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Abstract

Background

Early diagnosis and treatment has proven to be of utmost importance in the outcome of sep-
sis patients. We compared the accuracy of the neutrophil-lymphocyte count ratio (NLCR) to
conventional inflammatory markers in patients admitted to the Intensive Care Unit (ICU).

Methods

We performed a retrospective cohort study consisting of 276 ICU patients with sepsis and
388 ICU patients without sepsis. We compared the NLCR as well as C-reactive protein
(CRP) level, procalcitonin (PCT) level, white blood cell (WBC) count, neutrophil count and
lymphocyte count on ICU admission between sepsis and non-sepsis ICU patients. To evalu-
ate the sensitivity and specificity, we constructed receiver operating characteristics (ROC)
curves.

Results

Significant differences in NLCR values were observed between sepsis and non-sepsis
patients (15.3[10.8-38.2] (median [interquartile range] vs. 9.3 [6.2—14.5]; P<0.001), as
well as for CRP level, PCT level and lymphocyte count. The area under the ROC curve
(AUROC) of the NLCR was 0.66 (95%CI = 0.62-0.71). AUROC was significantly higher for
CRP and PCT level with AUROC’s of 0.89 (95%CI 0.87—0.92) and 0.88 (95%CI 0.86—0.91)
respectively.

Conclusions

The NLCR is less suitable than conventional inflammatory markers CRP and PCT to detect
the presence of sepsis in ICU patients.
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Trial registration
ClinicalTrials.gov NCT01274819.

Introduction

Sepsis is a clinical syndrome that complicates severe infection. It is characterized by the cardi-
nal signs of inflammation (vasodilation, leukocyte accumulation, increased vascular perme-
ability) occuring in tissues that are remote from the site of infection. Sepsis is associated with a
high mortality rate, especially in patients that need treatment in the Intensive Care Unit (ICU)
[1]. In order to be able to initiate treatment in an early stage and improve prognosis of patients
with sepsis, early and accurate diagnosis of sepsis is of utmost importance.

Diagnosing sepsis in severely ill patients remains a challenging task. In addition to the med-
ical history and physical examination, laboratory markers of infection and inflammation play
a major role in the final diagnosis. Currently, white blood cell (WBC) count, C-reactive protein
(CRP) and procalcitonin (PCT) are commonly used to detect sepsis. However, increased levels
of CRP can be found in various inflammatory conditions and, therefore, is of limited value in
distinguishing infection from other causes of inflammation [2-4]. Studies concerning PCT as
a diagnostic tool for differentiating sepsis from systemic inflammatory response syndrome
(SIRS) show conflicting results due to heterogeneity of study populations [5-7].

The physiological immune response to infection and other stressful events is characterized
by an increase in neutrophil count and a decrease in lymphocyte count. The increase in neu-
trophil count results from reduced apoptosis of neutrophils and rapid mobilization of neutro-
phils from a marginated pool within the bone marrow [1, 8, 9]. The lymphocyte count is
decreased by migration of activated lymphocytes to inflammatory tissues and by increased
apoptosis of lymphocytes 8, 10]. In 2001, Zahorec introduced the neutrophil-lymphocyte
count ratio (NLCR) as a simple, rapid and cheap parameter of inflammation and stress in criti-
cally ill patients [11]. More recently, the predictive value of the NLCR in patients with sus-
pected bacteremia in the Emergency Department (ED) and the association between the NLCR
and both short- and long-term outcome in critically ill patients was described [12-14].

However, studies on the predictive value of the NLCR in diagnosing sepsis in ICU patients
are lacking. Therefore, we performed the current study to determine whether the NLCR can
be used to accurately establish a diagnosis of sepsis in ICU patients in comparison to WBC
count, neutrophil count, lymphocyte count, CRP and PCT. Furthermore, we investigated the
association between the NLCR and the duration of ICU stay, the duration of hospitalization,
ICU mortality, in-hospital mortality and 6-month mortality.

