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Abstract: Objective: This research aims to explore and analyze the risk factors that lead to hypothermia in patients
in the post-anesthesia care unit (PACU) and to investigate the heat preservation effects of the various heat pres-
ervation measures. Methods: A total of 224 patients who entered the PACU from February 2018 to October 2018
after anesthesia surgery in our hospital were recruited as the research cohort. Among them, 46 had hypothermia
and 178 did not. The patients’ general and surgical data were recorded, and the risk factors for hypothermia in the
PACU patients were analyzed using logistic regression. Another 68 hypothermia patients admitted to the PACU in our
hospital were also recruited for this study. The patients in the routine group (RG) were insulated using quilts, while
those in the observation group (OG) were insulated using inflatable warming blankets. The heat preservation effects
of the two heat preservation methods on the PACU patients were compared. Results: Age >60 years old, an intraop-
erative infusion volume >1500 ml, an intraoperative blood loss >300 ml, major surgery, and an operation time >2
h were the risk factors for hypothermia in the PACU patients. The heat preservation times, the PACU retention times,
and the patients’ awake times in the OG were shorter than they were in the RG, and the incidence of complications
related to hypothermia in the OG was lower than it was in the RG. In addition, the degree of satisfaction in the OG
was higher than it was in the RG. Conclusion: Age >60 years old, an intraoperative infusion volume >1500 ml, an
intraoperative blood loss >300 ml, major surgery, and an operation time >2 h are risk factors for hypothermia in
PACU patients. Inflatable warming blankets have a better heat preservation effect and bring higher patient satisfac-
tion than traditional quilts.
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Introduction staff needs to actively carry out insulation treat-
ment to prevent hypothermia in patients during

Body temperature is an important physiological the perioperative period to prevent the adverse

index of the human body, and having a normal
body temperature is a necessary condition for
maintaining normal life activities [1]. Humans,
a species of warm-blooded animals, maintain
a normal body temperature of 36.5-37.5°C.
However, 20% to 70% patients will have hypo-
thermia during the perioperative period (a core
temperature <36°C) [2]. Hypothermia causes
many adverse effects in patients, such as an
increased risk of infection, prolonged hospital-
ization times, high medical expenses, and
coagulation dysfunction [3, 4]. It is reported
that maintaining a normal body temperature
can reduce the hospitalization times of surgery
patients and reduce their risk of infections at
the surgical site [5]. Therefore, the medical

effects.

The post-anesthesia care unit (PACU) is the
place for postoperative waking up and for the
recovery of patients who just underwent anes-
thesia, and hypothermia is one of the most
common complications in the PACU [6]. At pres-
ent, PACU patients can undergo many kinds of
heat preservation measures, and these are
mainly divided into passive and active heating
[7]. The effects of the different heat preserva-
tion measures are very different, and a safe
and effective heat preservation method needs
to be found. There are many controversial cases
of hypothermia after surgery. For example,
Vural and his colleagues reported that [8] hypo-
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thermia is related to the operating room tem-
perature, but Inaba et al. reported that there is
no significant connection [9]. Therefore, more
research is still needed to identify the risk fac-
tors that may lead to hypothermia in patients
undergoing surgery, so that medical personnel
can formulate targeted prevention or heat pres-
ervation programs [10].

We established a regression model to analyze
the risk factors leading to hypothermia in PACU
patients and explored the heat preservation
effects of the different heat preservation mea-
sures. This research may help people better
identify the risk factors for hypothermia in PACU
patients and find a safe and effective insulation
method.

Materials and methods
The research cohort

Altogether 224 patients who entered the PACU
after anesthesia surgery in our hospital from
February 2018 to October 2018 were recruited
as the research cohort. Among them, 46 had
hypothermia (hypothermia group, core temper-
ature <36°C) and 178 did not (non-hypother-
mia group, core temperature >36°C). The inclu-
sion criteria were: patients who underwent gen-
eral or intraspinal anesthesia for non-cardiac
surgery, and patients at least 18 years old.
The exclusion criteria were: patients with a pre-
operative fever or hypothermia, patients with
hypothermia during their surgeries, patients
with incomplete clinical data, and patients with
abnormal thermoregulation. This study was
approved by the Ethics Committee of our hospi-
tal, and the patients and their families signed
an informed consent form.

