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ABSTRACT

Objectives To investigate the prognostic value of
neutrophil-to-albumin ratio (NAR) in critically ill patients
with cardiogenic shock (CS).

Design A retrospective cohort study.

Setting A single centre in Boston, USA.

Participants 475 patients with CS were included, among
which 272 (57.3%) were men and 328 (69.1%) were
white.

Primary and secondary outcome measures The
primary outcome was 90-day mortality and the secondary
outcomes were 30-day and 365-day mortality.

Results A significant positive correlation between NAR
levels and 90-day, 30-day or 365-day mortality was
observed. For 90-day mortality, the adjusted HR (95% Cl)
values given NAR levels 23.54—27.86 and >27.86 were
1.71 (1.14 t0 2.55) and 1.93 (1.27 to 2.93) compared
with the reference (NAR<23.47). Receiver operator
characteristic curve analysis showed that NAR had a
certain prognostic value in predicting 90-day mortality

of CS, which was more sensitive than the neutrophil
percentage or the serum albumin level alone (0.651 vs
0.509, 0.584). For the secondary outcomes, the upward
trend remained statistically significant.

Conclusions NAR level was associated with the mortality
of CS patients. The prognostic value of NAR was more
sensitive than the neutrophil percentage or the serum
albumin level alone, but not as good as Sequential Organ
Failure Assessment or Simplified Acute Physiology Score.

INTRODUCTION

Cardiogenic shock (CS), a lethal compli-
cation of cardiac emergencies, is tradition-
ally thought to begin with depression of
myocardial contractility, followed by intrac-
table hypotension, coronary insufficiency
and further loss of cardiac output, causing
multiple organ failure and eventually
death." * For decades, the prevalence of CS
has risen from 4.1% to 7.7% of all admissions
to the intensive care unit (ICU),* of which
approximately 6.4%-40% mortality were
reported despite intensive care.* > Hence,
considering the high mortality of CS in ICU,
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Strengths and limitations of this study

» This was the first study to explore the prognostic ef-
fect of neutrophil-to-albumin ratio (NAR) in patients
with cardiogenic shock.

» Multivariate Cox proportional hazards model was
applied in the study.

» This was a retrospective observational study in a
single centre.

» The sample size of patients selected was small.

» NAR was measured only when patients first admit-
ted to the intensive care unit.

finding effective and convenient prognostic
biomarker may be beneficial to assist physi-
cians to make medical decisions and identify
patients at high risk."®

Inflammation plays an important role in
the pathogenesis of CS.” Among the inflam-
matory mediators, the neutrophil, well
known as a marker of inﬂammation,10 has
been widely studied regarding the develop-
ment of various diseases, including CS. Serum
albumin level was shown to be associated with
cardiovascular mortality.'" ' Also, neutro-
phil or albumin has already been used in
several clinical scoring systems. However, it is
unclear whether the combination of neutro-
phils and albumin has a higher prognostic
value. Neutrophil-to-albumin ratio (NAR),
an integrated biomarker of neutrophils and
albumin, is a cost-efficient and readily avail-
able biomarker which can be easily obtained
from routine blood test. Recently, NAR
has been used to evaluate the prognosis of
cancer,13 " but to the best of our knowledge,
no study has explored the prognostic signifi-
cance of NAR in patients with CS. Therefore,
we performed a retrospective cohort study to
identify the associations between NAR and
mortality in patients with CS.

BM)

Peng Y, et al. BMJ Open 2020;10:039860. doi:10.1136/bmjopen-2020-039860 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-8122-3374
http://orcid.org/0000-0001-9930-7114
http://orcid.org/0000-0002-1911-4089
http://orcid.org/0000-0003-3043-9746
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-039860&domain=pdf&date_stamp=2020-010-19

MATERIAL AND METHODS

Data source

All data in our study were extracted from the Medical
Information Mart for Intensive Care Database III V.1.4
(MIMIC-II V.1.4), a large, open, free and single-centred
database including information from more than 50 000
adult patients admitted to various critical care units at
Beth Israel Deaconess Medical Center (Boston, MA, USA)
from 2001 to 2012." The setting and use of this database
were approved by the institutional review boards of the
Massachusetts Institute of Technology (Boston, MA) and
Beth Israel Deaconess Medical Centre (Cambridge, MA).
All personal information included in the database have
been de-identified to safeguard privacy.

