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The role of immature granulocyte count
and delta neutrophil index in the early
prediction of mesenteric ischemia
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Abstract. - OBJECTIVE: Mesenteric ischemia
is a fatal condition leading to ischemia and ne-
crosis of the intestines following the interrup-
tion of blood flow in the vessels feeding the in-
testines. The present study investigated the sig-
nificance of immature granulocyte count and
delta neutrophil index in the early prediction of
mesenteric ischemia.

PATIENTS AND METHODS: The study includ-
ed 248 patients who applied to the hospital be-
tween 01.01.2020 and 01.04.2022 and underwent
emergency and elective bowel resection in the
general surgery clinic. The study population
was divided into two groups as patients who
underwent surgery for causes non-related to
mesenteric ischemia (Group 1) and patients with
findings of mesenteric ischemia who underwent
laparotomy (Group 2). Preoperative immature
granulocyte counts, and delta neutrophil index
levels were compared between the groups with
and without perioperative mesenteric ischemia.

RESULTS: No statistical difference was ob-
served between the groups in terms of age or
sex. Comparing the two groups regarding im-
mature granulocyte count and delta neutrophil
index revealed a statistically significant differ-
ence (p<0.001). The median immature granulo-
cyte count was 0.04 (0.02-0.06) in Group 1 and
1.83 (0.18-2.5) in Group 2, with a statistically
significant difference (p<0.001). Also, the com-
parison of delta neutrophil index levels revealed
a median value of 0.4 (0.2-0.6) in Group 1 and
5.6 (0.7-8.1) in Group 2, with a statistically sig-
nificant difference.

CONCLUSIONS: The results of this study
have demonstrated that immature granulocyte
counts, and delta neutrophil index levels are
reliable markers that do not require any addi-
tional time or expense, can be easily measured
in a complete blood count, and can be used for
evaluating intestinal necrosis in mesenteric
ischemia.
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Introduction

Acute mesenteric ischemia (AMI) is characterized
by a significant reduction in mesenteric blood flow,
which can cause irreversible changes in the intesti-
nal mucosa and lead to intestinal necrosis, peritoni-
tis, severe sepsis, and multiple organ failure!. AMI
represents an uncommon cause of acute abdominal
pain as it constitutes 0.09% to 0.2% of all acute sur-
gical admissions?. Causes of AMI include embolism
(50%), thrombosis (20%), non-occlusive factors
(20%), and venous thrombosis (10%). Risk factors in-
clude age, myocardial infarction, arrhythmias (espe-
cially atrial fibrillation), atherosclerosis, heart failure,
hypercoagulation, intra-abdominal trauma or infec-
tion, and malignancy?. Despite major diagnostic and
treatment advances over the past decades, low clinical
suspicion leads to persistently high mortality rates for
acute mesenteric ischemia, ranging from 40 to 70%
(AMI)". It remains to be a challenging condition to
diagnose. AMI generally presents with abdominal
pain inconsistent with physical examination findings.
Non-specific symptoms like diarrhea, bleeding in the
lower gastrointestinal tract, intestinal obstruction, ab-
dominal distension, and vomiting may be observed.
Patients with mesenteric ischemia exhibit leukocy-
tosis, metabolic acidosis, and elevated D-dimer and
serum lactate levels’. Computed Tomographic An-
giography (CTA) is the gold standard for diagnosis.
However, even high-tech diagnostic equipment like
CTA can sometimes miss acute occlusive intestinal
ischemia, and radiological findings are often less spe-
cific’. In AMI, early diagnosis bears great importance
as the duration of intestinal ischemia is considered a
major prognostic factor’.

Immature granulocytes (IGs) in peripheral
blood indicate increased bone marrow activity?®.
In healthy people, IGs, including promyelocytes,
myelocytes, and metamyelocytes, are generally not
released in peripheral blood and are thus undetect-
able. However, they can be detected in peripheral
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blood in response to infection, inflammation, and
other stimuli’. Recent studies show that IGs are
more effective markers than white blood cells and
C-reactive protein in determining the severity of
inflammation'®. Delta neutrophil index (DNI) is a
novel inflammatory marker that measures the pro-
portion of IGs in circulating blood''. Because in-
fectious conditions are associated with elevated IG
levels, several researchers have examined whether
it can be used to predict the formation of sepsis'?.
The present study investigated the significance
of immature granulocyte count and delta neutrophil
index in the early prediction of mesenteric ischemia.

