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Purpose: Limited evidence is available to support the management of healthcare-associated
infections (HAIs) in intensive care units (ICUs). Establishing a registry with complete and
accurate information is urgently needed. The West China Hospital system has the most
complete and largest data system for HAI in the ICU setting in China. By linking
a multidimensional database, we developed a registry of HAI in ICU.
Methods: The ICU-HAI registry was established using a multi-source database that
included electronic medical record (EMR), ICU system and ICU-HAI system in the West
China Hospital healthcare system. Patients who were admitted to ICUs between 1 April 2015
and 30 March 2018 were included and data were extracted based on pre-designed, standardized data forms. We achieved the linkage of the three databases using a unique patient
identiﬁcation code, and cleaned the data based on standardized variable dictionaries and
cleaning rules. We evaluated the quality of the registry through data veriﬁcation and assessment of the quality of key variables.
Results: In total, 23, 062 patients were included. The ICU mortality and hospital mortality
were 5.4% and 5.5% respectively. A total of 855 patients developed ICU-HAIs, 1540 patients
developed ventilator-associated events (VAE), and 171 patients developed possible ventilator-associated pneumonia (PVAP). Quality assessment showed that the accuracy of data
extraction and linkage was 100%. Furthermore, 98% of all patients had at least one important
laboratory tests performed, and the median number of tests performed was 4 to 5 per
admission.
Conclusion: A unique registry for HAIs in the ICU setting was successfully established,
which contains complete and accurate information for all patients in the ICU. The registry,
linked from multiple data sources, provides unique research insights into the management of
HAIs in the ICU setting in China.
Keywords: healthcare-associated infection, intensive care units, registry

Introduction
Healthcare-associated infections (HAIs), an infections acquired in healthcare settings, have become a major concern for hospitals, especially in intensive care units
(ICUs).1–3 Due to impaired host defense, underlying diseases, multiple invasive
devices, and multiple drug-resistant organisms associated with the use of broadspectrum antimicrobial agents, HAIs are common in the ICU setting. The proportion of patients with HAIs usually account for over 30% of all ICU admissions.3
The Extended Prevalence of Infection in Intensive Care (EPIC II) study, including
14, 414 patients from 1, 265 ICUs, reported 51% of patients with infections.2 The
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ICU patients with HAIs may have a poorer prognosis that
includes prolonged hospital stays, and increased healthcare
costs and mortality.2,4,5 The EPIC II study suggested that
compared with patients without infections, the ICU mortality was more than two times higher among those with
HAIs.2 Compared with patients without central lineassociated bloodstream infection (CLABSI), ICU mortality was increased by 30% among ICU patients with
CLABSI,4 and costs were increased by $39,000 per
episode.5
The management of HAIs is a major challenge for
healthcare worldwide. Several authorities, such as the
World Health Organization (WHO), the US Center for
Disease Control (CDC), Society for Healthcare
Epidemiology of America (SHEA) and Infectious
Diseases Society of America (IDSA) have published
guidelines regarding the prevention and control of
HAIs.5–8 Many recommendations were, however, based
on low-quality evidence. For instance, in the guideline
updated in 2014, SHEA recommended 16 strategies to
prevent CLABSI, among which, only two were based on
a moderate quality of evidence and the others were based
on a low quality of evidence.5 In another example, due to
subjective and unspeciﬁc diagnostic criteria, traditional
ventilator-associated pneumonia (VAP) surveillance using
clinical criteria have important limitations in practice.
Thus, in 2013, the US CDC developed new surveillance
criteria for ventilator-associated events (VAE), which
aimed to capture all complications leading to deterioration
among mechanically ventilated patients.9,10 Nevertheless,
current strategies for the prevention of VAE were with
little support from sound evidence. The available studies
about the newly-deﬁned VAE typically have small sample
sizes and report only a few events.11–13
The lack of high-quality evidence is primarily because
the data were either unavailable or inadequate to answer
questions of interest. The completeness and accuracy of
data are often two important issues for generating robust
evidence for HAIs in the ICU. For instance, traditional
HAI surveillance exclusively collects data of patients with
HAIs, and such healthcare data, as diagnostic and treatment information, are usually unavailable.14–16 This limits
the evaluation of interventional strategies for HAIs.
Therefore, establishing a registry with complete and accurate information of all admissions using multidimensional
data sources is essential to address critical issues about
HAIs.17,18
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West China Hospital is a major healthcare system in
west China, which consists of three independent healthcare
organizations (University Campus, Wenjiang Hospital, and
Jinjiang Hospital) (Figure S1).19 In total, the healthcare
system has 4300 beds. Consistently ranked in the second
place among all hospitals in China, the healthcare system
provides tertiary care for the population of Sichuan (of
over 80 million) and other provinces. In 2016, 5.3 million
hospital visits and 223,000 discharges were recorded.19
The ICUs at the healthcare system were initially established in 1992, and have become a national critical care
center in west China. Since 2015, the healthcare system
has been comprised of six ICUs and 172 beds, with more
than 8000 ICU inpatients annually. To improve management of HAIs in the ICU setting, the healthcare facilities
developed a speciﬁc data system for ICU services in 2015,
in addition to the routine electronic medical records
(EMRs), and a prospective surveillance system for HAIs.
All data in the three data systems (EMR, ICU, and HAI
surveillance) were collected and stored using a unique
patient identiﬁer, which was linked to a unique social
identity (ID).
By connecting such data sources to develop a linked
registry, important information can be obtained to address
many issues regarding HAIs in the ICU setting. To the best
of our knowledge, the HAI surveillance system has now
become the most complete and largest data system for
HAIs in the ICU setting in China, and is unique for the
routine surveillance of VAE across the country. This paper
elaborated our efforts to develop the registry of HAIs in
the ICU setting within the West China Hospital system.
We also presented the patient baseline.

