Received: 13 June 2019 Revised: 22 January 2020 Accepted: 18 February 2020

DOI: 10.1111/jjns.12335 ?Jr;e(ic;(égr

ORIGINAL ARTICLE mraeed VWILEY

Effects of postoperative active warming and early exercise

on postoperative body temperature distribution: Non-

blinded and randomized controlled trial

Norihiro Kameda®' | Shiroh Isono® | Shinobu Okada®

'Frontier Practice Nursing, Graduate

School of Nursing, Chiba University, Abstract

Chiba, Japan Aim: We tested a hypothesis that postoperative active warming and/or arm
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Results: Core body temperature was maintained over 37°C with a relatively
greater gap between core and skin temperatures over 1°C and reduced perfu-
sion index in the early postoperative period in the control group. In the
warming group, the reduced skin temperature at arrival at the ward approxi-
mated to the core temperature leading to significant reduction of the tempera-
ture gap and increasing the perfusion index to the preoperative level. Although
less evident, both the temperature gap and peripheral perfusion significantly
improved in the exercise group after 6 and 8 h after arrival at the ward,
respectively.
Conclusions: Vasoconstriction in response to cessation after anesthesia and
surgery serves to maintain core temperature, but impairs peripheral circula-
tion. Active warming and intermittent mild exercise immediately after arrival
at the ward reduces the temperature gap and improves peripheral circulation
during the early postoperative period. While cost-effectiveness needs to be con-
sidered before clinical application of the intervention, the cost-free mild exer-
cise may be a feasible option for improving postoperative patient care.
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INTRODUCTION

1 |

Inadvertent hypothermia used to be common in the early
postoperative  period before widespread use of
intraoperative active warming with forced-air warming
devices (Karalapillai & Story, 2008; Sessler, 2008). Current
evidence indicates a decrease in tympanic temperature of
1-3°C is an independent risk factor for postoperative com-
plications such as surgical site infections, postoperative
myocardial ischemia and prolonged hospital stay, and
maintenance of body temperature with active warming is
demonstrated to reduce these complications (Frank et al.,
1997; Kurz, 2008; Kurz, Sessler, & Lenhardt, 1996; Seamon
et al., 2012; Sessler, 2016). Furthermore, prevention of
postoperative hypothermia by means of intraoperative
active warming is reported to achieve improved long-term
mortality (Frey, Holm, Janson, Egenvall, & van der Lin-
den, 2016; Karalapillai et al., 2009).

Although these evidences for temperature manage-
ment during surgery had significant impact on the oper-
ating room practice to maintain normothermia of
surgical patients within the operating room, there are
few studies on body temperature of patients in the surgi-
cal ward after surgery (Lee, Wu, Shih, Lee, & Ho, 2015).
While the first author was involved in perioperative care
as operating room nurse and surgical ward nurse, he felt
that temperature management for patients undergoing
surgery was not effectively performed in the surgical
ward compared to that in the operating room.

Frank et al. clarified mechanisms of postoperative
increase of core temperature by assessing thermoregula-
tory responses such as vasoconstriction and shivering
and plasma concentrations of inflammatory cytokines in
addition to core and skin temperatures in patients under-
going a variety of surgical procedures (Frank, Kluger, &
Kunkel, 2000; Sessler, 1997). They found that the maxi-
mum postoperative core temperature and interleukin
(IL)-6 level were directly correlated with duration and
invasiveness of the surgical procedure. Surgical inflam-
mation evidenced by increased IL-6 is considered to ele-
vate the body temperature set-point resulting in
vasoconstriction and shivering which continue until the
core temperature reaches the elevated set-point tempera-
ture. Because of the vasoconstriction, skin temperature
decreases and the gap between core and peripheral tem-
peratures increases. Any interventions to the mecha-
nisms would lead to preventing postoperative
vasoconstriction and shivering. One of the promising
interventions is active warming evidenced as useful to
reduce the difference between core and skin tempera-
tures during surgery. Even mild exercise such as arm /
leg stretches has an effect of vasodilation and possibly
improves the temperature gap.

We aimed to test a hypothesis that postoperative
active warming and/or arm / leg stretches reduce the dif-
ference between core and skin temperatures improving
the peripheral circulation and the patient's comfort
immediately after major abdominal surgery.

