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Abstract

The China Surgery and Anaesthesia Cohort (CSAC) study was launched in July 2020 and is an ongoing prospective cohort
study recruiting patients aged 40—65 years who underwent elective surgeries with general anaesthesia across four medical
centres in China. The general objective of the CSAC study is to improve our understanding of the complex interaction
between environmental and genetic components as well as to determine their effects on a wide range of interested surgery/
anaesthesia-related outcomes. To achieve this goal, we collected enriched phenotypic data, e.g., sociodemographic charac-
teristics, lifestyle factors, perioperative neuropsychological changes, anaesthesia- and surgery-related complications, and
medical conditions, at recruitment, as well as through both active (at 1, 3, 7 days and 1, 3, 6, 12 months after surgery)
and passive (for more than 1 year after surgery) follow-up assessments. We also obtained omics data from blood samples.
In addition, COVID-19-related information was collected from all participants since January 2023, immediately after
COVID-19 restrictions were eased in China. As of July 18, 2023, 12,766 participants (mean age=252.40 years, 57.93%
were female) completed baseline data collection (response rate =94.68%), among which approximately 70% donated
blood and hair samples. The follow-up rates within 12 months after surgery were >92%. Our initial analyses have dem-
onstrated the incidence of and risk factors for chronic postsurgical pain (CPSP) and postoperative cognitive dysfunction
(POCD) among middle-aged Chinese individuals, which may prompt further mechanistic exploration and facilitate the
development of effective interventions for preventing those conditions. Additional studies, such as genome-wide associa-
tion analyses for identifying the genetic determinants of CPSP and POCD, are ongoing, and their findings will be released
in the future.
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Introduction

Approximately 321.5 million surgeries were performed
worldwide in 2010, and this incidence continues to grow
due to the increase in affordable and accessible medical care
services, especially in developing countries [1]. A European
cohort study reported an in-hospital postoperative mortality
rate of up to 4.0% [2]. Furthermore, postoperative mortality
within 30 days accounts for 7.7% of all deaths globally and
is ranked as the third leading cause of death worldwide [3].
Notably, in addition to the deterioration of the index disease
per se (e.g., cancer, pancreatitis, valvulopathy), adversities
or complications that are related to surgery and anaesthesia
have also contributed to the high morbidity and mortality
rate during the time period directly after such an experience,
which results in a decreased quality of life after surgery and
an increased disease burden among this vulnerable popu-
lation [4, 5]. Therefore, it is necessary to improve postop-
erative safety by optimizing perioperative interventions,
which is a key and important task for global surgeons and
anaesthesiologists.

Nevertheless, only a handful of studies have examined
surgery- or anaesthesia-related consequences, and most of
them have focused on selected severe postoperative com-
plications, within-hospital mortality, health resource use,
and postoperative recovery. Other relevant outcomes with
potential clinical importance (e.g., chronic postoperative
pain, cognitive decline, psychological conditions) remain
less explored [6]. Moreover, previous investigations usually
have methodological shortcomings, such as limited sample
size [7], retrospectively collected data [8], insufficient con-
trols for somatic or psychological conditions [9], and inac-
curate measurement of exposures of interest [10].

General and specific objectives

The China Surgery and Anaesthesia Cohort (CSAC) was
launched in 2020, and its general objective is to provide a
reliable source of data and detailed perioperative multidi-
mensional information (e.g., lifestyle factors, somatic con-
ditions, neuropsychological conditions, genetic information,
and anaesthesia-related information, including intraopera-
tive vital signs and events). This information can enhance
knowledge regarding the complex interplay of environ-
mental and genetic components as well as their effects on
a wide range of interested surgery/anaesthesia-related out-
comes, with a primary focus on modifiable factors (e.g.,
perioperative neuropsychological conditions). Particularly,
in December 2022, the Chinese government announced that
COVID-19 restrictions would be eased, which led to a tre-
mendous increase in COVID-19 cases in the cities where
our included medical centres were located. We therefore
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additionally collected relevant data about COVID-19 infec-
tion from all recruited participants since January 2023, thus
providing a unique opportunity for studying phenotypic and
genotypic risk factors associated with COVID-19 symp-
toms and severity among the Chinese surgical population
[11]. Our specific objectives include but are not limited to:

e Describe the incidence of surgery/anaesthesia-related
adversities or complications that occurred in the hospital
(1, 3, and 7 days after the surgery) or during follow-up
(1, 3, 6, and 12 months after the surgery) and provide
data supporting the development of health-related
policy.

e Disentangle the impacts of perioperative neuropsycho-
logical conditions and COVID-19 infection on multiple
surgery/anaesthesia-related outcomes and elucidate the
potential mechanisms using omics data extracted from
biological samples.

e C(Clarify the influence of surgery/anaesthesia-related
conditions on both short- and long-term health conse-
quences with a primary focus on chronic postsurgical
pain (CPSP) and postoperative cognitive dysfunction
(POCD), and determine whether such a risk can be mod-
ified by the individuals’ genetic susceptibility.

e Explore the genetic basis of multiple surgery/anaes-
thesia-related adversities or complications, including
malignant hyperthermia, postoperative neurocognitive
disorder, and postoperative pain (acute and chronic).

e Investigate phenotypic and genotypic risk factors that
are associated with susceptibility to and the severity of
COVID-19 among middle-aged Chinese individuals.

In the present article, we described the objectives, method-
ology, key findings, main strengths and limitations, and per-
spectives of the CSAC.

Methods
Study design and population

The CSAC is an ongoing multicentre prospective cohort
study in China that was first established in West China
Hospital in July 2020 and then gradually expanded to three
additional medical centres (The First People’s Hospital of
Longquanyi District since August 2021, West China Tianfu
Hospital since May 2022, and The Second Hospital of Hebei
Medical University since September 2022). The initial focus
of the study was noncardiac surgeries, such as abdominal,
thoracic or otorhinolaryngologic surgery; cardiac surgeries
were included starting in July 2021.
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Based on the age distribution of the population at risk of
surgery with anaesthesia, as well as the reported incidence of
surgical/anaesthesia complications [2, 12—14] and the major
disease outcomes of interest (e.g., psychiatric disorders and
neurodegenerative diseases) among the Chinese population
[15], we aimed to recruit all patients aged 40—65 years who
underwent elective surgeries with general anaesthesia in the
included medical centres and who provided blood and hair
samples. Therefore, the inclusion criteria were as follows:
(1) patients aged between 40 and 65 years; (2) patients who
planned to receive elective surgery; and (3) patients who
agreed to receive general anaesthesia during the operation.
The exclusion criteria included patients who were not resi-
dents of the city where the recruitment medical centre was
located, patients who received day surgeries (the length of
hospital admission<?2 days) or craniotomy, patients who
had an education level less than primary school, and patients
who were unable to understand the interview scales. The
pilot study was conducted between January 1st and July
14th, 2020 in West China Hospital, during which we devel-
oped a customized pipeline for optimizing the standardized
procedure of data and biosample collection and quality
control.

