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post-hospital mortality in critically ill surgical
patients: a propensity score-matched study
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Abstract

Background Blood urea nitrogen to albumin ratio (BAR) is increasingly recognized as an early predictor for short-
term outcomes in critically ill patients, but the association of BAR with long-term outcomes in critically ill surgical
patients remains underexplored.

Methods We enrolled consecutive patients who were admitted to surgical intensive care units (ICUs) at Taichung
Veterans General Hospital between 2015 and 2020, and the dates of death were retrieved from Taiwan’s National
Health Insurance Research Database. In addition to Cox regression, we also used propensity score matching to
determine the hazard ratios (HRs) and 95% confidence intervals (Cls) for one-year post-hospital mortality of the
variables.

Results A total of 8,073 eligible subjects were included for analyses. We found that age, male gender, high
Charlson Comorbidity Index, high Acute Physiology and Chronic Health Evaluation Il score, positive microbial
culture, and leukocytosis were predictors for mortality, whereas high body mass index, scheduled surgery, and high
platelet counts were protective factors against long-term mortality. The high BAR was independently associated
with increased post-hospital mortality after adjustment for the aforementioned covariates (adjHR 1.258, 95% (|,
1.127-1.405). Notably, the association tended to be stronger in females and patients with fewer comorbidities and
lower disease severity of critical iliness. The propensity score matching, dividing subjects by BAR higher or lower
than 6, showed a consistent association between week-one BAR and post-hospital mortality (adjHR 1.503, 95% Cl
1.247-1.811).

Conclusions BAR is a newly identified predictor of short-term outcome, and we identified long-term outcome-
relevant factors, including BAR, and the identified factors may be useful for risk stratification of long-term outcomes in
patients discharged from surgical ICUs.
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Background

The long-term outcome of critically ill patients is an
emerging issue in clinical practice; however, evidence
focusing on critically ill surgical patients remains sparse
[1-3]. Blood urea nitrogen (BUN) is a nitrogenous end-
product of protein metabolism, and the elevated level
of BUN reflects underlying catabolism in patients with
acute illnesses, including acute myocardial infarction,
pneumonia, acute pancreatitis, and infection with coro-
navirus disease 2019 (COVID-19) [4-8]. Albumin plays
an essential physiological role, such as maintaining
osmotic pressure as well as regulating fluid balance, and
a low albumin level is a fundamental biomarker of pro-
tein-energy metabolism in critically ill surgical patients
[9-11]. Increasing evidence shows the BUN to Albu-
min ratio (BAR) can predict the short-term outcome of
critically ill patients [12—14]. For example, Dundar et al.
found that an elevated BAR was a predictor of in-hospital
mortality in older (>65 years of age) emergency depart-
ment patients [12]. A study conducted by Ata et al. found
that BAR was a better independent predictor of in-hospi-
tal mortality than BUN or albumin alone in patients with
severe COVID-19 infection [15]. Notably, Zhao D. et al.
recently used the Medical Information Mart for Intensive
Care III (MIMIC III) database with 1,462 patients who
underwent coronary artery bypass grafting (CABG) and
found that a high BAR during admission at the intensive
care unit (ICU) was associated with long-term mortal-
ity [14]. These findings highlight the crucial role of BAR
in critically ill surgical patients and indicate the need to
clarify the prolonged impact of BAR on post-hospital
mortality in critically ill surgical patients. In the pres-
ent study, we linked data from the critical care database
at Taichung Veterans General Hospital (TCVGH) with
death registration data from Taiwan’s National Health
Insurance Research Database to investigate factors asso-
ciated with post-hospital long-term mortality and to
determine the association between BAR and long-term
mortality using both Cox regression and propensity score
matching in critically ill surgical patients.

Materials and methods

Ethical approval

The study used de-identified data from the TCVGH criti-
cal care database and was approved by the Institutional
Review Board of Taichung Veterans General Hospital
(TCVGH: SE20249B-1), which waived the requirement
for informed consent. The study was conducted in accor-
dance with the Declaration of Helsinki.

