TESTI NG PROPOSED NATI ONAL GUI DELI NES FOR PERI OPERATI VE NORMOTHERM A

Capt. Flavia Casassol a

APPROVED:
Maura McAuliffe, CRNA, Ph.D., Committee Chair Dat e
Eugene Levine, Ph.D., Conmittee Menber Dat e
Mel ydia J. Edge, CRNA, MBN, Committee Menber Dat e
APPROVED:

Faye G Abdel | ah, Ed. D., RN, FAAN, Dean Dat e



DI SCLAI MER STATEMENT
Departnent of Defense
This work was supported by the Uniforned Services University of the
Heal t h Sci ences Protocol No. TO61AJ-01. The opinions or assertions
contai ned herein are the private opinions of the author and are not
construed as official or reflecting the views of the Departnent of

Def ense or the Uniforned Services University of Health Sciences.



COPYRI GHT STATEMENT
The aut hor hereby certifies that the use of any copyrighted material in
the thesis entitled:
TESTI NG PROPOSED NATI ONAL GUI DELI NES FOR PERI OPERATI VE NORMOTHERM A
beyond brief excerpts is with the permission of the copyright owner,
and will save and hold harm ess the Uniforned Services University of
the Heal th Sciences from any damage which may arise from such copyri ght

vi ol ati ons.



ABSTRACT
Uni ntenti onal perioperative hypotherma is an unwanted but conmon
occurrence during anesthesia. A national multidisciplinary panel
devel oped the National Perioperative Thernoregul ati on Cuidelines (NPTG
directed at mmintaining patient nornothernia perioperatively by
identifying pre-operative risk factors, and instituting active warm ng
neasures early. The purpose of the study was to pilot test the
proposed guidelines to identify barriers to inplenentation, and
suggestions for inprovenent. Data were collected by perioperative
health care providers in the anbul atory surgery unit (ASU), operating
roons (OR), and post-anesthesia care unit (PACU) for all schedul ed
surgeries over a period of two weeks. The sanple consisted of
98% n=115) of patients undergoing surgery. The ASU reported on 55
patients (48%, the OR 92 patients (80%, and the PACU 90
patients(78% . Twenty-four percent (n=13) of preoperative patients
were found to be hypothermic in the ASU before surgery. Seventy-one
percent of patients did not have a tenperature recorded postoperatively
in the ASU prior discharge, and of those recorded 29% n=16), one-half
wer e di scharged from ASU hypothernic. Thirty-three percent (n=30) of
patients arrived in the PACU hypothernmic fromthe OR and 50% n=15) of
t hese patients were di scharged fromthe PACU hypothermic. ASU, OR and
PACU staff reported that the NPTG were not difficult to follow, yet
apparently NPTG were not inplenmented or followed. No barriers to
i mpl erentation were identified by ASU or PACU staff. OR staff
identified four barriers to inplenmentation, and one suggestion for
i mprovenent to NPTG

Key Words: Hypotherm a, nornothernia, perioperative, thernoregul ation,

active warm ng.
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CHAPTER | : | NTRCDUCTI ON

Backgr ound

In this chapter the background, conceptual franework, and purpose
of this study are presented. Roy s Adaptation Mdel (1984) is
expl ai ned, and variabl es of interest are defined conceptually, and
operationally. Finally, assunptions and linitations of this study are
pr esent ed.

Hypot herm a tends to develop in a characteristic pattern during
surgery primarily due to anesthetic-induced alteration of
t her mor egul at ory responses, and exposure to cold operating roons
(Sessler, 1997). During the first hour after the start of anesthesia,
core tenmperature typically decreases by approximately one degree
Cel sius primarily due to redistribution of body heat. During the next
2-3 hours, tenperature may continue to decline gradually mainly due to
decreases in heat production. After 3-4 hours, core tenperatures
usual ly stabilize, and no | onger decrease, typically due to re-
emer gence of vasoconstriction conmpensatory nmechani sm (Kurz, Coll
Mar ker, & Greher, 1998; Sessler, 1993).

M1 d perioperative hypotherm a may contribute to conplications such
as altered drug netabolism post-operative disconfort, increased
i nci dence of wound infections, increased perioperative bl eeding,
i ncreased incidence of myocardial events, increased adrenergic
activation, and may increase |length of hospitalization (Frank et
al .,1997; Sessler, 1997). The cost of preventing hypotherm a
perioperatively may be |l ess than the cost of treating hypothernia
i nduced adverse outcones (Mahoney & Odom 1999). Recently, the
Consensus Conference on Perioperative Thernoregul ati on, 1998, a

national multidisciplinary panel devel oped clinical guidelines directed



at maintaining patient nornotherm a perioperatively (see Appendi x A).
These gui delines were devel oped to assist in prevention of hypothermn a
by: (a) identifying pre-operative risk factors and, (b) early
institution of active warm ng neasures to maintain nornotherma. The
desired outcone is to maintain patient nornmotherm a throughout the
perioperative period. Wirnming patients prior to the onset of

hypot herm a may be the best defense against inadvertent perioperative
hypot hermi a and mai nt enance of perioperative nornotherm a (Sessler,
Schroeder, Merrifield, Matsukawa & Cheng, 1995).

Pur pose of Study

The purpose of this study was to pilot test the proposed Nationa
Peri operative Thernoregul ation CGuidelines (NPTG to determ ne barriers
to inmplenentation, and suggestions for inprovenent identified by
peri operative health care providers.

Resear ch Questi ons

1. Wiat barriers for inplenenting proposed perioperative
t her mor egul ati on gui delines did perioperative health care providers
identify?

2. Wiat suggestions for inprovenment to proposed perioperative
t her mor egul ati on gui delines did perioperative health care providers
identify?

Theoreti cal Framework

Hypothermia is a serious concern in the perioperative
period. Sister Callista Roy s Adaptation Mddel (Roy, 1984) is usefu
for explaining hypothermia in patients undergoing surgery. Roy views
adaptation in a systems franework that includes input, process, and
outcone variables. The patient is viewed as a biopsychosocial being in
constant interaction with a changing environnent. |In order to respond

positively to environnental changes, patients nust adapt.



External as well as internal input can act as stressors, which
trigger use of coping behaviors to alleviate the stress. The coping
behavi ors produce either adaptive or ineffective responses dependi ng on
the person s method of coping. There are two types of control
processes patients can utilize for coping: the regulator and the
cognator (Roy, 1984). Patients primarily use the cognator to cope with
psychosocial stirmuli, and the regulator to cope wth physiol ogi ca
stimuli. These control processes produce effects manifested by four
adapti ve nodes; physiol ogical, self-concept, role function, and
i nt erdependence. The physi ol ogi cal nbde of adaptation best illustrates
responses to hypothermi a in patients undergoi ng surgery.

In Roy s framework (1984), the person, as an adaptive system
receives input fromthe environment. This input is sensed by control
processes, in particular, the regulator, which through the use of
effectors attenpts to adapt to the input. Adaptation is achieved

primarily by using physiological functions. If the individual is able

to cope effectively, then the body tenperature will renain
nornothermc. |If the individual is unable to cope effectively, then
hypot herm a will ensue. A person, when exposed to a cold

envi ronment (i nput), responds by putting on a coat, turning on the heat,
and/ or shivering in order to maintain nornmal body tenperature. This is

graphically depicted in Figure 1.



ROY’S ADAPTATION MODEL 1
INPUT: CONTROL EFFECTORS: OUTPUT:
PROCESSES: Physiological function
Regulator
=
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temperature o Shivess response
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Figure 1.

Graphic depiction of Roy s Adaptation Mdel.

During the perioperative period, patients are exposed to cold

envi ronnment and recei ve anesthetics which inpair thernoregulatory

responses. In addition, patients are unable to physically alter their

environnment to maintain nornotherm a because they are unable to
i ncrease roomtenperature or put on additional clothing. It is during
this period that health care providers can mani pul ate the environnent

to assist patients in nmaintaining nornmotherm a, since they can not do

these things for thenselves. This is graphically depicted in Figure 2.



ROY’S ADAPTATION MODEL 2
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Figure 2.

Graphic depiction of Roy s Adaptation Mbdel during anesthesi a.

In this study, health care providers rmanipulation of the
peri operative environnent to prevent hypotherm a was examined. Roy s
theory represents a triad between the patient, the healthcare provider
and the patient s desirable status (Barnum 1998). Patients
devel opment of hypothermia is a likely response to exposure to the
peri operative environnent. Heal t hcare providers can assist patients
by initiating warm ng neasures in accordance to the proposed
t her mor egul ati on guidelines. The intentional manipulation of their
envi ronment aids patients to maintain honeostasis. The desirable
outcome is normotherma, which is influenced by heal thcare providers
i nput .

Definitions: Conceptual and Operational

Conceptual definition of hypotherma. Stressors which disrupt

individual s integrity leading to ineffective response.

Operational definition of hypothernmia. Patients perioperative

core tenperature less than 36..C (96.8..F) and/or patients conpl ain of

bei ng col d.



Conceptual definition of nornbthermia. Stressors which disrupt

individual s integrity leading to adaptive response.

Operational definition of nornmothernmia. Patients

peri operative core tenperature range between 36..C (96.8..F) and 38..C
(100.4..F).

Conceptual definition of perioperative period. The environnent,

i ncluding i nput and effectors that contribute to an individual s
response to stressors.