Data collection
Baseline information

As shown in Fig. 1, data about sociodemographic factors,
lifestyle factors, physical functioning, and preoperative psy-
chological and cognitive conditions were collected through
face-to-face interviews conducted by well-trained data col-
lectors (training course checklist is shown in supplementary
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Intra-operative

materials 1) at baseline (i.e., one day before surgery date)
using touchscreen questionnaires implemented in a newly
developed Cohort Data Collection and Management System
(CD-CMS) (Version 1.0, Build 2021SR0484324. ©West
China Hospital, Sichuan, China). Biological samples were
collected on the day of surgery prior to anaesthesia.

Follow-ups

At least two phone numbers of the patient and/or their rela-
tives were saved at initial recruitment for further contacts.
Well-trained data collectors scheduled active follow-ups for
each participant within 1 year (Fig. 1) using the abovemen-
tioned data collection system. Specifically, the face-to-face
follow-ups on days 1, 3 and 7 after the operation mainly
focused on assessing in-hospital anaesthesia and surgical-
related complications, postoperative pain, and immediate
changes in cognitive condition. The follow-ups after hospi-
tal discharge focused on measuring the trajectories of post-
operative pain and cognitive and psychological conditions;
follow-up assessments were conducted through telephone
interviews or online questionnaires at 1 month, 3 months,
6 months and 1 year after the surgery. In practice, we could
allow + 1 week for these scheduled follow-ups, and unless
the participants withdrew their informed consent or refused
further contacts, we continued subsequent follow-ups even
if the participants have missed the previous one(s). Addi-
tionally, to ensure high follow-up rates, data collectors
reviewed the participants’ baseline records before calling
them, in order to customize some specific questions and pro-
vide disease-related advice. We also offered to help partici-
pants with reaching their doctors/other specialists if needed.

Follow-ups
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Fig. 1 The data framework of the China Surgery and Anesthesia Cohort (CSAC)
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Health consequences after 1 year are planned to be
obtained by periodically linking the dataset to established
administrative registers. Specifically, the linked data for dis-
eases diagnosed 1 year after surgery will be obtained from
the National Health Insurance claim databases where the
medical diagnoses were documented according to the 10th
version of the International Statistical Classification of Dis-
eases (ICD-10). In addition, the underlying and contributing
causes of death will be derived based on the death certifi-
cates reported to the regional mortality registries.

Other data resources

The CSAC study also included enriched clinical data through
linkage with several electronic medical data resources
(Fig. 1). For instance, details related to the surgery and gen-
eral anaesthesia procedure were documented in the anaes-
thesia information management system (AIMS), and thus,
our database has enriched variables on intraoperative events
(e.g., hypotension, hypoxia, transfusion), dynamically mea-
sured vital signs, and medication and anaesthesia drug use.
Information about disease diagnoses, the results of medical
examination (laboratory tests and imaging examination),
and medical care received in the hospital was obtained from
the electronic medical record (EMR) system of each recruit-
ment centre.

We summarized the variables available at each time point,
as well as their measurement approaches and resources, in
Supplementary Table 1.

Measurement of primary outcomes and conditions

Neuropsychological symptoms at each time point were
assessed by several well-validated scales. Sleep quality was
measured by the Pittsburgh Sleep Quality Index [PSQI] [16].
Stress was measured by the Impact of Event Scale-Revised
version [IES-R] [17] and Posttraumatic Stress Disorder
Checklist for DSM-5 [PCL-5] [18]. Anxiety was measured
by the Generalized Anxiety Disorder 7-Item Scale [GAD-
7] [19]. Depression was measured by the Patient Health
Questionnaire [PHQ-9] [20]. Subjective cognitive function
was measured by the Eight-item Informant Interview to
Differentiate Aging and Dementia [AD-8] [21]. Short-term
memory was measured with the three-word recall test [22].
Self-evaluated pain level was measured by the Brief Pain
Inventory [BPI] [23]. We then determined the presence of
those conditions using the cut-off points that have been vali-
dated in the Chinese population (Supplementary Table 2).
The medical records were manually reviewed by the
trained data collector to determine the presence of postopera-
tive complications of interest, including anaesthesia-related
complications (i.e., postoperative nausea and vomiting,
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severe hypoxia, aspiration, cardiac arrest and intraoperative
awareness) and surgery-related complications (i.e., myo-
cardial infarction, pulmonary embolism [PE], stroke, acute
kidney injury [AKI], acute respiratory distress syndrome
[ARDS], anastomotic breakdown, postoperative infection,
and cardiac arrest), in accordance with European Periopera-
tive Clinical Outcome (EPCO) definitions [24].

On December 7, 2022, the Chinese government
announced rollback of strict anti-COVID-19 measures
[25]. We recontacted all participants to obtain data related
to COVID-19 between January and April 2023, including
vaccination history, infection status, diagnosis methods,
symptoms (type, severity, and duration) and treatment (Sup-
plementary Materials 2).

Biological sample collection and test

Peripheral blood (20 ml) and hair samples were collected
from participants with their consent before the surgery in
accordance with standard sample collection protocols (Sup-
plementary materials 3). Genotyping data are derived from
all collected blood samples. In July 2021 and March 2023,
we successfully extracted DNA and performed GeneChip
sequencing for 1,953 and 3,216 blood samples, respec-
tively. DNA quality control and genotyping were performed
at the WeGene Clinical Laboratory, Shenzhen. Genotyping
was performed by the Illumina iScan System following the
manufacturer’s instructions for the Magen-MDS5111 kit. The
initial quality control of GeneChip data was processed with
Plink2 (pLink®), and we used Eagle2 for haplotype analy-
sis and Minimac4 for genotype imputation, according to the
Thousand Genomes Project phase III data.

