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Pe3rome. Taokuxom maxcaou: Ywby maoxukom Kauoau ouabemeda 4alUHeAH 64 YATUHMA2AH 6emopaapoa cyo-
apaxnouo 6roxadanunz QTC unmepeanuza mavcupunu ypeanuwea Kapamuizan 6yaub, CNUHAL aHecmesus 6a aAgMoHOM
neeponamusnune QTC ysatwwuea mavcupu ypeanunean. Juabem 6unan uanunean bemoprapoa mes-me3 yupanouean
cnunan anecmesus eéa asmonom nesponamust, QTC unmepsanunune yzatiwuza 60snux. Bupok, cybapaxrnouo 6rokada-
Hune ouabem 6unan kacainamean bemoprapoa QTC dasomutinueuca anux mavcupu xamu myaux ypeawuimazan. busz
KaHOU ouabemea wanunean b6emopaap cyoapaxnoud 610Kadadan Keuun KaHoIu ouabemea YaiuHmazan Oemopiapea Huc-
6aman QTC yzativwunu kynpox kypcamuwuy 2unomesacunu Kytoux. Memoonap: Yuunuu oapadcanu ynugepcumenm wivi-
@oxonacuoa ymrazunean 6a KIUHUKA MAOKUKOMAGPU MABIYMOM Xusmamu ounan pyuxamoan ymxazunean (uoenmugu-
kamop: KCT0004897) 6y maoxuxomuoa 48 wwumupoxuu uxku 2ypyxea 0yaub ypeanunean’ KaHOau ouabemaa YaiuHeaniap
(AM eypyxu, n=24) ea uanunmaeannap (nazopam eypyxu, N=24). Fapua bGemoprapea cnuHan aHecme3uscu YmKa3uiean.
QTc ummepsanu, T muwiCa upkgucudan oxupuzava oOynean unmepsanr (TP-€ ummepsanu), WpPaK YPUUUHUNZ
J3eapysuanaue, Ko 60cumu 6a 10pax ypuwl mesnueu kabu kypcameuunap oupiramyu xonamoa (T1) ea cybapaxmoud 6no-
kaoaoan ketuun 1 (T2), 5 (T3) sa 10 oaxuxanrapoa (T4) ypeanunean. Hamuocanap: Broxadadan weiiun 10 daxuxaoa
Kanoau ouabemea yupazan bemopnap 2ypyxuoa QTC unmepeanunune cezunapiu oapadsxicada y3atiuwiu Kysamuiou, 6y sca
ynapuune 6azaeuil KutiMamiapuea Kapazanoa cmamucmux scuxamoan smubopaa moruxoup, nazopam 2ypyxu QTC un-
MEPEANUHUNS J32APUWAAPU DCA CMAMUCMuK scuxamoar anuk, macmuraaumaou. (M zypyxu yuyn p<0.0001 nazopam
2ypyxu yuyn P=0.06). Xynoca: Busnune Hamusicarapumus Kanoau ouabemea yupazan 6emopiap CnuHal aHecmesusicuoan
Ketiun Kanonu ouabemea uanunmazan bemoprapea nucbamarn QTC ummepeanunune Kynpox ysauuwiu Ky3amuiumiuHu
anuxnaou. Ywby Hamudicanrap Kanonu ouabemea HanuHeaw 6emopaapoa cyoapaxmoud 010Kada YmKasuieaHoa Kpax
NEKMp PAOTUAMUHU KY3AMUWHUHE MYXUMAUSUHU MABKUOIAUOU.

Kanum cyznap: Koppexcus sununzan QT unmepsanu, xanonu ouabem, yzox QT cunopomu, cnunan anecmesuscu,
cybapaxnouo b6nokaoaq.

Abstract. Objective: This study aimed to explore the effects of subarachnoid blockade on the QTc interval among
diabetic and non-diabetic patients, considering the known impact of spinal anesthesia and autonomic neuropathy on QTc
prolongation. Background: Both spinal anesthesia and autonomic neuropathy, commonly seen in diabetes, are associated
with QTc interval prolongation. However, the specific influence of subarachnoid blockade on QTc duration in diabetic
individuals has yet to be thoroughly examined. We hypothesized that diabetic patients would exhibit greater QTc prolon-
gation following subarachnoid blockade compared to their non-diabetic counterparts. Methods: In this prospective obser-
vational study, conducted at a tertiary university hospital and registered with the Clinical Research Information Service
(identifier: KCT0004897), 48 participants were divided into two groups: those with diabetes mellitus (DM group, n=24)
and those without (control group, n=24). All subjects were undergoing spinal anesthesia. Measurements of the QTc inter-
val, T wave peak-to-end interval (Tp-e interval), heart rate variability, blood pressure, and heart rate were recorded at
baseline (T1) and at 1 (T2), 5 (T3), and 10 minutes (T4) post-subarachnoid blockade. Results: Significant prolongation of
the QTc interval was observed in the DM group at 10 minutes post-blockade compared to their baseline values, whereas
the QTc interval changes in the control group were not statistically significant (p<0.0001 for the DM group vs. p=0.06 for
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the control group). Conclusion: Our findings suggest that patients with diabetes experience a more pronounced prolonga-
tion of the QTc interval following spinal anesthesia compared to non-diabetic patients. These results underscore the im-
portance of monitoring cardiac electrical activity in diabetic patients undergoing subarachnoid blockade.

