
Frontiers in Endocrinology

OPEN ACCESS

EDITED BY

Ping Wang,
Michigan State University,
United States

REVIEWED BY

Kay Hau Aaron Choy,
Barwon Health, Australia
Yun Kyung Cho,
Asan Medical Center, South Korea

*CORRESPONDENCE

Jinkyeong Park
pjk3318@gmail.com
Seung Eun Lee
seyi0918@naver.com

†These authors have contributed
equally to this work

SPECIALTY SECTION

This article was submitted to
Clinical Diabetes,
a section of the journal
Frontiers in Endocrinology

RECEIVED 30 May 2022
ACCEPTED 28 July 2022

PUBLISHED 16 August 2022

CITATION

Lee YE, Lee EJ, Lee SE and Park J
(2022) Predictors of consciousness
improvement in patients with
hypoglycemic encephalopathy.
Front. Endocrinol. 13:956367.
doi: 10.3389/fendo.2022.956367

COPYRIGHT

© 2022 Lee, Lee, Lee and Park. This is
an open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

TYPE Original Research
PUBLISHED 16 August 2022

DOI 10.3389/fendo.2022.956367
Predictors of consciousness
improvement in patients with
hypoglycemic encephalopathy

Yu Eun Lee1, Eun Ja Lee2, Seung Eun Lee1*†

and Jinkyeong Park3*†

1Department of Internal Medicine, Dongguk University Ilsan Hospital, Goyang, South Korea,
2Department of Radiology, Dongguk University Ilsan Hospital, Goyang, South Korea, 3Department
of Pulmonary, Allergy and Critical Care Medicine, Kyung Hee University Hospital at Gangdong,
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Aims: Hypoglycemic encephalopathy (HE) can cause long-lasting mental

changes, disability, and even death. We aimed to investigate prognostic

factors for HE and to determine when the treatment of HE becomes futile.

Methods: We retrospectively evaluated the data of patients admitted for

prolonged HE at Dongguk University Ilsan Hospital between December 2005

and July 2021. We assessed the Glasgow Outcome Scale (GOS) to assess

functional outcome.

Results: Forty-four patients were enrolled in the study. Thirty-two of these

showed the improvement on GOS after treatment. Patients with improved

consciousness had a shorter duration of hypoglycemia (1.6±1.4 vs. 7.8±15.0

hours, p = 0.04) and a lower incidence of brain lesions than those without

improvements in consciousness (76.0% vs. 25.0%, p < 0.01). Patients whose

lesions were detected in initial MRIs were 1.3 times less likely to recover

consciousness after HE (odds ratios, 1.28; 95% CI, 1.09-1.52; p < 0.01). None

of the patients recovered consciousness after 320 h. Maximum time spent to

recover was 194 in patients without brain lesions and 319 in those with lesions.

Conclusions: Hypoglycemic brain injury detected in initial MRIs predicted

poorer HE prognosis. Nevertheless, treatment should be provided for at least

for 14 days after admission.

KEYWORDS

hypoglycemia, diabetes mellitus, magnetic resonance imaging, metabolic brain
diseases, encephalopathy, medical futility
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Introduction

Hypoglycemia is a significant complication of diabetes (1).

Severe hypoglycemia has been reported in 7.1%-16.5% of

patients with diabetes mellitus (DM) (2–5). The symptom and

signs of hypoglycemia range from feeling like a shark to

cognitive dysfunction and seizure. Mild hypoglycemia reduces

the quality of life, while severe hypoglycemia can be life-

threatening. Hypoglycemic encephalopathy (HE) is a condition

in which patients become comatose or enter prolonged stupor

despite normalization of blood glucose levels. This can cause

long-lasting mental changes, disability, or even death (6).

The factors that determine whether HE leads to a persistent

vegetative state, complete recovery, or anything in between

remain unclear. The functional brain failure that can result

from hypoglycemia is on a continuous spectrum of

progressively increased risk of neuronal death at lower plasma

glucose levels (7). Several mechanisms cause hypoglycemia-

induced brain damage. These include interruption of blood

glucose supply during a hypoglycemic episode and reperfusion

injury from therapeutic glucose supply. Factors found to be

related to the recovery of consciousness after a hypoglycemic

episode include initial blood glucose levels, body temperature

when hypoglycemic occurs, and brain lesion (6, 8–10). However,

research has been limited to case studies and case involving a

small number of patients, and results have varied from study to

study (6, 10).