Subjects enrollment

The cohort study was conducted at TCVGH, a tertiary
referral hospital with 1,530 beds in central Taiwan. We
enrolled consecutive patients who were admitted to three
surgical ICUs at TCVGH during 2015-2020. Given that
one patient may be admitted to the ICU more than one
time, we used data of the first ICU admission for analy-
ses of patients with more than one ICU admission. We
retrieved data from the critical care database at TCVGH
to obtain information on variables related to critical care,
including demographic data, comorbidities using the
International Classification of Diseases, both 9th and
10th Revision, Clinical Modification (ICD-9/10-CM)
codes, divisions of ICU admission, the Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) II score,
administration of vasopressors, results of microbial cul-
ture, mechanical ventilation, and renal replacement
therapy.

Primary outcome

The primary outcome of interest of the present study
was all-cause mortality after discharge from the surgical
ICUs. To ascertain the date-of-death of enrolled subjects,
we linked the aforementioned TCVGH critical care data-
base with the death registration data of Taiwan’s National
Health Insurance Research Database (NHIRD) [16].
Taiwan’s National Health Insurance (NHI) program is a
single-payer, compulsory health insurance system that
covers 99.9% of the population, and the information on
date-of-death in this study was accurate.

Statistical analyses

Descriptive data were presented as meanststandard
deviation or number (percentages). Kaplan-Meier analy-
sis was applied to illustrate the association between BAR
and post-hospital mortality. The Cox proportional haz-
ards model was used to determine hazard ratios (HRs)
and 95% confidence intervals (CI) of risk factors for mor-
tality after adjustment for age, sex, Charlson Comorbid-
ity Index (CCI), APACHE II, presence of shock, fluid
balance, positive microbial culture, anaemia, and poten-
tial cofounders, as performed in our previous studies
[17-19]. Statistical analyses were two-sided, and the level
of significance was 0.05. Data analyses were performed
using R version 3.6.0.

Propensity score matching

In the present study, we further utilized propensity score
matching to mitigate potential selection bias and con-
founding effects between the two groups [20]. Propen-
sity score matching (1:1) was performed to determine
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the impact of week-one BAR on one-year post-hospital
mortality in critically ill surgical patients. We used the
optimal nearest neighbor matching algorithm, and the
caliper distance of the standard mean difference was 0.2
[21].

Subgroup analyses
To determine the effect of modification of variables, we
further used the Wald test to determine the significance
of the modification effect by covariates, including age,
sex, body mass index, comorbidities, and severities of
critical illness [22].
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Results

Demographic and data of the enrolled critically ill surgical
patients

In this study, we included 9,148 critically ill patients who
were admitted to surgical ICUs at TCVGH between 2015
and 2020. We excluded 1,075 patients who died during
hospitalization as the aim of this study was to identify
factors associated with long-term, rather than short-
term, outcomes. Of the 8,073 enrolled patients, 62.8%
of them were male, and the average age was 60.4£15.8
years (Fig. 1; Table 1). The average CCI was 1.6t1.4,
and the detailed comorbidities were summarised in the
supplemental Table 1. The 30-day, 90-day, and one-year
post-hospital mortality rates were 0.78% (63/8,073),
4.1% (329/8,073), and 13.5% (1,092/8,073), respectively.

Patients admitted to ICUs at TCVGH
between 2015 and 2020-December (n=22,650)

Exclude those were admitted

» to CCU (n=6,261) and MICU
(n=7,241)

Critically ill surgical patients at TCVGH
between 2015 and 2020 (n=9,148)

Exclude in-hospital mortality

(n=1,075)

Critically ill surgical patients discharged from TCVGH
between 2015 and 2020 (n=8,073)

One-year survivor

(n=6,981)

