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ABSTRACT

This study investigated the postoperative managemen’. of hypothermia of
intraoperative origin using 3 forced-air convective warming device.
Hypotherrmia develops during the intraoperative perind partly as a result of
disordered thermoragulation induced by anaesthesia and partly because ofthe
nature of the operational injury and the surgica! environment. Both the
hypothermic state and the consequences of physiolagical attempts to return
the cora temperature to normal, which take piace during the postoperative
period, are associated with non-heneficial effects. Aftempts to prevent
iniraoperative decline in core temperature are a part of anaesthesia
management. However, most of the traditional options available are inefficient
or ineffective, particularly in adults. This study evaluated the performance of
a new device, the forced-alr convective warmer, in the management of the
postoperative hypothermic gtate. Hesults shuwed that when compared to a
hypothermic control group the device made a significant difference to the
thermal state of a group of hypothermic postoperative patients but only if it

was used for at least two hours postoperation.



INTRODUCTION

Hypothermla, defined as a core temperature of less than 36 degrees
Centigrade {°C), is 8 common sequel of operative intervention. Hypothermia
is accepted as having beneficial effects in ¢ertain circumstances such as
neurosurgical and cardiac operations. There are a number of detrimental
effects of hypothermia particularly in the postoperative period - such as
shivering, cardiovascular instabllity and arterial hypoxaemia. A number of
optiions are available 1o the clinician for the purposes of reducing or preventing
intracperative heat loss and promeoting heat gain. However the majority are
only able to prevent the heat loss that would have occurred if an option was
nat used (for axample, warn}ing cold intravenous fluid) or reduce heat laoss by
insulating the patient from the environment {for example, metsilised plastic
sheets}. It should be stressed that these options are unable to prevent
completely the progressive decline in core temperaturs that occurs during the
intraoperative period. Options which actively add heat to the patient, for
example, warm water circulating mattresses suffer fromtwo major drawbacks.
They are either inefficient in terms of warming, or the risks associated with

their use cutweigh their potential advantages.



1.1 Temperature Regulation And Anaesthesia

1.1.1 Normal Temparature Regulation

Homecthermic species require a nearly constant internal body temperature,
Significant deviations from normal core temperature cause metabolic functions
to deteriorate. Human thermaragulatary defence mechanisms are triggered by
as small a change in core temperature as 3.2°C from a desired set point.
Hypothermia will oceur If the normal regulatory mechanisms are impaired or
averwhelmed, for example, when iliness, exposure to cold or a combination
of expesure and drugs decreases thermoregulatory efficacy. During surgery
both exposure to a cold operating room enviranment and anaesthesia induced
Inhibition of thermoregulation may produce hypothermia. Prevention- and
management of temperature related complications are improved by an

understanding of be:ch normal and drug influenced thermoregulation. 2

Thermoregulatory control is centred in the hypothalamus which receives
information from other parts of the brain, the skin surfage, the spinal corg émd
deep central tissues. The normal core temperature range, 36.5 to 37.5°C, is
known as the inter-threshoid range. A desired core temperature is maintained
via either warm responses such as active vasodilatation, sweating or
appropriate behavioural modification {dressing warmiy) or cold res,.onses such
as vasoconstrictinn, non-shivering thermogenesis, shivering and behavic ural
changes (removing warm clothes}. The warm or cold responses are triggered

at spacifle core temperatures outside the inter-threshold range (see Table [},



Table 12 Threshold tempsrature of various physlologic responses In the

awake, normal person and the anaesthetised person®

Physiclogical Response Thrashold Temperature {°C)
Normal Anaesthetised
Sweating | 37.9 40,5
Vasodilation 37.8 40
Vasoconstriction 36.9 36.8
Non-Shivering Thermogenesis 36.7 34.1
Shivering ’ 36.2 33.8




Therefore there are, in essence, three comporients of thermoregulation:
afferent thermal sensing, central regulation and efferent response.
Temperature information is obtained from thermally sensitive cells throughout
the body. Cold signéls trav.a! primarlly via A-delta nerve fibras, warm
information via unmyelinated C-fibres of the gpinothalamic tracts in the
anterior spinal cord. Thermal input is derived largely from deep abdominal and
thoracic tissues, spinal cord and the brain, so no single tissue can be thought

of as a gold standard for temperature determination.

The hypothalamus regulates body temperature i:y evaluating the thermal
information from various bo&y regions. How the body determines absoluie
threshold ten sarastures is unknown but the thresholds vary daily, in both
saxes, by about 1°C { normal circadlan rhythm ), and monthly In women by
0.75°C. The hypothalamus responds to temperatures outside the thresholds
via the appropriate résponse mechanisms - either increasing or decreasing
metabolic heat production or ailtering environmental heat loss - thus
maintaining a central temperature near 37°C despite varying environmental

temperatures.

Examples of physiological thermoregulatory mechanisms are shivering and
sweating. Shivering may increase metabolic heat production by 200-800% in
adults. However efficiency is less than would be expected because the
vasodilatation in muscle_ ieads to heat loss to the environment. Consequently,

shivering is the last defence against hypothermia - its tamperature activation



threshold is below that for vasoconstriction and non-shivering thermeogenesis.
Sweating, under the right circumstances, can result in the loss of up to 2 litres
of fluid per hour. As sweat evaporates from the body surfacs, heat less and
hody cooling occur, Sweating is the only mechanism by which humans can
lese heat In an environment where ambient temperature exceeds core
temperature. Active vasodilatation is controlled by release of mediators from
the sweat glands and heat stress can increase capliiary blood flow up to 7.5

litres per minute.’
Overali, the human body gains or loses heat through 4 physical processes:

Conduction: defined as heat exchange between objects or substances at

different temperatures that are in direct contact with one anather.

Convection: defined as heat exchange between an object and the moving air

that surrounds the object.

Radiatlon: defined as transfer of heat by infrared elsctromagnetic radiation
from one object to a second object that is at a different temperature and not

in contact with the first object.

Evaporation: deflned as transfer of heat from the body via vaporization of
water on the skin and mucous membranes of the mouth and respiratory

passages.’



The equation describing heat baiance is:

Ah =(M-W)+R+Cn+ Cv+ Ev
where: Ah = net change in haat content

M = metabolic heat production

R = radiation (gain or loss)

W = waork heat production

Cn = conduction {gain or loss)

Cv = convection {gain or foss)

Ev = evaporation {gain or loss)

For an anaesthetised person in an operating theatre, work heat production is
negligible. Avérage metabolic heat production is 100 kcal/hr. Heat is usually
lost by radlation, conduction, convection and evaporation (i.e. they have
negative values). In a thermoneutral environment, heat loss equals heat gain, '

thus, Ah = 0. In other words:

AM=M+W-(R+Cn+Cv+Ev=0



1.2 Thermoregulation during Anaesthesia

During general anaesthesia the threshold at which a cold response is triggered
is shifted down to about 34.5°C dapending on the anaesthetic technique.
Warm response thresholds increase to 38°C.? Thus, under anaesthesia, if core
temperature s allowed to fall it is only when a temperature of 34.5°C is
reached that the first line of daerance against hypothermia (vasogonstriction)
will be triggered. Therefore, when the thermoregulatory responses are

inhibited, the abllity to maintain a normal core temperature is compromised.

The particular conduct of anaesthesia may even influence wheather or not a
physiological defence agains.t hypothermia can be mounted. Fur example, if '
shivering is prevented as a result of the use of non-depolarising muscle
relaxants, core temperature may decrease below the trigger threshold for
shivering without the appropriate physiological response taking piace. If
anaesthesia technigue prevents all thermoreguiatory responses from taking
place, then central temperature can only remain normal in a thermoneutral

environment.'

Since general anaesthesia decreases activation threshoids for responses to
hypothermia by about 2.5°C and increases thuse defending against
hyperthermia by 1°C the inter-threshold terperature range is widened. The

anaesthetised person becomes poikilothermic and body temperature changes



are determined by redistribution of heat within the body and the difference
between metaholic heat production and heat loss to the envirenment. The
thermoregulatory cold thrashold in healthy adults varies with the precise drug
combinations used to preduce anaesthesia. For healthy adults given halothane
and oxygen, enflurane and oxygen, or fentanyl and nitrous oxide, the
threshold temperature is about 34.5°C. The combinati. of propofol and
nitrous oxide produces more thermoregulatory impwirment than typical doses

of inhalational agents, having a threshold of approximately 33°C.

Core temperaturg exhibits a typical pattern during general anaesthesia. Core
‘ternperature decreases rapidly for one hour {initial hypothermia) then more
slowly for the next two to three hours (linear decrease} and finaily becomes
constant (plateau phase). During initial preparation for surgery patients are
exposed 10 a cool environment and the skin is cleaned using a solution which
evaporates from the skin surface. Following the Inductlon of anaesthesia
metabolic heat production decreases and cutaneous vasodifatation ocours.
Cold intravenous fluid is adrministered and the lungs are ventilated with dry gas
leading to increased respiratory heat loss. Sessler* showed that in dressed
volunteers central temperature is stable during a 30 minute contre! perlod and
then decreases by 1.2°C in the 456 minutas following induction of anaesthesia.
Since cutaneous heat loss decressed only slightly during the control period and
decreased more rapldly following induction of anaesthesla, skin preparation

and fiuld evaporation cannot fully explain Intrsoperative hypothermia.