Methods
This study was approved by the Ethical Committee of
West China Hospital in August 2018 (WCH2018-409). It
was conducted using routinely collected health data, which
were obtained for administrative and clinical purposes
without speciﬁc a priori research goals; therefore, patient
consent was waived. We used de-identiﬁed data which
contained a signiﬁcant level of protection against the
release of personal information to outside entities.

Data Sources and Linkage
To acquire complete information addressing important
issues regarding HAIs in the ICU setting, we developed
an ICU-HAI registry by integrating data from the ICUHAI system, the ICU system, and EMR at West China
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Table 1 Key Details About the ICU-HAI Registry

Methods of
data collection

HAI System

EMR System

ICU System

Prospective surveillance by
infection control practitioners.

Routinely collected health data from clinical
process

Critical care information recorded by nurse

Basic information were
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extracted from EMR
Information

Catheterization information,

Demographics, diagnosis, laboratory and

Shift records, nurse notes, vital signs, life

recorded

hospital-acquired
infection, prevention and

microbiology tests, prescription, operation,
admissions records, discharge summaries

supports, checklists

control measures

and costs

Frequency of

Prospective surveillance data

Same as actual clinical process: admissions

Vital signs, life supports, intake and output

data collection

were collected every day; basic
information were extracted in

records were recorded within 24 hrs of
admission;

volume were recorded every hour; shift records
were recorded every 8 hrs; APACHE score
were recorded within 24 hrs of admission

real time
Follow-up time

During ICU stay

During hospital stay

During ICU stay

Department
coverage

Six ICUs of WCH

Both ICU and non-ICU

Six ICUs of WCH

Hospital Healthcare System. The linkage was performed
by a unique and encoded identiﬁer for each patient. The
registry included data from six ICUs, including the general
ICU (GICU), surgical ICU (SICU), neurological ICU
(NICU), respiratory ICU (RICU), thoracic surgery ICU
(TICU) and pediatric ICU (PICU). Detailed descriptions
of the ICU-HAI multi-source database are summarized in
Table 1 and Figure 1.
The ICU-HAI system is a prospective surveillance
system for HAIs that has been fully adopted by the healthcare system since 2015. A team of three infection control
practitioners actively collected information regarding
catheterization, the duration of catheterization, and prevention and control measures, and judged suspected ICU-HAI
cases according to The US CDC-National Healthcare
Safety Network (NHSN) criteria.20,21 Basic information,
such as age, sex, and ICU types, was retrieved from the
EMR system in real-time. To ensure the accuracy of data,
logical
checks
were
automatically
conducted.
Furthermore, manual checks were performed by the infection control practitioners through a monthly chart review.
One important feature of the ICU-HAI system was its
coverage of all patients admitted to ICUs, regardless of
the incidence of HAIs has occurred. This contrasts with
other ICU-HAI systems, which only record information of
patients with HAIs. The second important feature of the
ICU-HAI system was its unique establishment of routine
VAE surveillance. Each year, the ICU-HAI system
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undertake the monitoring of more than 8000 person-time
of HAI and 5000 cases of VAE.
The EMR system initially developed in 2008, includes
the Health Information System (HIS), Laboratory
Information System (LIS), and Picture Archiving and
Communication System (PACS). The EMR contains
detailed information regarding patient demographics, diagnoses, laboratory and microbiological tests, treatments,
notes, and cost.22 Most of the data are stored in structured
or semi-structured formats, including demographics, diagnoses, tests, prescriptions, and cost. In 2018, more than
99% of records had International Classiﬁcation of
Diseases (ICD) coding, and validation of the ICD-10
code showed an accuracy of 88% (internal reports). The
EMR has been previously used for clinical research.4,22
The ICU data system, independent of the EMR, was
initially developed in 2012 and was fully adopted in all
ICUs in 2015. The data were electronically recorded by
well-trained specialty nurses, and contained information
regarding vital signs, life support, nurses’ notes, risk
assessments, and ICU-HAI related checklists (i.e., central
line catheter checklist and disinfection checklist), which
were not routinely collected in other intensive care settings
in China.

