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Objective. The study evaluates the safety and efficacy of hypothermic cardiac arrest (HCA) at various temperatures in aortic arch
surgeries. Methods. We conducted a literature search in PubMed, Google Scholar, and Embase databases. For single proportion
assessments, we employed fixed-effect and random-effect models in the general linear mixture model and the inverse variance
model for other computations. We analyzed factors such as age, sex, operation time, and postoperative complications, with
subgroup and metaregression analyses. We used funnel plots to depict potential publication bias. Results. Our research in-
corporated 43 papers with 34,797 cases. HCA temperatures were divided into five groups (A: 30-32°C, B: 28-30°C, C: 26-28°C, D:
24-26°C, and E: <24°C). There is no statistically significant difference in myocardial ischemia time (P = 0.90) and isolated cerebral
perfusion (ICP) time (P =0.95). Groups A and C have the best performance in avoiding postoperative complications including
transient nerve injury (TNI), permanent nerve injury (PNI), renal failure (RF), and mortality occurrence rate. Group A has the
lowest occurrence rate in PNI (3%) and mortality (3%). Group C has the lowest RF incidence (5%). Conclusion. Maintaining
temperatures of 30-32°C in en bloc anastomosis or 26-28°C during arch replacement with separate grafts can significantly reduce
complications including PNI, RF, and in-hospital mortality.

1. Introduction

Aortic arch surgery is a highly complex procedure within
cardiac surgery. Techniques such as hypothermic cardiac
arrest (HCA) and selective perfusion are critical in main-
taining circulation across multiple organs during open aortic
arch surgery. Traditionally, organs have been supported with
deep hypothermic cardiac arrest (DHCA) [1, 2]. However,
the optimal temperature to induce HCA remains a con-
tentious issue. Despite DHCA’s ability to decrease the
metabolic rate and oxygen consumption of primary organs,
it concurrently leads to functional impairment [3]. With
rapid advancements in cardiac surgery and hybrid tech-
niques, the duration of HCA has been progressively reduced.
Concurrently, our understanding and methodologies for
monitoring and safeguarding organ function have signifi-
cantly improved [4].

With an increasing number of centers reporting satis-
factory results using moderate HCA in aortic surgeries

[5-7], we seek to investigate the most effective temperature
for HCA during aortic arch replacement. We aim to strike
a balance between reducing oxygen consumption and
mitigating low-temperature injury. A number of studies
have indicated that antegrade, retrograde, and bilateral
cerebral perfusion yield comparable outcomes [8-10].
Hence, we postulate that the operation time and cerebral
perfusion temperature play a pivotal role in determining the
results of HCA during aortic arch replacement. Our goal is
to ascertain the efficacy and safety of HCA at varying
temperatures during open aortic arch surgery. We believe
that the findings from this investigation will provide valuable
guidance for clinical practice.

2. Materials and Methods

2.1. Literature Search Strategy. The PubMed database,
Google Scholar database, and Embase database were
searched to find related articles. Then, we used these search
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terms: [(“total” OR “aortic”) AND (“arch replacement”)
AND (“temperature” OR “degree” OR “°C”)]. The inclusion
time range began in 1990, and the final search was updated
until Sep. 2022, with English language only. We filtered
duplicated and other fields or types of literature. Finally, we
excluded meta-analyses, case reports, letters, reviews, or
articles with either too small of a sample size (less than 25) or
low quality, as determined by missing data, flawed design,
and an overall assessment of the journal’s impact.

2.2. Inclusion Criteria. Inclusion criteria specified that pa-
tients in the studies must have undergone aortic arch re-
placement surgery, encompassing both total arch
replacement and hemiarch replacement, and that the sur-
gical procedure must involve a median sternotomy. Addi-
tional data points to be recorded included the proportion of
male patients, patient age and distribution, cardiopulmonary
bypass (CPB) time, myocardial ischemia time, isolated ce-
rebral perfusion (ICP) time, hypothermic circulatory arrest
(HCA) temperature, and complication rate.

