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Dynamics of heart rate variability in
patients with type 2 diabetes mellitus
during spinal anaesthesia: prospective
observational study
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Abstract

Background: Little is known about the changes in autonomic function during spinal anaesthesia in type 2 diabetic
patients. The purpose of the study was to assess the influence of spinal anaesthesia on the heart rate variability in
type 2 diabetic patients according to the glycated hemoglobin (HbA1c) level.

Methods: Sixty-six patients who were scheduled for elective orthostatic lower limb surgery were assigned to three
groups (n = 22, each) according to HbA1c; controlled diabetes mellitus (HbA1c < 7 %), uncontrolled diabetes mellitus
(HbA1c > 7 %) and the control group. The heart rate variability was measured 10 min before (T0), and at10 min (T1),
20 min (T2) and 30 min (T3) after spinal anaesthesia.

Results: Before spinal anaesthesia, total, low-and high-frequency power were significantly lower in the uncontrolled
diabetec group than in other group (p < 0.05). During spinal anaesthesia, total, low- and high-frequency powers
were did not change in the uncontrolled diabetec group while the low-frequency power in the controlled diabetec
group was significantly depressed (p < 0.05). The ratio of low-to high-frequency was comparable among the
groups, while it was reduced at T1-2 than at T0 in all the groups. The blood pressures were higher in the
uncontrolled diabetec group than in the other groups.

Conclusions: Spinal anaesthesia had an influence on the cardiac autonomic modulation in controlled diabetec
patients, but not in uncontrolled diabetec patients. There were no differences in all haemodynamic variables during
an adequate level of spinal anaesthesia in controlled and uncontrolled type 2 DM.

Trial registration: ClinicalTrials.gov NCT02137057
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Background
Type 2 diabetes mellitus (DM) is a widespread disease and
increases the risk of cardiovascular disease [1], peri-
operative hypotension [2, 3] and intra-operative morbidity
[4]. Hyperglycemia in type 2 diabetes is associated with mi-
cro- and macro-complications [5] and causes autonomic
nervous dysfunction. Severe autonomic failure due to sym-
pathetic and parasympathetic dysfunction typically occurs
in patients with long-standing and poorly controlled dia-
betes [6]. The incidence of caused by uncompensated

vasoconstriction during general anaesthesia was highly re-
ported in patients with autonomic nervous dysfunction due
to diabetes [2]. Therefore, these patients present a major
challenge to the anaesthetist. Strict glycemic control can
decrease the morbidity rate for various complications of
type 2 diabetes, thus the glycated hemoglobin (HbA1c) level
is recommended below 7 % [7].
Heart rate variability (HRV) is a standard screening

parameter for diagnosis of autonomic dysfunction [8, 9].
The total power reflects the overall autonomic modula-
tion [10, 11] and is considered an estimation of the bal-
ance between sympathetic and parasympathetic nerve
activities. Several studies have reported linear or non-
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linear correlations between chronic hyperglycemia and
HRV [12–15].
The blockade of pre-ganglionic sympathetic fibres and

cardiac sympathetic innervation during spinal anaesthe-
sia can induce central sympatholysis. Therefore, the ef-
fects of sympathetic blockade on cardiac autonomic
nervous function in type 2 diabetes are expected to be
different from that in normal patients.
Previous studies have reported that hypotension during

spinal anaesthesia can be predicted by changes in the ratio
of low to high frequency power [16, 17], although the sub-
jects in their studies were not DM patients and the blood
pressure (BP) changes according to HbA1c levels were not
verified during spinal anaesthesia.
Little is known about changes in cardiac autonomic ner-

vous function during spinal anaesthesia in type 2 diabetes.
In addition, there was not enough evidence whether
bradycardia and hypotension occur more frequently with
uncontrolled diabetes patients than controlled diabetes or
normal patients during spinal anaesthesia. In type 2 dia-
betes patients, although the specific mechanisms have not
been established, it is clear that sympathetic blockage
caused by spinal anaesthesia has effects on the cardiac
autonomic system. The primary outcome of our study was
to evaluate the change of cardiac autonomic system in
spinal anaesthesia using the component of HRV in type 2
diabetes patients comparing with non-diabetic patients.

Methods
This study received approval from the institutional re-
view board of Severance Hospital, Yonsei University
Health System, Seoul, South Korea (Ref. 4-2014-0167)
on April 29, 2014 and was registered at ClinicalTrials.gov
(NCT 02137057). This prospective observational study
followed the STROBE guideline (Additional file 1). A
total of 66 adult patients aged 40–80 years with an
American Society of Anaesthesiologists physical status
of I–III who were scheduled to undergo elective lower
limb orthostatic surgery were enrolled after obtaining
informed written consent. The exclusion criteria com-
prised contraindication to spinal anaesthesia, patients
with arrhythmia and those taking medications that
affect the autonomic nervous system, such as anti-
depressants, hypnotics, β- and α-adrenergic blockers.

