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We performed a meta-analysis to seek evidence for the usefulness of the delta neutrophil index (DNI) as
a prognostic blood biomarker for mortality in the early stage of sepsis in adults. A literature search was
performed using criteria set forth in a predefined protocol. Studies of adults with sepsis that provided

a DNI measurement and that had mortality as the outcome, were included. Review articles, editorials,
and non-human studies were excluded. The methodological quality of identified studies was assessed
independently by two authors using the Quality in Prognosis Studies (QUIPS) tool. A total of 1,822
patients from eleven studies were ultimately included. Standardized mean differences between non-
survivors and survivors were compared. An elevated DNI was associated with mortality in patients with
sepsis (standardized mean difference [SMD] 1.22; 95% confidence interval 0.73-1.71; I> =91%). After
excluding two studies—one that included paediatric patients and one with a disproportionately low
mortality rate—heterogeneity was minimized (SMD 0.74, 95% confidence interval 0.53-0.94; I = 43%)).
Overall, the findings suggest that high DNI values are associated with mortality in septic patients.

Sepsis is a rapidly progressive, life-threatening disease. Accurate and expeditious assessment of sepsis is impor-
tant for early administration of antibiotics and removal of the source of infection?. In the 2016 version of the
sepsis guidelines (Sepsis-3)3, the concept of the systemic inflammatory response syndrome has been deleted.
However, it is important for clinicians to distinguish sepsis from a non-infectious inflammatory response in order
to institute appropriate treatment; this requires reliable diagnostic tools that reflect early changes*®. Hence, many
clinicians have studied the usefulness of blood biomarkers such as C-reactive protein, procalcitonin, and lactate
for early assessment of sepsis and for prognostication, in order to initiate timeous treatment and to prevent rapid
progression to multi-organ failure®-1°.

In infectious conditions, mature segmented neutrophils normally proliferate to kill bacteria in the host.
Simultaneously, the number of circulating immature neutrophils increases; however, these can cause organ failure
in the host!!. The increase in the number of circulating immature granulocyte is referred to as ‘a left shift, defined
as an elevated immature/total granulocyte ratio or an elevated neutrophil band count'>'. In sepsis, this reflects
severity and aggravation of the disease course'*">. Although accurate measurement of immature neutrophil num-
bers is needed as a blood biomarker, practically, such quantification is not readily accessible!®!”. The delta neu-
trophil index (DNI) is the immature granulocyte fraction provided by a blood cell analyser; it is determined by
subtracting the fraction of mature polymorphonuclear leukocytes from the sum of myeloperoxidase-reactive cells
and reflects the number of immature neutrophils as a blood biomarker. This index is calculated by differentiating
two granulocyte measurements; one measured using the cytochemical myeloperoxidase reaction and the other
by the nuclear lobularity channel'®. Since measurement of the DNT is reproducible, rapid, and accurate, the DNI
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Figure 1. Flow chart of the study selection process.

has been used as a blood biomarker in patients with sepsis. This systematic review aimed to seek evidence for the
usefulness of the DNI as a prognostic blood biomarker of mortality in patients in the early stage of sepsis.

Results

Study selection and characteristics. The process for identifying eligible studies is shown in Fig. 1.
Searches of the databases identified 79 articles. A total of 57 studies remained after excluding duplicate articles.
Of these, 19 articles were excluded because their titles and abstracts did not fulfil the inclusion criteria at initial
screening. The full texts of 38 potentially relevant studies were comprehensively reviewed. Of these, 29 articles
were excluded for the following reasons: non-relevant outcome or non-adult study population. Finally, eleven
studies met the criteria and were included in the review; nine were full publications!’~?* and two were abstract-
only publications?®?’.

The main characteristics of the eleven eligible publications are shown in Table 1. In addition, details of the
population included in each study are provided in Supplementary Table S1. All included studies were observa-
tional, were about sepsis, and had mortality as the main outcome. Ten studies were conducted in Korea, one was
conducted in Egypt. Three studies had as their inclusion criteria, cases of bacteraemia. Eight studies included
patients with sepsis or septic shock while the three remaining studies had subjects with acute kidney injury, acute
cholecystitis, and spontaneous bacterial peritonitis, respectively. In seven studies, the time that blood was sam-
pled to measure the DNI was exactly stated; this detail was unclear or not reported in the other studies. In seven
studies, 28-day or 30-day mortality was assessed, whereas two studies assessed 10-day or in-hospital mortality.
In these studies, the mean = standard deviation (SD) of the DNI value (%) was measured by univariate analysis
comparing survivors and non-survivors. The standardized mean difference (SMD) of the DNI values was calcu-
lated, with the 95% confidence interval (CIs).

