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Repeated sudden falls in heart rate in a diabetic patient during

sevoflurane anesthesia
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Abstract

Repeated sudden falls in heart rate were experienced in a
diabetic patient during general anesthesia. During each fall in
heart rate, analysis of heart rate variability showed a rapid
increase in entropy and normalized power of high frequency.
Simultaneously, a decrease was also shown in the power of
the low-high frequency ratio, preceded by a trivial transient
increase. These data indicated the excitation of vagal activity
and the inhibition of sympathetic activity just after trivial
sympathetic activation.
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Introduction

Neuropathy is a well-known complication in patients
with long-standing diabetes, along with retinopathy and
nephropathy. Especially, autonomic neuropathy, which
is characterized by early and widespread neuronal
degeneration of small nerve fibers of both the sympa-
thetic and parasympathetic tracts, potentially modifies
normal cardiovascular responses [1]. Therefore, auto-
nomic neuropathy could cause unexpected abnormal
cardiovascular responses to surgical intervention and
anesthesia.

We report a diabetic patient who had repeated sudden
falls in heart rate (HR) during general anesthesia.
During each such event HR variability (HRV) data
were continuously monitored. These data were then
analyzed.

Address correspondence to: K. Takakura
Received: April 3, 2007 / Accepted: November 2, 2007

Case report

The patient was a 78-year-old woman, 141 cm in height
and 39kg in weight. She was scheduled for the open
reduction and internal fixation of a left femoral fracture.
She was first diagnosed as having severe diabetes
mellitus during preoperative examination. Although
the glycosylated hemoglobin blood level was 8.6%, her
blood sugar level was reduced from 405 to 221 mg-dl™
by insulin injected subcutaneously. She also de-
monstrated uncontrolled hypertension and resting
tachycardia.

On the day of surgery, premedication was not admin-
istered. On her enterance to the operating room, elec-
trocardiography, invasive blood pressure monitoring,
and pulse oximetry were performed with a conventional
anesthesia monitor. Heart rate (HR) was 100 beats-
min ™', blood pressure was 181/92mmHg, and percutane-
ous oxygen saturation (Sp,,) was 97 %. The electrocardio-
graphy signal was obtained from the monitor to calcu-
late the following components of HRV, done with
MemCalc/Tarawa (Suwa Trust, Tokyo, Japan): the
entropy of four RR intervals, and the power of low-
frequency (LF; 0.04-0.15Hz) and high-frequency (HF;
0.15-0.4Hz) components for 30s. Anesthesia was
induced with intravenous injections of 80mg propofol
and 0.05 mg fentanyl. Then, 6 mg vecuronium was admin-
istered for muscle relaxation and subsequent tracheal
intubation. Subsequently, anesthesia was maintained
with 1%-3% sevoflurane with fentanyl (total amount,
0.2mg) as needed. Under volume-controlled ventila-
tion, fixed throughout the operation (tidal volume,
380ml; frequency, 10min™, i.e., 0.17Hz; airway pres-
sure, approximately 15 mmHg) with 40% oxygen in air,
endotidal carbon dioxide (Etco,; 35mmHg) and Spo,
(100%) were stable.

Around 10min after tracheal intubation, a sudden
and brief fall of HR occurred, without warning. The
sinus rhythm was retained. Simultaneously, blood pres-
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sure fell slightly. Subsequently, such falls were repeated
frequently until the end of anesthesia (Fig. 1), and they
showed no relation to any surgical procedures. Also,
entropy and normalized unit power of HF (nuHF;
nuHF(%) = HF/(LF + HF) x 100) at the time of the falls
in HR rapidly increased, whereas LF/HF decreased
after a trivial transient increase. Representative trends
in HR, entropy, nuHF, and LF/HF are shown in Fig. 2.
Changes like those shown in Fig. 2 were observed in all
episodes.

The duration of surgery was 157 min. The fluid balance
during anesthesia was as follows: blood loss, 880g; uri-
nation, 200 ml; blood transfusion, 260 ml; fluid adminis-
tration, 1500 ml crystalloid and 500 ml colloid. Repeated
falls in HR were no longer seen after extubation or
when she was in the intensive care unit (ICU). She was
discharged uneventfully from the ICU to the ward the
next morning.

Discussion

We encountered a diabetic patient who demonstrated
repeated sudden and brief falls in heart rate (HR) under
general anesthesia during orthopedic surgery. Although
the reason for these falls in HR remained unknown, we
were monitoring HRV continuously during the event
and we analyzed the recording postoperatively.

HRYV is a well-established, noninvasive probe to
assess autonomic nervous activity [2]; it allows assess-
ment of the balance between the sympathetic and para-
sympathetic nervous systems. Recently, the “MemCalc”
method, which is a combination of the maximum entropy
method for spectral analysis and the nonlinear least
squares method for fitting analysis, has been developed
[3], and its use for determining HRV under general