Insulation methods

The inclusion and exclusion criteria of the 68
hypothermia patients who entered the PACU in
our hospital were the same as those described
above. They all were treated in the same PACU
for heat preservation. The RG was treated with
conventional heat preservation, i.e., their bod-
ies except for their heads were covered by a 2
kg quilt. In the OG, inflatable warming blankets
were used for heat preservation, i.e., the blan-
kets were applied to cover the whole trunk
below the neck for heating, and the heating
temperature was set to 43°C, so as to carry out
targeted scald prevention nursing.
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Outcome measures

The patients’ vital signs in the RG and the OG
were recorded every 5 min until their signs were
stable and they were conscious and returned to
the ward. The heat preservation times, the
PACU retention times, and the patients’ waking
up times in both groups were recorded.

One hour after each surgery, 5 ml of peripher-
al blood was taken as a sample, and the an-
giotensin 1l (Ang-2) levels were determined
using radioimmunoassays, and the adrena-
line (AD) and norepinephrine (NE) levels were
determined using high performance liquid
chromatography.

The occurrences of hypothermia complications
such as chills, agitation, and nausea and vomit-
ing during the PACU retention were recorded.

After the patients returned to the ward, we eval-
uated their degree of satisfaction with the heat
preservation operation using the self-made
“nursing satisfaction questionnaire”, an instru-
ment that measures patient attitude, degree of
comfort , wearing, operation proficiency, etc.
There were 20 questions, each worth 5 points,
and a total score less than 70 points indicates
unsatisfactory, 70-89 indicates basically satis-
fied, and 290 indicates satisfactory. Satisfac-
tion = (Satisfaction + Basic satisfaction)/Total
cases x 100%.

Statistical analysis

The data were statistically analyzed using
SPSS 21.0 (IBM Corp, Armonk, NY, USA),
and the figures were drawn using GraphPad
Prism 7. The counting data were compared
with Chi-square or Fisher exact tests, and the
measurement data were compared with inde-
pendent-samples T tests. The hypothermia risk
factors in the PACU patients were analyzed
through a multivariate logistic regression.
P<0.05 represents a statistically significant
difference.

Results

Comparison of the general data between the
RG and OG

Comparing the clinical data of both groups, we

found there were no significant differences in
terms of gender, age, operation times, intraop-
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Table 1. Comparison of the general data between the routine group and the observation group

Group Routine group (n=30) Observation group (n=38) X2 P
Gender 0.911 0.340
Male 20 (66.67) 21 (55.26)
Female 10 (33.33) 17 (44.74)
Age (year) 0.355 0.552
>60 16 (53.33) 23 (60.53)
<60 14 (46.67) 15 (39.47)
Operation time (h) 0.154 0.695
<2 12 (40.00) 17 (44.74)
>2 18 (60.00) 21 (55.26)
Intraoperative infusion volume (ml) 0.185 0.666
>1500 15 (50.00) 17 (44.74)
<1500 15 (50.00) 21 (55.26)
BMI (kg/m?) 0.081 0.822
>25 7 (23.33) 8 (21.05)
<25 23 (76.67) 28 (78.95)
Intraoperative blood loss (ml) 0.580 0.446
<300 17 (56.67) 18 (47.37)
>300 13 (43.33) 20 (52.63)
Type of surgery 0.272 0.602
Middle and small types 23 (76.67) 27 (71.05)
Major types 7 (23.33) 11 (28.95)
Anesthesia methods 0.546 0.460
General anesthesia 10 (33.33) 16 (42.11)
Local anesthesia 20 (66.67) 22 (57.89)
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Figure 1. Comparison of the insulation of the PACU patients. A. Comparison of the patients’ heat preservation times.
B. Comparison of the patients’ retention times in the PACU. C. Comparison of the patients’ waking up times. Note:

* represents P<0.05.

erative infusion volumes, BMI, intraoperative
blood loss, surgery types, or anesthesia meth-

ods (P<0.05) (Table 1).

Comparison of the patients’ PACU insulation

Comparing the PACU insulation of all patients,
we found that time of heat preservation, the
PACU retention times, and the conscious-
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ness times in the OG were shorter than they
were in the RG (P<0.05) (Figure 1).

Comparison of the patients’ stress response
indexes

We found that the Ang-2, AD, and NE levels in
the OG were lower than the corresponding lev-
els in the RG (Figure 2).
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Figure 2. Comparison of stress response indexes in the patients’ peripheral blood. A. Comparison of the Ang-2 levels
in the patients’ peripheral blood. B. Comparison of the AD levels in the patients’ peripheral blood. C. Comparison of
the NE levels in the patients’ peripheral blood. Note: * represents P<0.05.