Patient’s allocation
Patients were allocated into their respective groups by set-
ting HbA1c 7 % as our parameter for patients previously di-
agnosed with DM in the following matter: controlled DM
(HbA1c < 7 %), uncontrolled DM (HbA1c > 7 %) and nor-
mal groups (n = 22, each). Normal patients were defined as
never having a previous diagnosis of DM and a fasting ran-
domized sugar level < 200 and thereby not fitting the cri-
teria for impaired glucose tolerance.

Anaesthetic management
No patient was pre-medicated. All patients were moni-
tored using electrocardiography, non-invasive BP mea-
surements and pulse oximetry from arrival in the
operating room. For HRV analysis, PowerLab (AD
Instruments, Sydney, NSW, Australia) was used to auto-
matically save cardiac electrophysiology measurements.
The day before surgery, it is standard to start fasting at
midnight and dehydration that comes with this is sup-
plemented with NS 5 ml/kg before spinal anaesthesia.
This is the standard care at our hospital.
All patients were stabilized for 20 min. For spinal an-

aesthesia, a 22 G spinal needle aimed at the lumber
(L)3–4 or L4-5 inter-vertebral space was used, and with
the patients in a lateral position, 10–12 mg of 0.5 %
hyperbaric bupivacaine was injected into the subarach-
noid space. After spinal injection, a infusion of 6 %
hydroxyethyl starch (Voluven®; Fresenius Kabi, Bad
Homburg, Germany) was started at a rate of 5 ml/kg.
The level of spinal block was confirmed by the loss of

pain sensation after a pin-prick test, with the target level
being T6–8. Baseline blood pressure and pulse rate were
recorded in the supine position 10 min before and at 10,
20 and 30 min after spinal anaesthesia. Hypotension was
defined as a systolic blood pressure < 90 mmHg, and was
managed by 4 mg of ephedrine gradually injected until
normalization of systolic blood pressure. Bradycardia
was defined as a heart rate (HR) of < 50 beats.min−1

based on a consecutive recording of ≥15 sec, and was
managed by administering 0.25–0.5 mg of atropine.

HRV analysis
HRV analysis was conducted using LabChart v7 software
(AD Instruments, Sydney, NSW, Australia) according to
the Task Force of the European Society of Cardiology
and the North American Society of Pacing and Electro-
physiology recommendations [10]. During the recording,
using a sampling rate of 1000H as a threshold method,
we evaluated the fast peak R wave of ECG. A computer
was used to record and analysis the beat to beat variabil-
ity of consecutive R wave of sinus rhythm. Abnormal RR
interval of premature beat of artifact that included noise
was automatically removed by LabChart. The low-
frequency (LF, 0.04–0.15Hz) component of HRV is me-
diated by both sympathetic and parasympathetic nerve
activities, while the high-frequency (HF, 0.15–0.4 Hz)
component is mediated almost entirely by parasympa-
thetic nerve activity. The total power (TP, 0–0.4 Hz)
reflects the overall autonomic activity [10, 11] and LF/
HF ratio verifies the balance between sympathetic and
parasympathetic nerve activities. Frequency-domain ana-
lysis of HRV was conducted using data from 5 min
segments without ectopic beats and artefacts using fast-
Fourier transformation. Time points were set at 10 min
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before (T0), 10 (T1), 20 (T2) and 30 min (T3) after
spinal anaesthesia.

Statistical analysis
Data from a previous study gave a mean (SD) of 630
(190) ms2 of TP in DM patients [18]. We estimated
that 20 patients in each group would be required to
detect a mean difference of 120 ms2 and standard de-
viation 190 ms2 in the TP between DM groups and
normal group with a power of 80 % at a significance of
P < 0.05. To compensate for possible dropouts, we in-
cluded 22 patients per group. All variable data were
tested for normality using the Kolmogorov-Smirnov
test. For inter-groups comparisons, one-way ANOVA
with Bonferroni correction, chi-square or Fisher’s
exact test were used. For intra-group comparisons of
HRV and haemodynamic parameters compared to
each baseline values, repeated measures analysis of
variance with Bonferroni corrections was used. Statistical
analyses were performed using SPSS 20.0 software (SPSS
Inc., Chicago, IL, USA) and a p value of < 0.05 was consid-
ered statistically significant.

