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Abstract
Introduction: Early prediction of severity of acute pancreatitis (AP) by a simple parameter that positively correlates with 

the activation stage of the immune system would be very helpful because it could influence the management and improve the 
outcome. Tumor necrosis factor α (TNF-α) and interleukin-1 (IL-1) play a critical role in the pathogenesis systemic inflammatory 
response syndrome (SIRS) and severity of AP. One of the effects of IL-1 and TNF-α is an increase in the number of immature 
granulocytes (IGs) in the peripheral blood.

Aim: To assess whether the IGs% in plasma could be an independent marker of AP severity.
Material and methods: A cohort of 77 patients with AP were prospectively enrolled in the study. The IGs were measured 

from whole blood samples obtained from the first day of hospitalization using an automated analyser.
Results: We observed 44 (57%) patients with mild AP, 21 (27%) patients with moderate severe AP (SAP) and 12 (16%) 

patients with SAP. The cut-off value of IGs was 0.6%. The IGs > 0.6% had a sensitivity, specificity, and positive and negative 
predictive value of 100%, 96%, 85.7%, and 100%, respectively (area under the curve (AUC) = 0.98). On admission, SIRS was 
present in 25 (32%) patients. We found that in patients who fulfilled at least two criteria for SIRS, SAP could be predicted with 
75% sensitivity and 75.4% specificity, positive predictive value 36%, negative predictive value 94.2%.

Conclusions: The IGs% as a routinely obtained marker appears to be a promising, independent biomarker and a better 
predictor of early prognosis in SAP than SIRS and white blood cell.

Introduction
Acute pancreatitis (AP), despite being an inflamma-

tory and usually a self-limiting disease, continues to 
show a widespread spectrum of severity, from mild to 
severe, including fatal cases. Severe AP (SAP) is found 
to occur in approximately 10% to 20% of patients [1, 2], 
with most of those cases showing pancreatic damage 
leading to the development of systemic inflammatory 
response syndrome (SIRS) [3–6]. The SIRS is considered 
to be one of the most important factors underlying the 
occurrence of multiple organ dysfunction syndrome 
(MODS) [7], while MODS is responsible for most of the 
morbidity and mortality cases in SAP [8, 9]. 

When trying to improve treatment results in SAP, we 
should focus on the following aspects: early adminis-
tration of enteral nutrition [10], early identification of 

patients with poor prognosis, treatment under inten-
sive current unit (ICU) conditions [11], and taking en-
doscopic retrograde cholangiopancreatography (ERCP) 
into consideration in patients with gallstone-induced 
disease.

It is of the utmost importance to assess the severity 
of disease in the management of AP. Various factors 
(C-reactive protein (CRP), D-dimer, procalcitonin, inter-
leukins) have been evaluated in the last few decades 
with respect to their value for the prediction of AP 
results [12–15]. In our previous studies, we positively 
assessed the exponents of hypovolaemia and kidney 
injury neutrophil gelatinase-associated lipocalin (NGAL) 
and estimated glomerular filtration rate (eGFR) as good 
predictors of AP [16, 17]. We also found the soluble 
urokinase-type plasminogen activator receptor (suPAR) 
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level to be a promising new indicator of prognosis in 
SAP at an early stage of the disease [18]. 

One of the most frequently assessed parameters, 
CRP, is found to be non-specific for AP. Moreover, its 
increase is observed after 48 h [19] from the onset of 
symptoms, whereas these are the first 2 days of AP 
that are critical for implementation of appropriate fluid 
therapy and endoscopic procedures. Thus, there exists 
a need for the detection of a new parameter of inflam-
mation, which would be applied as a rapid marker in the 
early prognosis of the AP course.

Early prediction of severity of AP by a simple parame-
ter, which would positively correlate with the stage of im-
mune system activation, would be of great value because 
it may direct management and improve patient outcome. 
Tumor necrosis factor α (TNF-α) and interleukin-1 (IL-1) 
play a critical role in the pathogenesis and severity of AP. 
They have been used as biomarkers of disease severity on 
admission [20]. Many cytokines are expensive to measure 
and are often unavailable in many mid-sized clinical labo-
ratories. The morphological and functional evaluation of 
leukocytes, on the other hand, can be regarded as more 
affordable and thus as a practical strategy for monitor-
ing of the inflammatory response in AP. One of the ef-
fects of IL-1 and TNF-α is an increase in the number of 
immature leukocytes in peripheral blood [21]. Immature 
granulocytes (IGs) found in the peripheral blood provide 
important information regarding enhanced activity of the 
bone marrow. That is why evaluation of IGs% seems to be 
a promising prognostic alternative in AP.

The population of immature granulocytes encom-
passes metamyelocytes, myelocytes, and promyelo-
cytes. Neutrophils and myeloblasts as well as type I pro-
myelocytes (those that are not forming granulations) 
are not included. 

Aim
The aim of the study was to assess whether the 

percentage of immature granulocytes in plasma could 
represent a useful indicator of AP severity.