Sessier® conciuded that decreased heat production and increased heat luss are



insufficient to explain the initial central hypothermia following induction of
general anaesthesia and proposed an aiternate explanation. Core temperaturé
Is a poor measure of mean body temperature and body heat content because
the temperature In pari.pheral tissues, which is abaint half of the body mass,
changes considerably depending on thermoregulatory status, environmental
temperature and time spent in a particular environment. Peripheral tissue
temperature and heat content is cansiderably lower than central temperature.
Anaesthetic induced vasodilatation only minimzlly increases cutaneous heat
loss to the environment but it does allow mixing of heat in the central and
peripheral compartments. The result is peripheral warming at the expense of
central temperature. Central hypcthermia during anaesthesla and surgery
appears to be largely the result of redistribution of heat within the body.
Similar internal redistribution of heat causes the initial hypothermia associated
with epidural anaesthesia.’ The siow linear decrease in central temperature
typically ohserved during the second to third hour of anaesthesia results
simply from heat loss te the environment exceeding rmetabolic heat production.
When patlents are in a refatively warm.environment and undergoing minor
operations the central temperature plateau seen after the second to fourth
hour may be passive, in other words without thermoregulation. {n contrast
when patients are sufficiently hypothermic this plateau is often accompanied
by active thermoregulatory vasoconstriction. Peripheral vasoconstriction

consirains metabolic heat to the central thermal compartment preventing

further heat loss, sometimes even increasing central temperature. Heat loss
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from peripheral tissues may continue unabated but these tissues receive less
metabolic heat, thus the temperature plateau does not represent . rua thermal

steady state and heat loss may continue to exceed heat production.
1.2.1 Hezt Exchange &uring Anaesthesia

Mechanisms of hypothermia due to anzesthesia are:

1 decreased metabolic heat production,

2 redistribution of heat within the body

3 inhibition of central thermoregulation.

Anaesthesia decreases the basal metabolic rate (BMR) even in the absence of
induced hypothermia. Observation of continuous mixed venous oxygen
saturation {Sv0,} during induction of anaesthesia suggests a decrease in
oxygen consumption, because Sv0, climbs from 75% to 95%. The cold
environment of the operating room predisposes to heat loss from the patient
by the process of raﬁ‘iation. Skin preparation and wound irrigation produce a
decreass in the skin temperature. Cold intravenous solutions contribute to a
decrease in core temperature. The cold stress of one unit of bank blocd at 4-
8°C is equivalent to that of 1 litre of colloid or crystalloid at 16-20°C leading
to a decrease in core temperature of about 0.25°C. Exposure of pleural,
perlcardial and peritoneal surfaces results in dramatic evaporative loss during
major abdominal surgery, Although the rate of heat loss is greatest in the first

 hour of surgery, all the mechanisms of heat loss are exacerbated when surgery

is prolonged.
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1.2.2 Effect of Various Anaesthetic Agents on Thermoregulation
1.2.2.1 Narcotics

Fentanyl - nitrous oxide anaesthesia decreases the threshold for
vasoconstriction by 2,5°C. Narcotics with potent symipatholytic effects such
as fentanyl, sufentanil and alfentanfi presumably ‘mpede sympathetic
responses to hypothermia. There do not appear to be important differences
in heat exchange when volatile or narcotic anaesthetic techniques are used for

cardiac anaesthesia.

1.2.2.2 Muscle Relaxants

Muscle relaxants contribute to heat loss during anaesthesia by reducing

muscle tone and abolishing shivering.

1.2.2.3 Volatile Agents

Volatile anaesthetic agents such as halothane depress the threshold for
peripheral vasoconstriction by 2.5°C depending on the depth of anaesthesia®
while isoflurane decreases the threshold by 3 degrees Centigrade.®

Furthermore, by causing muscle relaxation, enflurane and isoflurane decrease

heat production.
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1.2.2.4 Ragional anassthesia

Peripharal vasoco..striction responses are overcome by sympathetic blockade
and heat generation from muscle is reduced by muscie relaxation. Spinal
thermoregulatory centres may be depressed by spinal epidural anaesthesia or
narcosis, for example epidurat sufentanil inhibits shivering and, consequentiy
bhody temperature decreases. Information from peripheral thermai receptors
may be blocked by local or regional anaesthesia. Inadvertent hypothermia is
certainly as cornmon under regional as under general anaesthesia and may be
slower to resolve. Shivering during epidural aﬁaesthesia acccurs only in
hypothermic patients and is always preceded by vasoconstriction above the

level of neural blockade.

1.2.2 The Effect of Age on Thermoregulation

Heat loss during anaesthesia is exaceibuted at the exdremas of age. Elderly
people and neonates are less able to prote:: ireir kady core temperature from
enviranmental influsnces. The causes oftharmoregulatory failure in the eiderly
include loss of muscie mass, dec: 2ased resting muscle tone and increased
surface area to body mass ratio. The elderly exhibit a diminished cutaneous
~ vasoconstriction response and have limited cardiovascular reserve. Avarage

heat production between the age of 20 and 40 years is 40 kcal/m?hour, In
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patients over the age of 60 years this decreases to 30 kcal/m*/hour. The most
rapid decrease in temperature in the operating theatre occurs during the first
hour of anaesthesia, at the age of 20 years the decrease averages 0.3°C, in

an eighty-year old patient it is about 1.1°C.”

Thermoregulatory failure is promineiit in the premature and low bifth weight
neonate. Excessive heat loss occurs because there is an increased surface
area to body mass ratio, high respiratory water loss, thin subcutaneous tissue
and an immature shivering response. Cold-stressed full term infants are able
to double thelr basal metabolic rate by the process of non-shivering
thermogenesis. The lack of brown fat in premature infants deprives them of
this advantage. Heat loss is exacerbated by cerebral damage, sedative drugs
and hypoglycaemia. Neonatal hypothermia is a serious condition. its adverse
effects includa increased oxygen consumption, intra puimonary hasmaorrhage,

apathy, acidosis, apnoea and ventricular fibrillation.”
1.3 Temperature Monitoring during the Peri-operative Period

The monitoring of core temperature by an anaesthesiologist is an essential
aspect of the care of the peri-operative patient. This view is supported by the
Standards for Basic Intraoperative Monitoring published by the American
Society of Anaesthesiology, January 1981 in which it is stated " There shall
be readily available a means to continuously measure the patient’s
temperature, when changes in body temperatures are intended, anticipated or

" guspected the tempaerature shall be measured”.



14

1.3.1 Intraoperative Temperature Monitoring
During anaesthesia body temperature may be abtained from various sites

{Sea Table lll}. Core temperature can be determired by a single tamperature
probe adjacent to the tympanic membrane or in the nasopharynx, pulmonary
artery, distal oesophaguis or urinary bladder. Skin temperature is considerably
lower than central temperature, corralates poorly with central temperaturn, and
is not suitable for intraoperative measurement of temperature. Temperature
monitoring usually is not helpful during the first 30 minutes of anaesthesia and

it is not necessary when surgery is completed within this period.

1.3.2 Postoperative Temperature M onitoring

The importance of anaesthesia as a causs of intraoperative hypothermia is
widely appreciated and it Is because anaesthesia impairs the heat regulatciy
mechanismns that it becomes important to measure changes in core
ternperature. Only if we understand the physiology of thermal derangement
and measure the changes wili we be in a position to initiate the correct
treatment when it is needed. Hypothermia may be present postoperation
because methods available to actlvely warm patients are not used or are
inefficient or hypothermia has been deliberately induced during the
intraoperative period. Observations performed In the Department of
Anaesthesiology, Johannesburg Hospital, have shown that there is a steady

~decline In pulmonary artery blood temperature in patients undergoing




i5

abdominal vascular surgery without the use of active intraoperative warming.
it Is important to realise that thermal changes in both the intracperative and
postoperative periods carry clinical implications for fluid management,

haemodynaric management, anaigesia and patient comfort.

Various anaiomical sites are available for core temperature monitoring. The
tympanic membrane monitor uses infrared technoiogy and nasopharyngeal,
oescphageal, pulmonary artery blood, rectum and bladder catheters uses

thermistor technalogy. (See Tabie (I},
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Tabls k: The Advantagses and Disadvantages of the Various Sites of Temperature Measurement™
Advantages Dizadventages
1. Tympanic Membrana Mon-invasive method of determining core temperature. Risk of perforation of the tympanic membrane, bleeding especialk

Sensor must be applied to, or pointed directly at the
tympanic membrane

heparinised patierts.

2. anoﬁharyngaal

Proximity to the internal carotid artery,

.

Affected by inspired gas tempsrature, danger of eplstaxls.

To ba r'acad 24 centimstres below larynx betwaan leit atrium and

3. Owsophegeal Conveniant, close to the great vesseals and hoart.

_ Rendings affacted by inspired ges tsmperature and thoracic eurgery.

4. Rectal A iraditional eite, good gulda tc warming after induced Varlzble reflection of core tampuraturs affected by faeces, peritonesl

hypothermia. lavagae, cyrtascopy,

5. Bladder Bettar rafleotion of core temperature than rectal. Can be Alfactad by rate of uiine flow and cannot ba used ih genito- urinary

incorporsted inte ¥inery drainage cathetars. procadures,
| 8. Oral Convenient, simpls Affacted by food, hypervantilation snd is not practical during
snaasthesia.