Materials and methods
Patients

The current study was performed on data available from a previous randomized controlled
trial evaluating effects of light therapy on the incidence and duration of ICU-acquired delirium
(NCT01274819) [15]. Informed consent was obtained from all patients and the study was
approved by the local medical ethical committee (METOPP, Medisch-Ethische Toetsing
Onderzoek Patiénten en Proefpersonen, this name has been changed in METC (Medisch
Ethische Toetsing Commissie) Brabant in January 1* 2014, registration number M392 NL
34780.028.10, METOPP, Tilburg, The Netherlands). The study cohort consisted of 734
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patients admitted to the ICU of the Jeroen Bosch Hospital in ‘s- Hertogenbosch between 2011
and 2013. Patients were admitted to the ICU when they had manifest or imminent organ fail-
ure, especially circulatory, respiratory or renal failure. The need for ICU admission was deter-
mined by the intensivist in collaboratrion with the treating doctor. No specific groups were
excluded a priori. Details of the in- and exclusion criteria of this study can be found in the Sup-
porting Information (S1 Text). Of importance is the fact that no patients were excluded due to
untreatable severe sepsis. In the current study, patients with a known or probable immune
deficiency were excluded, including patients with a haematological disease, patients treated
with chemotherapy or immunosuppressive therapy including glucocorticoids. Finally, patients
who had been admitted to an ICU elsewhere before admission to the ICU of the Jeroen Bosch
Hospital were also excluded.

Patients were divided into two groups depending on the presence or absence of sepsis. Sep-
sis was defined as the presence of two or more SIRS criteria (body temperature of more than
38°C or less than 36°C, heart rate of more than 90 beats per minute, respiratory rate of more
than 20 breaths per minute, and WBC count below 4*10°/L or above 12*10°/L) and the pres-
ence of infection, confirmed by radiological or microbiological investigation. Patients with
SIRS and high clinical suspicion of infection as determined by the treating physician, in the
absence of confirmation of infection, were considered as having sepsis as well.

Of all patients, baseline clinical characteristics, as well as data concerning confirmation of
infection, detected by microbiological investigation (positive cultures, serology or polymerase
chain reaction (PCR)), radiological investigation (e.g. infiltrate on chest X-ray, abscess on CT)
or during procedures (e.g. surgical procedure, percutaneous biliary drainage) within 3 days
after admission to the ICU as well as previous antibiotic use were collected from patient
records.

Microbiology

Of all patients with SIRS and suspected infection, bacterial culture results were reviewed of
both blood and other specimens such as urine, sputum, abdominal fluid, bile or feces. All bac-
terial isolates were identified by standard microbiologic procedures. Microbiological investiga-
tion also included urine immunochromatographic antigen detection tests, standard PCR
techniques and serum enzyme-linked immunosorbent assays (ELISA) for antibody detection.

Inflammatory markers

Measurements of CRP, PCT, WBC count, neutrophil count and lymphocyte count were per-
formed on blood samples collected at admission to the ICU or, if specific markers were not
determined directly on ICU admission, on blood samples taken within 6 hours prior to or
after ICU admission. CRP levels were measured with a fully automated enzyme-linked immu-
noassay using an Aeroset 2.0 analyzer (Abbott Diagnostics, Santa Clara, CA, USA). PCT levels
were measured using a commercially available sensitive immunoluminometric assay (LIA sen-
sitive, Brahms AG, Henningsdorf, Germany). WBC count, neutrophil count and lymphocyte
count were determined on a Sysmex XE-2100 haematology analyzer (Sysmex Corporation,
Kobe, Japan). From September 2012 onwards, CRP levels and PCT levels were measured using
a Dimension Vista 1500 analyzer (Siemens Healthcare, the Hague, Netherlands) and WBC
count, neutrophil count and lymphocyte count using an Advia 2120i analyzer (Siemens
Healthcare, the Hague, Netherlands). The NLCR was calculated by dividing the neutrophil
count through the lymphocyte count (normal value 2-4). A PCT level above 100 ng/ml or
below 0.02 ng/ml or a CRP level below 6 mg/1 or below 3 mg/l (measurement limits) were con-
sidered as 101 ng/ml, 0.019 ng/ml, 5 mg/l and 2 mg/], respectively.
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Outcome

The primary outcome in this study is the association between the NLCR and the presence of
sepsis. Since previous studies focused on diagnosing bacteremia instead of sepsis, the associa-
tion between the NLCR and the presence of bacteremia in patients with sepsis was also deter-
mined. Secondary outcome measures were the association between the NLCR and the
duration of ICU stay, the duration of hospitalization, ICU mortality, in-hospital mortality and
6-month mortality. Also, the relation of NLCR and disease severity (APACHE II, SOFA) and
site of infection were determined.

