

Fig. 1 Flowchart of the study selection process

technologies (4 studies; n=793; pooled effect size —0.03;
95% CI —0.19 to 0.13; >=0.0%) or excluded studies with
approximate effect sizes (3 studies; n =436; pooled effect
size —0.03; 95% CI —0.24 to 0.18; 12=0.0%). A nonsig-
nificant difference in available unadjusted effect sizes
of AGL (pooled effect size 0.28; 95% CI —0.01 to 0.58;
IP=57.4%) was found between patients with and with-
out sICH (5 studies; »=1230). Additionally, the sensitiv-
ity analysis that only included studies utilizing modern
mechanical thrombectomy technologies (3 studies;
n=921; pooled effect size 0.26; 95% CI —0.05 to 0.57;
P =47.8%) and excluded studies with approximate effect
sizes (3 studies; n =452; pooled effect size 0.22; 95% CI
—0.41 to 0.85; I>=73.3%) showed a similar result.

Publication Bias

The funnel plot did not suggest publication bias for both
a history of diabetes mellitus and AGL with respect to
functional independence (Fig. 5). The P value for publica-
tion bias was 0.404 for the relationship between diabetes
mellitus and functional outcomes and 0.665 for the rela-
tionship between AGL and functional outcomes.

Discussion

Evidence from currently available data suggests that dia-
betes mellitus and high AGL are associated with lower
odds of functional independence at 3 months after MT
in AIS patients. Recanalization rates and sICH were not
related to AGL and were not different between patients
with and without diabetes mellitus.
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Study EDM/DM ENDM/NDM OR (95% CI)
Prestent retrival/aspiration :
Hallevi, 200911 11/42  53/148 e 0.64 (0.30, 1.37)
Abou—Chebl, 20105 66/224  289/756 —_— 0.68 (0.49, 0.93)
Natarajan, 20111 54/166  185/448 —— 0.69 (0.47, 1.00)
Yoo, 20128 6/24 21/83 — 0.98 (0.35,2.81)
Arnold, 201207] 17/60  172/328 —_—— 0.36 (0.20, 0.65)
Liggins, 201312 11/22  54/87 S e m— 0.61(0.24, 1.57)
Sun, 20130'7] 20/57  49/136 —_ 0.96 (0.50, 1.83)
Prabhakaran, 2014181 35/116  151/395 —_— 0.70 (0.45, 1.09)
Hendén, 2015[22] 2/11 39/97 g , 0.33(0.07,1.61)
Todo, 20162 14/31  42/97 1.08 (0.48, 2.43)
Osei, 20161331 9/49 70/286 —_— 0.69 (0.32, 1.50)
Subtotal (I-squared = 0.0%, p = 0.610) <> 0.68 (0.57,0.80)
. 1
Stent retriever/aspiration :
Singer, 2013011 12/64 137/298 _— 0.27 (0.14,0.53)
Mokin, 2013191 10/29  28/72 —_— 0.83 (0.34,2.04)
Ribo, 2014116] 12/40  64/174 —_— 0.74 (0.35, 1.55)
Rend, 20151281 9/29 56/103 —_— 0.38(0.16,0.91)
He, 2015[23] 6/16 48/91 * 0.54 (0.18, 1.60)
Zi, 20171371 53/128 251/570 —— 0.90 (0.61, 1.32)
Alawieh, 201738 23/35 76/145 | ———— 1.74 (0.81, 3.76)
Yoon, 2017401 23/67 128/268 ——] 0.57 (0.33, 1.00)
Seker, 201741 5/17 38/85 > 0.52(0.17,1.59)
Hernandez—Pérez, 201712 9/36 80/158 : 0.33(0.14, 0.74)
Blanc, 20171431 19/63  125/260 —_— 0.47 (0.26, 0.84)
Protto, 2017149 8/18 49/86 + 0.60 (0.22, 1.68)
Subtotal (I-squared =49.2%, p = 0.027) <> 0.59 (0.44, 0.80)
. 1
Overall (I-squared =27.2%, p=0.113) ¢ 0.64 (0.54,0.75)
NOTE: Weights are from random effects ana:ysis ' :
.05 1 18
Fig. 2 Forest plots of unadjusted odds ratios (ORs) for functional independence associated with diabetes mellitus history. EDM/DM = number of
patients with both functional independence and diabetes mellitus/number of patients with diabetes mellitus; ENDM/NDM = number of patients
without diabetes mellitus but with functional independence/number of patients without diabetes mellitus. Ellipses denote not available. Refer-
ences to the studies listed are provided in Supplemental Material