In addition to GeneChip sequencing, we started a
whole-genome sequencing (WGS) program in 2023, which
planned to include samples from approximately 3,000 par-
ticipants (528 samples have been sequenced in January
2023). The case-cohort design is being used as the sample
selection strategy. We illustrated the conception of this
study design, as well as the process and sample estimates in
Supplementary Fig. 1 and Supplementary Table 3. Sequenc-
ing data were derived from a DNBSEQ-T7 next-generation
sequencer (a target coverage depth of 30X). Genomic vari-
ants were called following the modified Genome Analysis
Toolkit (GATK) best practice workflow in the Institute of
Rare Disease at West China Hospital, Sichuan University
[26]. After the standard quality control process, variants
were aligned to GRCh38 and annotated using Variant Effect
Predictor (VEP), resulting in more than 3 million polymor-
phic variants remaining for further analysis [27].
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Quality control

Notably, the CSAC was characterized by multiple
approaches for stringent quality control (Fig. 2). First, the
CSAC has a professional data collection team of 20 full-
time investigators, and each data collector and investiga-
tor was required to attend a training program (i.e., 14-day
lecture and practice courses) and pass the designed exami-
nations before starting their work (Supplementary materi-
als 1). Additionally, we have a multiple-step protocol for
assessing the quality of data, including automated logic
checks and warnings implemented in CD-CMS, as well as
manual audio-recording checks.

Ethical considerations

All the participants signed separate informed consent for
data and biosample collection. The approval for the future
use of derived data (including genetic data) extracted from
those biosamples has also been specified in the later consent.
We take all necessary steps to keep personal information
confidential. The study was approved by the ethics commit-
tee of West China Hospital, Sichuan University (approval
number 2020 —469). The collection, storage, and use of bio-
samples were documented and approved by the Ministry of
Science and Technology of the People’s Republic of China
(approval number 2021-CJ0606).
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Results

By July 18, 2023, a total of 13,484 participants were con-
sidered eligible, among whom 12,766 agreed to partici-
pate (baseline response rate=94.68%; flowchart shown
in Supplementary Fig. 2). The proportions of participants
who agreed to donate blood and hair samples were 69.23%
(8,839/12,766) and 70.85% (9,045/12,766), respectively.
The follow-up rates at 1 day, 3 days, 7 days, 1 month, 3
months, 6 months and 1 year after surgery were 99.45%,
98.39%, 96.86%, 93.79%, 93.69%, 94.11%, 92.42%,
respectively (Supplementary Table 4). The rates for com-
plete follow-ups (i.e., having complete data at all scheduled
follow-up points) are shown in Supplementary Table 4.

Baseline characteristics of the participants

The baseline characteristics of the CSAC are shown in
Table 1. In brief, most of these patients belonged to the Han
ethnicity (98.78%). The mean age at recruitment was 52.40
years, and there were more females than males (female vs.
male=57.93% vs. 42.07%). Regarding lifestyle factors,
27.29% and 19.18% of the participants were ever smokers
and alcohol drinkers, respectively. Approximately 70% of
participants had no history of severe diseases (i.e., Charlson
comorbidity index [CCI]=0; the indication disease of the
index surgery was not taken into account) before the sur-
gery, and approximately 19% of them experienced chronic
pain (lasting more than 1 month). Data on preoperative neu-
ropsychologic conditions revealed that 6.96% of included
patients had symptoms of anxiety, 11.11% were suffering
from depressive symptoms, 11.02% had cognitive dys-
function manifested as an AD-8 score >2, and 39.62% had
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Fig. 2 The process of data collection and quality control of the China Surgery and Anesthesia Cohort (CSAC)
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Table 1 Basic characteristics and surgery/anesthesia-related information of study population

Overall (n=12,755)

Noncardiac surgery (n=11,808)

Cardiac surgery (n=947)

Recruitment centers,n (%)

West China Hospital, Sichuan University

West China Tianfu Hospital

The First People’s Hospital of Longquanyi District
The Second Hospital of Hebei Medical University

Tumor diagnosis,n (%)
Yes
No
Missing
Social demographic data
Age, years, mean (SD)
Sex, n (%)
Male
Female
Education,n (%)
Middle school and lower
High school
Junior college
College and above
BMI, n (%)
<18.5
18.5-24.9
25-29.9
>30.0
Ethnicity,n (%)
Han
Tibetan
Hui
Others
Marital status,n (%)
Unmarried
Married
Divorced
Widowed
Children situation,n (%)
Living in same city
Living in another city
No children
Children passed away
Lifestyle factors
Smoking!, n(%)
Ever
Never
Alcohol Drinkingz, n(%)
Ever
Never
Bed time,n (%)
Before 22:00
After 22:00
Missing
Comorbidity

History of psychiatric disorder,n (%)

Yes
No

Charlson comorbidity index,n (%)

10,368 (81.29)
1837 (14.40)
375 (2.94)

175 (1.37)

6663 (52.24)
5812 (45.57)
280 (2.2%)

52.40 (6.97)

5366 (42.07)
7389 (57.93)

3794 (29.75)
2840 (22.27)
2634 (20.65)
3487 (27.34)

452 (3.54)
8621 (67.59)
3323 (26.05)
359 (2.81)

12,599 (98.78)
45 (0.35)
32(0.25)
79 (0.62)

141 (1.11)
12,045 (94.43)
423 (3.32)
146 (1.14)

10,700 (83.89)
1703 (13.35)
338 (2.65)

14 (0.11)

3481 (27.29)
9274 (72.71)

2446 (19.18)
10,309 (80.82)

3951 (30.98)
8803 (69.02)
1(0.0%)

249 (1.95)
12,506 (98.05)

9421 (79.78)
1837 (15.56)
375 (3.18)
175 (1.48)

6562 (55.57)
4987 (42.23)
259 (2.2%)

52.32 (7.01)

4833 (40.93)
6975 (59.07)

3338 (28.27)
2636 (22.32)
2481 (21.01)
3353 (28.40)

420 (3.56)
8033 (68.03)
3028 (25.64)
327 (2.77)

11,686 (98.97)
36 (0.30)
25(0.21)
61 (0.52)

137 (1.16)
11,136 (94.31)
404 (3.42)
131 (1.11)

10,070 (85.28)
1407 (11.92)
319 (2.70)

12 (0.10)

3138 (26.58)
8670 (73.42)

2200 (18.63)
9608 (81.37)

3551 (30.07)
8256 (69.92)
1(0.0%)

234 (1.98)
11,574 (98.02)

947 (100.00)
0 (0.00)
0 (0.00)
0 (0.00)

101 (10.67)
825 (87.12)
21 (2.2%)

53.34 (6.31)

533 (56.28)
414 (43.72)

456 (48.15)
204 (21.54)
153 (16.16)
134 (14.15)

32 (3.38)
588 (62.09)
295 (31.15)
32 (3.38)

913 (96.41)
9 (0.95)
7(0.74)

18 (1.90)

4(0.42)
909 (95.99)
19 (2.01)
15 (1.58)

630 (66.53)
296 (31.26)
19 (2.01)
2(0.21)

343 (36.22)
604 (63.78)

246 (25.98)
701 (74.02)

400 (42.24)
547 (57.76)
0 (0%)

15 (1.58)
932 (98.42)
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Table 1 (continued)

Overall (n=12,755)

Noncardiac surgery (n=11,808)

