Own the Zone:

Bring visibility to a critical vital sign with
continuous core temperature monitoring.

Introduction:

Nearly all clinicians know that maintenance of normothermia during surgery can be associated with
improved perioperative outcomes. More than 30 years of clinical research support the practice of
normothermia management, and numerous clinical practice guidelines now emphasise hypothermia
prevention as a recommended practice.

Despite this wealth of knowledge regarding the significance of normothermia in surgical patients,
one related topic is too often overlooked — the measurement of core body temperature. While
temperature is recognised as a vital sign, it is frequently thought of as being less important than
the other vital signs clinicians must monitor during anaesthesia.

Downplaying the importance of temperature, combined with the challenges associated with the
placement of invasive thermometers within the patient’s body and a potential distrust of the reliability
associated with less invasive monitoring methods, means many patients undergoing anaesthesia do not
have their core temperature continuously and accurately monitored during surgery. This is especially
true in shorter surgeries or those under neuraxial (spinal/epidural) anaesthesia.

Proactively monitoring temperature with a consistent, non-invasive system is an accurate way to own
the normothermic temperature zone (36.0°C - 37.5°C)' and with that knowledge help you protect
patients from perioperative hypothermia. Fortunately, a non-invasive technique known as zero-heat-flux
thermometry can provide accurate measurements of core body temperature that have been shown to be
equivalent to invasive methods.?

Proactively monitoring core temperature can give clinicians clear insight into the patient’s thermal state,
allowing for more effective use of warming interventions (particularly preoperatively) which can lead to
better patient outcomes.

The importance of maintaining normothermia

During the first hour of general or regional anaesthesia, a patient’s core temperature can drop by an
average of 1.6°C? leaving the patient at risk of hypothermia. Unintended hypothermia can develop at
any stage of surgery and is not limited only to longer procedures.

While small changes in core temperature do not generally have immediate consequences, the potentially
adverse effects of even mild perioperative hypothermia, defined as a core body temperature of less than
36.0°C*, are numerous and well-documented. (Fig. 1)

Risk of SSI

Studies of the impact of hypothermia on the incidence of wound infection have shown that the
hypothermic patient is at an increased risk for wound infection than a normothermic patient.5”
Increased blood loss

Even mild hypothermia significantly increases blood loss by 16 percent and the risk for transfusion
by approximately 22 percent.® A 1.6°C reduction in core body temperature can increase blood loss
by 30 percent and significantly augment allogenic transfusion requirement.®



Morbid cardiac events

Hypothermia can increase the incidence of cardiac events.5™0"
A study by Scott et al. found that maintaining normothermia
was associated with a reduction in ischemic cardiovascular
events and mortality.®

Extended recovery time

Unintended hypothermia alters the effects of many classes of
drugs, including muscle relaxants and intravenous anaesthetic
agents.”>'* By decreasing drug metabolism, even mild
hypothermia can lead to delayed awakening and require

a longer PACU stay.’®®

Patient discomfort

Patients often report shivering as the worst part of their
hospitalisation, sometimes rating it worse than surgical pain.*

Knowing these potentially harmful outcomes, and understanding
that unintended hypothermia is a very common but also highly
preventable phenomenon, it stands to reason that healthcare
professionals should introduce the evidence-based preventive
measures to proactively monitor and maintain a patient’s core
temperature before, during, and after surgery.

The importance of temperature monitoring

Perioperative hypothermia is by far the most common thermal
consequence of anaesthesia. Because of the effect anaesthesia
has on the thermoregulatory system, intraoperative temperature
monitoring is essential to help detect significant core temperature
changes. People having surgery under regional or general
anaesthesia are at risk of developing hypothermia, which

can occur before, during and after surgery.

When patient temperature is closely monitored and measured,
clinicians will have an easier time knowing what needs to be done

to maintain a patient’s normothermic temperature. They’ll know

if a patient is trending towards hypothermia and would be able to
proactively respond, before their temperature reaches the lower end
of the spectrum. The more accurate temperature monitoring is today,
the more effective normothermia management becomes.