Statistical analysis

Statistical analysis was performed using SPSS version 22. Baseline characteristics were com-
pared using the chi-square test or Fisher exact test for categorical variables and the Student’s t-
test for continuous variables. The inflammatory markers were tested for normality using the
Kolmogorov-Smirnov test. Since none of the inflammatory markers were normally distrib-
uted, the Mann-Whitney U test was used to compare medians across the sepsis and non-sepsis
group. Subgroup analysis was performed in the sepsis group to compare the medians across
patients with and without bacteremia, respectively.

To evaluate the sensitivity and specificity of the NLCR in detecting sepsis, receiver operat-
ing characteristics (ROC) curves were constructed for the NLCR as well as CRP, PCT, WBC
count, neutrophil count and lymphocyte count. ROC curves were also constructed to evaluate
the sensitivity and specificity of the inflammatory markers in diagnosing bacteremia in
patients with sepsis. To compare the area under the ROC curves of the individual inflamma-
tion parameters, the method described by Hanley and McNeil was used [16]. Furthermore, by
using crosstabs, we calculated the sensitivity and specificity for the NLCR in diagnosing sepsis
and bacteremia at a cut-off value of 10 based on previous studies [14, 17, 18]. Furthermore, we
calculated an optimal cut-off value of 10 as well. The normal range for CRP, PCT, WBC count,
neutrophil count and lymphocyte count was <50 mg/l, <0.50ng/ml, >4.0*10°/1 and <12*10°/
1, <10%10°/1 and >1.0*10%/1, respectively. To investigate whether or not the inflammation
parameters were correlated with APACHE scores, we divided the patients into quartiles
depending on their APACHE score and constructed separate ROC-curves for each quartile.

To evaluate the association between the NLCR and the secondary outcomes, we categorized
the patients by quartile of the NLCR. The first quartile was defined as the reference group. We
calculated the Odds Ratio (OR) with 95% confidence intervals for categorical variables and the
medians for continuous variables. A P value below 0.05 (two-sided) was considered statistically
significant.

Results
Patients

Of the 734 patients in the DLA study, 70 patients were excluded in the current study because
of either a known or probable immune deficiency (N = 60), or admission to an ICU elsewhere
before admission to the ICU of the Jeroen Bosch Hospital (N = 10) (Fig 1). A total of 664
patients were included in this study, of whom 276 patients met the criteria for sepsis (41.6%;
sepsis group) and 388 did not (58.4%; non-sepsis group). Patient characteristics are shown in
Table 1. There were no significant differences in baseline clinical characteristics between the
sepsis and non-sepsis group, except for the number of patients with diabetes In the sepsis
group, the most frequent sites of origin of sepsis was pulmonary infection (N = 120; 43.5%)

PLOS ONE | https://doi.org/10.1371/journal.pone.0212861 February 27, 2019 4/13


https://doi.org/10.1371/journal.pone.0212861

©'PLOS|ONE

The value of the NLCR in the diagnosis of sepsis in ICU patients

Patients from
DLA study - —

N=734 Exclusion criteria:
*Hematological disease (N=11)
*Chemotherapy (N=8)
*Glucocorticoids (N=18)
«Immunosuppressive therapy (N=23)

Included in final *Admitted to other ICU (N=10)
analysis
N=644
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N=276 N=388
Bacteremia No bacteremia
N=77 N=199

Fig 1. Enrollment flow chart. DLA = Dynamic Light Application.

https://doi.org/10.1371/journal.pone.0212861.9001

(see S1 Table). Significantly more patients in the sepsis group were treated for at least 24 hours

with antibiotics prior to admission to the ICU (P<0.001). In the non-sepsis group, more

patients were admitted to the ICU within 24 hours after arrival at the ED (67.8% compared to

52.9%, P<0.001).

Table 1. Patient characteristics.

