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ABSTRACT

BACKGROUND: One of the systemic complications of acute pancreatitis (AP) is acute kidney injury (AKI). AKI development in pa-
tients with AP increases mortality, morbidity, and the cost of treatment. Therefore, early diagnosis and prevention of AKl is important.
The purpose of our study was to present biomarkers and case management of AKI developing in patients with AP.

METHODS: The participants of this retrospective study consisted of 582 patients who were followed up with the diagnosis of AP.
Atlanta classification was used for the diagnosis and the identification of severity of AP. The laboratory values of patients at the time
of first application to the emergency room were recorded. Blood tests were checked 48 h/l. Their blood tests were monitored daily
until the day of discharge.

RESULTS: Of the 582 patients who were admitted with the AP diagnosis, 344 were female. AKI was detected in 147 patients (25.2%)
of the patients admitted with AP diagnosis. The mean age of patients developing AKI was higher than those who did not develop AKI.
The albumin and calcium levels in patients developing AKI were significantly lower than the group without AKI. The C-reactive protein
(CRP)/albumin and neutrophil/lymphocyte ratios were statistically significantly higher in the group with AKI than the group without AKI.
The increase values in AST and ALT levels between the group with AKI and the group without AKI were not statistically significant.
The mean leukocyte, CRP, procalcitonin levels, and immature granulocyte percentage (IG%) ratio were higher in patients with AKI in
comparison to the patient group without AKI. The decrease in the lymphocyte, hematocrit, and platelet levels was higher in the patient
group with AKI compared to the patient group without AKI. Urea and creatinine levels of the group with AKI at the time of admission
were higher than the group without AKI. The clinical picture in 13 of the patients we followed up with AP diagnosis was mortal.
CONCLUSION: The values of hematocrit, platelet, leukocyte, lymphocyte, albumin, CRP, CRP/albumin ratio, neutrophil/lympho-
cyte ration, |G%, procalcitonin, urea, and creatinine that were examined at the time of hospital admission can be useful biomarkers
in predicting the development of AKI in patients with AP. In addition, accompanying diseases and age are among the factors affecting
AKI development.
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INTRODUCTION pain and nausea, and early oral nutrition. However, it becomes

life threatening in 20-30% of the patients, and its mortality
The course of acute pancreatitis (AP), defined as the inflam- can go up to 15%.1" The most important determinant factor
mation of pancreas, is generally mild and shows fast clinical of morbidity and mortality in AP is the local and systemic

improvement with fluid support, relief of symptoms such as  complications that may develop. Fluid accumulation, pancreas
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necrosis, pseudocyst, and pancreas abscess are among the
local complications. Shock, kidney failure, respiratory fail-
ure, and cardiac and metabolic complications are among the
systemic complications. Acute kidney injury (AKI) is seen
in about 15% of the patients with APE4 The development
of AKI has been reported to be up to 69% in severe APP!
The development of AKI in patients with AP significantly in-
creases the length of hospital stay, mortality, and the cost of
treatment.”! The ratio of AKI development can go up to 69%
depending on the severity of APE! Therefore, early diagnosis
of AKI, start of aggressive treatment, and the admission of
the patient to the intensive care unit without delay are of
great importance. The markers related to the early diagnosis
of AKI, which is one of the most significant systemic com-
plications in AP, have not been well-defined. Although the
creatinine values at the time of admission are a marker that
is used frequently in determining kidney injury, its sensitiv-
ity is reported to be low in the early diagnosis of AKI. AKI
development in patients with AP significantly increases the
length of hospital stay, the ratio of treatment in intensive care
unit, mortality, and the cost of treatment. Thus, prediction
of AKI with clinical findings and biomarkers, early initiation
of aggressive treatment, and admission of the patient to the
intensive care unit without delay when needed are of great
importance in preventing permanent damage and reducing
mortality. The predictors of AKI development and the mark-
ers for early prediction of kidney injury in patients with AP
have not been well-defined. Although the creatinine values at
the time of first admission of patients are a frequently used
marker in detecting kidney injury, its sensitivity is reported
to be low in the early diagnosis of AKI. Acute inflammatory
reactions in AP, which is an inflammatory disease, cause sig-
nificant tissue damage in the pancreatic tissue and addition-
ally lead to systemic inflammatory response syndrome (SIRS),
which disrupts the function of organs, multiple organ dys-
functions, and ultimately death.”? Biochemical biomarkers
with high sensitivity which can assess the etiology, diagnosis,
prognosis, and particularly severe complication development
rapidly, easily, and more specifically are needed.[

In this study, we investigated the role and effectiveness of bio-
chemical and hematological biomarkers in predicting the de-
velopment of AKl in patients with AP. Thus, we presented our
experiences and knowledge that can be useful in treating and
monitoring patients with AP who are followed up in clinics.

MATERIALS AND METHODS

Before this retrospective study, an ethical committee ap-
proval was obtained. A total of 582 patients who were fol-
lowed up with the diagnosis of AP in the General Surgery
Clinic at the Mehmet Akif inan Training and Research Hospi-
tal between June 2019 and April 2022 were included in the
study. As our clinic accepts pancreatobiliary system patients
from four cities in addition to our city, the number of patients
with AP is high.
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The exclusion criteria of the study included chemotherapy
patients, patients using steroids, patients who were pregnant
and under the age of 18, dialysis patients, liver failure, hospital
stay shorter than 72 h, and patients with incorrect or insuffi-
cient information on their patient files and hospital database.