Operational definition of perioperative period. The tine

i medi ately before surgical procedure (fromadnmttance to anbul atory
care unit to time prior to induction), intraoperative tinme (during
surgi cal procedure), and post-operative period in the Post-Anesthesia
Care Unit(PACU) and in Anbul atory Surgery Unit(ASU) before discharge

Conceptual definition of inplenentation of perioperative

t her nor egul ati on gui delines. Changes in environnental input that

af fect the regul ator

Operational definition of inplenentation of perioperative

t her nor egul ati on gui delines. Changes in environnental input resulting

frominplenmentati on of Proposed National Perioperative Thernoregul ation
CGui del i nes (see Appendix A) for two weeks at a medical center.

Conceptual definition of perioperative health care providers.

Heal th care providers who can influence input that can result in
adaptive or ineffective thernmoregul atory responses.

Operational definition of perioperative health care providers.

Anest hesi a provi ders, PACU personnel, and ASU personnel who have
authority to alter environnmental clinmate before, during, and
i mredi ately after surgical procedures.

Operational definition of barriers to inplenmentation. Factors

that interfere with the inplenentation of perioperative



t her nor egul ati on gui delines recorded on data collection sheet hy
peri operative health care providers.

Operational definition of suggestions for inprovenent. |deas,

i nput or commments for inprovenent of perioperative thernoregulation
gui delines as recorded on data coll ection sheet by the perioperative
heal th care providers.
Assunpti ons
1. Peri operative health care providers desire to nmmintain
nornothermia in patients during the perioperative period.
2. Patients desire to nmaintain nornotherma during the
peri operative period.
3. Tenperatures taken are accurate.
Limtations

This was a descriptive pilot study of the perioperative
envi ronment and personnel in one hospital. Freestandi ng anbul atory
surgery centers were not included, which limts the generalizability of
findi ngs.

Sumary

Hypothermia is a major contributor to adverse perioperative
out comes. Proposed national guidelines for perioperative
t her mor egul ati on have been devel oped to assist patients in naintaining
perioperative nornothermia. |In this study, the inplenentation of the
gui delines were pilot tested before final approval and national

di stribution.



CHAPTER | 1: REVI EW OF LI TERATURE

| ntroduction

In this chapter the mechani sm of heat |oss during anesthesia were
presented. This is explained by a discussion of conplications, risk
factors, and measures used to prevent perioperative hypothernia.
Finally, cost factors associated with perioperative hypotherm a were
pr esent ed.

Humans nust maintain a constant body tenperature for optina
functioning. The hypothal anus, the primary thernoregulatory contro
center in humans, maintains a tenperature setpoint and adjusts body
responses to all input to maintain core tenperature within 0.2..C of
setpoint. Perioperative hypotherma is a conmon occurrence due to
di sturbances in the thernoregul atory center caused by anesthesia, and
exposure to a cold environment. Behavior pronpted by thermal
di sconfort is the nost effective thernoregul atory response (Sessler,
1997). For exanple, when anbient tenperature is cold we can dress
warmy or adjust anbient tenperature. However, anesthesia takes away
patients ability to respond to hypothernia.

Under normal circunstances, human tenperature control is maintained
within a very narrow range by bal anci ng heat production with heat | oss.
The hypot hal amus regul ates body tenperature by conparing thermal input
fromskin surface, neuraxis, and deep tissues with the threshold or
setpoint for heat and cold tenperatures. Threshold tenperature is the
t enperature whi ch the hypothal amus strives to maintain (Bowen, 1997).
The thermal sensitivity of humans is the range between the highest
tenperature at which cold responses, such as sweating, are triggered,
and the | owest tenperature at which warmresponses are triggered, such

as shivering. This interthreshold range, over which no regul atory



responses occur, is approximately 0.2°C in nornal, awake humans. The
i nterthreshold range wi dens to about 3.5°C during anesthesia

(Bi ssonnette & Nebbia, 1994). Although the brain continues to sense
t enperat ure changes, conpensatory nechanisnms will not be triggered

until the threshold is surpassed (see graphic depiction in Figure 3).

37.2°C 36.8°C
Warm Eeilidd
threshold thresheold
Sweat Shiver
HYPOTHALAMUS
SETPOINT
N 3190 N

| Normal interthreshold= 0.2°C

|
I Anesthetic interthreshold= 3.5°C
Tnens |

0 4.59
wa Poikilothermic range o

Figure 3 —Representation of thernoregulation with and w thout

anest hesi a.

Anest hetics wi den the tenperature interthreshold range, and do not
initiate thernoregul atory responses to hypotherma until tenperature
drops by approxinmately 2.5°C (Bissonnette & Nebbia, 1994). Wthin this
wi dened interthreshold range, there is a broad tenperature range over
whi ch thernoregul atory responses are absent. As a result, patients are
poi ki |l ot herni c, which nmeans they passively change their body
tenperature in proportion to the difference between heat |o0ss and heat
producti on.

The body can maintain a stable tenperature upon exposure to a cold
envi ronment by reducing heat |oss or producing nore heat. Reduction of
heat loss is primarily by behavioral nodification, such as addi ng nore

clothing or increasing thernmal ambient tenperature. This response
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requires individuals to be conscious. Heat production consists of

shi vering, and nonshivering thernbgenesis. Shivering thernbgenesis is
i nvol untary skel etal nuscle activity that nmay increase heat production
by 500% and occurs when body tenperature decreases bel ow threshol d

| evel (Bowen, 1997).

Nonshi vering thernogenesis is acconplished by brown adi pose tissue,
and skel etal nuscle activity. Brown adi pose tissue is the prinmary
t hermogenic tissue in infants. Skeletal nuscle is the primry
t hermogenic tissue in adults, and is capable of shivering, and
nonshi vering heat production (Bowen, 1997). Both shivering and
nonshi vering thernogenesis are under the influence of the synpathetic
nervous system whi ch rel eases catechol amines that stinulate beta-
adrenergic receptors and initiate shivering (Bissonnette & Nebbi a,

1994; Bowen, 1997).

After behavioral maneuvers fail to maintain body tenperature upon
exposure to cold environnent, the first thernoregul atory response
activated is cutaneous vasoconstriction. This response decreases bl ood
flow to peripheral areas |like hands, feet, ears, |ips, and nose
Nonshi veri ng t hernpgenesi s occurs next, however, this is nore prom nent
in infants. Shivering only occurs when maxi mal vasoconstriction,
nonshi veri ng thernogenesi s, and behavi oral maneuvers have failed to
mai ntai n body tenperature. Initially, vigorous shivering may increase
heat production four fold, and increases oxygen consunption by
approxi mately 125% (Bi ssonnette & Nebbia, 1994; Frank et al., 1995).

The four sources of heat |oss are conduction, radiation
convection, and evaporation. Al four types occur at sone point during
the perioperative period, and all four can be prevented or aneliorated

to prevent perioperative hypotherma (Garcia & Gantt, 1994). Heat
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| osses via conduction occur when there is heat transferred between two
objects in direct contact with each other. Little heat is l|ost during
surgery via conduction because patients are usually well insulated from
surroundi ng objects. However, this formof heat |oss could occur if
patients are in direct contact with nmetallic surfaces, and some heat
may be lost to cool bed (Bissonnette & Nebbia, 1994; Bowen, 1997).

Heat | oss via radiation occurs via el ectromagnetic em ssion from
one object to another w thout physical contact between them (Bowen,
1997). Patients will warmup walls, and solid objects in the operating
room by exchangi ng radi ant heat. Heat loss by radiation is greatly
decreased by covering patients, even if by a thin sheet or shirt
(Bi ssonnette & Nebbia, 1994).

Heat | osses by convection occur when objects of different
tenperatures are in contact with each other via a vector, like air or
fluid. Convection occurs when there is a draft in a room like air
fl ow exchanges, or wind shield factor outside (Bissonnette & Nebbi a,
1994). Insufflation of cold gases nmay lead to heat |oss during
endoscopi ¢ surgery (Huntington & Le Master, 1997).

Heat | o0ss by evaporation is insensible |oss fromthe skin,
respiratory tract, and fromincisions. Wen water evaporates froma
surface, energy is absorbed during the change fromliquid to gas. This
heat is the latent heat of vaporization (Bissonnette & Nebbia, 1994).
Sone evaporation heat |o0ss occurs when patients are wet, in contact
with wet drapes, during skin preparation for surgery, and delivery of
non- hum di fi ed i nhal ati on agents or gases (Bissonnette & Nebbia, 1994).

Ther mor egul atory responses are inpaired during use of genera
anest hesi a, and neuroaxi al anesthesia by renoving patients ability to
control body tenperature by behavior, and by inhibiting

vasoconstriction , and shivering responses (Bissonnette & Nebbia, 1994;
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Sessler, 1997). NMonitored awake anesthesia (MAC) may similarly affect
t her mor egul at ory responses because intravenous anesthetics, like

al fentanil and propofol, |ower the thresholds for vasoconstriction and
shivering (Kurz et al., 1995; Matsukawa, Kurz, et al., 1995).

The operating room environnent seens to be a major contributor to
perioperative hypotherm a. At anbient tenperatures of |ess than 21°C
al nost all patients |ose body heat. Between 21 and 24°C, approximately
one third of adult patients | ose body heat. In addition, anesthesia
wi dens the interthreshold range to 3.5°C, which results in rapid heat
| oss during the first hour of anesthesia when patients are exposed to a
cold environment. Net |osses occurring in this phase include all four
nmechani sns of heat |oss (Bowen, 1997).