2 | METHODS

2.1 | Study design and participants
This prospective, non-blinded, and randomized con-
trolled trial from March 2018 to July 2018 was performed
at a university hospital and approved by the author's uni-
versity ethics review board (29-70: Ethical Committee of
the Graduate School of Nursing, Chiba University, Chiba,
Japan).

The inclusion criteria were: male gender, age between
50 and 80 years, body mass index between 18.5 and
25 kg/m?, patients undergoing laparotomy surgery.
Exclusion criteria were: patients with metabolic diseases,
patients with peripheral vascular disease, patients with
serious preoperative and intraoperative complications,
patients receiving continuous catecholamine infusion.

Based on the inclusion and exclusion criteria of this
study and the operation schedule, the chief investigator
approached candidates and disclosed the purpose of the
study, the research methods and other precautions to the
subjects prior to their participation. The participants’
rights and privacy were protected throughout the study.
Each participant completed a written consent form, and
had the right to withdraw from the study at any given
time for any given reason. Information pertaining to the
patients’ privacy was kept confidential. Findings of the
research were also secured for each patient's bill of rights.
At the end of the surgery, eligibility for this study was
confirmed and the participant was randomly assigned to
one of three intervention groups, those who underwent
routine care (control group), those who received early
intermittent exercise on the bed (exercise group), and
those who received forced-air warming (warming group)
based on the group name in the sealed envelopes which
were prepared before start of this study. The randomiza-
tion was designed to assign patients to a condition in a
1:1:1 ratio without blocking or stratification.

2.2 | Perioperative management and
postoperative interventions

Surgeries of the participants were scheduled to start in
the morning and general anesthesia was introduced
around 8:30 a.m. and maintained during the surgery



KAMEDA ET AL.

JAPAN JOURNAL OF 30f11

which was expected to be completed by 4:00
p-m. Therefore, postoperative care usually started around
5:00 p.m. in the surgical ward. Anesthesia techniques
and surgical procedures were not standardized for this
clinical study and were not biased by this study. During
the surgery, room temperature of the operating theater
was controlled between 24 and 26°C, and all patients
were placed under a forced-air cover and received
warming with a forced-air warmer (Bair Hugger™
775, 3M). Anesthesiologists actively managed to maintain
bladder temperature near 37°C during the surgery.
Patients were sent to the ward after confirming core tem-
perature above 36°C and alertness with stable cardiore-
spiratory status. While this study was conducted during
spring in Japan, room temperature in the surgical ward
was controlled based on the patient's comfort avoiding
induction of cold sensation due to surrounding
conditions.

Immediately after arrival at the ward, patients were
treated with one of the following three different tempera-
ture managements.

2.21 | Routine care (control)
Patients in the control group were covered with cotton
blankets immediately after arrival at the surgical wards.

2.2.2 | Early mild intermittent exercise
on the bed (exercise)

During the postoperative period, the exercise group
received a series of lower and upper limb gymnastics
treatment, which was performed on their back on the flat
bed. This exercise was conceived by the authors with ref-
erence to previous reports that active movement of the
lower limbs showed improved blood flow in the lower
limbs (Tanaka et al., 2016) and exercise of the upper body
showed increased extremity venous blood flow (Caldwell
et al., 2013). Details of a series of mild exercises per-
formed by the exercise group are presented in Table 1.
First, patients kept bending or extending both ankles for
5 s 50 times per section (ankle pump movement). Sec-
ond, patients kept both legs straight, pressing knees down
for 10 s 20 times per session (knee-pressing motion).
Third, patients gently stretched the forearm muscles for
5 s 10 times per session. Lastly, patients squeezed a hand
carpal expander (Hand Gripper 20LB, Neolight) as tightly
as possible for 3 s 10 times per session. These exercises
were performed in accordance with the researcher's
detailed instructions during the postoperative period
without prior training. The series of mild exercise started
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TABLE 1 A series of mild exercises

Implementation
times

Required

Session  Exercise time (s)

1 Bending or 5 s 50 times 250
extending

both ankles

2 Both legs
straight
pressing
knees down

10 s 20 times 200

3 Gently
stretching the
forearm

510 times 50

muscles

4 Squeezing a 3 s 10 times 30

hand carpal
expander

Total 530

soon after arrival at the ward, and was repeated every
hour until 9:00 p.m.