Results
Seventy nine patients were determined to be eligible for
this study, but 5 of them were excluded due to decline
to participate this study and 8 were not studied due to
history of arrhythmia or those taking medications that
affect the autonomic nervous system (Figure 1). There
were no differences of the patients’ age, body mass index
and sex (Table 1). The median peak block level was T 6
± 2 with no difference among the three groups. The
HbA1c level was 8.5 ± 1.0 % in uncontrolled DM and
6.5 ± 0.4 % in controlled DM. The incidence of
hypotension and bradycardia was not different among
the groups. In addition, the given number of ephedrine
was not differentiated between the groups (Table 1).

Changes in heart rate variability
The total, LF and HF powers were lower in the uncon-
trolled DM than in the other groups at T0 (p < 0.05).
The total power of controlled DM was significantly
lower than that of the normal group and significantly
higher than that of the uncontrolled group at T0-1. The
LF power in the controlled DM group decreased

Table 1 Characteristics of patients

Normal group (n = 22) Controlled DM (n = 22) Uncontrolled DM (n = 22)

Age (years) 58.7 ± 9.7 64.9 ± 7.5 62.2 ± 10.3

Male/female 9/13 10/12 8/14

Height (cm) 160.8 ± 8.1 161.1 ± 8.5 163.0 ± 10.8

Weight (kg) 65.1 ± 9.5 66.4 ± 10.6 66.1 ± 13.8

BMI (kg/m2) 25.2 ± 4.1 25.4 ± 10.6 24.7 ± 4.0

DM duration (years) NA 7.3 ± 5.8* 15.8 ± 8.1*

HbA1c (%) 5.2 ± 0.4 6.5 ± 0.4* 8.5 ± 1.0*

ASA classification 1/2/3 12/8/2 9/10/3 0/14/8

DM medication

Oral hypoglycemics NA 11 7

Insulin NA 7 7

Combined (oral + insulin) NA 4 8

Blocked sensory T level 6 ± 2 6 ± 2 6 ± 2

Type of operation (n)

Amputation (toe or knee) 0 2 7

Open reduction of fracture 10 3 5

Arthroscopic surgery 3 5 0

Debridement and curettage 2 4 5

Removal of fixation device 7 5 1

Bipolar hemiarthroplasty 0 3 4

Ephedrine given (n) 2 2 2

Hypertension (n) 2 (9 %) 4 (18 %) 2 (9 %)

CAN NA 1 (4 %) 4 (18 %)*

Values are expressed as mean ± SD or number (proportion). DM, type 2 diabetes mellitus; BMI, body mass index; HbA1c, glycated hemoglobin; T, thoracic level;
CAN, cardiac autonomic neuropathy
*P < 0.05 compared to normal group
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significantly and was lower than that of the normal
group at T1–2. The LF power was not changed but sig-
nificantly lower in uncontrolled DM group than in the
normal group at T1–3. The HF power was significantly
higher than that in the uncontrolled DM at T1-T3.
There were no differences in the LF/HF ratio among the
three groups, with the LF/HF ratio reduced at T1-2 than
at T0 in all groups (Table 2; Fig. 2).

Changes in haemodynamic
The systolic, mean and diastolic BP showed no differ-
ences among the three groups at T0. The systolic, mean
and diastolic BP at T1-3 were reduced than that at T0 in
all groups. The systolic, mean and diastolic BP of uncon-
trolled DM group at T1-3 were higher than in the other
groups. However there were no differences in HR at T0-
3 among the three groups. The HR was reduced at T3
than at T0 in the normal group and reduced at T2 and
T3 than at T0 in controlled and uncontrolled DM group.
The pulse pressure for uncontrolled DM was highest
among the groups, but was not statistically different at
T0; it remained significantly higher in uncontrolled DM
compared with the other groups at T1–3 (Table 3).
There were no differences in all haemodynamic variables
between the controlled DM and normal groups.

Discussion
Our study provides a description of autonomic nervous
system modulation on cardiac activity among diabetic
patients undergoing spinal anaesthesia. The original
findings of this study are that patients with uncontrolled
DM have a lower baseline total, LF and HF power than
the controlled DM and normal groups. We expected

that in DM patients, who have affected autonomic nerve
systems, spinal anaesthesia would have a greater effect
on the autonomic function. However, as seen in our re-
sults, after spinal anaesthesia, the LF/HF ratio, which
represents the balance of the autonomic system, was
well maintained. Compared to the uncontrolled DM
group, the controlled DM group had more a similar LF/
HF ratio change to the normal patient group. In
addition, the uncontrolled DM group, which have a de-
creased power of HRV component, as the LF/HF ratio
was recovered, the autonomic nerve modulation was
preserved. Haemodynamic stability was well maintained
during spinal anaesthesia in controlled and uncontrolled
DM groups.
The total power reflects the overall autonomic activity