anesthesia has been reported [4]. This method facili-
tates reliable estimations of HRV and entropy from a
series of RR intervals for 30s. Efferent vagal activity is
a major contributor to the HF component, as seen in
clinical and experimental observations of autonomic
maneuvers such as electrical vagal stimulation, musca-
rinic receptor blockade, and vagotomy [5]. If HF does
not correlate with vagal activity under conditions such
as general anesthesia when total power is reduced, nor-
malization is needed [6]. With respect to the LF com-
ponent, disagreement exists. Some studies suggest that
LF is a quantitative marker of sympathetic modulations
when expressed in normalized units [7,8]. Other studies
view LF as a reflection of both sympathetic activity and
vagal activity [2,9]. The LF/HF ratio is considered
to mirror sympatho-vagal balance or to reflect sympa-
thetic modulation [10]. Entropy is a concept that
addresses system randomness and predictability, with
greater entropy often being associated with greater ran-
domness and less predictability [11]. Also, changes in
entropy measures of HRV seem to be similar to changes
in HF [12]. In our patient, nuHF and entropy rapidly
increased while the sudden and brief fall in HR occurred,
and, in contrast, the LF/HF ratio decreased. These data
apparently indicate excitation of vagal activity and inhi-
bition of sympathetic activity. Moreover, it is a note-
worthy phenomenon that these changes occurred just
after a trivial transient increase in the LF/HF, i.e.,
sympathetic activation. This HRV phenomenon shows
us the therapeutic possibility that adequate sympathetic
inactivation may prevent repeated episodes of
bradycardia.

The following abnormalities on HRV analysis are
associated with diabetic autonomic neuropathy [5]: (1)
reduced power in all spectral bands (the most common
finding), (2) failure to increase LF on standing (a reflec-



S. Kurashige et al.: Repeated falls in HR in a diabetic patient

140
120
100
80 T

HR (bpm)

60 A
40 A
20 A

0 -

100

80 T

60 A

40

Entropy (%)

20 A

0-

0.25

0.2

0.15 1

nuHF

0.1+

0.05 A

18 7
16
14 1
12 4
10 A
8 -
6
4 -
2

LF/HF

Time (sec.)

Fig. 2. Representative traces of heart rate (HR), entropy,
normalized unit power of high frequency (nuHF), and the
power of the low-high frequency ratio (LH/HF) during a
sudden fall in heart rate

tion of impaired sympathetic response or depressed
baroreceptor sensitivity), (3) abnormally reduced total
power with an unchanged LF/HF ratio, and (4) a left-
ward shift in the LF central frequency. Even in diabetic
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patients without evidence of autonomic neuropathy, a
reduction of the absolute power of LF and HF was
reported [13]. Thus, the initial manifestation of this neu-
ropathy is likely to involve widespread neuronal de-
generation of small nerve fibers of both sympathetic
and parasympathetic limbs. Although it is not known
how diabetic neuronal degeneration affects HRV under
general anesthesia, this degeneration may have been at
least one of the causes of the repeated sudden episodes
of bradycardia in our patient.

References

10.

11.

12.

13.

. Jermendy G. Clinical consequences of cardiovascular autonomic

neuropathy in diabetic patients. Acta Diabetol. 2003;40:S370—4.

. 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.

. Sawada Y, Ohtomo N, Tanaka Y, Tanaka G, Yamakoshi K,

Terachi S, Shimamoto K, Nakagawa M, Satoh S, Kuroda S,
Iimura O. New technique for time series analysis combining the
maximum entropy method and non-linear least squares method:
its value in heart rate variability analysis. Med Biol Eng Comput.
1997;35:318-22.

. Fujiwara Y, Asakura Y, Shibata Y, Nishiwaki K, Komatsu T. A

marked decrease in heart rate variability associated with junc-
tional rhythm during anesthesia with sevoflurane and fentanyl.
Acta Anaesthesiol Scand. 2006;50:509-11.

. Task force of the European Society of Cardiology and the North

American Society of Pacing and Electrophysiology. Heart rate
variability: standards of measurement, physiological interpreta-
tion and clinical use. Circulation. 1996;93:1043-65.

. Komatsu T, Singh PK, Kimura T, Nishiwaki K, Bando K. Differ-

ential effects of ketamine and midazolam on heart rate variability.
Can J Anaesth. 1995;42:1003-9.

. Malliani A, Pagani M, Lombardi F, Cerutti S. Cardiovascular

neural regulation explored in the frequency domain. Circulation.
1991;84:482-92.

. Montano N, Ruscone TG, Porta A, Lombardi F, Pagani M,

Malliani A. Power spectrum analysis of heart rate variability to
assess the changes in sympathovagal balance during graded ortho-
static tilt. Circulation. 1994;90:1826-31.

. Appel ML, Berger RD, Saul JP, Smith JM, Cohen RIJ. Beat to

beat variability in cardiovascular variables: noise or music? J Am
Coll Cardiol. 1989;14:1139-48.

Malliani A, Lombardi F, Pagani M. Power spectrum analysis of
heart rate variability: a tool to explore neural regulatory mecha-
nisms. Br Heart J. 1994;71:1-2.

Pincus SM, Goldberger AL. Physiological time-series analysis:
what does regularity quantify? Am J Physiol. 1994;266:H1643—
56.

Palazzolo JA, Estafanous FG, Murray PA. Entropy measures of
heart rate variation in conscious dogs. Am J Physiol. 1998;274:
H1099-105.

Pagani M, Malfatto G, Pierini S, Casati R, Masu AM, Poli M,
Guzzetti S, Lombardi F, Cerutti S, Malliani A. Spectral analysis
of heart rate variability in the assessment of autonomic diabetic
neuropathy. J Auton Nerv Syst. 1988;23:143-53.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