Patients and Methods

The study population consisted of patients
who applied to the emergency service of Train-
ing and Research Hospital between 01.01.2020
and 01.04.2022, who were taken to emergency
operation by the general surgery department upon
consultation with the suspicion of mesenteric
ischemia, and who underwent elective bowel re-
section. Data were recorded retrospectively from
the hospital computer system. We included pa-
tients over the age of 18 who underwent surgery
and bowel resection in the General Surgery De-
partment and whose data could be accessed be-
tween the specified dates. Patients under the age
of 18, those with a disease that may interfere with
blood parameters (cirrhosis, chronic kidney fail-
ure, etc.), pregnant and lactating patients, patients
with limitations (those with mental disorders, sol-
diers, convicts), and patients whose data could not
be accessed were excluded. The Ethics Commit-
tee Approval was received from Hitit Universi-
ty Faculty of Medicine Clinical Research Ethics
Committee in 2022 (Ethics Committee Decision
Number: 2022-43).

The study population was divided into two
groups as patients who underwent surgery for
causes non-related to mesenteric ischemia (Group
1) and patients with findings of mesenteric isch-
emia who underwent laparotomy (Group 2). Group
1 consisted of patients who underwent emergency
or elective bowel resection due to causes non-re-
lated to mesenteric ischemia. Group 2 consisted
of patients who intraoperatively developed mes-
enteric ischemia and whose surgical data were
retrospectively scanned from the records. The im-
aging methods were not evaluated due to limited
data. Initial preoperative laboratory results were
scanned from the hospital file system. IG counts,

DNI levels, white blood cell (WBC) counts, C-re-
active protein (CRP) levels, and lactate dehydro-
genase (LDH) levels were recorded. DNI is nor-
mally calculated with the formula (granulocyte
count * 1000)/leukocyte count. It is calculated as
a standard procedure in our hospital’s laboratory
and routinely indicated in complete blood count
tests. We compared preoperative IG counts, DNI
levels, WBC counts, CRP levels, and LDH levels
between groups with and without perioperative
mesenteric ischemia. We then statistically evalu-
ated the predictive values of these parameters for
mesenteric ischemia.

Statistical Analysis

Continuous variables are given as mean + stan-
dard deviation and categorical data as numbers
and percentages. During the intergroup analysis
of continuous variables, an analysis of normality
was performed using the Kolmogorov-Smirnov
Goodness of Fit Test. The #-test was used to ana-
lyze variables suitable for normal distribution and
the Mann-Whitney U test was used for those that
showed non-normal distribution. Categorical data
analysis was performed using the Chi-squared
Test. All analyses were performed using the IBM
SPSS version 24.0 (IBM Corporation, Armonk,
NY, USA). The threshold level for the presence
of ischemia was determined using the receiver
operating characteristic (ROC) test. p<0.05 was
considered statistically significant.

Results

248 patients who underwent bowel resection
were included. Of these 248 patients, 157 were
male (63.3%) and 91 were female (36.7%). The
mean age of the patients was 65.81+17.15. The
mean age of the male patients was 63.75+17.28,
while the mean age of the female patients was
69.35+16.41. Mesenteric ischemia was observed
in 43 of 157 male patients and 42 of 91 female pa-
tients. No statistical difference was observed be-
tween the groups in terms of age or sex (p:0.804,
p:0.765, respectively).

The participants were divided into two groups
as those without mesenteric ischemia (Group I)
and those with mesenteric ischemia (Group II).
The 1G, DNI, WBC, CRP, and LDH levels were
compared between the groups. Comparing 1G and
DNI levels between the two groups revealed a
statistically significant difference (p<0.001). The
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Table I. Group 1 and Group 2 comparison of hematological parameters.

