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Background:Upper gastrointestinal bleeding (UGIB) is an important health problemwith a potentially life threat-
ening course.Measurement of immature granulocytes percentage (IG %), reflecting the fraction of circulating im-
mature granulocyte (IG), is associated with increased mortality in patients with systemic inflammation, or
distress. The aim of this study was to evaluate whether the IG% is an effective predictive marker for estimating
the in-hospital mortality for patients with UGIB admitting to the emergency department (ED).
Method: This retrospective study included patients with UGIB who admitted to the ED, between 01.01.2019 and
31.12.2019. The patients were divided into two groups as discharged and dead. The IG% and other parameters
were recorded. The primary end point of the study was in-hospital mortality. Logistic regression model was
used to determine the factors affecting mortality.
Results: This study included 149 patients, 94 of whomwere men. The mean age of the patients was 64.5 ± 14.2.
Twenty patients died during hospitalization and 129 were discharged. IG% was significantly higher in patients
who died comparedwith patients who discharged. In the receiver operating characteristic (ROC) curves analysis
to determine the in-hospital mortality, the cut-off value (>1%) for IG% level was found specificity (93.8%), sensi-
tivity (100%), positive predictive value (PPV = 71.43%), negative predictive value (NPV = 100.00%) and area
under curve (AUC = 0.98). Univariate logistic regression analysis showed that IG% was predicting in-hospital
mortality (odds ratio, OR = 65.6, confidence interval, CI = 2.00–2152.6).
Conclusıons: High IG% levels may be used as a predictor of in-hospital mortality in patients with UGIB.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Upper gastrointestinal bleeding (UGIB) is a common cause of emer-
gency admissions, accounts for 36–172 of 100,000 people and has a
mortality rate of up to 14% [1]. It is a serious, potentially
life-threatening disease that causes approximately onemillion hospital-
izations annually in the United States. Due to the high morbidity and
mortality rates, physicians should evaluate and initiate the treatment
of patientswith UGIB as soon as possible [2]. Understanding the severity
of disease may help predicting which patients will die. Various scoring
systems are used to identify low and high risk patients in terms of mor-
tality such as Glasgow-Blatchford score, Rockall Score and AIMS65 [3,4].
However, these scoring systems can be impractical and time-
consuming to assess the patient in the emergency setting. In a nation-
wide study in the USA, only 30% of physicians were reported to be
able to use risk scores in patients with UGIB [5]. Therefore, rapidly and
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easily available novel markers are needed to estimate the prognosis of
patients with UGIB.

Immature granulocyte (IG) cells consist of promyelocyte,myelocyte,
metamyelocyte, and are not found in peripheral blood under normal
conditions except during pregnancy and newborn period [6]. They can
be detected in the peripheral blood when the bone marrow is stimu-
lated including the conditions bacterial infection, acute inflammatory
diseases, surgical trauma, steroid use, and sepsis. The elevation of the
immature granulocyte percentage (IG%) in the peripheral blood is di-
rectly related to the intensity of systemic inflammation [7]. Circulating
hematopoietic progenitor cells may be also an early prognostic marker
for mortality in patients presenting with traumatic hemorrhagic shock
[8]. Delta neutrophil index (DNI) is another parameter derived from
granulocyte count, reflects the fraction of IGs in circulation, and predicts
30-day mortality as an independent factor in patients with UGIB [9].
Measurement of IG% reflecting the fraction of circulating immature
granulocytes, is associated with increased mortality in patients with
systemic inflammation, or distress [6]. To the best of our knowledge,
there are nopublished studies in the English literature on the prognostic
significance of IGs in patients with UGIB.
efulness of the percentage of immature granulocytes in predicting in-
s://doi.org/10.1016/j.ajem.2020.12.039
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In this study,we aimed to investigate the efficacy of IG% in predicting
in-hospital mortality in patients with UGIB admitted to the emergency
department (ED).
2. Materials and method

2.1. Patients and study design

This retrospective study consisted of patientswithUGIB admitting to
ED of a university hospital, between 01.01.2019–31.12.2019. Our ED is a
tertiary level emergency service and are approximately 100,000 visits
annually. The study was approved by clinical research ethics committee
(no:399/11, 2020). The data were obtained from the hospital electronic
information system.