Study Population
The ICU-HAI registry included patients that were
admitted to any of the six ICUs at West China Hospital
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HAI system

Catheterization

•

Ureter/ central line/mechanical ventilation

Hospital-acquired
infection

•
•

HAI: VAE/VAP/CLABSI/CAUTI
Microbiology

Prevention and
control

•

Aseptic technique/ sterilize/ oral care

•
•
•

Date of birth
Nationality/ethnic/marital status
Occupation/living space

•
•
•

Outpatient diagnosis
Admitting diagnosis
Discharging diagnosis/ICD-10 code

Test

•
•

Laboratory
Microbiology

Treatment

•
•

Prescription: drug/ route/ dose/ duration
Operation: name/date/anesthesia/incision/ code

Notes

•
•

Admissions records
Discharge summaries

Billing

•
•

Insurance type
Cost: total/test/medicine/surgery/other

Nurse records

•
•
•

Shift records
Nurse notes
ICU-HAI related checklists

•
•

Vital signs: temperature/ RR/ HR/ BP
Risk assessment: Glascow coma scale/
APACHE score/ RASS score
Life support: Respiratory/ circulatory support
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Demographics
Basic information
•
•
•

Age
Sex
Subject ID

Department information
•
•
•

Diagnosis

EMR system

department of admission
department of discharge
ICU type

Outcome
•
•

Hospital stays /ICU stays
Hospital mortality/ ICU
mortality

ICU system
Intensive care

•
Figure 1 Data sources for establishing the ICU-HAI registry.

between 1 April 2015 and 30 March 2018. We excluded
patients if they met any of the following criteria: 1) incomplete information on date of birth, sex and discharged
diagnosis; 2) non-Chinese nationality; 3) absence of
a valid patient identiﬁer; or 4) extremely long ICU stay
and abnormal bill due to medical disputes.

Data Collection and Cleaning
The process of developing the ICU-HAI registry is summarized in Figure 2. A multidisciplinary research team
was developed for the registry, including epidemiologists,
statisticians, and experts in critical care medicine, infection control, and information technology.
The information experts extracted data from the EMR,
ICU, and ICU-HAI systems, using the pre-designed, standardized data forms. The extracted data were then deidentiﬁed by information specialists, through removing
identiﬁer data elements, including patient name, telephone
number, address, and identity card number.
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The data were stored in TXT or EXCEL format, and
linked using a unique identiﬁer developed by the information department at the healthcare system. The unique
identiﬁers included the patient ID (unique to each patient)
and admission ID (for each unique admission). To further
identify a unique admission to an ICU, we developed an
ICU ID, based on information regarding the admission ID,
date of admission to the ICU and date of discharge
from ICU.
We cleaned the data using transparent and prespeciﬁed rules, including the development of variable
dictionaries, standardization of medical texts, and
approaches to missing data and outliers. We established
variable dictionaries for basic information, diagnoses
(ICD-10 coding and free terms); operations (invasive
operation or non-invasive operation); tests (laboratory
tests, microbial tests, and test samples); intensive care
(vital signs and life support); prescriptions (drug dictionary and administration route) and ICU-HAI
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ICU-HAI prospective
surveillance system
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Linkage
EMR system

ICU system

Multi-source of WCH
Data Collection
Standardized data extraction form

Data Link
Patient ID, Admission ID and ICU ID

Data Clean
Dictionary: ICD-10 code, laboratory test, department,
procedure, drug and intensive care

ICU-HAI registry
Figure 2 Process of registry development.

information (catheterization, infection site, and pathogenic bacteria). The primary ICD-10 codes of discharge
diagnosis are listed in Table S1.

