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Thermal Management in Patients Undergoing
Elective Spinal Surgery in Prone Position —

a Prospective Randomized Trial

Teplotni management u pacientd podstupuijicich
planovany spondylochirurgicky vykon v pronacni
poloze — prospektivni randomizovana studie

Abstract

Background: Perioperative hypothermia is a common complication of general anesthesia and
surgery. The hypothesis that the new self-warming blanket (Barrier® EasyWarm?®, Molnlycke Health
Care, Gothenburg, Sweden) is better at reducing the incidence of perioperative hypothermia in
spinal surgery compared to passive insulation techniques, was tested. Methods: In this prospective
randomized study, 100 patients with American Society of Anesthesiologists physical status I-Ill
who were scheduled to undergo spinal surgical procedures with an expected duration of surgery
< 2 hours were enrolled. Patients were assigned to either the control group that received standard
perioperative care, or to the group that received preoperative, intraoperative and postoperative
use of the active self-warming blanket. The recorded measures included preoperative and
postoperative axillary temperatures, intraoperative esophageal temperatures, duration of surgery,
blood loss, hemodynamic instability, postoperative shivering, thermal comfort satisfaction, wound
complications, and hospital days. Results: The axillary body temperatures were not different at baseline
but were significantly lower in the control group at the time of departure to the operating theater
(36.0+0.5vs.36.3 +0.4; P=0.0086). Patients in the self-warming blanket group had higher esophageal
temperatures intraoperatively, higher axillary temperatures in the recovery room, and fewer episodes
of postoperative shivering (1746 vs. 8/46; P = 0.0352). No significant differences were observed in other
recorded measures. Conclusion: The use of the active self-warming blanket provided more satisfactory
body temperature control and reduced the number of episodes of postoperative shivering.

Shrnuti

Cil: Perioperacni hypotermie je béznou komplikaci celkové anestézie a operacnich vykon.
V této studii byla testovdna hypotéza, ze pouziti nové samozahfivaci prikryvky (Barrier®
EasyWarm®, Mélnlycke Health Care, Gothenburg, Svédsko) snizi vyskyt periopera¢ni hypotermie
u spindini chirurgie ve srovndni s pasivnimi metodami prevence hypotermie. Soubor a metody:
Do prospektivni randomizované studie bylo zafazeno 100 pacientd klasifikace I-lll dle American
Society of Anesthesiologists pldnovanych ke spondylochirurgickému vykonu s ocekdvanou
délkou operace < 2 h. Pacienti byli randomizovéani bud do kontrolni skupiny se standardni
perioperacni péci nebo do skupiny vyuzivajici predoperacné, peroperacné a pooperacné aktivni
samozahrivaci pfikryvku. Zaznamendvané Udaje zahrnovaly predoperacni a pooperacni axilarni
teplotu, peroperacni jicnovou teplotu, délku opera¢niho vykonu, velikost krevni ztraty, pfitomnost
obéhové nestability, vyskyt poopera¢niho svalového tresu, tepelny komfort nemocnych, vyskyt
ranych komplikaci a délku hospitalizace. Vysledky: Bazalni axilarni teploty nebyly odlisné, ale v dobé
odjezdu na operac¢ni sal méli nemocni v kontrolni skupiné signifikantné nizsi teplotu (36,0 = 0,5 vs.
36,3 + 0,4, P = 0,0086). Pacienti ve skupiné samozahrivaci prikryvky méli vyssi jicnové teploty
peroperacné, vyssi axilarni teploty pooperacné a méné epizod poopera¢niho svalového tresu
(1/46 vs. 8/46; P = 0,0352). V ostatnich sledovanych parametrech nebyly zjistény signifikantni
rozdily. Zavér: Pouziti aktivni samozahfivaci prikryvky zajistilo lepsi kontrolu télesné teploty a sniZilo
vyskyt pooperacniho svalového tfesu.
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THERMAL MANAGEMENT IN PATIENTS UNDERGOING ELECTIVE SPINAL SURGERY IN PRONE POSITION