Redi stribution of heat within the body al so occurs during the first
hour, shifting heat fromthe core to the periphery primarily due to
vasodi |l ati on (Bissonnette & Nebbia, 1994). After draping, surgical
patients | oose | ess body heat due to a bal ance between heat production
and heat | oss. However, heat |osses are still greater than heat
production, and body tenperature continues to decrease slowy (Bowen,
1997). Body tenperature stops decreasi ng once thernoregul atory
vasoconstriction is triggered, usually around tenperatures of 34.5°C
(Bi ssonnette & Nebbia, 1994).

CGeneral anesthesia causes redistribution of body heat fromthe core
to the periphery, which often results in a decrease in core body
tenperature of 1.6..C + 0.3°C in the first hour of anesthesia.

Redi stribution contributed to 81% of the core tenperature decrease
during the first hour of general anesthesia. During the next two hours
of anesthesia, the tenperature decreased an additional 1.1 + 0.3°C

(Mat sukawa, Sessler, Sessler, et al., 1995).



Redi stribution is also largely responsible for heat |oss during
epi dural anesthesia. Redistribution decreases core tenperature by 0.8
+ 0.3°C, an 89%contribution, during the first hour of anesthesia
(Mat sukawa, Sessler, Christensen, Ozaki, & Schroeder, 1995). During
the next two hours of anesthesia, the tenperature decreased an
additional 0.4 + 0.3°C. Over a three hour period, redistribution
accounts for a total of 65%of the heat |oss in general anesthesia,
with an overall drop in core tenperature of 2.8 + 0.5°C (Mat sukawa,
Sessler, Sessler et al., 1995). In epidural anesthesia, over a three
hour period, redistribution accounts for a total of 80% of the heat
loss with an overall 1.2 + 0.3°C decrease in core tenperature
(Mat sukawa, Sessler, Christensen et al., 1995). Although there is a
greater percentage of heat |oss due to redistribution with epidura
anesthesia, only half as much decrease in core tenperature is seen.

Epi dural anesthesia spares the upper extrenmties from
synpat hect oy, thus patients maintain the ability to vasoconstrict the
upper extrenities, which prevents sonme heat |oss. Further, during
epi dural anesthesia, blood redistributes to the |ower extrenities, as
measured by an increase in the heat content in the |lower extremties
(Mat sukawa, Sessler, Sessler et al., 1995, Matsukawa, Sessler,
Christensen et al., 1995). Patients often feel warnmer during epidura
anesthesia while the core tenperature actually decreases (d osten
Sessler, Faure, Karl, & Thisted, 1992). These conflicting thernal
senses during epidural anesthesia may | ead to undetected hypot herm a.
Heat | oss may not be as great with an epidural as with genera
anest hesia, but decreases in core tenperature are seen with epidura
anest hesi a.

No single factor is responsible for causing perioperative

13
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hypot hernmi a. However, the cunul ative effect of all sources of heat

| oss, particularly during the first few hours of surgery, may lead to

i nadvertent perioperative hypotherm a. Reduction of heat |oss, and
active warning nmeasures during the i mredi ate perioperative period may
be one way to prevent perioperative hypotherm a. Once hypotherm a
ensues, it may be difficult to treat because applying heat externally
takes significant tine to reach the core. Thus, sone formof active
warm ng may be necessary to prevent perioperative hypothernia (Sessler,
1997).

Conpl i cations of Hypothern a

M | d hypot herm a has been associated with adverse outcones,
i ncl udi ng cardi ac events, coagul opathi es, wound infections, and
prol onged hospitalizations. MIld perioperative hypotherm a nay be
easily prevented by careful preoperative assessnment of risk factors and
active warnming. Unless hypotherma is specifically indicated for a
surgi cal procedure, core tenperature should be maintai ned above 36..C
(Sessler, 1997).

The nost serious conplications in anesthesia are cardi ac events and
cerebral vascul ar accidents. Frank et al. (1993) first denonstrated an
associ ati on between uni ntentional hypotherm a and nmyocardi al ischenia.
One hundred patients undergoing | ower extremty vascul ar surgery
recei ved continuous Holter nonitoring for the first 24...
post operatively. Hypothern a was defined as a tenperature <35..C and
nornot herm a was defined as a tenperature of >35..C. The two groups,
hypot herm ¢ (n=33) and the nornothernic (n=67) had sinmlar preoperative
risk factors for perioperative cardiac norbidity except for patients
age (70 + 2 years in the hypothermic group and 62 + 1 year in the

nor not herm ¢ group).
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Al t hough the elderly are at higher risk for both hypotherm a and
cardi ac events (Teppen & Andre, 1996), this study found that
tenperature renmi ned an i ndependent predictor of ischenm a when subgroup
and rmultivariate analysis was applied to adjust for differences in age.
The incidence of postoperative angina was greater in the hypothermc
group (18% than in the nornothermic group (1.5% P=.002). Also, the

i nci dence of Pa®2 <80nmHg was greater in the hypothernic group (52%
than in the nornothernic group (30% P=.03). Hypothermc patients may
have a greater total body oxygen consunption or possibly increased

pul nonary shunting during early postoperative period which my be a
contributory factor to ischenia.

Furt her evidence of cardiac detrinment due to hypotherni a was
denmonstrated in a randonized clinical trial conducted by Frank et al
(1997), which concluded that maintenance of perioperative nornothernm a
reduces the incidence of norbid cardiac events. Three hundred
patients, over 60 years of age, who were schedul ed for periphera
vascul ar, abdominal or thoracic surgery with planned adm ssion to the
intensive care unit (ICU), were studied. Al had a confirnmed history
of coronary artery di sease or were at high risk for coronary di sease
Subj ects were randomy assigned to hypothernic care (standard care,
n=158) or nornothernic care(standard care plus forced-air warmnng
during surgery and two hours postoperatively, n=142).

The hypotherm ¢ group had a nean core tenperature of 1.3..C | ower
than the nornothermic group on adnmission to the ICU. The frequency of
i ntraoperative ventricular tachycardia (VT) and nmyocardi al ischenia was
simlar for the two groups. However, postoperatively, the hypothermic
group had nore ischem a and VT than the nornothernic group (7.9% vs.
2.4% P=.04). The results show that mai ntenance of perioperative

nor not hermi a decreases the incidence of early postoperative cardiac



events in patients with increased coronary risk factors because
uni ntenti onal hypothermia is associated with myocardi al ischenia,
angi na, and decreased arterial oxygen pressure

Even in surgeries where naintaining hypothernm a was the standard
of care, research has denonstrated that nmintaining nornotherm a may be
just as effective as hypothermia in preventing neurol ogi cal sequel ae
after coronary bypass surgery. Singh, Bert, Feng, and Rotenberg (1995)
retrospectively conpared the outcomes of 2,585 patients who underwent
nyocardi al revascul ari zati on usi ng warm body, col d-heart technique with
1, 605 patients who underwent nyocardial revascul arization using
hypot herm c techni que. The nornothermnic group included nore elderly
patients (over 70 years), nore patients with left ventricul ar
dysfunction, unstable angina, and nore frequent use of internal manmary
artery conduit. The neurol ogic conplications, such as hemni paresis,
visual or gait disturbance, alteration in nenory, and alteration in
cognitive function were 1% and 1.3% not statistically significant, for
t he nornot hermi ¢ and hypot herm ¢ groups, respectively. The incidence
of overt neurologic injuries was no higher with nornothernic perfusion
t han hypot hermi c perfusion.

A call to mamintain nornotherm a during elective abdom nal aortic
aneurysm (AAA) repair cane after multiple adverse outcones were
attributed to perioperative hypothernm a (Bush et al.,1995). A
retrospective review of 262 elective AAA repairs found simlar
preoperative risk factors in the hypothermc (tenperature <34.5..C) and
the nornot hermic (tenperature >34.5..C) groups except for higher risk of
hypot hermi a in wonen (P<.05). Vol unes of autotransfused bl ood, banked
red blood cells, platelets, and fresh frozen plasma given during the
first 24...of surgery were all significantly higher in the hypothernic

group conpared with the nornothermc group. Additionally,

16
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i ntraoperative hypotherma was significantly predictive of both

prol onged hospital stay and the devel opnent of organ failure (P<.05).
The nortality rate was al so significantly higher (P<.01) in the

hypot herm ¢ group (12.1%, than in the nornothermic group (1.5%. The
nost inportant observation in this study is that intraoperative

hypot herm a during el ective AAA repair is associated with increased
norbidity and nortality rates during the postoperative period,

unrel ated to other risk factors.

Mai nt enance of intraoperative nornothernia was associated with a
reduction in requirement of blood products in patients undergoing tota
hip arthroplasty (Schm ed, Kurz, Sessler, Kozek, & Reiter, 1996). In
this study the investigators tested the hypothesis that nmld
hypot herm a i ncreases bl ood | oss, and transfusion requirenments during
hip surgery. Blood |oss and transfusion requirenments were evaluated in
60 patients randonmly assigned to the nornotherm a group (final
i ntraoperative tenperature of 36.5..C) or the mild hypothernia group
(final intraoperative tenperature of 35..C). Final intraoperative core
tenperature was approximately 1.5..C warmer in the nornotherm a group
than in the hypothermia group. At two hours postoperatively, the core
tenperature remained significantly lower in the hypotherm a group
Bl ood | oss was significantly greater in the hypotherm a group at the
end of surgery, and at 3, 12, and 24 hours after surgery due to
hypot hermi a i nduced coagul opathy. O the 30 hypothernic patients,
seven required eight units of allogenic packed red blood cells, whereas
of the 30 nornothermic patients, only one required a unit of allogenic
bl ood (P<.05 for volune infused). Bock et al. (1998), support these
findings, reporting significantly | ower blood |oss intraoperatively,
and | ess bl ood transfusions post-operatively in the nornothermc group

than the hypothermic group (P < .05).
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In a study designed to test the hypothesis that hypotherna
i ncreases susceptibility to infection and | engthens hospitalization
200 patients undergoing col onrectal surgery were randomy assigned to
the hypotherm a group (routine thermal care) or to the nornothernia
group (additional warm ng)(Kurz, Sessler, & Lenhardt, 1996). A doubl e-
blind protocol was followed to evaluate patients wounds until
di scharge, and at the clinic two weeks post discharge. Any positive
culture fromthe wound di scharge was accepted as infected. The results
showed surgical -wound infections in 18 of 96 patients in the
hypot herm a group (19%, but only 6 out of 104 patients in the
nornotherm a group (6% P=.009). Sutures were renoved one day later in
t he hypotherm a group, and the duration of hospitalization in the
hypot hermi a group was prol onged by 2.6 days (20% P=.01).