Quality of the included studies. In five of the nine studies (among which methodological quality were
conducted), the quality criteria were fulfilled and they were deemed to be of high quality; the other four did not
meet at least one criterion. Three studies were considered of low-quality. Details of our assessment of the quality
are presented as Supplementary Figs S1 and S2. Additionally, all four studies which were included to measure the
predictive accuracy of DNI for mortality were considered to be of high-quality (Supplementary Figs S3 and S4).

Main analysis. Eleven relevant studies including 1,822 patients were analysed. All of these studies reported
differences in DNI values between survivors and non-survivors. In our meta-analysis, the DNI level was found
to be significantly higher in non-survivors than in survivors, demonstrating a positive association with an over-
all SMD [(mean level in the non-survivor group — mean level in the survivor group)/pooled SD] of 1.22 (95%
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Abstract-only publication. Abbreviations: DNI, delta neutrophil index; N/R, not reported; ED, emergency
department; SIRS, systemic inflammatory response syndrome; ICU, intensive care unit.
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Figure 2. Meta-analysis for relevant studies. Mean delta neutrophil index value between non-survivors and
survivors.

CI0.73-1.71; 1> =91%; p < 0.00001, Fig. 2). After excluding the two abstract-only publications, the SMD of the
remaining seven studies was 1.46 (95% CI 0.86-2.06; I>=93%; p < 0.00001).

Subgroup analysis and sensitivity analysis. We performed subgroup analyses according to the inclu-
sion criteria, country of study, sample size, time of outcome assessment, and quality of included studies (Table 2).
In the analysis for inclusion criteria, the SMD of the DNI was 1.28 (95% CI 0.73-16.08) and I2 was 92%. In the
analysis for time of outcome assessment, the SMD was 1.61 (95% CI 0.83-2.39) and I? was 80%. In the subgroup
analyses, no item had low heterogeneity. A sensitivity analysis was performed by sequential removal of individual
studies to minimize heterogeneity among the remaining studies. By removing the studies by Zanaty et al.* and
Kim et al.”3, the heterogeneity was minimized to 43% (SMD 0.74, 95% CI 0.53-0.94; I* = 43%, Fig. 3).

SCIENTIFICREPORTS | (2018) 8:6621 | DOI:10.1038/s41598-018-24211-7 3



www.nature.com/scientificreports/

All studies 9 1.22(0.73,1.71) <0.00001 91
Inclusion criteria
Bacteraemia 1 0.93 (0.45,1.41) — —
Sepsis or septic shock | 8 1.28(0.73,1.84) <0.00001 92
Study location
In Korea 8 0.86 (0.57, 1.15) <0.00001 75
In Egypt 1 |6.60(5.17,8.03) — —
Sample size
>100 7 0.89 (0.57,1.21) <0.0001 79
<100 2 3.58 (—2.28,9.43) | <0.00001 98
Mortality assessment
28-day 6 0.96 (0.62, 1.31) 0.0001 80
Other 3 2.40 (0.05, 4.75) <0.00001 97
Study quality
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Table 2. Summary of standardized mean differences for mortality among subgroups. Abbreviations: N, number;
SMD, standardized mean difference; CI, confidence interval.
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Figure 3. Sensitivity analysis; Forest plot of seven studies after removing the studies by Zanaty et al.?* and Kim
etal®.

Predictive accuracy of the DNI for mortality. Meta-analysis was performed to compare the predictive
accuracy of the DNI for mortality. The pooled area under the curve (AUC) based on thr summary receiver oper-
ating characteristic (SROC) curve was 0.82, which demonstrated a good grade of DNI in predicting mortality
(Fig. 4).

Additionally, the pooled diagnostic odds ratio of DNI was 9.37 (95% CI 3.74-23.48) (Supplementary Table S2
and Fig. S5). Pooled sensitivity and specificity of DNI value were 0.70 (95% CI 0.60-0.80) and 0.72 (95% CI 0.68-
0.75), respectively (Supplementary Table S2 and Fig. S6). Pooled positive and negative likelihood ratio were also
3.33 (95% CI 1.95-5.69) and 0.41 (95% CI 3.74-23.48), respectively (Supplementary Table S2). The best thresh-
olds of DNI in predicting mortality were 1.3%, 5.2%, 5.7%, and 7.6% in each included study (Supplementary
Table S2).