More studies on clinical factors that can predict recovery

after HE are needed to avoid the futile treatment of patients with

irreversible brain injury and ensure the provision of intensive

treatment in patients with reversible brain injury. In this study,

we aimed to investigate the prognostic factors in HE patients and

evaluate the timing at which the treatment of HE becomes futile.
Materials and methods

Study population

We retrospectively evaluated the data of patients admitted to

Dongguk University Ilsan Hospital with prolonged HE between

December 1, 2005, and July 31, 2021. A diagnosis of prolonged

hypoglycemic encephalopathy was considered in all patients >18

years old admitted with the following: (1) a score of fewer than

13 points on Glasgow Coma Scale (GCS). (2) hypoglycemic

etiology of unconsciousness with at least one measurement of

plasma glucose or capillary blood glucose of <54 mg/dL on

presentation, and (3) no recovery of consciousness immediately

after normalizing blood glucose levels. Patients with possible

other causes of consciousness disorders and previous cognitive

disorders were excluded. Possible causes of consciousness

disorders include head trauma, cerebral infarction, cerebral

hemorrhage, and metabolic encephalopathies such as sepsis.
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The Medical Research Ethics Review Committee of Dongguk

University Ilsan Hospital approved this study (DUIH 2022-

01-006).
Data collection and operational
definitions

To identify factors that can predict the improvement of

consciousness from prolonged HE, we evaluated clinical

variables on admission, during hospitalization, and on

discharge. The duration of hypoglycemia was defined as the

time between the point loss of consciousness was first verified

and the start of treatment. Post-treatment hyperglycemia was

defined as serum glucose greater than 200mg/dL for 2 hours

post-treatment based on previous studies (10, 11).

Scores on the Glasgow Outcome Scale (GOS) were used to

assess functional outcomes. Scores range from 1 to 5, with 5

indicating good recovery, 4 indicating slight disability that has

not reached the previous functional level, 3 indicating disability

without the capacity for independent daily living, 2 indicating

absence of self-awareness and environmental awareness

(vegetative state), and 1 indicating death. Improvement of

consciousness was defined as an increase in GOS of 1 point or

more at any time during hospitalization from that at the time

of admission.
MR imaging and EEG

Magnetic resonance imaging (MRI) results were

retrospectively assessed by a a neuroradiologist (with 20 years

of clinical experience). All MRIs were performed on a 1.5- T

(Avanto, Siemens Healthcare) or 3-T (Skyra, Siemens

Healthcare, Erlangen, Germany) units. Areas with restricted

diffusion in typical locations of hypoglycemia (posterior limb

of the internal capsule, centrum semiovale, corona radiata,

cerebral cortex, hippocampus and basal ganglia) were defined

as MRI finding suggestive of HE. Lesions were evaluated

separately in each of the following four areas: (1) white matter

(centrum semiovale, corona radiata, internal capsule, corpus

callosum, and other white matter), (2) gray matter (frontal lobe,

parietal lobe, temporal lobe, occipital lobe, insular lobe, and

hippocampus), (3) deep gray matter (basal ganglia and

thalamus), and (4) brain stem. Based on a previous study, we

defined severe brain damage as high signal intensity in two or

more lobs of gray matter (8). Lesions in the other areas except for

gray matter or one lobe in gray matter in one lobe were

considered non-severe brain damage.

Electroencephalography (EEG) findings were categorized as

normal or abnormal. Background slow waves of 6–8 Hz are

defined as normal, and background slow waves of ≤6 Hz are

defined as abnormal.
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Statistical analysis

Clinical variables measured on admission were assessed for

changes as factors potentially predicting improvement of

consciousness in prolonged HE. Patients with improved GOS

scores during hospitalization were compared to those without

improvement. Student’s t-tests or Mann–Whitney U-tests were

used to compare continuous variables, and chi-square tests or

Fisher’s exact tests were used to compare categorical variables.