2.3. Exclusion Criteria

(1) Lack of a detailed description of the operation time,
patients’ number, HCA temperature, or complica-
tion incidence

(2) The article presented HCA-related parameters, yet
the operating procedures were not included aortic
arch replacement

2.4. Data Extraction. Two independent reviewers were in-
volved in data extraction, with a cardiac surgery specialist
available for consultation on specific descriptions. Data were
organized and input into a form that included the following
categories: (a) author, (b) HCA classification (mild, mod-
erate, and deep) and HCA temperature (or core tempera-
ture), (c) number of patients, mean age, age standard
deviation (SD), male proportion, (d) CPB time, CPB SD,
cardiac ischemia time, cardiac ischemia time SD, ICP time,
ICP SD, (e) transient nerve injury (TNI) number and
proportion, permanent nerve injury (PNI) number and
proportion, renal failure (RF) number and proportion, mean
ventilation time and SD, mean 24-hour drainage volume and
SD, and mortality and proportion.

For the author’s naming convention, we adopted the
format of the author’s name followed by the year of publication
(e.g., He2019). If an article presented two or more temperature
comparisons, the suffixes “.17, “.2”, and “.3” were employed for
distinction (e.g., Dong2020.1 and Dong2020.2). Furthermore,
we divided our data into five groups (A: 30-32°C, B: 28-30°C,
C: 26-28°C, D: 24-26°C, and E: <24°C) based on the core
temperatures recorded during HCA. Core temperature, as
indicated by rectal, bladder, and nasopharyngeal measure-
ments, was considered. As nasopharyngeal temperature tends
to be higher in the same individual, any such reading was
assigned to the next higher group (e.g., a reading of 24-26
degrees would be classified under group C).

Journal of Cardiac Surgery

In the analyzed articles, the cross-clamp time was treated
as cardiac ischemia time, and the circulatory arrest time was
considered as ICP time. If both ICP time and circulatory
arrest time were provided, we defaulted to using ICP time.

We included four types of complications and post-
operative evaluation parameters. The complications con-
sidered were TNI, PNI, renal failure, and mortality. TNI
refers to largely reversible neurological complications
present before discharge, while PNI encompasses irrevers-
ible conditions such as stroke, paralysis, paraplegia, and
hemiplegia. Renal failure includes indications of kidney
replacement, acute kidney injury (AKI) stage 3, and
hemofiltration. Mortality includes 30-day mortality, in-
hospital mortality, and intraoperative mortality. Ventila-
tion time and postoperative 24-hour drainage were extracted
as evaluation variables.

2.5. Statistical Analysis. In this study, we combined data on
gender, operation time, TNI, PNI, RF, and mortality to
quantify the impact of cerebral protection temperature
during HCA. We utilized complication and mortality rates
to reflect the risk associated with the aortic arch replacement
procedure. To mitigate potential biases, such as those arising
from primary diseases (e.g., diabetes and hypertension) and
diagnoses (e.g., acute type A dissection, Marfan syndrome,
and degenerative aneurysm) that could affect certain pa-
rameters (such as complication or mortality rate), we used
the general linear mixture model (GLMM) for single pro-
portions and the inverse variance (IV) model for other
variables to analyze data distribution [11, 12]. We adjusted
the weights of the variables using both fixed-effects and
random-effects models in the IV approach to help capture
random attributes and decrease risk bias. The
Knapp-Hartung adjustment was nested to lessen hetero-
geneity among the datasets, and maximum likelihood es-
timation was applied to constrain the model, deriving
optimal parameters and a wider 95% confidence
interval [13].

We quantified heterogeneity using the inconsistency
index I* (I’>25% suggests low heterogeneity; I°>50%,
moderate; and I” > 75%, high) along with the Q statistic and
P value [14]. If P> 0.05 and I* < 50%, we applied the fixed-
effect model; if not, we used the random-effects model to
prevent false positives due to high heterogeneity and low
sample quality, specifically when P<0.05 and I* >50%
[15, 16]. We used funnel plots to visually assess publication
bias. For subsequent bias correction, we utilized the trim-
and-fill model following the Egger test for continuous
variables or the Peters test for binary proportion variables
[17]. If the postcorrection P value was greater than or equal
to the precorrection P value, we used the precorrection
results; otherwise, we used the postcorrection results. For
articles using median and quartile ranges in lieu of mean and
SD values, we used transformation tools developed by Luo
and Wang [18, 19].