Hypot herm a may del ay heal ing and predi spose the patient to wound
i nfections by reducing |l evels of oxygen in tissues, inpairing oxidative
killing by neutrophils, and decreasing wound heal i ng by reduci ng
deposition of collagen. Perioperative hypotherm a of approximtely 1°C
suppressed mitogen-induced activation of |ynphocytes, and reduced the
production of certain cytokines (Beilin et al., 1998). Maintaining
peri operative nornothernia may reduce i nmune response alterations, and
possi bly inprove patients outcone.

In an effort to identify reasons for increased cardi ovascul ar
norbi dity associated with hypothermia, Frank et al. (1995) conducted a
randoni zed prospective clinical trial to exam ne the relationship
bet ween body tenperature, neuroendocrine response, and henodynanic
changes during the perioperative period. Seventy-four elderly patients
under goi ng abdom nal, thoracic or |lower extremty vascul ar procedures

were randomy assigned to routine care (hypotherm a group, n=37) or
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forced-air warmng (nornotherm a group, n=37). Both groups were
sim|ar denmographically. Mean tenperature was |lower in the routine
care group on admi ssion to the post-anesthesia care unit(PACU)(35.3 +
0.1..0), conpared to the forced-air warming group (36.7 + 0.1..C
P=.0001), and rermined | ower during the early postoperative peri od.
Peri pheral vascul ar constriction, norepinephrine concentration,
systolic, nmean, and diastolic arterial blood pressures were all
significantly higher in the routine care group

Epi nephrine levels were not significantly different between groups.
However, within the group who did not received any warm ng, epinephrine
concentration was greater than the preoperative baseline | evel on
adm ssion to PACU, at 60, and at 180 mi nutes postoperatively (P<.05).
No significant changes in epinephrine |levels were found within the
forced-air warmng group (P=.14). Cortisol levels in both groups were
significantly increased in the early postoperative period conpared to
t he preoperative baseline (P=.01), although differences between the
groups were not significant (P=.51). Tenperature nanagenment does not
af fect the adrenocortical response as indicated by no changes in
cortisol |levels between both groups. The adrenonedullary response is
af fected by hypotherm a as denpnstrated by changes in epinephrine
level s within the control group, but not between groups.

Addi ti onal support for these findings was denonstrated by Frank et
al. (1997) in a study of nine young nmale subjects (ages 18-26 years) in
whi ch core cooling was conducted in the absence of cutaneous cold
exposure. MIld core tenperature (35.2 + 0.3°C) was induced by cold
saline intravenous infusion (4..C, 30m/Kg and 40m /Kg), and warm sal i ne
i ntravenous infusion (37..C, 30m/Kg) on three different days while

mai nt ai ni ng external tenperature with a forced-air warnming device to
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prevent vasoconstriction. MIld core cooling (0.7-1.3..C) without
external cooling is associated with a four to seven fold increase in
respirati on, oxygen consunption, and nmetabolic rate. |In addition

i ncreased arterial blood pressure, and vasoconstriction occur with no
changes in heart rate. No increases in epinephrine or cortisol |evels
were found in any of the groups. Core hypotherm a wi thout periphera
cool ing i nduces synpathetic activation w thout adrenonedullary or
adrenocortical activation. This study was conducted on young heal t hy
mal es; the elderly s adrenergi c and nmetabolic responses to core

hypot herm a renmain to be el uci dat ed.

Hypot herm a al so alters drug pharmacoki netics and may prol ong
duration of postoperative recovery (Lenhardt et al., 1995; & Leslie,
Sessler, Bjorksten, & Mayeri, 1995). Leslie et al. (1995) studied the
effects of mild hypotherm a on propofol pharmacokinetics, duration of
action of atracurium and hepatic blood flow in six healthy young
vol unteers. Subjects were denographical |y honogeneous. They were
random y assigned on two different days to core tenperature group of
34.C or 37..C. Hepatic blood flow difference between groups was not
significantly different. Mean propofol blood |evels were 28% hi gher at
34.C than at 37..C core tenperature (P=.05). Core hypotherm a increased
recovery tinme of first twitch in train-of-four after adm nistration of
atracurium by approximately 60% (P<.05), prolonging recovery tinme from
44 + 4 ninutes to 68 + 7 minutes. It is possible that other anesthetic
drugs may be affected by hypothernmia. These factors can lead to
prol onged stay in the PACU. According to Lenhardt et al. (1995),
hypot herm c patients required a | onger period to neet discharge
criteria even when nornothermia is not included as a criterion
(normothermia 38 + 39, hypothermia 58 + 57, P<.01). Mintaining

nornot herm a during the perioperative period could decrease tine spent
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in the PACU, and possibly decrease the cost of care.

Al t hough patient disconfort is not life threatening, the sensation
of being cold is very unpleasant. Myst patients vividly renenber being
cold, and some report it as being the worst aspect of their surgica
experience (Sessler, 1993). Kurz et al. (1996) neasured thermnal
confort using a visual-anal og scale (Omrei ntense col d, 50mret her na
confort, and 100m¥i ntense warnth) in the hypotherm a and nornothernia
groups. Thernmal confort was found to be greater in the nornotherm a
group than in the hypotherma group (73 + 14 vs. 35 + 17nm). This
di fference remained statiscally significant for up to 3 hours
postoperatively. Patient confort is extrenely inportant, and in |ight
of all the other potential dangers caused by hypothermnia, nornothernia
shoul d be the goal for every patient who presents for surgery
regardl ess of age or risk factors.

Ri sk Factors

Any patient undergoing anesthesia is potentially at risk for
devel opi ng hypotherm a. However, sone patients are at greater risk
than others. The elderly have been identified to be at higher risk due
to multiple factors, including use of antihypertensive nedications, and
decreased netabolic and vasonotor functions (Dennison, 1995). Even
heal thy ol der adults who function well under normal conditions are
vul nerabl e under stress. They often do not have the physi ol ogica
reserve to conpensate, and are at greater risk for conplications than
younger patients (Tappen et al., 1996). The tine required for ol der
patients to rewarmto 36°C after hypothermia is significantly greater (P
=.0003) than for younger patients (Frank et al., 1992). Infants are
al so at greater risk for hypotherm a due to their large surface area to

volune ratio when conpared to adults (Buczkowski-Bi ckman, 1992). O her
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risk factors include conplex surgeries lasting |ong periods of tinme due
to prol onged exposure to cold environnent, and certain surgica
positioning which require greater body surface areas to be exposed to
roomtenperature. Thinner patients are at higher risk for hypotherm a
due to less insulation (Denninson, 1995).

Heal t hy young patients may al so suffer fromthe effects of
hypot herm a as reported by Garrett (1997). |In this study, young,
healthy females, with an average age of 37, were losing close to 0.85..C
duri ng gynecol ogi cal surgical procedures |asting about 40 ni nutes.

Preventi on

A common recomendation found in anesthesia literature is to
mai ntai n pati ent nornotherm a perioperatively (Bush et al., 1995
Denni nson, 1997; Frank et al., 1993 & 1997; Garrett, 1997; Kurz et al.
1996; Lenhardt et al., 1995; Schmied et al., 1996; Sessler, 1997). Any
patient admtted to the recovery roomwith a tenperature of 36..C or
less is considered to be hypothermc (Garcia & Gantt, 1994).
Mai nt ai ni ng normotherm a entails nmonitoring tenperature
intraoperatively. Tenperature is frequently nonitored during genera
anesthesia. One study reports that tenperature is nonitored only 33%
of the tinme during regional anesthesia (Frank, Nguyen, Garcia, &
Barnes, 1999). It is likely that hypothermia is greatly undetected,
and therefore untreated in patients undergoi ng regi onal anesthesi a.
Ways to prevent perioperative hypotherm a include: warm operating
roons, reflective blankets, radiant |ights, warm ng bl ankets, airway
hum dification, fluid warmers, and forced-air convective heating

The admi nistration of unwarned intravenous fluids can quickly
decrease body tenperature. Heating fluids to 37..C can hel p prevent
hypot herm a (Sessler, 1997). Actively warm ng intravenous fluids as

opposed to allowing warmfluids to cool to roomtenperature during
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short procedures, did not cause differences in patients body
tenperatures (Ellis-Stoll, Anderson, Cantu, Englert, & Carlile, 1996).
This study had several limtations, including small sanple size, and

| ack of control for several confounding variables that nmay have
affected results. Smith et al. (1998) did not corroborate these

findi ngs when evaluating efficacy of warned intravenous fluids in
thirty eight adult patients undergoing el ective gynecol ogi cal surgery.
The patients were randomy assigned to the fluid warni ng group (42°C) or
the control group (roomtenperature fluids at about 21°C). Al patients
recei ved general anesthesia. Results were a core tenperature lower in
the control group (35.6 + 0.1°C) than in the warmfluid group (36.2 +
0.1°, P <.05. Also, nore patients had a final core tenperature of
<35.5°Cin the control group than in the warmfluid group (35%vs. 0%
P<. 05).