Fig. 1 Flow chart of enrollment of subjects

One-year non-survivor

(n=1,092)
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Table 1 Patient characteristics categorised by one-year post-hospital mortality in critically ill surgical patients
All Survivor Non-survivor n=1,092 p value
n=8,073 n=6,981
Basic characteristics
Age, years 604+158 594+157 67.2+14.7 <0.001
Male 5073 (62.8%) 4314 (61.8%) 759 (69.5%) <0.001
Body mass index 243+44 245+44 22.7+42 <0.001
Charlson Comorbidity Index 16+14 1.5+14 22+15 <0.001
Severity of critical illness
APACHE Il score 20£55 19.8+5.5 217453 <0.001
Presence of shock 2288 (28.3%) 1902 (27.2%) 386 (35.3%) <0.001
Surgical divisions <0.001
Cardiovascular surgery 1794 (22.2%) 1673 (24.0%) 121 (11.1%) <0.001
Neurosurgery 4169 (51.6%) 3778 (54.1%) 391 (35.8%)
Major abdomen surgery 854 (10.6%) 616 (8.8%) 238 (21.8%)
Others 1256 (15.6%) 914 (13.1%) 342 (31.3%)
Managements in ICU
Emergent surgery 1297 (16.1%) 1144 (16.4%) 153 (14%) 0.052
Scheduled surgery 4814 (59.6%) 4233 (60.6%) 581 (53.2%) <0.001
Mechanical ventilation (>3 days) 2454 (30.4%) 1945 (27.9%) 509 (46.6%) <0.001
Receiving RRT 290 (3.6%) 216 (3.1%) 74 (6.8%) <0.001
Fluid balance day 1-3, positive 5987 (65.5%) 4354 (62.4%) 1633 (75.4%) <0.001
Positive microbiological culture 2379 (29.5%) 1834 (26.3%) 545 (49.9%) <0.001
Laboratory data
White blood cell count (/ul) 10,697 £4022 10643.1+£3685.5 110419457135 0.026
Haemoglobin (g/dL) 114+19 115+19 105+1.7 <0.001
Platelet (10%/uL) 201.3+84.8 203.0£83.1 190.4+94.1 <0.001
Creatinine (mg/dL) 12+13 1.1+£13 14+15 <0.001
BUN (mg/dL) 203+143 1944132 2624190 <0.001
Albumin (mg/dL) 36+0.7 36107 32107 <0.001
Ratio of BUN/Albumin 62+53 58+48 89+74 <0.001
Outcomes
ICU length of stay, days 64+48 58+45 8.1+50 <0.001
Hospital length of stay, days 17.0+£9.7 16.3+9.3 19.1+£10.7 <0.001
Mortality at distinct time points
30-day mortality 63 (0.78%) NA 63 (5.8%) NA
90-day mortality 329 (4.1%) NA 329 (30.1%) NA

Abbreviations: APACHE, acute physiology and chronic health evaluation; ICU, intensive care unit; RRT, renal replacement therapy; BUN, Blood urea nitrogen

The main divisions of ICU admission were neuro-
surgery (51.6%), cardiovascular surgery (22.2%), and
colorectal surgery/general surgery (10.6%). Among the
enrolled subjects, 75.7% (6,111/8,073) of the patients
had received the surgery during ICU admission, with
16.1% (1,297/8,073) and 59.6% (4,814/8,073) of the 6,111
patients receiving emergent surgery or scheduled sur-
gery, respectively. Compared with the survivors, patients
who died within one year after discharge appeared to
have higher disease severities, with a higher APACHE
IT score (21.715.3 vs. 19.8%£5.5, p<0.001), were more
likely to have shock (35.3% vs. 27.2%, p<0.001), receive
mechanical ventilation for more than 3 days (46.6% vs.
27.9%, p<0.001), to undergo renal replacement ther-
apy (6.8% vs. 3.1%, p<0.001), to have a positive day 1-3
fluid balance (75.4% vs. 62.4%, p<0.001), and to have a

positive microbial culture (49.9% vs. 26.3%, p<0.001).
With regard to laboratory data, the non-survivors
tended to have a lower level of hemoglobin (10.5+1.7
vs. 11.5+1.9 g/dL, p<0.001), lower platelet counts
(190.4£94.1 vs. 203.0+83.1 103/pL), and lower serum
level of albumin (3.2+0.7 vs. 3.6+£0.7 mg/dL, p<0.001),
but had higher levels of BUN (26.24+19.0 vs. 19.4+13.2,
p<0.001) and BAR (8.9+7.4 vs. 5.8+4.8, p<0.001).

