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This randomized clinical study aimed to evaluate the effects of tumescent solution 
temperature on patient outcomes

into two groups: Group A (n=17) received room-temperature (20–22°C) tumescent solution, while 

and both groups underwent similar procedures with body temperature, hemodynamics, pain, 
recovery, and side effects monitored postoperatively.

the warmed solution group (p<0.05). Postoperative shivering (22.2% vs. 82.4%) and subjective cold 

timing.
 The study concludes that warming the tumescent solution improves thermal 

stability, reduces discomfort from shivering, decreases postoperative pain and narcotic use, 

 Liposuction, tumescent anesthesia, warmed solution, postoperative pain, 
hypothermia, patient recovery.
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Liposuction surgeries today constitute the 
majority of plastic surgery cases. These 
procedures are highly popular in plastic 
surgery and continue to attract growing 
interest. Although the technique is relatively 
simple, complications may occasionally 
be observed (1). These complications may 
include hypothermia, acidosis, bleeding, 
micro-level fat embolism, pulmonary 
embolism, pulmonary edema, intra-
abdominal organ injury, perforation, 

toxicity from adrenaline and local anesthetic 
agents. Subcutaneous emphysema is also 
a known but infrequent complication of 
liposuction (2). The techniques used in 
liposuction vary. One of the most commonly 
used methods is tumescent anesthesia 

tissue-preserving method that removes 
fat cells while causing less trauma to the 
surrounding tissues (4). In liposuction 
surgeries, the tumescent anesthesia 
solution is administered to the adipose 
tissue via a cannula before the surgery 

is to reduce bleeding, minimize the risk of fat 
embolism, and prevent the cannula from 
reaching internal organs, thereby avoiding 
internal organ damage. Tumescent 
liposuction and surgical excision have been 
proven to be safe and effective treatment 
options, providing cosmetic results with 
minimal scarring (5). When the tumescent 
liposuction technique is applied, the main 
factor contributing to the decrease in body 
temperature during the intraoperative and 
early postoperative period is the injection 
of cold solutions into the subcutaneous 
tissues. In liposuction surgeries, tumescent 
anesthesia solutions are typically 
administered at room temperature 

(20–22°C) in the operating room. During 
surgery, several factors contribute to a 
drop in body temperature: the low ambient 
temperature of the operating room, the 

temperature, the use of antiseptic solutions 
stored at room temperature for surgical 
preparation, insensible heat loss, and the 

temperature. These conditions can lead 
to postoperative hypothermia, shivering, 
acidosis, and delayed recovery. As a result, 
hypothermia, acidosis, disruption of the 
coagulation cascade, increased bleeding, 
and arrhythmias may occur, ultimately 

strategies are used to prevent hypothermia, 
such as warming the patient, maintaining 
a warm operating room, and heating 
intravenous and tumescent solutions. 
However, patient warming and medical 
interventions may delay discharge. 

The aim of the study is to compare the 
hemodynamic changes, postoperative 
recovery, shivering, bleeding, hypothermia, 
postoperative pain, recovery duration, and 
discharge times in liposuction procedures 
performed using tumescent solutions kept 
at room temperature versus those kept at 
body temperature.

Patients were evaluated after approval was 
obtained from the Istanbul Atlas University 
Clinical Research Ethics Committee 

was conducted under the principles of the 
Declaration of Helsinki.

Before surgery, patients underwent routine 
preoperative anesthesia assessment. After 
obtaining informed consent for anesthesia 
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and surgery, standard monitoring was 
initiated in the operating room, followed 
by induction of anesthesia, intubation, 
and commencement of the surgical 
procedure. All patients underwent general 
anesthesia administered by the same 
anesthesiologist using a standard induction 
protocol. Intraoperative bleeding and body 
temperature were recorded.

Two groups were formed, each consisting 

were undergoing liposuction surgery. Group 

Group U: The control group received 

unheated (20–22°C). Due to patient refusal, 
one individual was excluded from Group 
H. As a result, the control group (Group U) 
consisted of 18 healthy female patients, 
while the study group (Group H) included 
17 healthy female patients. A simple 
randomization method was employed.