A study conparing four intraoperative warm ng devices (Quellette
1993) found forced-air warnming (Bair Huggera) to be nore effective than
refl ective blankets, hum distat, or heated hunidifier in naintaining
body tenperature. Heated warm bl ankets were also ineffective and
short-1ived when conpared to active warning devices (Sessler &
Schroeder, 1993). \When forced-air warning was conpared to circul ating
water mattresses in a group of infants, children, and adults, core
tenperatures were found to be 1.6..C higher in patients warmed with
forced-air, P<.01 (Kurz et al., 1993). 1In a study testing the effects
of hypothernmia in elective AAA repair (Busch et al., 1995),
intervention by the use of forced-air blankets decreased the incidence
of hypothermia to 11%vs. 25% (P<.05), prior to the use of the forced-
air blankets. In another study by Krenzischek, Frank, and Kelly (1995),

forced-air warming resulted in higher core tenmperature both
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i ntraoperatively, and postoperatively.

Forced-air warnming is the nost effective nethod of warm ng and
mai nt ai ni ng patient s body tenperature intraoperatively. Passive
war m ng neasures nay slow heat |oss, but can not add heat to a cooling
patient. Berti et al.(1997) found that active warm ng, not passive
heat retention, maintains nornotherm a better during surgery. 1In a
randoni zed, controlled study, 30 patients, ASA classification | and Il
who were schedul ed for hip or knee arthroplasty using conbi ned
epi dural -general anesthesia were assigned to three different groups.
The control group (n=10) received | owfl ow anesthesia only, the bl anket
group (n=10) received | owfl ow anesthesia and reflective blanket, and
the forced-air group (n=10) received | owfl ow anesthesia and active
forced-air warmng. There were no significant differences between the
three groups. Tenperatures were neasured on arrival to the operating
room (OR), at 30, 60, 90, 120 minutes, and at the end of surgica
procedure. No significant differences in tenperature were observed on
arrival to OR

After induction of anesthesia with epidural and general anesthesia,
a significant decrease in tenperature was seen in all three groups
during the first 30 mnutes. Tenperature decreased 0.9°Cin contro
group, 0.7°Cin blanket group, and 0.8°Cin forced-air group (P <.01).
The temperature in the control and the bl anket group continued to
decrease to 2.0°C and 1.6°C, respectively, by the end of surgery (P
=.004). In contrast, the forced-air group, after the initial decrease
in temperature, gradually increased to 35.8 + 0.6°C, which was simlar
to pre-operative values, and significantly higher than either of the
ot her two groups (P =.004).

Peri operative health care providers should focus on prevention of
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hypot hermi a, rather than treatnment. Once hypothernia ensues, it is
much nore difficult to treat because it takes tinme to reach the core,
and overly aggressive external thermal heating may cause thernal
injuries (Busch et al., 1995; Sessler et al., 1995). Thirty mnutes of
forced-air warmi ng increases peripheral tissue heat by nore than the
heat redistributed during the first hour of anesthesia, thus cooling
caused by redistribution, may be prevented by prewarm ng (Sessler et
al ., 1995).

Cost

Because effective nethods of warm ng patients exist, perioperative
changes in body tenperature shoul d undergo the sane risk-benefit
anal ysis as any other nedi cal procedure or intervention (Sessler,

1997). Does the risk of hypotherm a i nduced conplications outweigh the
cost related to naintain perioperative nornotherni a?

Mahoney and Odom (1999) conducted a neta-analysis to find out what
happens once a patient becomes hypothermic. They conducted a review of
the literature, and the conclusions were as follows: The difference in
out comes between nornothermnic and hypothermic patients is significant
across studies, forced-air warmng is nore effective in maintaining
nornot herm a than other warming nodalities, and nornothernia decreases
the risk of adverse outcones. Maintenance of nornotherm a nmay reduce
the cost to the patients, health care providers, and health insurance
conpani es.

Quantifying cost is very difficult due to multiple variables
affecting cost. Intraoperative hypothernia of approximtely 2..C bel ow
nor not herm a del ays di scharge from PACU by 40 minutes. Prol onged
recovery may be costly because nost PACU costs are conparable to | CU
costs. However, decreasing recovery tinme alone by keeping the patient

nor not herm ¢ may not produce substantial savings considering personnel
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costs are the | argest expense in a PACU, not the |length of patient stay
(Lenhardt et al., 1995). Further, some PACU policies require the
patient to remain for a predeterm ned anpbunt of tine prior to
di scharge. |In a study designed to eval uate cost and economi c benefit
of intraoperative nornmotherm a during | aparotom es, hypothermc
patients lost nore blood, required nore transfusions, and renained in
t he PACU | onger than nornothernic patients. Mintenance of
nor not herm a accounted for a 24% reduction in cost of care for the
anest hesi a departnent, and in turn, the hospital. This study primarily
focused on quantifying the costs of hypothermi a (Bock et al., 1998).

Defina and Lincoln (1998) found that hypothermic patients had
| onger PACU stays than patients who arrived normothermic. Despite
havi ng | onger procedures, patients who were treated by active warmn ng
i ntraoperatively were less likely to arrive in the PACU hypothermc
The cal cul ated added cost of staying in the PACU |l onger in the
hypot hermi c group was $98.06 per patient. |In contrast to these
findings, Smith et al. (1998) found no differences in discharge tine
from PACU bet ween hypot hernic, and normotherm c patients

An added benefit not included in cost analysis studies is patient
confort. It is very difficult to quantify confort in ternms of cost.
Patient satisfaction and a positive surgical experience is extrenely
i mportant. The nonetary advantage of maintaini ng nornothernia
perioperatively is not clearly delineated. However, the nunerous
adverse patient outcomes related to hypotherm a seemto be
strai ghtforward.

Concl usi on
In this chapter, the mechanisns of heat |oss were revi ewed.

Conplications, risk factors, and nmeans used to prevent perioperative



hypot hermi a were presented. Finally, cost factors of maintaining
nor not herm a versus hypotherm a during perioperative period were

pr esent ed.
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CHAPTER I I'1: METHODOLOGY

Resear ch Desi gn

To describe the inplenentation of the proposed perioperative
t her mor egul ati on gui delines, a pilot study was conducted using a
descriptive research design. Participants provi ded suggestions for
i mprovenent and barriers to inplenmentation of the guidelines.

Sanpl e

Data collection for this study took place at a hospital on the East
Coast. Hospital personnel involved in the study included perioperative
health care providers in Operating Roons (OR), Anbul atory Surgery Unit
(ASU), and Post-Anesthesia Care Unit (PACU). Data collection included
all schedul ed surgeries during duty hours over a period of two weeks

Met hods

Peri operative health care providers (nurses in ASU, PACU and OR
and all anesthesia providers) involved in the study were informed about
the study, and the proposed perioperative thernoregul ati on guidelines
during their schedul ed departnment neetings. Copies of the proposed
perioperative thernoregul ati on gui delines were distributed to
perioperative health care providers during those neetings, and
reviewed, in detail, by investigator. Discussion and clarification
were provided until all involved stated they understood the purpose of
the study, and their role in data coll ection.

Data Col | ecti on

Three separate data collection tools were designed for the purpose
of this study, and were presented to all participants in the sane
neeting. The Intraoperative Hypotherm a Form was designed for
i ntraoperative data collection by anesthesia providers or perioperative
nurses (see Appendix B). The PACU Form (Post-operative Stage | Form
was used for data collection in the PACU, by recovery room nurses (see

28
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Appendi x C). The Preoperative/ Anbul atory Care Unit Form was devel oped
for data collection in the ASU (see Appendix D). This formhas a
preoperative section to be conpleted by the ASU health care provider
prior to surgery, and a postoperative/anbulatory stage Il section to be
conpl et ed postoperatively in the ASU

Each form contai ned specific questions derived fromthe proposed
peri operative thernoregul ati on gui delines. The purpose of the
guidelines is to identify patients at risk for perioperative
hypot herm a, and then initiate warmi ng neasures early. Perioperative
health care providers were asked to identify barriers to
i mpl erent ati on of perioperative thernmoregul ation guidelines, and to
provi de comments or suggestions for inprovenent of the guidelines

The proposed perioperative thernoregul ati on gui delines define
hypot herm a as a core tenperature | ess than 36°C and/ or patient
conplaint of feeling cold. Nornothernmia is defined as a tenperature
range of 36-38°C. Preoperatively, patients tenperature were taken, and
patients were asked if they felt cold. According to the guidelines,

t enper at ure neasurenent net hods shoul d be accurate and consistent,
whi ch neans the sane nethod and site shoul d be used preoperatively and
post operati vel y.

Ri sk factors for perioperative hypothernia were identified during
the preoperative period. Risk factors identified in the perioperative
t her mor egul ati on gui del i nes include: extremes of age, conorbities, |ow
ambi ent room tenperature, cachexia, pre-existing conditions (periphera
vascul ar di sease, endocrine disease, pregnancy), significant fluid
shifts, intracavitary surgery, general surgery, cryosurgery, and use of
cold irrigants.

