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Mild Intraoperative Hypothermia Prolongs

Postanesthetic Recovery

Rainer Lenhardt, M.D.,” Elvine Marker, M.D.,T Veronika Goll, M.D.,T Heinz Tschernich, M.D.,T
Andrea Kurz, M.D.,T Danigl I. Sessler, M.D.,§ Edith Narzt, M.D.,T Franz Lackner, M.D.|

Background: Intraoperative hypothermia is common and
persists for several hours after surgery. Hypothermia may pro-
long immediate recovery by augmenting anesthetic potency,
delaying drug metabolism, producing hemodynamic instabil-
ity, or depressing cognitive function. Accordingly, the authors
tested the hypothesis that intraoperative hypothermia pro-
longs postoperative recovery.

Methods: Patients undergoing clective major abdominal sur-
gery (n = 150) were anesthetized with isoflurane, nitrous ox-
ide, and fentanyl. They were randomly assigned to routine
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thermal management (hypothermia) or extra warming (nor-
mothermia). Postoperative surgical pain was treated with pa-
tient-controlled analgesia. Fitness for discharge from the post-
anesthesia care unit was evaluated at 20-min intervals by inves-
tigators blinded to group assignment and postoperative core
temperatures. Scoring was based on a modification of a pre-
viously published system that included activity, ventilation,
consciousness, and hemodynamic responses. Patients were
considered fit for discharge when they sustained a score of
80% (13 points) for at least two consecutive measurement peri-
ods.

Results: Morphometric characteristics and anesthetic man-
‘agement were similar in each group. Final intraoperative core
temperatures differed by ~2°C: 34.8 = 0.6 versus 36.7 £ 0.6°C
(mean = SD, P < 0.001). Postoperative pain scores and postop-
erative use of patient-controlled opioid were similar. Hypo-
thermic patients required ~40 min longer (94 = 65 vs. 53 =
36 min) to reach fitness for discharge, even when return to
normothermia was not a criterion (P < (0.001). Duration of
recovery in the two groups differed by ~90 min when a core
temperature >36°C was also required (P < 0.001).

Conclusion: Maintaining core normothermia decreases the
duration of postanesthetic recovery and may, therefore, re-
duce costs of care. (Key words: Temperature: core. Thermoreg-
ulation. Hypothermia. Anesthesia: recovery, duration, Postan-
esthesia care.)

A COMPLICATION attributed to typical mild intraopera-
tive hypothermia is prolonged duration of postanes-
thetic recovery.' Delayed recovery is, perhaps, not sur-
prising because mild hypothermia increases anesthetic
potency,z'3 decreases drug metabolism,’ reduces cogni-
tive performance,” and is associated with cardiovascular
instability.® Some authors report delaved postanesthetic
recovery in patients who become mildly hypothermic,’
whereas others failed to identify an effect of tempera
ture.”® Limitations of these studies include failure to
randomly assign intraoperative temperatures,”’ deter-
mination of discharge fitness by unblinded investiga-
tors,"” and trivial core temperature differences.’
Intraoperative hypothermia is most likely in patients
undergoing complicated and long operations, or in
those who are elderly, have little body fat, or have pre-

existing illnesses.” "> However, each of these factors
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confounds evaluation of postnesthetic recovery be
cause the oldest, sickest patients, and those having the
most extensive operations are also most likely to require
prolonged recovery time. Failure 10 randomtby assign
intracperative thermal management is therelore a major
bias in any stady evaluating complications of hypother-
mia.

An additonal limitation of retrospecrive studics is that
emperature monitoring sites and methods were vpi-

cally not unitorm, often unspecificd, and frequently of

insufficient accuracy. Furthermore, specific criteria for
discharge usually were not enforced; lack of rigid dis-
charge criteria is especially problematic because the
personnel evaluating fitness for discharge were not
masked o core temperature, ln other cases, @ specific
core temperature may have been required for dis-
charge, producing a substantiai potential bias because
hypothermic patients are usuatly fit for discharge (using
temperature-independent criteria) long before core
temperature retumns w normal.