Lastly, we conducted a subgroup analysis of all combined
effect sizes. Additionally, through a metaregression, we
sought to identify potential relationships between age,



Journal of Cardiac Surgery

Identification of studies via databases and registers

- Records identified from:
5] =
k= Pubmed (n = 8624) Records removed before screening:
S Google Scholar (n = 1688) .
& > Duplicate records removed
b= Embase (n = 873)
=1 (n=2763)
Z Total
- n=11815
Y
Records excluded on title &
Title & ab d abstract:
itle & abstract screene > Not in the field of interest
(n =9052) (n = 6997)
Case report (n = 1573)
o
=i
=
g
o A4
Excluded on full text:
Full text articles assessed for Not in t}ze ﬁe}éz)f Interest
ligibility (n = 482 > n-
eligibility (n ) Cases less than 25 (n = 10)
Low quality (n =5)
Y
3
=] Articles eligible for meta-analysis
E (n=43)
|

FIGURE 1: The main search process.

gender, and CPB time with the outcomes. All processes were
executed using R Studio software (version 1.4.1717) with the
“meta”, “metafor”, “dmetar”, and “ggplot2’ packages
[20-23].

3. Result

3.1. Literature Search. The main search process is shown in
Figure 1. We searched 11815 papers, of which 43 papers and
34797 cases were selected [5-7, 24-63]. The rest of them
include duplicated (2763), not in the field of interest (7412),
case report (1573), case is less than 25 (10), and paper has low
quality (5). All articles, Newcastle-Ottawa Scale assessments,
and data availability are presented in the statement part.

3.2. Age and Sex Distribution. The statistical analysis results
for age and male distribution (Figure 2) indicate that the
pooled age is 59.1 (95% confidence interval (CI): 56.5; 61.7),
exhibiting no statistically significant variation between
groups (P =0.06). However, the proportion of males is
statistically significant (pooled proportion: 0.71, 95% CI:

0.69; 0.73, P <0.01). The Egger test and Peters test for the
funnel plot revealed that the P value for age is 0.4423 and for
sex is 0.2243, indicating no publication bias.

3.3. Main Operation Time Presentation. We also performed
the same pooled statistical analysis on CPB time, myocardial
ischemia time, and ICP time. The results (Figure 3) showed
that CPB has intergroup differences (P <0.0l,
A <C<B<D<E), while the others do not (P=0.90 and
P =0.95). The pooled results showed that the mean value of
CPB is 189.27 (95% CI: 182.04; 196.5), myocardial ischemia
time is 113.89 (95% CI:107.37; 120.36), and ICP time is 32.81
(95% CI: 28.33; 37.28). The Egger test for the funnel plot
revealed that the P value for CPB is 0.8945, and no publi-
cation bias was detected.

3.4. Complications and Mortality. We used the random-
effect model to summarize the TNI, PNI, RF, and mortal-
ity, respectively. A pooled forest plot showed the main re-
sults of TNI and PNI proportion (Figure 4).
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FIGURE 2: Age and male pooled proportion subgroup data.

The subgroup analysis indicated that the P values for
statistical differences between the TNI and PNI groups were
0.14 and 0.02, respectively. The incidences of TNI and PNI
were significantly lower in groups A (4% and 3%) and C (2%
and 4%) compared to the other groups. Furthermore, RF and
in-hospital mortality rates were also compiled into forest
plots, as depicted in Figure 5. The pooled results showed an
8% incidence of RF (P =0.01, 95% CI: 0.06; 0.10) and a 6%
in-hospital mortality rate (P =0.05, 95% CI: 0.05; 0.07). The
best subgroup analysis outcomes were observed in group C
for RF (5%) and in group A for in-hospital mortality (3%).
We conducted the Peters test for the funnel plot which
revealed a P value for PNI of 0.2434, for RF 0f 0.5059, and for
mortality of 0.1175 indicating no publication bias. However,
the P value for TNI was <0.0001, prompting us to use the
trim-and-fill model for correction. Nevertheless, the sig-
nificance after correction was unchanged from the pre-trim-
and-fill model analysis. Consequently, we believe that our
study is not affected by publication bias, and all the pooled
results are shown in Table 1.