Group | Group Il
Hematological parameters p-value
Median (IQR 25-75) Median (IQR 25-75)
1G 0.04 (0.02-0.06) 1.83 (0.18-2.5) <0.001
DNI 0.4 (0.2-0.6) 5.6 (0.7-8.1) <0.001
WBC 7.46 (6.01-10.18) 9.49 (6.52-13.83) 0.002
CRP 7.56 (3.23-38.4) 22.7 (5.4-110) <0.001
LDH 200 (167-267) 254 (199-312) <0.001

*Mann-Whitney U test

IG; immaturgranulocyte, DNI; delta neutrophil index, WBC: white blood cell, CRP; C-reactive Protein, LDH; lactate dehydrogenesis.

median IG count was 0.04 (0.02-0.06) in Group 1
and 1.83 (0.18-2.5) in Group 2, with a statistically
significant difference (p<0.001). Also, the medi-
an DNI level was 0.4 (0.2-0.6) in Group 1 and
5.6 (0.7-8.1) in Group 2, again with a statistically
significant difference (p<0.001). WBC, CRP, and
LDH levels were statistically significantly higher
in Group 2 (p=0.002; p<0.001; p<0.001, respec-
tively) (Table I).

We then performed a ROC analysis to inves-
tigate the predictive values of these parameters
(Figure 1). The AUC value for IG counts was
0.856. At a cut-off value of 0.225, IG had a sen-
sitivity of 74.1% and a specificity of 98.2%. The
AUC value for DNI levels was 0.839. At a cut-off
value of 1.4, DNI had a sensitivity of 70.6% and a
specificity of 96.9%. For the other parameters, the
cut-off values were 8.59 for WBC, 12.6 for CRP,
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Figure 1. Roc curve for parameters. IG; immaturgranulocyte, DNI: delta neutrophil index, WBC: white blood cell, CRP: C-reactive

Protein, LDH: lactate dehydrogenesis.

4240




Effect of IG and DNI in mesenteric ischemia

Table Il. Cut-off points and diagnostic values of variables for distiction of mesenteric ischemia.

: (+) ()

Hematological Area Under  Cut-off o . Odd ‘g . Youden
parameters the Curve  value Sensitivity Specificity ., ?;S::?%f 5;3:::% f index Pvalue
IGG 856 0.225 74.1 98.2 152.7 95.5% 87.9% 0.723 ,000
DNI 839 14 70.6 96.9 75.8 92.3% 86.3% 0.675 000
WBC 621 8.59 60.0 62.6 23 44.3% 74.4% 0.226 ,002
CRP 649 12.6 04.7 64.4 1.6 35.8% 5% 0.291 ,000
LDH 654 214,000 70.6 60.7 37 48.4% 79.8% 0.313 ,000

IG; immaturgranulocyte, DNI: delta neutrophil index, WBC: white blood cell, CRP: C-reactive Protein, LDH: lactate dehydrogenesis.

and 214 for LDH. Accordingly, IG had the highest
AUC value, sensitivity, and specificity (Table II).

Discussion

The present study investigated the predictive
value of immature granulocyte (IG) counts and
delta neutrophil index (DNI) levels, which can be
measured by hematological tests, in the early di-
agnosis of mesenteric ischemia. The study bears
the significance of being the first to investigate
mesenteric ischemia in the literature. Our findings
showed that IG and DNI were statistically higher
in mesenteric ischemia patients.

Mesenteric ischemia is a fatal condition leading
to ischemia and necrosis of the intestines following
the interruption of blood flow in the vessels feed-
ing the intestines. Rapid diagnosis is vital as the
condition is associated with high mortality rates
when left untreated. Mesenteric ischemia can man-
ifest with considerably varying clinical findings de-
pending on its etiology. AMI mostly presents with
abdominal pain, abdominal distension, and ileus,
which are disproportionate to physical examination
findings. Computed tomography is an important
imaging method in the diagnosis of acute mesen-
teric ischemia. In a meta-analysis, tomography has
been shown to have high sensitivity and specificity
in the diagnosis of mesenteric ischemia'®. Mesen-
teric ischemia is associated with an acute inflam-
matory response, and markers like WBC, CRP,
serum lactic acid dehydrogenase, and D-dimer are
studied to diagnose the disease'’. Although elevat-
ed inflammatory markers are observed in AMI,
these markers are nonspecific. Because of the in-
significant and nonspecific clinical findings and
limitations in diagnostic tests, diagnosis is the most
important step in the course of AMI".

