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Objective: Perioperative hypothermia can lead to various complications. Although various
warming techniques have been used to prevent perioperative hypothermia, the effect of
these techniques on surgical site infection (SSI) during posterior fusion surgery is unclear.
The effects of warming devices on SSI rates were therefore analyzed using data complied by
the Health Insurance and Review Assessment (HIRA) Service in Korea.

Methods: This study included 5,406 patients in the HIRA Service database who underwent
posterior fusion surgery during the years 2014, 2015, and 2017. Factors related to SSI in
these patients, including warming devices, antibiotics, and transfusion, were analyzed.
Results: The incidence of SSI was higher in patients who underwent forced air warming
than in those who did not undergo active warming (odds ratio [OR], 1.73; p = 0.039), es-
pecially above 70 years old (OR, 4.11; p = 0.014). By contrast, the incidence of SSI was not
significantly higher in patients who underwent device using conduction. Infection rates
were higher in patients who received prophylactic antibiotics within 20 minutes before inci-
sion, than within 21 to 60 minutes (OR, 2.07; p = 0.001) and who received more blood trans-
fusions (1 pint < volume < 2 pint; OR, 1.75; p=0.008, >2 pint; OR, 2.73; p=0.004).
Conclusion: SSI rates were higher in patients who underwent warming with forced air devic-
es than with devices using conduction, as well as being higher in patients who older age, re-
ceived blood transfusions and administered antibiotics within 20 minutes before incision. De-
vices using conduction have more advantages in preventing SSI than forced air warming de-
vice. In addition, the reduction of other risk factors for SSI may improve postoperative results.
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Neurosurgery Society device
INTRODUCTION coagulopathy, and increase hospital stay and associated costs."?
Perioperative hypothermia may be prevented by active and pas-
Perioperative hypothermia, defined as a core temperature be-  sive warming methods. Active methods include warming intra-
low 36°C, has been associated with adverse outcomes in surgi- venous fluids, patients warming devices and passive methods

cal patients, including intraoperative blood loss, cardiac events,  include insulation and radiant heat loss prevention using blan-
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ket. Among them, forced warming device and device using con-
duction are currently mainly used as patient warming devices.*

Although these warming devices are known to be effective in
preventing hypothermia, they had to be used around the surgi-
cal field, causing many concerns about their relationship with
surgical site infection (SSI).** However, there are still many con-
troversies about the effect of these active warming devices on the
rate of SSI after surgery.> In addition, there has been no study
on the association in posterior spinal fusion surgery, which is
performed in a relatively large number compared to other spi-
nal surgeries but has a higher SSI rate.””

Therefore, the present study analyzed the effects of these warm-
ing devices during posterior fusion surgery in patients enrolled
in a nationwide database. In addition, the present study also as-
sessed the relationships of other factors, such as the timing of
antibiotic administration and blood transfusion, with the rate
of SSL

MATERIALS AND METHODS

1. Study Population and Data

The Health Insurance Review and Assessment (HIRA) Ser-
vice in Korea has been conducting an analysis titled “Evaluation
of the Appropriate Use of Prophylactic Antibiotics” in patients
who underwent spine surgery in 2014, 2015, and 2017." The
same analysis was not conducted in 2016. This evaluation was
designed to prevent SSI and the misuse of antibiotics by select-
ing and administering prophylactic antibiotics that meet the
standards for clean and uncontaminated surgery. The hospitals
targeted for evaluation were all tertiary general hospitals, gen-
eral hospitals, and hospitals in South Korea. Hospitals partici-
pating in this evaluation were required to provide the HIRA Ser-
vice with information related to surgery, such preoperative anti-
biotics use and duration of spine surgery, excluding emergency
surgery. Variables recorded in the database included patient age,
sex, use of a warming device (yes vs. no), type of warming de-
vice, time of prophylactic antibiotic administration, type of pro-
phylactic antibiotics, duration of operation, blood transfusion
(yes vs. no), American Society of Anesthesiologist (ASA) physi-
cal status classification grade, type of hospital, and occurrence
of SSI (yes vs. no). Patients included in this retrospective nation-
wide cross-sectional study were defined as those who underwent
elective posterior fusion surgery (code number N0469, N1460,
N1469, N2470) for lumbar vertebra. Patients with incomplete
information were excluded.