Statistically significant variables were defined as predictive

factors. For multivariate analysis, logistic regression and Cox’s

proportional hazards model were used. A log-rank test was used

to evaluate the improvement of consciousness in the presence or

absence of lesions on MRI. Finally, survival curves were

generated using the Kaplan–Meier method. All p-values were

two-sided, and p < 0.05 was considered statistically significant.

All analyses were performed using R (v. 4.0.3) (R Core Team,

Vienna, Austria) software.
Results

Of the 44 patients in our study, 38 (86.4%) had diabetes. After

treatment, 72.7% (32/44) of patients showed improvement in

GOS scores (Table 1). The mortality of this study was 11.4% (5/

44). Among those with diabetes on treatment, the proportion of

patients who suffered recurrent hypoglycemia was not different

between groups (30% vs. 17.9%, p = 0.72). In addition, etiology of

hypoglycemia, body temperature during hypoglycemia, and the

proportion of post-treatment hyperglycemia were not different.

The duration of the hypoglycemic episode was significantly

shorter in patients showing GOS improvement after treatment

than in those who did not (1.6 ± 1.4 vs. 7.8 ± 15.0, p = 0.04). MRI

images were obtained on admission for 37 of the 44 patients.

When brain lesions were identified on the initial MRIs, there was a

lower incidence of improvement in GOS scores than in those

without lesions (76.0% vs. 25.0%, p < 0.01). Of the 37 patients who

underwent MRI on admission, 24 (64.9%) were followed up with

further MRIs. Among those with lesions, patients whose

consciousness improved showed greater improvement in lesions

on MRI than those who did not (25% vs. 12.5%). On the other

hand, worsening of the lesion was observed in three cases without

improvement in consciousness and one case with improvement

in consciousness.

Figure 1 shows the odds ratios (OR) for failure to recover

consciousness after HE for each of the potential prognostic

factors. Those without any brain lesions on their initial MRI

were 1.3 times more likely to recover consciousness after HE

(OR, 1.28; 95% CI, 1.10–1.49; p < 0.01). Those without severe

brain damage on their initial MRI were 1.9 times more likely to

recover consciousness after HE when compared to those with

severe brain damage (OR, 1.87; 95% CI, 1. 29–2.71; p < 0.01).
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Patients without lesions were found to recover much faster

than those with lesions, regardless of the lesion location.

Maximum time spent to recover was 194 in patients without

brain lesions and 319 in those with lesions (Figure 2). None of

the patients recovered consciousness after 320 h.
Discussion

Our study is the first to report the time when treatment of

HE becomes futile. To support this, we investigated prognostic

factors, including MRI findings. This information is essential to

the determination of the reversibility of HE and the therapeutic

limitations of treatment. Our study showed that the absence of

lesions with high signal intensity on diffusion-weighted imaging

(DWI) was the most crucial factor in predicting improvement of

consciousness in patients with decreased consciousness due to

severe hypoglycemia. Furthermore, we confirmed that

improvement of consciousness could occur even after 14 days

after HE. Of note, majority of HE was developed in elderly with

diabetes. In addition, all diabetic patients had been treated with

insulin and/or sulfonylurea, which suggests that these agents

should be cautiously prescribed in elderly.

Barbara et al. (6) reported similar results from the MRI scans

of 20 patients with HE. Only 7% of their patients with poor

outcomes showed normal initial MRI findings, whereas 25% of

those with good outcomes had normal initial MRIs. In our study,

27.3% of patients had poor outcomes. In the study by Barbara

et al., 63% had poor outcomes. This was despite more of our

patients having severe gray matter lesions (n = 8, 53.3%) than

those of Barbara et al. (35%). It is not fully established whether

differences in lesion location are related to patient prognosis.