IGs are inflammatory markers that increase in the
event of infection and inflammation'® and are easily

calculated using automatic hematological analyzers.
Polymorphonuclear neutrophil granulocytes provide
the first line of host defense against infective patho-
gens. They transform from progenitor cells into ma-
ture segmented neutrophils in the bone marrow with-
in 7-10 days. Later, they migrate into the peripheral
blood after full maturation. Therefore, IG formation
in the blood indicates increased activation of the
bone marrow found in sepsis!’. Ayderet al'® showed
that the DNI could be used as a diagnostic marker
of sepsis. Nierhaus et al" reported that DNI effec-
tively discriminated between infected and non-in-
fected patients. Unal et al'®?° found that IG and DNI
effectively helped diagnose necrotizing pancreatitis
and differentiate between complicated appendicitis
and normal appendicitis. Senlikci et al*' reported
significantly elevated IG levels in the diagnosis of
intestinal necrosis due to irreducible hernia. Cha et
al*? determined that DNI was significantly elevat-
ed during intestinal ischemia due to strangulation.
In the current study, IG was significantly elevated
among all parameters that were analyzed to reveal
intestinal necrosis associated with mesenteric isch-
emia. The cut-off value of IG for intestinal necrosis
was 0.225, with a sensitivity of 71.1% and a speci-
ficity of 98.2%. DNI was another elevated parame-
ter. The cut-off value of DNI for intestinal necrosis
was 1.4, with a sensitivity of 70.6% and a specificity
of 96.9%. Accordingly, IG and DNI are significant
markers in diagnosing mesenteric ischemia.

Other markers of infection like white blood
cell (WBC) and C-reactive protein (CRP) are
also elevated in mesenteric ischemia. In a me-
ta-analysis evaluating the performance of sever-
al biomarkers for intestinal ischemia, Evennett et
al? calculated a 0.80 (95% CI: 0.66-0.91) sensi-
tivity and a very modest 0.50 (95% CI: 0.31-0.69)
specificity for WBC count for diagnosing intes-
tinal ischemia. Matsumoto et al** studied 208 pa-
tients with a clinical suspicion of acute intestinal
ischemia and reported a receiver operating char-
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acteristic (ROC) curve of only 0.54 (95% CI:
0.39-0.70) for WBC count to distinguish intesti-
nal ischemia from non-ischemic diseases. Thui-
jls et al* observed no significant difference be-
tween patients with and without bowel ischemia
in terms of leukocyte count. In this study, mes-
enteric ischemia patients demonstrated a higher
leukocyte count, consistent with the literature.
However, it was not effective in discriminating
mesenteric ischemia since leukocytosis occurs in
all infections. CRP is a common inflammatory
marker. Yildirim et al*® found significantly ele-
vated CRP levels among patients with intestinal
ischemia. In the present study, CRP was signifi-
cantly elevated in mesenteric ischemia patients,
consistent with the literature. As per our find-
ings, IG and DNI were determined to be superior
diagnostic markers compared to WBC and CRP
in diagnosing mesenteric ischemia.

As for the limitations of our research, the retro-
spective design may be considered a negative fac-
tor. D-dimer, which is used to diagnose mesenter-
ic ischemia, was not included in this study due to
the inaccessibility of the data. Former data could
not be included as IG was studied in the hospital
laboratory from 2020 onwards, so the number of
parameters investigated was limited.

Conclusions

The results of this study have demonstrated
that IG and DNI are reliable markers that do not
require any additional time or expense, can be
easily measured in a complete blood count, and
can be used to evaluate intestinal necrosis in mes-
enteric ischemia. In fact, they are more reliable
than the routine WBC, CRP, and LDH parame-
ters. Therefore, immature granulocyte counts, and
delta neutrophile index levels should be consid-
ered when evaluating mesenteric ischemia.

Acknowledgments

We would like to thank the members of the general surgery
clinic for their support in the article.

Funding

No financial support was received from any institution for
the article.