[10, 19]. Singh et al. stated the more severe the hypergly-
cemia, the more the total power decreases [13]. The cor-
relations of the degree of hyperglycaemia with total, LF
and HF power have been reported [12–15, 20]. In our
study, the total, we were depressed in type 2 DM with
uncontrolled hyperglycemia. Chronic hyperglycemia af-
fects vascular dynamics along with oxidative stress and
plays a key role in the pathogenesis of autonomic cardiac
neuropathy [21, 22] and arterial stiffness [23, 24]. In this
study, differences of total, LF and HF power during
spinal anaesthesia were definite between controlled and
uncontrolled DM, which were based on a standard
HbA1c level of 7 %. We found an association between
high HbA1c level and low power of HRV component
during spinal anaesthesia. Consistent with the findings
of previous studies [2, 25], the LF/HF ratio showed no
significant differences among the three groups. Similar
to our results, Istenes et al. could not find statistical

Table 2 Changes of heart rate variability

Group T 0 T1 T2 T3

Total power (ms2) Normal group 740.0 ± 235.5 587.3 ± 171.7* 495.1 ± 189.7* 511.2 ± 123.9*

Controlled DM 487.5 ± 188.4† 458.8 ± 200.2† 410.9 ± 157.9 396.1 ± 163.4

Uncontrolled DM 328.9 ± 105.0†,‡ 338.5 ± 100.3†,‡ 344.0 ± 88.5† 339.6 ± 84.4†

LF power (ms2) Normal group 326.4 ± 219.0 247.2 ± 190.5 292.6 ± 217.2 294.2 ± 230.0

Controlled DM 296.2 ± 182.4 150.8 ± 64.5*,† 155.6 ± 131.0*,† 240.2 ± 194.2

Uncontrolled DM 163.8 ± 115.3†,‡ 121.4 ± 83.8† 133.8 ± 117.3† 126.5 ± 108.0†

HF power (ms2) Normal group 113.2 ± 77.5 177.5 ± 133.1 198.0 ± 177.5 193.9 ± 130.2

Controlled DM 124.5 ± 104.3 140.9 ± 88.4 162.7 ± 194.3 163.4 ± 157.6

Uncontrolled DM 59.8 ± 49.8†,‡ 61.5 ± 54.0†,‡ 66.6 ± 39.3†,‡ 57.5 ± 48.1†,‡

LF/HF ratio Normal group 3.3 ± 1.2 1.8 ± 1.2* 1.7 ± 0.9* 2.1 ± 1.8

Controlled DM 3.0 ± 1.8 1.7 ± 1.5* 1.6 ± 1.5* 2.2 ± 1.7

Uncontrolled DM 3.3 ± 2.2 1.9 ± 0.9* 1.7 ± 0.8* 2.4 ± 1.3

Values are expressed as mean ± SD. DM, type 2 diabetes mellitus; LF, low-frequency power; HF, high-frequency power; T0, 10 min before spinal anaesthesia; T1,
10 min; T2, 20 min; T3, 30 min after spinal anaeshthesia
*P < 0.05 compared to T0
†P < 0.05 compared to normal group
‡P < 0.05 compared to controlled DM group
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significance between LF/HF ratio with type 2 DM [25].
We performed thoracic spinal anaesthesia (median sen-
sory block; range, T6–8) in this study, although a sympa-
thetic block can extend above the 2–6 dermatome
compared with sensory loss [26]. Therefore, the sympa-
thetic block can be at 2–6 dermatomes higher than the
checked blocked sensory level. Also, as the autonomic
nervous system is maintained by a balance of the sympa-
thetic and parasympathetic system, the increase of HF
can not be soley credited to rise of vagal tone as we
must consider the suppression or inhibition of the sym-
pathetic modulation as a factor. A decrease in the LF/
HF ratio and BP at 10 min after spinal anaesthesia
seemed to occur in all three groups because the cardiac
sympathetic tone of the myocardium was weakly blocked
during spinal anaesthesia. We concluded that the auto-
nomic nervous modulation was already markedly de-
creased and that spinal anaesthesia itself did not affect
autonomic nervous function in the uncontrolled DM
group, thus the cardiac autonomic modulation, which

typically associated with spinal anaesthesia, did not
occur. This suggests that cardiac autonomic nervous
regulation is reduced in patients with uncontrolled DM
during spinal anaesthesia without any significant change
in the sympatho-vagal balance. In contrast, we con-
firmed that spinal anaesthesia significantly affected the
autonomic nervous modulation in the controlled DM
and normal groups. The systolic and mean BP after
spinal anaesthesia was significantly higher in uncon-
trolled DM than in the other groups, indicating that
sympatho-vagal function disturbance is not exacerbated
under the adequate spinal block in the uncontrolled DM
and the incidence of was comparable with controlled
DM and normal group. We also observed an elevated
pulse pressure in the patients with uncontrolled DM,
which may reflect arterial stiffness. Various studies re-
ported that a high systolic blood pressure in DM can be
attributed to the effects of hyperglycaemia on the vascu-
lar endothelium and peripheral nerves through its inter-
action with vascular and metabolic factors [21, 22].