According to the guidelines, warm ng nmeasures should be instituted



30

for patients who are hypotherm c, and those who are identified to be at
risk for perioperative hypotherm a. Unless contraindicated, several
war m ng net hods may be used. These include warm bl ankets, active
war m ng bl ankets (electric, water, forced-air), socks, warm ng |lights,
anmbi ent tenperature, |1V fluid warnmers, head covering, and reflective

bl ankets. In addition, patients should have |limted skin exposure.

I ntraoperatively, warm ng nethods shoul d continue, and anesthesia
provi ders should follow their professional associations standards of
practice for tenmperature nonitoring. |In cases in which an anesthesia
provider is not present, and the patient is under the care of a
perioperative nurse (local mnor surgery or conscious sedation),

t enperatures should be nonitored at the begi nning and end of
procedures. Serial tenperature neasurenent to nonitor trends in

pati ents whose surgical procedures |ast |onger than 30 minutes or who
are hypothermc, or conplain of being cold should be based on clinica
judgenent of the perioperative nurse

Post operatively, the anesthesia provider or perioperative nurse
shoul d report tenperature trends to PACU or ASU nurse. Upon adni ssion
to PACU or ASU, patients tenperatures should be taken. |f patients are
hypot hermi c on arrival, active warmni ng neasures should continue, and
serial tenperature neasurenents continued. |If patients are
nornothermc on arrival, tenperature should be checked prior discharge.
Pati ents should not be discharged from PACU or ASU until they are
nor not herm ¢ (36°C).

Derogr aphi c i nformation, such as patient age, gender, and ASA
categories were recorded to describe the sanple. Patients nanes and

identification nunbers were not recorded.
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Protection of Human Ri ghts

Institutional Review Board approval was obtai ned fromthe Uniforned
Services University of Health Sciences, and from hospital involved
prior to initiation of this study. Perioperative health care providers
were fully informed of the purpose of the study. This study involved
no risk to participants or patients since no additional interventions
were inplemented. The only apparent risk involved was not preventing
peri operative hypotherm a from occurring.

Data Anal ysi s

The data coll ected over two weeks by use of the three data
collection tools were anal yzed descriptively. Means, nodes, and
standard devi ations are reported.

Concl usi on

In this chapter, the proposed study was expl ai ned, and nethods for
data collection discussed. After Institutional Review Board approva
fromthe Uniforned Services University of Health Sciences, and invol ved
hospital, data was collected on all schedul ed surgical procedures
preformed during two weeks. The data were collected using three
different data collection tools and recorded by OR PACU, and ASU
perioperative health care providers. Data were anal yzed using
Statistical Package for Social Sciences (SPSS)(SPSSa for W ndows*“,

1998).



CHAPTER 1V: ANALYSI S AND | NTERPRETATI ON OF DATA
| ntroduction

In this chapter the sanple used in the study was be descri bed
The data coll ected over two weeks through the use of three data
collection tools and a descriptive analysis of the data was be
pr esent ed.

Sanpl e

The sanmple (n=115) in this study consisted of patients who had
surgi cal procedures within a two-week period during duty hours. Three
separate data collection fornms were used. An Intraoperative Form was
desi gned for data collection intraoperatively by anesthesia providers
and OR nurses (see Appendix B). A PACU Form (Post-operative Stage |
Form) was used for data collection in the PACU by recovery room nurses
(see Appendix C). A Preoperative/ Anbulatory Care Unit Form was
devel oped for data collection in the ASU (see Appendix D). This form
has two parts, one to be conpleted preoperatively by the ASU nurses,
and the second part to be conpl eted postoperatively by ASU nurses.

A total of 117 schedul ed surgeries were perforned during duty hours
over the two-week study period. The types of surgeries perforned were
general, vascul ar, ENT, orthopedic, ophthal nol ogy, plastic, GYN
urol ogy, and podiatry. The sanple (n=115) consisted of nales and
fermal es, ASA categories I-1V, with mean age of 46 (range 3-88) years

Pr eoperative/ Anbul atory Care Data

ASU nurses using the Preoperative/ Arbul atory Care Unit Form (see
Appendi x D), obtained the follow ng data pre and postoperatively in the
ASU. Data was collected for 55 patients; 32 nmales, 22 fenales, and one
whose gender was not recorded. Mean age of 42 (range 3-88) years.

Sixty patients were mssing fromASU data col lection. A small nunber
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of patients start out as in-patients and are never admitted to the ASU
but the majority were sinply not collected by the ASU staff.

The risk factor for perioperative hypotherm a nost frequently
identified (n=12) by ASU nurses preoperatively was age (<7 or >65
years). The second risk factor for hypotherm a nost frequently
identified (n=4) by ASU nurses preoperatively was |ong procedures, and
conorbidities, such as diabetes, was third (n=2). Anmbient room
tenperature, and pre-existing conditions, such as peripheral vascul ar
di sease, were equally identified (n=1) by ASU nurses as a risk factor
for perioperative hypotherm a. Cachexia was not identified by ASU
nurses as a risk factor for hypothernia for any of the patients.

Preoperative tenperature was taken on 95% of the patients
(n=52)admitted to ASU. Al tenperatures were taken by tynpani c met hod
except for one, which was taken orally. Twenty-four percent of
patients (n=13) were hypothermc (tenp. <96.8°F) preoperatively.
Patients reportedly were asked if they were cold pre-operatively
approxi mately 91% of the tine (n=50). O the patients that were found
to be hypothernic preoperatively 24% n=13), only two stated they al so
felt cold when asked if they were cold

Preoperative warm ng neasures included giving patients socks
86%¢ n=47), blankets 26% n=14), and limting skin exposure 24% n=13).
Active warm ng bl ankets, anbient tenperature, IV fluid warnmers, head
covering, reflective blankets, and warm ng |lights were reportedly not
used preoperatively on any patient.

Di scharge tenperatures were only recorded for 29% of the patients
(n=16). Again, all tenperatures were neasured tynpanically except for
one, which was neasured orally. Seventy percent of the patients

di scharged did not have a tenperature taken, or the tenperature that
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was taken was not recorded on data collection form Patients
reportedly were asked if they were cold postoperatively only 31% of the
time (n=17). Patients reportedly were not asked if they were cold

post operatively, nor was anything recorded about this on data
collection form 69% (n=38).

Post - operative warning neasures in the ASU (Second Stage Recovery)
consisted of limting skin exposure 56% n=31), blankets 37%n=21), and
socks 31% (n=17). Active warm ng bl ankets, |1V warnmers, head coveri ng,
reflective blankets, and warnming lights were reportedly not used
post operatively on any patients.

When ASU staff were asked if the National Perioperative
Ther noregul ati on Quidelines (NPTG were difficult to follow 7% (n=4)
reported no, and 51 times (93% this question was not answered. No
barriers to inplenentation of the NTPG were identified by ASU staff.
Only one commrent was provided by ASU staff regarding guidelines:

Current standard in ASU is to take patients tenperature upon arrival
to ASU (preop), and i medi ately upon arrival post-op. |If tenperature
is 96°F or less, we will warm patients and re-take tenperature. All
patients are given socks, gown, and robe while waiting for surgery.
Patients will go to OR with socks and gown."

I ntraoperative Data

Using the Intraoperative Hypotherm a Form (Appendi x B), the
foll owi ng data were obtained intraoperatively by OR nurses and
anesthesia providers. Data were collected on 92 of 115 patients; 50
mal es, and 42 fenales. Data were not collected on twenty-three
patients for unknown reasons. O the data collected, nean age was

42(range 3-84) years. ASA categories included: ASA | (33% n=30), ASA
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Il (54% n=50), ASA IIl (11% n=10), ASA IV (n=1), and not recorded
(n=1).

The risk factors for intraoperative hypotherm a identified by OR
nurses and anesthesia providers were cold anbient roomtenperature
74% n=68), age 39% n=36), |ong procedure 28% (n=26), pre-existing
conditions 8% n=7), conorbidities 8% (n=7), and cachexia 3% n=3).
Patients were reportedly asked if they were cold in the OR 76% of the
time (n=70). Patients were reportedly not asked if they were cold 23%
of the tine (n=21), and this itemwas not recorded for one patient.
The type of anesthesia delivered was general 62%n=57), MAC 24% (n=22),
regi onal 13%n=12), and conbined (n=1). An anesthesia provider was
present during procedures 100% of the time, and standards of practice
were reportedly foll owed 99% of the tinme (n=91).

Reported intraoperative warm ng neasures consisted of linmted skin
exposure 82% (n=75), warm bl ankets 80% (n=74), active warm ng bl ankets
44% (n=40), humi dified gases 25% (n=23), and fluid warm ng 23% (n=21).
Reportedly, neither warming |ights nor carbon di oxi de warni ng were
used. Wen staff was asked if guidelines were difficult to follow, 86%
recorded no (n=79), 10%recorded yes (n=9), and four gave no answer.

Four conments were obtained regarding barriers to inplenmentation of
the NTPG by intraoperative staff. The conments were:

- Anmbi ent roomtenperature cold secondary to surgeons confort.
- No tenperature taken prior entering OR
- Being in a hurry sonetines.
- Difficult to warmroom
One conment or suggestion about guidelines was provided by
i ntraoperative staff:
- The OR nurses should be encouraged to facilitate the

war m ng of the patient.
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Post - Anest hesia Care Unit Data

Usi ng the PACU (Post-operative stage |) Form (see Appendi x C), the
PACU nurses obtained the foll owi ng data postoperatively in the PACU.
The data were collected on 90 of 115 patients; 45 males, and 45
femal es. The nean age was 42 (range 3-84) years. Data were not
collected on twenty-five patients. Again, sone patients by-passed PACU
and went straight to ASU, and some data was sinply not collected.