7. Axtlary Convenient, simpla Must be piaced over axillary artery, and is sffected by blood pressun
cuffe, intravenoue aolutlone. Takss sbout ten ta fiftesn minutes to
aquilibrate,

B, Skin Can be placed an the antarior abdominel we'l, Indicaias Forahead temperaturs corralates modestly with central temperature |

temperature gradients betwssn the ocore, pariphery only whan environmentai temperature is congtant. Skin temperature
{radisiribution of hest}, cutanaoue vascular tons {parfusion, affected by peripheral parfusion. Inacourats in presence of
tharmoragulation). May be used on fingers, toes, imbs. vasoconstriction and swoating. Mot a relisble waming of malignant
Ussd to quantify total body heat. hyperthermia becauea of cutaneous vasoconsiriction.

9. Pulmanery artery cathater Measure of pulmonary artery blood temperaturg. Affected by thoracio surgery, extra corporast clreulation and machar
vantilation.
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A study conducted by the Department of Anaasthesia, Johannesburg Hospital
evaluated a thermistor-bearing urethral catheter as a monitor of core
temperature both in the intraoperative and the postoperative period in patients
undergoing aortic aneurysmectomy. Ten such patients were recruited and, in
addition to standard monitoring, a pulmonary artery ¢atheter and thermistor-
bearing urethral catheter were Inserted. Puimonary artery biood and
intravesical temperature were measurad simultaneously. The study indicated
that the thermistor-bearing urethral catheter was a reliable monitor of core _
temperature in both the intra and postoperative periods {J van Westing & C

Clinton - Unpublished data).
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1.4 Peri-operative Hypothermia

Hypothermia Is defined as a core temperature of less than 36°C and thera are

various levels of hypothermia.
Early hypothermia: 35 to 35.9°C.
Mild hypothermia: 32-34.9°C

Moderate hypothermia: 28-31.9°C where musele rigidity occurs and
compensatery mechanisms such as shivering_ are absent. There is an
obtunded mental state, all vital signs are depressed and hypotensioﬁ-,
decreased intestinal motility, ileus and cardiac arrhythmias are common. The

outcome depends on the underlying diseass.

Severe or deep hypothermia: 17-27.9°C. Coma Is present, brain stem reflexes
are absent, hypotenslon is present, ventricular fibrillation or marked cardiac
instability is seen. Oliguria and azotaemia occur and pancreatitls, apnoea or

agohal respiratory paiterns are seen. Mortality is high, about 25-80 per cent,

Profound hypothermia: 4-16.9°C. The electroencephalogram is Isoslectric and
apnoea, cardiovascular collapse and disseminated intravascular coagulopathy

are present. The mortality is high, about 80-100 per cent.
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1.4.1 Preoperative Risk Factors for Hypathermia

1. Extremes of aga.

2. Burns more than twanty per ¢ent of the total bmiv surface area.

3. Cardiac dysfunction such as congestive heart fallure and mvo.cardial
infarction.

4, Central nervous systam disease.

5. Cancér associated cachexia.

6. Dermal loss greater than 20 per cerit of the total body surface area such

as burns, exfolietive dermatitis, icthyosis and severy psoriasis.
7. Drugs:

lil  aleohol,

(ii}  anaesthetic agents,

(i}  barbiturates,

{iv} digoxin,

(vl  narcotics,

{vi} tetracyclines,

{vil) phenothiazines,

{vili} tricyclic antidepressants

(ix} rauwolfia derivatives.



10.

11.

12.

13.

14.

15.

16.

17.

18.

: 19.

Exertion.

Exhaustion.

Exposure,

Hepatic disease, malnutrition
Metabolic disorders:

(t) acidosis,

(iiy diabetic ketoacidosis,
{if) hypoadrenalism,

ivi hypoglycaemia,

{v}  hypopitutiarism

{vi}  hypothyroidism or myxoedema.

Paget’s disease of bone.
Pancreatlitis.

Peripheral vascular disease.
Post resuscitation.

Renal failure or uraemia,
Bacterial infections.

Shock of any cause.

20

- gachexia and hypoproteinaamia.



20.

21.

22,

23.

24,

2b.

21

Smoking.
Trauma Injury:
(i} head injury

{ii} polytrauma.

Accldental envirenmental exposure.
Cold exposure {avalanche, ski slope, post exertion)
Immersion in cold water.

Inadequate indoor heating {particularly in the slderly).
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14.2 intra-operative Hypothermia

1.4.2.1 Operating room and intra-operative oxtrinsic risks for

hypothermia
1. Operating roorﬁ temperature.
2 Evaporative, conductive, convective, radiant losses.
3 Prolonged surgery or anaesthesia greater than three hours.
4. Inhibition of thermoregulatory mechanisms:

(i) vasodilatation,
{iit  muscle relaxation,
{lii) depressed me';abolism,
{lv} prolonged heat loss greater than heat production.
g. Surgicai causation
{i) open abdominal or thoracic surgery,
(i} laparescopic surgery greater than three hours,
(ili}  wvascular surgery.
6. Blood joss.
7. High potential conductive loss - correlates with degree of exposure,

8. Excluded body tissues from normal circulation.



23

intentional hypothermia:

i cardiopulmonary bypass,
HH cold cardioplegic solutions,
{iil  hepatic .surgery,

{ivl] neurosurgery.



1.4.2.2

Risk Factors for Hypothermia in Trauma Victims

Clinton® reviewed hypothermia in the trauma victim, especially the

postoperative trauma victim. The review sought to Increase awareness of

the aetiology and consequences of tfrauma related hypothermia and to

encourage caregivers to improve the care of trauma victims in this regard.

The aetiology of hypothermia following traumatic injury depended on:

1.

2.

Severity of injury.
Type of injury.
Environmeantal exposure.

Patient related factors such as:

{n extremes of age,
{ii) nutritional state,
(i) body mass.

Resuscitation related factors.

Surgery related factors such as:
(i} preparation procedures,
{iit  site of surgery,

(iiiy duration of surgery.
Anaesthesia related factors:

i) general anaesthesia

(i)  regional anaesthesia

(il use of specific drugs
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1.4.3 Postoperative hypotharmia
1.4.3.1 Incidence of postoperative hypothermia

Slotman et al.'® investigalud the effects of operatlve and postoperative
hypothermia on post surgical mortality and morbidity. They reviewed a
hundred consecutive patients admitted to a surgical intensive care unit
foilowing elective and emergency surgery, and found a 74 per cent incidence
of hypathermia. Postoperative hypothermia at time zero was naot significantly
associated with mortality. For patients who remained hypothermic at 2
hours, mortality was significantly increased compared to that of
normeothermic patients (7 of 29 patients died versus 2 of 45 patients, p <
0.01). Mortality was further significantly increased in patients who remained
hypothermic at 4 and 8 hours. When patients with intra-operative
hypotension were excluded, mortality in the presence of hypothermia at 4
hours remained significantly increased {4 of 10 hypothermic patients died
versus 2 of 54 normothermic patients, p < 0.01}. Patients over 55 years

of age were more likely to be hypothermic than younger patierits.

1.4.3.2 Congaguences of Hypothermia

Hypothermia has both beneficial and deleterious effects depending on the

circumstances under which it arises:

(1)  Intraoperative temperatures only 2 to 3°C below normal provide
significant protection against cerebral ischaemia and hypoxaemia.

{2) WMild hypothermia provides some pratzction against malignant
hyperthermia.

{3) Mild hypothermia decreases the metaholism of certain drugs.

{4} Temperatures below 33°C reversibly increase the prothrombin index

and partial thromboplastin time.
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Centrzal hypothermia and peripheral cutaneous vasoconstriction are
associated with postanaesthetic muscular activity.!!

Blaeding time is prolonged I local cutaneous hypothermia but is not
diractly altered by central temperature changes. Schmied er af.’?
found that, in vitro, platelet function and the c¢oagulation cascade are
impaired by hypothermia. Since the extent to which peri-operative
hypotharmia influr nces Meeding during surgery was not known, thay
tested a hypothesis that mild hypothermia increased blood joss and
allogenic transfusion requirements during hip arthroplésty. Blood loss
and transfusional reguirements were evaluated in sixty pétients
undergoing unilateral total hip arthroplasties. Patients were divided
into twoc groups on the basis of the final intra-operative core
temperature, a nurmotherrnic group {38.6 £ 0.4°C) or a hypothermic
group (356 = 0.5°C). Crystailoid, colloid, scavengad red celis and
allogenic blood were sdminix sred according to a strict protoce!, The
findings were that Intre- and postoperative blood loss was
significantiy greater in the hypotharmic group {2.2 + 0.5 iltres versus
1.7 = 9.3 litres, n < 0.0G1).