3.5. Metaregression Analysis. We conducted a metare-
gression analysis with age, sex, and cardiopulmonary bypass
(CPB) time as independent variables and TNI, PNI, RF, and
mortality as dependent variables. The primary outcomes
include age, which was not statistically significant with any
of the results. Statistically significant findings include that
sex was significantly associated with TNI (P =0.0456, esti-
mate value=-0.0001) and mortality (P=0.0398, estimate
value =0.0002); CPB time was significantly associated with
mortality (P =0.0232, estimate value = 0.0067). A Q statistic
(QE) test showed significant heterogeneity for all results
(P < 0.0001).

4. Discussion

DHCA has long been the gold standard for aortic arch
surgeries. Despite DHCA’s recognized ability to lower cel-
lular metabolism rates and safeguard organs in a hypo-
thermic environment, it also can induce neural system
damage and coagulation anomalies, among other detriments



Journal of Cardiac Surgery

Sudyor o Weight Mean Mean Studyor o 1 Weight Mean Mean Studyor o Weight Mean Mean
Subgroup Men S0 Tl Y pandamasct 1V Random,95% I Subgrop Men s ol G pandamosct 1V Random, 557 C1 Subgroup Men 5 Tl Gy pandomy o5 1 IV, Random, 95 1
T BT TC g -
2740 375000 59 . 019 4740 225000 59 20 14740 [14166; 153.14] N - 490 10000 59 17 :
209, M 26 B 14100 450000 26 17 14100 [123.70; 158.30] C—— 6500 220000 26 16 . —
18100 419000 46 10900 2600 6 20 10900 (1000 11658] - UM 000 4 17 -
1900 450000 34 : G o sy 20 sre0msenio0s T 1800 oo 7 17 -
Utbusk20Ls 1700 450000 11 : M o0 B 20 1100051 e8] = a0 o 517 M
Ubank200 15450 SLI00D 1000 : . 1sd0 oo 1000 17 .
12011 16800 620000 245 N 10070 350000 1000 20 100709853 10287) T 3800 47.0000 245 16 —
1700 o0 e : W00 4000 265 20 10800(97.37 10863) -t Wm oo 46 16 =
15800 560000  100; N 10100 49.0000 426 20 - 3600 19.0000 1002 17 10] -
16400 410000 246 : 10100 410000 1002 20 . 1100 190000 246 17 uuuunsstn] s
157.00 370000 246 N 99.00 360000 246 20 _ 4300 210000 246 17 43.00 [40:38; 45.62] .-
3774 N Zier 9500 41.0000 246 20 - 77 182 31 ?‘ [21.38;42.49] —
~ 522608 chi'< 23848, 4/ : oo i mr e - 2392370 chi = 650889 df = 10 (P 0) P 100 :
. N He ta? = 278.0144; chi® = 289.65, df = 10 (P < 0.01); F = 97% B B
Dong20201 17400 291000 25 — : 600 000 25 17 -
Dz om0 . label = B: 28.30°C : s oS0 17 ~
s s & T Do s w0 sl — g0 2000 & 17 : -
100 §7000 557 ~ et wes mooo & s — oo Moo 57 17 H—-
19800 580000 38 —-— B ety 14000 430000 63 19 2] R S0 6000 38 17 : -
15600 57.0000 31 _ El-Sayed2017 11000 450000 587 20 110,00 (106.36; |nu\ - Kamiya2 Ga0 08000 31 17 R
1100 70000 277 - ElSyed0s 10900 20000 3 19 10900978 11522] - oz 24 S 17 -
18520 s69900 130 - Kamiyazo07 400 2600 I 19 S400[s41s 03] : Lol L s o 17 :
. i 20 17
188,57 §9.2500 230 - Leshnower2012.2 14800 550000 277 20 148.00 141.52; 154.48) N 7 7 N
19500 000 o o : : s & 17 :
1400 0000 67 = L0201 1934 362500 130 20 1934113012557 . T % 1n .
I : LY Y202 1305 BS00 20 20 1305107961816 06000 100 :
; o0 s Zhanga020.1 W2 s@0 0 20 HL20wes 120 Y o0 43 17 L
Total (95% CI) 2081 5 01 —_ Zierer2017 10700 430000 453 20 107, 1096] — 2081 217 31761847 45.01] —
. . ; T : 55 chi = 147706, df = 12.(P= 03 100% .