Introduction
Hypothermia, defined as a core body tem-
perature < 36 °C, is a common and serious
complication that affects 20-70% of patients
undergoing surgery [1]. Even mild hypother-
mia (core temperature of 34-36 °C) prolongs
the duration of action of inhaled and intra-
venous anesthetics, activity of neuromuscu-
lar drugs, increases thermal discomfort, and
is associated with delayed post-anesthesia
recovery [2,3]. Mild hypothermia increases
perioperative blood loss significantly and
increases the allogenic transfusion require-
ment. In addition, 1.9 °C core hypothermia
triples the incidence of surgical wound in-
fections following colon resection and in-
creases the duration of hospitalization by
20% [2,4,5]. Furthermore, mild hypothermia
triples the incidence of postoperative ad-
verse myocardial events [6]. Thus, even mild
hypothermia contributes significantly to pa-
tient care costs and should be avoided [5].
There are numerous suggested strate-
gies to prevent inadvertent perioperative
hypothermia in adults [7-9] based on the
presence of risk factors and the extent and
duration of surgery. Multiple techniques of
intraoperative warming including the use
of forced air devices, electric blankets, cir-
culation water mattresses, radiant heat de-
vices, water garments and warmed blan-
kets have been tested clinically in different
groups of patients. Currently, active intrao-
perative warming is recommended for all
patients at a high risk for perioperative hypo-
thermia. The use of forced air warming de-
vices in combination with warmed intrave-
nous fluids has been considered a method
of choice for intraoperative warming [9].
Preoperative prewarming has been shown
to effectively prevent or diminish the ex-
tent of perioperative hypothermia [7-9].
Recently, it has been suggested to actively
warm patients preoperatively at a ward, if
patient’s preoperative temperature is below
36.0 °C, or at least 30 minutes before induc-
tion of anesthesia, if the patient’s tempera-
ture is 36.0 °C or above, unless this should
delay emergency surgery [9,10].
Intraoperative warming of patients
undergoing spinal neurosurgical procedures
in the prone position presents a specific pro-
blem. The effectiveness of forced air devices
could potentially be diminished due to low
covered body surface area. Leakage of warm
air in an operating theater environment may
lead to substantial thermal discomfort of sur-
gical team members. Although current clini-

cal evidence is not conclusive [11,12], there is
a concern that the use of forced air warm-
ing systems increases the risk of surgical site
infections [13] by acting as a vector or caus-
ing unwanted airflow disturbances. The-
refore, surgeons may prefer to avoid using
a forced air warming device and use alterna-
tive warming strategies.

Resistive heating is a newer warming mo-
dality with favorable characteristics such as
silent operation, energy efficiency and re-
-usable components in some devices [14].
Depending on local prices, it could be po-
tentially cheaper [9] and might offer advan-
tages in terms of practicality and ease of use
with regard to prewarming [15].

The aim of this study was to compare
the efficacy of the preoperative, intraopera-
tive and postoperative use of an active self-
warming blanket with standard care based
on passive insulation techniques in patients
scheduled for a clean elective spinal surgery
in the prone position with an expected du-
ration of surgery of < 2 hours.

Patients and methods

This investigator-initiated, single-centre, pro-
spective randomized study was performed
at the University Hospital Hradec Kralove.
Ethical approval for this study (Ethics Com-
mittee no. 201404 S14P) was granted by the
Ethics Committee of the University Hospital.
(Chairperson: Jiri Vortel, M.D.).

Adult patients scheduled for an elective
spinal surgery in the prone position (lum-
bar laminectomy, hemilaminectomy, for-
aminotomy, or stabilization of lumbar ver-
tebral fractures) with an expected length
of surgery < 2 hours were considered for
inclusion in this study. All patients gave con-
sent to participate in the study and filled out
a questionnaire regarding thermal comfort
satisfaction. All subjects were recruited be-
tween October 10, 2013 and May 25, 2014.

The inclusion criteria were as follows: age
18-80 years, elective spinal surgery in the
prone position with an expected length of
surgery < 2 hours, and an American Society
of Anesthesiologists physical status I-lll. The
exclusion criteria were pregnancy, preopera-
tive temperature > 38 °C, and known hypo-
and hyperthyreosis.