Myocardial ischaemia:

Fiank et al.'%, found that hypothermia occurs commonly during
surgery and can be associated with increased metabolic demands
duririg rewarming in the postoperative period. Although sardiac
complications remain the ieading cause of marbidity after anaesthesia
and surgery the reiationship between unintentional hypothermia and
myocardial ischaemia during the perl-operative period had not been
studied. Frank studied 100 patients undergoing lower extremity
vascular reconstruction who received continuous halter monitoring
throughout the first twenty-four postoperative hours. Myocardial
ischaemia was determined by cardiologists blind to clinical variables,
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The patients sublingual temperature on arrival at the intensive care
unit immediately after surgery was used to divide the patients into
two groups: a hypothermic greup {temperature less than 35°C;
n =33} and a normothermic group {temperature greater than or equal
to 35°C; n=57). The relationship between unintentional hypothermia
and myocardiai ischaemia occurring during the first 24 hours was
evaluated by univariate and multivariate analyses. Results indicated
that a greater percentage of patients showed electrographic changes
consistent with myocardial ischaemia in the hypothermic group (36%,
12 of the 33) t1an in the normothermic group {i3% 8 of 67, p =
0.008). Pre-operative risk factors for peri-operative cardiac_: morbidity
was similar for the two groups. The mean age was 70 + 2 years and
62 = 1 year In the hypothermic and normothermic groups
respectively (p = 0.001}). When subgroup and multivariate analyses
were used to adjust for differences in age, temperature remained an
independent predictor of Ischaemia {odds ratio 1.82 per °C; 95%
confidence Interval, 1.09 - 3.02}). Similorly, the incidence of
postoperative angina and arterial oxygen partial pressure { Pa0, } <BO
mmHg was greater in the hypothermic group than In the
normothermic group. Frank concluded that unintentional hypothermia
is associated with myocardial ischaemia, angina and a PaQ, < 80
mmHg during the early postoperative period in patients undergoing
lower extremity vascular surgery,

increased morbidity and mortality:

Bush et al.'® undertook a retrospective review of 282 patients
undergoing elective abdominal aortic aneurysmectomy to test the
hypothesis that postoperative hypothermia (core temperature less
than 34.5°C) is associated with Increased morbidity and excess
mortality rates. Outcome measures included length of stay in the
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intensive care unit and in-hospital mortality. Analysis showed that,
other than a higher incidence of hypothermia in women {p < 0.08),
pre-operative risk factors were similar in  hypothermic and
normothermic patients. A:ter operation patients with hypothermia had
significantly greater Apache Il scores (p < 0.001) and hypothermic
non-survivors took significantly longer to rewarm (p < 0.005).
Patients with hypothermia had significantly greater fluld {p < 0.005),
transfusion (p < 0.001} vasopressor (p < 0.05) and inotrope (p <
0.05} requirements, and a significantly higher incidence of organ
dysfunction {(63% vs 28.7%) and death (12.1% vs 1.6%]}, intensive
care unit stay and in-hospital stay was markedly prolonged in
hypothermic patients. Mulitivariate analysis showed that female
gender (P=0.004) was the only predictor of intra-operative
hynothermia, whereas pre-operative hypothermia was significantly
predictive of prolonged postoperative hypothermia. Development of
organ fallure and acute myocardial infarction were independent
predictors of death. Bush concluced that, after aortic
aneurysmactomy, patlents with hypothermiahave multiple physlolcgic
derangements associated with adverse outcomes and that although
multiple aetlological factors were present, body temperature was a
variable that should be controlled during acrtic surgery.

Shivering:

Shivering becomes the most obvious mechanism of heat gain as the
patient emerges from anaesthesia. As it increases in intensity it
prograsses from masseter spasm to involvement of the head and
neck, upper trunk and finally the whole body with chattering of the
teeth. Severe shivering is associated with a rapid rise in temperature
an? abrupt increases carbon dioxide production and oxygen
caonsumption. If minute ventilation is not increased, acute respiratory
acidosis results. If cardiac output does not increase, mixed venous
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oxygen saturation decreases leading to hypoxaemia and, possibly,
myocardial ischaemia. During mechanical ventliation shivering
interferes with ventllation and uniform gas flow. Transmission of
intra-pleural pressures spuriously elevates central venous and
pulmonary artery pressures. Excessive shivering has the potential to
disrupt WOuﬁds, promote bleeding, increase intracranial and
intraccular praessure and cause patient injury. In awake patients it

leads to marked discomfart.

Giffre et a'® compared forced-air convection warmers to warmed
cotton blankets and infrared radiant lamps. Shivering and non-
shivering patients were observed separately. Shivering patients
rewarmed faster than non-shlvering patiepts.

Mort et a/."® found that shivering in the period immediataly following
cardiac surgery can lead to detrimental haemodynamic changes.
Shivering increases the matabolic demand for oxygen and [s poorly
tolerated in this physiologically compromised population. Increases
in core temperature and decreases in skin temperature occur as a
result of peripheral-to-central redistribution of heat, shivering and non-
shivering thermogenesis, The Bair-Hugger® forced-air convective
warming system was evaluated for its ability to limit post cardiac
surgery shivering, and to decrease the peripheral-to-central
temperature difference.  Forty-nine patients undergeing valve
replacement and/or coronary artery bypass graft were randomiy
assigned to be warmed following surgery with either forced-air or
warmed cotton blankets. Measurements of central and periphsral
temperatures were collected every 20 minutes over 5.5 hours.
Electromyagraph recordings of pectoral biceps and quadriceps muscle
groups were conducted to verify shivering. A visual observation
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shivering score ranging from 0-4 where four was continuous shivering
weroe recorded for each study period. Patients who received relaxants
following cardio-pulmonary bypass ware excluded from the analysls,
Overall, 12 of the 25 cotton blanket patients and 8 of the forced-air
patients displayed shivering. Three patients, one from the cotton
blanket group and twa from the forced-air group were shivering upon
return to the intensive care unit and were excluded from further
shivering assessment. Vigorous shivering { Visual analysis score of
3 or 4} was observed in 17 of the cotton bianket group and 3 of the
forced-air group {p < 0.001}). Total pericds of shivering during 5.5
hours were 87 minutes for the cotton blanket group and 12 minutes
for the forcaed-air group {p < 0,001). Pharmacological intervention
with muscie relaxants to control shivering occurred 11 times in the
cotton blanket group but only once in the forced-air group. No
difference was noted between pulmonary artery catheter,
cesophageal, rectal or nasopharyngeal temperatures In the two
groups. Forced-alr warming resulted in significant (p = 0.001)
increases in shoulder, palm, thumb, thigh, znkle and toe
temperatures. The authors concluded that forced-air warming therapy
was beneficial in lImiting the incidence, magnitude and duration of
shivering when used in a prophylactic manner to rewarm patients
following bypathermic cardiopulmonary bypass.

Shivering-like tremor occurs in about 40 per cent of patients
recovering from general anaesthesia and Is preceded by central
hypothermia and peripheral vasoconstriction indicating that it is
thermoragulatory, Peri-anaesthetic tremor increasas oxygen
consumption by about 200 per cent and &xacerbates postoperative
pain. Although most forms of peri-anaesthetic tremor resemble
normal shivering, electromyographically, pathological clonic/tonic
patterns ara smen. The tremor can bs treated by skin surface
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warming, intravenous clonidine or intravenous meperidine
admihistration. Why meperidine is far more effective than equipotent
doses of other oplates remains unknown. Tremor during epidural
anaesthasia is normal thermoregulatory shivering - triggered by central
hypothermia and preceded by vasoconstriction above the level of
sympathetic blockade. It can be prevented by skin surface warming
above ths level of the blockade, intravenous or epidural meperidine,

Intravenous or epldural sufentanil administration.’

Decreasad metabolism

Reversible plataiet dysfunction,
Inhibltion of immune function,
Hypekalasmia,

increased nitrogen loss,

Acid-base disturbance,
Hypergiycaemia,

Hypertension followed by hypotension,

Bradycardia.
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1.4.3.3 Clinical consequences of hypothermia
7.4.3.3.1 Organ System Dysfunction
Cardiovascular system

Thermoregulatory and cardiovascular homeostasis are closely related.
Initially, hypothermia-induced elevation of serum catecholamines increases
the heart rate and promotes peripheral vascconstriction. Consequently,
venous volume, cardiac output, systemic vascular resistance and mean
arterial pressure all increase. In progressive hypothermia reflex bradycardia
and myocardial depression lead to a decrease In cardiac output and mean
arterial préssure. At 30°C, cardiac output is 30-40 per cent beiow normal,
" J " waves [acute elevation of the ST segment) appear on the
electrocardiogram at temperatures between 32 and 33°C and are
pathognomonic of hypothermia, Premature atrial contractions and atrial
fibrillation occur as a result of atrial distenslon. Ventricular irritability
deteriorating to ventricular fibrillation becomes common by 30°C with
increasing incidence at temperatures less than 28°C. Asystole occurs at .
temperatures less than 15°C. Cardiac irritability may occur early In the
presence of pre-existing cardiac disease. Cardioversion is unsuccessful at
temperatures less than 30°C. Cardiac drugs vary in efflcacy with
hypothermia and bradycardia is often resistant to intravenous atropine.
Bretylium tosyla.e may suppress cold cardiac irritability and beta-blocker
therapy may Improve survival after hypothermia but human studies are
preliminar, There is an increase in systemic vascular resistance due to

vasoconstriction and ingreased blood viscosity.
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Coagulation

Hypothermia as an independent factor exacerbates blood loss fallowing
majar trauma by impairing the coagulation cascade, at temperatures less
than 34°C, Thrombocytopaenia is caused by revarsible platelet sequestration
in the liver and hepatic portal cirgulation. Hypothermia also promotes
reversible fibrinolysis because of increased lavels of fibrin degradation
products. Disseminated intravascuiar coagulation from peripheral
microvascular failure may occur and may be a secondary cause of
thrombocytepaenia,

Gastro-intestinal System

Gastro-intestinal motility decreases at temperatures less than 24°C with ileus
being common. Wischnevsky ulcers are common throughout the colon,
Acute fulminant haemorirhagic pancreatitis may occur particularly after
rewarming. Hepatic microsomal enzymes are depressed by hypothermia

and, as a consequence, there is impaired drug metabolism.