The study protocol was approved by the Institutional Review

https://doi.org/10.14245/ns.2346846.423

Board (IRB) of Eulji Medical Center, which waived the require-
ment for patient informed consent because of the retrospective
nature of the data analysis (IRB No. EMC 2023-01-003).

2. Variables

SSI was defined as follows: (1) a purulent discharge in the
operation wound, (2) identification of an infective organism in
wound culture, or (3) a surgical intervention for a wound dis-
charge. The independent variable was the use of intraoperative
warming devices. Patients were classified into 3 subgroups ac-
cording to type of warming device: none; forced air warming
devices; or devices using conduction, including warm water gar-
ments, electric blankets, and water heating circulation pump
(Fig. 1). Patients were also sub grouped according to the time of
prophylactic antibiotic administration: within 20 minutes, or 21
to 60 minutes before surgery.

Other independent variables affecting SSI were also consid-
ered covariates. They included sex, age, cause of surgery (trau-
matic or nontraumatic), type of prophylactic antibiotics (first
and second generation cephalosporins vs. other types of antibi-
otics, including third and fourth generation cephalosporin, qui-
nolone, and glycopeptides), the length of the operation (<2.5
hours vs. 2.5 hours), blood transfusion (yes vs. no), ASA physi-
cal status classification grade, type of hospital (tertiary general
hospital, general hospital or hospital), and Charlson Comorbid-
ity Index (CCIL, 0, 1, 2, 23), and year of surgery. CCI was calcu-
lated by weighting and scoring comorbid conditions using Quan’s
method, with additional points given to comorbidities that af-
fect the health outcomes."

(5]

Fig. 1. Description of 2 representative warming devices. (A)
Forced air warming device. (B) Device using conduction.
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Table 1. General characteristics of study subjects according to active warming techniques

Active warming techniques

Variable Total No intraoperative Forced air Device using p-value
warming device warming devices conduction’
No. of patients 5,405 (100) 1,825 (33.8) 2,764 (51.1) 816 (15.1)
Time of antibiotic administration <0.001
Within 20 minutes before surgery 2,377 (44.0) 686 (37.6) 1,320 (47.8) 371 (45.5)
21 to 60 minutes before surgery 3,028 (56.0) 1,139 (62.4) 1,444 (52.2) 445 (54.5)
Sex 0.489
Male 2,207 (40.8) 765 (41.9) 1,117 (40.4) 325(39.8)
Female 3,198 (59.2) 1,060 (58.1) 1,647 (59.6) 491 (60.2)
Age (yr), mean = SD 62.83+10.64 62.28+10.72 63.21+10.46 62.78+10.99 0.238
Types of prophylactic antibiotics <0.001
1st or 2nd generation cephalosporins 4,976 (92.1) 1,637 (89.7) 2,573 (93.1) 766 (93.9)
Other antibiotics* 429 (7.9) 188 (10.3) 191 (6.9) 50 (6.1)
Cause of spinal surgery 0.076
Traumatic 119 (2.2) 44 (2.4) 50 (1.8) 25(3.1)
Nontraumatic 5,286 (97.8) 1,781 (97.6) 2,714 (98.2) 791 (96.9)
Duration of operation (hr) 0.001
<25 1,742 (32.2) 592 (32.4) 831 (30.1) 319 (39.1)
>25 3,663 (67.8) 1,233 (67.6) 1,933 (69.9) 497 (60.9)
Blood transfusion <0.001
No 3,741 (69.2) 1,208 (66.2) 2,065 (74.7) 468 (57.4)
<1 pint 468 (8.7) 193 (10.6) 181 (6.5) 94 (11.5)
>1 pint, <2 pint 854 (15.8) 322 (17.6) 373 (13.5) 159 (19.5)
>2 pint 342 (6.3) 102 (5.6) 145 (5.2) 95 (11.6)
ASA PS classification system grade <0.001
I (normal) 1,245 (23.0) 485 (26.6) 558 (20.2) 202 (24.8)
IT (normal activity possible) 3,636 (67.3) 1,211 (66.4) 1,882 (68.1) 543 (66.5)
III (activity restrictions) 524 (9.7) 129 (7.1) 324 (11.7) 71 (8.7)
Type of hospital <0.001
Tertiary general hospital 1,462 (27.0) 293 (16.1) 1,004 (36.3) 165 (20.2)
General hospital or Hospital 3,943 (73.0) 1,532 (83.9) 1,760 (63.7) 651 (79.8)
Year of surgery 0.001
2014 1,760 (32.6) 616 (33.8) 895 (32.4) 249 (30.5)
2015 1,801 (33.3) 534 (29.3) 966 (34.9) 301 (36.9)
2017 1,844 (34.1) 675 (37) 903 (32.7) 266 (32.6)
Charlson Comorbidity Index 0.866
0 2,455 (45.4) 852 (46.7) 1,234 (44.6) 369 (45.2)
1 1,508 (27.9) 501 (27.5) 784 (28.4) 223 (27.3)
2 751 (13.9) 241 (13.2) 391 (14.1) 119 (14.6)
>3 691 (12.8) 231 (12.7) 355(12.8) 105 (12.9)
(Continued)
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Table 1. General characteristics of study subjects according to active warming techniques (Continued)