Thus not one prospective, randomized, masked inves-
tgaion has evaluated the etfecr of intrioperative rem-
perature on discharge time from the postancsthetic care
unit. Accordingly, we tested the hypothesis that mild

intraoperative hypothermia prolongs the duration of

postanestheric recovery., We used a prospective, ran-
domized study design; investigaters evaluated fitness for
discharge using specific criteria and were masked o
group assignment and postoperative core temperatures.

Methods

With approval from the institetional review board at

the University of Vienna and written informed patient
consent, we studied patients ages 18- 80 yr who were
undergoing elective abdominal surgerv. A sample size
calculation indicared that 150 patients would provide
an 80% chunce of identifving a 10-min difference in the
Wo temperature maniagement groups (two-tadled alpha
= 0.01, sigma = 35 min).
.- All patients were classified as American Society of
Anesthesiologists physical status 1- U (gencrally healthy
101‘ stable systemic disease). Most were undergoing co-
lon resection with or without abdonunal-peritoneal
‘pull-through, but gustrectomies also were included. Pa-
tients scheduled for minor abdominal sur gery (such as
LhOlcwsLu tomies, polypectomy, isokted colostomy,
?hemu repair, or appendectomy) were excluded. Ap-
_PI'OXIIU‘IILIV LOO of the putients participated in a simul
Wieous thermeregulatory protocol.
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Protocol

Patjients were not given preanesthetic medication. An-
esthesia was induced with sodium thiopental (3 -5 mg/
kgy, fentanvi (4 pg/kg). and vecuronium bromide (0.1
myg/ke). Subsequently, fentanyl was infused in all pa-
tients at a rate of 3 pgske/h. No additional opioid was
given, and the infusion was discontinued at the begin-
ning of wound closure. Isofturane administrarion (in
60% nitrous oxide) was utrated 1o omintain 2 mean
arterial blood pressure within 20% of preinduction val-
ues. Isoflurane administrution was discontinued at.the
cnd of wound closure in all cases. Patients were hy-
drated according to the protocol: 15 ml-kg™'-h™' of
crystalloid throughout surgery, with bload loss replaced
by crystalloid at a 4:1 ratio or colloid at a 2:1 rusio.

At the time of anesthetic inducrion, patients were
assigned 10 two temperature management groups using
computer-generated random codes maintained in sealed
and numbered opaque envelopes: (1) €xtra warming
(normothermia). where core temperalure was main-
tained near 36.5°C at a current US hospieal cost of about
$30; and (2) rourine thermal management Chypother-
mia), where core temperature was allowed to decrease
o =34.5°C." ¢ Ambient temperatures were maintained
near 22°C, Temperatures were not controtled after op-
eration: Patieats were covered with a single cotton blan-
ket and none was actively warmed, The patients were
not informed of their group assignmients. Allogeneic
blood was administered at the discretion of the ar-
tending surgeon, who was blinded to group assignment
and patient temperature. Postoperative piin wis rreated
with the opioid piritramide delivered by a patient-con-
trolled analgesia apparatus. Postoperative shivering was
not treated.

Measurements

Core temperatures were measured at the t\zmp ANC
membrane (Mon-a-Therm; Mallinckrodr Anesthesiology
Products, St. Louis, M) and values were recorded be-
fore operation, at 10-min intervais during operation, and
at 20-min icervals during recovery. Endtidal isoflurane
and carbon dioxide concentrations were recorded at
10-min intervals during dﬂ(‘ib[htbhl Arterial biood pres-
sure and heart rates were similar ly recorded during and
after anesthesia. Oxyhemoglobin saturation (8,0;) was
determined by pulse oximerry,

Fitness for discharge was evaluated using a modifica-
tion of the Aldrete and Kroulik scoring svstem (tuble
13,77 The score was based on activity, ventilation, con-
sciousness, and hemodynanmic respoenses; 0, L or 2
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Table 1. Fitness for Discharge Scoring Svstem