Association between week-one BUN/Albumin ratio and
post-hospital one-year mortality

We used the Kaplan-Meier plot and BAR 6.0, the inte-
gral level of the median of BAR among enrolled subjects,
as the cut-point value to illustrate that a high BAR was
associated with increased post-hospital mortality (Fig. 2).
The multivariable Cox proportional hazards model was
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~BAR<6.0 ~-BAR 2 6.0
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50%
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Number at risk
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BAR26.0 2520 2328
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Days
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2021

4730
1799

4437
1644

Fig. 2 Kaplan—-Meier survival curves stratified by median level of BUN/Albumin ratio higher or lower than 6.0 (Abbreviations: BUN, blood urea nitrogen)

constructed to identify factors associated with one-year
post-hospital mortality in critically ill surgical patients.
We found that older age (adjHR 1.253, 95% CI 1.104—
1.422), male gender (adjHR 1.379, 95% CI 1.210-1.572),
high CCI (adjHR 2.200, 95% CI 1.929-2.508), increased
APACHE 1I score (adjHR 1.016, 95% CI 1.004-1.029),
positive microbial culture (adjHR 1.577, 95% CI 1.359—
1.829), and leukocytosis (adjHR 1.024, 95% CI 1.010-
1.037) were predictors for mortality, whereas high BMI
(adjHR 0.919, 95% CI 0.905-0.933), scheduled surgery
(adjHR 0.858, 95% CI 0.757-0.973), and high platelet
counts (adjHR 0.831, 95% CI 0.798-0.867) were protec-
tive factors against long-term mortality. Notably, the
high BAR was independently correlated with increased
post-hospital mortality after adjustment for the afore-
mentioned covariates (adjHR 1.258, 95% CI, 1.127-1.405)
(Table 2). We further assessed the variables with a poten-
tial to modify the association between BAR and long-
term mortality and found that the correlation tended to
be stronger in females and patients with fewer comor-
bidities and lower disease severity. The association was
higher in patients with CCI<2, APACHE I1<25, no need
for hemodialysis, negative microbial culture, level of

hemoglobin higher than 10 g/dL, and serum level of cre-
atinine less than 1.5 mg/dL (Table 3). Taken together, we
found that high BAR was independently correlated with
post-hospital mortality in critically ill surgical patients
and the correlation was stronger in patients with fewer
comorbidities and low severity of critical illness.

Propensity-matched approach to verify the association
between week-one BAR and one-year post-hospital
mortality in critically ill surgical patients

In addition to the Cox regression model, we further
used the propensity score-based approach to verify the
aforementioned association between week-one BAR and
one-year mortality in critically ill surgical patients. To be
consistent with the Kaplan-Meier plot (Fig. 2), we also
divided the enrolled subjects by BAR 6.0 and then used
1:1 propensity score matching for the following analyses
(Supplemental Fig. 1 for the flow diagram of propensity
score matching). Supplemental Table 1 summarizes the
characteristics of the selected subjects whose BAR values
were higher and lower than 6.0 (Supplemental Table 2 for
characteristis between the patients in the primary cohort
and propensity score-matched cohort). The quality of
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Table 2 Cox proportional hazard regression analysis for post-
hospital mortality in critically ill surgical patients
Univariable analysis

Multivariable analysis

HR (95%Cl) pvalue HR(95% Cl) P
value

Basic

characteristics

Age =65 years 1.880 <0.001 1.253 <0.001
(1.668-2.118) (1.104-1.422)

Sex (Female) 1.367 <0.001 1379 <0.001
(1.202-1.555) (1.210-1.572)

Body massindex  0.903 <0.001 0919 <0.001
(0.890-0.917) (0.905-0.933)

Charlson comor-  2.787 <0.001 2.200 <0.001

bidity index>2 (2.460-3.156) (1.929-2.508)

Severity and

managements

APACHE Il score 1.069 <0.001 1.016 0.008
(1.057-1.082) (1.004-1.029)

Presence of shock 1.441 <0.001 0936 0.330
(1.273-1.631) (0.819-1.070)