However, some studies (9, 12) have reported that white matter is

more vulnerable to hypoglycemia and has a greater association

with irreversible injury. Therefore, white matter lesions during

HE could appear early and result in irreversible damage. Yet,

other studies have found that patients with gray matter

involvement have worse outcomes than those with only white

matter involvement (8, 13–15). Other research has

demonstrated change over time in HE lesions with changes in

blood glucose levels (12, 15–17). A prospective study (12) that

performed DWI on admission and again on day 2 showed that

gray matter lesions were more prominent on day 2 images than

initial images, suggesting that these lesions had developed over

time. In consecutive MRIs, we found lesions that moved from

white to gray matter in some patients. One of these was a

hyperintensity lesion to white matter and the hippocampus on

admission. However, the follow-up image on day 12 showed

extensive gray matter involvement without any lesion to the

white matter. Another patient with only white matter

involvement on admission showed extensive gray matter

changes on a day 4 follow-up DWI, with regression of the

white matter lesion. Both patients remained in a vegetative state.
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This suggests that lesion location might be affected by the time of

the MRI study.

Previous studies have suggested that longer duration of

hypoglycemia is a poor prognostic factor (6, 10). In our study,
Frontiers in Endocrinology 04
the duration of hypoglycemia was significantly shorter in

patients who demonstrated GOS score improvements.

However, the duration of hypoglycemia was not an

independent predictor of improvement in GOS after
TABLE 1 Baseline characteristics of patients with hypoglycemic encephalopathy.

Patients without improving GOS Patients with improving GOS P-value

Number of patients 12 32

Age 68.8 ± 12.0 69.8 ± 14.9 0.84

Male (%) 6 (50.0) 17 (53.1) 1.00

BMI 19.1 ± 3.2 21.4 ± 4.1 0.10

Body temperature 37.0 ± 0.9 36.5 ± 0.9 0.11

Hospital LOS (days) 54.6 ± 49.3 30.0 ± 57.3 0.20

ICU LOS (days) 31.8 ± 47.9 16. 3 ± 56.0 0.40

Alcohol (%) 3 (25.0) 10 (31.2) 0.97

Diabetes 10 (83.3) 28 (87.5) 1.00

Number of OHA classes* 0.34

Less than 2 6/9 (66.7) 11/27 (40.7)

2 or above 3/9 (33.3) 16/59.3 (59.3)

Insulin* 5/9 (55.6) 14/27 (51.9) 1.00

Insulin and/or sulfonylurea* 9/9 (100) 27/27 (100)

Cause of hypoglycemia 0.83

Glucose-lowering therapy 10 (90.9) 27 (87.1)

Alcohol 0 (0) 1 (3.2)

Unknown 1 (9.1) 3 (9.7)

Recurrent# 3/10 (30.0) 5/28 (17.9) 0.72

Duration of hypoglycemia 7.8 ± 15.0 1.6 ± 1.4 0.04

Initial glucose levels 30.6 ± 15.0 33.8 ± 15.0 0.54

Post-treatment hyperglycemia 7 (77.8) 20 (66.7) 0.83

GCS at ER 7.8 ± 3.9 8.45 ± 4.0 0.61

Seizure (%) 2 (16.7) 12 (37.5) 0.34

HbA1c 6.9 ± 1.8 6.8 ± 2.1 0.86

C-peptide 2.1 ± 1.9 4.32 ± 5.1 0.21

MRI (%) at initial <0.01

Normal 3 (25.0) 19 (76.0)

Abnormal, 9 (75.0) 6 (26.9)

Non-severe 3 (33.3) 4 (66.7)

Severe 6 (66.7) 2 (33.3)

GOS at admission (%) 3 (27.3) 6 (18.2) 0.83

2 8 (75.0) 27 (81.2)

3 3 (25.0) 6 (18.8)

Follow-up MRI 9/12 (75.0) 15/25 (60.0) 0.21

Improved lesions in MRI 1 (12.5) 4 (25.0)

No interval change in MRI 5 (50.0) 10 (68.8)

Advanced lesions in MRI 3 (37.5) 1 (6.2)

Best GOS (%) <0.01

2 10 (81.8) 0 (0)

3 2 (18.2) 16 (50.0)

4 0 (0) 10 (31.2)