0 Point 1 Point 2 Points
Activity No movement No purposeful movement Raises one arm on command
Respiration Apnea Dyspnea or limited breathing Breathes deeply and coughs freely
Spg, on room air {3%6) <90 90-985 >95
Consciousness Unresponsive Arouses to verbal stimuli Fully awake
Blood pressure > or <50% of baseline 20-50% of basetine 0-20% of haselina
Hear rate (beats/min} <45 or >120 45-49 or 101-120 50-100

" Gastrointestinal tract
Renal function

Little or ne vemiting
Anuria '

Severe nausea and vomiting
=03 ml-kg- 'h7’

vomiting within 30 min
>0.3 ml-kg-~'h™"

Fitness for discharge was evaluated by investigators masked to group assignment and core temperature, using a modificatian of the Aldrete and Kroutik scaring
system. The total score was determined by summing the individual indicators of recovery, for which 0, 1, or 2 points were assigned. A score =13 (80%)
sustained for a least two measurements at 20-min intervals defined temperalure-independent fitness jor discharge. Temperature-dependent recovery was

defined by a sustained score =13 and core temperature =>36°C.

points were assigned for each of cight responses. We
made no effort 1o evaluate actual discharge times, All
qualitative  assessments were made by physicians
blinded to the patients’ group assignments and core
temperatures; these observers saw the patients for the
first time in the postanesthesia care unit.

Detta Ancalysis

Outlcomes were evaluated on an intenuion-to-treat bi-
sis. We prospectively defined ewo major eutcomes: (1)
fitness for discharge, defined by a recovery score =13
(805 sustained for at least two measurement periods;
and (2) fitness for discharge and normotherniia, defined
by a sustained score =13 and a core temperature
>=36G°C, Times required (o sustain scores =12 and =14
were also determined. Initial postoperative measure-
ments were made after transport W the postanesthetic
care umit and nursing stabilization, a time designated as
20 ¢lapsed min.

Potential confounding factors were evaluated using
unpaired, two-tailed f tests and chi-square analysis. Du-
ration of recovery was anaivzed using Wilcoxon tests.
Duration of recovery was also evaluated using Kaplan-
Meicr “survival” analvses. Finallv, a stepwise, multiple
lincar regression with backward climination quanrified
the relative contribution of major factors potentially
influencing itness for discharge (age, duration of sur-
gery, core iemperature, and posteoperative piritramide
use); £ < (125 was required to retain variables in the
regression. This analvsis differs from the others in con-
sidering actual core temperature, rather tran group as-
signment, and other fuctors that might conwribure.

Previous dita indicare that time ro discharge s nos-
mally distributed.'® Consequently, alf results are pre-
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scnted as mean - 8D Because we defined two major
outcomes; a £ < 0.025 was required for cach. Potential
confounding factors and other results were considered
stgnificant when 2 << 0,05,

Results

Morphometric characteristics, tvpes and duration of
surgery, and anesthetic management were similar in the
patients given routine thermal management {n = 74)
and extra warming (n = 76). According to the study
protocol, final inwraoperative core temperatures dif
fered significantly: 34.8 =+ 0.6°C ws. 36.7 = 0.6°C, re-
spectively (P < 0.001. table 2). As is tvpical, ™ pastoper-
ative core temperature in the hvpothermic patients in-
creased =0.53°C/h, whercas core temperature in the
normothermic patients remained nearly constant,

Fypothermic patients required =40 min longer than
those assigned 1o normothermia to reach a sustained
score =3 (our prospective criterion for dischurge fit-
ness; P << 0.001). Core temperature in the hypothermic
patents required 134 = 60 min to reach 36°C. Conse-
quently, they required =90 min longer than the normo-
thermiic patients to rcach both a sustained score =13
and a core temperature >36°C (P < 0.001). The hvpo-
thermic patients @lso required significantty longer to
sustain recovery scores of 14 and 15 (table 3). Pro-
tonged recovery was also apparent using Kaplun-Meicr
“survival” analyses (figs. 1, 2).

