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ABSTRACT

Background/Aims: Nucleated red blood cell (NRBC) is an immature red blood cell, which can appear in the peripheral blood of newborns
but not in normal adults. However, in the presence of hemorrhage, severe hypoxia, or severe infection, NRBCs may exist in adult blood
and are associated with prognosis. The aims of this study were to establish a predictive model for the outcome of patients with severe
acute pancreatitis (SAP) based on NRBCs.

Materials and Methods: Data from 92 patients with SAP were retrospectively collected for the study. We used chi-square automatic
interaction detection (CHAID) to explore a prediction model of mortality in patients with SAP by NRBCs.

Results: During the 90-day follow-up, 11 participants (12.0%) died. The NRBC-positive rate of nonsurvivors was much higher than survivors
(90.9% vs. 23.5%). Charlson Comorbidity Index (CCl), Acute Physiology and Chronic Health Evaluation Il (APACHE Il), Ranson score, and se-
rum C-reactive protein were higher in nonsurvivors (5.0, 29.0, 6.0, and 140.0 g/L) than survivors (3.0, 13.0, 4.0, and 54.7 g/L). A CHAID model
including NRBC, CCIl, APACHE Il score, and Ranson score showed that NRBCs differentiated well between nonsurvivors and survivors. All
patients with SAP survived when they had a negative test result for NRBCs and CCIl was below 7. All patients died when they had a positive
test result for NRBCs and APACHE Il score exceeded 30. Among patients whose NRBC test result was positive and APACHE Il score was
below 30, if the Ranson score was less than 5, the mortality rate was only 5.6 %, whereas the mortality rate was 66.7% if the Ranson score

exceeded 5. A validated population of 32 patients showed that the accuracy of the prediction model was 100%.
Conclusion: NRBC combined with CCI, APACHE I, and Ranson score can predict 90-day mortality of patients with SAP.
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INTRODUCTION

Severe acute pancreatitis (SAP) is a special type of acute
pancreatitis (AP) with multiple complications and high
mortality, accounting for 10% to 20% of the total AP (1).
An estimated 70% to 80% of SAPs are caused by biliary
tract diseases, alcoholism, and overeating. With the prog-
ress of surgical treatment of SAP, improved cure rate has
been achieved; however, a high overall mortality rate up
to 17% remains (2). Therefore, there is a certain clinical
value to explore the risk factors in patients with SAP.

Nucleated red blood cells (NRBCs) are red blood cells in
the early stage, which can appear in the periphery of new-
borns but not in adults. However, when erythropoiesis in-
creases or bone marrow and blood barrier disorders such
as proliferative anemia, hematological diseases, and ma-
lignant tumors occur, a positive test result for NRBCs in
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peripheral blood could be observed (3). In recent years, it
has been found that the positive rate of NRBCs in critical
patients is approximately 10% to 30%, which is related to
an increased in-hospital mortality (4).

Chi-square automatic interaction detection (CHAID) is a
common type of decision trees with the core idea of au-
tomatically grouping the multi-variables according to the
significance of the chi-square test. CHAID can quickly and
effectively discover the main factors. It can make it possible
to not only process with the nonlinear and highly relevant
data but also account for the missing values. Furthermore,
CHAID is more effective than cross-contingency table anal-
ysis for classified or hierarchical data with more variables (5).

There are many risk factors for in-hospital mortality in
critically ill patients, and the related indicators for pre-
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dicting in-hospital outcomes can improve the prognosis
of patients through certain interventions (4). Therefore,
the purpose of this study is to construct a predictive
model using NRBCs of outcomes of patients with SAP by
decision tree-based CHAID, so as to provide a theoretical
basis for clinicians to timely diagnose and treat patients
with SAP, thereby improving their hospitalization out-
comes.

MATERIALS AND METHODS

Research Aim and Outcome Measures

The aim of this research was to investigate the associa-
tion of admission qualitative test of peripheral blood NR-
BCs and clinical outcomes in patients with SAP. The end
point for this research was 90-day mortality.

Subjects and Design

A retrospective study was conducted in 92 patients with
SAP in our hospital from January 2016 to February 2018.
All candidates had to meet the SAP diagnostic criteria
(6) of having the clinical manifestations and biochemical
changes of AP and simultaneously one of the following:
local complications (pancreatic necrosis, pseudocyst, and
pancreatic abscess); organ failure; Ranson score >3; Acute
Physiology and Chronic Health Evaluation Il (APACHE 1)
score >8; Computed tomography (CT) grade of D or E.
The exclusion criteria were as follows: patients with hem-
orrhagic diseases, tumors, end-stage renal disease, liver
cirrhosis, hematological diseases, or blood transfusion in
the recent 3 months were excluded. In addition, we ex-
cluded those lost to follow-up owing to transfer and in-
correct contact method.