An intraoperative warming mattress was 
used for all patients. During surgery, the 

body temperature were recorded. Before 
awakening from anesthesia, standard 
postoperative analgesia was administered. 
After the patients regained consciousness, 
body temperature, shivering, bleeding 
volume, pain level, pain score was 
evaluated Postoperative Pain Scores, Pain 

(Visual Analog Scale) (No pain=0, very mild 
pain=1, mild pain:2, moderate pain:3, severe 
pain=4) and vital signs were documented 
in the liposuction follow-up form in the 
postoperative recovery room. The same 
protocol was applied to all patients. Once 
fully recovered, patients were transferred to 
the ward. Vital signs and pain scores were 

recorded at the second, sixth, 12th, 24th, and 
48th hours postoperatively.

Inclusion criteria were ASA I–II patients 

surgery. Exclusion criteria included: ASA 
III–IV patients, COVID-19 positive status, 
uncontrolled hypertension, history of 
thromboembolism, fat embolism, or 

months, severe renal or hepatic disease, 
uncontrolled diabetes mellitus, liver 
enzyme levels more than twice the normal 
limit, obstructive sleep apnea, moderate 
to severe chronic obstructive pulmonary 
disease, neurological or major psychiatric 
disorders, and patients taking medications 
that could affect thermoregulation. 
Tumescent solutions were heated using 

target temperature. After warming, solutions 
were prepared by mixing epinephrine, 
bicarbonate, and local anesthetics. Body 

minutes preoperatively and postoperatively 

Pulse rate, respiratory rate, and non-
invasive arterial blood pressure were also 

back, thighs, and arms in both groups. All 
patients underwent general anesthesia. 

normal saline, 1 mg of epinephrine, 8.4 mEq 
of bicarbonate, and 200 mg of bupivacaine. 

cannulas connected to a Randolph Econ II 
Vari-Flow pump. All solutions were prepared 
by the same individual and administered 
by the same plastic surgeon. Liposuction 
was performed according to patient-
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was applied symmetrically to various 
body regions. All results were statistically 
analyzed using the Wilcoxon test and Mann-
Whitney U test, and reported as means with 

Descriptive statistics of the data included 
mean, standard deviation, median, 
minimum, maximum, frequency, and ratio 
values. The distribution of the variables was 
assessed using the Kolmogorov-Smirnov 
and Shapiro-Wilk tests. For independent 
quantitative data showing normal 
distribution, the independent samples t-test 
was used. For independent quantitative 
data not showing normal distribution, the 
Mann-Whitney U test was applied. The chi-
square test was used for the analysis of 
qualitative independent data, and when 
the conditions for the chi-square test were 

The analyses were performed using the 
SPSS version 28.0 software.

Although the age of patients in the group 
that received heated tumescent solution 
(Group H) was statistically lower than 
that of the group that received unheated 
tumescent solution (Group U), this difference 

to randomization, and cannulation was not 

and Group U in terms of weight, height, and 
BMI values (p>0.05) (Table 1). ASA scores 

between the two groups (p>0.05). The 

different between Group H and Group U 

used between the two groups (p>0.05). The 

1003

Demographics of patients. 

p

42.5±11.5 41.0 32.9±8.3 32.5 0.008

73.7±11.8 72.5 ns

170.0 ns

BMI 25.0±4.5 23.9 ns

41.2% 7 44.4% 8

50.0% 10 50.0% 10

4.0 4.9±4.9 2.0 ns

23.5% 4 0.0% 0 ns

13 100.0% 18

232.4±113.0 190.0 282.2±112.4 270.0 ns

2947.1±942.2 3000.0 3583.3±844.5 4000.0 0.047

4300.0±1510.0 4000.0 4000.0 ns

22.2±1.4 21.9 27.0 0.0001

Group U: Liposuction tumescent unheated, Group H: Liposuction tumescent heated. Data are presented as the number of 
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and Group U (p>0.05) (Table 1).

in the heated tumescent liposuction group 
(Group H) compared to the unheated 
tumescent liposuction group (Group U) 
(p<0.05) (Figure 1).

Patient Satisfaction 
Group U: Liposuction tumescent unheated, Group H: 

Liposuction tumescent heated.