Heterogeneiy: tau' = 36422105 chi = 126.6,df = 12 (P <001 = 91% : ot (55% C) ags 10508 2505 :
: Hetrogeney. o = 250,443 <hi = 18824, -10(P S001: -3 .
17000 450000 100 17 17000 [161.18; 17 wz] N . 40000100 7 X:::{]“Z "7*“}
T e ) : 13400 20000 100 20 13400(12577 14223) : _
20200 17060 364300 80 . 1800 27.0000 39 20 11800 (10953 12647] -
17130 400000 37 B 15200 sLooo0 23 13 18200[148.90; 215.10] :
l6to0 100000 105 : Wy Zaw @ 20 e . -
16160 97000 R S0 w0 % 20 s : I
114 18039 (19525 205.%0] 200 B0 105 20 9200(85.6%9831) : -
=538.4164; chi 6 (P<0.01); I =90% N 10800 7.4000 7 20 108.00 [106.80; 109.20] .. = 4588027, chi' = 1977.58,df =6 (P <0 "= 100%
N 2 11558 (87.20; 143.95] —
: = 786.0268; chit = 155.72,df = 6 (P < 001)5 T = 96% . 280 -
280 w000 36 : : 2%
210 s L labe=D:20.26°C : 1970 2
4200 B Dong2020.2 12930 264000 36 19 12930 (120,68 137.92) e 5400 54,00 [53.99; 54.01] N
B0 B 2586 L 1000 25000 &7 20 13000 (12288 137.12] e oo 2 6100[5506 664] : —
w0 om0 51 jm— S350 lsa0 27 20 9350[9057%9643) .l 5000 5000 (4616, 53341 [
st — B0 i Js 20 1400 (1357 11443] : 2550 2608 o
19700 g0 23 — 1280 o a8 19 5 — 2580 :
140 95000 00 < O e s 1y . 210 HE—
197.00 540000 81 — lsie0 600000 122 19 — 55.00 pp—
18500 470000 70 e 1230 620000 223 20 - Okada2012 4“0 C -
o oo + Lz G0 20 w0 20 3 Oy 04 :
USI0 46300 U8 17 LSOIGIISS] - Oadi0r2 wow s 20 - oot 1940 o0 5 -
21200 683000 52 L6 212.00 [193.44; 230.56] pa—— Okita2015.1 76 580000 7038 20 . 2100 17800 ,m( .
1800 84000 1705 LS ISLOD [150.60; 18L40] : Preventza2016 B0 0 us 20 - o :
R - She 0 240000 52 20 - s s a5 -
1 (95% CI) 290 197.22[184.11;210.33] - 67000 1708 20 . s = 205,491 chi = 108781311, /= 16 (P <O) I = 104 -
gy = 629557, i = 1759 10 P <O, - 100% : e N . -
: Heterogeneiy: ta - 753,342 chit =~ 722603, df 1 (P~ 0): F - 100% . Eic
label <24 N N Fang2019.1 2240 6.8000 340 17 22.40 [21.68;23.12] N
Fang2019,1 18930 SLOG0 M0 18 18930 183 w\ -+ label = E; <24 °C hon& 016.1 2900 90000 35 1 29.00(26.02; 31.98] e
Gomg0i6l 200 @000 3 5 o ) e w6 17 Do =
L e o e . Fang2019.1 WIS 26700 M0 20 10L30(osee 10434 . Do e ] o :
200 TR0 o : . Gong2016.1 200 0000 33 18 14200 (1270% 15691] — S0 o0 s 1n
16870 siso00 1225 . Huang2010 w20 eoow 4 19 s — 00 e w17 .
19500 410000 81 - 14200 153300 20 142,00 [140.85; 143.15] 300 33300 735: 17
18900 148300 7353 : 70 20780 20 6870[67.546986] 300 a0 B0 17 33
Zr0 s 1141 - 1050 12000 75 20 10500010473 10527) : 220 30 nal 17 220D0saal) :
e S P L an Gml U mwbmenm o -
Voo T e w0 - , BB a0 e a0 psmirse) Py Ao Taa s N
95% CI) 1935 189 —_— = 740,5101; chi* = 8123, m J/— 7(P=0) = 100% B - s a1 3814 ds16] —
rogeneity: tau? = 930.7010; chi = 6820.93,df = 10 (P B . ¥ tau = 276.2329; chi’ = 568193.63,df = 11 (P = 0) B
(95% 1) 31847 100 189.27 (18204 196.50] - 0341 100 113.86 (107,37 120.36] - Total (95% CI) 7 100 32812833 37.28] -
rogeneity: tau* slsn m l eul 38, df = 58 (P = 0); I = 100% Heterogeneity: tau2 = 495.7384; chi’ = 1617241, df = 50 (P = 0); ' = 100% Heterogeneity: tau’ = 297.0216; chi® = 29 318143, df = 59 (P = 0); F = 100%
ubgrot 3,df =4 (P<001) 140 160 180 200 220 240 260 280 Test for subgroup differences: chi = 1.05, df = 4 (P = 0.90) 80 100 120 140 160 180 200 Test for subgroup differences: chi = 0.68, df = 4 (P = 0.95) 10 .20 30 40 50 60 70