Population selection criteria

More than 50 000 ICU admissions to the MIMIC-III data-
base were recorded, and only patients diagnosed with CS
were extracted. Among these patients, we selected those
who attained more than 16 years of age at first admission
while remained in the hospital for more than 48 hours.
Exclusion criteria were as follows: (1) patients diagnosed
with haematologic neoplasms, including leukaemia,
lymphoma, myelodysplastic syndrome, multiple myeloma
and others; (2) more than 10% individual data were
missing; (3) individual data values exceeded the mean+3
times the SD.

CS was determined according to the Ninth Revision of
International Classification of Diseases, coded as R57.001.
CS was defined that the systolic blood pressure (SBP)
dropped below 90 mm Hg for more than 30 min or a
need for catecholamine to maintain SBP above 90 mm
Hg and also signs of end-organ hypoperfusion occurred
(urine volume <30 mL/h, lactic acid >2.0 mmol/L, cold
extremities or altered mental status).

Date extraction
Data were extracted through Structured Query Language
(SQL)'® with MySQL tools from MIMIC-III. We extracted
the baseline data within 24 hours at patients’ first admis-
sion, containing demographic parameters, basic vital
signs, laboratory indicators and scoring systems.
Demographic parameters contained age, gender and
ethnicity, while basic vital signs included SBP, diastolic
blood pressure (DBP), mean blood pressure (MBP),
heart rate, respiratory rate, temperature and percuta-
neous oxygen saturation (SPO,). The following laboratory
indicators were extracted: neutrophils, albumin, white
blood counts (WBC), haematocrit, haemoglobin, platelet
count, serum bicarbonate, serum sodium, serum potas-
sium, serum chloride, serum glucose, serum bilirubin,
blood urea nitrogen (BUN), serum creatinine (SCr),
partial thromboplastin time (PTT), prothrombin time
(PT) and international normalised ratio (INR). We addi-
tionally extracted relevant comorbidities, like congestive
heart failure (CHF), coronary heart disease (CHD), atrial
fibrillation (AF), stroke, chronic obstructive pulmonary

disease (COPD), pneumonia, acute respiratory distress
syndrome and other diseases.

Severity-of-illness scores, including the Sequential
Organ Failure Assessment (SOFA)'” score and the Simpli-
fied Acute Physiology Score II (SAPS II) '® were also calcu-
lated for every individual. These scores were assessed and
calculated on the basis of published recommendations
and accepted formulas.

The primary outcome was 90-day mortality and the
secondary outcomes were 30-day mortality and l-year
mortality. Follow-up began when the patients first
admitted to the ICU. The date of mortality was got from
Social Security Death Index records.

Assessment of NAR

NAR was defined as the ratio of neutrophil percentage
to serum albumin level. The indicators both came from
the first measured data within 24 hours of ICU admission.
Neutrophil percentage was analysed by the automatic
flow cytometer, while albumin level was generated by
biochemical analyser.

Statistical analysis

Categorical data were shown as frequency (percent),
while continuous ones as mean (SD) or median (IQR).
We did comparisons between groups by the x* test'” or
Fisher’s exact test® for categorical variables and the vari-
ance analysis or the Kruskal-Wallis test®" for continuous
ones.

Cox proportional hazards models®* were used to
examine the associations between NAR and outcomes.
The outcomes were respectively analysed according
to the tertiles of the NAR level. The first tertile group
was regarded as the reference group. The results were
presented as HRs with 95% CIs. Multivariate anal-
yses were performed using two adjusted models. The
confounders selected in our models were based on their
associations with outcome or a change in the effect esti-
mate exceeding 10%.% In model I, we adjusted covariates
for age, gender and ethnicity. In model II, covariates were
adjusted further for SBP, DBP, heart rate, respiratory rate,
SPO,, anion gap, serum bicarbonate, serum potassium,
SCr, BUN, haematocrit, platelet count, WBC count, PTT,
PT, INR, stroke, pneumonia, COPD, chronic liver disease,
chronic renal disease, malignancy, vasoactive agent, renal
replacement therapy (RRT), SOFA score and SAPSII
score. The trend tests were performed to examine the
differences between groups.