After simple randomization (a computer-
-generated random list of patients in sealed
envelopes), patients were assigned to either
the control group that received standard pe-
rioperative care (warmed infusion fluids, an
operating theater temperature of 22-23 °C

and the use of cotton blankets), or to the in-
tervention group that received the preo-
perative, intraoperative, and postoperative
use of the active self-warming blanket (Bar-
rier® EasyWarm® MolInlycke Health Care, Go-
thenburg, Sweden). The blanket maintains
the mean temperature of 44 °C for up to
10 hours, raising skin temperature to a maxi-
mum of 42 °C [16].

The self-warming blanket was remo-
ved from the sleeve 30 minutes before use
and the activated blanket was administe-
red to all patients randomized to the inter-
vention group 90 minutes before the sche-
duled surgery. The blanket was used during
transport, surgery, and recovery in a reco-
very room. Axillary temperature was mea-
sured at selected time points preoperatively
(120 min, 90 min, and at the time of patient’s
transfer from a ward to an operating thea-
tre) and postoperatively (upon arrival in a re-
covery unit and then at 15 minute intervals
until discharge to a standard ward). Intrao-
peratively, body temperature was measured
continuously using an esophageal thermo-
meter probe (Aisys, GE Healthcare, Helsinki,
Finland) inserted 30 to 35cm into the di-
stal esophagus after tracheal intubation.
Intraoperative temperature was recorded at
5 minute intervals.

All patients were premedicated with oral
midazolam (7.5 mg) approximately 90 minu-
tes before the induction of anesthesia. Ge-
neral anesthesia was induced using a com-
bination of propofol and sufentanil. Tracheal
intubation was facilitated using 0.5mg/kg
bodyweight atracurium; no further boluses
of muscle relaxants were used during sur-
gery. Anesthesia was maintained with isoflu-
rane (0.8—-1 vol %) in 50% oxygen in nitrous
oxide along with sufentanil boluses. Eso-
phageal temperature probe was inserted
in all patients. Warmed intravenous fluids
(transfusion and infusion flow through the
OTI 1A heating system, RTE, Prague, Czech
Republic) were managed according to our
standard practice: a baseline fluid intake of
5ml/kg/hour was provided using a balanced
crystalloid solution (Ringerfundin, B.Braun,
Melsungen, Germany). The decision to give
fluid boluses, colloids, or blood transfusion
was at the discretion of the attending ane-
sthesiologist. Hypotension was defined as
a mean arterial pressure (MAP) < 70 mmHg
or a drop in blood pressure > 20% from ba-
seline that lasted > 5 minutes. Norepine-
phrine was indicated if hypotension persi-
sted for more than 10 minutes; the dose of
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norepinephrine was adjusted to maintain

MAP > b 70 mmHg. - assessed for eligibility (n = 235)
The recorded variables included age, gen-

der, type and location of surgery, hemodyna-
mic variables (MAP and heart rate), preopera- excluded (n = 135)
tive and postoperative axillary temperature,
intraoperative esophageal temperature,
blood loss, duration of surgery, use of blood
products, postoperative shivering, highest in-

- not meeting inclusion criteria (n = 50)
- declined to participate (n = 0)
- other reasons (n = 85)

tensity of postoperative pain (expressed as \J
avisual analog scale value; range 0-4), wound randomized (n = 100)
infections, and the length of hospital stay.

The primary outcome measure was de- \ \
fined as a difference in core body tempe- prewarming group (n = 50) - control group (n = 50)
rature between the two treatment groups - received prewarming (n = 46) - received standard care (n = 46)
during surgery. The secondary outcome - did not receive prewarming - did not receive standard care
measures were the incidence of intraopera- - change of operation plan (n = 4) - change of operation plan (n = 4)
tive hypothermia, defined as an esophageal v v
temperature < 36 °C, the incidence of post-
operative shivering, thermal discomfort, the lost to follow-up (n = 0) - lost to follow-up (n = 0)
number of wound infections, and the num- discontinued intervention (n = 0) discontinued intervention (n = 0)
ber of hospital days. v v