Haamatological System

Increased blood viscosity from haemo-concentration occurs because of
water losses from extravascular fluid redistribution and cold diuresis.
Hypothermia produces a decrease in metabolic rate which is directly related
to temperaturae. Oxygen has a greater affinity for haemoglobin (the
oxyhaemaoglobin dissociation curve shifts to the ieft} and oxygen exiraction

is impaired leading to a tissue oxygen debt.
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Metabolism

The basal metabolic rate decreases 7% per 1°C decrease in core
temperature. Anabolic metabolism accompanies progressive hypothermia,
leading to metabolic acidosis, Serum sodium levels decrease while
potassium levels increase because of the disruption of the cell membrane
sodium-potassium pump. Hyperglycaemia caused by stress-driven
gluconengenesis, depressed insulin rafease and impaired insulin uptake at
peripheral effector sites Is ¢ --:~ 1 early in hypothermia and is often
accompanied by a mild ketosis.

Neurological System

Progressive hypothermia results in progressive degreas of somnolence arid
confusion leading to ¢old narcosis at 28-30°C, Coma is rare above 28°C.
Low grade hypothermia has a protective effect against cerebral ischaemia
because brain oxygen requfrements are decreased more than the decrease
in cerebral blood flow favouring oxygen availability. Cerebral hicad flow
decreasas £-7% for each 1°C drop in core temperaturae. Recent studies
indicate that decreases in cerebral oxygen extraction are independent of the
lett shiftad oxyhaemoglobin dissociation curve during hypothermia. Pupillary
and deep tendon reflexes are lost at a core temperature of 25°C. At
temperatures less than 18°C the slectroencephalogram is usually iscelectyic.
There is delayed emergence from anaesthesia.

Muscular System

Compensatory active thermogenesis {shivering} and increased muscle tone
accompany early to moderate hypothermia at temperatures of 36-32°C. At
temperatures less than 30°C compensatory mechanisms are absent and
muscle tone is increased. Neuromuscular transmission is impaired, and the
neuromuscular junction may be resistant to non-depolarising relaxant drugs.
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Renal System

A "cold diuresis” secondary to peripheral vasoconstriction resuiting in

increasad central venous volume and an increased glomerular filtration rate

occurs at temperatures of 33-34°C. With further hypothermia renal blood

flow decreases prqgressivelv resulting In dacreased renal perfusion,

decreased glomérular filtration rate, oliguria and azotemia. Glomerular

filtration rate decreases to 60 per cent of normal at a temperature of 25°C.

Acute tubular necresis is a common finding in victirs of fatal hypothermia. -
Hypothermia may also lead to impaired sodium re-absorption by the renal

tubule,

Drg Metabolism

There may aiso be impaired drug metabolism. Muscle relaxants are
rmetabolised more slowly. Vecuronium doubleg its duration of action at 34°C
which may be due to delayed metabolism or a pharmacodynamic effect of

hypothermia.’

Resplratory System

Early hypothermia is associated with hyperventilation. Progressive
hypothermia leads to respiratory depression. Respiratory drive may persist
at temperatures less than 25°C but anatomical dead space is Increased by
50 per cent and physiologic dead space is increased by 28 per cent. Loss
of respiratory drive with apnoea occurs at temperatures less than 24°C,
There is a diminished ventiiatory response to hypoxaemia and hypercarbia.
Since there s decreased carbon dioxide production, mechanical

hyperventilation produces a raspiratory alkalosis.
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Wound infection

Hypothermia inhibits immune function {especially macrophage phagocytosis)
and decreases cutaneous blood flow. Kurdz et a/.'® showed that mild peri-
aperative hypothermia may promote surgical wound infection by triggaring
thermoregulatory vasoconstriction which decreazes the subcutaneous
oxygen tension. Reduced leve!s of oxygen in tissues impairs oxidative killing
by neutrophils and daecreases the strength of the healing wound by reducing
the depaosition of collagen. Kurdz tested the hypothesis that hypothermia
increased susceptibility to surgical wound infection and lengthened
hospitalisation. Two hundred pitlents under-going colerectal surgery were
randomly assigned to routing intra-operative thermal care (the hypothermic
group] or additlonal warming {the normothermic proup). In a double blind
protoco! surgical waunds were evaluated dally until patients were discharged
from the hospital and then once at two w..ks post discharge. Wounds
containing culture positive pus were considered infected. Surgical wound
infectlons were found in 18 of 96 patients assigned to routine intra-operative
thermal care group but in only 6 of 104 patients assigned to additional
warming group {p = 0,009}, Sutures were removed one day later In the
hypathermic group compared to those in the normothermic group (p =
0.002), Duration of hospitalisation was approximately 2.6 days longerin the
hypothermic group, {p = 0.01). Kurdz conciuded that hypothermia itself
may delay wound healing in patlents predisposed to wound infactions and
that maintaining normathermia intra-operatively was more likely to dzcrease
the incidence of infectious complications in patients undergoing colorectal

rasection and to shorten their hospitalisation.
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1.4.3.3.2 Effect of Hypothermia on mixed venous oxygen saturation

Viale et a/.'® found that during muscular exercise there was a negative
correlation between the value of mixed venous oxygen saturation {$vO0,} and
the level of muscular work. Since the immediate postoperative period is
associated with an increase in whole body axygen demand and in this regard
resembies the effects of muscular exercise, a similar correlation might be
seen during this period. Viale then invest'gated postoperative oxygen
consumption in patients undergoing coronary artery bypass surgery. The
author concluded, from his results, that during the first two postoperative
hours aﬂer. coronary artery bypass surgery VO, rarely exceeds 50 per cent
of prepperative VO, max. Assuming a stable state of myocardial function,
Sv0, measurament may provide an inuirect means of an assessment of the
exercise test imposed on patients recovering from general enaesthesia.

1.4.3.3.3 Effectof Hyp‘oihermia on duration of stay in Post-Anaasthesia
Care Unit

To identify and quantify complications occurring in the Post-Anaesthesia
Care Unit {PACU}, a prospective study by Hines et al.™® evaluated 18 473
consecutive patients entering a PACU at a University teaching hospital using
a standardized data coilection form. For patients admitted with a core
termperature of less than 35°C the duration of the PACU stay was 152 + 46
minutes compared to 116 + 65 minutes for patients with a temparature

greater than or equa!l to 36°C {p < 0.01).
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1.5. Prevention and Treatment of Hypothermia

The initial rapid decrease in core temperature that occurs during epidural or
general anassthesia is difficult to prevent because it results largely from
internal redistribution of heat. It can be reduced by warming the skin
surface and perinheral tissues before induction of anassthesia. Such therapy
decreasss the central-peripheral temperature gradient, however, given that
the heat capacity of the peripheral thermal compartment is 150 kilocalories,
1 to 2 hours of vigorous warming fs generally required. Less than 17% of
metabgolic heat is lost by respiration even if patients are ventilated with dry
caol gas. Passive airway humidification using heat and moisture exchéngers
can prevent most of this loss and active gas heating and humidification
sliminates all respiratory metabolic heat loss. Heat and moisture exchangers,
however, contribute little to maintaining normothermia. Since most of the
heat jost is through the skin, although evaporation from large surgical
incisions may contribute significantly, simpiy preventing cutansous heat loss
will prevent the slow linear decline in central temperature that is seen in the
anaesthetised patient. Cutaneous heat loss can be passively decreased by
covering the skin with cloth or paper surgical drapes, blankets, plastic bags.
A single layer uf sach insulator reduces heat loss by about 30 per cent but
the efficacy of different cover types is generally simllar. Because cutaneous
heat lass is roughly proportional to surface area {heat loss from the head is
not disproportionately high in adults} the choice of covering materizl is far
less important than the total surface area covered. Active warming can
prevent most cutanecus heat loss and can even reverse the net transfer of
heat across the skin. Infrared radiators are less effective than other active
warmers because they do not prevent conv..tive loss and much of the skin
surface is not parallel to the radiating surface. Radiation is {lkely to be mare
effective In infants than adults because the ratio of warming surface size to
body size is larger. Circulating water blankets are more effective when
placed over rather than under patients because surface contact between skin
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and blanket is increased. Usually several blankets can be attached to a
single heater permitting use of a full length blanket under a patient and a
simultaneous use of a paediatric sized blanket over the chest or legs. Water
temperature should not exceed 40°C to minimise the risk of pressure or heat
necrosis, and should be set at even lower temperatures in patients with
arterial vascular insufﬁciencv.

1.5.1 Basic  )agement Principlas for Hypothermia
1.5.1.1 1 . give rewarming
(i removal of environmental causes,
(il  use of a forced-air convective warming device
1.5.1.2 Active external rewarming (for mild to morarate hypothermia)
(i} Immersion in heated water up to 40-45°C,
{it) heated intrave;uous solutions to 37°C,

(iii} electric blankets at 37°C.

1.51.3 Actlve Core Rewarming {for moderate tc severe hypothermia)

This employs an intra-gastric balloon with heated irrigation, heated blood
irrigation, haemodialysis or peritoneal dialysis with warmed dlalysate, extra-
corporeal blood warming or inhalation rewarming with warm gases (less than
43°C). Active rewarming is associated with complications and may have a
higher assaciated mortz y rate compared to passive technigues.
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non-shivering patients were observed separately. Shivering patients

rewarmed faster than non-shivering patients.