Active warming techniques

Variable Total No intraoperative Forced air Device using p-value
warming device warming devices conduction’
Surgical site infection 0.057
Yes 88 (1.6) 21(1.2) 56 (2) 11(1.3)
No 5,317 (98.4) 1,804 (98.8) 2,708 (98) 805 (98.7)

Values are presented as number (%) unless otherwise indicated.

SD, standard deviation; ASA PS, American Society of Anesthesiologist physical status.
"Includes warm water garments, electric blankets, and water heating circulation pumps. ‘Includes 3rd and 4th generation cephalosporins, qui-

nolones, and glycopeptides.

3. Statistical Analysis

We used the chi-square tests for categorical variables and anal-
ysis of variance for continuous variables to evaluate differences
between patients according to warming devices. Multiple logis-
tic regression analysis was conducted to estimate adjusted odds
ratios (aORs) and 95% confidence intervals (CIs) to assess the
association between warming devices and SSI. In other words,
active warming techniques were divided into forced air warm-
ing devices and devices using conduction, and whether warm-
ing devices were associated with SSI was analyzed. Subgroup
analyses were performed to evaluate the interactions between
warming techniques and time of prophylactic antibiotics ad-
ministration in relation to SSI after adjusting all covariates. More-
over, we analyzed the interaction between prophylactic antibi-
otics and timing of prophylactic antibiotic administration in re-
lation to SSI for providing actionable insights to medical profes-
sionals. Finally, the association between warming devices and
SSI stratified by age group and blood transfusion was evaluated
and we adjusted all covariates excluding stratified variables. All
calculated p-values were 2-sided, and p-values <0.05 were con-
sidered statistically significant. All analyses were performed us-
ing SAS Enterprise Guide ver. 7.1 software (SAS Inc., Cary, NC,
USA).

RESULTS

Of the 6,423 patients who underwent posterior spinal fusion
surgery during the study period, 5,405 patients met the inclu-
sion criteria. Reasons for excluding of the remaining 1,018 pa-
tients included preoperative infection in 68 patients and inade-
quate data in 950. Subclassification by type of warming device
showed that 1,825 patients (33.8%) were not treated with and
intraoperative warming device, 2,764 (51.1%) were treated with
forced air warming devices, and 816 (15.1%) were treated with

https://doi.org/10.14245/ns.2346846.423

devices using conduction. Subclassification by time of prophy-
lactic antibiotic administration showed that 2,377 patients (44%)
were administered antibiotics within 20 minutes before surgery
and 3,028 (56%) received antibiotics 21 to 60 minutes before
surgery. SSI occurred in 88 patients (1.6%) (Table 1), including
21 who were not treated with an intraoperative warming device,
56 who were treated with forced air warming devices, and 11
who were treated with conduction devices. Of the 88 patients
with SSI, 55 received prophylactic antibiotics within 20 minutes
and 33 received prophylactic antibiotics 21 to 60 minutes before
surgery.