A power analysis based on an a-error
0.01 and a b-error of 0.1 was performed us- analysed (n = 46) - analyzed (n = 46)
ing MedCalc 7.6.0. (MedCalc Software, Os- - excluded from analysis (n = 0) - excluded from analysis (n = 0)

tend, Belgium). Sample size needed for the
independent samples t-test (with an expec-  Scheme 1. Patient allocation.
ted difference between groups at the end
of surgery of 0.5 °C and a standard devia-

tion of 0.5 °C in both groups) was calcula- Tab. 1. Baseline patient characteristics.

ted. This calculation produced a sample size

of 62 subjects (31 subjects per group). The intervention group  control group

sample size was increased to 50 patients per (n=46) (n=46) p-value
treatment group to compensate for poten- age, mean = SD 540+ 143 529+163 0.7391

tial dropouts and the possible inaccuracy of gender (M/F), N/N 24/29 26/20 08342
the predictions used for power analysis. )

Data are presented as means # standard weight (kg), mean + SD 80.1 +15.8 804 + 151 0.9410
deviations or medians and interquartile height (cm), mean + SD 1719 £ 103 170.5+9.7 0.5130
ranges (IQR) based on the results of D'Agos- BMI, mean + SD 274+48 284+ 147 0.6097
tino-Pearson tests. Differences between the
groups were analyzed using chi-square tests Type of surgery, N
with \fates’ ;orrecnon fgr continuity (demo- S — % P 05315
graphic variables) or Fisher's exact test, as
appropriate. Independent t-tests were used - foraminotomy 2 6 0.2668
to compare other results between groups, - decompression of a narrow spinal canal 6 2 0.2668
and Mann-Whitney U-tests were used when . stabilization 2 4 0.6768
tbe sample distribution was not normal. I 3 4 10000
Time-dependent changes in esophageal
and axillary temperatures were evaluated - fracture stabilization 4 > 10000
using one way analysis of variance (ANOVA) - other 3 3 1.0000
with Student-Newman-Keuls test for all pai-
rwise comparisons. P < 0.05 was considered Axillary temperature (°C), mean + SD
to be significant. All statistical analyses were - wiel besaing 361 +04 361404 07435
performed using MedCalc 7.6.0.

- ward departure 36.3+04 36.0+ 0.5 0.0086
Results ASA — American Society of Anesthesiology, BMI — body mass index, M — male, F — female,
Atotal of 235 patients undergoing elective spi- SD — standard deviation, VAS — visual analog score, N — number of patients.
nal surgery performed in prone position was
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Graph 1. Intraoperative esophageal temperatures.
N — number of patients in the group, * < 0.05 vs control group, # < 0.01 vs 0 min.

screened. After excluding patients with con- Patients in the therapeutic group had, ex-  The ANOVA did not reveal any differences
traindications, those involved in other studies,  cept at baseline, significantly higher intra-  between the different times in the inter-
and those not recruited for logistic reasons,  operative esophageal temperatures (Graph 1).  vention group (P = 0.996). In contrast, the
a total of 100 patients was enrolled (Scheme 1).

Four patients in the intervention group . .
and four patients in the control group did Tab. 2. Postoperative axillary temperatures.
not receive treatment due to a change in the . Intervention group Control group
operating plan. Baseline data of all the re- Time mean + SD mean + SD p-value
cruited patients and their preoperative axil- temperature temperature
lary temperatures are summarized in Tab. 1. N Q) N Q)
There were no significant differences be- 0 min 46 354406 46 352407 02976
tween the two groups in terms of age, gen- )
der, bodyweight, ASA physical status, and 30 min 46 36005 46 37£06 00453
type of surgery. The axillary body tempe- 60 min 46 36.3+05 46 36.0+05 0.0093
ratures were not different at baseline but 90 min 46 36.5+04 45 36.2+06 0.0100
were significantly higher in the intervention 105 min 46 366405 43 363405 0.0033
group at the time of departure from a ward
to an operating theatre (36.3 + 0.4 °C vs. N — number of patients.
36.0 £ 0.5 °C; P = 0.0086).
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Graph 2. Proportion of patients without intraoperative hypothermia.
N — number of patients in the group, * < 0.05 vs intervention group, # < 0.01 vs 0 min.

ANOVA revealed a significantly lower eso-
phageal body temperature after 90 mi-
nutes of anesthesia in the control group
(P = 0.006). The proportion of patients with
esophageal temperature < 36 °C was sig-
nificantly higher in the control group after
90 and 120 minutes of anesthesia (Graph 2).