Animal studies have shown that hyperglycemia is
associated with larger infarct sizes in permanent MCA
occlusion models that have large penumbral areas in col-
laterally perfused regions, such as cats or monkeys [21,
22]. A pioneering magnetic resonance imaging study
in patients with AIS also reported that hyperglycemia
reduced salvage of perfusion—diffusion mismatch tissue
from infarction and resulted in greater infarct sizes, as
glucose levels<7.0 mmol/L were associated with>80%
penumbra salvage and levels>8.0 mmol/L were asso-
ciated with<50% salvage [23]. A prospective study
indicates that hyperglycemia correlates with a mark-
edly larger increase in the infarction volume in patients
receiving intravenous thrombolysis [24]. Hypergly-
cemia may accelerate the transformation of ischemic

penumbra into infarction, as a result of lactate accumula-
tion and acidosis, which can be directly toxic or trigger
different mechanisms that eventually leading to infarc-
tion. Furthermore, hyperglycemia is also associated
with increased reperfusion injury, which aggravates the
impairment of brain tissue after recanalization [14, 16,
25]. Despite all these supporting data, a Cochrane review
including 11 randomized controlled trials showed that
treatment with intravenous insulin to maintain normal
glucose levels did not provide a benefit in terms of func-
tional outcomes, death, or improvement in final neuro-
logical deficits, but it significantly increased the number
of hypoglycemic episodes [26]. A randomized controlled
trial even reported that compared with control treatment
in patients with vessel occlusion, greater infarct growth
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study G—Mean(SD) P—Mean(SD) SMD (95% Cl)
. .
Prestent retrival/aspiration :
Hallevi, 20091 126(37) 153(61) —_— ~0.50 (~0.80, -0.19)
Arnold, 201271 126(36) 137(42) —_— -0.28 (-0.48, —0.08)
Chandra, 2012017 131(33) 146(51) — -0.32 (-0.67, 0.04)
Liggins, 201312 115(28) 131(33) — -0.53 (-0.92, -0.14)
Shi, 201511 113(143)  128(257) E + -0.07 (-0.35,0.22)
Todo, 20162°] 120(44) 129(39) — -0.22(-0.57,0.13)
Hendén, 201522 115(23) 130(40) -~ -0.43 (-0.83, -0.04)
Subtotal (I-squared = 3.5%, p = 0.399) <> ~031(-043,-0.19)
|
Stent retriever/aspiration E
Singer, 2013[" 115(19) 133(41) —_— -0.53 (=0.75,-0.32)
Ribo, 20140161 122(29) 137(42) —_— -0.40 (-0.68, -0.11)
Labeyrie, 2015[26] 119(22) 137(44) —_— -0.52 (~0.85,-0.19)
Rend, 2015281 116(24) 127(31) - —0.40 (-0.74, —0.05)
Kim, 201602 134(52)  145(68) — ~0.18 (~0.54, 0.19)
Zi, 20171871 124(45) 149(70) — -0.41(-0.57,-0.26)
Hernandez—Pérez, 2017421 123(34) 139(42) —0-:— —-0.42 (-0.70,-0.13)
Subtotal (I-squared = 0.0%, p = 0.777) < ~0.43 (-0.52, -0.33)
: |
Overall (I-squared = 0.0%, p = 0.536) Q —0.38 (-0.45,-0.31)
NOTE: Weights are from random effects analysis E
| | ]
-1 0 5
Fig. 3 Forest plots of unadjusted SMDs in admission glucose level between patients with and without functional independence. G-mean
(SD) =the mean admission glucose level in patients with functional independence and the standard deviation; P-mean (SD) =the mean admission
glucose level in patients without functional independence and the standard deviation. References to the studies listed are provided in Supplemen-
tal Material

was observed in patients treated with glucose—potas-
sium—insulin [27]. Currently available evidence sug-
gests that hyperglycemia may only be a transient stress
response, which reflects the severity of the stroke, rather
than a causal factor, explaining why interventional stud-
ies on hyperglycemia were all inconclusive.

However, all the relevant randomized controlled trials
regarding glucose control enrolled patients within 12 h
[28, 29] or 24 h [27, 30—33] of ischemic stroke onset, and
the recanalization condition of the included patients was
not taken into account. The benefits of intensive glu-
cose control in cases of stroke with hyperglycemia may
therefore be masked by the time delay after stroke or
the low recanalization rate in the experimental groups,
as arterial recanalization grade and speed have been
reported to be one of the strongest predictors of favora-
ble outcomes after thrombolysis. An experiment in rats
with reversible middle cerebral artery (MCA) occlusion
showed that large infarcts occurred after 15-45 min of
MCA occlusion in hyperglycemic rats, whereas they
only appeared after 60-90 min in normoglycemic rats,

and the final infarct sizes were fivefold to tenfold larger
in hyperglycemic compared with normoglycemic rats
[34]. Ribo et al. found that the time before arterial reca-
nalization that was associated with poor outcomes was
only 3.5 h in AIS patients with hyperglycemia, whereas it
was 7.5 h in patients with adequate glucose control [35].
Accumulating evidence has shown the success of endo-
vascular treatment, especially MT using stent retriev-
ers, in improving the recanalization rate in patients
with AIS caused by large-vessel occlusion. Moreover, in
most cases, MT was performed within 8 h of ischemic
stroke onset. Since the time delay and the low recanaliza-
tion rate have been overcome by MT, it is reasonable to
assume that the effect of intensive glucose control would
become visible in AIS patients.