Mort et a/.' found that shivering in the pariod immadiataly following
catdlac surgery can lead to detrimental haomedynamic changes.
Shivering Increeses the metabelic demand for oxygon and is poorly
toleratad in this physiologleally sompromised population. Ingreases in
gentral {core} and decr-cascs In peripheral (skin} tomperaturas cccur as

aresult of peripheral to central redistribution of heat, shivering @nd non-

4a '

shivering thermogenosis. The Balr-Hugger® convective warming system
wvas évaluated forl"lts ability to Hmit post ca,lrdlac surgery shivering, and
' 'to decreasa tho perlpheral-to-central tarnperature difference. Forty-nina

patients undergolng valva raplacement and/or coronary artary bypass

< graft were randomly assigned to be warmed following surgery with

elther Bair-Hugger® or warmed cotton blankets, Measurements of
central and peripheral tempseratures were ocollected every 20 minutes
'-'bk;ér 5.5 holirs. Electromyograph recordings of pectoral biceps and
quadriceps muscle groups ware condusted 1o verily shivering. A visual
observatlion shivering score ranging from 0-4 where four was
continuous shivering vwure recorded for each study perlod. The patignts
who received relaxants following cardlo putmonuary bypass were
excluded rrom tNe analysis, d taln uf row was wvaluaiwnd i pes dulpeons

to ensure lack of clinical motor blockude. Overall 19 of tho 25 cotton

blanket patients and 8 of the Balr-Hugger® pstlents displayed shivering
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hypothermia caused by epidural block. Thase results support the hypothesis
that redistribution of heat within the body, not heat loss, is the most
important astiology of hypothermia from epidurai anaesthesia.

1.5.2.2 Intraoperative warming

There are various methods available to prevent intra-operative hypothermia
such as the use of warming blankets, forced-air devices, space blankets,
humidificatlon and warming of inspired gases, warming of intravenous fiuid
and radiant heat larros - all of which have been usad with varying degrses

of success,

Canug et a/.2 investigated the ability of the forced-air convection warmer
{Balr-Hugper®) to transfer heat in awake subjects by means of heat fiux
maasuremgnt, During abdominal surgery only the lewer limbs are available
for skin surface warming. The amount of heat transferred under that
particular surgical situation was evaluated.  Sixteen aduit patients
unidergoing non-haemorrhagic abdominal surgery were studied. Anaasthesia
was induced with thiopentone, fentanyl, enflurane and nitrous oxide in
oxygen. Operating room tamperature was maintained at 21-22°C and
patients were randamly divided Into two groups. Eight patients received no
sdditional prr  ention of hypotharmia (control group), the other eight patiants
had their legs covered by a lower body cover sttached to a Bair-Hugger®
Modal 500 forced-air convection warmer. Core temperature and skin
tempsratyre (thorax, arm, midcalf, midthigh) were recorded at 18 minute
intarvals. Changes in body heat content and mean skin temperature of lower
and upper parts of the body were calculated as the averaye of the thigh and
calf temperatures (lower temperature) and from the thorax and arm
temperatures {upper temperatures). From the results, the investigators
concluded that the Bair-Hugger® was able to provide heat gain In



anaesthetised patients undergoing abdominal surgery even when the warmed
skin surface is restricted to the lower fimbs.

Gauthier® investigated the use of a forced-air warming device in 13 patients
undergoing spinal surgery, Patients were anaesthetised using a balanced
anaesthetic technique of narcotlcs, low dose of enflurane and induced
hypotension. Core temperature was monitored by an oesophagea{
tempserature probe. A conirol group of six patients had temperature
conservation by warming fiuids and inspired gases. The second group of
patients were managed fluid and Inspired gas warming and with a forced-air
warming device, the blanket being applied only tc the lower body . Patient
core temperature was recordad intraoperatively and on admission to the
postoperative care unit as was the duration of stay in the unit. Patlents in
the control group underwent procedures lasting an average of 290 mindtes
and had average estimated blood logsaes of 850 mi. This group showed a
range of temperaiures from 35.9°C to 35.3°C during the procedurs with a
neat loss of 0.2°C . The average admission temperature on admission to the
postoperative care unit was 35.6°C and the average stay was 150 minutes.
Patlents in the forced-air warming group underwent procedures lasting an
average of 313 minutes and had estimated blood losses of 113E ml. This
group had a core temperature ranging from 36.1°C to 37°C with a net gain
of 0.6°C. The average postoperative care unit stay was 120 minutes.
Temperature gains and the postoperative stay ware significantly different
when analysed statistically, Traditional management of intra-operative
hypothermia has been directed towards the prevention of losses. This data
suggnsted that the use of forced-alr warming not only prevented heat loss
but may actually result In heat gain during the Intracparative period. in this
study the forced-air group had longer procedures, lost more blood, yet were
warmer at the end of the procedure and had significantly sharter stays.
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Hynson and S_essler“ compared varlous warming devices. With Institutional
Review Board approvai they randomfy assigned 12 patients undergoing
kidney transpiantation to one of four groups. Patients in Group 1 were
treated with a circulating water matiress, placed under the subject .
Patients in Group 2 were treated with heated humidification of inspired gas,
the heater being set at 40°C , Patients in Group 3 were treated with forced-
alr warming using a lower body cover, Alr temperature was set at 43°C .
Patients in Group 4 received no specific warming treatment. In all groups
Intravenous fluids were warmed and fresh gas flows were maintained
without a heat and moisture exchanger. Operating room temperatures and
preoperative conditions were controlled. Tympanic membrane temperature
was measured starting 30 minutss before induction of anaesthesia. During
the first 30 minutes of anaesthesia each group averaged a 0.7°C decline in
core temperature, after 60 minutes patients in Group 3 evidenced a rise in
core temperature. Patients. in Group 1 continued to show a slow decrease
in core temperature for the next 150 minutes of anaesthesia. Patlents in
Groups 2 and 4 experienced a rapid decline in core temperature for the
duration of anaesthesia, The study concluded that forced-air warming is
more effective than the water circulating mattress and that heated
humidification of inspired gas offared little protection from Intraoperative

hypothermia.

1.4.2.3 Postoperative Warming

Lennon et a/.%° randamised thirty adult surgical patlents admitted to the
recovery room with an oral temperature of less than or equal to 35°C into
two groups. Group 1 patients were coverad with cotton blankets warmed
to 37°C and Group 2 patients were treated with a forced-air warming
system. Mean oral temperature on admission to the recovery room was the
same in both groups {34.3°C). Oral temperature and the presence or



absence of shivering were recorded at 15 minute intervals after application
of the selectad warming method, patients in Group 2 were warmer at all
time intervals, mean temperatures on the forced-air heating group and in
Group 1 were respectively 34.8°C and 34.3°C {p < 0.05) at 15 minutes;
35°C and 34.2°C {p > 0.01) at 30 minutes; 35.2°C and 34.5°C (p < 0.05)
at 45 minutes; 35.8°C and 34.7°C {p < 0.001) at 60 minutes; 36°C and
35°C {p < 0.01} ot 78 minutes; 36°C and 35°C {p < 0.01) at 90 minutes
The incidence of shivering was significantly greater in group 1 at 15 and 45
minutes. In addition, time spent in the recovery room was significantly
araater in Group 1 than it was in Group 2, 156 minutes versus 99.7 minutes
(p < 0.03}.

Postoperative studies v .re also performed by Summers et &/.7. Patlents
who were warmed with a forced-alr convective v\;arming devlce therapy had
a higher surface temperature, haemoglobin oxygen saturation and perceived
comfort than patients with bath blankets. The authors concluded that
forced-air warming was an effective method to promete postoperative
thermal comfort and physiological stabifity. In addition, they concluded that
the use of forced-air warmers was a convenient adjunct to care by

postanaesthetic care unit nurses.

Giuffre et a/.'® conducted a study in a PACU, in which the efficiency of a
forced-air warming device was compared to warmed cotion blankets and
infrared radiant lamps. Shivering and non-shivering patients were observed
separately. Shivering patients rewarmed from surgery faster than non-
shivering patients. Patients who recelved forced-air warming in both
shivering and non-shivering groups warmed faster. Forced-alr warming
therapy reduced the length of stay in the PACU by 77 minutes in the non-
shivering patients. Patients who were warmed by aiternate methods spent
approximately 60% more time in the PACU.
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1.5.2.4 Comparison of forced-air convection warming devicesin human
voluntears,

Diesbrechtph and Ducharme® found that perl-anaesthetic hypothermia is
common and produces several cemplications includir: aostoperative
shivering, decreased- drug metabolism and clearance and i saired wound
healing. Forced-air warming transfers more than 50 watts 1o the body and
is an efiicient method for either preserving or reversing decreases in core
temperature, The authors compared the efficiency of four complete forced-

air warming systems, namely:

{a)  The Bair-Hugger® 250 power unit together with the Ba/- **+ggar® 300
warming cover (Augustine Medicall.

{b} The ThermoCare® TC1000 power unit together with the TC1080
ComfortQuilt® {Gay_mar Industries).

{c} The WarmAir® 130 _power unit together with the WarmAir® 140
warming tube (Cinclnnati Sub-0 product],

{d} The WarmTouch® B00G power unit together with the CareQuilt® [with
connecting hose compressed {short} and extended ({long}]
- {Mallinckrodt Materials).

Six minimally clothed male volunteers weare studied supine in a 24.5°C
anvironment. Cutaneous heat flux and skin temperature were measurad at
14 area weighted sites using thermal flux transdugers, After a 20 minute
control periods the volunteers were warmed for 40 minutes with each
device. A cotton blanket was placed over each warming cover. All units
reached maximum efficiency within 20 minutes. Total heat transfer

achieved was as follows:



Bair-Hugger®:
WarmTouch?® (short hosel:
WarmTouch?® (ilong hose}:
ThermoAIir®:

WarmAir®:

* = signiiicant difference

95 + 7 watts *
81 + 6 watts
68 + 8 watls
61 £ 5 watts

38 = 6 watts

Each cover also was tested on @ commen power unit, the Bair-Hugger® 200.
Total heat transforred was statistically significantly better with the Bair-
Hugger® 300 warming cover (88 + 8 watts) than with the ComfortQuit®
(66 xr o watts}, CareQuilt® (50 = 7 watts} and the WarmAlIr® 140 warming

tube {43 £+ & watts).
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1.6. Consequences of Postoperativa Rewarming

1.6.1 Vasodilatation

Postoperative hypothermia induces vasaconstriction which creates a false
Impression of the adequacy of patients’ intravascuiar volume status, After
1 to 3 hours, rewarmming causes vasodilatation which unmasks underlying
hypovolaemia which may then be associated with abrupt hypotension,
tachycardia, oliguria and, on aoccasion, myocardial ischaemia.