The participants were divided into survival group and
nonsurvivor group according to their prognosis. All clinical
data and laboratory indicators within 24 hours of admis-
sion were collected. After screening out the indicators by
comparison between groups, decision tree—based CHAID
was used to construct the outcome prediction model of

MAIN POINTS

The presence of nucleated red blood cells (NRBCs) in pe-
ripheral blood is associated with mortality in patients with
severe acute pancreatitis (SAP).

SAP patients had a positive test result for NRBCs and
APACHE Il score exceeded 30 were at high risk of death.
SAP patients with a negative test result for NRBCs and
Charlson Comorbidity Index (CCl) below 7 had favorable
prognosis of high survival rate.

patients with SAP. Clinical data and laboratory results of
patients with SAP from March 2018 to November 2018
were further collected to validate the outcome prediction
model. As a retrospective study, the institutional review
board of Taizhou Hospital approved the study and waived
the need for individual informed consent.

Specimen Collection

Fasting blood and urine samples were collected within
24 hours after admission. Fasting venous blood samples
of patients with SAP were collected within 24 hours af-
ter admission, of which 2 mL was placed in the vacuum
tube containing ethylenediaminetetraacetic acid-K, for
complete blood count (CBC) and NRBC qualitative test.
Moreover, 5 mL was placed in the coagulant tube for 10
minutes at room temperature, followed by centrifugation
for 5 minutes at 1000 g for serum separation, and the se-
rum samples were used for the detection of C-reactive
protein (CRP), procalcitonin (PCT), cancer antigen 199
(CA199), amylase (AMYL), and calcium (Ca); 5-mL urine
collected in the morning was retained simultaneously for
the determination of urinary AMYL.

Instruments and Reagents

CBC and NRBCs qualitative test were conducted accord-
ing to the BC-6800 plus automatic blood cell counter
(Mindray, Shenzhen, Guangdong, China). For qualitative
test of NRBCs, if the result was positive, it had to be con-
firmed by microscopic examination. CRP was quantified
by Immage 800 (Beckman Coulter, Brea, CA, USA). The
performances of the PCT assays were conducted on the
Cobas E601 (Roche, Switzerland). Serum AMYL, Ca, and
urine AMYL were detected by the AU5800 automatic
biochemical analyzer (Beckman Coulter, Brea, CA, USA).
CA199 was detected by Architect-i2000 estradiol immu-
noassay (Abbott, Chicago, IL, USA). All tests were per-
formed with corollary reagents.

Statistical Analysis

Continuous variables were expressed by medians and in-
terquartile ranges. Categorical variables were expressed
by frequencies and percentages. Comparisons of con-
tinuous variables between groups were performed using
the Kruskal-Wallis test. Comparisons between groups for
categorical variables were performed with a chi-square
test. The outcome prediction model of patients with
SAP was constructed by the decision tree—based CHAID.
Tests were 2-tailed and performed at 5% significance
levels. Statistical analyses were performed with the Sta-
tistical Package for Social Sciences (SPSS) Statistics for
Windows version 19.0 (IBM Corp.; Armonk, NY, USA).
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Table 1. Demographic and clinical characteristics of patients with SAP.

Characteristic Survivor (n=81) Nonsurvivor (n=11) p
Age (years) 55.0 (41.5-70.0) 63.0 (51.0-80.0) 0.135
Sex (male) 52 (64.2%) 5 (45.5%) 0.322
Complications
Respiratory diseases 64 (79.0%) 11 (100.0%) 0.207
Urinary system diseases 41 (50.6%) 9 (81.8%) 0.104
CCVD 41 (50.6%) 10 (90.9%) 0.020
Diabetes mellitus 16 (19.8%) 2 (18.2%) 1.000
CCl 3.0 (2.0-5.0) 5.0 (4.0-7.0) 0.019
Treatment
Surgical operation 8 (9.9%) 1(9.1%) 1.000
Mechanical ventilation 27 (33.3%) 9 (81.8%) 0.003
Multiple infection 48 (59.3%) 10 (90.9%) 0.049
Bacteremia 17 (21.0%) 2 (18.2%) 1.000
Sepsis 8(9.9%) 2(18.2%) 0.342
Septic shock 9 (11.1%) 5 (45.5%) 0.011
Ranson score 4 (3-5) 6 (4-6) 0.003
APACHE Il score 13.0 (10.0-18.0) 29.0 (20.0-39.0) 0.000

Data are presented as number (percentage) or median (interquartile range).