Reportedly, the anesthesia provider, or OR nurse, included the
tenperature in the oral report to PACU nurse only 45% of tinme (n=40),
and 52% of the tine it was reportedly not included (n=47). The
tenperature of the patient was taken on admi ssion to PACU 100% of the
time (n=90). Al tenperatures were neasured tynpanically except for
one neasured axillary. By NPTG definition, thirty-three percent (n=30)
of the patients arrived in the PACU hypotherm c (tenp.<96. 8°F).

When patients were asked if someone inquired if they were cold in
the OR 22% (n=20) reportedly stated yes, 7% (n=6) reportedly stated
no, 10% (n=9) reportedly did not renenber, two were reportedly too
young to respond. Fifty-nine percent of the tine (n=53), this item was
not recorded by PACU nurses. Warm ng neasures reportedly used in the
PACU i ncl uded warm bl ankets 88% (n=79), limted skin exposure 83%
(n=75), socks 62% (n=56), head covering 6% (n=5), active warmn ng
bl ankets used only on one patient. Fluid warm ng, carbon dioxide
warm ng, hum dified gases, and warnming |lights were reportedly not used.
Di scharge tenperatures were taken and recorded for 90% of the patients
(n=81). This itemwas not recorded for nine patients. All
tenperatures were nmeasured tynpanically except for two, which were
nmeasured axillaryly. Twenty patients (22% were discharged fromthe

PACU hypothermic. Yet, when the PACU staff were asked if the NTPG were



difficult to follow, 100%responded that they were not difficult to
follow No barriers to inplenmentati on or suggestions for inprovenent

were offered by PACU nurses.
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CHAPTER V: SUMVARY, CONCLUSI ONS, AND RECOMVENDATI ONS
| ntroduction

In this chapter, a summary of the results was presented, followed
by a di scussion of conclusions. Possible explanations for occurrences
was be presented. Finally, recomendations for future studi es was
provi ded.

Sumary

Anest heti zed patients conmonly experience perioperative
hypot hermi a. The National Perioperative Thernoregul ati on Guidelines
(NPTG were developed in an attenpt to nmaintain patient nornothernia
t hroughout the perioperative period. This pilot study was used to
determine barriers to inplenentation, and suggestions for inprovenent
of the guidelines.

The gui delines were inplemented for a period of two weeks at a
hospital on the East Coast. All patients who had schedul ed surgeries
performed during duty hours for a period of two weeks were included in
the study (n=117).

Concl usi ons

The National Perioperative Thernoregul ati on Guidelines (NPTG were
devel oped to assist in the prevention of perioperative hypotherm a by
identifying pre-operative risk factors, and early institution of active
war m ng neasures to mmintain nornothernia. The desired outconme is to
mai nt ai n nor not herni a t hroughout the perioperative period.
In this pilot study of the NPTG patients experienced hypothernia
perioperatively.

Several findinds fromthe study are noteworthy. First is that
24%n=13) of the preoperative patients were found to be hypothermic in
the ASU prior to surgery. Two out of the 13 patients that were
hypot herm c preoperatively also stated they felt cold prior to surgery.
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The other 11 patients, while hypothermc, reportedly stated they did
not feel cold. Upon tracking these patients throughout the

peri operative period, four of the 13 patients (30%, also arrived
hypothermic in the PACU. Two out of the 13 patients (15% were also
di scharged fromthe ASU hypotherm c. The other 11 patients did not
have their tenperatures taken or recorded on the data collection form
prior discharge fromthe ASU. Perhaps these patients represent a nornal
variance or sone patients possibly becone hypotherm c preoperatively
due to cold roons and scant cl ot hi ng.

In the ASU, discharge tenperatures were not taken or recorded on
data collection formon 71%n=39) of the patients. O the 29% of the
patients whose tenperatures were recorded on discharge (n= 16),

14% n=8) were found to be hypothermic at discharge. Mst patients
(71% did not have a tenperature recorded postoperatively in the ASU,
therefore it is unknown how many patients were actually hypothernic at
di scharge from ASU. But, of those recorded (29%, one-half were

di scharged hone fromthe ASU hypotherm c according to the NPTG Even if
using ASU s own gui delines, 12.5%n=2) were discharged hypotherm c from
the ASU. NTPG were not inplenmented, and even their own guidelines were
not followed. |In addition, 69% of the patients in the ASU (n=38) were
reportedly not asked if they were cold postoperatively nor was anyt hi ng
recorded on data collection formabout this. A nunber of patients were
never asked if they were cold postoperatively along with not having
their tenperatures taken prior to discharge fromthe ASU

Anot her finding is that 33%n=30) of the patients arrived in the
PACU hypothermic fromthe OR and 50% n=15) of these were di scharged
fromthe PACU cold. Perhaps nore aggressive institution of warm ng
nmeasures should be initiated intraoperatively, and continued

post operatively. According to one study, 60% of patients not treated
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i ntraoperatively by convection warners arrived hypothernmc (tenp. <36°C)
in the PACU (Defina & Lincoln, 1998). While in another study, 26% of
the patients arrived in PACU hypotherm c (tenp. <36°C) despite use of
conventional warning neasures (Garrett, 1997).

In this pilot study, 17% of patients who arrived hypothermic to
PACU were not re-warmed prior discharge from PACU, which is not
consistent with either unit guidelines or NPTG guidelines. In
addition, ten percent (n=6) of the patients who arrived in the PACU
nornothermc fromthe OR were allowed to beconme hypotherm c and were
di scharged hypothermic fromthe PACU.

The type of anesthesia was not recorded on PACU data col |l ection
form so it is not possible to knowif patients who received general
anest hesia had a hi gher incidence of hypotherm a. Mbst surgeries (62%
wer e perforned under general anesthesia.

Interestingly, alnmost a quarter (22% of the patients (n=20) |eft
t he PACU hypotherm c. The goal of the NPTGis to prevent hypotherm a
fromoccurring. Apparently, the NPTG were not followed. |If guidelines
were foll owed, patients would not be discharged from PACU until they
were nornothermic. The ASU and PACU staff reported that the NPTG were
not difficult to follow, and yet apparently NTPG were not inpl enented
or followed by both ASU and PACU staff.

In this pilot study, non-conpliance with guidelines was a najor
obstacle to inplenentation. This may be due to the fact that staff do
not consider hypothermia to be detrinental to patients. This may be
because the probl ens caused by hypothernia are not obvious or readily
apparent, and therefore staff may be working under the m sconception
that it is not an inportant factor. Active warm ng neasures, the nost

ef fective nethod of preventing hypotherm a (Sessler, 1997), was used on
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only one patient in the PACU while it was used on 40 patients
i ntraoperatively.

Education of staff, and increased awareness of the consequences of
hypot herm a may hel p | essen the problem Sonetime after data collection
peri od was conpl eted, the PACU nurse manager stated to nme that she
observed that after study conpletion, the PACU staff appeared to be
nore aware of tenperatures and nore concerned about hypothernia
Perhaps just participating in the study increased their awareness of
t he probl em

No barriers to inplenmentation of the NPTG were identified by the
ASU staff, while four comments were provided by the intraoperative
staff, and again no barriers to inplenentation were identified by the
PACU staff. The four barriers to inplenentation of NPTG identified by
the intraoperative staff were:

- Anbi ent roomtenperature cold secondary to surgeon s

confort.
- No tenperature taken prior entering OR
- Being in a hurry sonetines.

Difficult to warmroom

In this study, cold anbi ent roomtenperatures was considered to
be the biggest risk factor for hypothernia by intraoprative providers
I ncreasing roomtenperature is one way to prevent hypothermia from
occurring, however surgeons with gowns and gl oves under bright lights
conpl ain of being too hot. Active warning of patient has been found to
be the nost effective method of preventing hypothernia fromoccurring
(Sessler, 1997).

Being in a hurry sometinmes could be a significant barrier to
i mpl emrent ati on of guidelines. How nuch extra time does it take to

i mpl erent warmi ng neasures? Data to answer to that question is not
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avai | abl e, and perhaps could be collected in a future study. Staff
of fered no other barriers to inplenentation of NPTG

Only one conment was recei ved about suggestions for inprovenent of
t he proposed perioperative thernoregul ation guidelines. The comment by
i ntraoperative staff was the OR nurses should be encouraged to
facilitate warmi ng of the patient. Mai nt ai ni ng peri operative
nornotherma is a teameffort, and everyone involved with the patient
perioperatively has the responsibility of aiding in the process.
Encour agenent of all involved to maintain nornotherma is the goal of
t he perioperative guidelines.

One ot her conment was received fromthe ASU staff, but it was not a
suggestion for inprovenent, but nore a statenent of how they do
busi ness in the ASU  Resistance to change is a very strong barrier to
i mpl emrent ati on, which was not directly stated by staff, but perhaps
implied by the ASU statenent.