Stepwisce lincar regression indicated that final intra-
openitive core temperature and age conwributed sig-
nificantly to recovery duration (fitness for discharge),
but piritramide use and duration of surgery did not
(table 4).
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Table 2. Morphometric Characteristics, Operations, Hemodynamic Responses, and Perioperative Management

Normothermic Hypothermic P

Sex (M/F) 38/36 36/40 (.88
Weight {kg) 72 = 14 71 =14 0.66
Height {cm) 170 = 10 170 = 10 1.00
Age (yr) 58 = 17 55 £ 16 0.71
Operalive site (colon/rectum/other) 34/30/30 32/18/26 0.63
Praoperative core temperature Q) 36.8 = 0.4 36.8 = 0.4 1.00
Administered fentanyi (pg) T70 > 340 821 - 409 Q.41
Intraoperative end-tidal iscflurane (%6} 0.53 + 015 0.51 = 0.10 0.34
intraoperative mean arterial blood pressure (mmHg) 91 = 17 95 4 18 0.186
intraoperative heart rate (Deats/min) 74 =17 76 = 13 0.42
Intracperative crystalloid (L) 36+16 35 1+12 0.66
Intraoperative colloid (L) 02+03 0.2 = 0.3 1.00
Red call transfusion (yes/na) 11/63 21/55 017
Transfused biood (units) 0411 0812 0.4

Intraoperative ambient temperature (°C) 21812 221+09 0.25
Intraoperative SPq, (%) g73 15 975 =13 0.38
Final intracperative core temperature (°C) 36,7 = 0.6 34.8 =06 <20.001
Duration of surgery (h 34 =12 3211 0.29
Postoperative SPg, {%6) 98 + 1 98 + 1 1.00
Postoperative PCA piritramid (mg/h) 152 = 9.1 16,4 + 8.8 .41

Data are mean + SO, Two-tailed, unpaired ¢ tests or chi-square analysis, as appropriate.

Discussion

Our major result is that =2°C intraoperative bvpother
mix significantiv delayed fitness for discharge from the
postanesthesia care unit. Even when core temperature
prer se wus not considered a criterion for discharge,
recovery was prolonged ==40 min, nearly doubling re-
covery duration. ‘This 40-min prolongation is similar to
that reported previously in a nonrandomized, non-
blinded study.” Core temperature in the hypothermic
patients required =2 h to reach 36°C, which is similar
to rhe rime reported previously in similar (but different)
paticts. ' Consequently, when fitness for discharge

Table 3. Duration of Recovery (min)

Normothermic Hypotharmic P
Sustained score = 13 53 = 36 94 ~ 65 <0.001
Teore = 36°C 41 = 49 134 = 60 <0.001
Sustained score = 13
and Tege = 36°C 68 = 46 159 = &7 <0.001
Sustained score = 12 45 = 26 61 £ 47 <0001
Sustained score = 14 88 - 83 132 = 74 <0.00%

Teo = core temperature.
Data are mean = SD.
" P values determined using Wilcoxon analysis.,
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and normothermia were required, discharge was de-
laved =90 min in the unwarmed patients.

Prolonged recovery is potentially expensive because
pastinestiiesia charges and costs arce simitar to those in
intensive care units. We did not attempt a formal cost -
benefit analvsis. Nonetheless, reducing duration of re-
covery is a first step and, combined with appropriate
personnel management, may eventually decrease costs
of postancsthesia care. Some of the costs, including
those for capital equipnent and envirenmental mainte-
nance, depend little on the number of paticots or the

100 1 ey
80 4
Patients not
fit for 60
discharge (%)
40 Hypothermic
0~ T T T 7
Q 40 80 120 160 200
Time (min)

Fig. 1. Kaplan-Meier “survival” analysis showing the percent-
age of patients not susiaining a recovery score =13, The proba-
bility valuc, using a Wilcoxon analysis, was <0.0001.
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Fig. 2. Kaplan-Meier “survival” analysis showing the percent-
age of patients not sustaining a recovery score =13 and a core
temperature >36°C. The probability value, using a Wilcoxon
analysis, was <0.0001

average duration of recovery. Others are fixed on a
per-patient basis, (V.e., the purchase price of disposable
nasal oxygen cannulae). Personnel costs, however, con-
sume by far the largest fraction of postanesthesia care
unit budgets. Decreasing recovery duration in an occa-
sional patient is unlikely 1o permit decreased staffing.
Even if the average time to discharge were significantly
reduced, decreased staffing requirements would follow
only if suitable scheduling changes were  imple-
mented. '

