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Abstract

Background: High Frequency Variability Index (HFVI), derived from heart
rate variability (HRV), is an indicator of parasympathetic nervous activity.
Recently, HFVI has been used as an objective marker of analgesia, with
values above 50 generally indicating adequate pain relief. In this report, we
present the first case in which HF VI served as a prompt indicator for initiating
fluid resuscitation during intraoperative hemorrhage.

Case: A woman in her 40s was scheduled to undergo a radical abdominal
hysterectomy. In addition to standard vital signs monitoring, HF VI was used to
adjust the dosage of remifentanil. Following epidural catheterization, general
anesthesia was induced. Anesthesia was maintained with 1.3 L/min of Air, 0.7
L/min of O, and 1.5% of sevoflurane (end-tidal concentration: 1.0%). Only the
remifentanil dosage was modified based on HFVI readings. Approximately
150 minutes after the start of surgery, the systolic blood pressure frequently
dropped below 80 mmHg, and phenylephrine was administrated several times.
HFVI values fell below 50, followed by a gradual increase in heart rate. In
response to suspected hypovolemia, fluid resuscitation was performed using
crystalloid solution and Voluven®. After treatment, HFVI values rose above
50 and remained stable. Notably, vital sign may not change until significant
blood loss has occurred, whereas parasympathetic withdrawal may appear
earlier in the course of hemorrhage.

Conclusion: HFVI may serve as a useful early indicator for initiating fluid
resuscitation during intraoperative hemorrhage.
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Abbreviation: HFVI: High Frequency Variability Index; HRV: heart rate
variability; HFVIi: Component i of High Frequency Variability Index; HFVIm:
Component m of High Frequency Variability Index; PAC: pulmonary artery
catheter; TEE: transesophageal echocardiography

Introduction

Changes in vital sign during intraoperative hemorrhage are typically
characterized by a decrease in blood pressure and increase in heart rate. However,
these hemodynamic changes tend to occur only after a significant amount of
blood loss has accumulated. In other word, blood pressure and pulse rate can
generally be maintained until approximately 15 % of total blood volume is lost
[1,2]. Therefore, it is crucial to detect changes in circulating blood volume at an
ecarly stage and alert the anesthesiologist accordingly. While invasive arterial
pressure monitoring is commonly used in patients with unstable hemodynamics
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[3], devices such as Flotrac™/Vigileo™ [4] and LiDCO™ [5]
have been considered useful tools for minimally invasive
cardiac output monitoring, as they allow for real time analysis
of arterial pressure waveforms. However, such monitoring is
typically reserved for high-risk patients [6], generally those
classified as ASA-PS III [7].

The High Frequency Variability Index (HFVI) has been
introduced as a component of the analgesia-nociception
index [8]. HFVI is derived from heart rate variability (HRV)
and reflects the high-frequency component associated with
parasympathetic nervous activity [9]. Previous studies have
suggested that HFVI can serve as an objective indicator of
both pain and pain relief [10]. In this report, we present a case
in which HFVI acted as a prompt indicator for initiating fluid
resuscitation therapy during gynecologic surgery complicated
by intraoperative hemorrhage.

Case Report

Written informed consent was obtained from the patients
for publication of this case. A-46-year-old woman was
admitted to the gynecological ward of Sapporo Medical
University Hospital for the management of cervical
cancer. She was scheduled to undergo a radical abdominal
hysterectomy. Her preoperative hemoglobin level was 12.2
g/dL, indicating no anemia. She was classified as American
Society of Anesthesiologist Physical Status I, and epidural
catheterization and general anesthesia were planned.
Additionally, HFVI monitoring was incorporated to assist in
adjusting remifentanil dosage. Upon arrival in the operating
room, the HFVI MOC-9 module® (Heiwa Bussan, Tokyo,
Japan) and HFVI V1 plus sensor® were attached to the
precordial region and connected to a Root monitor (Masimo
Co., Tokyo, Japan). HFVI consists of two components:
HFVIi, the average over 1-2 minutes, and HFVIm, the
average over 2-4 minutes. HFVIi is regarded as a sensitive
indicator of rapid changes in heart rate variability, while
HFVIm is more stable and useful for titrating analgesics.
After epidural catheterization at the T 12/L 1 interspace,
general anesthesia was induced with 2 mg/kg propofol and 0.7
mg/kg rocuronium. Sevoflurane at 3% was administrated for
2 minutes prior to intubation. Following tracheal intubation
with a standard laryngoscope, anesthesia was maintained
with 1.3 L/min air, 0.7 L/min oxygen, and 1.5% sevoflurane
(end-tidal concentration: 1.0%). No epidural anesthetics
were administrated until the end of surgery; intraoperative
analgesia was managed solely by adjusting based on HFVI
reading. A radial arterial line was placed, and vital sign
were recorded every 5 minutes. HFVIm and HFVIi were
continuously displayed on the Root monitor.