Fig. 1 Study process of showing this trial

Lee et al. BMC Anesthesiology  (2015) 15:141 Page 5 of 8



Arterial stiffness and thickness caused by vascular dys-
function in type 2 DM are correlated with an increase in
systolic BP [23, 27]. Furthermore, four patients in uncon-
trolled DM were diagnosed with cardiac autonomic neur-
opathy [28] in our study. Therefore, the high systolic BP

and pulse pressure both reflect arterial stiffness secondary
to neuropathy and associated vascular damage.
DM patients with cardiac autonomic neuropathy who

received general anaesthesia experienced a more pro-
found decrease in HR and BP and an increased use of

Fig. 2 Heart rate variability measurement (a) total power (b) low-frequency (LF) power (c) high-frequency (HF) power (d) LF/HF ratio. Data are
mean with error bars showing SD. T0, 10 min before spinal anaesthesia; T1, 10 min; T2, 20 min; T3, 30 min after spinal anaeshthesia; normal group
N (●),controlled DM group (□), uncontrolled DM group (○). *P < 0.05 compared to T0; †P < 0.05 compared to normal group; ‡P < 0.05 compared to
controlled DM group

Table 3 Changes in haemodynamics

Group T 0 T1 T2 T3

Heart rate Normal group 70.5 ± 11.9 70.5 ± 13.7 65.5 ± 15.8 62.3 ± 14.6*

(Beats per minute) Controlled DM 73.7 ± 12.8 73.5 ± 16.0 67.4 ± 16.1* 65.9 ± 15.4*

Uncontrolled DM 77.5 ± 12.3 74.7 ± 13.6 72.8 ± 12.8* 71.6 ± 13.0*

Systolic blood pressure Normal group 144.1 ± 16.3 122.4 ± 14.0* 118.9 ± 14.2* 119.0 ± 14.4*

(mmHg) Controlled DM 144.5 ± 20.2 119.2 ± 19.3* 118.6 ± 18.6* 118.3 ± 19.9*

Uncontrolled DM 152.9 ± 19.4 134.6 ± 22.1*,†.‡ 134.6 ± 25.0*,†.‡ 137.2 ± 20.2*,†.‡

Mean blood pressure Normal group 111.1 ± 13.0 94.9 ± 12.5* 92.1 ± 10.8* 91.8 ± 11.3*

(mmHg) Controlled DM 110.5 ± 15.1 89.8 ± 14.1* 91.6 ± 14.3* 90.9 ± 14.7*

Uncontrolled DM 113.5 ± 14.3 103.6 ± 17.6*,‡ 102.7 ± 18.1*,‡ 105.1 ± 16.5*,‡

Diastolic blood pressure Normal group 83.5 ± 11.0 73.5 ± 9.3* 71.2 ± 8.9* 71.2 ± 9.8*

(mmHg) Controlled DM 84.4 ± 9.1 71.0 ± 10.9* 72.3 ± 12.4* 70.9 ± 11.7*

Uncontrolled DM 84.4 ± 12.0 78.9 ± 15.4*,†.‡ 78.6 ± 14.2*,†.‡ 79.4 ± 14.2*,†.‡

Pulse pressure Normal group 59.9 ± 11.9 47.7 ± 8.1 47.1 ± 11.8 46.9 ± 11.1

(mmHg) Controlled DM 60.1 ± 17.1 48.1 ± 11.6 46.3 ± 11.3 47.4 ± 12.1

Uncontrolled DM 68.5 ± 16.4 58.7 ± 16.4†,‡ 59.0 ± 16.4†,‡ 57.8 ± 16.1†,‡

Values are expressed as mean ± SD. DM, type 2 diabetes mellitus; LF, low-frequency power; HF, high-frequency power; T0, 10 min before spinal anaesthesia; T1,
10 min; T2, 20 min; T3, 30 min after spinal anaeshthesia
*P < 0.05 compared to T0
†P < 0.05 compared to normal group
‡P < 0.05 compared to controlled DM group
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vasoactive drugs during induction [2]. This probably oc-
curred due to the lack of compensatory mechanisms for
the vasodilatory effect against systemically administered
anaesthetics. Cardiac autonomic neuropathy is induced
by several processes, including metabolic insult to nerve
fibres, neurovascular insufficiency and the formation of
advanced glycated end products [28]. Cardiac autonomic
neuropathy involves the sympathetic and parasympa-
thetic nervous systems depending on disease progres-
sion. As a result, HR remains constant, the coronary
vasodilatory reserve is impaired, the micro-circulation
decreases, and diastolic dysfunction occurs [29]. There-
fore, the administration of an adequate level of spinal
anaesthesia instead of general anaesthesia to patients
with diabetic cardiomyopathy who exhibit normal sys-
tolic function and impaired diastolic function [30] might
lead to and the ratio of low to high frequency a lesser
impact on sympatho-vagal balance.
In addition to the above factors, this study has several