Quality Control
To assess the quality and reliability of the ICU-HAI
registry, we reviewed 240 randomly selected medical
charts. Two investigators independently reviewed data
regarding basic information, laboratory tests, prescribing
information, intensive care, and catheterization, and
checked the extracted and linked records against the
original data. We also evaluated the proportion of missing data and outliers for key variables, including sociodemographics, laboratory tests and vital signs. To
validate the accuracy of VAE, 158 medical charts of
the possible ventilator-associated pneumonia (PVAP)

Clinical Epidemiology 2019:11

cases were reviewed and evaluated by two experienced
infection control practitioners.

Results
A total of 23, 062 patients were included in the ICU-HAI
registry, who accounted for 23, 847 ICU admissions
between 1 April 2015 and 30 March 2018. We collected
110 GB of data with 245,311,294 original records, which
contained 492 variables with detailed information regarding
the clinical care of patients, and HAI prevention and control.

Characteristics and Clinical Outcomes of
Patients in the ICU-HAI Registry
Of the 23, 062 ICU patients, 8158 (34.2%) were from
Chengdu municipal city,
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12,454 (52.2%) from other cities in Sichuan province,
and 2049 (8.6%) from other provinces. A total of 4543
patients (19.7%) were admitted to the GICU, 4343
(18.8%) to the SICU, 2033 (8.8%) to the NICU, 1338
(5.8%) to the RICU, 6407 (27.8%) to the TICU and 5183
(22.5%) to the PICU. Furthermore, 13,711 (57.5%) patients
were male, 4623 (19.4%) patients were 18 years of age or
younger, and 6425 (26.9%) were 65 years of age or older.
The median length of ICU stay was 4 days (interquartile
range: 3–8 days) and the median length of hospital stay was
16 days (12–24 days). In total, 1244 (5.4%) deaths occurred
during the ICU stay, and 1321 (5.5%) deaths during hospitalization. The top ﬁve diagnoses at discharge were valvulopathy (3551, 14.9%), heart septal defectsatrial (2175, 9.1%),
cherebral hemorrhage (1669, 7.0%), pneumonia (1452,
6.1%) and aortic dissection (894, 3.7%) (Table 2).
Compared with patients admitted to other ICUs, a higher
proportion of male patients (907, 67.8%) and patients aged
65 years or older (737, 55.1%) were admitted to the RICU.
The proportion of patients with a diagnosis of valvulopathy
(3445, 53.8%) and aortic dissection (694, 10.8%) at discharge was higher in the TICU than in other ICUs. The
proportion of patients with a diagnosis of heart septal defectsatrial was higher (1666, 32.1%) in the PICU, and the

proportion of patients with pneumonia was higher in the
RICU (824, 61.6%). The median durations of ICU stay (11
days) and hospital stay (19 days) were longer in the RICU
compared with other units. The ICU mortality and hospital
mortality were 24.1% (322 deaths) and 26.0% (348 deaths),
respectively (Table 2).
In the ICU-HAI registry, 855 patients accounted for 972
cases of ICU-HAIs and a total of 199,992 patient days (at
a rate of 4.86 cases per 1000 patient days). The rates of HAIs
varied across different ICUs, and patients admitted to the
NICU had the highest rate of HAIs (7.27 cases per 1000
patient days) (Table 3). Among 972 cases with ICU-HAIs, 25
patients developed surgical site infections, and 15 patients
developed non-catheter-associated urinary tract infections
(CAUTI). Among 23,062 patients, 22, 804 (95.6%) had
catheters in place for a total 80,905 patient days; 199
(0.87%) patients had CAUTI (0.85 cases per 100 patients
or 1.38 cases per 1000 patient days). Among 14, 069 (59.0%)
patients in whom central lines were placed, 216 patients
(1.54 cases per 100 patients, or 3.23 cases per 1000 patientdays) developed a CLABSI. In total, 21,792 (91.6%) patients
received invasive mechanical ventilation for 106, 173 ventilator days, of which 1540 patients developed VAEs (7.06
cases per 100 patients, or 14.5 cases per 1000 patient-days),