Compared to controls, patients in the
treatment group had a similar mean rate of
temperature change during the first hour
of surgery (0.02 + 0.27 vs. 0.04 + 0.33 °C;
P =0.7061) and a lower mean rate of tempe-
rature change during the second hour of sur-
gery (0.00 £ 0.10 vs. 0.08 £ 0.13 °C; P = 0.0497).

Patients in the intervention group had
higher axillary temperatures in a recovery
room (Tab. 2). The result of a post hoc ana-
lysis of relationship between BMI and effects
of warming is shown in Graph 3.

Compared to the control group, patients
in the intervention group had fewer episo-
des of postoperative shivering (1/46 vs. 8/46;
P = 0.0352). No significant differences were
observed between groups regarding the
volume of blood loss, duration of surgery,
number of episodes of hemodynamic insta-
bility, maximal postoperative pain, number
of episodes of cold feeling, satisfaction with
thermal care, number of wound complica-
tions, and the length of hospital stay (Tab. 3).

Discussion

The current study demonstrated that the use
of an active self-warming blanket provided
satisfactory body temperature control dur-
ing a perioperative phase and decreased the
number of episodes of postoperative shiver-
ing in patients undergoing elective spinal

surgery in the prone position. The number
of wound complications, patient satisfaction
with the thermal care, and length of hospital
stay were similar between the groups.
There are a limited number of clinical
studies assessing frequency and severity of
hypothermia and its prevention in patients
undergoing elective spinal surgery that
could be compared with this study.
Frequency of hypothermia in patients
undergoing spinal surgery was recently pu-
blished in a study comparing two methods
of postoperative warming in a postanesthe-
sia recovery room [17]. The study included
patients undergoing elective spinal proce-
dures between 3-6 hours in duration and
the observed incidence of hypothermia,
defined as tympanic temperature below
35.5 °C, was 16%. Methods of intraoperative
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Tab. 3. Perioperative and postoperative data for duration of surgery, blood loss, hemodynamic instability, maximal postoperative
pain, feeling cold, postoperative shivering, satisfaction with thermal care, wound complications, and length of hospital stay.

Intervention group (n = 46) Control group (n = 46) p-value
duration of surgery (min), mean + SD 108 +42 103 + 37 0.6146
blood loss (ml), median (IQR) 200 (100; 300) 100 (50; 300) 0.1564
hemodynamic instability (N/%) 7/15.2 8/174 1.0000
maximal postoperative pain (VAS score), median (IQR) 3(23) 3(23) 0.9813
cold feeling on arrival to OR (N/%) 1/2.2 6/13.0 0.1087
feeling of cold after surgery (N/%) 3/6.5 4/8.7 1.0000
postoperative shivering (N/%) 1/2.2 8/174 0.0352
satisfaction with thermal care (N/%) 46/100 43/93.5 0.2404
wound complications (N/%) 3/6.5 3/6.5 0.6728
length of hospital stay (days), median (IQR) 9(8; 12) 9812 0.7667

VAS - verbal analgesia scale (0 — none, 1 — mild, 2 — moderate, 3 - severe, 4 — very severe), N — number of patients, IQR — interquartile range.
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Graph 3. Preoperative axillary and intraoperative esophageal temperatures in patients with body mass index (BMI) < 25 or > 25.
*P < 0.05 vs. control group/BMI > 25, ** P < 0.05 vs. control group/BMI > 25 and intervention group/BMI > 25, # P < 0.05 vs. control group/

BMI > 25 and control group/BMI < 25.