(a) (b)

(©

FIGURE 3: Pooled operation time in aortic arch replacement with subgroup analysis.

[64, 65]. Prior research suggests that optimal brain pro-
tection temperatures range from 32 to 34 degrees Celsius,
while kidney protection is best achieved between 28 and 32
degrees Celsius [66-69]. In this study, we have grouped
temperatures in two-degree intervals to illustrate the re-
lationship between decreased temperature and increased
tissue damage, mindful of the 32-degree boundary. This
methodology elucidates why Group A manifests the least
neural complications, and Group C exhibits diminished
renal complications. However, given that clinical treatments
often encompass multiple primary diseases, our systemic
review amalgamates data from various centers to provide
more robust evidence for clinical decisions.

Our meta-analysis and systematic review encompassed 43
articles, 60 groups, and 34,797 cases. Statistically, Groups A
and C showcased the best results through subgroup com-
parison. Group A, which maintains temperatures between 30
and 32 degrees Celsius, had the lowest rates of peripheral
neuropathy injury (PNI) (3%) and mortality (3%), illustrating
a significant statistical difference. Conversely, Group C, where
temperatures were kept within the 26-28 degrees Celsius
range, had the lowest incidence of renal failure (RF) (5%). For
other parameters, such as age (P = 0.06), myocardial ischemia
time (P =0.90), ICP time (P=0.95), and traumatic neural
injury (TNI) occurrence rate (P=0.06), no significant sta-
tistical difference was observed. Similarly, the male pro-
portion (P<0.01) and CPB time (P=0.01) showed no

statistical difference. Accordingly, we suggest that main-
taining the temperature at 30-32 degrees Celsius or 26-28
degrees Celsius during HCA is safe and effectively decreases
the incidence rate of each type of complication. Furthermore,
our funnel plots reveal no significant publication bias, and this
conclusion is supported by our center’s experience [70].

Due to current state-of-the-art techniques in cardiac sur-
gery, such as advancements in suture devices and anastomosis
methods, the time and bleeding involved in arch replacement
procedures have significantly reduced. As a result, the need for
low-temperature protection has also decreased. In our research,
we found that some articles had ICP times of just a few
minutes, which was achieved using a debranch hybrid aortic
replacement surgery method that reduces the operation time
and simplifies the surgery. Most of our sample population had
type A aortic dissection, but surgical techniques varied among
medical centers. Nevertheless, en bloc anastomosis and HCA
techniques remained commonly used in these procedures. The
findings of this research may aid in decision-making when
clinicians need to induce CA in dissection patients.