Scheduled surgery 0.736 <0.001 0.858 0.017
(0.653-0.828) (0.757-0.973)

Mechanical venti-  2.116 <0.001 1.061 0.446

lation (=3 days) (1.879-2.383) (0.911-1.235)

Fluid balance 1.081 <0.001 0992 0523

day 1-3, per liter ~ (1.054-1.108) (0.966-1.018)

increment

Positive microbio-  2.610 <0001 1577 <0.001

logical culture (2.318-2.938) (1.359-1.829)

Laboratory data

WBC counts, per ~ 1.025 <0.001 1.024 <0.001

103/uL increment  (1.011-1.038) (1.010-1.037)

Haemoglobin, per 0.998 <0.001 1.000 0.533

1 g/dLincrement  (0.998-0.999) (0.999-1.000)

Platelet, per 0.728 <0.001 0.831 <0.001

1 03/uL increment  (0.702-0.755) (0.798-0.867)

Creatinine, higher  2.133 <0.001 0831 0.066

than 1.5 mg/dL (1.856-2.452) (0.682-1.013)

BUN/Albumin 1.803 <0001 1.258 <0.001

ratio, per 10 (1.695-1.918) (1.127-1.405)

increment

Abbreviations: HR, hazard ratio; Cl, confidence interval; APACHE IV, acute
physiology and chronic health evaluation IV; WBC, white blood cell; BUN, blood
urea nitrogen

matching was high as the standardized difference of
covariates was lower than 0.15 (Supplemental Fig. 2 for
the standardised mean difference in primary and propen-
sity score-matched populations). We found a consistent
association between week-one BAR and post-hospital
mortality in both the primary cohort and PSM cohort,
with an adjHR in the PSM of 1.503 (95% CI 1.247-1.811)
(Table 4).
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Discussion

In this study, we investigated the association between
early BAR and long-term post-hospital outcome in criti-
cally ill surgical patients. We found that high week-one
BAR correlated with post-hospital mortality in critically
ill surgical patients, and the association tended to be
stronger in females and patients with fewer comorbidities
and lower disease severity of critical illness. In addition to
the aforementioned Cox regression model, we also used
a propensity score-matched approach to demonstrate a
consistent association between week-one BAR and post-
hospital mortality in critically ill surgical patients. These
data highlight the previously underexplored long-term
outcome-relevant factors that may be used for risk strati-
fication of long-term outcomes in patients discharged
from surgical ICUs.

Long-term outcomes are increasingly recognized as an
essential issue in critical care medicine, but it is some-
what difficult to delineate the impact of management in
critical illness on short-term and long-term outcomes
[1]. The majority of studies that explored early determi-
nants of long-term outcomes used long-term survival as
the independent variable; however, long-term survival
without the exclusion of hospital mortality might mainly
reflect the severity of critical illness rather than the pro-
longed impact of critical illness [23]. Moreover, most
studies exploring long-term outcomes were conducted
in medical/mixed ICUs, whereas studies focusing on
critically ill surgical patients are sparse [2]. In the pres-
ent study, we excluded those who died during admission,
and the findings support the prognostic role of week-one
BAR among patients discharged from surgical ICUs.

BUN is a low-molecular-weight nitrogen product
derived from protein catabolism and excreted by the kid-
ney [24]. Therefore, BUN reflects protein intake, endog-
enous protein catabolism, fluid balance, hepatic urea
synthesis, and fluid/renal status in critically ill patients
and have been widely used as a prognostic marker in
patients with various surgical diseases [5, 7, 25]. Similarly,
albumin also has various biological effects, including
maintenance of osmotic pressure, binding and transport
of various drugs, and neutralization of free radicals, and
hypoalbuminemia has been identified as a poor prog-
nostic factor in critically ill surgical patients [9, 11, 26].
Given that BAR, consisting of elevated BUN with hypo-
albuminemia, appeared to be involved in the aforemen-
tioned physiological mechanisms, accumulating evidence
indicates that high BAR was an independent poor prog-
nostic factor in a variety of diseases, including ischemic
stroke, community-acquired pneumonia, gastrointestinal
bleeding, and COVID-19 infection [13, 27-29].