UGIBwas defined as acute episode of hematemesis or melena in the
24 h prior to admission to the hospital. The inclusion criteria for the
study were adult (>18 years-old) patients with UGIB who underwent
an upper GI endoscopy. Exclusion criteria for the study were patients
with any missing data, lower gastrointestinal bledding, current infec-
tion, immunodeficiency, hematological disorders, pregnant women,
blood transfusion at another hospital, patients receiving chemotherapy
and those receiving antibacterial therapy or vaccinationwithinfive days
that could alter the levels of inflammatorymarkers. Of the 183 patients,
34 were excluded, and a total of 149 patients fulfilled the entry criteria
and were selected for further analysis.

The patients were evaluated with regard to age, gender, symptoms
(melena, hematemesis, hematochezia), comorbidity, length of hospital
stay, blood pressure level, heart rate and laboratory results (leukocyte,
platelet, immature granulocyte percentage (IG%), C-reactive protein
(CRP), blood urea nitrogen (BUN), aspartate aminotransferase (AST), al-
anine aminotransferase (ALT) and creatinine. The patients were divided
into two groups as discharged and died. All parameters were evaluated
between groups. The primary end point of the study was in-hospital
mortality.
Table 1
Demographic and clinical characteristics of the patients

Patient characteristics Variables n (%)

Gender Male 94(63.1)
2.2. Laboratory examination

Modern automated analyzers are available that can measure addi-
tional parameters, such as IG%. Blood samples for laboratory tests
were collected within 2 h of admission. After blood samples were col-
lected in the EDTA tube for the determination of leukocyte count, plate-
let count and IG%, measurements were performed on the automated
blood cell analyzer (XN-1000, Sysmex Corp. Kobe, JAPAN). Reference
values of parameters: Leukocyte (4500–11,000/mm3), platelet
(150000–400,000/mm3), IG% (0–0.6%), AST (0–32 U/L), ALT (0–55 U/
L), serum CRP (0–5 mg/L), BUN (15–50 mg/dL), creatinine
(0.5–0.9 mg/dL).
Female 55(36.9)
Symptoms Hematemesis 74(49.7)

Melena 64(43.0)
Hematochezia 11(7.4)

Causes of Bleeding Peptic ulcus 107(71.8)
Esophagogastric varice 32(21.7)
Malignancy 7(4.4)
Dieulafoy Lesion 3(2.01)

Comorbidity Diabetes mellitus 45(19.6%)
Renal failure 50(21.8%)
Congestive heart failure 12(5.2%)
Cerebrovascular Disease 8(3.4%)
Atherosclerotic heart disease 21(9.1%)
Hypertension 42(18.3%)
Chronic liver disease 32(13.9%)
Malignancy 19(8.2%)

Endoscopic treatment Band ligation 17(41.4%)
Sclerotherapy 19(46.3%)
Epinephrine injection 3 (7.3%)
Others 2 (4.8%)
2.3. Statistical analysis

In continuous variables, normality of distributions was tested with
the ShapiroWilk test. MannWhitneyU test was used to compare differ-
ences between two groups. Descriptive statistical data is given as mini-
mum, maximum, median, and 25–75% percentages. Pearson chi-square
and Likelihood Ratio chi-square tests were used for comparisons be-
tween the groups in categorical variables. Descriptive statistical data
were stated as number (n) and percentage (%). ROC analysis was used
to determine cut-off values of some parameters of discharged and
died groups. Cut-off values, area under curve (AUC), sensitivity, specific-
ity, positive predictive value (PPV) and negative predictive value (NPV)
were given as descriptive statistics. Binary logistic regression analysis
was used to determine the risk factors causing death. Statistical signifi-
cance value was taken as p < 0.05.
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3. Results