Approximately 150 minutes after the start of surgery,
systolic blood pressure frequently fell below 80 mmHg (Figure
1), prompting repeated administration of phenylephrine. At

the same time, HFVI values dropped below 50, and heart rate
gradually increased from the 50s to 60s. Blood loss gradually
increased from 200 to 540 mL. Fluid resuscitation therapy
was initiated using crystalloid solution and Voluven® (Otsuka
Pharmaceutical Factory, Inc., Naruto, Tokushima, Japan) of
hydroxyethyl starch. On two separate occasions, HFVIm
dropped below 50 (Figure 2), reinforcing the suspicion of
ongoing hypovolemia. Although the total blood loss had
reached 690 mL by one hour after active hemorrhage began,
HFVIm rose above 50 and remained stable thereafter. Total
intraoperative blood loss was 900 mL, and urine output
was 200 mL. The patients received 2200 mL of crystalloid
solution (including 200 mL of normal saline) and 500 mL
of Voluven. At the end of the procedure, her blood pressure
was 93/39 mmHg and heart rate was 79 bpm. The patient
regained consciousness promptly and was extubated without
complications.
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Figure 1: Changes in blood pressure and heart rate in the
perioperative period. Heart rate gradually increased following
intraoperative hemorrhage. Systolic blood pressure: circle markers
(solid line). Diastolic blood pressure: square markers (solid line).
Heart rate: triangle markers (dotted line).
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Figure 2: Changes in HFVIm in the perioperative period. Component
m of High Frequency Variability Index (HFVI) represents the
average value over 2-4 minutes. HFVIm decreased below 50 during
intraoperative hemorrhage (indicated by an upward dotted arrow).
Cross marker indicates the time of anesthesia induction. Circle
marker indicates the start or the end of surgery.
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Figure 3: Changes in HFVIi in the perioperative period. in the
perioperative period. Component i of High Frequency Variability
Index (HFVIi) represents the average value over 1-2 minutes. HFVIi
decreased below 50 ahead of HFVIm. Cross marker indicates the
time of anesthesia induction. Circle marker indicates the start or the
end of surgery. Upward dotted arrow was the time in which HFVIm
decreased below 50.

Discussion

During intraoperative hemorrhage, blood pressure and
heart rate may remain stable in the early phase until more
than 15 % of the circulation blood volume is lost. In the other
words, traditional vital signs may fail to promptly reflect
hemodynamic instability. We cannot immediately realize
hemodynamic instability at intraoperative hemorrhage.
Therefore, early detection of reduced circulating volume
is essential to initiate timely intervention. A previous
systemic review on optimal anesthetic monitoring after liver
transplantation [ 11] recommended the use of pulmonary artery
catheter (PAC) and/or transesophageal echocardiography
(TEE) for high-risk patients. In contrast, minimally invasive
cardiac output monitors such as Flotrac™/Vigileo™ and
LiDCO™ have not been shown to offer comparable reliability
in unstable cases. Nonetheless, the other report [12] suggests
that goal-directed fluid therapy using such monitors in
noncardiac surgery may reduce hospital stay. However, it
remains unclear whether these minimally invasive cardiac
output monitoring are sensitive enough to detect early phase
of intraoperative hemorrhage [13].

To our knowledge, no previous case reports have
described HFVI as an early indicator for fluid therapy.
HFVI has been used to objectively assess nociception, based
on the physiological relationship where pain activates the
sympathetic nervous system [14] and analgesia promotes
parasympathetic activity. HFVI has been used for pain relief
during various operations. [15,16] Autonomic regulation
of the cardiovascular system plays a compensatory role in
hemorrhage states. [17] In early hemorrhage, parasympathetic
withdrawal and sympathetic activation lead to increase heart
rate and peripheral resistance, maintaining blood pressure
despite ongoing volume loss. The previous study [18] found
that HRV has been recognized as a marker of autonomic
compensation in trauma patients.
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In our case, despite intraoperative hemorrhage, HFVIi
showed an early decline (Figure 3), followed by HFVIm.
These findings suggest that HFVIm may serve as a prompt,
noninvasive indicator for initiating fluid resuscitation during
intraoperative hemorrhage. A prospective study is warranted
to validate these findings.

Conclusion

We reported a case of anesthesia management using
HFVI monitoring for intraoperative hemorrhage during
gynecologic surgery. Considering the rapid changes in heart
rate variability observed during blood loss, HFVIm may
serve as a prompt indicator for initiating fluid resuscitation.
Although HFVI is primarily used to adjust analgesic dosing
it may also be useful in identifying early hemodynamic
instability.
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