Informed Consent
All participants in this study signed the informed consent.

4242

Ethical Approval

The Ethics Committee Approval was received from Hitit Uni-
versity Faculty of Medicine Clinical Research Ethics Committee
in 2022 (Ethics Committee Decision Number: 2022-43).

Conflict of Interest

The authors declare that they have no conflict of interest to
declare.

Authors’ Contributions

Dogukan Durak: study design, data collection, analysis,
and data interpretation; drafting the article, making critical
revisions related to the relevant intellectual content of the
manuscript. Ibrahim Tayfun Sahiner: study design, making
critical revisions related to the relevant intellectual content
of the manuscript. Veysel Barig Turhan: data analysis and
interpretation. Ertugul Gazi Alkurt: data collection. Meh-
met Berksun Tutan: drafting the article.

Data Availability Statement

The datasets generated and/or analyzed during the current
study are available from the Hospital Information Management
System and the corresponding author, upon reasonable request.

ORCID ID

Dogukan Durak: 0000-0003-0693-5715
Ibrahim Tayfun Sahiner: 0000-0002-3921-7675
Veysel Barig Turhan: 0000-0001-5093-4993
Ertugrul Gazi Alkurt: 0000-0002-3044-5428
Mehmet Berksun Tutan: 0000-0003-1834-7355

References

1) Alhan E, Usta A, Cekic A, Saglam K, Turkyilmaz
S, Cinel A. A study on 107 patients with acute
mesenteric ischemia over 30 years. Int J Surg
2012; 10: 510-513.

2) Bala M, Kashuk J, Moore EE, Kluger Y, Biffl W,
Gomes CA Ben-Ishay O, Rubinstein C, Balogh
ZJ, Civil I, Coccolini F, Leppaniemi A, Peitzman
A, Ansaloni L, Sugrue M, Sartelli M, Di Saverio S,
Fraga GP, Catena F. Acute mesenteric ischemia:
guidelines of the World Society of Emergency
Surgery. World J Emerg Surg 2017; 12: 38.

3) van den Heijkant TC, Aerts BA, Teijink JA, Buur-
man WA, Luyer MD. Challenges in diagnosing
mesenteric ischemia. World J Gastroenterol
2013; 19: 1338-1341.

4) Kassahun WT, Schulz T, Richter O, Hauss J. Un-
changed high mortality rates from acute occlusive
intestinal ischemia: a six-year review. Langen-
becks Arch Surg 2008; 393: 163-171.

5) Oldenburg WA, Lau LL, Rodenberg TJ, Edmonds
HJ, Burger CD. Acute mesenteric ischemia: a clini-



Effect of IG and DNI in mesenteric ischemia

cal review. Arch Intern Med 2004; 164: 1054-1062.

6) Karkkainen JM, Acosta S. Acute mesenteric isch-
emia (part I) - Incidence, etiologies, and how to
improve early diagnosis. Best Pract Res Clin
Gastroenterol 2017; 31: 15-25.

7) Karabulut K, Gul M, Dundar ZD, Cander B, Kur-
ban S, Toy H. Diagnostic and prognostic value of
procalcitonin and phosphorus in acute mesenter-
ic ischemia. Ulus Travma Acil Cerrahi Derg 2011;
17:193-198.

8) Senthilnayagam B, Kumar T, Sukumaran J, M J,
Rao KR. Automated measurement of immature
granulocytes: performance characteristics and
utility in routine clinical practice. Pathol Res Int
2012; 2012: 483670.

9) Huang Y, Xiao J, Cai T, Yang L, Shi F, Wang Y, Li
Y, Li C, Peng Y, Chen J, Song Y, Hu J, Tan C. Im-
mature granulocytes: A novel biomarker of acute
respiratory distress syndrome in patients with
acute pancreatitis. J Crit Care 2019; 50: 303-308.

10) Unal Y. A new and early marker in diagnosing
acute complicated appendicitis: immature granu-
locytes. Ulus Travma Acil Cerrahi Derg 2018; 24:
434-439.