A total of 149 patients, discharged (n=129, 86.6%) and deaths (n=
20, 13.4%), were evaluated. The mean age of the patients was 64.5 ±
14.2. The mean age of the discharged patients was 64.1 ± 14.5, and
the mean age of patients who death was 67.1 ± 12.1, and there was
no statistically significant difference in terms of age (p = 0.391). Renal
insufficiency (21.8%) was the most common comorbid condition
among the patients. The most obvious symptoms of the patients were
hematemesis (49.7%) and melena (43.0%). The endoscopic diagnosis
in UGIB patients were peptic ulcus (71.8%), esophagogastric varice
(21.7%), malignancy (4.4%) and dieulafoy lesion (2.01%) respectively
(Dieulafoy lesion is a bleeding that develops as a result of the opening
of a pulsatile arterial vessel fromamucosal tear area surrounded bynor-
mal mucosa) (Table 1).

When the laboratory parameterswere evaluated among the patients
who died and those whowere discharged; IG% (1.95 vs. 0.5, p< 0.001),
leukocyte (14,650 vs. 8580, p< 0.001), CRP (15.3 vs. 2.7, p < 0.001), INR
(1.3 vs 1.04, p = 004), BUN (118.5 vs. 68.7, p = 0.05) and creatinine
(1.52 vs 0.89, p = 0.04) values were higher in those who died. There
was no statistically significant difference between the two groups in
terms of hemoglobin, hematocrit and platelet values. The hospital stay
was longer in the death group. In addition, systolic blood pressure was
lower and heart rate was higher in the death group (Table 2).

In ROC analysis to determine in-hospital mortality; the cut-off value
for IG% was determined as>1%, specificity (93.8%), sensitivity (100%),
positive predictive value (71.43%) and negative predictive value
(100%) (Table 3) (Fig. 1). The AUC values of IG%, CRP, leukocyte and
BUN to predict in-hospital mortality were 0.98, 0.91, 0.77 and 0.69 re-
spectively (Table 3).

IG% achieved the highest AUC, sensitivity, specificity PPV andNPV in
predicting in- hospital mortality among parameters. There was signifi-
cant difference comparing AUC values among IG% vs leucocyte (Z =
3218, p=0.001), IG% vs BUN (Z=2876, p=004). There was no signif-
icant difference comparingAUC values between IG% and CRP (Z=1476,
p = 140). IG% was superior to leucocyte and BUN values.

When the risk factors affecting mortality are analyzed in the logistic
regression analysis, the following parameters were associated with an
increased in-hospitalmortality; IG% (OR 65.6, CI 2.000–2152.59), leuko-
cyte (OR1.0, CI 1.000–1.001), CRP (OR 1.7, CI 1.007–3.094) and BUN (OR
0.9, CI 2.000–2152.59) (Table 4).



Table 2
Comparison of laboratory values between patients who discharged from hospital and died at hospital

Parameters Discharged(n = 129) Dead(n = 20) p

Age (years ±SD) 64.1 ± 14.5 67.1 ± 12.1 0.391
Leukocyte /μL 8580

(6130–12,355)
14,650
(10,507.5–18,497.5)

<0.001⁎

IG% 0.5
(0.1-0.6)

1.95(1.1–4.7) <0.001⁎

Hemoglobin (g/dL) 8.8
(6.7–16.7)

8.7
(5.6–12.6)

0.334

Hematocrit (%) 26
(11–49)

27
(17–35)

0.309

Platelet count (/μL) 195,000
(13000–581,000)

220,000
(27000–338,000)

0.652

BUN(mg/dL) 68.7
(14.4–222.4)

118.5
(24–310)

0.005⁎

Creatinine (mg/dL) 0.89
(0.13–7.43)