When is temperature monitoring needed?

Working together, the perioperative team should measure and
monitor the patient’s temperature in all phases of perioperative care.

Preoperative monitoring will determine if the patient’s
thermoregulatory system is normal and the patient is cleared for
surgery. Temperatures outside the normothermic zone may indicate
systemic infection, inflammation, or other thermoregulatory issues.”

Once in the OR, the patient requires continuous monitoring to
determine the existence or severity of hypothermia or hyperthermia
during anaesthesia. While rare, life-threatening hyperthermia

(due to malignant hyperthermia) can develop rapidly. Continuous
temperature monitoring substantially improves survival when
malignant hyperthermia occurs.’®"

The importance
of measuring and
monitoring core
temperature.

Inadvertent perioperative
hypothermia is defined as
a core body temperature

of less than 36.0°C,
which can:

Increase the rate of SSI57

Increased surgical blood loss®®

Lead to increased mortality5'°"

Extend recovery time'21®

Cause patient discomfort*

Fig. 1



Temperature monitoring is equally important after surgery, when decisions are made whether a patient is
warmed for comfort or clinical necessity. Monitoring temperature post-operatively can also give clinicians
confidence that when their patients leave the PACU they are normothermic, a requirement for discharge,
and have a lower chance of experiencing surgical complications associated with hypothermia.

In one growing segment of the surgical population, patients who have neuraxial anaesthesia, the
importance of temperature monitoring is even more pronounced.??' With neuraxial anaesthesia, the
patient’s nerve input that informs the brain whether the patient is warm or cold is disrupted. Even if the
patient is hypothermic, the patient may still feel comfortable and warm.2%2' This could lead clinicians to
reduce or discontinue warming therapy and lead to hypothermia-related complications.
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Temperature Monitoring Methods

Today there are a wide variety of temperature monitoring devices in use, which can lead to inconsistency
with site of measurement, user technique and monitoring frequency. These variations can impact the
reliability of accurate temperature readouts, which ultimately can influence important clinical intervention
decisions. (Fig. 2)

Many non-invasive thermometers currently available accurately report the temperature of the tissue they

measure. However, the less invasive the measurement location, the more likely the tissue does not reflect
true patient core temperature.?> Core body, as opposed to surface temperature, is more valuable because
it is the most relevant indicator of the body’s overall thermal condition.”

In the pre- and post-surgery periods, temperature is usually measured at intervals with minimally invasive
methods such as oral thermometers or a temporal artery scanner, although tympanic thermometers may

also be used. During surgery, a direct estimate of core temperature can be monitored accurately through
invasive methods such as oesophageal, nasopharyngeal, bladder or pulmonary artery catheters.”



Below, we examine the benefits and limitations of both invasive and non-invasive temperature
monitoring methods.

Minimally-invasive methods

Minimally invasive temperature measurement methods only provide indirect estimates of core
temperature and are typically monitored and recorded at set intervals. All minimally-invasive methods
to measure body temperature have accuracy and precision variances unique to each type of method
when compared to more invasive core temperature monitoring methods.?

Axillary thermometer

Axillary temperature is measured in the armpit near the axillary artery. The thermometer is held
in place by the upper arm pressing against the chest wall. While considered safe, the variability
in placement and other factors decrease the precision®*2° and it is not recommended for
clinical use.?®

Skin sensors

Skin sensors, often in the form of a liquid crystal thermometer that changes colour in relation to
temperature, are single patient use and easy to use and observe. The accuracy of this method may
be impacted by ambient temperature or air flow at the sensor?”-*° and accuracy decreases as core
temperature decreases.®' Skin sensors have been found unsuitable for clinical use.®

Temporal artery thermometer

Temporal artery thermometers measure temperature directly over the temporal artery. While quick
and non-invasive, technique significantly impacts the accuracy and precision of measurements?432
Temporal artery thermometers also are poor at detecting fever333* and hypothermia®®¢ and
experience high reproducibility error.3* Numerous studies found it insufficient for use

in perioperative patients®*3 and clinical practice.”3335%7

Oral thermometer

The oral thermometer is quick, easy, and familiar to patients while providing a reasonable estimate
of core body temperature.?#3"% Accuracy can be impacted by technique, probe placement or
even a recently consumed food or beverage. Oral thermometers are not ideal for surgical patients,
unconscious or restless patients and continuous temperature monitoring is not possible.