Table 2. Comparison of the incidences of chills, restlessness, and nausea and vomiting

Group Routine group (n=30) Observation group (n=38) X2 P

Chills 6 (20.00) 1(2.63) 5.477 0.019
Restlessness 5 (16.67) 1(2.63) 4.105 0.042
Nausea and vomiting 3(10.00) 0 3.975 0.046
Total number of people affected 10 (33.33) 2 (5.26) 9.089 0.003

Table 3. Patient satisfaction with the two heat preservation methods

Group Very satisfied Basically satisfied Dissatisfied Satisfaction
Routine group (n=30) 7 (23.33) 12 (40.00) 11 (36.67) 19 (63.33)
Observation group (n=38) 13 (34.21) 20 (52.63) 5(13.16) 33(86.84)
X2 - - - 5.149
P - - - 0.023

Comparison of incidence of chills, restless-
ness, nausea and vomiting

The hypothermia complications during the
PACU stays were recorded, and the incidence
of hypothermia complications such as chills
and restlessness in the OG was significantly
lower than it was in the RG (P<0.05) (Table 2).

Patient satisfaction with the two heat preser-
vation methods

The patients were sent back to the ward, and
their satisfaction with the two methods of heat
preservation was evaluated: the patient satis-
faction in the OG was higher than it was in the
RG (P<0.05) (Table 3).

Univariate analysis of the hypothermia in the
PACU patients

The patients’ general data and surgical infor-
mation in the non-hypothermia group and the
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hypothermia group were assessed using a uni-
variate analysis: age, operation times, intraop-
erative infusion volumes, BMI, and intraopera-
tive blood loss may be the factors leading to
hypothermia in PACU patients. (Table 4).

Multivariate analysis of hypothermia in the
PACU patients

On the basis of the univariate analysis, the
outcome measures with P<0.05 were assess-
ed using a multivariate logistic regression anal-
ysis. The results showed that age >60 years
old, an intraoperative infusion volume >1500
ml, an intraoperative blood loss >300 ml, ma-
jor surgery, and an operation time >2 h were
risk factors for hypothermia in the PACU pati-
ents (Table 5).

Discussion

This research mainly analyzed the hypothermia
risk factors in PACU patients and the heat pres-
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Table 4. A univariate analysis of the hypothermia in the PACU patients

Non-hypothermia

Hypothermia group

Group group (n=46) (n=178) X P

Gender 0.596 0.440
Male 130 29 (63.04) 101 (56.74)
Female 94 17 (36.96) 77 (43.26)

Age (years) 5.369 0.021
<60 62 19 (41.30) 43 (24.16)
>60 162 27 (58.70) 135 (75.84)

Operation time (h) 6.286 0.012
>2 129 19 (41.30) 110 (61.80)
<2 95 27 (58.70) 68 (38.20)

Intraoperative infusion volume (ml) 6.784 0.009
<1500 103 29 (63.04) 74 (41.57)
>1500 121 17 (36.96) 104 (58.43)

BMI (kg/m?) 1.489 0.222
>25 65 10 (21.74) 55 (30.90)
<25 195 36 (78.26) 123 (69.10)

Intraoperative blood loss (ml) 5.960 0.015
>300 99 13 (28.26) 86 (48.31)
<300 125 33 (71.74) 92 (51.69)

Type of surgery 6.654 0.010
Middle and small types 94 27 (58.70) 67 (37.64)
Major types 130 19 (41.30) 111 (62.36)

Anesthesia methods 1.901 0.168
General anesthesia 136 32 (69.57) 104 (58.43)
Local anesthesia 88 14 (30.43) 74 (41.57)

Table 5. A multivariate analysis of the hypothermia in the PACU patients

Factor S.E B Wald P OR (95% CI)

Age >60 0.789 1.815 9.453 0.013 3.782 (1.651-5.105)
Intraoperative infusion volume >1500 ml 0.915 2.359 11.254 0.003 3.542 (2.875-5.598)
Intraoperative blood loss >300 ml 0.865 1.814 9.428 0.007 1.819 (2.386-3.689)
Major types 0.435 1.321  10.325 0.001 1.691 (1.524-4.188)
Operation time >2 h 1.054 2.018 9.785 0.005 2.931 (1.184-3.615)

ervation effects of the various heat preserva-
tion measures. We found that age >60 years
old, an intraoperative infusion volume >1500
ml, an intraoperative blood loss >300 ml, ma-
jor surgery, and an operation time >2 h were
risk factors for hypothermia in PACU patients.
Compared with traditional quilts, inflatable
warming blankets have a better heat preser-
vation effect and bring higher patient satis-
faction.