In the present study, we provide further clinical evi-
dence on the long-term mortality impact of high BAR
in the first week in critically ill surgical patients. We



Nguyen et al. BMC Anesthesiology (2023) 23:247

Page 7 of 9

Table 3 Effect modification of variables on the association between week-one ratio of BUN/Albumin and risk of post-hospital

mortality in critically ill surgical patients

Variables Subgroup Crude p for Adjusted p forin-
HR (95%(Cl) interaction HR (95%Cl) teraction

Age <65 1.750 (1.585-1.933) 0.792 1.505 (1.342-1.688) 0.982
>65 1(1.567-1.869) 5(1.474-1.770)

Sex Female 2.105 (1.908-2. 321) <0.001 1.696 (1.514-1.900) 0.004
Male 1.648 (1.5 788) 1482 (1.352-1.624)

Body mass index <215 1.671(1.527-1.829) 0.115 1479 (1.333-1.642) 0.302
>215 1.853 (1.702— 2017) 1.580 (1.435-1.740)

CcCl <2 1.988 (1.780-2.220) <0.001 1838 (1.617- 2090) <0.001
>2 1489 (1.372-1.617) 1.478 (1.360-1.607)

APACHE Il score <25 1.905 (1.771-2. 049) <0.001 1.675(1.538-1.825) <0.001
>25 2(1.156-1.489) 1.202 (1.052-1.374)

Presence of shock No 1.868 (1.718- 2031) 0.083 1.568 (1.424-1.727) 0421
Yes 1.653 (1.498-1.825) 1.523 (1.366-1.699)

Surgical divisions CVS 2.623(2.213-3.109) 0927 2.391 (1.990- 2873) 0.064
Neurosurgery 2447 (1.987-3.015) 1.826 (1.435-2.325)
Abdomen 1400 (1.127-1.739) 1.287 (1.027-1.611)
surgery

Hemodialysis No 2.189 (2.018-2. 373) <0.001 1.832(1.672-2.008) <0.001
Yes 4(1.014-1454) 1.226 (1.020~1.474)

Fluid balance, day 1-3 Negative 2.068 (1.841-2. 321) 0.010 1.707 (1.495-1.949) 0.108
Positive 1.701 (1.579-1.833) 1(1.388-1.644)

Positive microbiological culture No 2.045 (1.832-2. 284) <0.001 1679 (1.478-1906) <0.001
Yes 1.427 (1.308-1.556) 1.281 (1.164-1.410)

White blood cell count (/) < 12,000 1.875 (1.734-2. 027) 0.096 1.621(1.480-1.775) 0.113
>12,000 1673 (1.5 853) 1443 (1.283-1.622)

Haemoglobin (g/dL) <10 1.322(1.207-1.448) <0.001 1.201(1.088-1.327)  <0.001
>10 2.387 (2.118- 2690) 1.926 (1.678- 2211)

Platelet (103/pL) <150 1.594 (1.447-1756)  0.003 1483 (1.335-1.647) 0.094
>150 1.943 (1.781-2.119) 7(1.461-1.789)

Creatinine (mg/dL) <15 3.656 (3.176-4. 208) <0.001 3.236 (2.730-3. 835) <0.001
>15 1.380 (1.228-1.550) 1.353(1.199-1.527)

Abbreviations: BUN, blood urea nitrogen; HR, hazard ratio; Cl, confidence interval; CCl, Charlson comorbidity index; APACHE IV, acute physiology and chronic health

evaluation IV; CVS, cardiovascular surgery

Table 4 Cox proportional hazard regressions for estimation of
the association between ration of BUN/albumin higher than 6.0
and post-hospital mortality in critically ill surgical patients

Primary cohort PSM cohort
HR (95%(Cl) HR (95%(Cl)
Model 1 2.949 <0.001 2.949 <0.001
(2618- (2618-
3.323) 3.323)
Model 2 1.846 <0.001 1527 <0.001
(1.614- (1.268-
2.111) 1.839)
Model 3 1.588 <0.001 1.503 <0.001
(1.366— (1.247-
1.845) 1.811)