Table 2 presents the factors associated with SSI in patients un-
dergoing posterior fusion surgery for lumbar vertebrae. Com-
pared with those not treated with intraoperative warming de-
vices, those treated with forced air warming devices were 1.73-
fold more likely (95% CI, 1.02-2.89; p=0.039) to develop SSI
after adjusting for all covariates. SSI was also 2.07-fold more
likely (95% CI, 1.33-3.22; p=0.001) in patients receiving pro-
phylactic antibiotics within 20 minutes than 21 to 60 minutes
before surgery, after adjusting for all covariates.

Subgroup analysis of SSI risk according to the type of intra-
operative warming device and time of prophylactic antibiotic
administration showed that, among patients administered anti-
biotics 21 to 60 minutes before surgery, the risk of SSI did not
differ in patients who no intraoperative warming device and
those with devices using conduction (p=0.211) (Table 3). By
contrast, an analysis of patients administered antibiotics 21 to
60 minutes before surgery showed that the risk of SSI was 5.17-
fold (95% CI, 1.79-14.97; p=0.002) higher in patients treated
with forced air than with no intraoperative warming device.
Moreover, administration of prophylactic antibiotics within 20
minutes before surgery increased the risk of SSI in all subgroups
(p<0.05).

Table 4 shows the interactions between prophylactic antibiot-
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Table 2. Factors associated with surgical site infection in posterior fusion surgery

Surgical site infection

Variable p-value
aOR 95% CI

Active warming techniques

No intraoperative warming device 1.00

Forced air warming devices 1.73 1.02-2.89 0.039

Device using conduction® 0.99 0.47-2.08 0.972
Time of prophylactic antibiotic administration

Within 20 minutes before surgery 2.07 1.33-3.22 0.001

21 to 60 minutes before surgery 1.00
Sex

Male 1.00

Female 0.68 0.44-1.05 0.081
Age 1.01 0.98-1.03 0.605
Types of prophylactic antibiotics

1st or 2nd generation cephalosporins 1.00

Other antibiotics* 1.03 0.47-2.25 0.954
Cause of surgery

Traumatic 1.00

Nontraumatic 0.90 0.22-3.77 0.889
Duration of operation (hr)

<2.5 1.00

=225 1.34 0.52-3.45 0.540
Blood transfusion

No 1.00

<1 pint 1.41 0.66-3.04 0.375

>1 pint, <2 pint 1.75 1.00-3.08 0.049

>2 pint 2.73 1.37-5.45 0.004
ASA PS classification system grade

I (normal) 1.00

IT (normal activity possible) 1.36 0.73-2.52 0.334

III (activity restrictions) 1.17 0.48-2.84 0.731
Type of hospital

Tertiary general hospital 1.00

General hospital or Hospital 0.98 0.60-1.60 0.954
Year of surgery

2014 1.00

2015 1.06 0.63-1.78 0.815

2017 0.96 0.56-1.64 0.886
Charlson Comorbidity Index

0 1.00

1 1.00 0.46-1.68 0.931

2 1.18 0.62-2.26 0.611

>3 1.38 0.74-2.60 0.314

aOR, adjusted odds ratio; CI, confidence interval; ASA PS, American Society of Anesthesiologist physical status.
"Includes warm water garments, electric blankets, and water heating circulation pumps. ‘Includes 3rd and 4th generation cephalosporins, qui-
nolones, and glycopeptides.
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Table 3. Interactions between warming techniques and time of administration of prophylactic antibiotics in relation to surgical
site infection