5 0 (0) 6 (18.8)
front
BMI, body mass index; ER, emergency room, GCS, Glasgow Coma Scale; GOS, Glasgow Outcome Scale; ICU, intensive care unit; LOS, length of stay; MRI, magnetic resonance imaging.
*Estimated for those with diabetes on treatment and have information about medication.
#Estimated for those with diabetes on treatment.
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correction for age, gender, initial consciousness, and presence of

lesions on initial MRI. The definition of hypoglycemia duration,

calculated as the time at which the first abnormality was

detected, may have been somewhat arbitrary, however, and

could have led to the underestimation of the effect of

hypoglycemia duration. Meanwhile, studies have reported that

profound hypoglycemia maybe a predictor for poor prognosis

(10, 18). However, initial serum glucose concentration in our

study was comparable in patients with or without consciousness

improvement. This inconsistency might be caused by the

difference in study population. Previous studies included
Frontiers in Endocrinology 05
patients with altered consciousness due to hypoglycemia

regardless of recovery after glucose administration (10, 18). On

the contrary, our study only included those who had persistent

mental change after normalizing blood glucose levels. Thus, less

profound hypoglycemia might be a factor related with early

consciousness recovery after severe hypoglycemia, although it

cannot predict the prognosis of prolonged HE.

Since prognostic evidence relating to severe HE is scarce,

determination of the point at which it becomes irreversible is

challenging. To date, no studies have investigated the time to

recovery for HE. Barbara et al. reported that, in 37.3% of their
FIGURE 1

Odds ratios for improvement of consciousness in patients with hypoglycemic encephalopathy using the multiple linear regression model. GOS,
Glasgow Outcome Scale; MRI, magnetic resonance imaging.
FIGURE 2

Observed Kaplan–Meier (KM) curve of probability for improvements in consciousness in patients with hypoglycemic encephalopathy depending
on the detection of abnormal brain lesions in magnetic resonance imaging. P values calculated with the use of log-rank test.
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HE patients, therapeutic limitations were determined using the

same criteria as those for anoxic–hypoxic encephalopathy. They

reported five cases of late recovery after ICU discharge and

suggested at least 10–15 days before deciding on a treatment

limit, even if there is no clinical improvement. Among

previously reported cases, consciousness has been restored

within 11 days (15) and 14 days (19). The latest improvements

in consciousness observed in our study were at 319 h (13.3 days),

even in patients with severe brain injury involving gray matter in

two or more lobes. This indicates that decisions about the

limitations of life-sustaining treatment should be taken very

cautiously to avoid misdiagnosing the irreversibility of HE.

Our study had several limitations inherent to retrospective

research. First, there were patients without follow-up MRI, and

for those patients with these scans, the duration of follow-up

imaging was different. Second, accurately assessing the onset of

hypoglycemia was not easy because the information was based

on medical records. We calculated the duration of hypoglycemia

from the time at which the first abnormality was detected, but

this may not have been accurate. Third, lactic acid levels were

measured in few patients. Lactic acid has neuroprotective effects

and low lactic acid level during hypoglycemia has been reported

to be a possible poor prognostic (10). However, we could not

evaluate the effect of lactic acid because the lactic acid levels were

available in only a part of patients. Forth, we could not quantify

alcohol consumption due to lack of data. It is well known that

excessive alcohol consumption can cause brain damage through

direct and indirect mechanism (20). Thus, history of heavy

drinking not addressed in this study may inhibit neurological

improvement of HE. Lastly, definition of consciousness

improvement in this study might not be clinically meaningful

because we also included those who had only a 1 point increase

in GOS.

In conclusion, our study provides potentially helpful

prognostic indicators of improvements in consciousness after

HE and demonstrates that sufficient time is required to recover

consciousness even in patients with severe brain damage.