In addition, we performed stratification analysis to
confirm whether the effect of NAR differs in each of the
subgroups that were classified by vital signs (eg, SBP, DBP,
heart rate, respiratory rate, temperature, SPO,), labo-
ratory parameters (eg, anion gap, serum bicarbonate,
serum sodium, serum potassium, serum chloride, serum
bilirubin, serum glucose, SCr, BUN, haematocrit, haemo-
globin, WBC count, platelet count, PTT, PT, INR), comor-
bidities (CHD, CHF, AF, stroke, pneumonia, respiratory
failure, chronic liver disease, chronic renal disease, RRT,
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NAR
<23.47 23.54-27.86 >27.86 P value

NAR 19.8+3.8 25.6+1.2 34.1+£8.0 <0.001

Albumin 3.7+0.5 3.3+0.4 2.6+0.5 <0.001

30 day 42 (26.6) 67 (42.4) 71 (44.7) 0.001

365 day 63 (39.9) 93 (58.9) 108 (67.9) <0.001

Gender, n(%) 0.065

Male 101 (63.9) 90 (57.0) 81 (50.9)

White 112 (70.9) 107 (67.7) 109 (68.6)

Other 33 (20.9) 48 (30.4) 37 (23.3)

Heart rate, beats/min 86.6+17.5 90.1+17.3 90.4+18.0 0.077

DBP, mm Hg 58.7+9.9 57.5+£8.9 57.5+£11.5 0.303

Respiratory rate, beats/minute 19.9+4.2 20.1£3.9 20.2+4.1 0.554

SPO,, % 96.3+4.6 96.5+4.5 96.4+5.2 0.089

Anion gap, mmol/L 14.6+4.0 14.7+41 14.7+3.9 0.942

Serum sodium, mmol/L 134.7+5.4 135.0+6.6 135.3+5.3 0.632

Serum chloride, mmol/L 99.5+7.0 101.2+7.6 101.9+6.2 0.010

Serum bilirubin, pmol/L 1.0+1.7 0.9+1.0 1.3+2.9 0.625

SCr, mg/dL 1.7+1.5 1.7£1.3 1.8+1.4 0.629

Haemoglobin, g/dL 11.0+2.6 10.2+2.1 9.3+2.0 <0.001

WBC count, 10%I 9.9+5.5 12.3+5.9 12.6+5.7 <0.001

PT, s 15.5+5.8 16.3+5.7 16.5+5.1 <0.001

Comorbidities, n (%)

CHF 58 (36.7) 58 (36.7) 61(38.4) 0.940

Continued
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Table 1 Continued

NAR
<23.47 23.54-27.86 >27.86 P value
AF 65 (41.1) 68 (43.0) 67 (42.1) 0.943
Stroke 6 (3.8) 6 (3.8) 9 (5.7) 0.752
COPD 1(0.6) 0(0.0) 4 (2.5) 0.133
Pneumonia 50 (31.6) 60 (38.0) 53 (33.3) 0.471
ARDS 2 (1.3) 3(1.9) 0 (0.0) 0.214
Respiratory failure 69 (43.7) 82 (51.9) 84 (52.8) 0.200
Chronic liver disease 5(3.2) 11 (7.0) 6 (3.8) 0.250
Chronic renal disease 30 (19.0) 28 (17.7) 42 (26.4) 0.122
RRT 16 (10.1) 27 (17.1) 30 (18.9) 0.074
Malignancy 21 (13.3) 15 (9.5) 18 (11.3) 0.568
Vasoactive drug, n (%) 113 (71.5) 126 (79.7) 126 (79.2) 0.151
Scoring systems
SOFA 6.7+3.6 6.8+4.0 7.9+3.7 0.005
SAPSII 45.5+15.3 46.5+15.1 52.8+16.1 <0.001

Mean+SD and categorical variables are presented as n (%).

AF, atrial fibrillation; ARDS, acute respiratory distress syndrome; BUN, blood urea nitrogen; CHD, coronary heart disease; CHF, congestive
heart failure; COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; INR, international normalised ratio; MBP, mean
blood pressure; N, number; NAR, neutrophil-to-albumin ratio; PT, prothrombin time; PTT, partial thromboplastin time; RRT, renal replacement
therapy; SAPSII, Simplified Acute Physiology Score; SBP, systolic blood pressure; SCr, serum creatinine; SOFA, Sequential Organ Failure
Assessment; SPO,, percutaneous oxygen saturation; WBC, white blood count.

malignancy), vasoactive drug use and scoring systems
(SOFA and SAPSII scores).