Keywords: Corrected QT Interval, Diabetes Mellitus, Long QT Syndrome, Spinal Anesthesia, Subarachnoid Block-

ade.

Introduction. Diabetes Mellitus (DM) is a
chronic condition that precipitates severe complica-
tions including neuropathy, nephropathy, and reti-
nopathy. Of particular concern is autonomic neuropa-
thy related to the cardiovascular system, which may
result in the prolongation of the corrected QT (QTc)
interval. This prolongation is independently associat-
ed with an increased risk of mortality, ventricular ar-
rhythmias, torsades de pointes, and sudden cardiac
death, marking it as a critical predictor of mortality
risk in DM patients. Cardiovascular complications are
notably the leading cause of morbidity and mortality
in this demographic [1, 5, 7].

Neuraxial anesthesia, favored for lower ab-
dominal, pelvic, and lower limb surgeries due to its
lower risk profile compared to general anesthesia, has
been noted to cause significant QTc interval prolon-
gation. Despite the absence of a clear mechanism for
this effect, spinal anesthesia is preferred for certain
surgeries in DM patients due to its benefits, including
reduced oxidative stress during procedures like lower
limb amputation [2,3,5].

Considering the exacerbation of QTc interval
prolongation in DM patients with advancing neuropa-
thy, it is imperative to assess the extent of QTc inter-
val changes post-spinal anesthesia induction. This
study hypothesizes that spinal anesthesia induces
greater QTc interval prolongation in DM patients
compared to those without DM, aiming to compare
QTc interval, T wave peak-to-end (Tp-€) interval,
blood pressure, heart rate, and heart rate variability
before and after spinal anesthesia induction in both
groups [10-13].

Methods. This prospective study received ap-
proval from the Institutional Review Board of Inha
University Hospital, Incheon, Republic of Korea, and
was conducted in adherence to the STROBE guide-
lines and the Declaration of Helsinki, 2013. Partici-
pants included were adults scheduled for elective
lower abdominal or lower limb surgery under spinal
anesthesia, divided into DM (n=24) and non-DM
(n=24) groups based on their diabetic status and
HbAlc levels. Exclusion criteria were extensive and
included preoperative QTc¢ >440 ms, ECG abnormali-
ties, cardiovascular disorders, electrolyte imbalances,
medication affecting the QTc interval, contraindica-
tions to spinal anesthesia, severe obesity, history of
spinal surgery, or congenital spinal deformity [6-8].

All procedures were standardized, including
monitoring, preload administration, and spinal anes-
thesia technique, to minimize external influences on
QTc interval measurements. The study specifically

measured QTc and Tp-e intervals, heart rate variabil-
ity, and hemodynamic parameters at predefined inter-
vals before and after spinal anesthesia was adminis-
tered [9].

Statistical analyses aimed to compare changes
in these measurements between the two groups over
time, with sample size calculations based on previous
studies to ensure sufficient power to detect significant
differences. Data analysis was performed using
IBM® SPSS® Statistics 19.0, employing appropriate
statistical tests based on data distribution, with signif-
icance set at p<0.05.

Results. The study was successfully completed
by 21 patients in the control group and 24 patients in
the DM group. The control group experienced three
dropouts: one patient withdrew consent during the
ECG collection phase, another patient required gen-
eral anesthesia due to difficulties in performing the
subarachnoid blockade (SAB), and the third was ex-
cluded from the final analysis because their pre-
anesthetic QTc interval exceeded 440 ms.

A comparison of demographic data and charac-
teristics related to the blockade procedure revealed no
significant differences between the two groups, en-
suring comparability. Within the DM group, five pa-
tients were diagnosed with DM-related neuropathy,
indicating a potential for heightened risk of QTc pro-
longation. The medication regimen varied among the-
se patients, reflecting the diverse management strate-
gies for DM and its complications.

This participant composition and the subse-
guent analysis provide a solid basis for assessing the
impact of spinal anesthesia on the QTc interval
among patients with and without DM, taking into
account the heterogeneity in DM management and
the presence of neuropathy in a subset of the DM
group (Table 1).