Further studies are needed to elucidate the location and

mechanisms of brain lesions that cause changes in

consciousness in HE. Follow-up data are also needed to avoid

misdiagnosing irreversible HE.
Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.
Frontiers in Endocrinology 06
Ethics statement

The studies involving human participants were reviewed and

approved by Dongguk University Ilsan Hospital Institutional

Review Board. Written informed consent for participation was

not required for this study in accordance with the national

legislation and the institutional requirements.
Author contributions

YEL contributed to the acquisition, analysis, and

interpretation of data, and to drafting the manuscript. EJL

contributed to the acquisition, analysis, and interpretation of

data. SEL and JP contributed to the conception and design of the

work, the acquisition, analysis, and interpretation of data and

drafting of the manuscript. All authors contributed to the article

and approved the submitted version.
Funding

This work was supported by the Dongguk University

Research Program 2021 and a grant from the National

Research Foundation of Korea funded by the Korean

Government (NRF- 2020R1C1C1009091) and the Korea

Health Technology R&D Project through the Korea Health

Industry Development Institute (KHIDI), funded by the

Ministry of Health & Welfare, Republic of Korea (grant

number: HI21C1074).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fendo.2022.956367
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Lee et al. 10.3389/fendo.2022.956367
References
1. Kalra S, Mukherjee JJ, Venkataraman S, Bantwal G, Shaikh S, Saboo B, et al.
Hypoglycemia: The neglected complication. Indian J Endocrinol Metab (2013) 17
(5):819–34. doi: 10.4103/2230-8210.117219

2. Group UKHS. Risk of hypoglycaemia in types 1 and 2 diabetes: Effects of
treatment modalities and their duration. Diabetologia (2007) 50(6):1140–7.
doi: 10.1007/s00125-007-0599-y

3. Akram K, Pedersen-Bjergaard U, Carstensen B, Borch-Johnsen K,
Thorsteinsson B. Frequency and risk factors of severe hypoglycaemia in
insulin-treated type 2 diabetes: A cross-sectional survey. Diabetes Med (2006)
23(7):750–6. doi: 10.1111/j.1464-5491.2006.01880.x

4. Leese GP, Wang J, Broomhall J, Kelly P, Marsden A, Morrison W, et al.
Frequency of severe hypoglycemia requiring emergency treatment in type 1 and
type 2 diabetes: A population-based study of health service resource use. Diabetes
Care (2003) 26(4):1176–80. doi: 10.2337/diacare.26.4.1176

5. Silbert R, Salcido-Montenegro A, Rodriguez-Gutierrez R, Katabi A, McCoy
RG. Hypoglycemia among patients with type 2 diabetes: Epidemiology, risk factors,
and prevention strategies. Curr Diabetes Rep (2018) 18(8):53. doi: 10.1007/s11892-
018-1018-0

6. Barbara G, Megarbane B, Argaud L, Louis G, Lerolle N, Schneider F, et al.
Functional outcome of patients with prolonged hypoglycemic encephalopathy.
Ann Intensive Care (2017) 7(1):54. doi: 10.1186/s13613-017-0277-2

7. Cryer PE. Hypoglycemia, functional brain failure, and brain death. J Clin
Invest (2007) 117(4):868–70. doi: 10.1172/JCI31669

8. Kang EG, Jeon SJ, Choi SS, Song CJ, Yu IK. Diffusion MR imaging of
hypoglycemic encephalopathy. AJNR Am J Neuroradiol (2010) 31(3):559–64. doi:
10.3174/ajnr.A1856

9. Ma JH, Kim YJ, Yoo WJ, Ihn YK, Kim JY, Song HH, et al. MR imaging of
hypoglycemic encephalopathy: Lesion distribution and prognosis prediction by
diffusion-weighted imaging. Neuroradiology (2009) 51(10):641–9. doi: 10.1007/
s00234-009-0544-5

10. Ikeda T, Takahashi T, Sato A, Tanaka H, Igarashi S, Fujita N, et al.
Predictors of outcome in hypoglycemic encephalopathy. Diabetes Res Clin Pract
(2013) 101(2):159–63. doi: 10.1016/j.diabres.2013.05.007
Frontiers in Endocrinology 07
11. Ceriello A, Novials A, Ortega E, La Sala L, Pujadas G, Testa R, et al. Evidence
that hyperglycemia after recovery from hypoglycemia worsens endothelial function
and increases oxidative stress and inflammation in healthy control subjects and
subjects with type 1 diabetes. Diabetes (2012) 61(11):2993–7. doi: 10.2337/db12-
0224

12. Johkura K, Nakae Y, Kudo Y, Yoshida TN, Kuroiwa Y. Early diffusion MR
imaging findings and short-term outcome in comatose patients with hypoglycemia.
AJNR Am J Neuroradiol (2012) 33(5):904–9. doi: 10.3174/ajnr.A2903

13. Lo L, Tan AC, Umapathi T, Lim CC. Diffusion-weighted MR imaging in
early diagnosis and prognosis of hypoglycemia. AJNR Am J Neuroradiol (2006) 27
(6):1222–4.