To further assess the predictive value of NAR, we did
receiver operator characteristic (ROC) curve analysis
for the 90-day mortality according to the neutrophil
percentage, the serum albumin level, NAR, SOFA score
and SPASII score.

A two-tailed p<0.05 was deemed statistically significant.
We applied EmpowerStats V.2.17.8 (http://www.empow-
erstats.com/cn/) and R software V.3.42 for all statistical
analysis.

RESULTS

Patient characteristics

After excluding the patients who did not meet the inclu-
sion criteria, a total of 475 patients were included. Among
the patients included, 272 (57.3%) were men and 328
(69.1%) were white.

We divided the patients into three groups according
to the tertiles of NAR. Baseline characteristics classified
by NAR tertiles were presented in table 1. Patients in the
higher NAR group tended to be white and had higher
serum chloride, BUN, WBC count, PTT, PT, INR and
lower serum bicarbonate, haematocrit, haemoglobin.
Patients with higher NAR also had a higher SOFA and
SAPSII scores than those with lower NAR (<23.47). These
patients, however, had no apparent differences in age,
gender, vital signs, vasoactive drug use or comorbidities.

NAR levels and mortality

A total of 180, 218 and 264 deaths were recorded in the
30-day, 90-day and 365-day follow-up periods, respectively.
Results of the relationship between NAR and mortality in
CS patients were shown in table 2 and figure 1.

For the primary outcome of 90-day mortality, we
found that higher NAR was related to increased risk of
mortality. The HR (95% CI) values of the mid-tertile
(NAR=23.54-27.86) and the upper tertile (NAR>27.86)
were 1.56 (1.10 to 2.22) and 1.95 (1.39 to 2.73), respec-
tively, when compared with the reference (NAR<23.47).
After adjusted for age, gender and ethnicity in model I,
an increasing trend was also observed and the adjusted
HR (95% CI) values for 90-day mortality given NAR of
23.54-27.86 and >27.86 were 1.50 (1.06 to 2.13) and
1.99 (1.42 to 2.80). After further adjusted for potential
confounders in model II, the upward trend remained
statistically significant (mid-tertile: 1.71 (1.14 to 2.55);
upper tertile: 1.93 (1.27 t0 2.93)).

The similar trends were also observed for the secondary
outcomes of 30-day and 365-day mortality.

Subgroup analysis

Subgroup analysis was conducted to determine the
consistency of association between NAR and 90-day
mortality in patients with CS. Partial results were shown
in table 3 and the full results were in the online supple-
mental table. Most subgroup factors showed low signifi-
cance with 90-day mortality, except for the serum sodium
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Table 2 Association between NAR and mortality in CS patients

Non-adjusted Model | Model Il
HR (95% CI) P value HR (95% CI) Pvalue HR (95% Cl) P value
90-day mortality
NAR (per 0.1 change)  1.03 (1.01 to 1.04) <0.0001 1.03 (1.01 to 1.04) <0.0001 1.02 (1.00 to 1.04) 0.0276
Fitted groups
<23.47 1.0 1.0 1.0
23.54-27.86 1.56 (1.10 to 2.22) 0.0122  1.50(1.06 to 2.13) 0.0229 1.71 (1.14 to 2.55) 0.0092
>27.86 1.95 (1.39 t0 2.73) 0.0001  1.99 (1.42 to 2.80) <0.0001  1.93 (1.27 t0 2.93) 0.0022
P for trend 0.0001 <0.0001 0.0037
30-day mortality
NAR (per 0.1 change)  1.02 (1.01 to 1.04) 0.0020 1.02 (1.01 to 1.04) 0.0031  1.02 (1.00 to 1.04) 0.1371
Fitted groups
<23.47 1.0 1.0 1.0
23.54-27.86 1.72 (1.17 to 2.53) 0.0060 1.63(1.10 to 2.40) 0.0139  1.98 (1.25t0 3.15) 0.0036
>27.86 1.96 (1.34 to 2.87) 0.0006  1.99 (1.36 to 2.92) 0.0004 2.03 (1.26 to 3.26) 0.0036
P for trend 0.0008 0.0005 0.0096
365-day mortality
NAR (per 0.1 change)  1.03 (1.02 to 1.04) <0.0001 1.03 (1.02 to 1.04) <0.0001  1.03 (1.01 to 1.04) 0.0024
Fitted groups
<23.47 1.0 1.0 1.0
23.54-27.86 1.69 (1.23 to 2.33) 0.0013  1.65(1.20 to 2.28) 0.0022  1.93 (1.34 to0 2.77) 0.0004
>27.86 2.17 (1.59 to 2.97) <0.0001  2.24 (1.64 to 3.06) <0.0001 2.36 (1.61 to 3.47) <0.0001
P for trend <0.0001 <0.0001 <0.0001