Sepsis group Non-sepsis group P-value
(N =276) (N = 388)
Male 156 (56.5%) 234 (60.3%) 0.33
Age 66 (£13) 65 (+£14) 0.36
Apache II score 23 (+8) 22 (+8) 0.17
Admission diagnosis
Surgical 75 (27.2%) 89 (22.9%) 0.24
Medical 195 (70.7%) 258 (66.5%) 0.27
Neurological 6(2.2%) 12 (3.1%) 0.63
Trauma 0 (0.0%) 29 (7.5%) NA
Comorbidity
Cardiac insufficiency 8(2.9%) 13 (3.4%) 0.74
Renal failure 24 (8.7%) 20 (5.2%) 0.07
Liver cirrhosis 2(0.7%) 3(0.8%) 1.000
COPD 14 (5.1%) 21 (5.4%) 0.85
Diabetes mellitus 46 (16.7%) 39 (10.1%) 0.012
Neoplasm 5(1.8%) 4 (1.0%) 0.50
Alcohol abuse 23 (8.3%) 24 (6.2%) 0.29
Smoking 97 (35.1%) 133 (34.3%) 0.82
Previous AB usage 112 (40.6%) 57 (14.7%) <0.001
Admission from ED 146 (52.9%) 263 (67.8%) <0.001

Data presented as number (percentage) or mean (standard deviation). NA = not applicable; COPD = chronic

obstructive pulmonary disease; AB = antibiotic; ED = emergency department.

https://doi.org/10.1371/journal.pone.0212861.t001
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Table 2. Inflammatory markers in sepsis and non-sepsis group.

Sepsis group Non-sepsis group P value

(N =276) (N =388)
CRP 161 [106-259] 13 [5-56] <0.001
PCT 4.60 [0.87-23.75] 0.13 [0.07-0.38] <0.001
WBC count 12.7 [7.8-18.6] 12.0 [8.6-16.4] 0.50
Neutrophil count 11.4 [6.6-16.8] 9.9 [7.1-14.5] 0.13
Lymphocyte count 0.7 [0.4-1.0] 1.1 [0.7-1.5] <0.001
NLCR 15.3 [8.5-29.5] 9.3 [6.2-14.5] <0.001

Data presented as median [interquartile range]. CRP = C-reactive protein; PCT = procalcitonin; WBC = white blood
cell; NLCR = neutrophil-lymphocyte count ratio

https://doi.org/10.1371/journal.pone.0212861.t002

Sepsis

In the sepsis group, infection was confirmed in 185 patients (67.0%) by microbiological inves-
tigation, either by the detection of micro-organisms in blood cultures and/or cultures of other
specimens, or by urine immunochromatographic antigen detection, ELISA or PCR. Bacter-
emia was present in 77 patients (27.9%) with sepsis. Infection was confirmed by radiological
investigation and procedure in 204 patients (73.9%) and 87 patients (31.5%), respectively.

Inflammatory markers

The inflammatory markers at the time of ICU admission of the sepsis and non-sepsis group
are shown in Table 2. The inflammatory markers of patients with bacteremia and patients
without bacteremia in the sepsis group are shown in Table 3.

The NLCR was significantly higher in patients with sepsis compared to patients without
sepsis (median (interquartile range [IQR]) 15.3 [10.8-38.2] versus 9.3 [6.2-14.5]; P<0.001).
The NLCR was also significantly different between the sepsis group patients with and without
bacteremia (18.3 [10.8-38.2] versus 14.5 [7.8-26.5]; P = 0.001).

Similar differences between patients with sepsis compared to patients without sepsis were
found for CRP level, PCT level and lymphocyte counts (see Table 3). Of these markers, CRP
level and PCT level were also significantly different within the sepsis group in patients with
bacteremia compared to sepsis patients without bacteremia. There was no significant differ-
ence in WBC count and neutrophil count between the sepsis and non-sepsis group. However,
within the sepsis group, both were significantly higher in patients with bacteremia compared
to patients without bacteremia.

Table 3. Inflammatory markers in patients with sepsis.