Material and methods
A cohort of 77 patients with AP were prospectively 

enrolled in the study. All patients were admitted to the 
Department of Gastroenterology of the Central Clinical 
Hospital of the Ministry of the Interior and Administra-
tion (Poland) with a diagnosis of AP and disease on-
set within the last 48 h. Blood samples were obtained 
on admission (first 3 h) for examination of IGs% using 
an automated analyser. The diagnosis was established 
based on the presence of two of the three following fea-
tures: (i) abdominal pain typical of AP, (ii) serum lipase 
and/or amylase three or more times the upper normal 

limit, and (iii) ultrasonography (US), computed tomogra-
phy (CT), or magnetic resonance imaging (MRI) findings 
suggestive of AP. Based on the presence of persistent 
organ failure (more than 48 h) as a criterion for the diag-
nosis of SAP and local complications (diagnosis of mod-
erate severe AP (MSAP)), patients were classified into 
three groups: mild AP (MAP), MSAP, and SAP. The MSAP 
was defined as AP with transient organ failure (OF) (less 
than 48 h) and/or local complication, and/or systemic 
complication in the absence of persistent OF (more than 
48 h). The SAP was defined as the persistence of organ 
failure exceeding 48 h. Organ failure was identified us-
ing the Modified Marshall Scoring System. The SIRS was 
identified during the first 24 h of hospitalisation when 
the patient fulfilled two or more classic diagnostic crite-
ria. All patients were treated according to the guidelines 
of the Polish Pancreatic Club [22].

Counting of IGs% using an automated analyser was 
based on fluorescence flow cytometry combined with 
an adaptive gating algorithm. The IG count included 
promyelocytes, myelocytes, and metamyelocytes. It is 
performed in differential channels of the analyser.

Statistical analysis
The IGs% for clinical outcome prediction was as-

sessed with receiver operator characteristic (ROC) curve 
analysis. Area under the ROC curve was computed with 
a 95% confidence interval to measure the usefulness of 
this parameter in outcome prediction. For each param-
eter and outcome, we set the threshold at a value that 
maximised the sum of sensitivity and specificity. We 
computed sensitivity, specificity, and positive and neg-
ative predictive values of different grades and groups 
together with their 95% confidence intervals for the 
threshold value.

Table I. Characteristics of patients (n = 77) with acute 
pancreatitis included in the study

Variable Result

Age (median age; range) [years] 51.4; 21–96

Gender (male/female) 55/22

SAP 12 (16%)

MSAP 21 (27%)

MAP 44 (57%) 

Aetiology (% of total):

Alcohol 38 (49%)

Gallstones 28 (37%)

Other causes (post-ERCP, idiopathic, 
hereditary etc.)

11 (14%)
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Results
A total of 77 patients with AP (55 men and 22 wom-

en, median age: 51.4 years; range: 21–96 years) were 
included in the study. The AP was considered severe 
in 12 (16%) patients, moderately severe in 21 (27%) 
patients, and mild in 44 (57%) patients, according to 
the criteria outlined in the methodology. The aetiologies 
of AP included: alcoholism in 38 (49%) patients, biliary 
in 28 (37%) patients, and other (post-ERCP, idiopathic, 
hereditary, etc.) in 11 (14%) patients (Tables I, II). 

The optimal cut-off point for IGs% that distin-
guished SAP from MSAP and MAP was determined by 
constructing a receiver operating characteristic (ROC) 
curve. In ROC analysis, the area under the curve (AUC) 
for IGs was 0.989 (95% CI: 0.968–1.000) (Figure 1).

The optimal cut-off point for discriminating between 
SAP and MSAP/MAP using IGs was 0.6%, with sensitiv-
ity of 100% and specificity of 96.9%. Positive (PPV) and 
negative (NPV) predictive values amounted to 85.7% 
and 100%, respectively (Table III). 

On admission, SIRS was identified in 25 (32%) pa-
tients. We found that among patients who fulfilled at least 
two criteria for SIRS, SAP could be predicted with 75% sen-
sitivity and 75.4% specificity, PPV 36%, NPV 94.2%.

When receiver operating characteristics were used, 
the IGs was superior to the SIRS (p = 0.47) (Figure 2). 

Total white blood cell (WBC) count did not signifi-
cantly differ between the MAP, MSAP, and SAP groups 
(Table II). 

Two out of 2 (100%) patients with fatal AP had IGs% 
> 0.6. The number of patients with fatal AP was too low 
to conduct reliable statistical analysis. 

Discussion
Early prognosis in AP, especially in the first hours, 

continues to be difficult and extremely challenging for 
clinicians. If we manage to precisely and rapidly deter-
mine the AP course in the early stage of disease, we 
will be able to introduce an appropriate therapeutic in-
tervention in time. That is why the availability of simple 
and affordable parameters, such as the ones generated 
by many modern haematological analysers, should be 
considered a valuable perspective. 