Cardiac surgery (n=947)

0
1
>2
Missing
Preoperative chronic pain®, n(%)
Yes
No
Missing
Preoperative neuropsychologic condition
Symptoms of anxiety (GAD-7 > 5),n (%)
Yes
No
Missing
Symptoms of depression (PHQ-9 > 5),n (%)
Yes
No
Missing
Cognitive dysfunction (AD8 > 2),n (%)
Yes
No
Missing

8942 (70.11)
2562 (20.09)
1248 (9.78)
3(0.02)

2453 (19.23)
9758 (76.50)
544 (4.3%)

888 (6.96)
11,864 (93.01)
3 (0.0%)

1417 (11.11)
11,335 (88.87)
3(0.0%)

1405 (11.02)
11,268 (88.34)
82 (0.6%)

Short-term memory impairment (Three-word recall test < 3), n (%)

Yes
No
Missing
Anesthesia-related factors
ASA grade,n (%)
1
1I
111
v
v
VI
Missing
Type of maintenance of general anesthesia, n (%)
Combined intravenous and inhalation anesthesia
Total intravenous anesthesia
Inhalation anesthesia
Missing
Combined with nerve block
Yes
No
Anesthesia duration, minute, mean (SD)
Severe hypoxia®, n(%)
Yes
No
Missing
Severe hypotension®, n(%)
Yes
No
Missing
Patient controlled analgesia after surgery, n (%)
Yes
No

5053 (39.62)
7244 (56.79)
458 (3.6%)

89 (0.70)
10,509 (82.39)
2000 (15.68)
97 (0.76)
1(0.01)
1(0.01)

58 (0.5%)

12,036 (94.36)
538 (4.22)
121 (0.95)
60 (0.5%)

3937 (30.87)
8818 (69.1%)
160 (111)

694 (5.44)
8238 (64.59)
3823 (30.0%)

1939 (15.20)
6914 (54.21)
3902 (30.6%)

4795 (37.59)
7902 (61.95)

8403 (71.16)
2274 (19.26)
1128 (9.55)
3(0.03)

2259 (19.13)
9035 (76.52)
514 (4.4%)

818 (6.93)
10,987 (93.05)
3 (0.0%)

1291 (10.93)
10,514 (89.04)
3 (0.0%)

1270 (10.76)
10,456 (88.55)
82 (0.7%)

4633 (39.24)
6717 (56.89)
458 (3.9%)

89 (0.75)
10,484 (88.79)
1172 (9.93)
5(0.04)
1(0.01)

0 (0.00)

57 (0.5%)

11,138 (94.33)
499 (4.23)
112 (0.95)
59 (0.5%)

3889 (32.94)
7919 (67.1%)
147 (102)

522 (4.42)
7602 (64.38)
3684 (31.2%)

1703 (14.42)
6342 (53.71)
3763 (31.9%)

4771 (40.40)
6980 (59.11)

539 (56.92)
288 (30.41)
120 (12.67)
0 (0.00)

194 (20.49)
723 (76.35)
30 (3.2%)

70 (7.39)
877 (92.61)
0 (0%)

126 (13.31)
821 (86.69)
0 (0%)

135 (14.26)
812 (85.74)
0 (0%)

420 (44.35)
527 (55.65)
0 (0%)

0 (0.00)
25 (2.64)
828 (87.43)
92 (9.71)

0 (0.00)
1(0.11)
1(0.1%)

898 (94.83)
39 (4.12)

9 (0.95)
1(0.1%)

48 (5.07)
899 (94.9%)
292 (110)

172 (18.16)
636 (67.16)
139 (14.7%)

236 (24.92)
572 (60.40)
139 (14.7%)

24 (2.53)
922 (97.36)
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Table 1 (continued)

Overall (n=12,755)

Noncardiac surgery (n=11,808)  Cardiac surgery (n=947)

Missing 58 (0.5%)
Surgery-related factors

Site of surgery,n (%)

Head and neck 2362 (18.52)
Thorax 2761 (21.65)
Abdomen 4805 (37.67)

Limbs and others
Type of surgery,n (%)

2827 (22.16)

Endoscopy 6187 (48.51)

Open 6510 (51.04)

Missing 58 (0.5%)
Intraoperative blood transfusion,n (%)

Yes 1181 (9.26)

No 11,296 (88.56)

Missing 278 (2.2%)
Admission to ICU after surgery,n (%)

Yes 1146 (8.98)

No 11,331 (88.84)

Missing 278 (2.2%)
Length of hospital stay, days, mean (SD) 8.08 (6.54)

57 (0.5%) 1(0.1%)
2362 (20.00) 0 (0.00)
1814 (15.36) 947 (100.00)
4805 (40.69) 0 (0.00)
2827 (23.94) 0 (0.00)
6139 (51.99) 48 (5.07)
5612 (47.53) 898 (94.83)
57 (0.5%) 1(0.1%)
401 (3.40) 780 (82.37)
11,150 (94.43) 146 (15.42)
257 (2.2%) 21 (2.2%)
241 (2.04) 905 (95.56)
11,310 (95.78) 21 (2.22)
257 (2.2%) 21 (2.2%)
7.74 (6.47) 12.2 (6.01)

! Smoking refers to smoking at least one cigarette every three days for half a year

2 Alcohol drinking refers to drinking at least once a week for half a year

3 Pain lasts more than 1 month

# Severe hypoxia was defined as pulse oxygen saturation < 90% during the surgery

5 Severe hypotension was defined as atrial blood pressure < 60% of baseline level during the surgery

short-term memory impairment (i.e., a three-word recall test
score < 3).

Most of the participants had an American Society of
Anaesthesiologists (ASA) grade of II (82.39%) or III
(15.68%), and 94.36% of participants received combined
intravenous (i.e., propofol) and inhalation (i.e., sevoflurane)
anaesthetics for maintenance of general anaesthesia during
a mean anaesthesia duration of 160 (standard deviation,
SD =111) mins. During surgery, 5.44%, 15.20%, and 9.26%
of patients experienced severe hypoxia (pulse oxygen satu-
ration<90% during surgery), severe hypotension (atrial
blood pressure < 60% of baseline level during surgery) and
blood transfusion (autologous or allogeneic transfusion),
respectively. The proportions of patients who received sur-
gery of the head and neck, thorax, abdomen, limbs and oth-
ers were 18.52% (2,362/12,755), 21.65% (2,761/12,755),
37.67% (4,805/12,755) and 22.16% (2,827/12,755), respec-
tively. A total of 6,187 (48.51%) patients underwent endo-
scopic surgery. The mean length of hospital stay was 8.08
(SD =6.54) days.