The investigation into the relationship between
diabetes mellitus (DM) medications and QTc prolon-
gation did not yield any significant correlations. This
study's primary endpoint was to examine the QTc
interval alterations pre and post 10 minutes of spinal
anesthesia (SAB) administration.

The findings revealed an average change in the
QTc interval of 8.5 = 19.9 ms in the control group
and 30.8 £ 17.5 ms in the DM group, with a signifi-
cant difference (p = 0.001) between them. Specifical-
ly, the QTc interval significantly increased in the DM
group 10 minutes after SAB compared to their base-
line, unlike the control group where the change was
not deemed significant (p < 0.0001 vs p = 0.06), as
depicted.
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Table 1. Demographic and procedural data pertaining to both the control and diabetes mellitus (DM) groups

are presented herein.

Characteristic Control Group (n=21) DM Group (n=24) p-value
Age (years) 61.3+124 61.1 £10.5 0.943
Sex (Male/Female) 15/6 19/5 0.801
Height (cm) 1653+9.2 166.7+7.9 0.592
Weight (kg) 674+12.5 67.7+14.7 0.939
BMI (kg/m?) 24.5+3.1 244+49 0.919
Length of DM (years) NC 10 [11] -
HbAlc (%) NC 8.5[2.7] -
DM Type (I/11) NC 1/23 -
End Organ Damage (0/1/2) NC 18/5/1 -
H-M Dosage (mg) 10.1+0.8 102+0.8 0.614
Onset Time (min) 7.8+19 7.0+1.3 0.14
Recovery Time (min) 116.2+22.9 119.2£19.5 0.644
Sensory Block Level T11 [4] T10 [2] 0.096

Additionally, the study categorized changes in
the QTc interval before and after SAB in both DM
and control groups, following international guide-
lines. Particularly, at 10 minutes post-SAB, 17% of
patients in the DM group showed QTc intervals rang-
ing from 450-480 ms and 8% had intervals between
481-500 ms.

Discussion. In this prospective analysis, we as-
sessed the variations in the QTc interval at baseline,
and at 1, 5, and 10 minutes following spinal anesthe-
sia (SAB) in individuals with and without diabetes
mellitus (DM). The study revealed a significant elon-
gation of the QTc interval at 5 and 10 minutes post-
SAB in the DM cohort compared to those without
DM [2, 12, 13]. To our knowledge, this research is
pioneering in contrasting QTc interval prolongation
post-SAB between diabetic and non-diabetic patients.
The principal finding was a more pronounced QTc
interval extension in the DM patients compared to
their non-diabetic counterparts. Specifically, signifi-
cant QTc interval changes from baseline to 10
minutes post-SAB were observed in 29% and 8% of
the DM group, in contrast to 14% and 0% respective-
ly, in the control group. Additionally, a QTc interval
exceeding 450 ms was documented in 25% of the
DM participants, with a third experiencing an in-
crease greater than 30 ms. This contrasts with previ-
ous research where a QTc interval alteration of 22 ms
was noted post spinal anesthesia induction. The cur-
rent study noted a differential increase of 31 ms for
the DM group and 11 ms for the control group, sug-
gesting that inclusion criteria variance may account
for the observed discrepancies in QTc interval chang-
es. Anesthesiologists often prefer regional blockade
over general anesthesia for patients with long QT
syndrome, attributing to lesser QTc interval prolonga-
tion post-induction. Despite the modest QTc interval
extension post-SAB, especially in DM patients with
baseline QTc intervals under 440 ms, the potential
risk associated with a 30-ms increase in already pro-
longed QTc intervals warrants attention. Previous

studies have linked QTc interval length with diabetic
autonomic neuropathy progression, underscoring the
importance of vigilant perioperative QTc interval
monitoring in diabetic patients undergoing spinal an-
esthesia. The mechanism behind QTc interval pro-
longation post-SAB may relate to an imbalance in
lumbar and thoracic sympathetic activity. The diffi-
culty in directly affecting sympathetic fibers in the
T1-T4 region and the resulting reflex sympathetic
activation could explain the observed QTc interval
extensions. Moreover, hemodynamic shifts, such as
hypotension, may further stimulate sympathetic out-
flow, emphasizing the intricate relationship between
autonomic nervous system changes and SAB.

Our analysis of heart rate variability (HRV)
post-SAB did not reveal significant differences be-
tween diabetic and non-diabetic groups or before and
after SAB, suggesting that SAB's impact on autonom-
ic nervous system modulation may be limited. This
contrasts with previous findings indicating a reduc-
tion in HRV components correlating with the
cephalad spread of blockade. The study limitations
include the potential underestimation of QTc interval
prolongation impacts due to the exclusion of patients
with severe neuropathy and the relatively short post-
SAB monitoring duration. Future research should
extend QTc interval monitoring to capture the full
scope of SAB effects and consider the variability in
local anesthetic types, dosages, and blockade levels.
Despite these limitations, our findings highlight the
need for careful QTc interval monitoring in diabetic
patients undergoing spinal anesthesia, with particular
caution for those with pre-existing QTc interval pro-
longations.