2.2.3 | Active warming with a forced-air
warming blanket (warming)

In the warming group, active warming with a forced-air
warming blanket covered by a cotton blanket was started
immediately after arrival at the ward. The temperature of
the forced-air warmer was set to “middle level” (38°C).
Participants were asked every 10 min about their thermal
comfort; when they felt overheated, active warming was
stopped. Postoperative ambient temperatures were
maintained near 26°C. After stopping the first consecu-
tive warming, warming resumed according to the
patient's symptoms and desires.

2.3 | Measurements of body
temperatures and peripheral perfusion

Measurements were started prior to induction of general
anesthesia and continued up to 12 h after arrival at the
ward. In order to characterize and analyze changes of
body temperatures and peripheral perfusion, the mea-
surement values were obtained at various perioperative
time points: prior to induction of general anesthesia, dur-
ing operation, end of surgery, extubation of tracheal tube,
leaving of operation room, arrival at the ward, 15, 30,
45 min after arrival at the ward, and every 1h after
arrival at the ward. Intraoperative values were obtained
as an average value during the operation. The
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TABLE 2 Characteristics of the patients
Control (n = 16) Exercise (n = 17) Warming (n = 16) P

Age of the patients (years) 71.0 £ 7.7 72.1 £ 5.6 71.1 £ 8.4 .90
Body mass index (kg/mz) 219+ 24 224 + 2.1 21.7 + 2.2 .63
ASA-PS 75

1 2(12.5) 1(5.9) 2(12.5)

2 11 (68.8) 13 (76.5) 10 (62.5)

3 3(18.8) 3(17.6) 4(25.0)
Surgical procedure .67
Pancreaticoduodenectomy 6(37.4) 6 (35.3) 7 (43.8)
Hepatectomy 5(31.3) 6 (35.3) 5(31.2)
Other hepatobiliary surgery 5(31.3) 5(29.4) 4(25.0)
Length of anesthesia (min) 489 + 161 476 + 178 429 + 108 .51
Length of operation (min) 401 + 158 391 + 171 338 + 101 44
Intraoperative bleeding (mL) 952 + 727 1180 + 1360 787 + 567 .50
Intraoperative infusion volume (mL) 3060 + 1820 3110 + 1480 2560 + 767 48
Intraoperative urine volume (mL) 406 + 416 370 + 296 282 + 210 .53
Hospital admission period (days) 31.4 + 20.1 30.3 + 28.4 20.3 + 8.7 27

Note: Values are mean + SD or a number of patients with a percentage within the group.
Abbreviations: ASA-PS, American Society of Anesthesiologists Physical Status Classification System to stratify a patient's preoperative comorbid conditions

(Hurwitz et al., 2017).

TABLE 3 Intraoperative core temperature parameters

Control (n =16)

Preanesthesia temperature (°C) 36.9 + 0.1
Average intraoperative temperature (°C) 36.9 + 0.3
Maximum intraoperative temperature (°C) 37.5+ 0.3
Minimum intraoperative temperature (°C) 36.1 + 0.3
Postoperative temperature (°C) 373+ 04
Temperature fluctuation range (°C) 1.3+04

Note: Values are mean + SD.

measurement values at arrival at the ward were consid-
ered to be a time control for the statistical analyses.

Core temperature was measured using SpotOn™
(Zero-Heat-Flux Cutaneous Thermometer, 3M). The
measurement probe of SpotOn™ was attached to the
forehead before induction of anesthesia, and was
used for core temperature measurement from the
preanesthesia to the postoperative temperature mea-
surement period. Skin temperatures of chest, arm,
thigh and leg were measured using an infrared skin
thermometer (medical thermometer CISE®, UBIX).
The body temperatures were recorded onto a laptop
computer at 5-min intervals throughout the study
period. Mean skin temperature was calculated by the
following modification of the Ramanathan equation
for four sites (Ramanathan, 1964): mean skin