Patients who underwent cardiac surgery were largely dif-
ferent from noncardiac surgery patients in terms of lifestyle
factors (e.g., more smokers and alcohol drinkers), comor-
bidities (e.g., more patients with CCI > 2), preoperative cog-
nitive dysfunction, and surgery/anaesthesia-related factors
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(e.g., higher ASA grade and longer hospital stay) (Table 1).
Nevertheless, the data were largely comparable among par-
ticipants with and without blood sample collection (Supple-
mentary Table 5).

Interested surgery/anaesthesia-related outcomes

The incidence rates of surgery and anaesthesia complica-
tions are shown in Table 2. Specifically, the most common
anaesthesia complication was intraoperative awareness
(0.06%), and the top three common surgery complications
were pulmonary complications (12.39%), infection (6.61%),
and AKI (1.65%). Other anaesthesia- (e.g., failed intubation,
aspiration, cardiac arrest) and surgery-related complications
(e.g., within-hospital death) were considered relatively rare.
Importantly, we generally found higher surgical complica-
tion rates among patients who underwent cardiac surgery
than among those who underwent noncardiac surgery. For
instance, the incidence rate of intraoperative awareness (i.e.,
if patients regain consciousness under general anaesthesia
and are able to recall these events after surgery) was 0.07%
among noncardiac surgery patients, and no intraoperative
awareness was observed in cardiac surgery patients. Addi-
tionally, the incidence of pulmonary complications was



Cohort profile: the China surgery and anesthesia cohort (CSAC)

215

Table 2 The presence of in-hospital surgery/anesthesia related adversi-
ties or complications among study participants

Outcomes, 1 (%) Overall Noncardiac Cardiac
(n=12,755) surgery surgery
(n=11,808) (n=947)
During anesthesia
Failed intubation 0 (0.00) 0 (0.00) 0 (0.00)
Aspiration 0 (0.00) 0 (0.00) 0 (0.00)
Cardiac arrest 2(0.02) 2(0.02) 0 (0.00)
Intraoperative 8 (0.06) 8(0.07) 0 (0.00)
awareness
After surgery
Pulmonary 1580 (12.39) 1048 (8.88) 532
complications' (56.18)
Infections? 843 (6.61) 697 (5.90) 146
(15.42)
MACE? 119 (0.93) 28 (0.24) 91 (9.61)
AKI* 211 (1.65) 118 (1.00) 93 (9.82)
Within hospital 10 (0.08) 7 (0.06) 3(0.32)
death

! Pulmonary complications include respiratory infection, respiratory
failure, pleural effusion, atelectasis, pneumothorax, bronchospasm
and aspiration pneumonia

2 Infection include pulmonary infection, surgical site infection, uri-
nary infection and hematogenous infection

3 MACE: Major Adverse Cardiovascular Events, include non-fatal
cardiac arrest, acute myocardial infarction, congestive heart failure,
arrhythmia and angina pectoris

4 AKI: Acute kidney injury

8.88% and 56.18% among participants who received non-
cardiac and cardiac surgeries, respectively.

Assessments of postoperative pain and neuropsycho-
logic conditions at each follow-up time point are shown
in Table 3. Considering the trajectory of studied measure-
ments among patients who received noncardiac surgery,
we observed obviously recovering curves (i.e., most severe
at the time points adjacent to the index surgery and then
became much less severe with longer time of follow) for
the incident postoperative pain and a notable deteriorat-
ing curve (i.e., incidence gradually increased over the time
after surgery) for incident POCD. Nevertheless, the propor-
tion of participants with psychiatric symptoms (including
anxiety, depression, stress reaction, and sleep disturbance)
was somewhat stable over the surveillance period. Again,
the obtained estimates were generally higher among cardiac
surgery patients, which however illustrated similar chang-
ing trends as those observed among noncardiac surgery
patients.

COVID-19-related information

We retrospectively collected data related to COVID-
19 since January 2023, with a response rate of 97.64%
(11,823/12,109) up to July 18, 2023. A total of 82.07%

(9,703/11,823) of participants reported having COVID-19
infection; 59.26% (5,750/9,703) of the patients confirmed
this diagnosis through the positive results of nucleic acid
tests or self-tested antigen kits, and the other 39.87%
(3,869/9,703) confirmed this diagnosis based on the pres-
ence of typical COVID-19 symptoms and suspected contact
history. Among infected cases, the most common symp-
toms were fever (66.97%, 6,498/9,703), cough (57.49%,
5,578/9,703), and muscular soreness (43.82%, 4,252/9,703),
and the majority of those core symptoms disappeared within
14 days (74.21%, 7,201/9,703). More than half of infected
individuals (74.44%, 7,223/9,703) took medication (e.g.,
ibuprofen, acetaminophen) for symptom release without
medical care system contacts, 10.10% (980/9,703) received
primary or outpatient care, and merely 1.68% (163/9,703)
were admitted to a hospital for inpatient care (Supplemen-
tary Table 6).

Discussion
CSAC in comparison with other studies

No comparable data from cohorts with identical study
designs (i.e., with similar study populations, inclusion
sites, and sample sizes) could be found. One relevant large
international cohort (VISION) recruited noncardiac sur-
gery patients with a focus on certain selected outcomes
(i.e., vascular events) [28]. However, due to demographic
differences (e.g., population and age group) and hetero-
geneities in study settings (e.g., distribution of indication
diseases), the basic characteristics of our study population
were largely different from those in the VISION cohort.
Investigations focusing on middle-aged Chinese surgery
patients are also scarce. Regarding the incidence rates of
postoperative complications, we observed that the incidence
of postoperative pulmonary complications after noncardiac
surgery in the CSAC was 8.88%, which was similar to the
rate of 7.6% reported in a previous study [29]. We observed
a lower rate for postoperative infections than a previous
study (5.90% vs. 9.8% in the VISION cohort [30]). Again,
given the enormous variations in many aspects (e.g., age
and the percentage of endoscopic surgery), the differences
in findings between those studies did not necessarily invali-
date each other.