CRP

PCT

WBC count
Neutrophil count
Lymphocyte count
NLCR

Bacteremia No bacteremia P value

(N=77) (N =199)

202 [143-288] 148 [98-246] 0.001
16.00 [3.40-45.50] 2.60 [0.58-14.00] <0.001
13.8 [9.0-20.4] 12.2 [7.4-17.4] 0.040
13.5 [8.2-18.7] 10.9 [6.2-15.2] 0.018
0.6 [0.4-1.0] 0.7 [0.4-1.0] 0.13
18.3 [10.8-38.2] 14.5 [7.8-26.5] 0.001

Data presented as median [interquartile range]. CRP = C-reactive protein; PCT = procalcitonin; WBC = white blood cell; NLCR = neutrophil-lymphocyte count ratio

https://doi.org/10.1371/journal.pone.0212861.t003
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Fig 2. Receiver operating characteristics (ROC) curves of inflammatory markers for differentiating sepsis and
bacteremia. (A) ROC curves of inflammatory markers for differentiating sepsis. (B) ROC curves of inflammatory
markers for differentiating bacteremia. CRP = C-reactive protein; PCT = procalcitonin; WBC = white blood cell;
NLCR = neutrophil-lymphocyte count ratio.

https://doi.org/10.1371/journal.pone.0212861.g002

Fig 2 shows ROC curves of all inflammatory markers for differentiating patients with sep-
sis from patients without sepsis (A) and for differentiating patients with bacteremia from

patients without bacteremia in the sepsis group (B). The AUROC curves are shown in
Table 4.
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Table 4. Evaluation of inflammatory markers for detecting sepsis and for diagnosing bacteremia in patients with

sepsis.

Sepsis Bacteremia

(N = 664) (N =276)
CRP 0.89 (0.87-0.92) 0.63 (0.56-0.70)
PCT 0.88 (0.86-0.91) 0.71 (0.65-0.78)
WBC count 0.51 (0.47-0.56) 0.58 (0.51-0.66)
Neutrophil count 0.53 (0.49-0.58) 0.59 (0.52-0.67)
Lymphocyte count 0.72 (0.68-0.76) 0.56 (0.48-0.64)
NLCR 0.66 (0.62-0.71)* 0.63 (0.55-0.70) 1

Data presented as area under the Receiver Operating Characteristics curve (95% Confidence Interval). CRP = C-
reactive protein; PCT = procalcitonin; WBC = white blood cell; NLCR = neutrophil-lymphocyte count ratio
*P<0.001 for comparing the NLCR with WBC count, neutrophil count, CRP and PCT.

" No significant differences between the AUROCs in diagnosing bacteremia.

https://doi.org/10.1371/journal.pone.0212861.t1004

The area under the ROC curve (AUROC) of the NLCR to detect sepsis was 0.66 (95%

CI =0.62-0.71). We calculated an optimal cut-off value of 10, which was also found in previ-
ous studies. Using a cut-off value of 10, the sensitivity and specificity of the NLCR for predict-
ing sepsis was 65.7% (95% CI 59.7%-71.3%) and 53.0% (95% CI 47.9%-58.1%), respectively. In
the sepsis group, the AUROC of the NLCR to detect bacteremia was 0.63 (95% CI = 0.55-
0.70). The sensitivity and specificity of the NLCR to detect bacteremia at a cut-off value of 10
was 76.1% (95% CI 64.5%-85.4%) and 37.9% (95% CI 31.2%-45.0%), respectively.

The AUROC to detect sepsis was highest for CRP level with an AUROC of 0.89 (95% CI
0.87-0.92) and PCT level with an AUROC of 0.88 (95% CI 0.86-0.91). There was no signifi-
cant difference between the AUROC of CRP level and PCT level (P = 0.653). The AUROC of
the NLCR was significantly higher compared to WBC count (P<0.001) and neutrophil count
(P<0.001) and was significantly lower compared to CRP level (P<0.001) and PCT level
(<0.001).

There was no significant difference between the AUROC:S of the inflammatory parameters
in diagnosing bacteremia.

When dividing patients into quartiles depending on their APACHE score and constructing
separate ROC curves for each quartile, we found no significant difference between each quar-
tile and the entire cohort of patients (S1 Fig).