Exercise (n = 17) Warming (n = 16) P
36.9 +0.1 36.9 + 0.1 .74
36.8 + 0.3 36.9 + 0.3 .73
375+0.3 37.6 + 04 .57
36.0 + 0.3 36.1 + 0.3 .57
374+03 375+ 04 .28
1.5+0.3 1.5+£0.5 .59

temperature = 0.3 (chest + arm) + 0.2(thigh + leg).
Perfusion index (PI) was measured at a left hand fore-
finger using the bedside monitor (BSM-6701, Nihon

Kohden, Japan) for assessment of peripheral
perfusion.
2.4 | Assessments of postoperative

clinical symptoms

Shivering was assessed 12 h after arrival at the ward. The
degree of shivering was graded using a four-point scale
(0 = no shivering; 1 = intermittent, low-intensity shiver-
ing; 2 = moderate shivering; 3 = continuous, intense
shivering). Thermal discomfort and wound pain were
assessed on the day after the surgery using unmarked
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FIGURE 1
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new 100 visual analog scale (VAS) sheets. For thermal
discomfort, 0 and 100 indicated “completely comfortable”
and “worst imaginable cold”, respectively. For wound
pain, 0 and 100 indicated “no pain at all” and “painful as
bad as it could be”, respectively.

2.5 | Statistical analyses

To our knowledge, there is no previous study assessing
the difference between core and skin temperatures (the

primary outcome) in surgical patients during the immedi-
ate postoperative period while it was reported to be 3.8
+ 1.0°C (mean =+ SD) in surgical patients before anesthe-
sia induction (Frank, Shir, Raja, Fleisher, & Beattie,
1994). In order to calculate appropriate sample size in
this study, we assumed a similar standard deviation
(1.0°C) in our study population and expected more than
0.5°C difference between control and intervention groups
as a clinically meaningful effect. Accordingly, required
total sample size was estimated to be 42 subjects
(G-POWER version 3.1 software: [F tests, effect size = .5,



JAPAN JOURNAL OF

KAMEDA ET AL.

NURSING SCIENCE

—&— Control (n=16) Execice (n=17)

Warming (n=16)

FIGURE 3 Changes in gap between skin

1.4 temperature and core temperature in the three
groups (control group, routine care; exercise
12 A group, mild intermittent exercise on the bed;
gi L0 / _.—.~.~.\'~. o-¢ warming group, active forced-air warming)
% ’ - before and after surgery. In the exercise group,
O 08 JAN O O 0 O . the series of mild exercise started soon after
@
g / A A arrival at the ward, and was repeated every hour
E 0.6 A A A until 9:00 p.m. (4.6 + 2.0 times). In the warming
) . . . .
g 0.4 AT ANTAY AT ANVA YAy /X group, active warming was started immediately
& after arrival at the ward (80.4 + 44.7 min). Open
0.2 symbols indicate presence of a statistically
0.0 significant difference from the control group
g}% 0‘4’0°Q©%‘% w&&@% Q@% 0@% °\\}c°'\%o°‘%o‘\&%o"&%c&%o&% %o‘\&%o"&o"‘%o&%
R NSNS S S ST SRS SR SRS
‘Za%%\\)@%\\e&s& VY X Hh b ATD \Q\\\'\,
SIS PR AN
. © o N X
& Qb N S
>
S Q)Q)Q ‘\b &'\4
o O < Y}
N
QS
—@— Control (n=16) Execice (n=17) Warming (n=16) FIGURE 4 Changes in perfusion index in
3.5 the three groups (control group, routine care;
10 exercise group, mild intermittent exercise on the
% ’ 3 bed; warming group, active forced-air warming)
2.5 \ .
E \ A PANAS NN A before and after surgery. In the exercise group,
g 20 4 ~Ls OO0 o0 6 ﬁ the series of mild exercise started soon after
g 15 W arrival at the ward, and was repeated every hour
“5 10 until 9:00 p.m. (4.6 + 2.0 times). In the warming
&~ group, active warming was started immediately
03 after arrival at the ward (80.4 + 44.7 min). Open
0.0 symbols indicate presence of a statistically
cé& @'\4’00064\% q,‘b\&i@% Q&% R R S S SRS significant difference from the control group
N O ARSI AR SR SRS SR Y
SISOV Y m X 5 6N D 9 QN
@ QPSRN < ASENEN
NN RN
3 N N
S QI
< Q7 @
> < Qt> > \A
& < QY}&
b\&
N
¢