Conclusion. In summary, our study demon-
strated that the prolongation of the QTc interval fol-
lowing spinal anesthesia is significantly more pro-
nounced in patients with diabetes mellitus (DM) than
in those without DM. This finding underscores the
importance of close monitoring of the QTc interval in
diabetic patients undergoing procedures involving
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spinal anesthesia to mitigate potential cardiac risks
associated with QTc interval prolongation.
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Pe3tome. Ilenv: [envio 0annozo uccnedosanus ovi-
0 U3YYeHUe GIUSHUSA CYOapaxHOUOaIbHOU ON0KAObl HA
uumepsan QTc cpedu nayuenmos ¢ ouabemom u 6e3 Hezo,
VUUMBIBAs U36ECHOE B030€liCmEUe CNUHAILHOU aneche-
3UU U aymonomHou Hetiponamuu Ha yonunenue QTc. Bee-
Odenue: U cnunanvnas amecmesus, U aymMOHOMHASL HEUPO-
namusi, Yacmo ecmpeuarowuecs npu ouabeme, accoyuu-
posanvl ¢ yonunenuem unmepeana QTc. O0nako KOHKpem-
Hoe @nusHUe CYOapaxHouOarbHoUu O10KAObl HA NpPOoOOJ-
arcumenvrocmv QTc y auy ¢ duabemom 0o cux nop me Obvi-
J10 mujamenvHo uzyueno. Mul npeononazanu, umo y nayu-
enmog ¢ ouabemom Oyoem HaOMOOAMbCs Oonee 3HAYU-
menvroe yonunenue QTc nocie cybapaxnoudanbrou 010-
Kaobl MO CPABHEHUIO ¢ HeOUAbemudecKumMu nayueHmamu.
Memoovl: B >mom npocnekmueHom HAOA0OamenrbHOM
UCCe008aAHUY, NPOBEOCHHOM 6 YHUBEPCUMEMCKOU KIUHUKE
mpemwve2o ypoeHs u 3apecucmpuposannom 8 Cepsuce Hn-
dopmayuu o Knunuueckux Hccnedosanusx (uoenmughu-
xamop: KCT0004897), 48 yuacmuuxos 6viiu pazoeneHuvl
Ha Ose epynnvl: ¢ caxapueim ouabemom (epynna Cl,
n=24) u 6e3 nezo (konmponvnas epynna, n=24). Bce cy6v-
eKmovl NPOXOOUIU CHUHAIbHYIO anecmesuto. Hzmepenus
unmepsana QTc, unmepeana om nuka 00 Konya 6oamvl T
(unmepsan Tp-e), eapuabenvHocmu cepoeyHO20 pumMMa,
apmepuanbHo2o 0aGIeHUs U Yacmompl cepOedHbIX COKpa-
weHull  pecucmpupoganucy Ha ucxoonom yposwe (T1) u
uepez 1 (T2), 5 (T3) u 10 munym (T4) nocne cybapaxmou-
danbHoU 610Kaodbl. Pezynemamei: YV epynnot ¢ ouabemom
ObLIO OMMEUeHO 3HauumenbHoe YOIUHEHUe UHMepPsaid
OTc uepes 10 munym nocne 610Kadvl NO CPABHEHUIO C UC-
XOOHbIMU 3HAYEHUSIMU, MO020d KAK U3MEHeHUs. UHMepP8ald
OTc 6 KOHmMpoOAbHOU epynne He ObLIU CMAMUCHUYECKU
suauumvimu (p<0.0001 ona epynnvr C/[ npomus p=0.06
0Nl KOHmMpONbHOU epynnvt). 3axarouenue: Hawu pesyno-
mamsl Npeonoaazaiom, 4mo NAayueHmvi ¢ ouabemom uc-
nulmuvleaiom 0Ooee GulpadCeHHoe YONUHEHUe UHMePEaid
QTc nocie cnunanbHOU anecme3uu NO CPAGHEHUIO C He-
Juabemuveckumu nayueHmamu. Idmu pe3yibmamsvl noo-
YEPKUBAION  BAICHOCTIL  MOHUMOPUH2A  INEKMPUUECKOU
aKmueHOCmu cepoya y nayueHmos ¢ ouabemom, npoxo-
OAWUX CYOAPAXHOUOANBHYIO OOKADY.

Kniouesvie cnosa: Hcnpasnenmviti unmepsan QT,
Caxaproii ouabem, CuHOpom YOIUHEHHO20 UHMEpPBald
OT, Cnunanvnas anecmesus, Cybapaxnoudanvnas O10Ka-
oa.
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