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aUnidad de Arritmias, Servicio de Cardiologı́a, Hospital de la Santa

Creu i Sant Pau, Instituto de Investigación Biomédica Sant Pau,

Universidad Autónoma de Barcelona, Barcelona, Spain
bCentro de Investigación Biomédica en Red de Enfermedades

Cardiovasculares (CIBERCV), Spain

*Corresponding author:

E-mail address: bieitocampos@gmail.com (B. Campos-Garcı́a).

@CardioSantPau

Available online 23 December 2022

REFERENCES

1. El Amrani A, Campos B, Alonso-Martı́n C, et al. Performance of the Micra cardiac
pacemaker in nonagenarians. Rev Esp Cardiol. 2020;73:307–312.

2. Deshmukh A, Ghannam M, Cunnane R, Liang JJ. Double ProGlide preclose technique
for vascular access closure after leadless pacemaker implantation. J Interv Card
Electrophysiol. 2022;63:341–343.

3. Ritter P, Duray GZ, Steinwender C, et al. Early performance of a miniaturized leadless
cardiac pacemaker: the Micra Transcatheter Pacing Study. Eur Heart J.
2015;36:2510–2519.

4. Trongtorsak A, Kewcharoen J, Thangjui S, Worapongsatitaya P, Yodsuwan R, Navar-
avong L. Same-day discharge after implantation of cardiac implantable electronic
devices: A systematic review and meta-analysis. Pacing Clin Electrophysiol.
2021;44:1925–1933.

5. Kiani S, Black GB, Rao B, et al. The Safety and Feasibility of Same-Day Discharge After
Implantation of MICRA Transcatheter Leadless Pacemaker System. J Atr Fibrillation.
2019;12:2153.

https://doi.org/10.1016/j.rec.2022.09.018

1885-5857/
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Association between in-hospital glycemic control and

neurological outcome at 6 months of follow-up in

survivors of out-of-hospital cardiac arrest

Asociación entre el control de la glicemia intrahospitalaria y el
pronóstico neurológico a 6 meses en supervivientes a una parada
cardiaca extrahospitalaria

To the Editor,

Hyperglycemia is common in survivors of out-of-hospital

cardiac arrest (OHCA). It is associated with increased mortality

and worse neurological outcomes. Current guidelines advise its

treatment,1 but the optimal blood glucose level for this population

has not been evaluated in randomized clinical trials.

To determine whether in-hospital glycemic control is associat-

ed with neurological outcome at 6 months, we performed an

ambispective observational study of a cohort of OHCA survivors

admitted to the acute cardiac care unit of our center between May

2019-April 2021. The study was approved by the ethics committee

and all patients/relatives signed the informed consent form. The

inclusion criterion was being admitted for an OHCA and remaining

comatose after return of spontaneous circulation (ROSC). The

exclusion criteria were refusal to provide informed consent and

being lost to follow-up. As part of in-hospital standard manage-

ment, intravenous or subcutaneous basal-bolus insulin regime

treatment protocols were applied for all patients as per treating

physician discretion. Point of care glycemia measurements were

performed before the morning, afternoon, evening meals, and at

midnight during the basal-bolus insulin regime, or hourly during

intravenous treatment. The insulin dose was modified, with the

goal of maintaining blood glucose levels between 100-180 mg/dL

over the entire hospitalization. For each patient, the values

retrieved were: first blood glucose, mean blood glucose during

hospitalization (BGOH), blood glucose in the morning, afternoon,

evening and night, maximum blood glucose, and percentage of

blood glucose values within the 100-180 mg/dL target. Insulin

doses could not be retrieved from the system properly.

Evaluation of neurological outcome was structured, multimod-

al and multidisciplinary. Withdrawal of life-sustaining therapy

was decided in consensus with the entire the team, concluding the

patient had poor neurological outcome. Neurological outcome at

6 months was evaluated according to the cerebral performance

category (CPC) score. Patients were divided into 2 groups: ‘‘good’’

(CPC 1–2) or ‘‘poor’’ (CPC 3–5) neurological outcome. Patients who

died were included in this last group.