a = .05 (two tailed), p = .8, number of groups = 3] for
one-way analysis of variance [ANOVA]). Considering
possible exclusion during operation due to intraoperative
complications and catecholamine use, 51 patients in total
(17 patients for each group) were predetermined as an
optimal sample size for this study. All statistical analyses
were performed using statistics software IBM SPSS® Sta-
tistics 23.0. Continuous, normally distributed variables
were analyzed using one-way ANOVA and Scheffe's F
test. Differences between the groups were compared with
Tukey test. Pearson x° test was used for comparing risk
factors among groups. Pearson's correlation analysis was
used to analyze the correlation between PI and tempera-
ture gap. All values are expressed as means + SD. p < .05
was considered to be significant.

3 | RESULTS
3.1 | Patients’ characteristics and
intervention status

Seventeen patients were initially enrolled in each group, but
one patient in the control group and one in the warming
group were excluded from the analysis due to continuous
infusion of catecholamine after the surgery. Patient character-
istics and features of anesthesia managements and surgical
procedures are presented in Table 2. All patients underwent
hepatobiliary pancreatic surgeries. No significant differences
were observed among the three groups. In the exercise group,
a series of postoperative exercise was repeated 4.6 + 2.0 times.
In the warming group, postoperative active warming was
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performed for 80.4 + 44.7 min. Although the core tempera-
tures significantly decreased in all three groups during anes-
thesia and surgery, no differences were found in any of the
body temperatures before or during surgery among the
groups (Table 3).

3.2 | Body temperatures after surgery

Figures 1 and 2 show changes of the core and skin tem-
peratures during the first 12 h after arrival at the ward,
respectively. During the postoperative periods, changes of
core temperatures did not differ between the groups.
Also, no differences were found in the mean skin temper-
ature between the three groups until arriving at the ward.
Notably, in the warming group, skin temperature rapidly

Intervention
O Control

r=-32
[ Exercise 2 =1
1.544 Warming ° . oo o° p<01

Temperature GAP (°C)

0.0 1.0 2.0 3.0 4.0
Perfusion Index

FIGURE 5 Correlation between perfusion index and gap
between core and skin temperatures (temperature gap)

NURSING SCIENCE

increased within 1 h after arrival at the ward, and
remained higher than the control and exercise groups.
Although less effective than the warming group, skin
temperature in the exercise group gradually increased
and remained significantly higher than the control group
for the last 6 h of the measurements.

Temperature gaps (primary variable) calculated as the
difference between core and skin temperatures before anes-
thesia and surgery were 0.58 + 0.17, 0.57 + 0.14, and 0.59
+0.05°C in the control, exercise and warming groups,
respectively. Figure 3 shows changes in the temperature
gaps for each of the groups after surgery. The temperature
gaps gradually increased during the surgery and remained
larger until arriving at the ward in all groups with no differ-
ences between the three groups. However, after arrival at
the wards the gap significantly decreased and reached the
preoperative value within 1 h in response to active warming
with the forced-air warming blanket (warming group). The
temperature gap remained smaller for the whole postopera-
tive period despite cessation of the active warming.
Although less effective than the active warming, exercise
procedures repeated at every 1 h after arriving at the ward
achieved significant differences in the temperature gap from
the control group after 8 h after arrival in the surgical ward
(exercise group).

3.3 | PI and its correlation with the
temperature gap

The PIs before anesthesia and surgery were 1.91 + 0.42,
1.93 + 0.39, 1.93 + 0.33 in the control, exercise and
warming groups, respectively.

Thermal discomfort VAS Wound pain VAS
100+ <01 100 )
I I | I
80+ p<.01 80 p=24
60+ p=.94 I 60+ p=17 I } I
40 40 A
025
20 g 2 i
Control Exercise Warming Control Exercise Warming
(n=16) (n=17) (n=16) (n=16) (n=17) (n=16)

FIGURE 6 Box plots presenting comparisons of visual analog scales (VAS) for thermal discomfort and wound pain in the three groups
(control group, routine care; exercise group, mild intermittent exercise on the bed; warming group, active forced-air warming). Median
values are indicated by horizontal bars within each box; bars above and below each box represent 25 and 75 percentiles, end of vertical lines

denote 5 and 95 percentiles



8of11 JAPAN JOURNAL OF

KAMEDA ET AL.