Table 2 Characteristics of Patients in the ICU-HAI Registry
GICU

SICU

NICU

RICU

TICU

PICU

Total

No. Patients

4543 (19.7)

4343 (18.8)

2033 (8.8)

1338 (5.8)

6407 (27.8)

5183 (22.5)

23,062 (100)

No. Admissions
Men, n (%)

4812 (20.2)
2946 (64.8)

4422 (18.5)
2669 (61.5)

2098 (8.8)
1106 (54.4)

1373 (5.8)
907 (67.8)

6539 (27.4)
3295 (51.4)

5261 (22.1)
2788 (53.8)

23,847 (100)
13,711 (57.5)

Age, year, median (Q1-Q3)

Basic information

57 (44, 68)

54 (44, 67)

52 (42, 64)

67 (52, 78)

52 (45, 62)

1 (0, 7)

52 (30–65)

<18 years, n (%)
18–44 years, n (%)

83 (1.8)
1072 (23.6)

72 (1.7)
1042 (24.0)

78 (3.8)
515 (25.3)

18 (1.3)
191 (14.3)

56 (0.9)
1480 (23.1)

-

4623 (19.4)
4006 (16.8)

45–64 years, n (%)

1868 (41.1)

1948 (44.9)

943 (46.4)

392 (29.3)

3726 (58.2)

-

8793 (36.9)

≥65 years, n (%)

1520 (33.5)

1281 (29.5)

497 (24.4)

737 (55.1)

1145 (17.9)

-

6425 (26.9)

Valvulopathy
Heart septal defectsatrial

3 (0.1)
2 (0.0)

0 (0.0)
0 (0.0)

0 (0.0)
0 (0.0)

4 (0.3)
0 (0.0)

3445 (53.8)
507 (7.9)

99 (1.9)
1666 (32.1)

3551 (14.9)
2175 (9.1)

Cerebral hemorrhage

38 (0.8)

556 (12.8)

1009 (49.6)

35 (2.6)

1 (0.0)

30 (0.6)

1669 (7.0)

Pneumonia
Aortic dissection

511 (11.2)
38 (0.8)

22 (0.5)
160 (3.7)

24 (1.2)
0 (0.0)

824 (61.6)
1 (0.1)

33 (0.5)
694 (10.8)

38 (0.7)
1 (0.0)

1452(6.1)
894 (3.7)

Outcome
ICU stays, median days (Q1-Q3)

6 (2, 14)

4 (2, 8)

8 (4, 8)

11 (6, 19)

3 (2, 4)

4 (3, 7)

4 (3, 8)

Hospital stays, median days (Q1-Q3)

18 (11, 28)

17 (11, 25)

17 (11, 28)

19 (10, 30)

15 (12, 19)

13 (9, 19)

16 (12, 24)

ICU mortality, n (%)
Hospital mortality, n (%)

463 (10.2)
481(10.6)

136 (3.1)
151 (3.5)

170 (8.4)
180 (9.0)

322 (24.1)
348 (26.0)

54 (0.8)
61 (1.0)

99 (1.9)
100 (1.9)

1244 (5.4)
1321 (5.5)

Diagnosis

Abbreviations: GICU, general intensive care unit; SICU, surgical intensive care unit; NICU, neurological intensive care unit, RICU, respiratory intensive care unit; TICU,
thoracic surgery intensive care unit; PICU, pediatric intensive care unit.
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Table 3 Healthcare-Associated Infections Across ICUs
GICU

SICU

NICU

RICU

TICU

PICU

Total

Person-time monitoring
Total ICU stays (days)

4844
57,106

4448
35,201

2108
28,190

1378
21,518

6563
26,064

5271
31,913

24,612
199,992

HAI cases

354

144

205

114

48

107

972

Case-time infection (%)*
Cases per 1000 patient-day (%)#

7.31
6.20

3.24
4.09

9.72
7.27

8.27
5.30

0.73
1.84

2.03
3.35

3.95
4.86

Notes: *Case-time infection rates = total number of cases developing HAI/total number of person-time monitoring; #Cases per 1000 patient-days = total number of cases
developing HAI/total number of ICU stays.
Abbreviations: GICU, general intensive care unit; SICU, surgical intensive care unit; NICU, neurological intensive care unit, RICU, respiratory intensive care unit; TICU,
thoracic surgery intensive care unit; PICU, pediatric intensive care unit.