The confirmation of AP diagnosis was performed based on
characteristic abdominal pain, serum amylase and/or lipase 3
or more times above the normal upper threshold, and AP
findings in computed tomography, magnetic resonance, or
abdominal ultrasonography.

The information on patients’ age, gender, hematological and
biochemical blood test results at the time of hospital admission
and during their follow-up, radiological imaging examination re-
ports, information on accompanying diseases, pancreatitis eti-
ology, information on AKI diagnosis and mortality, duration of
hospital stay, and the number of patients in the intensive care
unit were obtained from patient files and hospital database.

Revised Atlanta classification was used to define the severity
of pancreatitis in this series. Severe AP was defined as per-
manent organ failure with one or more organ involvement.”]

All the information of the AP patients who developed AKI
and who did not develop AKI in this study were compiled.
When the records were examined retrospectively, the val-
ues and/or ratios of some hematological and biochemical
biomarkers examined in blood samples taken at the time of
hospital admission of patients who developed clinical and lab-
oratory AKI after AP were compared with those who did not
develop AKI. The significance of the differences was revealed.
Thus, we reported results on whether the laboratory values
at the time of admission were effective, can predict and guide
in the development of AKI. In addition, we examined the ef-
fect of patient demographics and accompanying diseases on
the development of AKI.

The patients hemogram, C-reactive protein (CRP), procal-
citonin, immature granulocyte percentage (IG%), albumin,
CRP/albumin urea, creatinine, calcium, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), amylase, and
lipase values were recorded. Creatinine values of all patients
were checked daily, and the AKI diagnosis was confirmed
with the creatinine values. Creatinine values of the patients
were recorded until the day of discharge.

Urea and creatinine were examined in the blood samples
taken from patients at the time of admission to diagnose and
predict AKI. KDIGO criteria were used in the diagnosis, iden-
tification of severity, and staging of AKI. An increase of 0.3
mg/dL in serum creatinine within 48 h was defined as AKI. A
I.5—-1.9-fold increase in basal creatinine level or 20.3 mg/dI
increase was evaluated as Stage | AKI, a 2-2.9-fold increase
as Stage 2 AKI, while a 3-fold increase in basal creatinine level
or 24.0 mg/dl or initiation of renal replacement treatment
was evaluated as Stage 3 AKL[I'

Ulus Travma Acil Cerrahi Derg, January 2023, Vol. 29, No. |



Ugurlu et al. The role of biomarkers in the early diagnosis of acute kidney injury associated with acute pancreatitis

Statistical Analysis

The data analysis was carried out using the Statistical Package
for the Social Sciences (SPSS®) software, version 15.0 (IBM®
Corp., Armonk, NY, USA). All values were expressed as meant-
standard deviation or number (percentage). The data were
compared between subgroups using ANOVA (SPSS software,
version |5). P<0.05 was considered statistically significant.

RESULTS

Among the 582 patients with AP who were followed up and
treated, 344 (59.1%) were female, and the mean age was
57.9+21.05 in females and 58.06+17.34 in males. The most
frequent cause of AP in 478 (82.1%) patients was gallstone.
AKI was detected in 147 (25.2%) of the patients who were
admitted to the hospital with the diagnosis of AP.

When the patients were examined according to the Revised
Atlanta classification, the patients who developed AKI were
the patients in the severe and moderate AP categories. AKI
was seen in severe (22.4%) and moderate (76.8%) AP. The
mean age of patients developing AKI was 66.74+19.397, while
the mean age was 55.54+19.055 in patients who did not de-
velop AKI. This age difference was statistically significant
(p<0.0001) (Fig. la, b).

The mean length of stay at the clinic of the patients with AKI
was |4 days. In this patient group, 54 (94.7%) patients were
treated in the intensive care unit. The length of stay at the clinic
of the patients without AKI was 7 days, and 33 (6.2%) patients
in this group were treated in the intensive care unit. When the
two groups were compared, a significant difference was found
in length of hospital stay and the number of patients treated in
the intensive care unit (p<0.0001) (p<0.001) (Table I).

Seventy-four (50.3%) patients in the group with AKI were
previously diagnosed with hypertension. This figure was 138

(31.7%) in the group without AKI.

The glucose values of 58 (39.4%) patients in the AKI group

Table I. The comparison of demographic data, etiology, and
the length of hospital stay between the groups
AKI - AKI + P

Number of patients, n (%) 435 (74.7) 147 (25.2)
Gender, n (%)

Female 311 (71.4) 112 (76)

Male 124 (28.5) 35 (23)
Median age (years) 55.54%19.055 66.74+19.397 0.0001
Length of hospital stay 7 14 0.001
(day)
Intensive care unit, n (%) 33 (6.2) 54 (94.7) 0.001
Etiology, n (%)

Biliary 425 (97.7) 56 (98.6)

Non-biliary 7 (0.6) -

ERCP 3 (0.57) 2 (1.36)

ERCP: Endoscopic retrograde cholangio pancreatogrphy; AKI: Acute kidney injury.

were above 180 mg/dl. Fifty-six of these patients were previ-
ously diagnosed with diabetes mellitus. The glucose levels of
100 (22.9%) patients in the group without AKI were above
180 mg/dl.