Secondary outcomes

The quartiles in the entire study population were defined as follows: first quartile = NLCR
below 7.0; second quartile = NLCR 7.0-11.2; third quartile = NLCR 11.2-18.9 and fourth
quartile = NLCR above 18.9. The secondary outcome across quartiles of the NLCR are shown
in Table 5.

The overall mortality in the ICU, in-hospital mortality and 6-month mortality was 12.7%,
18.4% and 24.8%, respectively. Other than the 6-month mortality in the fourth quartile (OR
(95%CI) 1.48 (1.00-2.17)), the risk of mortality was similar between quartiles of the NLCR.

The duration of ICU and hospital stay in all patients was 4 days (IQR [2-9]) and 15 days
[9-27], respectively. There were no significant differences in the duration of ICU stay and hos-
pitalization across the quartiles of the NLCR. We observed no significant differences between
patients with high or low APACHE II scores (S4).

PLOS ONE | https://doi.org/10.1371/journal.pone.0212861 February 27, 2019 8/13


https://doi.org/10.1371/journal.pone.0212861.t004
https://doi.org/10.1371/journal.pone.0212861

@ PLOS | ON E The value of the NLCR in the diagnosis of sepsis in ICU patients

Table 5. Mortality across quartiles of NLCR.

Quartile of NLCR Mortality in ICU In-hospital mortality 6-month mortality
QI (<7.0) REF REF REF

Q2(7.0-11.2) 0.900 (0.494-1.638) 0.926 (0.562-1.525) 1.152 (0.762-1.741)
Q3 (11.2-18.9) 1.100 (0.625-1.936) 1.148 (0.719-1.834) 1.273 (0.852-1.901)
Q4 (>18.9) 1.093 (0.621-1.925) 1.362 (0.872-2.129) 1.476 (1.004-2.169)"

Data presented as Odds Ratio (95% Confidence Interval). NLCR = neutrophil-lymphocyte count ratio;
ICU = Intensive Care Unit; Q = quartile; REF = reference
* = statistically significant

https://doi.org/10.1371/journal.pone.0212861.t005

Discussion

In the current study we investigated the accuracy of the NLCR to detect the presence of sepsis
in ICU patients. Although we found significantly higher NLCR values in patients with sepsis
compared to patients without sepsis, our results indicate that CRP and PCT level show more
accuracy to detect sepsis.

The physiological immune response to stress is characterized by an increase in neutrophil
count and a decrease in lymphocyte count [1, 8, 10]. The NLCR has been suggested as an easily
obtained inflammatory marker in critically ill patients [11-14]. To our knowledge, no previous
studies have investigated the association between the NLCR and the presence of sepsis in ICU
patients. There are some studies that are quite similar to our study [13, 14, 17-19]. However,
these studies were conducted at the ED or they concentrated on critically ill patients in the
ICU with infection only, in which patients without sepsis or without infection were excluded
from the study. These studies in patients in the ICU investigated the NLCR in predicting death
from sepsis in the ICU, rather than diagnosing sepsis. Regarding the association between the
NLCR and bacteremia, the AUROC of the NLCR in the current study was 0.63. This is in con-
trast with previous studies in non-ICU patients, where higher AUROCs were found [14, 17,
20, 21]. Several reasons may explain our results.

First, in accordance to the sepsis guidelines, the vast majority of patients admitted to the
ICU with suspected sepsis were treated with antibiotics by the general practitioner or during
their stay in the ED. In the current study, 52.9% of patients were admitted from the ED. All
patients who are admitted at the ED with a suspicion of sepsis, are treated with broad-spec-
trum antibiotics, with or without gentamycin, depending on the severity of illness. Further-
more, 40.6% of patients with sepsis in the ICU were treated with antibiotics for over 24 hours
prior to admission to the ICU. A recent study demonstrated that antibiotic treatment signifi-
cantly reduces the NLCR [18]. In this study, only 8.2% of patients were treated with antibiotics
prior to admission to the ED. Since antibiotic treatment significantly reduces the NLCR and
significantly more patients in the ICU have received antibiotic treatment prior to admission
compared to patients in the ED, this might explain the lower value of the NLCR in predicting
bacteremia in the current study in comparison to previous studies, which were conducted at
the ED.