Key findings to date and further study plan
Based on the assessments of postoperative pain and neu-
ropsychologic conditions at each follow-up time point, we

conducted studies analysing risk factors associated with the
occurrence of CPSP (i.e., pain in the surgical area persisted
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Table 3 Measurements of postoperative pain and neuropsychologic conditions for each follow-up period in the study population

7-days after 1-months after 3 months 6 months 12 months
surgery surgery after surgery after surgery after
surgery
Among patients received non-cardiac surgery
Number (%) of patients with available data 11,411/11,722  10,706/11,439 9814/10,502 8533/9073  6220/6725
(97.35) (93.59) (93.45) (94.05) (92.49)
Postoperative pain, n (%) - 3940 (34.44) 1454 (13.84) 779 (8.59) 400 (5.95)
Postoperative cognitive dysfunction (AD8 >2), n (%) 292 (2.49) 934 (8.17) - 1438 (15.85) 1153
(17.14)
Short-term memory impairment (Three-word recall test < 3), 5357 (45.70) 3993 (34.91) 3360 (31.99) 3543 (39.05) 3587
n (%) (53.34)
Anxiety (GAD-72>5), n (%) - 559 (4.89) - 513 (5.65) 309 (4.59)
Depression (PHQ-9 > 5), n (%) - 1399 (12.23) - 960 (10.58) 703 (10.45)
Stress reaction (PCL-5>33), n (%) - 13 (0.11) - 8(0.09) 6 (0.09)
Sleep disturbance (PSQI>16), n (%) - 225(1.97) - 143 (1.58) 98 (1.46)
Among patients received cardiac surgery
Number (%) of patients with available data 854/941 887/922 829/858 727/767 587/640
(90.75) (96.20) (96.62) (94.78) (91.72)
Postoperative pain, n (%) 620 (65.89) - 298 (34.73) 171 (22.29) 89 (13.91)
Postoperative cognitive dysfunction (AD8 >2), n (%) 94 (9.99) 124 (13.45) - 142 (18.51) 122 (19.06)
Short-term memory impairment (Three-word recall test < 3) 628 (66.74) 526 (57.05) 478 (55.71) 549 (71.58) 408 (63.75)
n (%)
Anxiety (GAD-7>5), n (%) - 60 (6.51) - 57 (7.43)  42(6.56)
Depression (PHQ-9 > 5), n (%) - 168 (18.22) - 93 (12.13) 66 (10.31)
Stress (PCL-5>33), n (%) - 3(033) - 1(0.13) 4(0.62)
Sleep disturbance (PSQI > 16), n (%) - 35(3.80) - 14 (1.83) 11 (1.72)

Abbreviation: AD-8: the Eight-item Informant Interview to Differentiate Aging and Dementia; GAD-7: Generalized Anxiety Disorder 7-Item
Scale; PHQ-9: Patient Health Questionnaire; PCL-5: Posttraumatic Stress Disorder Checklist for DSM-5; PSQI: Pittsburgh Sleep Quality Index

for more than 3 months after surgery) [31] and POCD (i.e.,
indexed by AD-8 score >2) [32]. Our results indicated that
preoperative psychopathology, particularly the presence of
anxiety, depression, and sleep disturbance, was a significant
risk factor for the occurrence of CPSP and POCD. Further-
more, some anaesthesia- and surgery-related factors, includ-
ing a longer duration of general anaesthesia (e.g., > 180 min)
and postoperative complications (e.g., postoperative pulmo-
nary complications, acute kidney injury), were also linked to
the studied adversities (Supplementary Table 7). These find-
ings derive from our initial efforts to decipher the notable
postoperative adversities, and the results have the potential
to prompt further mechanistic exploration and facilitate the
development of effective approaches for CPSP and POCD
prevention among middle-aged Chinese individuals. Sub-
sequent studies, such as genome-wide association analyses
(GWAS) for identifying genetic determinants of CPSP and
POCD, are ongoing.

Strengths and weaknesses
To the best of our knowledge, this is the first cohort involv-
ing a large number of patients who underwent surgery and

general anaesthesia in China. In addition to the professional
data collection team and stringent quality control process,
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which ensure the accuracy and completeness of our data
(baseline response rate 94.68% and 92.42%-99.45% follow-
up rates within 1 year after surgery), the CSAC was most
characterized by the potential of providing multidimen-
sional data, including biological information extracted from
biosamples, and advancing the current understanding of
the joint effects of medical, environmental, psychological,
and genetic factors on the prognosis of surgery patients. We
have further built an integrated platform to realize automate
linkages between different data resources (every 3 months)
and facilitate remote data access to the centralized database
(after deidentification).

There are also notable limitations. Due to the late
involvement of medical centres outside Sichuan Province,
this cohort currently has poor representativeness of all sur-
gery patients among the Chinese population. However, as
the study is still ongoing and we have planned to include
more recruitment centres in other locations, the geographi-
cal distribution of the study participants will gradually
change. Second, as we only collected biosamples at baseline,
research on adynamic biomarkers for prognosis prediction
or evaluations of the effectiveness of some medical inter-
ventions will not be possible. Third, although most of the
used scales have been widely validated in community-based
samples, including the Chinese population [16-21, 23], the
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lack of more professional assessments on some interested
consequences, such as medical diagnosis of psychiatric
disorders or cognitive impairment, will make it more dif-
ficult to measure these outcomes or other outcomes without
clinical significance. In addition, participants in the cardiac
surgery cohort were invited to join this cohort midway due
to practical reasons, and they are likely to have different
perioperative conditions. We therefore encourage separate
analyses for cardiac and noncardiac surgery patients. Last,
it is notable that the nature of the patient cohort design lim-
its the possibility of studying consequences related to the
presence or absence of general anaesthesia during surgery
(which requires comparisons between individuals with and
without general anaesthesia during surgery). However, as
in most cases, receiving surgery is basically inevitable for
curing a disease, and such a patient cohort is also useful
in terms of improving the prognosis of surgery patients by
clarifying the approaches that can optimize the periopera-
tive procedure.

Collaboration

Currently, the data of CSAC are not available to public for
data protection and privacy policy. But we welcome clini-
cians and researchers contact us, for initiating collaborative
projects or joining CSAC as a new recruitment center. Please
visit our website at http://biomedbdc.wchscu.cn/JoylabEr-
asePM/hx-portals/#/index for more details, and contact cor-
responding authors Huan Song (songhuan@wchscu.cn) or
Qian Li (hxligian@wechscu.cn) for collaboration requests.

Supplementary Information The online version  contains
supplementary material available at https://doi.org/10.1007/s10654-
023-01083-4.

Acknowledgements We thank all participants for providing their
information. We also thank the team members and colleagues involved
in The China Surgery and Anesthesia Cohort project for their support.

Funding This work was supported by the National Natural Science
Foundation of China (No. 81971262 to HS), 1.3.5 project for disci-
plines of excellence, West China Hospital, Sichuan University (No.
ZYYC21005 to HS, ZYGD20005 to JL), and Key Research and De-
velopment Program of Science and Technology Department of Sich-
uan Province (No. 2023YFS0139 to LY).

Declarations
Conflict of interest We declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Rose J, Weiser TG, Hider P, Wilson L, Gruen RL, Bickler SW.
Estimated need for Surgery worldwide based on prevalence of
Diseases: a modelling strategy for the WHO Global Health Esti-
mate. The Lancet. Global Health. 2015;3(Suppl 2):13-20. https://
doi.org/10.1016/s2214-109x(15)70087-2.