Hypothermia is one of the most familiar compli-
cations in the PACU, and it has serious negative
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impacts on patients’ health and on medical
resources [11, 12]. We recorded the body tem-
peratures of 224 surgery patients who entered
the PACU and found that the body tempera-
tures of 178 (79.46%) of them were lower than
36°C when they entered PACU. Vural et al. [8]
pointed out that the incidence of postoperative
hypothermia is 75.70%, which is similar to our
results. Previous studies found that postopera-
tive hypothermia in patients has several causes
[13, 14]. Therefore, we should pay attention to
the hypothermia risk factors in PACU patients
so as to formulate targeted intervention meth-
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ods. This research analyzed the risk factors of
hypothermia in PACU patients and found that
age >60 years old, an intraoperative infusion
volume >1500 ml, an intraoperative blood loss
>300 ml, major surgery, and an operation time
>2 h were the risk factors for hypothermia.
Tracing it to its causes, they may be due to the
following points: (1) Most of the liquid drugs
used in the operations are refrigerated, so the
patients’ core temperatures will decrease when
they are injected with a large amount of these
liquid drugs [15]. (2) It is generally understood
that among perioperative patients, if the opera-
tion time is more than 2 h, then the incidence
of hypothermia among the patients is higher
[16]. (3) Excessive blood loss during the opera-
tion will take away some of the patients’ heat,
thus causing hypothermia [17]. (4) Compared
with small operations with less trauma such as
laparoscopy, patients undergoing major opera-
tions involving open chests or abdomens use
more liquid drugs, take longer to complete, and
lose more blood during the operation, so hypo-
thermia is more common among such patients.
(5) When people get old, they suffer from meta-
bolic decline, vascular contractility decline,
subcutaneous fat reduction, and other phe-
nomena, so they are prone to hypothermia [18].
Medical personnel can carry out targeted inter-
vention on the above-mentioned risk factors.
For example, heat retaining articles such as
quilts and hot water bags can keep the patients
warm in non-surgical areas during an opera-
tion; the liquid medicine used in the operation
can be heated in a water bath in advance; for
elderly patients undergoing surgery, active pre-
heating before the surgery or active heat pres-
ervation during the surgery can reduce heat
loss.

Perioperative hypothermia is a preventable sur-
gical complication. Clinically, in order to prevent
perioperative heat loss and hypothermia, the
medical staff adopts active or passive methods
to warm the patients [19, 20]. However, despite
the application of some insulation measures
during the perioperative period, hypothermia
still occurs frequently [21]. Thus, more effective
measures are still needed. Previous studies
found that compared with passive warming, the
effect of active warming during perioperative
period is better [22]. This research compared
and analyzed the heat preservation effects of
traditional quilts and inflatable warming blan-
kets on PACU hypothermia patients. Our results
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showed that the time of heat preservation, the
PACU retention and waking up times of the
patients in the OG were shorter than they were
in the RG, and the stress response index levels
were better. In addition, the incidence of com-
plications related to hypothermia in the OG was
lower than it was in the RG. This shows that
inflatable warming blankets have a better heat
preservation effect on PACU hypothermia
patients than traditional quilts. Tracing it to its
causes, it may be that inflatable insulation
blankets continuously deliver warm air with an
appropriate temperature to blankets through
its pipelines. Not only can they effectively raise
patients’ skin temperatures, they can also
effectively prevent their body temperature from
accelerating to spread to the periphery, thus
reducing heat loss and maintaining the body
temperature within the normal range. As peo-
ple’s living standards improve, more and more
people have higher requirements for the quality
of nursing. Patients will feel discomfort due to
postoperative hypothermia, thus reducing their
satisfaction with hospital services [23]. After
the patients are returned to the ward, we evalu-
ated their satisfaction with the two insulation
methods and found that those in the OG were
more satisfied than those in the RG. This
revealed that people had a strong demand for
better insulation methods.

There are some limitations to our research.
First of all, patients under the age of 18 were
not included, so the results in this article are
only applicable to adult patients. Secondly, all
the subjects included come from the same hos-
pital, so the results may be regional.

To sum up, age >60 years old, an intraoperative
infusion volume >1500 ml, an intraoperative
blood loss >300 ml, major surgery, and an
operation time >2 h are risk factors for hypo-
thermia in PACU patients. Inflatable warming
blankets have better heat preservation effects
and bring higher patient satisfaction than tradi-
tional quilts.
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