According to Sister Calista Roy Adaptation Mddel (Roy, 1984),
when individuals are able to cope effectively with their environnent,
an adaptive response occurs; when individuals are not able to cope
effectively with their environnent, an ineffective response occurs.
During the perioperative period, patients are exposed to cold
envi ronment, and receive anesthetics, which inpair thernoregulatory
responses. Patients are also unable to physically alter their
envi ronment, which may |l ead to hypotherma, an ineffective response.
During this period, healthcare providers should manipul ate the
envi ronment to assist patients in nmaintaining normotherm a, the desired

adapti ve response.
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Reconmendat i ons

In this study patients identification nunmbers or names were not
recorded which nmade tracking the data fromone area to the next very
difficult and cunbersonme. Future studies should include a way of
identifying patients to facilitate tracking throughout perioperative
period. One itemin the data collection formfor the ASU and PACU
shoul d be changed from [V fluid warners to warmlIV fluids to avoid
confusion. Mbst patients received warm |V fluids intraoperatively,
however, |V fluid warners are used |less frequently. In the
i ntraoperative data collection form two sections for |V fluids shoul d
be made, one for warm |V fluids, and another for fluid warners. Both
are used intraoperatively and should be separated. In addition
i ntraoperative tenperatures should be recorded in data collection forns
for conpl et eness.

M1 d perioperative hypothernmia may contribute to conplications such
as nyocardi al events, post-operative disconfort, altered drug
nmet abol i sm and increased perioperatively bleeding. In the PACU form
if the type of anesthesia used was recorded, correl ations between type
of anesthesia could be made with tenperature. Al so, warm ng mnethods
used in the PACU should elimnate carbon dioxide warm ng since it is
not used in the PACU

Concurrent chart audits would help to determne if tenperatures
were not taken at all or just not recorded in the data collection
forms. A limtation of this study were the data collection forns.
Asking staff to collect data in an environment where too much paperwork
may al ready exist, may have contributed to non-conpliance.

Twenty-four percent of the patients were hypothermc
preoperatively. In a future study patients who arrive hypothermc

shoul d be tracked to deternmine if they are at greater risk for
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peri operative hypotherma. One barrier to inplenentation was stated as
being in a hurry sonetines. A future study focusing on the cost of
preventing perioperative hypotherma in ternms of resources and tine
spent in the inplenmentation of perioperative warni ng nmeasures could be
conduct ed.

M1 d perioperative hypotherm a continues to be a problem
perioperatively. If followed the National Perioperative
Ther mor egul ati on Guidelines will help patients maintain nornotherm a
perioperatively. In order to decrease the incidence of perioperative
hypot herm a, the guidelines, if adopted as standards of care, should be

followed at all tinmes.
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PROPOSED NATI ONAL PERI OPERATI VE THERMOREGULATI ON GUI DELI NES

Definitions:

Hypot hermi a: Patient s core tenperature is less than 36..C and/ or
if patient conplains of being cold (this includes non-verbal signs of
hypot herm a) .

Nor not hermi a:  Tenperature range of 36..-38..C (96.8..-100.4..F)

Core tenmperature will be measured in Celsius and nay be converted to
Fahr enhei t.

Recomendati ons for preoperative Interventions:

Preoperative Patient Assessnent Identification of R sk
Fact ors

- Take tenperature* - Age

-Ask patient if they are cold -Conorbidities

- Anbi ent room tenperature
-Long procedures
- Cachexi a
-Pre-existing conditions
(peri pheral vascul ar
di sease, endocri ne
di sease, pregnancy)
-Significant fluid shifts
-l ntracavitary surgery
-Orthopedi c surgery
- CGeneral anesthesia
-Cryosurgery
-Cold irrigants
*Survey and published literature indicate that tynmpanic is the nost
comonly used nmeans of neasuring/taking tenperature.

Sites for tenperature nmeasurenent include: core, tynpanic, skin, oral
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rectal, and bl adder.
1. Preoperative Interventions:

Institute warni ng neasures for patients who are hypothernic(see
definition). The desired outcone is to achieve or maintain
nornotherma. A variety of warning nethods nmay be used unl ess
contraindi cated, including blankets, active warni ng bl ankets(electric,
water, forced air), socks, warm ng |lights, ambient tenperature, |V
fluid warners, head covering, and reflective blankets. Patients should
have |limted skin exposure.

Basi ¢ Recommendati ons:

When feasible, tenperature nmeasurenment should be accurate and
consistent(i.e. the same method and the sane site should be used pre-
operatively and post-operatively). It is up to the practitioner to
determ ne the best nethod of nonitoring.

2. Intraoperative Interventions:
Prevention
Anbi ent room tenperature- maintain anbient tenperature as warm as
acceptabl e

Active warni ng nethods:
War m bl anket s
Active warning bl ankets(electric, water, and forced air)
CO2 war m ng
Fluid warmng(1V, parenteral, irrigants, and prep sol utions)
Hum di fi ed gases
Warming |ights(radi ant heat)
Li mited skin exposure.
Det ermi nation of patient confort |evel.

Basi ¢ recommendat i on:
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Intraoperatively the anesthesia provider should follow their
pr of essi onal associations standards of practice for tenperature
noni t ori ng.

In those cases in which an anesthesia provider does not participate
in the care and the patient is under the care of a perioperative
nurse(local minor surgery or conscious sedation), the tenperature
shoul d be nmonitored at the beginning, and at the end of the procedure.

Serial tenperature measurements to nmonitor trends in patients whose
surgi cal procedures last nore than 30 minutes or who are hypot hermc
or conplain of being cold are based on clinical judgenment of the
peri operative nurse
3. Postoperative interventions:

Anest hesi a provider or perioperative nurse to include
correlation/trends of tenperature in report to PACU nurse.
Frequency- On admi ssi on:
I f hypotherm c- active warning, serial
neasur enents, and nonitor trends.
I f nornothermic- check tenperature prior discharge.
Active warni ng nethods:

War m bl anket s

Active warning(electric, water, and forced air)

Fluid warm ng(1V, parenteral, irrigants, and prep sol utions)

Hum di fi ed gases

Warming |ights(radi ant heat)

Li mted skin exposure

Det ermi nation of patient confort |evel.

Socks

Head covering

Di scharge criteria and instructions:
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Patient s tenperature should be 36..C(nornothernic) prior discharge from
Phase | PACU. After transfer to Ambulatory Care Unit, tenperature
shoul d be taken upon adni ssion and di scharge. Patients should not be

di scharged until nornothermnic.

*Adapted from Consensus Conference on Perioperative Thernoregul ati on,

1998, NY, NY. (Unpublished Manuscript)
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Intraoperative Hypothermia Form

[oue

Surgical procedure

Age

Gender

ASA category

Check all risk factors for hypothermia

\ge

Comorbidities

Ambient room temperature

Long procedure

Cachexia

Pre-existing conditions*

Was pt asked if cold in OR? Write Yes or No

Type of anesthesia (Write general, regional,
MAC)

Was anesthesia provider present during
Iprocedure? Yes/No

Were anesthesia standards of practice for
Imaintainging temp. followed intra-op? Write
Yes'No

If anesthesia provider was not present,
[was temp. taken before and afler
[procedure?Write Yes/No

a What was temp before procedure? (include
Imethod, site(ex. 36.2, tympanic)

b. What was temp afler procedure? (include
Imethod, site(ex 36.2, tympanic)

c If pt. was hypothermic or complained of
being cold were serial temps taken? Yes/No

[ heck all warming methods used in OR.

Warm blankets

Active warming blankets**

€02 warming

Nuid warming***

| humidified gases

Jivarming rights (cadiant beaty

limited skin exposure

Were guidelines difficult to follow? YesNo

1ist any bariers to implementation of

(Any comments or suggestions about
;guidelinﬂ'l

* (PVD, endocrine, pregnancy, etc) ** (E~Electric, W=water, F=Forced air) *** (I=IV, P=paretal, IP=Irrigant and prep solutions)
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PACU Form (Post-Operative Stage I)

62

Date:

Surgical procedure

Age

Gender

Did anesthesia provider or peri-op nurse
include temp in report to PACU? Write
YesNo

Was temp taken on admission to PACU?
YesNo

What was 1st temp taken? (include method,
site) (ex. 36.2, tympanic)

Was pt asked if cold in OR? Yes/No

“heck all warming methods used in PACU.

Warm blankets

Active warming blankets**

CO2 warming

Fluid warming®**

Humidified gases

Warming lights (radiant heat)

Head covering

Socks

Limited skin exposure

What was pt's temp. upon discharge from
PACU? (include method, site)

Where guidelines difficult to follow? Yes/No
List any barriers to implementation of
guidelines

Any comments or suggestions about
suidelines?

** (E=Electric, W=water, F=Forced air)

*** (I=1V, P=parental, IP=Irrigant and prep solutions)
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Pre-operative/ Ambulatory Care Unit Form
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Date:

[Surgical procedure

Age

Gender

Check all risk factors for hypothermia

Age

Comorbidities

Ambient room temperature

Long provedure

Cachexia

Pre-existing conditions*

Pre-op temp taken? Yesno

What was pre-op temp.(include method & site)

Was pt asked if cold pre-op? Write Yes or No

What was pt's response? Write cold or not cold

Check all following warming interventions
finiated pre-op.

Blankets

Active warming blankets®*

Socks

Ambient temperature

IV fluid warmers

Iead covering

Reflective blankets

Warming lights (radiant heat)

Limited skin exposure

Vas temp taken upon discharge from Amb Care|
pinit? Write Yes No

A 'hat was discharge temp? (include method,
frite)

Was pt. asked if cold post-op? Write Yes/no

ICheck all following warming Interventions
finiated post-op.

Blankets

Active warming blankets* ¢

Socks

Ambient temperature

IV Nluid warmers

Head covering

Reflective blankets

Warming lights (radiant heat)

Limited skin exposure

Were guidetines difficult to follow? Write
Yes'No

List any barriers to implementation.

Any or about guidelines?

1
i

* {PVD, endocrine, pregnancy, etc)

** (E=Electric, W=water, F=Forced air)
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