NURSING SCIENCE

Figure 4 shows changes of PI during the postoperative
period. The PI increased during the surgery in all groups,
but decreased and almost reached the preoperative value
at arrival at the ward with no differences between the
three groups. In the warming group, the PI gradually
increased during the active warming and remained
higher during the postoperative period even after cessa-
tion of the active warming. Although less effective than
the active warming, exercise procedures repeated at every
1 h after arriving at the ward achieved significant differ-
ence in the PI from the control group after the last 7 h of
the measurements. Figure 5 shows association between
PI and the temperature gap demonstrating statistically
significant but weak indirect correlation between them
(r=.32,p<.01).

3.4 | Postoperative clinical symptoms
Intermittent, low-intense shivering (grade 1) was

observed postoperatively in 18.8%, 5.9% and 0% in con-
trol, exercise and warming groups, respectively (p = .15).
Figure 6 shows VAS scores for postoperative thermal dis-
comfort and wound pain. The VAS score of postoperative
thermal discomfort was significantly smaller in the
warming group than the control and exercise groups
suggesting achievement of higher comfortableness and
acceptance of the active warming whereas no difference
was observed between the exercise and control groups.
The VAS scores for wound pain did not differ between
the three groups.

4 | DISCUSSIONS

This study aimed to investigate effectiveness of postoper-
ative active warming and exercise on postoperative body
temperatures and peripheral circulation in patients
undergoing major abdominal surgery. Both active
warming and early intermittent mild exercise effectively
reduced the gap between core and skin temperatures by
increasing skin temperature and improved peripheral cir-
culation even after cessation of the procedures while the
active warming was more effective and comfortable than
the exercise.

4.1 | Postoperative changes of body
temperatures with routine care

Few studies examined changes of body temperatures
immediately after the surgery under general anesthesia

while environmental factors on body temperature signifi-
cantly change during this period. After the surgery is
completed, active warming is often interrupted by
removal of the surgical drapes, wiping of the disinfectant,
wound dressing, and X-ray radiography. Furthermore,
blankets alone are put on the patient during transporta-
tion from operating room to the ward. Despite the inter-
ruption and cessation of the active warming, the core
temperature was maintained postoperatively. We con-
sider this was due to significant reduction of skin temper-
ature and vasoconstriction preventing heat loss from the
body. Our results clearly indicate recovery of thermoregu-
latory control immediately after anesthesia and surgery
in accordance with the previous studies (Sessler, Rubin-
stein, & Moayeri, 1991). Although vasoconstriction is
beneficial to maintain core temperature, it impairs
peripheral circulation including the surgical wound pos-
sibly increasing surgical site infection risk. It should be
noticed that vasoconstriction and impaired peripheral cir-
culation continue throughout the postoperative period
without interventions. The result urges us to minimize
the cessation of active warming in the operating room,
and also to continue the active warming or other inter-
ventions for preventing vasoconstriction during transpor-
tation to the ward (Scheck et al., 2004). The discrepancy
between the PI and the temperature gap observed in this
study further suggests clinical usefulness of monitoring
of the peripheral circulation with using the PI rather than
measurements of skin and core temperature during the
postoperative period (Keramidas, Geladas, Mekjavic, &
Kounalakis, 2013).

4.2 | Clinical implications of
postoperative active warming

Active warming with a forced-air warming blanket is a
well-established intervention to maintain core tempera-
ture during anesthesia and surgery (Alparslan et al.,
2018; John et al., 2016). As expected, our results further
supported effectiveness of the postoperative active
warming on significant reduction of difference between
core and skin temperatures and significant improvement
of peripheral circulation. Importantly, the beneficial
effects of active warming continued throughout the post-
operative period despite cessation of the active warming.
Furthermore, the patients felt more comfortable with the
postoperative active warming. Postoperative routine
application of the forced-air warming blanket would sig-
nificantly change strategies for postoperative manage-
ment of body temperature and possibly influence short-
term and long-term outcomes of the surgery. However,
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costs for installation of the forced-air device and dispos-
able blanket as well as the extra labor for the nursing
staff are significant limitations for the clinical application
of this intervention.