Univariate analysis was performed between the 2 groups. A

stepwise logistic regression model was performed to determine

covariates independently associated with neurological outcome.

After an initial screening log of 50 patients, 45 patients were

included in the final analysis (3 were lost to follow-up and 2 did not

sign the informed consent form). Median age was 60.1 [inter-

quartile range, 50.9-70.6] years, most were male (86.7%), 22

(48.9%) patients had good neurological outcome (CPC 1-2) and

mortality at 6 months was 46.7% (most deaths—85.7%—occurred

during hospitalization and were the consequence of neurological

injury and/or withdrawal of life-sustaining therapy). Demographic

and clinical characteristics were similar between the 2 groups: 76%

had a first shockable rhythm and an acute coronary syndrome was

the cause in 58%. All patients required mechanical ventilation and

were treated with active targeted temperature management in

agreement with current guidelines.1 Most of them (89%) received

vasopressor/inotrope support. Blood glucose, lactate, APACHE-II,

and SOFA scores were higher in patients with CPC 3-5 (table 1). A

total of 3190 blood glucose determinations were performed during

hospitalization. Patients with good neurological outcome had

lower BGOH mg/dL (130 [124-138] vs 166 [131-187], P < .01),

lower glycemia at all time slots (figure 1), and a higher percentage

of glycemic controls within the 100-180 mg/dL target (83.8% vs

64.8%; P < .01). Moreover, maximum glycemia was lower in

patients with good neurological outcome (218 [180-259] vs

278 [232-420]; P < .01). As expected, BGOH was lower in

nondiabetic individuals (132 [124-138] vs 185 [130-217];

P < .01). However, we found no interaction between glycemic

control variables and diabetes status in the association with

neurological outcome. In the logistic regression analysis, only

BGOH (odds ratio, 1.03; 95% confidence interval, 1.006-1.07) and

APACHE-II (odds ratio, 1.34; 95% confidence interval, 1.10-1.64)

were independently associated with neurological outcome (area

under the curve of the model 0.879, P < .01).

In this observational study of comatose survivors of OHCA,

lower average blood glucose values during hospitalization,

irrespective of diabetic status, were associated with better

neurological outcome at 6 months. Previous studies found

consistent results. A multicenter analysis2 determined that in

survivors of OHCA, glycemia between 70-140 mg/dL was associat-
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Table 1

Baseline demographic and clinical characteristics

CPC 1-2 (n = 22) CPC 3-5 (n = 23) P

Age, y 57.3 [49.5-62.7] 65.2 [54.9-79.9] .02

Male sex 19 (42.2) 20 (44.4) .95

Female sex 3 (6.7) 3 (6.7)

ACCU length of stay, d 8 [6-11.5] 8 [4-11] .43

Hospital length of stay, d 32 [20.5-50] 44 [23-86] .20

Time from admission to death, d* - 36 [22-54.25] -

Glycemia at admission, mg/dL 202.1 (126.4-277.8) 285.9 (167.1-404.7) < .01

HbA1c percentage 5.5 (5.2-5-7) 5.6 (5.5-6.1) .09

Troponin maximum ng/L 10 049.5 (3024.8-50 520.5) 22 187 (4013-82 896) .38

Lactate maximum mg/dL 45.5 (30.8-68.5) 70 (39-92) .03

BMI kg/m2 26.5 (24.7-28.8) 26.3 (24.7-28.3) .96

Hypertension 8 (36.4) 14 (60.9) .11

Dyslipidemia 9 (40.9) 14 (60.9) .18

Diabetes 3 (13.6) 6 (26.1) .29

COPD 2 (9.1) 6 (12.8) .10

Stroke 0 0 -

CKD 1 (4.6) 2 (8.7) .58

CLD 2 (9.1) 0 .14

Neoplasia 1 (4.6) 1 (4.4) .97

PVD 0 4 (17.4) .04

Tobacco 11 (50) 6 (26.9) .10

Ethanol 3 (13.6) 3 (13) .95

Chronic coronary syndrome 3 (13.6) 3 (13) .95

Other cardiomyopathy 4 (18.2) 6 (26.1) .52

NYHA 1-2 21 (95.5) 22 (95.6) .91

NYHA 3-4 1 (4.5) 1 (4.4)