Blood tests performed during the admission process of the
patients hospitalized with the diagnosis of AP showed that
the albumin and calcium levels were significantly lower in the
patients with AKI than the patients without AKI, and the dif-
ference was statistically significant (Fig. 2a, b, Fig. 3a, b).

No statistically significant difference was found in the amylase
and lipase values between the patients with and without AKI.
Similarly, there was no statistically significant difference in the
AST and ALT levels between the patients with and without
AKI (Fig. 4a, b, Fig. 5a, b, Fig. 6a, b, Fig. 7a, b).

When the hemogram parameters of the patients with and with-
out AKI were examined, it was found that the leukocyte count
and neutrophil/lymphocyte ratio were significantly high in the
patients with AKI, while the lymphocyte count and hematocrit
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Figure 1. (a) Frequency of age in patients with acute kidney injury (AKI), (b) frequency of age in patients without AKI.
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Figure 4. (a) Frequency of amylase in patients with acute kidney injury (AKI), (b) frequency of amylase in patients without AKI.
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Figure 5. (a) Frequency of lipase in patients with acute kidney injury (AKI) (b) frequency of lipase in patients without AKI.
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Figure 7. (a) Frequency of alanine aminotransferase (ALT) in patients with acute kidney injury (AKI), (b) frequency of ALT in patients
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Figure 8. (a) Frequency of leukocytes in patients with acute kidney injury (AKIl), (b) frequency of leukocytes in patients without AKI.
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rate in patients without AKI.

values were significantly lower compared to the patient group
without AKI. The low levels of platelets in the group with AKI
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were significant in comparison to the group without AKI (Fig.
84, b, Fig. 93, b, Fig. 10a, b, Fig. I 1a, b, Fig. 12a, b).
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Figure 10. (a) Frequency of lymphocyte in patients with acute kidney injury (AKIl), (b) frequency of lymphocyte in patients without AKI.
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ers in inflammatory reactions, were found significantly high
in the blood test results of the patients with AKI due to
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Figure 13. (a) Frequency of C-reactive protein (CRP) in patients with acute kidney injury (AKIl) (b) frequency of CRP in patients without AKI.

AP in comparison to the patients without AKI (Fig. 13a, b,
Fig. 14a, b, Fig. 15a, b, Figs. 16—18). The high ratio of CRP/
albumin in patients with AKI was statistically significant in
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Figure 16. ROC graph for C-reactive protein value.

patients without AKI (Fig. 19a, b). The urea and creatinine
values of the patients who developed AKI at the time of
admission were statistically significantly higher than the pa-
tients who did not develop AKI (Fig. 20a, b, Fig. 21a, b).
Stage | AKI was reported in 88 (59.8%) and Stage 2 AKI
was reported in 25 (17%) of the 147 patients who devel-
oped AKI among the 582 patients who were hospitalized,
followed up, and treated for AP. Twenty-three (15.6%) pa-
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Figure 17. ROC graph for procalcitonin value.

tients were diagnosed with Stage 3 AKI and |5 of these
patients received hemodialysis. Clinical mortality was ob-
served in |3 of the patients who were followed up with
the diagnosis of AP and || of these patients were in the
group who developed AKI. When mortality was examined
by stages, mortality was observed in one patient in Stage
I AKI group, in six patients in Stage 2 AKI group, and in
three patients in Stage 3 AKI group. The values and statisti-
cal results of hematological and biochemical biomarkers are
presented in Table 2.
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DISCUSSION

The shortcoming of AP scoring systems is that they provide
information within 48—72 h at the earliest in predicting the
development of complications and determining the progno-
sis. In our study, we presented the data that could determine
AKI, which is one of the systemic complications affecting

morbidity and mortality the most in AP, in the early period
before becoming permanent.

Systemic complications of AP can be summarized as follows:

* Hypovolemia, shock

* Acute respiratory distress syndrome, pleural effusion, at-
electasis, hypoxemia

* Acute kidney failure, azotemia

» Disseminated intravascular coagulation, vascular throm-
bosis

* Hypoalbuminemia, hypocalcemia, hyperglycemia, meta-
bolic acidosis

» Stress ulcer, gastric varicose, pseudoaneurysm

*  Other: Peripheral fat necrosis, encephalopathy.

The hyperinflammatory process in AP stimulates the cytokine
system resulting in systemic inflammatory response (SIRS).
With persistent and resistant continuation of SIRS, dysfunc-
tions occur in one or more of the vital organs. Organ failure,
which can be seen as acute respiratory failure, shock, and
kidney failure, improves within 48 h in moderate AP, while it
can last longer than 48 h in patients with severe AP.

As one of the AP complications, AKI increases morbidity and
mortality significantly, which is why it is of great importance
to diagnose AKI early.