limitations. First, patients were divided according to
HbA1c levels, not to the presence of cardiac autonomic
neuropathy. The prevalence of cardiac autonomic neur-
opathy in type 2 DM patients is 34 % [28], and it be-
comes more evident 18 months after DM diagnosis [31].
We focused the changes in autonomic nervous function
targeting HbA1c, because diagnosis for cardiac auto-
nomic neuropathy was not performed in all DM patients
and HbA1c is used as a standard for treatment [7]. Sec-
ond, patients who were taking β-blockers, angiotensin
receptor blockers or angiotensin-converting enzyme in-
hibitors [32, 33], which can affect the autonomic ner-
vous system, were excluded from this study; however,
HRV depression by hypertension itself, including the LF
and HF components, may have influenced our results
[34]. Furthermore, DM patients are subjected to concur-
rent multiple drug use, therefore the combined effect of
various drugs on the autonomic nervous system could
inflict on our result. Third, systemic vascular resistance
was not verified and vascular stiffness was not measured.
Because DM patients with cardiac autonomic neur-
opathy exhibit central and peripheral vascular dysfunc-
tion [32], a decrease in systemic vascular resistance due
to sympathetic block by spinal anaesthesia could be
more severe [35]. Fourth, we analyzed sequences of
5 min. Our study examined the changes of HRV for a
short duration of time of 30 minutes before and after
spinal anaesthesia. Since the heart rate (R-to-R intervals)
was different among studied patients, differences in
length of tachograms can influence the derived power
spectra patterns. Thereby, short sequences can under-
estimate LF component and overestimate the rapid fluc-
tuations (HF component).
There are several confounding factors regarding HRV in

our study. The HF power decreases in elderly patients,

and the LF/HF ratio shows a positive correlation with age
[36, 37]. Moreover, females show a decreased LF/HF ratio
compared with males [20, 37]. Because our study aimed to
verify changes in autonomic function during SA in DM
patients, HRV could only be analysed during surgery.
Surgery-related anxiety or emotional stress may also affect
HRV [38]. Because HRV is affected by PaCO2, the breath-
ing pattern may have influenced our results [39]. The cen-
tral frequency of the HF band of the heart rate coincides
with the central frequency of the respiratory rate. If the re-
spiratory rate is low (for example 10 breaths per min, cor-
responding to a frequency of 0.17 Hz, very near to the
upper limit of LF), some amount of HF band overlaps with
the LF band, thus the exact estimation of both bands be-
comes difficult. We need to consider the fact that DM pa-
tients with CAN lack HRV during deep breathing [29]. The
HF power is mainly driven by respiration, and this causes
vagal-mediated respiratory sinus arrhythmia [33]. The mag-
nitude of the HF power is largely influenced by the depth
of respiration, and this must be considered during SA.

Conclusions
Our findings suggest that spinal anaesthesia had an influ-
ence on the cardiac autonomic modulation in controlled
DM patients. Cardiac autonomic modulation did not
change during spinal anaesthesia for lower limb surgery in
uncontrolled DM patients who had a lower baseline auto-
nomic nervous system modulation. However, there was
no severe caused by a disturbance of sympatho-vagal
function during the adequate spinal anaesthesia in con-
trolled and uncontrolled type 2 DM.

Additional file

Additional file 1: STROBE guideline. (PDF 94 kb)

Abbreviations
DM: Type 2 diabetes mellitus; HbA1c: Glycated hemoglobin; HRV: Heart
rate variability; BP: Blood pressure; HR: heart rate; LF: Low-frequency;
HF: High-frequency; TP: Total power.

Competing interests
The authors declare that they have no competing interests.

Authors’ contribution
SHL have made substantial contributions to the design and conduct of the
study, analysis of the data, and writing of the manuscript. DHL made
substantial contributions to the analysis of the data and acquisition of data
and involved in drafting of the manuscript. DHH made substantial contributions
to the analysis and interpretation of the data. YJO made substantial
contributions to the study design and conduct of the study. All authors read
and approved the final manuscript.

Acknowledgements
This work was supported by Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology (NRF-2013R1A1A2059283).
The authors have no conflict of interest.