APACHE II: Acute Physiology and Chronic Health Evaluation II; CCI: Charlson Comorbidity Index; CCVD: cardiovascular and cerebrovascular disease; SAP:

severe acute pancreatitis.

RESULTS

Baseline Data of the Patients

Comparisons between survivor patients with SAP (n=81)
and nonsurvivor (n=11) on demographic and clinical char-
acteristics are presented in Table 1. We did not find dif-
ferences between survivor and nonsurvivor patients with
SAP on age, sex, respiratory diseases, urinary system
diseases, diabetes mellitus, surgical operation, bactere-
mia, and sepsis. However, we found that compared with
survivor patients with SAP, nonsurvivors had a higher
rate of cardiovascular and cerebrovascular diseases, me-
chanical ventilation, multiple infections, and septic shock
and showed higher Charlson Comorbidity Index, Ranson
score, and APACHE Il scores.

Laboratory Data of the Patients
Comparisons on laboratory indicators at admission of
patients with SAP are presented in Table 2. We found

that nonsurvivor patients with SAP showed higher CRP
(p=0.021) and NRBC-positive rate (p<0.001) than survi-
vors. However, we did not find statistically significant dif-
ference in inflammatory markers such as white blood cell
count, neutrophil-to-lymphocyte ratio, platelet-to-lym-
phocyte ratio, and PCT in nonsurvivor patients with SAP
compared with survivors. Laboratory indicators related
to SAP, for instance, serum AMYL, Ca, CA199, and urine
AMYL, did not show any statistically significant differ-
ence.

Prediction Model of Outcomes of SAP Patients by CHAID
The prediction model of outcomes of patients with SAP
by decision tree—based CHAID showed that 100% of SAP
patients survived when they had a negative test result for
NRBCs and CCI were lower than 7, whereas 100% died
when NRBCs were positive and the APACHE Il score was
higher than 30. In patients with SAP with positive NRBC
and simultaneously APACHE Il score <30, if the Ranson
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Table 2. Comparisons on laboratory indicators at admission of patients with SAP.

Indicator Survivor (n=81) Nonsurvivor (n=11) p

WBC (109/L) 13.5 (9.9-18.2) 12.5 (8.6-19.6) 0.866
NLR 12.8 (7.7-20.6) 16.7 (8.0-21.0) 0.617
MPV (fL) 10.6 (9.8-11.4) 9.8 (8.8-11.2) 0.123
PDW (%) 13.9 (12.2-16.3) 15.6 (13.7-16.1) 0.441
PLR 236.4 (130.8-309.3) 132.2 (115.0-448.0) 0.497
CRP (g/L) 54.7 (25.6-89.3) 140.0 (57.5-222.7) 0.021
PCT (ng/mL) 1.06 (0.32-3.25) 1.29 (0.28-8.59) 0.674
CRP/PCT 81.9 (23.1-333.7) 29.0 (3.5-82.0) 0.055
RBC (1012/L) 4.56 (3.90-5.06) 3.73 (3.54-4.93) 0.136
Hb (g/L) 142 (122-156) 117 (113-150) 0.139
RDW (%) 13.7 (13.0-14.4) 13.3 (12.5-14.0) 0.233
Serum AMYL (U/L) 745 (324-1762) 691 (403-1200) 0.796
Urine AMYL (U/L) 1211 (323-2671) 2708 (167-4110) 1.000
Ca (mmol/L) 1.96 (1.75-2.06) 1.96 (1.81-2.15) 0.773
CA199 (U/mL) 19.4 (9.0-68.3) 14.6 (12.6-88.7) 0.783
NRBC-positive rate 19 (23.5%) 10 (90.9%) 0.000

AMYL: amylase; Ca: calcium; CA199: cancer antigen 199; CRP: C-reactive protein; Hb: hemoglobin; MPV: mean platelet volume; NLR: neutrophil-to-lympho-
cyte ratio; NRBC: nucleated red blood cell; PCT: procalcitonin; PDW: platelet distribution width; PLR: platelet-to-lymphocyte ratio; RBC: red blood cell; RDW:

red cell distribution width; SAP: severe acute pancreatitis; WBC: white blood cell.

Bold text: p<0.05

score was lower than 5, the mortality rate was only 5.6 %,
and if the Ranson score was higher than 5, the mortality
rate was up to 66.7% (Figure 1).