11) Kratz A, Maloum K, O’Malley C, Zini G, Rocco V,
Zelmanovic D, Kling G. Enumeration of nucleated
red blood cells with the ADVIA 2120 hematology
system: an international multicenter clinical tri-
al. Lab Hematol 2006; 12: 63-70.

12) Cornbleet PJ. Clinical utility of the band count. Clin
Lab Med 2002; 22: 101-136.

13) Yang H, Wang BL. Evaluation of the diagnostic
value of multi-slice spiral CT in acute mesenteric
ischemic diseases: a meta-analysis of random-
ized controlled trials Eur Rev Med Pharmacol Sci
2019; 23: 10218-10225.

14) Derikx JP, Schellekens DH, Acosta S. Serological
markers for human intestinal ischemia: A system-
atic review. Best Pract Res Clin Gastroenterol
2017; 31: 69-74.

15) Marshall JC, Vincent JL, Fink MP, Cook DJ,
Rubenfeld G, Foster D, Fisher CJ, Faist E, Re-
inhart K. Measures, markers, and mediators: to-
ward a staging system for clinical sepsis: a report
of the Fifth Toronto Sepsis Roundtable, Toronto,
Ontario, Canada, 2000. Crit Care Med 2003; 31:
1560-1567.

16) Ansari-Lari MA, Kickler TS, Borowitz MJ. Imma-
ture granulocyte measurement using the Sysmex

XE-2100. Relationship to infection and sepsis.
Am J Clin Pathol 2003; 120: 795-799.

17) Porizka M, Volny L, Kopecky P, Kunstyr J, Wal-
dauf P, Balik M Immature granulocytes as a sep-
sis predictor in cardiac surgery patients. Interact
CardioVasc Thorac Surg 2019; 28: 845-851.

18) Ayres LS, Sgnaolin V, Munhoz TP Immature gran-
ulocytes index as an early marker of sepsis. Int J
Lab Hematol 2019; 41: 392-396.

19) Nierhaus A, Klatte S, Linssen J, Eisman NM,
Wichman D, Hedke J, Braune SA, Kluge S. Re-
visiting the white blood cell count: immature gran-
ulocytes count as a diagnostic marker to discrim-
inate between SIRS and sepsis — a prospective,
observational study. BMC Immunol 2013; 14: 1-8.

21) Unal Y, Barlas AM Role of increased immature
granulocyte percentage in the early prediction of
acute necrotizing pancreatitis. Ulus Travma Acil
Cerrahi Derg 2019; 25: 177-182.

21- Senlikci A, Kosmaz K, Durhan A, Suner MO, Be-
zirci R, Mercan U, Suleyman M. A New Marker
Evaluating the Risk of Ischemic Bowel in Incar-
cerated Hernia: Immature Granulocytes. Indian J
Surg 2021; Available at: https://doi.org/10.1007/
§12262-021-03014-7.

22) Cha YS, Lee KH, Lee JW, Choi EH, Kim HI, Kim
OH, Cha KY, Kim H, Hwang SO. The use of delta
neutrophil index and myeloperoxidase index as
diagnostic predictors of strangulated mechanical
bowel obstruction in the emergency department.
Medicine 2016; 95: e5481.

23) Evennett NJ, Petrov MS, Mittal A, Windsor JA. A
systematic review and pooled estimates for the -di-
agnostic accuracy of serological markers for intes-
tinal ischemia. World J Surg 2009; 33: 1374-1383.

24) Matsumoto S, Sekine K, Funaoka H, Yamazaki
M, Shimizu M, Hayashida K, Kitano M. Diagnos-
tic performance of plasma biomarkers in patients
with acute intestinal ischemia. Br J Surg 2014;
101: 232-238.

25) Thuijls G, van Wijck K, Grootjans J, Derikx JPM,
Bijnen AA, Heineman E, Dejong CHC, Buurman
WA, Poeze M. Early diagnosis of intestinal isch-
emia using urinary and plasma fatty acid binding
proteins. Ann Surg 2011; 253: 303-308.

26) Yildirim M, Dasiran F, Angin YS, Okan I. Lympho-
cyte-C-reactive protein ratio: a putative predictive
factor for intestinal ischemia in strangulated ab-
dominal wall hernias. Hernia 2021; 25: 733-739.

4243