Discussion

This systematic review and meta-analysis is the first to demonstrate that the DNT has prognostic value in adults
with sepsis: High DNI values tended to be associated with mortality in septic patients. Since sepsis is a rapidly
progressive and unpredictable disease regardless of the provision of appropriate treatment, the DNI could be
a novel prognostic biomarker. Although the level of the DNI was significantly higher in non-survivors than in
survivors, this meta-analysis showed high heterogeneity (SMD 1.22, 95% CI 0.73-1.71; *=91%). To resolve this
issue, subgroup analyses were performed for the clinical parameters thought to be inducing heterogeneity, such
as the inclusion criteria used, country in which the studies were performed (Korea vs. Egypt), sample size (>100
vs. <100), time of outcome assessment (28-day mortality vs. other), and quality of included studies (high vs. low).
Despite these subgroup analyses, high levels of heterogeneity remained (Table 2). After performing an additional
sensitivity analysis by removing studies by Zanaty et al.?° and Kim et al.?’, heterogeneity was minimized (SMD
0.74, 95% CI 0.53-0.94; 1> =43%, Fig. 3). The study by Zanaty et al.’ did not clearly explain the patient selection
in the assessment of quality and had a relatively smaller sample size than the other included studies. In the study
by Kim et al.?*, the overall mortality in septic patients was exceptionally low at 3.7%; and much lower than that
of the other included studies, whose mean estimate of overall mortality was 32.9%. We assumed that selection
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Figure 4. Summary receiver operating characteristic (SROC) curve of delta neutrophil index (DNI) for
predicting mortality.

bias in the study by Zanaty et al.? and the lower mortality rate in the study by Kim et al.? contributed to the high
heterogeneity in this meta-analysis.

Several confounding factors could have affected short-term mortality in this study. First, the use of appropriate
antibiotics to treat the focus of infection in patients with sepsis influences mortality. Empiric broad-spectrum
antibiotics should be administered to septic patients as soon as possible. In addition, the time to initiation of anti-
biotic administration is usually limited to 3-6 h?-*!. After identification of a pathogen by blood culture, targeted
antibiotic therapy should be initiated. However, in the included studies, data associated with antibiotic therapy
were incomplete. Second, the severity of sepsis can affect mortality>*-**. Previous studies have reported clinical
severity scores, such as the acute physiology and chronic health evaluation (APACHE) and sequential organ fail-
ure assessment (SOFA) scores®. These scores can be used in subgroup analysis to resolve the high heterogeneity
issue. However, information on severity scores could not be obtained from the included studies.

To diagnose sepsis early and predict mortality, procalcitonin is a promising biomarker that is widely used in
adult patients. Although it is an excellent indicator of sepsis and has high sensitivity, there is controversy around
its power to predict mortality®®*". Pettila et al. showed that procalcitonin values differ significantly between sur-
vivors and non-survivors®. In the present study, the DNT was not compared with the clinical prediction indices
such as procalcitonin. Hence, the predictive power of DNT for mortality relative to these other indices remains
unknown. Nevertheless, we found that the DNT has the potential to predict mortality in adults with sepsis. Thus,
the DNI could be useful in rapidly identifying sepsis and determining whether early intervention to remove the
septic focus should be performed. Further research to evaluate the use of the DNI in combination with other
indices (such as procalcitonin) to increase predictive power in the overall assessment of sepsis, are warranted.

In a recent meta-analysis of the DNI by Park et al., the DNI was reported to have prognostic impact for mor-
tality in septic patients®. The pooled sensitivity and specificity of the DNI for death were 0.70 (95% CI 0.56-0.81)
and 0.78 (95% CI 0.73-0.83), respectively. The pooled AUC by SROC curve was also 0.84. However, in that
meta-analysis, the same population with two different measures of mortality (10-day and 28-day mortality in the
study by Kim, 2014) was included twice***°. Additionally, inclusion of a paediatric study (Lee, 2013) contributed
to heterogeneity in the population domain as all other included studies were performed with adult subjects*!.
Therefore, we thought that the prognostic value of the DNI in the meta-analysis by Park et al. was not appropri-
ately evaluated. In our meta-analysis, we made an effort to perform a consistent analysis for a defined population
(adult septic patients only) and a specific outcome (28-day mortality in the subgroup analysis). Our meta-analysis
revealed the predictive accuracy of DNI for mortality in adult septic patients. The pooled specificity (0.72, 95% CI
0.68-0.75) and AUC (0.82) of the DNI for death were a little lower than that reported in the study by Park et al.®.
We also found that the best threshold value of DNI in predicting mortality ranged from 1.3% to 7.6%.

The DNI is an unfamiliar blood marker; it evaluates infection by calculating the proportion of immature
granulocytes. Although the leucocyte count is commonly and widely used to evaluate inflammation in infectious
diseases, it can be affected by inflammation in non-infectious disorders such as rheumatoid arthritis, lupus, and
malignancy*>-*. In evaluating septic conditions, the DNT is therefore more valuable than the leucocyte count as
it reflects the circulating immature granulocyte count irrespective of the leucocyte count*. Additionally, several
studies have found that the DNI has the advantages of accuracy and rapidity in evaluating infection®*?**. Hence,
although the DNI is not widely used, these characteristics and advantages motivated us to evaluate further its
value as a clinical prognostic biomarker.