In this study, we tried to provide evidence for the effective-
ness of biochemical and hematological markers that can be
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Figure 21. (a) Frequency of creatinine in patients with acute kidney injury (AKI). (b) Frequency of creatinine in patients without AKI.

used in the early diagnosis and detection of AKI, which is one
of the systemic complications of AP, through the experiences
and the data obtained from our large patient series, and pro-
vide guidance in the early diagnosis and taking necessary pre-
cautions in similar cases.

The lack and the ineffectiveness of scoring systems are still
controversial in several aspects. The most important aspect
is that they cannot provide information regarding the severity
of the disease, prognosis, and predicting complications before
48 h. In addition, scoring systems cannot be calculated again
while the AP continues, which creates problems in prognosis
and early detection of complications.

Determining the severity of AP with scoring systems is impor-
tant in predicting prognosis and complications. In this study,

based on the Revised Atlanta classification, AKI was observed
in patients with severe (22.4%) and moderate (76.8%) AP.

In our study, we attempted to present data that can predict
AKI, which is one of the systemic complications affecting
morbidity and mortality the most in AP, earlier than 48 h.
In addition, in this study, the daily monitoring of biomarkers
can be performed, and the prognosis of AKI can be moni-
tored during the course of the disease. We believe that the
values of the parameters we kept track of during the admis-
sion of the patients are very effective and important in terms
of predicting AKI that could develop later. About 2—10% of
mortality in AP occur as a result of complications.l''! Severe
AP increases the risk of complication and, therefore, the
mortality.l'Z Rapid diagnosis of AP can be performed with
clinical findings and biomarkers. It is of great importance to

Table 2. Hematological and biochemical biomarkers
Criterion Group without AKI (n=435) Group with AKI (n=147) p
MeantSD MeantSD
Leucocyte 10670+2606.888 11891+2602.672 0.000
Lymphocyte 1.08+0.371 1.18+0.619 0.001
Neutrophil/Lymphocyte Ratio %14+0.72 98%+0.51 0.014
Platelet 238.41+43.488 235.21+44.686 0.002
Htc 41.6+2.41 40.47+2.901 0.001
CRP 13.56+12.484 34.27+31.22 0.0001
Procalcitonin 0.20+0.158 1.35+0.997 0.0001
1G% 0.24+0.224 0.92+0.662 0.0001
Albumin 36.79+5.058 33.35£5.659 0.0001
CRP/Albumin 0.47+5.058 1.72+5.659 0.001
AST 94.04+5.058 112.46+5.659 0.1
ALT 91.32+5.058 106+5.659 0.105
Ca 8.16+5.058 8.12+5.659 0.0000
Amylase 1195+638,494 1287+645.163 0.1
Lipase 1166+636.128 1319+670.855 0.12
Urea 28.99+8.724 58.73£14.975 0.0001
Creatinine 0.74+0.234 1.75+1.199 0.0001

AKI: Acute kidney injury; Htc: Haematocrit; CRP: C-reactive protein; IG%: Immature granulocyte; AST: Aspartate aminotransferase; ALT: Alanine aminotransfarase; Ca:

Calcium; SD: Standard deviation.
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start the treatment as early as possible and to take precau-
tions for the early prediction and prevention of potential
complications. In the diagnosis and follow-up, inflammatory
or infection biomarkers such as serum albumin, amylase, li-
pase, ALT, AST, bilirubin, CRP, and procalcitonin are used
together with routine hemogram and biochemical tests.['*
Age, comorbidities, and the severity of AP are among the
factors affecting the clinical course of AP. Kidney failure (23%
acute kidney failure, 80% proteinuria, 88% oliguria, and re-
nal vein thrombosis) is one of the most important systemic
complications of API'¥l In a study, it was reported that the
patients who developed AKI were at an advanced age, and
the length of hospital stay and intensive care unit stay were
significantly longer in patients with AKI than the patients
who did not develop AKL®¥ In the same study, while hyper-
tension was observed significantly more frequent, the two
groups were reported to have similar results in terms of di-
abetes mellitus. In this study, the mean age of patients with
AKI was significantly higher than the patients without AKI.
We are of the opinion that the age factor plays a role in the
development of AKI in AP. The length of hospital stay was
significantly longer in the group with AKI.

The mean glucose and blood pressure values were reported
as higher in the patient group with AKI compared to the pa-
tient group without AKI. Hypertension and diabetes history
were observed more in patients with AKI. While alcohol
takes the lead in the etiology of AP in Western countries,
the presence of biliary stones in 53.8% of patients is the
leading cause in Turkiye.l'”] In our study, the most frequent
cause of AP was gallstones in 478 patients (82.1%), which is
higher than what is reported in the literature. Dysfunctions
occurring in organs within 72 h cause mortality to increase
up to 42%. The most important factor is that SIRS and organ
failure are persistent and resistant to treatment. With the
organ functions returning to normal, mortality rates decrease
to 0%.I'¥l In several studies, no significant difference was re-
ported in amylase and lipase values between the group with
AKI and the group without AKI. In our study, there was no
statistical difference in amylase and lipase values between the
group with AKI and the group without AKI. It was observed
that the amylase and lipase values did not have any prognostic
effects for the development of AKI.