Second, the NLCR is not only increased in patients with infection. Previous studies describe
an increase in the NLCR in the first few days after surgery or trauma [22, 23]. Furthermore,
the NLCR is higher in patients with COPD compared to healthy individuals and also higher
during an exacerbation of COPD compared to stable disease [24, 25]. Our control group con-
sisted of many patients who were admitted to the ICU for monitoring following major elective
surgery, trauma or an exacerbation of COPD. Therefore, this may have resulted in a lower pre-
dictive value of the NLCR in detecting sepsis.
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We found remarkably high AUROCS of CRP level and PCT level compared to previous
studies [6, 14, 18, 19, 26]. These studies, however, excluded patients without SIRS or suspected
infection, or they compared patients with bacteremia to patients without bacteremia. In the
current study however, we included all patients admitted to the ICU and divided them into
two groups depending on the presence of sepsis. Furthermore, our non-sepsis group consisted
of few patients with infection (but without SIRS) and a relatively high number of patients with
cardiac arrest. These patients had low CRP levels, in accordance with other studies, thereby
enhancing the discriminatory capacity of CRP level [27, 28].

The NLCR was not associated with the length of ICU or hospital stay. Furthermore,
although not significant, we found a trend towards increased mortality with increased quartiles
of the NLCR, which is in concordance with previous studies [12, 13].

This study has several limitations. First, this was a single-center retrospective cohort study
in a mixed medical-surgical ICU with a high number of cardiac arrest patients, which may
make the results less generalizable. Second, there are some important differences in our sepsis
and non-sepsis group concerning previous antibiotic usage and source of admission. This is
due to the heterogeneity of our control group. Previous studies have shown that the NLCR dif-
fers in time [29]. Unfortunately, data concerning the duration of illness before admission to
the ICU was not collected during the conduct of the Dynamic Light Study. However, with the
data available we can draw some conclusions regarding this question. In patients with sepsis,
40.6% of patients were treated with antibiotics for over 24 hours and therefore presumably had
symptoms for over 24 hours. In the non-sepsis group, patients who were admitted for cardiac
arrest or trauma, accounting for 30.9% of patients in this group, had symptoms for less than 24
hours. For the majority of patients however, the duration of symptoms is not known. Third,
sepsis is a clinical diagnosis with a lack of a gold standard test. We defined sepsis as the pres-
ence of both SIRS and infection, the most frequently used definition since 1991 [30]. To
improve the diagnosis of sepsis, recently new definitions of sepsis and septic shock have been
introduced, in which sepsis is defined as a life-threatening organ dysfunction caused by a dys-
regulated host response to infection [31, 32]. This definition focuses more on organ dysfunc-
tion, evaluated using the Sequential (Sepsis-related) Organ Failure Assessment (SOFA) score,
rather than the inflammatory host response [33]. However, also in this new definition, sepsis
remains a clinical diagnosis. Furthermore, there is a relatively lack of experience with the new
sepsis-3 criteria and few studies have been performed using these criteria. In order to be able
to compare our results to previous studies, the old sepsis criteria were used in this study.
Fourth, we investigated the association between the inflammation parameters and the presence
of sepsis with or without bacteremia in only one blood sample, taken within 6 hours prior to
or after ICU admission. Riche et al showed that the NLCR differs in time and that early and
late death from septic shock are associated with a low and high NLCR, respectively [29]. How-
ever, since early diagnosis and treatment of sepsis are of utmost importance in its outcome, we
investigated whether or not a diagnosis of sepsis can be established at admission to the ICU.
Therefore, we have chosen to use only one blood sample taken at admission to the ICU.

Conclusion

In this study, evaluating the association between the NLCR and the presence of sepsis in
patients admitted to the ICU, we found significantly higher values of the NLCR in patients
with sepsis compared to patients without sepsis. However, compared to CRP and PCT, the
diagnostic accuracy of the NLCR to detect sepsis in ICU patients in this study is low and there-
fore the NLCR seems less suitable in predicting presence of sepsis in this vulnerable patient
category. Considering the limitations of the current study, larger, prospective trials, including
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the current definition of sepsis, are necessary to establish the role of the NLCR in diagnosing
sepsis in any patient admitted to the ICU more firmly.
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