2. Pearse RM, Moreno RP, Bauer P, et al. Mortality after Sur-
gery in Europe: a 7 day cohort study. Lancet (London Eng-
land). 2012;380(9847):1059-65. https://doi.org/10.1016/
s0140-6736(12)61148-9.

3. Nepogodiev D, Martin J, Biccard B, Makupe A, Bhangu
A. Global burden of postoperative death. Lancet (London
England). 2019;393(10170):401. https://doi.org/10.1016/
s0140-6736(18)33139-8.

4. Khuri SF, Henderson WG, DePalma RG, Mosca C, Healey NA,
Kumbhani DJ. Determinants of long-term survival after major
Surgery and the adverse effect of postoperative Complications.
Ann  Surg. 2005;242(3):326-41. https://doi.org/10.1097/01.
s1a.0000179621.33268.83. discussion 41 — 3.

5. Merry AF, Mitchell SJ. Complications of anaesthesia. Anaesthe-
sia. 2018;73(Suppl 1):7-11. https://doi.org/10.1111/anae.14135.

6. Boney O, Moonesinghe SR, Myles PS, Grocott MPW. Core Out-
come measures for Perioperative and Anaesthetic Care (COM-
PAC): a modified Delphi process to develop a core outcome set
for trials in perioperative care and anaesthesia. Br J Anaesth.
2022;128(1):174-85. https://doi.org/10.1016/j.bja.2021.09.027.

7. Habib AS, Kertai MD, Cooter M, Greenup RA, Hwang S.
Risk factors for severe acute pain and persistent pain after Sur-
gery for Breast cancer: a prospective observational study. Reg
Anesth Pain Med. 2019;44(2):192-9. https://doi.org/10.1136/
rapm-2018-000040.

8. Schmidt M, Zogheib E, Roz¢ H, et al. The PRESERVE mortality
risk score and analysis of long-term outcomes after extracorpo-
real membrane oxygenation for severe acute respiratory distress
syndrome. Intensive Care Med. 2013;39(10):1704—13. https://
doi.org/10.1007/s00134-013-3037-2.

9. Bjurstrom MF, Irwin MR, Bodelsson M, Smith MT, Mattsson-
Carlgren N. Preoperative sleep quality and adverse pain outcomes
after total hip arthroplasty. Eur J Pain. 2021;25(7):1482-92.
https://doi.org/10.1002/ejp.1761.

10. Aiello Bowles EJ, Larson EB, Pong RP, et al. Anesthesia expo-
sure and risk of Dementia and Alzheimer’s Disease: a prospec-
tive study. J Am Geriatr Soc. 2016;64(3):602—7. https://doi.
org/10.1111/jgs.14024.

11. Feng Z, Ren X, Duren Z, Wang Y. Human Genetic Variants
Associated with COVID-19 severity are enriched in Immune
and Epithelium Regulatory Networks. Phenomics (Cham
Switzerland).  2022;2(6):389-403.  https://doi.org/10.1007/
543657-022-00066-x.

12. Kazaure HS, Roman SA, Sosa JA. Association of postdischarge
complications with reoperation and mortality in general surgery.
Archives of surgery (Chicago, Ill.: 1960). 2012;147(11):1000-7.
https://doi.org/10.1001/2013.jamasurg.114.

13. Cho SA, Lee SJ, Sung TY, Kim DK, Cho CK. Comparative analy-
sis of anesthetic legal disputes between older and younger patients

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/s2214-109x(15)70087-2
https://doi.org/10.1016/s2214-109x(15)70087-2
https://doi.org/10.1016/s0140-6736(12)61148-9
https://doi.org/10.1016/s0140-6736(12)61148-9
https://doi.org/10.1016/s0140-6736(18)33139-8
https://doi.org/10.1016/s0140-6736(18)33139-8
https://doi.org/10.1097/01.sla.0000179621.33268.83
https://doi.org/10.1097/01.sla.0000179621.33268.83
https://doi.org/10.1111/anae.14135
https://doi.org/10.1016/j.bja.2021.09.027
https://doi.org/10.1136/rapm-2018-000040
https://doi.org/10.1136/rapm-2018-000040
https://doi.org/10.1007/s00134-013-3037-2
https://doi.org/10.1007/s00134-013-3037-2
https://doi.org/10.1002/ejp.1761
https://doi.org/10.1111/jgs.14024
https://doi.org/10.1111/jgs.14024
https://doi.org/10.1007/s43657-022-00066-x
https://doi.org/10.1007/s43657-022-00066-x
https://doi.org/10.1001/2013.jamasurg.114
http://biomedbdc.wchscu.cn/JoylabErasePM/hx-portals/#/index
http://biomedbdc.wchscu.cn/JoylabErasePM/hx-portals/#/index
https://doi.org/10.1007/s10654-023-01083-4
https://doi.org/10.1007/s10654-023-01083-4

218

L. Yang et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

referred to the Korean society of anesthesiologists in 2009-2018.
Annals of Geriatric Medicine and Research. 2019;23(4):204—11.
https://doi.org/10.4235/agmr.19.0026.

Root CW, Beilin Y, McCormick PJ, Curatolo CJ, Katz D, Hyman
JB. Differences in outcomes after anesthesia-related adverse
events in older and younger patients. J Healthc Quality: Official
Publication Natl Association Healthc Qual. 2020;42(4):195-204.
https://doi.org/10.1097/jhq.0000000000000216.

Huang Y, Wang Y, Wang H, et al. Prevalence of mental disor-
ders in China: a cross-sectional epidemiological study. The
lancet. Psychiatry. 2019;6(3):211-24. https://doi.org/10.1016/
$2215-0366(18)30511-x.

Tsai PS, Wang SY, Wang MY, et al. Psychometric evaluation of the
Chinese version of the Pittsburgh Sleep Quality Index (CPSQI) in
primary insomnia and control subjects. Qual life Research: Int J
Qual life Aspects Treat care Rehabilitation. 2005;14(8):1943-52.
https://doi.org/10.1007/s11136-005-4346-x.

Wu KK, Chan KS. The development of the Chinese version of
impact of event scale-revised (CIES-R). Soc Psychiatry Psy-
chiatr  Epidemiol. 2003;38(2):94-8. https://doi.org/10.1007/
s00127-003-0611-x.

Fung HW, Chan C, Lee CY, Ross CA. Using the Post-traumatic
Stress Disorder (PTSD) Checklist for DSM-5 to Screen for PTSD
in the Chinese Context: A Pilot Study in a Psychiatric Sample.
Journal of evidence-based social work (2019). 2019;16(6):643 —
51. https://doi.org/10.1080/26408066.2019.1676858.