In a study conducted with 186 patients by Biyik et al., the
AST, ALT, and glucose levels were significantly higher in the
group with AKI, while the albumin and calcium values were
significantly low in the same group. However, in our study,
the difference in the serum ALT and AST values between
the group with AKI and the group without AKI was not sig-
nificant, which is why it was not considered as a prognostic
marker.

A serum calcium value of <8 mg/dI can indicate poor progno-

sis in AP. Hyperglycemia is observed in 20% of the cases while
hyperbilirubinemia is seen in 25%. Hypocalcemia and hyper-
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glycemia are significant in predicting systemic complications.
Based on the Atlanta criteria, having a calcium level of 7.5 mg/
dl or below has a predictive value for systemic complications.
In this study, the calcium levels in blood samples obtained
during admission of patients with AKI were significantly low
compared to the group without AKI. We are of the opinion
that low level of calcium is significant and guiding in terms of
early detection of AKI development.

White blood cells play an important role in the inflammatory
process. Activation of leukocytes with inflammatory reac-
tions in AP and the cytokine storm that initiates the inflam-
matory process is also responsible for the initiation of SIRS,
which is responsible for single or multiple organ dysfunction,
as well as local inflammatory injury and necrosis in the pan-
creas.'] Neutrophil activation occurs as a result of the re-
lease of cytokines (such as complement activation, adhesion
molecule expression, alveolar macrophage activation, and
TNF-a), which are considered to be responsible for inflam-
matory reactions. The factor triggering the SIRS develop-
ment is the resistant cytokine cycle which stimulates or in-
hibits each other as a result of the release of other mediators
by TNF-a. SIRS developing as a result of this cytokine storm
is responsible for increased injury in kidneys, pancreas, and
other organs.!'®l Studies were conducted focusing on the ef-
fects of neutrophils and lymphocytes in AKI development in
AP. Neutrophil accumulation has been clearly demonstrated
in ischemia and reperfusion injury caused by vascular dam-
age in the kidney due to SIRS.I'"?% Decrease in neutrophil
prevents AKI. Jeon et al.2l found that the high level of NLR
(neutrophil/lymphocyte ratio) was significant for AP-asso-
ciated local damage, severity of pancreatitis, and systemic
complications. One of the factors that are effective in AKI
associated with AP is T-lymphocyte infiltration. T-lympho-
cyte density is typical both in the beginning and the advanced
period of the inflammatory process. This increases kidney
injury and stimulates the regeneration process after ischemia
associated damage.” The activation of leukocytes and the
variability of release of cytokines, which trigger inflamma-
tory reactions, with negative and/or positive feedback are
effective in SIRS formation, and thus, local and distant organ
damage. When the hematological table was examined, the
leukocyte count in the blood tests performed at the time of
admission in patients with AKI was significantly high, which is
consistent with the literature. It was thought that the leuko-
cyte count could be a routine, simple, and low-cost marker
that can be used to predict the AKI development. In patients
with AKI, the low lymphocyte ratio and the decrease in the
hematocrit and platelet values were statistically significant
compared to patients without AKI, which suggested that
it could be an early indicator for AKI development. At the
same time, in line with the literature, the neutrophil/lym-
phocyte ratio in our study was significantly high in patients
with AKI, which was prognostically significant. Procalcitonin
is one of the most important biomarkers for diagnosis and
prediction of prognosis in sepsis. It is also one of the factors
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confirming diagnosis for bacterial infections. It is an impor-
tant indicator for determining the prognosis and severity of
AP early, and to diagnose the necrosis of infected pancreas.
231 Studies have shown that procalcitonin is an important
prognostic factor in sepsis and AP, which is an inflammatory
process.” It has been demonstrated in large study groups
that procalcitonin is more effective in indicating the local
damage and severity of pancreatitis and the risk of systemic
organ damage when compared to other inflammatory mark-
ers.®! It has been reported to play a role in determining
the severity and prognosis of AP and in predicting the local
damage and systemic organ failure. In a study conducted by
Rau et al.,* procalcitonin and CRP values were compared,
and procalcitonin was found to be a more valuable marker
in early diagnosis and prognosis. High CRP level is a non-
specific, effective biomarker in determining the CRP inflam-
mation. CRP measurement is a simple but important crite-
rion in detecting inflammation and infection, and monitoring
of clinical course.’’] It has been shown that CRP levels and
disease severity are associated in predicting the AP prog-
nosis, and that it can be effective and guiding in predicting
local damage and systemic organ damage.?® In this study,
inflammatory markers, procalcitonin and CRP values, were
found to be significantly higher in patients with AKI than
those without AKI. High CRP and procalcitonin levels were
thought to be useful in predicting AKI development.