Whether @ minimum core temperature should be re-
quired for discharge from the postanesthesia care unit
remains controversial. Neither the American Society of
Anesthesiologists nor the American Sociery of Post-An-
esthesia Nurses currenty have policies on the subject.
Although there appear 1o be few data on which to base
policy. minimum discharge temperatures have been es-
tablished in many units. Prolonged recovery is, of
course, ondy one complication associzted with mntraop-
erative hypothermia. Other major effects include an in-
creased incidence of morbid cardiac events,” coagulopa-

Table 4. Correlates of Fitness for Discharge Using
Multivariate Analysis (P Values)

Sceore = 13 and

Score =13 Teore > 36
Final intraoperative core temperature 0.012 <0.001
Age 0.035 0.087
Duration of surgary 0184 0.218

Final intraoperative core temperature and age contributec significantly to re-
covery duration {fitness for discharge), but piritramid use and duration of
surgery did not.
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thy with increased requirement for allogeneic bloogd
transfusion,” reduced resistance to surgical wound in-
fections,’ and prolonged hospitalization.' Consistent
with these data, our hvpothermic parients required sig-
nificanty more allogeneic blood than did those kept
normothermic. We would thus recommend that mose
surgical patients be kept normothermic, even if reduced
postanesthetic care unit costs failed o provide a net
savings.

Our current results contrast with 4 previous investiga-
tion in which we failed (o identify a correlation between
hypothermia and prolonged recovery® Data in thar
study were collected prospectively, temperatures were
recorded from the tvmpanic membrane, and (itness {or
discharge was determined by blinded investigators us-
ing specific criteria, which did not include core temper-
ature. Intraoperative temperature management, how-
ever, was not randomly assigned (a lapse that would
be expected to produce & (alse-positive Dias), A major
difference between the protocols is that only infants
and children were included in our previous study,
whereas only aduits partjcipated in our present investi-
gatton. Furthermore, most of the children had relatively
minor procedures, whereas all the adults had major
abdominal operations. Hypothermia thus appears to de-
lay fitness for discharge minimaily, if at all, in childeen
recovering from minor procedures, bul significantly
prolongs recovery in adults after major surgery.

A limitation of our studv is rhat we evaluated fmess
for discharge: difference between the groups would
fikely have been less had actual discharge times been
considered because they are determined by other fac-
tors, including availability of ward beds and wansport
personnel. Among these factors are nursing habits and
proiccols. For example, postanesthesia care nurses may
believe, or even be instructed, thar patients must be
recovered forat least 1 h, even when less time would be
sutficient. Any of these factors will reduce the potential
benefit of early discharge resulting from maintaining
mtraoperative normothermia,

All our particnts were recoveriag from major abdoni-
nal surgery; the effect of core temperature on fitness
for discharge nray have differed had we included smalier
procedures. Similarly, core temperature may only mir-
mally imfluence the fairly long period required to pre-
pare outpatients for discharge to their homes. Tempera-
tures in our two treatment groups differed by =2°C.
Presumably, smaller differences would have influenced
recovery less; conversely, recovery would likely have
been prolonged cven more in colder patients. And f1-
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nally, thre effects of temperature mayv have differed had
we studied shorter-acting anesthetics such as desflurane
or propofol.

In conclusion, ~2°C intraoperative core hypothermia
per se delayved postanesthetic recovery =40 min, even
when return to normothermia was not a discharge crite-
rion. Postoperative core temperatures increased slowly.
Consequently, when a core temperature >36°C also
wils required, discharge was delaved =90 min in the
hypothermic patients. Maintaining core normothermia
is thus likely to decrease time in the postanesthesia care
unit and may reduce the costs of care.

The authors thank Mare Schroeder, M. D, 'tor his assistance,
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