Lee et al. BMC Anesthesiology  (2015) 15:141 Page 7 of 8

http://www.biomedcentral.com/content/supplementary/s12871-015-0125-6-s1.pdf


Received: 7 April 2015 Accepted: 3 October 2015

References
1. Buse JB, Ginsberg HN, Bakris GL, Clark NG, Costa F, Eckel R, et al. Primary

prevention of cardiovascular diseases in people with diabetes mellitus: a
scientific statement from the American Heart Association and the American
Diabetes Association. Circulation. 2007;115:114–26.

2. Huang CJ, Kuok CH, Kuo TB, Hsu YW, Tsai PS. Pre-operative measurement of
heart rate variability predicts hypotension during general anesthesia. Acta
Anesthesiol Scand. 2006;50:542–8.

3. Latson TW, Ashmore TH, Reinhart DJ, Klein KW, Giesecke AH. Autonomic reflex
dysfunction in patients presenting for elective surgery is associated with
hypotension after anesthesia induction. Anesthesiology. 1994;80:326–37.

4. Burgos LG, Ebert TJ, Asiddao C, Turner LA, Pattison CZ, Wang-Cheng R, et al.
Increased intraoperative cardiovascular morbidity in diabetics with
autonomic neuropathy. Anesthesiology. 1989;70:591–7.

5. Stratton IM, Adler AI, Neil HA, Matthews DR, Manley SE, Cull CA, et al.
Association of glycaemia with macrovascular and microvascular
complications of type 2 diabetes (UKPDS 35): prospective observational
study. Br Med J. 2000;321:405–12.

6. Jordan J, Tank J. Complexity of impaired parasympathetic heart rate
regulation in diabetes. Diabetes. 2014;63:1847–9.

7. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, et al.
Management of Hyperglycemia in Type 2 Diabetes, 2015: A Patient-
Centered Approach: Update to a Position Statement of the American
Diabetes Association and the European Association for the Study of
Diabetes. Diabetes Care. 2015;38:140–9.

8. Ghabach MB, El-Khatib MF, Zreik TG, Matta MS, Mouawad JJ, Karam CJ, et al.
Effect of weight gain during pregnancy on heart rate variability and
hypotension during caesarean section under spinal anesthesia. Anesthesia.
2011;66:1106–11.

9. Chatzimichali A, Zoumprouli A, Metaxari M, Apostolakis I, Daras T, Tzanakis N,
et al. Heart rate variability may identify patients who will develop severe
bradycardia during spinal anesthesia. Acta Anesthesiol Scand. 2011;55:234–41.

10. Kalopita S, Liatis S, Thomakos P, Vlahodimitris I, Stathi C, Katsilambros N, et
al. Relationship between autonomic nervous system function and
continuous interstitial glucose measurement in patients with type 2
diabetes. J Diabetes Res. 2014;2014:835392.

11. Tarvainen MP, Laitinen TP, Lipponen JA, Cornforth DJ, Jelinek HF. Cardiac
autonomic dysfunction in type 2 diabetes - effect of hyperglycemia and
disease duration. Front Endocrinol (Lausanne). 2014;5:130.

12. Kalopita S, Liatis S, Thomakos P, Vlahodimitris I, Stathi C, Katsilambros N, et
al. Influence of type 2 diabetes on symbolic analysis and complexity of
heart rate variability in men. Diabetol Metab Syndr. 2014;6:13.

13. Singh JP, Larson MG, O'Donnell CJ, Wilson PF, Tsuji H, Lloyd-Jones DM, et al.
Association of hyperglycemia with reduced heart rate variability (The
Framingham Heart Study). Am J Cardiol. 2000;86:309–12.

14. Hanss R, Ohnesorge H, Kaufmann M, Gaupp R, Ledowski T, Steinfath M, et
al. Changes in heart rate variability may reflect sympatholysis during spinal
anesthesia. Acta Anesthesiol Scand. 2007;51:1297–304.

15. Hanss R, Bein B, Weseloh H, Bauer M, Cavus E, Steinfath M, et al. Heart rate
variability predicts severe hypotension after spinal anesthesia.
Anesthesiology. 2006;104:537–45.

16. Heart rate variability: standards of measurement, physiological interpretation
and clinical use. Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology. Circulation.
1996;93:1043–65.

17. Berntson GG, Bigger JT Jr, Eckberg DL, Grossman P, Kaufmann PG, Malik M,
et al. Heart rate variability: origins, methods, and interpretive caveats.
Psychophysiology. 1997;34:623–48.

18. Pal GK, Adithan C, Ananthanarayanan PH, Pal P, Nanda N, Durgadevi T, et al.
Sympathovagal imbalance contributes to prehypertension status and
cardiovascular risks attributed by insulin resistance, inflammation,
dyslipidemia and oxidative stress in first degree relatives of type 2 diabetics.
PLoS One. 2013;8, e78072.

19. Akselrod S, Gordon D, Ubel FA, Shannon DC, Berger AC, Cohen RJ.
Power spectrum analysis of heart rate fluctuation: a quantitative probe
of beat-to-beat cardiovascular control. Science. 1981;213:220–2.