Preoperative, postoperative second hour, 
and 24th hour body temperatures showed no 

Group U (p>0.05). However, intraoperative, 
recovery period, postoperative sixth hour, 
and 12th hour body temperatures were 

Group U (p<0.05) (Figure 2).

The postoperative use of narcotic 

H compared to Group U (p<0.05) (Table 2). 
The incidence of postoperative shivering 

in Group U (p<0.05) (Table 2). There were no 

in terms of postoperative hypotension, 
bradycardia, or tachycardia rates (p>0.05). 
Similarly, the incidence of postoperative 

the groups (p>0.05) (Table 2).

lower in Group H compared to Group U 
(p<0.05) (Table 3). However, there was no 
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Postoperative Pain Scores

p

No pain 4(23.5)

Very mild pain 9(52.9) 422.2)

Mild pain 4(23.5) 2(11.1)

Moderate 0(0.0) 0(0.0)

Severe 0(0.0) 0(0.0)

No pain 7(41.2) 9(50.0)

ns

Very mild pain 1(5.9) 4(22.2)

Mild pain 7(41.2)

Moderate 1(5.9) 2(11.1)

Severe 1(5,9) 0(0.0)

No pain 7(41.2) 9(50.0)

ns

Very mild pain 4(22.2)

Mild pain

Moderate 1(5.9) 4(22.2)

Severe 0(0.0) 0(0.0)

No pain 7(41.2)

ns

Very mild pain 7(41.2) 4(22.2)

Mild pain

Moderate 0(0.0)

Severe 0(0.0) 0(0.0)

No pain 9(52.9) 13(72.2)

ns

Very mild pain 7(41.2)

Mild pain 1(5.9) 2(11.1)

Moderate 0(0.0) 0(0.0)

Severe 0(0.0) 0(0.0)

No pain 15(83.3)

ns

Very mild pain 4(23.5) 2(11.1)

Mild pain 0(0.0)

Moderate 0(0.0) 0(0.0)

Severe 0(0.0) 0(0.0)

Group U: Liposuction tumescent unheated, Group H: Liposuction tumescent heated. Data are presented as the number of patients (n) and 
 

Postoperative Pain Scores, Pain score was evaluated with VAS. (No pain=0, very mild pain=1, mild pain:2, moderate pain:3, severe pain=4). 
VAS: Visual Analog Scale.

 Postoperative values of patients

p

9 (52.9) 2 (11.1) 0.008

0.001

2 (11.8) ns

2 (11.8) 0 (0.0) ns

2 (11.8) 0 (0.0) ns

2 (11.8) 2 (11.1) ns

Group U: Liposuction tumescent unheated, Group H: Liposuction tumescent heated. Data are presented as the number of 
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scores between the groups at postoperative 
second, sixth, 12th, 24th, and 48th hours 
(p>0.05) (Table 3).

Today, liposuction is one of the most 
frequently performed procedures by 
plastic surgeons (7). It is also considered 

safety and morbidity-mortality (8). This 
study was conducted to evaluate the 

solution applied before the liposuction 
procedure on postoperative shivering, 
pain levels, and the amount of bleeding 
during surgery. However, research on this 
topic remains limited. Notably, no studies 
investigating the temperature of tumescent 

closer to body temperature, experienced 

and reduced blood loss compared to those 
who received room temperature solutions. 
Literature reports that administering 

may cause thermoregulatory disturbances, 
peripheral vasoconstriction, and shivering in 
patients. Our study is supported by the work 
of Kaplan et al., who found that liposuction 
performed with solutions warmed to 

scores. They recommend warming the 
local anesthetic solution in all tumescent 
liposuction procedures, as it substantially 

However, Pruksapong et al. (10) claimed 
that using cold tumescent solutions in low-

improved outcomes by reducing 
intraoperative blood loss, postoperative 
bruising, and pain, without causing short-
term complications. Still, it should be 
emphasized that their study was conducted 
on low-volume liposuction procedures.

solutions was observed to increase both 
the frequency and severity of postoperative 
shivering. In terms of pain levels, the 
solutions applied at body temperature 
were associated with lower VAS scores. This 
may be attributed to the less traumatic 
impact of warm solutions on tissue and 
their positive effects on local circulation. 
Regarding intraoperative blood loss, a 

the warmed solution group. This can be 

surgical dissection level due to vasodilation, 
aiding in bleeding control. A limitation of our 
study was the relatively small sample size.