Outcome Verification

A total of 32 people were recruited to validate the out-
come prediction model. In the verification group, 30 sur-
vived and 2 died (Table 3). The accuracy of the obtained
prediction model was 100%.

DISCUSSION

To the best of our knowledge, this study is the first re-
search on NRBCs from patients with SAP. The most inter-
esting and novel findings of our study were that nonsur-
vivor patients with SAP showed a higher NRBC-positive
rate than survivor patients.

Another highlight of this study is the use of decision
tree—based CHAID to explore the predictive model for
outcomes of patients with SAP. The traditional way of

prognosis research is Cox regression model, which is an
optimal method when the independent variables and
dependent variables are linear. However, when they are
nonlinear, the results obtained by Cox regression may be
inaccurate. As a nonparametric and nonlinear research,
decision tree-based CHAID can be conducted without
considering the relationship between variables, and it is
easier to identify interactions and subgroups. The poten-
tial advantage of decision tree—based CHAID is obtaining
a better prognosis grouping via a combination of multiple
factors (7).

The parent node shown in CHAID was the qualitative re-
sult of NRBCs. Patients with SAP could be divided into the
NRBC-negative group and the NRBC-positive group. The
2 groups had different child nodes, including CCl in the
NRBC-negative group and APACHE Il score in the NR-
BC-positive group. Thus, the qualitative result of NRBCs
was the most important factor on the outcome predic-
tion in patients with SAP, followed by CCl and APACHE
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Figure 1. The depth of the decision tree was three levels. In the first
level, patients were divided into two categories according to NRBC
(parent node). In the second level, patients with a negative test
result for NRBCs were divided into two categories according to CCI.
According to APACHE II, patients with a positive test result for NRBCs
were divided into two categories. Patients with APACHE Il < 30 in
level 3 were divided into two categories according to Ranson score.
Cutoff points of the second level and the third level were defined as
child nodes, including CCl, APACHE Il and Ranson score.

Il scores, whereas the Ranson score was only helpful in
predicting the outcome of patients with SAP with posi-
tive NRBC and APACHE Il score <30.

Previous studies have found that the NRBC-positive rate
in critical patients is approximately 10% to 30%, which
was related to an increased in-hospital mortality (8-10).
A novel finding of our current study was that the NR-
BC-positive rate of nonsurvivors was 90.9% compared
with 23.5% of survivors. Another novel point of our study
was about the association between 90-day mortality and
qualitative test of NRBCs at admission.

NRBC is a newly discovered inflammatory marker. A
series of immune-related biological processes such as
phagocytosis, antigen presentation (11), and interleukin
production (12, 13) have been reported to be associated
with NRBCs. In vitro studies have shown that interleukin
6 could induce the differentiation of erythroid progeni-
tor cells by induction of elevation of the erythropoietin,
leading to an acute increase of NRBCs in the peripheral
blood (14). Monterio et al. believed that the persistent ex-
istence of NRBCs in the peripheral blood of intensive care
unit patients after treatment predicted a higher mortal-
ity rate (15). Even if symptoms were alleviated, patients
should not be transferred to general wards. Desai et al. re-
ported that the presence of NRBCs 3 weeks before death
indicated that NRBC had a predictive value for prognosis
(9). The conclusions of the abovementioned studies sup-
ported our findings.

Our study had some limitations. First, the small sample
size could result in bias of the obtained results. Second,
the retrospective property of this study could result in

Table 3. Outcome discrimination of patients with SAP in a verified population.

NRBC Group Survivor Nonsurvivor Total

NRBC negative CCl <7 28 0 28
CCl>7 1 0 1
Total 29 0 29

NRBC positive APACHE I 230 0 2 2
APACHE Il <30 and Ranson <5 1 0 1
APACHE Il <30 and Ranson >5 0 0 0
Total 1 2 3

APACHE II: Acute Physiology and Chronic Health Evaluation II; CCI: Charlson Comorbidity Index; NRBC: nucleated red blood cell; SAP: severe acute pancre-

atitis.
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the failure to obtain the detailed information present-
ed during the whole treatment and prognosis proce-
dure. Third, the lack of the quantitative data of NRBCs
could result in the failure to obtain the accurate cutoff
value to discriminate the patients with good or poor
outcome. Therefore, our data should be verified by a
prospective study with a large number of patients in
the near future.

In conclusion, the qualitative test of peripheral blood NR-
BCs combined with CCl and APACHE Il score can predict
outcomes of patients with SAP. This may be an efficient
and accurate way for prognosis prediction in patients
with SAP. Moreover, it can be helpful for the employment
of early individualized treatment especially for patients
with SAP with high mortality.
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