1.52
(0.49–8.71)

0.004⁎

AST (U/L) 22
(4–240)

41.5
(5–462)

0.001⁎

ALT (U/L) 18
(3–249)

27.5
(3−200)

0.023⁎

INR 1.04
(0.76-5,34)

1.3
(0.9–5.61)

0.004⁎

CRP (mg/dL) 2.7(0.2–23) 15.3
(3–56)

<0.001⁎

SBP, mmHg 110
(70–167)

100
(80–136)

0.012⁎

DBP, mmHg 65
(32–105)

64
(31–84)

0.359

Heart rate, beats/min 84
(43–139)

100
(55–141)

<0.001⁎

LHS,days 3
(1−10)

6
(1–19)

<0.001⁎

DBP: Diastolic blood pressure, SBP: Systolic blood pressure, ALT: Alanine transaminase, AST: Aspartate transaminase, BUN=blood urea nitrogen, INR, international normalized ratio; LHS:
Length of stay.
⁎ p < 0.05 was considered statistically significant.
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4. Discussion

We found that IG% was a strong predictor of in-hospital mortality in
patients with acute UGIB admitted to the ED. Leukocyte, IG%, CRP, BUN,
creatinine, and INR valueswere found higher in patients who died. AUC,
specificity, and sensitivity of IG%were found to be significantly higher in
determining in-hospital mortality in patients with UGIB. The compari-
son of AUC values of IG% was similar to CRP, whereas it was superior
to leukocyte and BUN.

UGIB is one of the most common gastrointestinal emergencies. It is
critical to recognize and manage the life-threatening cases. Studies on
some parameters that are thought to be effective in determining prog-
nosis in patients with UGIB are still ongoing. Some laboratory parame-
ters are measured in patients with UGIB, may present some clues
about the disease. In patients with UGIB, an initial lower hemoglobin
value (less than 10 g/dL) has been associated with higher mortality
rates. Lactate levels may help predict in-hospital mortality in patients
with UGIB. The importance of BUN level has been known for a long
Table 3
Performance characteristics of laboratory parameters in determining in-hospital mortality

Variables Cut-off AUC
(p)

Sensitivity

IG% >1 0.981
(0.0001)*

100.00
(83.01–100.00)

Leukocyte >13,290 0.772
(0,0001)*

65.00
(40.79–84.55)

BUN >115.7 0.694
(0.0049)*

60.00
(36.07–80.83)

CRP >9.1 0.910
(0.0001)*

75.00
(50.89–91.25)

3

time in patients with UGIB [10,11]. Kong et al. reported that leukocyte
value was higher in patients who died due to UGIB [9]. In another
study, high CRP levels in esophageal variceal hemorrhage patientswith-
out infection have been shown to be the predictor of mortality [12]. As
seen in the studies mentioned above, a large number of biomarkers
can guide the clinician about the severity of disease. The search for
more accurate and novel biomarkers and new studies are ongoing to
predict the prognosis. Recently, IGs have taken its place among these
new biomarkers.

IG% is a parameter that is not well understood and partially
neglected by physicians. This parameter can bemeasured inexpensively
and quickly in the routine blood count. Recently, there are studies on IG
% in the diagnosis and prognosis of diseases such as acute pancreatitis,
acute appendicitis and sepsis [6,13,14,15]. However, there is only one
study on the DNI that reflects the fraction of circulating immature
granulocytes. Kong et al. reported that the elevation in DNI predicted
30-daymortality independently in patients with UGIB [9]. Park et al. re-
ported that DNI has a prognostic effect for mortality in septic patients.
Specificity PPV NPV

93.80
(88.14–97.28)

71.43
(51.33–86.74)

100.00
(96.97–100.00)

85.27
(77.96–90.89)

40.63
(23.71–59.35)

94.02
(88.06–97.55)

82.95
(75.32–88.99)

35.29
(19.76–53.51)

93,04
(86.75–96.94)

93.80
(88.14–97.28)

65.22
(42.74–83.58)

96.03
(90.98–98.68)
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Fig. 1. Receiver-operating characteristics curve that shows the relationship between in-
hospital mortality and IG%.