Zhang C, Wang T, Zeng P, et al. Reliability, validity, and Mea-
surement Invariance of the General anxiety disorder scale
among Chinese Medical University students. Front Psychiatry.
2021;12:648755. https://doi.org/10.3389/fpsyt.2021.648755.
Wang W, Bian Q, Zhao Y, et al. Reliability and validity of the Chi-
nese version of the Patient Health Questionnaire (PHQ-9) in the
general population. Gen Hosp Psychiatry. 2014;36(5):539—44.
https://doi.org/10.1016/j.genhosppsych.2014.05.021.

Li T, Wang HL, Yang YH, Galvin JE, Morris JC, Yu X. The reli-
ability and validity of Chinese version of ADS. Zhonghua Nei Ke
Za Zhi. 2012;51(10):777-80.

Diniz BS, Yassuda MS, Nunes PV, Radanovic M, Forlenza OV.
Mini-mental state examination performance in mild cognitive
impairment subtypes. Int Psychogeriatr. 2007;19(4):647-56.
https://doi.org/10.1017/s104161020700542x.

Wang XS, Mendoza TR, Gao SZ, Cleeland CS. The Chinese ver-
sion of the brief Pain Inventory (BPI-C): its development and use
in a study of cancer pain. Pain. 1996;67(2-3):407—16. https://doi.
org/10.1016/0304-3959(96)03147-8.

Jammer I, Wickboldt N, Sander M, et al. Standards for defini-
tions and use of outcome measures for clinical effectiveness

@ Springer

25.

26.

27.

28.

29.

30.

31

32.

research in perioperative medicine: European Perioperative
Clinical Outcome (EPCO) definitions: a statement from the
ESA-ESICM joint taskforce on perioperative outcome measures.
Eur J Anaesthesiol. 2015;32(2):88-105. https://doi.org/10.1097/
€ja.0000000000000118.

Goldberg EE, Lin Q, Romero-Severson EO, Ke R. Swift and
extensive Omicron outbreak in China after sudden exit from
‘zero-COVID’ policy. Nat Commun. 2023;14(1):3888. https://
doi.org/10.1038/s41467-023-39638-4.

McKenna A, Hanna M, Banks E, et al. The genome analysis Tool-
kit: a MapReduce framework for analyzing next-generation DNA
sequencing data. Genome Res. 2010;20(9):1297-303. https://doi.
org/10.1101/gr.107524.110.

Zhang G, Zhang Y, Jin J. Phenomics (Cham Switzerland).
2021;1(1):22-30.  https://doi.org/10.1007/s43657-020-00008-5.
The Ultrafast and Accurate Mapping Algorithm FANSe3: Map-
ping a Human Whole-Genome Sequencing Dataset Within 30
Minutes.

Devereaux PJ, Chan MT, Alonso-Coello P, et al. Associa-
tion between postoperative troponin levels and 30-day mor-
tality among patients undergoing noncardiac Surgery.
JAMA. 2012;307(21):2295-304.  https://doi.org/10.1001/
jama.2012.5502.

Kirmeier E, Eriksson LI, Lewald H, et al. Post-anaesthesia pulmo-
nary Complications after use of muscle relaxants (POPULAR): a
multicentre, prospective observational study. The Lancet Respi-
ratory Medicine. 2019;7(2):129-40. https://doi.org/10.1016/
$2213-2600(18)30294-7.

Wan YI, Patel A, Abbott TEF, et al. Prospective observational
study of postoperative Infection and outcomes after noncardiac
Surgery: analysis of prospective data from the VISION cohort.
Br J Anaesth. 2020;125(1):87-97. https://doi.org/10.1016/j.
bja.2020.03.027.

Chen D, Yang H, Yang L, et al. Preoperative psychological symp-
toms and chronic postsurgical pain: analysis of the prospective
China Surgery and Anaesthesia Cohort study. Br J Anaesth. 2023.
https://doi.org/10.1016/j.bja.2023.10.015.

Yang L, Chen W, Yang D, et al. Postsurgery subjective cognitive
and short-term memory impairment among Middle-aged Chinese
patients. JAMA Netw Open. 2023;6(10):¢2336985. https://doi.
org/10.1001/jamanetworkopen.2023.36985.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.1097/eja.0000000000000118
https://doi.org/10.1097/eja.0000000000000118
https://doi.org/10.1038/s41467-023-39638-4
https://doi.org/10.1038/s41467-023-39638-4
https://doi.org/10.1101/gr.107524.110
https://doi.org/10.1101/gr.107524.110
https://doi.org/10.1007/s43657-020-00008-5
https://doi.org/10.1001/jama.2012.5502
https://doi.org/10.1001/jama.2012.5502
https://doi.org/10.1016/s2213-2600(18)30294-7
https://doi.org/10.1016/s2213-2600(18)30294-7
https://doi.org/10.1016/j.bja.2020.03.027
https://doi.org/10.1016/j.bja.2020.03.027
https://doi.org/10.1016/j.bja.2023.10.015
https://doi.org/10.1001/jamanetworkopen.2023.36985
https://doi.org/10.1001/jamanetworkopen.2023.36985
https://doi.org/10.4235/agmr.19.0026
https://doi.org/10.1097/jhq.0000000000000216
https://doi.org/10.1016/s2215-0366(18)30511-x
https://doi.org/10.1016/s2215-0366(18)30511-x
https://doi.org/10.1007/s11136-005-4346-x
https://doi.org/10.1007/s00127-003-0611-x
https://doi.org/10.1007/s00127-003-0611-x
https://doi.org/10.1080/26408066.2019.1676858
https://doi.org/10.3389/fpsyt.2021.648755
https://doi.org/10.1016/j.genhosppsych.2014.05.021
https://doi.org/10.1017/s104161020700542x
https://doi.org/10.1016/0304-3959(96)03147-8
https://doi.org/10.1016/0304-3959(96)03147-8

	﻿Cohort profile: the China surgery and anesthesia cohort (CSAC)
	﻿Abstract
	﻿Introduction
	﻿General and specific objectives

	﻿Methods
	﻿Study design and population
	﻿Data collection
	﻿Baseline information
	﻿Follow-ups
	﻿Other data resources
	﻿Measurement of primary outcomes and conditions
	﻿Biological sample collection and test


	﻿Quality control
	﻿Ethical considerations
	﻿Results
	﻿Baseline characteristics of the participants
	﻿Interested surgery/anaesthesia-related outcomes
	﻿COVID-19-related information

	﻿Discussion
	﻿CSAC in comparison with other studies
	﻿Key findings to date and further study plan
	﻿Strengths and weaknesses
	﻿Collaboration

	﻿References