Model 1. Unadjusted
Model 2. Adjusted for demographic data, severity and managements
Model 3. Adjusted for variables in model 2 and Laboratory parameters

Abbreviations: BUN, blood urea nitrogen; PSM, propensity score matching; HR,
hazard ratio; Cl, confidence interval

postulate that the high BAR may reflect not only organ
dysfunction but also ongoing catabolism with impaired
protein/albumin synthesis, which is a persistent cata-
bolic state after critical illness [30, 31]. Recent evidence
further suggests that hypercatabolism occurs along with
persistent inflammation and immunosuppression, giv-
ing rise to a syndrome termed PICS (persistent inflam-
mation, immunosuppression and catabolism syndrome).
A number of therapeutic approaches, including specific
nutritional support, anti-inflammatory agents, anabolic
agents, antioxidants, microbiota modulators, and early
mobilization, are currently being explored with a view to
ameliorating hypercatabolism in critically ill patients [31,
32]. Intriguingly, we not only found that high week-one
BAR was correlated with increased post-hospital mortal-
ity, but also noted that the aforementioned correlation
tends to be stronger among those with relatively fewer
comorbidities or low severities of critical illness (Table 3).
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It is reasonable to suppose that dysregulated protein
metabolism and nutritional status would be more likely
to be restored within one week in critically ill surgical
patients with low disease severity compared with those
with high disease severity.

Recently, Zhao D et al. used Medical Information
Mart for Intensive Care (MIMIC) III databases to ana-
lyze 1,462 patients receiving CABG, and found that BAR
higher than 6.45 was associated with increased long-
term mortality, which was consistent with our findings
[14]. In their study, Zhao D et al. found a higher BAR
was an independent risk factor of one-year mortal-
ity (HR 3.904; 95% CI 2.559-5.956) [14]. In the present
study, we excluded patients who died during admission
and focused on the 8,073 patients discharged from sur-
gical ICUs. Furthermore, we found a consistent asso-
ciation between BAR and post-hospital mortality among
those receiving cardiovascular surgery, neurosurgery,
and abdominal surgery (Table 3). Moreover, we used
propensity score matching to further validate the asso-
ciation between BAR and post-hospital mortality in addi-
tion to the Cox regression model. Additionally, whereas
the MIMIC III (2001-2012) covers a relatively old time
span, the dataset used in this study represents the cur-
rent (2015-2020) management and prognosis of critically
ill surgical patients. Both the present study and the study
conducted by Zhao D et al. were single-center studies,
and therefore, prospective multi-center studies are war-
ranted to confirm our findings.

We used BAR 6.0 as the cut-point value in this study
to achieve the balance between patients with high and
low BAR. A number of BAR relevant studies have used
distinct cut-point values [12-14, 28, 33], and we hence
tested the consistence of our results using distinct cut-
point values of BAR. We found a consistent association
between week-one BAR and one-year post-hospital mor-
tality among the enrolled critically ill surgical patients
(Supplemental Fig. 3).

There were limitations in this study. First, the study was
an observational study, and therefore, it was only possible
to observe associations, rather than causal effects of BAR
on mortality. Second, multi-center studies are needed to
validate our findings, even though the number of sub-
jects in the present study was high. Third, the potential
unmeasured confounders in this retrospective study
remain a concern despite the application of propensity
score matching. Additionally, the potential existence of
some unmeasured confounders, such as stroke, coronary
arterial disease, or autoimmune disease.

Conclusion

Long-term outcome-associated early predictors are
an emerging research priority in critically ill surgical
patients, and recent studies have shown that BAR was a
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predictor of short-term outcome in patients with inflam-
matory diseases and critical illnesses. In the present
study, we linked two databases to investigate the factors
associated with one-year post-hospital mortality in criti-
cally ill surgical patients. We used both the Cox regres-
sion model and propensity score matching approach to
identify a consistent association between week-one BAR
and one-year post-hospital mortality in critically ill sur-
gical patients. Our findings highlight the crucial role of
BAR as a long-term prognostic factor in critically ill sur-
gical patients, and more studies are warranted to eluci-
date the underlying mechanism.
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