Table 4
The logistic regression analysis for the prediction of in-hospital mortality

Parameters Odds ratio (OR) %95 Confidence interval (CI) p

Leukocyte 1.0 1.000–1.001 0.046
IG% 65.6 2.000–2152.6 0.019
BUN 0.9 0.881–0.999 0.045
CRP 1.7 1.007–3.094 0.047
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They determined their sensitivity, specificity and AUC values formortal-
ity as 70%, 78% and 0.84, respectively [16]. Bang et al. reported that the
postoperative DNI value in trauma patients who had undergone emer-
gency surgery may be a useful biomarker to predict mortality. They de-
termined their sensitivity, specificity and AUC values as 85.7%, 84.4%
and 0.887, respectively [17]. Karakulak et al. reported that IG% was ef-
fective in predicting in-hospitalmortality in patients with acute pancre-
atitis. They determined sensitivity, specificity and AUC values as 97.2,
50% and 0.708 respectively [6]. In our study, IG%was foundhigher in pa-
tients who died than thosewhowere discharged. High sensitivity, spec-
ificity and AUC (0.98) values in ROC analysis to determine the patients
who diedmay increase the availability of this biomarker. Similarly, uni-
variate logistic regression analysis showed that IG% is a strong
predicting variable in-hospital mortality in this study. We believe that
the lack of adequate studies on effectivity of IG% limits the clinical use
of this useful biomarker in patient with UGIB.

Releasing mechanism of IGs to the peripheral circulation in patients
with UGIB is not clearly understood. Hematopoietic system may try to
adapt quickly by switching from a steady state to hematopoietic stress,
such as severe infection or bleeding. Immature progenitor cells are re-
leased into the peripheral circulation in patients with hemorrhagic
shock [18,19]. Baranski et al. showed that plasma levels of hematopoi-
etic progenitor cells and granulocyte-colony stimulating factor (G-
CSF) increased in rats with hemorrhagic shock [20]. We assumed that
in UGIB, blood loss causes stress in the body, and as a result, an inflam-
matory reaction is triggered, which can increase the level of IGs in the
peripheral blood.

Mortality in UGIB have been reported at different rates. Risk factors
associated with mortality include hemodynamic instability during the
4

admission to the ED, severe comorbidity, chronic or end-stage kidney
disease, and old age [21]. It has been reported that the patients who
died are often the result of comorbidity diseases such as coronary artery
disease, kidney disease, malignancy and cirrhosis [22]. In our study, al-
though our mortality rate seems to be high, it may not be appropriate
to link the causes of death of patients to UGIB primarily. Undetectable
infectious, organ failure and presence of comorbid diseases that may
occur after hospitalization may have caused death.

Our study has several limitations: the results of our study were ob-
tained from single center and retrospectively, serial measurements of
immature granulocytes have not been performed, risk scores for UGIB
have not been calculated in this study. Mortality rates for various diag-
nostic groupswere not presented in the study. This could be amore im-
portant indicator of death. In addition, although measurement of IG%
can be added to the blood count and easily performed, it is not currently
available in all centers.

5. Conclusıons

To our knowledge, this is the first study to show that IG%may be as-
sociated with in-hospital mortality in UGIH. According to the available
data, the IG parameter provided the best sensitivity and specifity
among all the tests examined. We concluded that IG% show promising
results in terms of predicting in-hospital mortality in patients with
UGIB. The IG% can be considered as a reliable initial measurement bio-
marker to predict prognosis in patientswithUGIB. This potentialmarker
can guide clinicians on the prognosis of UGIB without additional cost.
Prospective, multicenter studies are needed to support the clinical use
of IG%.
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