Time of prophylactic antibiotics administration

Warming techniques 21 to 60 minutes before surgery Within 20 minutes before surgery
aOR (95% CI) p-value aOR (95% CI) p-value
No intraoperative warming device 1.00 (reference) - 7.15 (2.39-21.45) <0.001
Forced air warming devices 5.17 (1.79-14.97) 0.002 7.06 (2.44-20.40) <0.001
Device using conduction’ 2.43 (0.61-9.80) 0.211 4.88 (1.41-16.85) 0.012

aOR, adjusted odds ratio; CI, confidence interval.
"Includes warm water garments, electric blankets, and water heating circulation pumps.

Table 4. Interactions between prophylactic antibiotics and time of prophylactic antibiotics administration in relation to surgical
site infection

Time of prophylactic antibiotics administration

Type of prophylactic antibiotics 21 to 60 minutes before surgery Within 20 minutes before surgery

aOR (95% CI) p-value aOR (95% CI) p-value
Ist or 2nd generation cephalosporins 1.00 (reference) - 2.01(1.27-3.17) 0.003
Other antibiotics’ 0.67 (0.16-2.85) 0.591 2.64 (1.01-6.85) 0.047

aOR, adjusted odds ratio; CI, confidence interval.
Adjusted with all covariates.
"Includes 3rd or 4th generation cephalosporins, quinolones or glypcopeptides.

Table 5. Stratified analysis of the association between active warming techniques and surgical site infection in posterior fusion
surgery

Surgical site infection

Active warming

Variable eSO Forced air warming devices Device using conduction
aOR aOR 95% CI p-value aOR 95% CI p-value

Age (yr)

<70 1.00 1.21 0.62-2.39 0.573 0.83 0.34-2.00 0.677

>70 1.00 4.11 1.33-12.64 0.014 1.88 0.45-7.89 0.389
Blood transfusion

Yes 1.00 2.61 1.11-6.17 0.029 0.96 0.31-2.96 0.947

No 1.00 1.34 0.67-2.70 0.412 1.14 0.43-3.02 0.786

aOR, adjusted odds ratio; CI, confidence interval.

ics and time of prophylactic antibiotics and time of prophylac-
tic administration in relation to SSI. Within 20 minutes before
surgery, even if a generally recommended antibiotics (1st or 2nd
generation cephalosporins) was used, the rate of SSI increased
2.01-fold more likely (95% CI, 1.27-3.17; p=0.003), and if a non-
recommended antibiotics was used, the rate of SSI increased
2.64-fold more likely (95% CI, 1.01-6.95; p=0.047).

Table 5 shows the results of the stratified analyses according
to independent variables. The risk of SSI was 4.11 times (95%
CI, 1.33-12.64; p=0.014) higher in patients aged > 70 years treat-

https://doi.org/10.14245/ns.2346846.423

ed with than without forced air warming devices. Additionally,
the risk of SSI was higher in patients who received blood trans-
fusions (aOR, 2.61; 95% CI, 1.11-6.17; p=0.029) when forced

warming devices were used.

DISCUSSION

There are 2 main types of active warming technique: forced
air warming devices and devices using conduction. Forced air

warming devices suck in air from the surroundings and warm
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this air with electric coils. A blower circulates the warm air thr-
ough a blanket that warms patients through convection. Device
using conduction involve the use of conductive polymer fiber
sheets that produce heat and warm patients through conduc-
tion.*

Forced air warming systems may increase the risk of SSIs by
acting as a vector or causing unwanted airflow disturbances.
McGovern et al.’ reported forced air warming disrupts laminar
flow ventilation and significantly increases SSI in patients un-
dergoing arthroplasty surgeries. Belani et al."” reported forced
air warming device significantly increase the bubble counts com-
pared to device using conduction in operating room. By con-
trast, other studies have reported that the type of warming de-
vice did not significantly affect bacterial counts at any sampling
sites in operating room.*" Although the relationships between
warming devices and SSI rates remain unclear, few studies have
compared results in large numbers of patients, and no studies
to date have used nationwide data. Therefore, the results of the
present study showing that use of forced warming devices in-
creases SSI rates are clinically meaningful.