Infrared tympanic thermometer

Tympanic scanners are popular because they are quick and easy to use. However, errors in
measurement technique may contribute to accuracy and low reliability of measurements.?42%
Numerous studies have evaluated the accuracy and variability of this monitoring method and
have deemed infrared tympanic thermometers insufficient for clinical use.””:24:26:31:39.40



Invasive methods

Most temperature probes used for long-term monitoring of body temperature during the perioperative
period consist of temperature sensors that are enclosed in rigid metal or flexible plastic housings. The
entire assembly may be temporarily implanted on or within a target anatomic location, such as the
bladder, pulmonary artery, oesophagus, or nasopharynx. After a period of equilibration, the temperature
at the sensor is essentially equivalent to the temperature at the target site.

Pulmonary artery catheter

While the pulmonary artery catheter, which measures blood temperature, is considered the

gold standard for measuring core temperature?3, this method is also invasive and has its share

of complications related to catheter insertion and maintenance. In a study on 70 ICU patients,
between 20-30 percent had significant adverse events related to the pulmonary artery catheter.*
In addition, PA catheter use in the critically ill has not been shown to improve outcomes, and

it is not recommended in the intensive care*? for the routine management of patients or for
temperature monitoring.

Nasopharyngeal catheter

A nasopharyngeal thermocouple needs to be positioned a few centimeters past the nares,

above the hard palate in the nasal cavity. One study indicated fewer than half of nasopharyngeal
temperature probes placed blindly by practitioners were optimally positioned.*3 Airflow also can
alter the monitored temperature, so this method is not recommended for self-ventilating patients.**
In conscious patients, the probe can cause significant discomfort making it an option reserved
primarily for anaesthetised, ventilated patients. Nasopharyngeal monitoring has been shown to
offer adequate accuracy.**

Oesophageal catheter

For the cesophageal temperature measurement, the probe is inserted through the mouth or nose
and continues down the oesophagus until it is in close approximation to the heart. Not for use on
conscious patients, the oesophageal probe is inserted in the distal third of the oesophagus, and its
position needs to be confirmed by a chest X-ray.** While oesophageal monitoring is not as accurate
as a pulmonary artery catheter, it offers better accuracy than rectal or surface measurement
methods.*¢ Accuracy can depend on positioning and there is a risk of oesophageal trauma on
insertion or removal.

Bladder catheter

Bladder temperature measurement provides a reasonable estimate of core body temperature and
is not impacted by a variation in technique. It can be useful in patients already requiring a bladder
catheter. However, accuracy diminishes with core temperature changes®®, including hypothermia®,
and is influenced by urine output.?”

It’s essential to note that not all temperature monitoring devices measure with the same level of accuracy.
Moreover, as body temperature decreases so too does the accuracy of surface temperature monitors
such as skin sensor probes, liquid crystal displays and temporal artery scanners.?”5"38

Non-invasive temperature monitoring modalities have limited reliability to get an accurate core
temperature measurement. Invasive modalities, while accurate, have contraindications for ICU patients
and can present infection risks, such as catheter associated urinary tract infections (CAUTI).*”

Ideally, clinicians would be able to use a single, non-invasive device throughout the perioperative journey,
resulting in better consistency while accurately providing temperature measurement. Until recently,
however, no such temperature monitoring method could easily offer the accuracy of invasive methods
along with the benefits of non-invasive application.



Zero Heat Flux

Zero heat flux thermometry is a method for
measuring core temperature from the surface

of the skin. It is non-invasive, agrees closely with
invasive measurements such as pulmonary artery
blood temperature?, is unaffected by ambient
conditions, may be deployed as a single patient
use probe, and is inexpensive. Moreover, zero
heat flux thermometry enables a consistent
measurement technique to be used during the
entire perioperative period, thereby eliminating
variability caused by compounding instrument
and measurement technique errors.