There were several limitations in this study. First, wide representation was not secured because most included
studies were geographically confined to South Korea. The findings of this study might have been different had
patients from other countries with different health care systems or ethnicities been included. Additionally,
all studies were single-centre investigations, reducing the generalisability of this study’s findings, which may
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therefore not be applied to most patients with sepsis. Additional studies with wider representation are required to
yield more robust conclusions. Second, the pooled outcomes of this study were limited to short-term mortality.
None of the included studies presented long-term (6-month or 1-year) mortality rates. Therefore, further studies
are required to evaluate the effect of the DNT as a prognostic factor for long-term mortality in adults with sepsis.
In conclusion, our systematic review and meta-analysis found that high DNI values tend to be associated with
mortality in septic patients.

Methods

Search strategy and data sources. Using the Cochrane review methods*’, we performed an extensive
database search for studies evaluating the prognostic significance of the delta neutrophil index (DNI) in adult
patients with sepsis. The literature search was performed by two experienced reviewers (Ahn C and Kim W) on
November 21, 2017. We searched MEDLINE, EMBASE, and the Cochrane Library without language restrictions.
Additionally, we checked the references of eligible studies to find related studies. Search keywords were selected
following a discussion among all authors; the words decided on were: delta neutrophil, sepsis, systemic inflam-
matory response syndrome (see Supplementary Table S3).

Study selection. All identified studies were inputted into Endnote 7.5 reference management software
(Thomson Reuters, New York, NY, USA). Two reviewers (Ahn C and Kim W) independently selected all studies
on the basis of predefined selection criteria. The title, abstract, and type of each identified article were checked
in the screening stage. Duplicate articles were excluded after comparing the title, authors, and journal and year
of publication of all identified studies. We obtained and assessed the full text of all potentially relevant studies
in Portable Document Format electronic file format. Ultimately, included studies had the following features: (1)
they involved adult patients with sepsis, (2) they included a measurement of the DNT; and (3) survival outcomes
(28-day or in-hospital mortality) were assessed.

Data extraction. Three reviewers (Ahn C, Kim W, and Lim TH) independently extracted the characteristics
and outcomes of patients in the included studies. Discrepancies between reviewers were discussed and resolved by
consensus. The following variables were extracted: the first author’s name, year of publication, country in which
the study was conducted, inclusion period, equipment used for DNI measurement, study population, inclusion
criteria, mortality, and mean (+SD) DNI level. If the latter was not available, estimated mean (£SD) levels were
calculated from median values with interquartile ranges using the method of Wan et al.*’. If any of these variables
were not described in the studies, we sent relevant questions to the corresponding authors via email.

Assessment of methodological quality. The methodological quality of nine identified studies were inde-
pendently assessed by Ahn C and Kim W with blinding to authorship and journal using the Quality in Prognosis
Studies (QUIPS) tool, with values of 2, 1, and 0 considered to be low, unclear, and high risk, respectively*. Studies
achieving more than nine points from the sum of each six-item score were considered to be of high quality.
Any unresolved disagreements between reviewers were resolved by discussion or review by the third author.
Publication bias was not assessable in these studies. As tests for funnel plot asymmetry are generally only per-
formed when at least 10 studies are included in a meta-analysis, this was not done in the present study.
Additionally, the methodological quality of four identified studies which include a predictive accuracy for
mortality were assessed using the Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) tool®.

Statistical analysis. In the main analysis, we investigated the association between the initial DNI level and
mortality among patients with sepsis. The strength of association between DNT and death was measured using the
mean with SD between survivors and non-survivors, using a random effects model. DNI levels across comparison
groups were extracted as mean differences with 95% Cls. To estimate heterogeneity, we estimated the proportion
of between-study inconsistency due to the true differences between studies (rather than differences due to ran-
dom error or chance) using the I? statistic, with values of 25%, 50%, and 75% considered to be low, moderate, and
high, respectively®®. We conducted planned subgroup analyses based on inclusion criteria (sepsis/septic shock
or bacteraemia); country (Korea or other); sample size (>100 or <100 subjects); the time window of mortality
assessment (within 28 days or other); the time window of DNI level measurement (within 24 h or other); and
methodological quality of the study (high or low). SROC curve was used to predict mortality in adult septic
patients, which also represented the calculated value of Q* index and AUC. The value of AUC was assessed using
the following four AUC categories: more than 0.97 (excellent), from 0.93 to 0.96 (very good), from 0.75 to 0.92
(good), and less than 0.75 (reasonable but obviously deficient in prognostic accuracy)*'. We used Review Manager
version 5.3 (Cochrane Collaboration, Oxford, UK) to perform the statistical analysis, and a P-value < 0.05 was
considered statistically significant.

Data availability. The datasets generated and analysed during the current study are available from the cor-
responding author on reasonable request.
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