Shockable rhythm 18 (81.8) 16 (69.6) .34

ROSC, minutes 19.5 [11-37.5] 30 [24-38] .06

Prehospital adrenaline dosage, mg 1 (0.4-1.6) 2 (1.5-2.5) .49

Acute coronary syndrome 12 (54) 14 (60) .67

Revascularization 14 (64) 14 (61) .17

Ejection fraction, % 45 [33.8-55] 45 [35-55] .55

SOFA score 9 [6.5-11] 11 [8-12] .08

APACHE-II score 19 [17-22.3] 26 [22-30] < .01

ACCU, acute cardiac care unit; APACHE-II score; acute physiology and chronic health disease classification system II; BMI, body mass index; CKD, chronic kidney disease; CLD,

chronic liver disease, COPD; chronic obstructive pulmonary disease; CPC, cerebral performance category; HbA1c, glycosylated hemoglobin; NYHA, New York Heart

Association functional classification;PVD, peripheral vascular disease; ROSC, time to return of spontaneous circulation; SD, standard deviation; SOFA, sequential organ failure

assessment score.

Data are expressed as No. (%), mean � standard deviation, or median [interquartile range].
* Analysis performed on data of 18 in-hospital deaths.

Figure 1. A: in-hospital glycemic control based on neurological outcome at 6 months. B: comparison of the regression model receiving operator curves for

neurological outcome. Adding mean glycemia in the model improved the area under the curve from 0.848 (red curve) to 0.879 (blue curve). CPC, cerebral

performance category.
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ed with lower in-hospital mortality. Like our results, these data

suggest that OHCA survivors could benefit from lower glycemic

targets during hospitalization. Nevertheless, the last ILCOR

guidelines recommend a glycemic target of 140-180 mg/dL, and

avoidance of hypoglycemia1 since tight glycemic control and

hypoglycemia have also been associated with poor neurological

outcome.3 Hence a U-shaped relationship between blood glucose

and neurological outcome has been suggested in OHCA patients,

although the optimal range has not yet been defined.

Patients with diabetes included in this study had higher

glycemia and lower percentage of blood glucose measurements

within the prespecified target during hospitalization, but diabetic

status was not independently associated with neurological

outcome. Some studies have found a worse neurological outcome

in individuals with diabetes after OHCA.4 In our cohort, patients

with diabetes (20%) had good glycemic control (average HbA1c

6.4%), which could explain their similar outcome.

The performance of APACHE-II to predict neurological outcome

after OHCA is controversial, which might be related to the time

when it is measured.5 In the present study, APACHE-II was

measured within 24 hours after ROSC and had a very strong

association with neurological outcome, and a good discriminatory

ability: an APACHE-II value of 23 had 73.9% sensitivity and 77.3%

specificity for predicting poor neurological outcome.

The main limitation of this study is its observational nature,

which precludes many potential confounding factors and only

allows finding statistical associations but not causality. In addition,

glycemic determinations were performed as part of usual care.

However, the study is hypothesis generating and could help in the

design of future work in OHCA patients investigating the optimal

BGOH target to improve outcomes.

In conclusion, in survivors of OHCA, lower BGOH is indepen-

dently associated with better neurological outcome at 6 months,

but the optimal blood glucose level for this population is still to be

defined. The APACHE-II score is also strongly associated with and

has good predictive ability for neurological outcome after ROSC.
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