2. MOTIVATION FOR A FURTHER STUDY ON THE EFFICACY OF THE
FORCED-AIR CONVECTIVE WARMING DEVICE IN HYPOTHERMIC
POSTOPERATIVE PATIENTS. '

The forced-air convective warmer appears to be a valuable cption for tha
thermal care of the hypothermic patient. This device has been shown 1o be
effective in preventing the intraoperative davelopment of hypothermia when
used preaperatively and/or intraoperatively in patients undergoing general
anaesthesia.?® 2*% Qnly a few studies have addressed the use of forced-air
warming in the immediate postoperative period'® %, Itis not clear whether
the patients in those studies raceived intraoperative thermal management or
nof, Thus, it would be of value to assess the capability of the device to
warm hypothermic postoperative patients who are know not to have
received any attempts at Intraoperative warming. :I'herefore, this study was
designed to investigate the postoperative use of a forced-air convective
warmer in hypothermic postoperative patients who had not receivad any

attempts at intraoperative thermal management.



3. MATERIALS AND METRODS

The study was commenced when approval by the ethics committee of the
University of the Witwatersrand had been cbtained. Informed consent was
obtained from all patients.

Twenty consecutive postoperative patlents of both sexes and aged betwaen
18 and 85 years who had not received any active form of intraoperative
thermal management and had a rectal temperature of 35.9°C or less on
admission to an intensive care unit were enrolled into the study. Aithough
the patients had undergone various different operations { see Table [1l } all
patients had received general anaesthesia o'nly and no attempt by the
investigators was made to control the conduct of anaesthesia.
Postoperative analgesia for ail patients consisted of intravenous morphine
given either by nurse administration or By a patient controlléd analgesia |
device delivering intravenous morphine. The patients wer andomised into
twb- groups, the contro! group {10 patients} who were coversd from the
neck down with two standard hospital cotton blankets and no active
warming therapy, and the warmed group {10 patisnts). Both groups were
studied for a period of threg hours post operation. Patients in the warmed
group werse completely covered again from the neck down with a full length
blanket connected to the heat source of a forced-air convective warmer
{"WarmTouch®", Trigate, Randburg) set to deliver air warmed to a
temperature of 42-46°C. The complete unit consists of a two layer paper
plastic blanket placed directly over the patient which is in turn connected to
the air hase of a heat source. When functioning the heat source forces
warmed air between the two layers of the bianket, the patient surface of
which cantains multiple small perforations. As a result warm alr Is directed
onto the skin surface of the entire body area covered by the blanket.

Temperature probes and self adhesive skin surface temperature sensors
{Sher-i-Temp, Brittan Health Care, Johannesburg) were placed in the recium
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and applied to the right thumb, the ventral surface of the right forearm and
the orehead, respzctively. All sensors were connected to a battery
operated temperature display module {Sonatemp, Biittan Health Care,
Johannesburg). All temparature values were recorded at 0, 15, 30, 45, 60,
90, 120, 180 and 180 minutes. Environmental ternperature in the intensive

care unit is controlled between 22 to 24°C.,

The presence or absence of shivering during the first three fifteen minute
periods of the study wes noted by the investigator. Howsaver, by tha nature
of the study design the investigator was not blind to the fact that a warming

device was being utilised.

Differances between patient age and gender werd analysed using Students
Unpaired T-Test and Fisher’s Exact Test respectively. The changes in rectal,
forehead, forearm and thumb temperatures as a function of time were
analysed for the two groups. Temperature differences between the groups
at each time interval weare evaluated using Students unpaired T-test. The
incidence of shivering at each interval was determined by utilising Fisher's
exatt text. A p-value of less than 0.05 was considered statistically

significant.
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Takle 1il: Surgical Procedures performed in the Control Group and the Warmed
Group.

Control Group i Warmed Group

Patient | Operative Procedure y Patlent Operative Procedure

No. No.

1 Aortic 1 Chulecystdocho- ]
anaurirsmactomy duodenectomy

2 Aortic 2 Chiglecystdocho-

| aneurysmectomy | duodenectomy

3 Aorto-hifemoral bypass 3 Pancreatic exploration
graft

4 Aorto-bi-lliac bypass ;':. 4 Sigmold Colectomy
graft "
Pancraatic exploration 5 Cholecystactomy '
@astractomy “ Pnsumonectomy
Common bile duct Removal of frontal

. exploration | sinus tumour

8 Cholecystdocho- E Femora-profunda
duodenectumf bypass graft {Left)

9 Gastric fundoplication 9 Dsfurlctionlhg |

_ colostomy
10 Nephrectomy (Left) 10 Nephractomy { Right)
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4, RESULTS

With regard tc age, gender and the various admission temperatures there
was no difference betwaen the two groups {Table IV). The two groups
showed various differences in thelr thermal stats within 16 minutes of
commencing the study. The temperature changes that took place during the
study are detailad in Table V. With respect to rectal tempearature, a measure
of body core temperature, the warmed group exhibited higher temperatures
than the control group at ali time intervals fram 15 minutes onwards.
Howevar, these differences only became statis+ically significant from 2 hours
into the study (Fig. 1}. Mean temperatures for warmed and controlled group
at 120, 15C ~nd 180 minutes were 36.8 and 36,2, 37.J and 36.4, 37,5 and
36.8°C respectivaly. Thuse results indicate that core rewarming takes place
as a cansequance of forced-alr warming but the tine requiregd to reach a
significant difference iflustrates that there is & delay before heat is
transferred from peripheral to core compartments in hypothermic
postoperative patients. A possibla explanation for this delay Is the presence

of hypothermia-associated peripheral vasoconstriction.



53

TABLE IV : Patient Characteristics

Contral G.oup Warmed Group Significance
Age (years) 57.7 (13.7) 66.6 (13.7) NS
Gender (M : F} 8:2 5:5 NS
Admission Temperature (°C} _
Rectal 35.2 {0.4) 35.2 {0.6) NS
Forehsad 30.6 (1.3 31.1 {1.3) NS
Forearm 31.8 {1.5) 31.3 {1.4) NS
Thumb 27.9 (2.1) 28.6 {1.9} NS
M:F = Male: Female
NS =  Not significant

Figures in parentheses indicate 1 Standard Deviation
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TABLEV: Temperature values obtained from the various anatomical sites i the Control
and Warmed Groups following recovery from ansesthesia

Source Time {minutes} Temperature {°C) [Mean (~ 15D}

Control Group Warmed
. _ Group

Rectum 0 35.2 (04) 35.2 (0.6}
15 35.2 (0.5} 35.3 (0.6)

30 35.3 (0.6) 355 (0.5)

45 35.5 {0.6) 35.8 (0.4)

60 36.7 (0.5) 36.1 (0.4)

90 36.0 (0.5) 8.4 (0.5)

120 36.2 {0.6) 36.8 (0.5)

150 36.4 10.7) 37.0 (0.7)"

180 36.6 {0.7) 37.5 (0.8)

Forearm 0 31.8 (1.8 N2(14)
15 8241 (15 33.9 {1.0)*

30 32.3 (1.5 349 (1.3)"

45 32.5 {14} 35.1 (1.2)*

60 32.8 (1.4) 34.9 (1.1)*

90 33.0 (1.3) 35.2 (1.0)*

120 ° 33.2 (1.5) 355 (1.1}

180 335 (1.9) 35.8 (0.9)*

180 33.9 (1.8) 36.1 (1.0

Thumb ' 0 27.5 (2.0) 28.6 (1.9)
15 28.8 (3.2} 31.9(1.7)"

a0 294 (2.7) 340 (1.8)"

45 29.8 (2.8) 34.3 (1.8)"

60 29,9 (2.9) 34.5 (1.5)"

80 29.8 (3.2) 34.2 (1.5)*

120 30.0 (3.5) 347 (1.3

150 20.1 (3.6} 35.2 (1.1)

180 30.5 {3.7} 35,7 (0.8)"

Forehead 0 306 (1.5) 31.1 (1.8}
18 30.9 (1.2) 3i.6 (1.1}

av 31.2 (1.4) 31.7 {(1.2)

45 314 (1.3) 32.0 (1.0)

60 31.5 (1.2) 324 (0.8)

90 31.9 (1.1) 32.8 (1.0)

120 az1(12) 33.1 {1.0)

150 32.2 (1.3) 33.3 (1.0)

180 32.4 (1.5) 33.5 (1.4)

* Statistically significant difference betwsen Warmed Group and Control Group.
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Forehead temperature, which reflects but is not equal to core temperature,
showed a similar pattern to that seen with rectal temperature (Fig. 2).
Althcugh forehead temperatures ware higher in the warmed group than in
the control group the differences did not reach statistical significance at any

time.