Cesk Slov Neurol N 2017; 80/113(5): 553-560

557




THERMAL MANAGEMENT IN PATIENTS UNDERGOING ELECTIVE SPINAL SURGERY IN PRONE POSITION

warming were not reported. In our study, we
defined hypothermia as esophageal tempe-
rature below 36.0 °C. We did not observe any
episode of hypothermia in patients of the
treatment group after two hours of surgery.
Axillary temperature was measured upon
arrival to the postanesthesia recovery unit.
Axillary temperature correlates well with
core body temperature in adults who are
normothermic or who have slight fever. Ho-
wever, if the patient becomes hypothermic,
peripheral vasoconstriction occurs, making
axillary measurements unreliable as the core
measurement [18]. Therefore, direct compa-
rison with our results is not possible.
Recently, in a study testing the effective-
ness of a newly designed fluid warming kit
in patients undergoing spinal surgery, eso-
phageal temperature at the end of surgery
was 35.8 + 0.3 °C in the group of patients
with the tested warming kitand 34.8 + 0.3 °C
in a control group [19]. Comparison with our
data is limited since the forced air warming
device was only used in patients with eso-
phageal temperatures < 35 °C.
Hypothermia and its relationship with
blood loss and postoperative complica-
tions were previously evaluated in patients
undergoing spinal surgery [20] for its pos-
sible neuroprotective effects. In that study,
patients were not actively warmed until spi-
nal cord decompression was completed,
as determined by the operating surgeon;
then warming was induced using a for-
ced air-warming device. The nadir tempe-
rature was 35.3 + 0.8 °C and the mean rate
of temperature change without warming
was 0.87 °C/hour, the temperature at the
end of surgery was not reported. On con-
trary, we observed virtually no decrease in
esophageal temperature during the first
hour of surgery in both groups. During the
second hour of surgery, there was no dec-
rease in esophageal temperature in the in-
tervention group and only a minor decrease
in body temperature of ~0.1 °C in the con-
trol group. In the majority of clinical stu-
dies [15,21,22], redistribution of heat after the
induction of anesthesia leads to reduction in
core temperature of ~0.3-0.8 °C during the
first hour but it can reach up to 1.5 °C [23].
Our observation might be explained by the
fact that the patients were kept comforta-
bly warm during the entire preoperative
period (i.e. in the ward, during transport to
the operating theatre, and at the induction
of anesthesia), as recommended by the re-
cent National Institute for Health and Care

Excellence (NICE) United Kingdom guideli-
nes [9]. Prewarming before anesthesia pre-
vents the initial decrease in body tempera-
ture by redistributing heat between the core
and peripheral body compartment during
the first hour of anesthesia [9,23]. During
the linear phase of intraoperative hypother-
mia, radiation is considered to be the most
important mechanism of heat loss [9,22,23].
Therefore, a combination of prewarming
and intraoperative warming could be more
effective than prewarming or intraoperative
warming alone [9,23]; this concept was re-
cently confirmed using a novel prewarming
system [24] or a self-warming blanket [25].

We compared an active self-warming
blanket during preoperative, intraopera-
tive, and postoperative warming with stan-
dard passive insulation techniques for pe-
rioperative heat loss prevention. In contrast
to a previously published study using the
same blanket in patients undergoing ear
and throat surgery [26] that failed to show
any significant benefit of the device com-
pared to passive insulation techniques, the
present study examined the use of the de-
vice in patients undergoing spinal surgery.
We used a longer preoperative warming
phase of 90 minutes vs. “at least 30 minu-
tes” and we did not exclude patients with
a BMI < 20 or > 30. Other explanations of
different findings include longer mean du-
ration of surgery in this study and possibly
lower efficacy of passive insulation tech-
niques due to the lower cover body surface
area in patients undergoing spinal surgery in
comparison to ear and throat surgery.

The present study has several limitations.
The study was not blinded during data acqui-
sition as blinding of the investigator and
patient was logistically impossible. In addi-
tion, different sites were used for tempera-
ture measurements intraoperatively and dur-
ing preoperative and postoperative phases
to avoid possible patient discomfort due to
temperature measurements. Although sub-
lingual or tympanic temperatures could have
been used, they are also associated with sig-
nificant deviations from the esophageal tem-
perature Stanhope [20] and they are not well
accepted by patients in our region.

The number of patients included in the
study was also relatively small and did
not have the statistical power to show dif-
ferences in the numbers of postoperative
complications.

In conclusion, the present study demon-
strated that the use of an active self-warm-

ing blanket provided satisfactory body tem-
perature control during a perioperative
phase in patients undergoing elective spinal
surgery in the prone position.

Supported by MZ CR - RVO (FNHK, 00179906).
Podpofeno MZ CR — RVO (FNHK, 00179906).
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