Serum albumin level is a parameter of Imrie criteria. This
scoring is recommended as it provides more concise results
than Ranson scoring with its 56—85% sensitivity in severity
assessment of both alcohol associated and biliary pancreati-
tis. An albumin level of <3.2 mg/dl within the first 48 h is an
indicator of severe AP

The albumin levels at admission of patients with AKI were
statistically significantly lower than those without AKI in this
study. We are of the opinion that low albumin level is an in-
dicator in predicting AKI, as in monitoring the severity of AP,
and that the significantly high CRP/albumin ratio of patients
with AKI should be evaluated in predicting AKI. The relation-
ship between AP and |G% was examined and the relationship
between the disease severity and 1G% was investigated in a
limited number of studies. IG% is a low-cost biomarker that
can be performed easily in complete blood count. Recent
studies have shown that the IG% increases in the early stages
of inflammation much earlier than the routinely used values
such as CRP and white blood cell. In recent publications, it
has been determined that the IG% which is performed at the
time of admission in AP is associated with the severity of the
disease.B! The role of biomarkers in the early period devel-
opment of AP systemic (AKI, cardiac, cerebral, lung edema,
etc.) and local complications is still being investigated. IG%,
which is one of these markers, has been reported to increase
at the onset of inflammation. It was observed in our study
that the 1G% ratio examined in the blood samples at admis-
sion was significantly higher in patients with AKI than patients
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without AKI. We are of the opinion that examining IG% ra-
tios can be useful and guiding in the early detection of AKI
development as in monitoring the AP severity and detecting
local pancreas damage. It has been stated that the increase in
urea in the first 24 h or high urea levels at the time of admis-
sion is closely related to mortality, and the increase in serum
creatinine value in the first 48 h is useful in predicting AKI and
the severity of local damage to the pancreas.i!]

Monitoring patients over 60 years of age with creatinine lev-
els over 1.8 mg/dl would be appropriate.’? In the course of
AP, intensive care treatment may be required depending on
the severity and the condition of complications.?’]

Stage | AKI was reported in 88 (59.8%) of the 147 patients
who developed AKI among the 582 patients who were hos-
pitalized, monitored, and treated for AP. Stage 2 AKI was
reported in 25 (17%) patients, 23 (15.6%) patients were di-
agnosed with Stage 3 AKI, and |5 of those patients received
hemodialysis. The urea and creatinine levels of patients with
AKI at the time of admission were statistically significantly
higher than the patients without AKI. We believe that the
elevation in serum urea and creatinine levels is important and
guiding in the early detection of AK| development. The most
important limitation of this study is its retrospective nature.
Another limitation is the increase in the sensitivity and se-
lectivity of the results due to the fact that it is a high-volume
series in a clinic that accepts patients from many centers.

Conclusion

All clinical and laboratory data show that AP is an inflamma-
tory disease and a process. Local and systemic severe com-
plications may occur in the course of this disease. AKl is one
of the most frequent and important systemic complications.
The results obtained in this study showed that biomarkers are
important and effective in the early detection and prevention
of AKI, and early initiation of treatment in terms of prevent-
ing permanent kidney injury and/or mortality. We obtained
statistical results that were consistent with the literature, as
well as results that were not. We believe that future studies
conducted with larger series in more experienced centers
will be provided guidance.

Ethics Committee Approval: This study was approved
by the Harran University Clinical Research Ethics Committee
(Date: 25.07.2022, Decision No: HRU/22.14.23).
Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: E.T.U.; Design: M.T;
Supervision: E.-T.U., M.T,; Resource: E.T.U.; Materials: E.-T.U.;
Data: M.T.; Analysis: E.T.U.; Literature search: M.T.; Writing:
E.T.U.,, M.T; Critical revision: ET.U., M.T.

Conflict of Interest: None declared.

Financial Disclosure: The authors declared that this study
has received no financial support.

91



Ugurlu et al. The role of biomarkers in the early diagnosis of acute kidney injury associated with acute pancreatitis

REFERENCES

10.

11.

12.
13.

14.

15.

16.

17.

18.

92

Leppiniemi A, Tolonen M, Tarasconi A, Segovia-Lohse H, Gamberini
E, Kirkpatrick AW, et al. 2019 WSES guidelines for the management of
severe acute pancreatitis. World ] Emerg Surg 2019;14:27. [CrossRef ]
Bektas S, Musaoglu M. Acute pancreatitis complications and treatment.
Turk Klin J Int Med Sci 2006;2:5-12.

Almeida N, Fernandes A, Casela A. Predictors of severity and in-hos-
pital mortality for acute pancreatitis: Is there any role for C-reactive
protein determination in the first 24 hours? GE Port ] Gastroenterol
2015;22:187-9. [CrossRef ]

Petejova N, Martinek A. Acute kidney injury following acute pancreati-
tis: A review. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub
2013;157:105-13. [CrossRef]

Zhou ], LiY, Tang Y, Liu F, Yu S, Zhang L, et al. Effect of acute kidney
injury on mortality and hospital stay in patient with severe acute pancre-
atitis. Nephrology (Catlton) 2015;20:485-91. [CrossRef]

Biyik Z. The role of the neutrophil-to-lymphocyte ratio in predicting
acute kidney injury in patients with acute pancreatitis. Turk ] Acad Gas-
troenterol 2019;18:16-22.