14. Paschen W, Siesjo BK, Ingvar M, Hossmann KA. Regional differences in brain
glucose content in graded hypoglycemia. Neurochem Pathol (1986) 5(2):131–42.
doi: 10.1007/BF03160128

15. Yanagawa Y, Isoi N, Tokumaru AM, Sakamoto T, Okada Y. Diffusion-
weighted MRI predicts prognosis in severe hypoglycemic encephalopathy. J Clin
Neurosci (2006) 13(6):696–9. doi: 10.1016/j.jocn.2005.02.027

16. Yong AW, Morris Z, Shuler K, Smith C, Wardlaw J. Acute symptomatic
hypoglycaemia mimicking ischaemic stroke on imaging: A systemic review. BMC
Neurol (2012) 12:139. doi: 10.1186/1471-2377-12-139

17. Takata T, Yamana H, Kamada H, Masaki T. Time course of focal lesions in
hypog ly c emi a . I n t e rn Med ( 2021 ) 60 ( 6 ) : 967–8 . do i : 10 . 2169 /
internalmedicine.5494-20

18. Saikawa R, Yamada H, Suzuki D, Amamoto M, Matsumoto Y, Funazaki S,
et al. Risk factors of hypoglycemic encephalopathy and prolonged hypoglycemia in
patients with severe hypoglycemia. J Clin Med Res (2019) 11(3):213–8. doi:
10.14740/jocmr3728

19. Maekawa S, Aibiki M, Kikuchi K, Kikuchi S, Umakoshi K. Time related
changes in reversible MRI findings after prolonged hypoglycemia. Clin Neurol
Neurosurg (2006) 108(5):511–3. doi: 10.1016/j.clineuro.2005.02.004

20. Mukherjee S. Alcoholism and its effects on the central nervous system.
Curr Neurovasc Res (2013) 10(3) :256–62. doi : 10.2174/15672026
113109990004
frontiersin.org

https://doi.org/10.4103/2230-8210.117219
https://doi.org/10.1007/s00125-007-0599-y
https://doi.org/10.1111/j.1464-5491.2006.01880.x
https://doi.org/10.2337/diacare.26.4.1176
https://doi.org/10.1007/s11892-018-1018-0
https://doi.org/10.1007/s11892-018-1018-0
https://doi.org/10.1186/s13613-017-0277-2
https://doi.org/10.1172/JCI31669
https://doi.org/10.3174/ajnr.A1856
https://doi.org/10.1007/s00234-009-0544-5
https://doi.org/10.1007/s00234-009-0544-5
https://doi.org/10.1016/j.diabres.2013.05.007
https://doi.org/10.2337/db12-0224
https://doi.org/10.2337/db12-0224
https://doi.org/10.3174/ajnr.A2903
https://doi.org/10.1007/BF03160128
https://doi.org/10.1016/j.jocn.2005.02.027
https://doi.org/10.1186/1471-2377-12-139
https://doi.org/10.2169/internalmedicine.5494-20
https://doi.org/10.2169/internalmedicine.5494-20
https://doi.org/10.14740/jocmr3728
https://doi.org/10.1016/j.clineuro.2005.02.004
https://doi.org/10.2174/15672026113109990004
https://doi.org/10.2174/15672026113109990004
https://doi.org/10.3389/fendo.2022.956367
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Predictors of consciousness improvement in patients with hypoglycemic encephalopathy
	Introduction
	Materials and methods
	Study population
	Data collection and operational definitions
	MR imaging and EEG
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