Forced air warming device were the most common type of
active warming method in 2014, 2015, and 2017, being used in
51.1% of patients who underwent posterior spinal fusion sur-
gery in South Korea. According to McGovern et al.,” however, a
change of warming technique from forced air warming to de-
vices using conduction around 2010 reduced the rate of SSI in
patients underwent hip and knee replacement cases from 3% to
less than 1%. Forced air warmers may interrupt the flow of fil-
tered air toward the area of the wound and may allow dust par-
ticles containing pathogenic organisms to contact with the wound.
Because SSI is relatively common in patients undergoing poste-
rior spinal fusion compared to other surgeries, it is recommend-
ed that these patients undergo intraoperative warming with de-
vices using conduction.

Many studies have evaluated the relationships between SSI
rates and prophylactic antibiotic administration, including the
type of antibiotics and optimal timing. Canseco et al."* reported
that the risk of SSI was higher in patients administered antibi-
otics =61 minutes than 0-15 minutes before incision, with each
additional 1 minute delay increasing the likelihood of SSI 1.05-
fold. Garey et al.” reported the incidence of SSI in patients who
underwent cardiac surgery was much lower in patients admin-
istered antibiotics 16-60 minutes than 0-15 minutes before in-
cision (3.4% vs. 26.7%). Most studies have recommended that
antibiotics be administered within 1 hour before incision, but
the optimal time has not been determined. The present study,

1334 www.e-neurospine.org

however, found that too early administration was detrimental
to patients, as these antibiotics do not have sufficient time to
reach the incision site, suggesting that the optimal time of inci-
sion be at least 20 minutes after antibiotic administration.'*"

Fisahn et al.*” reported that the SSI rates are significantly high-
er in patients who did than did not receive blood transfusions
during major spinal fusion surgery (>8 levels, 36% vs. 10%,
p=0.03). In addition, 8% of these patients had wound infec-
tions, all of whom received blood transfusions. A meta-analysis
of 34,185 patients reported that the rate of SSI was about 2.9-fold
higher in patients who did than did not receive transfusions.”
The present study confirmed that transfusion was associated
with an increased SSI rate.

The present study had several limitations. First, it did not an-
alyze the ability of warming devices to maintain body tempera-
ture during surgery, as data on body temperatures immediately
prior to surgery were unavailable. Since hypothermia is also a
risk factor for infection, it would have been better if the body
temperature maintenance following warming device was also
investigated in this study. In addition, we did not analyze the
patient factor including smoking, glucose level, weight loss, the
surgeon factors including skin preparation methods, hand hy-
giene, irrigation, and the operating room factors including tem-
perature, laminar flow setting could not be determined. Because
this study evaluated prospectively collected nationwide real-world
data, it likely reflects all the differences in facilities among hos-
pitals in South Korea. However, since this study was conducted
in one country and targeted many numbers of patients at the
general hospital level or higher, we believed that it could be mean-
ingful even if some biases were considered. Although the results
of this study are not absolute due to the theses biases, we thought
that this study suggests some direction for the relationship be-
tween warming devices and SSL In addition, the data were ad-
justed according to the type and timing of administration of
preoperative antibiotics as well as the underlying diseases that
can affect the incidence of SSI. Finally, the cross-sectional na-
ture of this study requires cautious interpretation of the causal
relationship between the use of active warming devices in spine
surgery and SSI.

CONCLUSION

Although this study has limitation in not confirming the ef-
fect of the warming device on body temperature, devices using
conduction seemed to have more advantages in preventing SSI
than forced air warming device. In addition, blood transfusion

https://doi.org/10.14245/ns.2346846.423
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and early administration of prophylactic antibiotics might be
also associated with increased SSI rates. The reduction of other
risk factors, including avoiding blood transfusion and proper
timing of antibiotic administration, may also improve postop-
erative results.
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