and 171 patients developed PVAP (0.78 cases per 100
patients, or 1.61 cases per 1000 patient days) (Table 4).
In the registry developed in the present study, 7780
(33.7%) patients had various samples submitted for 60,
420 microbial cultures, of which 7773 (33.6%) had bacterial
cultures and 1594 (6.9%) had fungal cultures. In addition,
3702 (16%) patients had sputum cultures, 4932 (21.1%) had
blood cultures, and 962 (4.2%) had urine culture (Figure 3).
Overall, 5379 (23.1%) patients had 23,235 microorganisms
lsusceptibility tests. Among 855 patients who developed
ICU-HAIs, 988 isolates were cultured, and the top three
microorganisms were Acinetobacter baumannii (22.1%),
Klebsiella pneumoniae (15.4%) and Enterococcus faecium (9.2%).

data extraction and linkage by reviewing 240 randomly
selected medical charts suggested that consistency with the
original data was 100%.
Evaluation of missing data showed that the completeness of ethnic and marital status records were 89.6% and
89.4% respectively. With respect to laboratory tests, more
than 98% of patients had at least one important laboratory
test, such as routine blood tests, serum glucose, serum
creatinine, transaminases, coagulation function and lipid
proﬁles. The median number of tests conducted was 4 to
5 per admission. Details of laboratory tests in the ICUHAI registry are summarized in Table 5. Validation of
PVAP showed that 96.2% of the 158 PVAP cases were
consistent with the evaluation of two infection control
practitioners.

Quality of the ICU-HAI Registry

Discussion

The successful linkage of EMR, ICU system and ICU-HAI
system using a unique identiﬁer was 100%. Validation of
Table 4 Healthcare-Associated Infections in the ICU-HAI Registry
Catheterization

Ureter

Central

Invasive

Line

Mechanical
Ventilation

n (%)

22,804 (95.6)

14,069 (59.0)

21,792 (91.6)

Patient-time
Patient-days

23,408
147,612

14,460
66,747

22,456
106,173

HAI rate

CAUTI

CLABSI

PVAP

Case-time

199 (0.87)

216 (1.54)

171 (0.78)

infection (%)*
Cases per 1000

1.38‰

3.23‰

1.61‰

patient-days#
Notes: *Case-time infection rates = total number of cases developing catheter
related infection/total number of patients placed catheterization; #Cases per 1000
patient-days = total number of cases developing catheter related infection/total
number of patient days of catheterization.
Abbreviations: HAI, healthcare-associated infections; CAUTI, catheter-associated
urinary tract infection; CLABSI, central line-associated bloodstream infection; PVAP,
possible ventilator-associated pneumonia.
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We developed an ICU-HAI registry through successfully
linking data from an EMR system, ICU system and ICUHAI system. To the best of our knowledge, this is the ﬁrst
registry to focus speciﬁcally on the management of HAIs
in the ICU setting in China.
The registry has several important features. Firstly, it
included a vast amount of data and information to adequately address important questions about HAIs. In total,
the registry contained more than two hundred million rows
of individual patient data from 23, 847 admissions. For
each patient, the registry stored 492 variables, including
many time-dependent variables (e.g. vital signs, prescriptions, and lab tests), a number that is even larger than that
stored by other ICU databases, such as the Critical Care
Health Informatics Collaborative (CCHIC) and the
Intensive Care National Audit and Research Centre’s
Case Mix Programme (ICNARC CMP).23,24 Secondly,
the collected data were complete and included all ICU
patients, both those with, and those without HAIs. The
HAIs in the ICU are complex, owing to a high proportion
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Figure 3 Microbial culture rates of patients included into the ICU-HAI registry.

of underlying diseases, multiple invasive devices and multidrug-resistant organisms.3,5 Studies investigating ICUHAIs often require complete documentation about the
clinical care and outcomes of all patient admissions.
However, traditional HAI surveillance registries usually
collect data exclusively from patients with HAIs, and the
collected information regarding clinical care is often limited. In contrast, the registry developed in the present
study addresses these limitations by including all patients
admitted to ICUs and achieving data linkage to develop
a broader scope of the data. Thirdly, the data is validated,
and its completeness and accuracy are generally high,
particularly in key variables such as socio-demographics,
laboratory tests, vital signs, and ICU-HAI related information. Because of these unique features, this registry would
facilitate further investigations of many important questions regarding ICU-HAIs in China.
Nevertheless, our registry has limitations. Firstly,
although the registry covers a large number of ICU admissions from three hospital facilities, the data comes from
a homogeneous healthcare system, and the study setting
may not be generalizable to all healthcare organizations
across China. However, the registry used the best data
sources currently available to address HAIs in the ICU
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setting in China. Secondly, we were unable to track the
long-term outcomes of ICU patients after they were discharged from the hospital. We plan to develop linkage
with the provincial HIS in the future.