Although our results show that high AGL is related to
unfavorable functional outcomes, the precise association
between serum glucose levels and functional outcomes in
AIS patients needs to be further studied. Ntaios et al. [36]
reported that functional outcomes and glucose values are
best modeled as a J-shaped curve with worse outcomes at
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A
study OR(95% Cl) Weight %
Arnold, 201271 —a— 0.33 (0.16, 0.69) 17.08
Spiotta, 2013171 #— 0.27 (0.08, 0.79) 8.99
Abilleira, 201419 - 0.67 (0.40, 1.14) 24.44
Pfaff, 2015124 + : 0.13 (0.03, 0.56) 5.97
Osei, 2016033 _— 0.53 (0.19, 1.43) 10.94
Alawieh, 2017138 —_— 1.11 (0.38, 3.20) 10.07
Slezak, 20171281 —_— 0.54 (0.31, 0.97) 2253
Overall (I-squared = 33.6%, p = 0.172) <> 0.48 (0.33, 0.71) 100.00
NOTE: Weights are from random effects analysis i
T T
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B
Study OR(95% ClI) Weight %
Arnold, 2012["] —*— 0.87 (0.77,0.98) 11.84
Kim, 20162 - 0.88(0.72,1.07) 582
Singer, 20130'1 —_— 0.78 (0.67,0.91) 8.62
Zi, 201767 ——— 0.92 (0.85, 0.99) 18.66
Todo, 201612 —_— 097 (0.84,1.11) 983
Rena, 201528 . 0.70(0.55,0.89) 420
Bouslama, 201769 —_— 0.84 (0.78, 0.95) 1484
Osei, 2016131 —_— 0.77 (0.63,0.91) 6.55
Rebello, 201620 —_—— 092(0.85,098) 1963
Overall (I-squared = 40.4%, p = 0.098) <> 0.87(0.83,0.92)  100.00
NOTE: Weights are from random effects analysis |
I T
55 1 1.82

Fig. 4 Forest plots of combined ORs for functional independence associated with a diabetes mellitus history and b admission glucose levels in the
multivariable analysis. References to the studies listed are provided in Supplemental Material
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Fig. 5 Funnel plot of included studies. a Funnel plot of studies reporting effects of diabetes mellitus history on functional outcomes. b Funnel plot
of studies reporting effects of admission glucose levels on functional outcomes

both low and high glucose values. A retrospective study
with 58,265 patients also showed that the relationship
between hyperglycemia and clinical outcomes in AIS

patients treated with tPA was nonlinear. A similar asso-
ciation may also be present in AIS patients treated with
MT [11].
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Our study has several potential limitations. First, the
definition of sSICH was obtained from the original stud-
ies instead of from a standardized definition, which may
influence the reliability of the pooled results for this end
point. Second, all the studies included in our analysis were
observational, and most of them did not control for base-
line characteristics. It is reported that patients with hyper-
glycemia are older, have a higher median stroke severity
(as measured by the National Institutes of Health Stroke
Scale), have longer median onset to treatment times, and
have more frequently documented medical histories of
hypertension, carotid stenosis, dyslipidemia, and heart
failure [11], which indicates that the pooled unadjusted
results of the present study may be influenced by intrin-
sic biases in the baseline nonrandomized data. However,
our combined multivariate results showed similar out-
comes with combined unadjusted effect sizes, which partly
enhanced the credibility of our results. Third, we did not
evaluate the quality of the included studies. Although
important differences in inclusion criteria, devices used,
and stroke severity between studies may limit the generali-
zation of our conclusions, we have attempted to overcome
this issue by performing sensitivity analyses that only
included studies that used modern mechanical thrombec-
tomy technologies and studies in which the effect size was
not approximated. Finally, we did not evaluate the effects
of diabetes mellitus or AGL on clinical outcomes accord-
ing to reperfusion status and ischemic stroke type. Kim
et al. [17] reported that the negative effect of high glucose
levels may be exacerbated in patients with incomplete rep-
erfusion after MT and another study [37] suggested that
the adverse effects of hyperglycemia in AIS patients receiv-
ing thrombolysis were primarily found in the large-vessel
occlusive rather than in the cardioembolic stroke subtype.

In conclusion, a history of diabetes mellitus and high
AGL are associated with unfavorable functional out-
comes at 3 months after MT in AIS patients. However,
the causal relationship between hyperglycemia and poor
prognosis remains uncertain, and high AGL may just be a
transient stress response related to stroke severity rather
than a causal factor. Further randomized controlled stud-
ies, such as the ongoing Stroke Hyperglycemia Insulin
Network Effort (SHINE) trial [38], may provide impor-
tant novel information regarding the management of AIS
patients with hyperglycemia receiving MT.
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