Models | and Il were derived from Cox proportional hazards regression models: model | covariates were adjusted for age; gender;
ethnicity; model Il covariates were adjusted for age; gender; ethnicity; heart rate; SBP; DBP; respiratory rate; SPO,; anion gap; serum
bicarbonate; serum potassium; SCr; BUN; haematocrit; platelet count; WBC count; PTT; PT; INR; stroke; pneumonia; COPD; chronic

liver disease; chronic renal disease; RRT; malignancy; vasoactive agent; SOFA; SAPSII.

BUN, blod urea nitrogen; COPD, chronic obstructive pulmonary disease; CS, cardiogenic shock; ; DBP, diastolic blood pressure ;
INR, international normalised ratio; NAR, neutrophil-to-albumin ratio; PT, prothrombin time; PTT, partial thromboplastin time; RRT,
renal replacement therapy; SAPSII, Simplified Acute Physiology Score ; SBP, systolic blood pressure ; SCr, serum creatinine; SOFA,
Sequential Organ Failure Assessment; SPO,, percutaneous oxygen saturation.

(p=0.0270), the serum bilirubin (p=0.0343), respiratory
failure (p=0.0102) and RRT (p=0.0044). NAR particu-
larly showed significant interactions in patients without
RRT. Patients without the therapy of RRT had a signif-
icant higher 90-day mortality risk for NAR>27.86 (HR
(95% CI): 2.29 (1.58 to 3.32)). In addition, patients
without respiratory failure also had higher mortality
risks.

—— Tertiles(30-day)
-« Tertiles(90-day)
Tertiles(365-day)

<2347 23.54-27.86 >27.86 <23.47
Neutrophil-to-albumin ratio

— Tertiles(30-day)
—— Tertiles(90-day)
—o— Tertiles(365-day)

HR (95% CI)
ROIRLD
A
HR (95% CI)
HRO3%CD -, ,
NI I 3

23.54-27.86 >27.86
Neutrophil-to-albumin ratio

Figure 1 HRs (95% Cls) for mortality across tertile groups
of NARs. (Tertiles: model | and model ll). NAR, neutrophil-to-
albumin ratio.

ROC curve analysis

ROC curve analysis (figure 2) was performed to further
test the potential prognostic value of NAR in predicting
the survival of CS patients. Compared with the neutrophil
percentage or the serum albumin level alone, NAR was
more sensitive in predicting 90-day mortality of CS (AUC:
0.651 vs 0.509, 0.584). The C statistic for NAR, however,
was lower than that of SOFA or SAPSII scores (0.651 vs
0.686, 0.737). However, when ROC curve analysis was
performed combining NAR and SOFA score or SAPS II,
NAR contributed very little to these already known and
well-consolidated prognostic indices (figures 3 and 4).

DISCUSSION

In our study, we found a significant positive association
between NAR levels and mortality in patients with CS. In
particular, a high level of NAR was associated with growing
risk of mortality. In addition, NAR was more sensitive in
predicting mortality of CS than the neutrophil percentage
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Table 3 (Partial). Subgroup analysis of the association between NAR and 90-day mortality