Comparison with Other Studies or
Databases
High-quality data sources for HAI research remain lacking. This is particularly the case for HAI research in
critical care, a setting that is at high risk for HAIs. In
critical care, one well-known database is the Medical
Information Mart for Intensive Care (MIMIC-III), which
is a freely accessible, single-center database located in the
US. It has collected 70 GB of individual data related to
patients admitted to the ICU and has supported research in
critical care medicine.25–28 The CCHIC database is
another multi-center longitudinal, linkable data resource,
which has collected information from 11 adult ICUs at ﬁve
UK teaching hospitals.23 This database includes the data of
18,074 patients and stores 258 variables. In comparison,
our registry included a larger number of patients and
variables than the CCHIC, and a larger volume of data
than the MIMIC-III. More importantly, neither of the
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Table 5 Complement of Laboratory Test of the ICU-HAI Registry
Key Variables

No. Admissions with Tests (%)

Total Numbers of Test

Median Numbers of Tests/Admission

White blood cell
Platelet

23,774 (99.7)
23,774 (99.7)

157,005
157,003

5 (3, 8)
5 (3, 8)

Hemoglobin

23,774 (99.7)

157,000

5 (3, 8)

Direct bilirubin
Albumin

23,783 (99.7)
23,783 (99.7)

144,267
144,093

5 (3, 7)
5 (3, 7)

Serum creatinine

23,783 (99.7)

144,436

4 (3, 7)

Serum natrium
Serum kalium

23,734 (99.5)
23,734 (99.5)

140,986
140,986

4 (3, 7)
4 (3, 7)

Triglyceride
Total cholesterol

23,694 (99.4)
23,694 (99.4)

131,241
131,243

4 (3, 6)
4 (3, 6)

Low density lipoprotein

23,694 (99.4)

131,236

4 (3, 6)

Prothrombin time
International normalized ratio

23,555 (98.8)
23,544 (98.7)

105,878
105,580

3 (2, 5)
3 (2, 5)

D-dimer

16,132 (67.6)

57,511

2 (1, 4)

Blood glucose

23,780 (99.7)

143,857

5 (3, 7)

Bacterial culture
Fungal culture

8007 (33.6)
1634 (6.9)

57,212
3208

1 (0, 7)
0 (0, 0)

Antimicrobial susceptibility testing

5515 (23.1)

23,235

0 (0, 0)

Microbial culture

aforementioned databases collect information regarding
HAIs; thus they both have little few applications in HAI
research.
Previous studies regarding HAIs in the ICU setting also
have limitations. Most employed small sample sizes and
reported a very small number of events.13,29–32 For
instance, one study, suggested no signiﬁcant association
between VAE and the timing of rehabilitation, included
only 294 patients, among which 29 patients developed
VAE.30 Other larger studies, however, have been based
on HAI surveillance data, from which information about
non-infective patients are not usually included.14–16,33
More recently, two studies investigated strategies to
prevent and control VAEs.17,18 Derived from a registry
integrating multi-dimensional databases, with details
about HAIs, one of the studies involving 9603 consecutive
episodes of mechanical ventilation found that benzodiazepines and propofol were associated with an increased risk
of VAE.17 The other study, which included 5539 consecutive patients undergoing mechanical ventilation found that
head-of-bed elevation, sedative infusion interruptions,
spontaneous breathing trials, and thromboembolism prophylaxis may be beneﬁcial.18 In comparison, our registry
involved a larger number of patients receiving consecutive
mechanical ventilation and identiﬁed a greater number
VAE cases. With the availability of a large volume of
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information regarding clinical care, our registry may add
important knowledge to existing studies, particularly in the
Chinese population.

Conclusion
In summary, we have successfully developed a large registry
that speciﬁcally addresses HAIs in the ICU setting through
integrating multi-source data with a high level of quality and
comprehensiveness. We anticipate that this registry may
bridge important knowledge gaps about infection control in
the ICU setting both in China and worldwide.
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