Thumb {Fig. 3} and forearm temperature (Fig. 4) in the warmed group
showad an initial dramatic rise from baseline by 15 minutes and then
continued to rise slowly throughout the course of the study. When
compared to the contrel group thera is a statistically significant difference
at time intervals from 15 minutes onwards. These resuits indicate that the
forced-air convective device is effective as a shell or skin surface warmer,
An analysis of the forearm-thumb skin temperature difference in the two
groups shows that the control group exhibited a mean temperature
diffarence of 3.4°C by the end of the study. The warmed graup on the other
hand exhibited a temperature -difference of only 0.4°C (Fig. 5). The
difference betwseen forearm and thumb temperatures seen in the controf
group is an indication of the maintenance of vasoconstriction to prevent heat
loss. Although there is a2 much smaller temperature differential in the
warmed group it cannot be concluded that this indicates vasodilation since
the warmed group were covered from the neck down by the blanket. The
incidence of shivering assessed simply by visual observation in both groups
was noted by the Investigator during the course of the study. As previously

stated the investigator was aware which patients were being warmed and
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which were not. With this bias in mind the invesﬂgator noted that the
number of patients shivering in the varmed versus control groups during the
first three fifteen minute epochs was 3 versus 7, 1 versus 5, O versus 4,
These figures represent a statistically significant difference for the periods

16-30 and 31-45 minutes but not for the period 0-15 minutes {Fig. 6).
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Figure 1: Change tn rectal temperature with time in the Warmed Group {M}
and the Control Group {Q). Results are presented as Mean 4 1 Standard

.Error of the Mean. °C = Degrees Celsius, * = statistically significant

difference.
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Figure 2: Change in forehead temperature with time in Warmed Group (IR}
and the Control Group (O}, Resuits are presented as the Mean + 1 Standard

Error of the Mean. °C = Degraes Celsius.
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Figure 3: Change in thumb temperature with time in the Warmed Group (H)
and the Control Group(Q}. Results are presented as the Mean = 1 Standard

Error of the Mean. °C = Degrees Celsius.

Note: With the exception of the results at time 2ero, there is a statistically

significant difference between the two groups at all time intervals
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Figure 4: Change In forearm temperature with time In Warmed Group (M)

and the Control Group{O). Results are presented as the Mean + 1 Standard
Error of the Mean. °C = Dsegrees Ceisius.
Notz: With the exception of the results at time zere, there is a statistically

significant differencé petween the two groups at all time intervals.
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Figure 5§: Forearm-thumb temperature difference with time in the Warmed
Group (M) and Control Group (O). Results presented as Mean + 1 Standard

Error of the Mean. °C = Degrees Celsius.
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Fig 6. Bar graph [llusrration of shivering incidence in the Warmed Group

{solid bars) and the Contro{ Group {open bars). * = statisicaily significant

difference.
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5. DISCUSSION

Hypothermia in the postoperative patiant has, unti recenily, bean viewead as
a relatively benign complication of the pericperative period. Slotman et af '°
noted that hypothermia is associated with adverse effects and showed that,
in a mixed group of 100 elective and emergency patients, the incidence of
intraoperative and postoperative hypothermia was 77% and 63%,
respectively. In narticular, those workers observed that if hypothermia
rernained‘prasent at 8 hours postoperation there was an associated 79%
mortality. An observation of 50 consecutive elsctive surgery patients,
excluding those having operations involving the head or the neck regions,
who received no active intra-operative thermal 'management showad that
68% of the patients had a t-:ore temperature less than 36°C on admission to
a recaovery area { C. Clinton - unpublished data ). The combination of
perioperative hypothermia and traumatic injury is associated with an

increased mortality rate, ™ %

Although the ambient temperature of the operating room and the type of
surgery play & role in the genesis of hypothermia, the effect of anaesthesia
is moré important. Under normal circumstances, thermnregulatorv responses
will be initiated by decreases in core temperature of as little as 0.1-0.2°C.%¢
Obviously, a-naesthesia utilising vasodilator drugs and muscle relaxants may
further obtund or completely prevent a thermoregulatory response,

irrespective of the extent of core temperature decline.



As stated, hypothermiais a common complication of the perioperative period
that has, in the past, been viewed as relatively innocuﬁus . More recentiy,
some of the deleterious effects have been investigated more thoroughly,
While some of the effects may not unduly influence recovery or outcoms,
others are serious and have the potential to alter postoperative outcome.
Frank et ai"® have shown that, In patients undergoing lower extremity
revascularisation procedures, myocardia! ischaemic events in the first 24
postupere;tive hours are significantly more common in hypothermic patients
than in normothermic gounterparts - irrespective of whether *hey received
. genaral or regiong! anaesthesia. In that study the fact that hypothermia was
an independent predictor of postoperative myocs;rdial ischaemia was clearly
demonstrated . !t is easy tc.n imagine a scenario where simuitaneous events
such as shivering, hypotenslon and a shift of the oxygen dissociation curve
to the left could lead to significant cardiac compromise, especially for the

patient with ischaemic heart disease.

Hypothermia in the awake postoperative patlent Is assoclated with
vasoconstriction . Such vascconstriction is resp. nsible for varying degrees
of hy.pertension in the immediate postoperative period. Hypertension
assaciated with hypothermia should not receive aggressive pnarmacological
managemenf since, when re-warming occurs, thers may be significant
hypotension, On the nther hand, mild hypothermia in awake postoperative
patients is accornpanied by a water diuresis. Later, when core temperature

returns “o normal and vasoconstriction subsides, this diuresis then manifests
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as an ineffective circulating volume with postoperative hypotension.
Coagulopathy is particularly Important to the surgical team - hypothermia
induces prolongationn of the bleeding time and revarsible platelet
dysfunction.®® Shivering in the postoperative period is tssociated with
patiant discomfert, increased wound pain, an increase in oxXygen

consumption and an increase in carbon dioxide production.

Before the advent of forced-air convective warmers various strategies were
utilised intraoperatively for the maintenance of core temperature. Reflective
blankets decrease radiant heat loss from patient to environment, Their
greatest effect appears to. be in patients having peripheral procedurés of
short duration when at least 60% of body surface can be covered.® The
warm water circulating mattress has not always been shown to have a
significant effect in the adult patient. its’ effectiveness is influenced by
operating rcom temperature and by the fact that only A small surface area
of the patient Is in contact with the warm surface,® The temperature of the
blanket required to make a significant difference to core temperature is about
40°C and this carries the risk of thermal injury: Airway humidification with
heated humidifiers will balance respiratory hest loss - but this is never very
high. Accldental overheating has resuited in respiratory tract thermal injury®®

- thus risk tends to outweigh benefit.
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Studies on ir_straoperative use r;f forced-air warming devices® 2 * jndicate
that core temperature is better maintained than w]‘th. other conventional
methods and ¢all attention to the fact that hypothermic patients are at risk
for various complications. For exampls, this investigation’s Controf Group
exhibited vascconstriction well into the postoperative period, as evidenced
by & forearm-thumb skin surface temperature difference. The use of forced-
air warmers in the postoperative period has been associated with faster re-
\av\._rarming’"i and a reduced incidence of shiv “ring.'? This investigation similarly
indicates that hypothermic patients exposed to a forced-air warrner become
narmothermic sooner, have significant increases in skin surface temperature
and have a reduced incidence of shivering compalred to & group who are not

axposed to the devica,

There Is evidence, from the literature, that hypothermic postoperative
patients should be assisted to rewarm in order to reduce haemodvnami_c“
and metabolic'® complications and ta eliminate o dvering.’® The forced-air
convective warming device Is affective; in the management of postoperative
hypothermié because the incidence of shivering is reduced and mare rapid
re-warming takes place. In this investigation of patients who had not
recaived any intraoperative thermal management, 2 hours of continuous use
was required to produce statistically significant differences in core
temperature. This should not necessarily be interpreted as machine failure

although efficiency of various types of forced-air warmers is known to be
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diffsrent.Z The particular type of warmer used in this study has been shown
to have a heat transfer capability of oniy 68 + 8 watts.?* It could well be
that a more efficient foﬁ::ed-air warmer would have produred batter results.
On the other hand, it could be that patients who have not received
intraoperative thermal management are more difficult to warm in the
postoperative period than patients who have received some Intraoperative
thermal care. Howaver, this investigation did not address those two
qx_.iestions: Thus, there is still scope for a comparative study of forced-alr
convection warming devices in hypothermic, postoperative patients who

have and have not received intraoperative thermal care.

This investigatirn demonstrated that the forced-ai'r convection warmer used:
a) is an effective shell, or skin surface, warming device

b} eliminates shivering in the early postoperative period

¢)  contributes to faster re-warming of the hypothermic postoperative

period, if used for more than 2 hours.

Other studies indicate similar findings. In particular, the simple Humanitarian
aspect of decreasing postoperative pain by eliminating shivering has been
noted.'®?? Studies that have examined the use of forced-air wa.rming inthe
pre-, intra-, and postoperative periods and in combinstions of those periods,
suggest that there are many actual and potential benefits of eliminating

hypotharmia - even for the fit, healthy patient who requires anaesthesia and

surgery.
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Forced-air warming is a simple and easy technique. It can be initiated in the
intraoperative pariod without interfering with the operation. From an analysis
of the literature, the risk-benefit ratio of forced-air warming would appear to
favour the patlent. Similarly, patients who are hypothermic in the

postor ve period benefit from forced-air warming.

The auther of this text belisves that all medical, nursing and para-medical
staff involved with intracperative and postoperative care should appreciate
that a simple, safe, effective method is available to combat perioperative
hypothermia and that, if not a specific requirement of the surgical technique,

hypothermia should ba mapaged actively from the outset,
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