NAR stratification

N <23.47 23.54-27.86 >27.86 P value
Laboratory parameters
Serum sodium, mmol/L 0.0270
<134 192 1.0 1.11 (0.66 to 1.88) 1.23 (0.74 to 2.03)
>134 283 1.0 2.01 (1.24 to 3.27)** 2.90 (1.81 to 4.67)**
Serum potassium, mmol/L 0.3218
<3.6 211 1.0 1.71 (0.94 to 3.11) 1.94 (1.08 to 3.46)*
>3.6 264 1.0 1.44 (0.93 to 2.24) 2.24 (1.45 to 3.45)°
Serum chloride, mmol/L 0.0702
<100 206 1.0 1.59 (0.97 to 2.61) 1.44 (0.86 to 2.39)
>100 269 1.0 1.50 (0.91 to 2.48) 2.56 (1.59 to 4.12)**
Serum bilirubin, pmol/L 0.0343
<0.5 192 1.0 1.91 (1.07 to 3.42)* 2.87 (1.63 to 5.05)**
>0.5 239 1.0 1.46 (0.89 to 2.37) 1.75 (1.08 to 2.84)*
Comorbidities
Respiratory failure 0.0102
No 240 1.0 1.73 (1.02 to 2.95)* 3.14 (1.89 to 5.20)***
Yes 235 1.0 1.22 (0.76 to 1.94) 1.19 (0.75 to 1.90)
RRT 0.0044
No 402 1.0 1.42 (0.96 to 2.11) 2.29 (1.58 to 3.32)**
Yes 73 1.0 0.87 (0.36 to 2.09) 0.45 (0.18 to 1.11)
Stroke 0.0742
No 454 1.0 1.44 (1.01 to 2.05)* 1.85(1.31 to 2.61)***
Yes 21 1.0 NA NA
Malignancy 0.3513
No 421 1.0 1.583 (1.05 to 2.25)* 2.15 (1.48 to 3.12)***
Yes 54 1.0 1.58 (0.59 to 4.26) 1.08 (0.41 to 2.85)

P value: *p< 0.05, **p< 0.01, **p< 0.001.
N/A, not applicable; RRT, renal replacement therapy;
NAR, neutrophil-albumin ratio.;

or the serum albumin level alone. The predictive value of
NAR, however, was not as good as SOFA or SAPSII score.

CS is a lethal complication of cardiovascular diseases
with an extremely high mortality. Inflammation has been
shown to play a vital role in the pathogenesis of CS. Studies
in recent decades have suggested the prognostic value of
inflammatory mediators in CS, including blood cells,**
cytokines,” ** complement®” and enzymes.”® * Further-
more, the use of albumin, the main serum protein, to
predict the mortality of cardiovascular disease as well as all-
cause mortality has already been described.' ***!' Recent
studies have combined these inflammatory mediators to
predict the outcome of diseases. The NAR, a combina-
tion of the neutrophil percentage and the serum albumin
level, is a novel and readily available biomarker. Prior
to our work, the prognostic value of NAR has recently
been shown. Samuel et al'* demonstrated that NAR was
a significant prognostic marker in patients with palliative

pancreatic cancer. Tawfik et al'’ investigated the associa-
tion between NAR and pathological complete response
in rectal cancer patients after neoadjuvant chemoradia-
tion. Based on these evidences, an inference may be put
forward that NAR could predict the mortality in patients
with CS.

It remains unclear why NAR, the combined biomarker,
could have such a significant prognostic value in patients
with CS. On the one hand, neutrophil, which is a vital
type of leucocytes, has been well studied regarding the
development of various diseases, including CS. Sionis et
al® recently found that distinct microparticles released
by neutrophils (CDI15+) significantly increased in
patients with CS. This result suggested high activation
of neutrophils in CS and further indicated the signif-
icance of inflammation in that condition. Given the
severe systemic inflammatory response in CS, it has been
demonstrated that patients with higher leucocyte count
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Figure 2 ROC curve for 90-day mortality of CS patients.
(N: Neutrophil percentage, A: Albumin). AUC, area under the
curve; CS, cardiogenic shock; NAR, neutrophil-to-albumin;
SOFA, Sequential Organ Failure Assessment; SAPSII,
Simplified Acute Physiology Score; ROC, receiver operator
characteristic curve.

had a higher mortality in cs.® However, whether the
increase of inflammatory mediators in CS results from
the heart itself, from intestinal bacterial translocation, or
from ischemia-reperfusion injury remains unknown.? On
the other hand, serum albumin, synthesised in the liver,
is the major plasma protein in human blood. Albumin
has already been used to predict mortality especially in