Tan JW, Zhang XQ, Geng CM, Peng LL. Development of the National
early warning score-calcium model for predicting adverse outcomes in pa-
tients with acute pancreatitis. ] Emerg Nurs 2020;46:171-9. [CrossRef]
Giiler EM, Yigit M, Ozer OF Bozali K, Yigit E, Selek $, et al. Oxidative
stress and inflammation biomarkers in acute pancreatitis. Kocaeli Med ]
2021;10:187-93. [CrossRef]

Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD, Sarr
MG, et al. Classification of acute pancreatitis--2012: Revision of the
Atlanta classification and definitions by international consensus. Gut
2013;62:102—11. [CrossRef]

Kellum JA, Lameire N, KDIGO AKI Guideline Work Group. Diagno-
sis, evaluation, and management of acute kidney injury: A KDIGO sum-
mary (Part 1). Crit Care 2013;17:204. [CrossRef]

Balthazar EJ. Complications of acute pancreatitis: Clinical and CT evalu-
ation. Radiol Clin North Am 2002;40:1211-27. [CrossRef ]

Disibeyaz S. Treatment in acute pancreatitis. Endoscopy 2010;18:81-6.
Weiss FU, Laemmerhirt F, Lerch MM. Acute pancreatitis: Genetic risk
and clinical implications. J Clin Med 2021;10:190. [CrossRef]

Koksal GM. Management of acute pancreatitis in critical care unit. ] Turk
Soc Intensive Care 2010;8:85-9.

DiMagno MJ, DiMagno EP. New advances in acute pancreatitis. Curr
Opin Gastroenterol 2007;23:494-501.

Tiiziin A, Yildiz IK, Baysal B. Akut pankreatit. Med ] Kocaeli 2012;3:50~
8.

Schanaider A, de Carvalho TP, Coelho SO, Renteria JM, Eleuthério
EC, Castelo-Branco MT, et al. Ischemia-reperfusion rat model of acute
pancreatitis: Protein carbonyl as a putative early biomarker of pancreatic
injury. Clin Exp Med 2015;15:311-20. [CrossRef]

Malmstrom ML, Hansen MB, Andersen AM, Ersbell AK, Nielsen OH,

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Jorgensen LN, et al. Cytokines and organ failure in acute pancreatitis:
inﬂammatory response in acute pancreatitis. Pancreas 2012;41:271-7.
LiL, Huang L, Sung SS, Lobo PI, Brown MG, Gregg RK, et al. NKT cell
activation mediates neutrophil IFN-gamma production and renal isch-
emia-reperfusion injury. ] Immunol 2007;178:5899-911. [CrossRef ]

Wu H, Chen G, Wyburn KR, Yin J, Bertolino P, Eris JM, et al. TLR4
activation mediates kidney ischemia/ reperfusion injury. ] Clin Invest
2007;117:2847-59. [CrossRef]

Jeon TJ, Park JY. Clinical significance of the neutrophil-lymphocyte ratio
as an early predictive marker for adverse outcomes in patients with acute
pancreatitis. World ] Gastroenterol 2017;23:3883-9. [CrossRef |

Linfert D, Chowdhry T, Rabb H. Lymphocytes and ischemia-reperfusion
injury. Transplant Rev (Orlando) 2009;23:1-10. [CrossRef ]

YaGomatos IP, Xiaodong X, Ghaneh P, Halloran C, Raraty M, Lane B,
et al. Prognostic markers in acute pancreatitis. Expert Rev Mol Diagn
2014;14:333—4. [CrossRef]

Dias BH, Rozario AP, Olakkengil SA, Anirudh V. Procalcitonin strip
test as an independent predictor in acute pancreatitis. Indian ] Surg
2015;77:1012-7. [CrossRef]

Riche FC, Cholley BP, Laisne MJ, Vicaut E, Panis YH, Lajeunie EJ, et
al. Inflammatory cytokines, C reactive protein and procalcitonin as early
predictors of necrosis infection in acute necrotizing pancreatitis. Surgery
2003;133:257-62. [CrossRef]

Rau BM, Kemppainen EA, Gumbs AA, Buchler MW, Wegscheider K,
Bassi C, et al. Early assessment of pancreatic infections and overall prog-
nosis in severe acute pancreatitis by procalcitonin (PCT): A prospective
international multicenter study. Ann Surg 2007;245:745-54. [CrossRef ]
Pepys MB, Hirschfield GM. C-reactive protein: A critical update. J Clin
Invest 2003;111:1805—-12. [CrossRef ]

Zrnic IK, Milic S, Fisic E, Radic M, Stimac D. C-reactive protein and
lactate dehydrogenase as single prognostic factors of severity in acute
pancreatitis. Lijec Vjesn 2007;129:1-4.

Cagin YE Seckin Y. Akut pankreatit siddetini degerlendirmede kullani-
lan yontemler. Giincel Gastroenterol 2015;19:275-82.

Park JH, Byeon HJ, Lee KH, Lee JW, Kronbichler A, Eisenhut M, et
al. Delta neutrophil index (DNI) as a novel diagnostic and prognostic
marker of infection: A systematic review and meta-analysis. Inflamm Res
2017;66:863-70. [CrossRef]

Buddingh KT, Koudstaal LG, van Santvoort HC, Besselink MG, Tim-
mer R, Rosman C, et al. Early angiopoietin-2 levels after onset predict
the advent of severe pancreatitis, multiple organ failure, and infec-
tious complications in patients with acute pancreatitis. ] Am Coll Surg
2014;218:26-32. [CrossRef]

Wu BU, Banks PA. Clinical management of patients with acute pancre-
atitis. Gastroenterology 2013;144:1272—-81. [CrossRef ]

Crockett SD, Wani S, Gardner TB, Falck-Ytter Y, Barkun AN, American
Gastroenterological Association Institute Clinical Guidelines Commit-
tee. American gastroenterological association institute guideline on initial

management of acute pancreatitis. Gastroenterology 2018;154:1096-101.