investigated in relation to liposuction. 
Hypothermia can lead to arrhythmias 
and even cardiac arrest. For this reason, 
many anesthesiologists and surgeons 
have investigated various methods to 
prevent or mitigate hypothermia. The 
proven effectiveness of hypothermia 
prevention in reducing blood loss has led to 
its widespread implementation in various 
surgical operations. In patients undergoing 
liposuction, further studies are needed to 

and agents in minimizing intraoperative 

growing sector. Low costs, all-inclusive 
vacation packages that include plastic 
surgery, globalization, and affordable 
airfare have encouraged patients to seek 
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aesthetic procedures in different countries. 
Cosmetic medical tourism is associated 
with high complication rates, including 
serious infections, wound dehiscence, pain 
or discomfort, dissatisfaction with cosmetic 
results, and even death (11). Fat embolism 
syndrome has been reported to develop 

liposuction and is actually a rare but 
potentially life-threatening complication 
associated with soft tissue trauma and 
long bone fractures, as seen in large-
volume liposuction and other cosmetic 
surgeries (12). The drawback of their studies 
is considered to be that the small amount 

Chia et al. (13) performed radiofrequency-
assisted liposuction following tumescent 
injection in 300 cases and reported no 

surgical fat reduction methods include 
cryolipolysis, radiofrequency lipolysis 
devices, and ultrasonographic techniques. 
Ultrasound-assisted liposuction (UAL) 
can also be used in the treatment of 
gynecomastia (14). Cryolipolysis uses cold 
temperatures to induce lipolysis, while 
radiofrequency lipolysis devices use heat to 
destroy adipose tissue. Non-thermal, low-
intensity, low-frequency ultrasound uses 
mechanical means to destroy fat cells, 
whereas high-intensity focused ultrasound 
uses thermal mechanisms. Body contouring 
procedures can be performed alone or in 
combination with other techniques (15). 
The J-Plasma technique, a relatively new 
approach in liposuction, offers high patient 
satisfaction and may serve as a good 
option for patients seeking to improve 
thigh contour. In a study conducted by 
Tambasco et al., patient satisfaction with 

J-Plasma in thigh aesthetics was reported 
to be very high, with both patients and 
surgeons reporting favorable outcomes 

be performed under local anesthesia, 
large-volume liposuction requires 
general anesthesia. Since large volumes 

during surgery must be carefully titrated in 
conjunction with hemodynamic monitoring 
and temperature control. Assessment of 
blood loss can be challenging due to its 
mixing with aspirated fat. As most obese 
patients prefer liposuction as a rapid 
method for weight loss, all obesity-related 
concerns should be addressed during the 
preoperative evaluation (17).

Wang et al. (18) reported that tumescent 

(25°C) can reduce body temperature 
and increase surgical risk. It is therefore 
recommended to use tumescent 

(37°C) in liposuction procedures, which 

study conducted by Yang et al. (19), it 
was stated that warm tumescent solution 

patients compared to tumescent solution 
injections at room temperature. Preheating 
the tumescent solution before surgery is 
an effective method for reducing pain. 
Robles-Cervantes et al. reported that 

body temperature, this change does not 

hemodynamic values. However, they noted 
that it may have a more substantial impact 
in patients with higher surgical risk (20). The 
limitations of the study include the relatively 
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small number of patients and the fact 
that, although the solution was heated to 

in the operating room environment before 
being injected into the patient.

In conclusion, warming the liposuction 

stable vital signs, accelerates postoperative 
recovery, reduces shivering, postoperative 
pain, and enhances patient comfort. 
The results of this study indicate that the 

impact on patient comfort and surgical 
outcomes. The use of warmed solutions 
close to body temperature reduces the 
frequency and severity of postoperative 
shivering, lowers pain levels, and decreases 

solutions administered at an appropriate 
temperature in liposuction and similar 
elective surgeries increase patient 
satisfaction and contribute to surgical 
success. Therefore, it is recommended that 
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