S
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Figure 3 ROC curve for combining SAPSII and NAR. (Model
a: SAPSII+NAR; model b: SAPSII). AUC, area under the
curve; NAR, neutrophil-to-albumin; SAPSII, Simplified Acute
Physiology Score; ROC, receiver operator characteristic
curve.
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Figure 4 ROC curve for combining SOFA and NAR. (Model
a: SOFA+NAR; model b: SOFA). AUC, area under the curve;
NAR, neutrophil-to-albumin; SOFA, Sequential Organ Failure
Assessment; ROC, receiver operator characteristic curve.

critically ill patients in ICUs.”* ** It has already become
a part of major risk scores, such as the Acute Physiology
and Chronic Health Evaluation III Prognostic system.
Low albumin levels were demonstrated to be related to
some inflammatory mediators;36 37 therefore, the associ-
ation between serum albumin and mortality may result
from subclinical inflammation, as Mutsert et al® found
in their study. However, whether the prognostic value of
albumin only reflects inflammation or whether there is
an independent role of albumin itself remains to be clear.
As albumin plays an important role in maintaining the
plasma colloid osmotic pressure, low albumin levels may
disorganise the fluid distribution in the internal environ-
ment so as to destroy the balance of the haemodynamics,
resulting in poor outcomes.” Another interpretation
may involve the state of nutrition. Studies have shown
that low albumin may be related to malnutrition, emacia-
tion or cachexia.* However, other studies have indicated
that albumin is a lousy nutrition marker. The relation-
ship between albumin and nutritional status remains
controversial. Furthermore, as the most abundant carrier
protein in plasma, albumin can change the existing form
of some toxins by binding to them, leading to changes in
their biological effects. The recent study of Watanabe et
al'' indicated that, when combined with lower albumin
levels, levels of indoxyl sulfate, a protein-bound uremic
toxin, might be a prognostic marker for cardiovascular
diseases, because lower albumin levels mightincrease free
indoxyl sulfate levels, possibly activating a signal trans-
duction pathway and subsequently exerting toxic effects.
Further studies are needed to confirm these hypotheses.

CS in critically ill patients has an extremely high
mortality. This poor outcome may be affected by anumber
of factors, including basic vital signs (ie, DBP,42 MBP),43
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some laboratory parameters (ie, serum bicarbonate
levels,* cardiac power index,* vasopressor support),*
severity-of-illness scores (ie, SAPSII),* as well as other
comorbidities. In subgroup analysis, patients were strat-
ified according to potential confounders and statistically
significant interactions were observed for some factors,
such as respiratory failure and RRT. Patients without a
history of respiratory failure or without the therapy of RRT
might have a higher risk of 90-day mortality. In patients
with the therapy of RRT, prognosis might be meliorated
through metabolites clearance. While in patients with a
history of respiratory failure, the improved survival might
contribute to the systemic antimicrobial therapy and
advanced assisted ventilation strategies. The real mecha-
nism, however, remained unclear.

Our study was the first study to explore the prognostic
effect of NAR in patients with CS. The period of follow-up
in our study was quite long. The limitations of this study,
however, cannot be ignored. First and foremost, it was
a retrospective observational study in a single centre.
The biases inherent in this type of study and selection
bias in this design should be highlighted. Therefore,
we should further perform studies based on multiple
centres. Second, owing to the relatively low incidence
of CS, the sample size of patients selected in our study
was small, suggesting that larger prospective studies are
needed. Third, NAR was measured only when patients
first admitted to the ICU, possibly causing biases to a
certain extent. Therefore, the dynamic evaluation of
NAR during the ICU stay can make a difference. Further-
more, merely measuring NAR does not adequately reflect
genuine levels of inflammation. Therefore, simultaneous
measurement of other inflammatory factors would make
a better demonstration of our conclusions. Last but not
the least, to set up NAR as a prognostic biomarker, its clin-
ical significance must further be verified.

CONCLUSIONS

NAR level was associated with the mortality of CS patients.
NAR was an potential prognostic biomarker of mortality
in CS patients. Its predictive value was more sensitive than
the neutrophil percentage or the serum albumin level
alone, but not as good as SOFA or SAPSII score. However,
further prospective studies with larger sample size are
needed to confirm our findings.
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