20. Nolan RP, Barry-Bianchi SM, Mechetiuc AE, Chen MH. Sex-based differences
in the association between duration of type 2 diabetes and heart rate
variability. Diab Vasc Dis Res. 2009;6:276–82.

21. Tesfaye S, Chaturvedi N, Eaton SE, Ward JD, Manes C, Ionescu-Tirgoviste C,
et al. Vascular risk factors and diabetic neuropathy. N Engl J Med.
2005;352:341–50.

22. Cameron NE, Eaton SE, Cotter MA, Tesfaye S. Vascular factors and metabolic
interactions in the pathogenesis of diabetic neuropathy. Diabetologia.
2001;44:1973–88.

23. Yokoyama H, Yokota Y, Tada J, Kanno S. Diabetic neuropathy is closely
associated with arterial stiffening and thickness in Type 2 diabetes. Diabet
Med. 2007;24:1329–35.

24. Gottsater A, Ahlgren AR, Taimour S, Sundkvist G. Decreased heart rate
variability may predict the progression of carotid atherosclerosis in type 2
diabetes. Clin Auton Res. 2006;16:228–34.

25. Tesfaye S, Chaturvedi N, Eaton SE, Ward JD, Manes C, Ionescu-Tirgoviste
C, et al. Heart rate variability is severely impaired among type 2 diabetic
patients with hypertension. Diabetes Metab Res Rev. 2014;30:305–12.

26. Chamberlain DP, Chamberlain BD. Changes in the skin temperature of the
trunk and their relationship to sympathetic blockade during spinal anesthesia.
Anesthesiology. 1986;65:139–43.

27. Cruickshank K, Riste L, Anderson SG, Wright JS, Dunn G, Gosling RG.
Aortic pulse-wave velocity and its relationship to mortality in diabetes
and glucose intolerance: an integrated index of vascular function?
Circulation. 2002;106:2085–90.

28. Vinik AI, Ziegler D. Diabetic cardiovascular autonomic neuropathy.
Circulation. 2007;115:387–97.

29. Vinik AI, Maser RE, Mitchell BD, Freeman R. Diabetic autonomic neuropathy.
Diabetes Care. 2003;26:1553–79.

30. Amour J, Kersten JR. Diabetic cardiomyopathy and anesthesia: bench to
bedside. Anesthesiology. 2008;108:524–30.

31. Valensi P, Paries J, Attali JR, French Group for R, Study of Diabetic N. Cardiac
autonomic neuropathy in diabetic patients: influence of diabetes duration,
obesity, and microangiopathic complications–the French multicenter study.
Metabolism. 2003;52:815–20.

32. Maser RE, Lenhard MJ. Cardiovascular autonomic neuropathy due to
diabetes mellitus: clinical manifestations, consequences, and treatment.
J Clin Endocrinol Metab. 2005;90:5896–903.

33. Bilchick KC, Berger RD. Heart rate variability. J Cardiovasc Electrophysiol.
2006;17:691–4.

34. Liao D, Sloan RP, Cascio WE, Folsom AR, Liese AD, Evans GW, et al. Multiple
metabolic syndrome is associated with lower heart rate variability. The
Atherosclerosis Risk in Communities Study. Diabetes Care. 1998;21:2116–22.

35. Rooke GA, Freund PR, Jacobson AF. Hemodynamic response and change in
organ blood volume during spinal anesthesia in elderly men with cardiac
disease. Anesth Analg. 1997;85:99–105.

36. Meyhoff CS, Haarmark C, Kanters JK, Rasmussen LS. Is it possible to predict
hypotension during onset of spinal anesthesia in elderly patients? Journal of
Clinical Anesthesia. 2009;21:23–9.

37. Abhishekh HA, Nisarga P, Kisan R, Meghana A, Chandran S, Trichur R, et al.
Influence of age and gender on autonomic regulation of heart. Journal of
Clinical Monitoring and Computing. 2013;27:259–64.

38. Gorman JM, Sloan RP. Heart rate variability in depressive and anxiety
disorders. American Heart Journal. 2000;140:77–83.

39. Poyhonen M, Syvaoja S, Hartikainen J, Ruokonen E, Takala J. The effect of
carbon dioxide, respiratory rate and tidal volume on human heart rate
variability. Acta Anaesthesiologica Scandinavica. 2004;48:93–101.

Lee et al. BMC Anesthesiology  (2015) 15:141 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Patient’s allocation
	Anaesthetic management
	HRV analysis
	Statistical analysis

	Results
	Changes in heart rate variability
	Changes in haemodynamic

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Competing interests
	Authors’ contribution
	Acknowledgements
	References