Zero heat flux thermometry makes it possible

to estimate perioperative core temperature on
nearly all surgical patients and may improve
perioperative temperature management,
especially for those patients who are scheduled
for surgical procedures using regional anaesthesia
in whom conventional monitoring thermometry

is not usually or cannot be employed.

How it works

Zero heat flux thermometry, utilised in the 3SM™
Bair Hugger™ temperature monitoring system,
measures core temperature with a thermal
insulator applied to the skin.*® The temperature
of uninsulated skin depends greatly on ambient
conditions; however, if a small area of skin can
be perfectly insulated, its surface temperature
would eventually closely approximate the tissue
temperature directly beneath it.*® (Fig. 3)

The creation of a zone of perfect insulation is the
basic principle of zero heat flux thermometry,
and it is accomplished by applying just enough
heat to the skin surface to exactly oppose the
heat transfer.

Applying a small amount of heat within the
sensor, the system actively warms the site
of measurement until the heater and the skin
temperature are equal and an “isothermic
pathway” to the patient’s core is established.
(Fig. 4)

The sensor needs to be placed on the forehead.
This method has been shown to be accurate and
comfortable for patients in comparison studies.*®
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Zero heat flux technology produces insulation,
so heat cannot escape from the skin surface,
creating an isothermal pathway.

Isothermal
pathway

Directly beneath the sensor, an isothermal
pathway forms, allowing the deep tissue
temperature to rise to the skin surface.




The 3M™ Bair Hugger™ temperature monitoring system

The 3M Bair Hugger temperature monitoring system is a non-invasive, easy-to-use, accurate temperature
monitoring system that continuously measures patients’ core body temperature. The system helps
clinicians effectively monitor and manage patient temperature to help improve patient outcomes.

The system’s disposable sensor is placed on the patient’s forehead helping to reduce temperature
variation associated with clinician technique and the utilisation of multiple device types. The control unit
continuously displays core body temperature, trends two hours of patient temperature data and can be
connected to the patient monitor by a simple cable connection.

STed o
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Temperature Monitoring System

Standardise on a single solution

On average, a facility will stock five different temperature monitoring devices to meet the varying
clinical needs of the perioperative patient.5° Standardisation with one temperature monitoring product
eliminates the hassle and costs associated with purchasing, stocking and managing multiple products
for the same use.

The 3M Bair Hugger temperature monitoring sustem also streamlines the number of steps in each
perioperative area — no need for multiple forehead swipes, ear insertions or invasive probes. “Consolidating
to one accurate, consistent core temperature monitoring device provides the temperature data needed to
get the most out of warmimg product investments at each stage of the perioperative process.

Conclusion

While active warming perioperatively is important, it is equally important not to overlook monitoring core
body core temperature in perioperative patients and optimise any measures of perioperative temperature
management. Each method and location of temperature measurement has its advantages and limitations,
so it is essential to choose the appropriate method of temperature measurement depending on the patient,
the procedure, and the type of anaesthesia.

Knowing a patient’s core temperature at a glance can enable clinicians to respond quickly to help prevent
and avoid complications associated with unintended hypothermia. The 3M™ Bair Hugger™ temperature
monitoring system offers an accurate, non-invasive, continuous method to easily measure core

temperature throughout the perioperative journey.



3M can help clinicians Own the Zone

Unsure of whether your facility is ready to Own the Zone? 3M can help. We will work together with you to
understand your warming needs, identify your clinical challenges and evaluate your practice requirements
so that we can recommend proven, cost-effective solutions to advance your patient warming goals.

3M offers a simple, concise Temperature Review Program designed to provide the data you need
to address the hypothermia rate within your facility. Through this program you’ll learn:

e The percentage of your patients who are normothermic vs. hypothermic
e How 3M'’s expertise can help establish (or improve) your warming protocol, including prewarming
e An innovative way to continuously monitor core body temperature before, during & after surgery
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