4.3 | Clinical implications of
postoperative mild exercise

This is the first study demonstrating effectiveness of
early postoperative intermittent mild exercise on reduc-
tion of difference between core and skin temperatures
and improvement of peripheral circulation even after
cessation of the exercise in patients undergoing major
abdominal surgery, although the effect was significantly
smaller than the active warming. The mechanisms of
the effectiveness of mild exercise were not clarified in
this study. However, it may differ from those with
active warming. Low-intensity exercise is reported to
increase core body temperature while maintaining a
skin temperature by cooling in healthy volunteers pos-
sibly by increase of heat production (Fujii et al., 2017)
and decrease in the threshold of core temperature for
shivering (Fujimoto et al., 2019). We did not observe
increase of core temperature in postoperative patients
during the mild intermittent exercise and therefore, the
results may not be explained by exercise-induced heat
production. With using sophisticated imaging tech-
niques, Steeden et al. demonstrated that even mild
lower limb exercise in the supine posture is reported to
increase cardiac output and decrease systemic vascular
resistance, indicating improvement of peripheral circu-
lation while they did not measure body temperature
(Steeden, Atkinson, Taylor, & Muthurangu, 2010).
Therefore, in our study, improvement of peripheral cir-
culation by mild exercise possibly leads to redistribu-
tion of body temperature and then delayed but
sustained increase of skin temperature. Early postoper-
ative mobilization is recommended for preventing post-
operative complications and development of sarcopenia
leading to improvement of surgical outcomes (Castelino
et al., 2016; Ramos Dos Santos, Aquaroni Ricci,
Aparecida Bordignon Suster, de Moraes Paisani, & Dias
Chiavegato, 2017). While no study, to our knowledge,
tested clinical usefulness of early postoperative mild
exercise which would be worth including in the postop-
erative recovery protocol. Unlike the postoperative
active warming, the early supine exercise is safe and
cost-free, and has possible additional favorable effects
such as prevention of deep venous thrombosis forma-
tion (Li et al., 2016; Rostagno, 2013). Future studies
need to explore optimal intensity and interval of the
exercise for maximizing its clinical usefulness.
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44 | Relevance to improving quality of
nursing practice

Appropriate management of a patient's body temperature
is a major task for nurses working in the surgical ward.
Our results suggest that nurses could effectively warm
the patient's whole body with using the forced-air
warming blanket to maintain normal body temperature
after surgery to improve nursing care not only for preven-
tion of shivering and improvement of thermal comfort
but also for improvement of peripheral circulation, possi-
bly leading to prevention of various postoperative compli-
cations. Furthermore, nurses could actively assist
postoperative mild exercise for normalization of body
temperature and improvement of peripheral circulation.
This study clearly demonstrated significant roles of surgi-
cal ward nurses in improving quality of postoperative
nursing practice by developing the postoperative temper-
ature management protocol including the interventions
tested in this study.

4.5 | Limitations of the study

There are several limitations of this study. First, the study
population is limited to patients undergoing
hepatobiliary pancreatic surgery which has a significant
impact on the intra- and postoperative changes of body
temperature. Second, protocols for the interventions were
not strictly controlled and might have influenced the
results of the study. In particular, different exercise pro-
grams would have had greater impact on the body tem-
perature. Third, the core temperature was relatively
higher at arrival at the ward and the results might have
been different if the core temperature were lower
than 37°C.

5 | CONCLUSION

In conclusion, vasoconstriction in response to cessation
of active warming after anesthesia and surgery serves to
maintain core temperature, but increases temperature
gap between core and skin temperatures. Both active
warming and intermittent mild exercise during the early
postoperative period effectively reduce the temperature
gap and improve peripheral circulation even after cessa-
tion of the interventions.

While the active warming was more effective than the
exercise, cost-effectiveness needs to be improved before
clinical application of the active warming, but the cost-
free exercise may be a feasible option for improving post-
operative patient care.
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