Ulus Travma Acil Cerrahi Derg, January 2023, Vol. 29, No. |


https://doi.org/10.1186/s13017-019-0247-0
https://doi.org/10.1016/j.jpge.2015.05.004
https://doi.org/10.5507/bp.2013.048
https://doi.org/10.1111/nep.12439
https://doi.org/10.1016/j.jen.2019.11.003
https://doi.org/10.5505/ktd.2021.55938
https://doi.org/10.1136/gutjnl-2012-302779
https://doi.org/10.1186/cc11454
https://doi.org/10.1016/S0033-8389(02)00043-X
https://doi.org/10.17940/endoskopi.74892
https://doi.org/10.3390/jcm10020190
https://doi.org/10.1007/s10238-014-0289-2
https://doi.org/10.1097/MPA.0b013e3182240552
https://doi.org/10.4049/jimmunol.178.9.5899
https://doi.org/10.1172/JCI31008
https://doi.org/10.3748/wjg.v23.i21.3883
https://doi.org/10.1016/j.trre.2008.08.003
https://doi.org/10.1586/14737159.2014.897608
https://doi.org/10.1007/s12262-014-1112-8
https://doi.org/10.1067/msy.2003.70
https://doi.org/10.1097/01.sla.0000252443.22360.46
https://doi.org/10.1172/JCI200318921
https://doi.org/10.1007/s00011-017-1066-y
https://doi.org/10.1016/j.jamcollsurg.2013.09.021
https://doi.org/10.1053/j.gastro.2013.01.075
https://doi.org/10.1053/j.gastro.2018.01.032

Ugurlu et al. The role of biomarkers in the early diagnosis of acute kidney injury associated with acute pancreatitis

ORIJINAL CALISMA - 0Z

Akut pankreatit ile iligkili akut bobrek hasarinin erken tanisinda biyobelirteclerin rolii:
582 olgudandan kanitlar

Dr. Esat Taylan Ugurlu,’ Dr. Mehmet Tercan?
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AMAC: Akut pankreatitin (AP) sistemik komplikasyonlarindan biri akut bobrek hasaridir (ABH). Akut pankreatitli hastalarda ABH gelisimi mortalite,
morbidite ve tedavi maliyetini artirmaktadir. Bu nedenle ABH'nln erken teshisi ve 6nlenmesi 6nemlidir. Calismamizin amaci, AP’li hastalarda gelisen
ABH’nin biyobelirteglerini ve olgu yonetimini sunmaktir.

GEREC VE YONTEM: Bu geriye doniik calismanin katilimcilarini akut pankreatit tanisi ile takip edilen 582 hasta olusturdu. Akut pankreatitin tanisin-
da ve siddetinin belirlenmesinde Atlanta siniflamasi kullanildi. Hastalarin acil servise ilk bagvuru anindaki laboratuvar degerleri kaydedildi. Kirk sekiz
saat sonra kan testleri yapildi. Kan testleri taburcu olduklari gline kadar glinliik olarak izlendi.

BULGULAR: Akut pankreatit tanisi ile bagvuran 582 hastanin 344’( kadindi. AP tanisi ile basvuran hastalarin 147’sinde (%25.2) ABH saptandi. ABH
gelisen hastalarin ortalama yasi, ABH gelismeyenlere gére daha yliksekti. ABH gelisen hastalarda alblimin ve kalsiyum diizeyleri ABH olmayan gruba
gore anlamli derecede dusukti. ABH olan grupta, ABH olmayan gruba gére CRP/alblimin ve nétrofil/lenfosit oranlari istatistiksel olarak anlamli
derecede ylksekti. ABH olan grup ile ABH olmayan grup arasinda AST ve ALT diizeylerindeki artis degerleri istatistiksel olarak anlaml degildi. ABH
olan hastalarda, AKI’si olmayan hasta grubuna gore ortalama I6kosit, CRP, prokalsitonin diizeyleri ve % IG orani daha yliksekti. ABH olan hasta
grubunda, AKI olmayan hasta grubuna gore lenfosit, hematokrit ve trombosit diizeylerindeki azalma daha yiiksekti. ABH olan grubun basvuru sira-
sindaki Ure ve kreatinin diizeyleri, ABH olmayan gruba gére daha ylksekti. AP tanisi ile takip ettigimiz hastalarin 13’tinde klinik tablo &liimle sonlandi.
TARTISMA: Akut pankreatitli hastalarda hastaneye yatis aninda bakilan hematokrit, trombosit, I6kosit, lenfosit, alblimin, CRP, CRP/albiimin orani,
notrofil/lenfosit orani, IG%, prokalsitonin, ure, kreatinin degerleri ABH gelisimini ongérmede faydali biyobelirtegler olabilir. Ayrica eslik eden has-
taliklar ve yas da ABH gelisimini etkileyen faktorler arasindadir.

Anahtar sozclikler: Akut bobrek hasari; akut pankreatit; immatur granulosit orani; prokalsitonin.
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