From our perspective, the perfusion strategy is a crucial
factor during ICP. By monitoring the organs’ function,
guided perfusion strategies can make organs tolerant of
transient hypoxia during HCA [71]. During HCA, main-
taining balanced cardiac and cerebral perfusion pressure is
essential. Though there have been controversial discussions
on antegrade, retrograde, and bilateral cerebral perfusion
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FIGURE 4: Pooled TNI and PNI complication results with subgroup analysis.

strategies, single-center studies or meta-analyses showed no
significant differences [8-10]. We believe that this may be
related to the routine use of near-infrared spectroscopy
(NIRS) monitoring. In cases where there is abnormal ce-
rebral oxygen saturation monitoring, changing the perfusion
strategy and implementing local cooling methods can pre-
dict and help to avoid peripheral neuropathy injury (PNI).
Improvements in CPB, such as acid-base management
(alpha-stat and PH-stat management), can retain homeo-
stasis and the goal-guided perfusion strategies, resulting in
better performance in maintaining DO2/VO2 balance
during CPB and reducing damage to critical organs [72-74].

Aortic arch replacement is a complex procedure, and
various surgical techniques are currently in use. Some of the
research analyzed in this study was performed by the same
operators, which might result in potential bias. Additionally,
imbalanced distributions of valve diseases, cerebral in-
fractions, and other diseases that could influence the results
were observed in some of the samples, potentially resulting
in heterogeneity in all analyses. We understand that factors
such as operator experience and sample differences can be
responsible for this heterogeneity, making it impossible for
our models to address all related problems. Consequently,
this is the main limitation of our study.
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FIGURE 5: Pooled RF and mortality results with subgroup analysis.
TaBLE 1: Pooled outcomes with subgroup analysis.
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TaBLE 1: Continued.
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TaBLE 1: Continued.

. Temperature Patients’ . Heterogeneity Interaction-p
Variables Group (degrees Celsius) numbers Events  Estimate (I square) (%) P value (subgroup-P value)
A 30-32 2005 119 0.08 [0.03; 93 <0.01 0.01
0.20]
0.06 [0.04;
B 28-30 1623 106 0.09] 20 0.27
C 26-28 494 32 0’0(5) 1[?(’)]'02; 64 0.02
RF ’
D 24-26 6355 669 0.10 [0.065 91 <0.01
0.15]
0.12 [0.08;
E <24 5855 779 0.17] 88 <0.01
Pooled 16332 1705 008 [0:06; 89 <0.01
outcome 0.10]
A 30-32 3774 156 0.03 [0.02; 76 <0.01 0.05
0.06]
0.06 [0.05;
B 28-30 2081 129 0.07] 27 0.17
C 26-28 531 24 0'03 (E;)j03; 10 0.35
Mortality 0 07' [0.05;
D 24-26 13526 920 ’ o 79 <0.01
0.08]
E <24 14885 2070 O'Og 1[;)]'05; 94 <0.01
Pooled 34797 3302 006 [0.05 93 <0.01
outcome 0.07]

For the age variable, the pooled outcome is statistically significant with a P value <0.001. However, it is also worth noting the high heterogeneity (I> =100%),
which suggests that there is a lot of variability in the results across the different age groups. And for the sex variable, the pooled proportion of males across all
groups is 0.71, and this result is statistically significant with a P value <0.01. However, there is significant heterogeneity in the results across the groups
(I> = 84%). Besides, for CPB time, the pooled outcome is 189.27 minutes with a 95% confidence interval of (182.04 and 196.50), and the P value for the pooled
outcome’s heterogeneity is <0.001, indicating that the heterogeneity is statistically significant. Finally, in all complication variables, including PNI, TNI, RF,
and mortality, all suggest that there is a lot of variability in the results across the different groups with a P value <0.01.

However, based on our study, maintaining a tempera-
ture of 30-32°C during en bloc anastomosis or 26-28°C
during longer HCA time operation, such as in total arch
replacement, is safe and significantly reduces the incidence
rate of complications such as stroke, hemiplegia, or neural
system complications, RF, and in-hospital mortality.
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