Table II. Factors associated with the severity of acute pancreatitis

Parameter Mild AP MSAP SAP P-value

N 44 21 12

Age, mean ± SD [years] 48.3 ±14.5 49.9 ±17.3 65.3 ±18.8 0.028

Sex, n (%): 0.216

Women 15 (34.1) 6 (28.6) 1 (8.3)

Men 29 (65.9) 15 (71.4) 11 (91.7)

Aetiology, n (%): 0.572

Alcoholic 20 (45.5) 13 (61.9) 5 (41.7)

Biliary 17 (38.6) 5 (23.8) 6 (50.0)

Non-A non-B: 7 (15.9) 3 (14.3) 1 (8.3)

BMI [kg/m2] 26.2 ±4.1 27.3 ±4.5 28.4 ±5.5 0.01

WBC, mean ± SD [109/l] 10.2 (3.4) 13.7 (4.4) 12.6 (6.7) 0.012

BMI – body mass index, WBC – white blood cells, non-A non-B – non-alcoholic, non-biliary, SD – standard deviation.
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Figure 1. Immature granulocytes in prediction of 
severe acute pancreatis (AUC = 0.989; the cut-
off value is 0.6%)
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So far only a few researchers have used IGs when 
trying to characterise patients with SIRS and/or sepsis. 
The reason may be the expertise required in morpho-
logical identification of these cells by manual microsco-
py. This is time-consuming and labour-intensive, while 
three of the SIRS criteria (temperature < 36°C or > 38°C, 
heart rate > 90 beats/min, and respiratory rate > 20 
breaths/min) are easy to obtain at the bedside. The only 
way to make the monitoring of IGs more widespread is 
to identify the cells in automated procedures.

To date, the value 0–1% was considered the refer-
ence range for IGs. However, studies conducted on anal-
ysers utilising fluorescence flow cytometry have shown 
that the general adult population exhibits maximal IG 
concentrations of 0.5% or 0.03 × 109/l [23].

Polymorphonuclear neutrophil granulocytes induced 
by granulocyte-colony stimulating factor (G-CSF) devel-
op from progenitor cells and maturate in the bone mar-
row over several stages into mature segmented neu-
trophils [24]. The maturation period lasts 7–10 days. 
Afterwards they migrate into the peripheral blood. 
Healthy individuals do not have immature granulo-
cytes present in their peripheral blood. Therefore, the 
incidence of IGs in the peripheral blood is indicative of 
substantially increased bone marrow activation, as in 
different types of inflammation.

The study investigated the hypothesis that the IGs% 
rate is elevated in the early stage of AP and can be used 
as a predictor of AP severity.

According to our results, the IGs% rate was signif-
icantly increased in patients with SAP as compared to 
those with MSAP and MAP episodes, which makes it 
a potential predictor of AP severity. Considering the fact 
that the calculated cut-off point for prognosis in SAP 
is 0.6%, the sensitivity and specificity of over 90% de-
serves special attention.

We also showed a higher sensitivity and specificity 
of IGs% as compared to SIRS (sensitivity and specificity 

of 85% and 74%, respectively). Receiver operating curve 
(ROC) analyses showed that the IGs% was superior to 
the SIRS in the prediction of AP severity. 

It is worth noting that the total WBC count was not 
significantly different in the study groups: MAP, MSAP, 
and SAP. 

Further studies should also be conducted regarding 
elevated IGs% with fatal AP. In our study, the number of 
patients with fatal AP was too low to conduct reliable 
statistical analyses. 

To sum up, our study showed that an elevated rate 
of IGs% in the first hours after the onset of AP symp-
toms indicates a severe course of AP. Introduction of 
fully automated haematology analysers to measure IGs 
would allow for rapid and early prognosis of AP.

There are only a few studies conducted to date con-
cerning the prediction of the course of AP, which used 
the new criteria of disease severity. We prospectively 
observed patients until discharge or death to apply the 
revised Atlanta criteria. 

However, there are certain limitations to our study. 
Our data came from a relatively small, single-centre 
cohort and, as such, require validation from external 
sources. That is why we believe that a prospective, mul-
ticentre study should be conducted.

Conclusions
The IGs%, a routinely obtained parameter, appears 

to be a promising, independent biomarker and a better 

Table III. Sensitivity, specificity, positive predictive 
value, negative predictive value, diagnostic accuracy 
of immature granulocytes and systemic inflammatory 
response syndrome in predicting the severity of acute 
pancreastis

Parameter IGs (cut-off 
value > 0.6%)

SIRS

Sensitivity 100% 75%

Specificity 96.2% 75.3%

Positive predictive value 85.7% 36%

Negative predictive value 100% 94.2%

Diagnostic accuracy 97.4% 75.3%
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Figure 2. Receiver-operating characteristic cur-
ves of the IGs% and systemic inflammatory re-
sponse syndrome in prediction of severe acute 
pancreatic
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early predictor of prognosis in SAP than SIRS. Further 
studies are required to validate the utility of IGs% in the 
prediction of severity and mortality in AP.
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