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ABSTRACT

BACKGROUND: Acute cholecystitis (AC) is an acute inflammatory disease of gallbladder and it is one of the most common causes
of acute abdominal pain. Determining the severity of AC at hospital admission is extremely important to choose the most effective
treatment method and predict vital prognosis. The aim of this study was to investigate the effectiveness of immature granulocyte
percentage (IG%) in grading AC severity.

METHODS: This retrospective study was carried out on 528 patients hospitalized due to AC diagnosis. Demographic data, white
blood cell (WBC) count, neutrophil lymphocyte ratio (NLR), IG%, C-reactive protein (CRP) levels, and imaging results of patients were
recorded. Furthermore, patients’ length of hospital stay was determined. Tokyo Guidelines were used to grade AC severity. According
to this grading, patients were classified into three groups as grade | (mild), grade 2 (moderate), and grade 3 (severe) AC. Differences
among groups were analyzed statistically.

RESULTS: There were 386 patients (73.1%) in the mild AC group, 102 patients (19.3%) in the moderate AC group, and 40 patients
(7.6%) in the severe AC group. WBC, NLR, CRP and IG% were significant parameters in discriminating mild AC from moderate and
severe AC. However, only IG% was a significant parameter in discriminating moderate AC from severe AC. Moreover, the power of
IG% to discriminate between patients with mild and moderate AC and those with severe AC was dramatically higher than the other
parameters.

CONCLUSION: Increased IG% is seen as an effective and reliable predictor in the early determination of AC severity.

Keywords: Acute cholecystitis; immature granulocyte percentage; inflammatory markers; severity grading; Tokyo guidelines.

INTRODUCTION

lous cholecystitis occurs in situations such as major surgery,
Acute cholecystitis (AC) is one of the most common causes severe trauma and burns, sepsis, total parenteral nutrition,
of acute abdominal pain. This disease is caused by cystic duct  and prolonged intensive care stay.? It is predicted that ap-
obstruction due to gallstones in 90% of cases. However, in proximately 10% of the general population has gallbladder
10% of cases, gallstones cannot be detected in the gallbladder,  stones and 20% of people with gallstones apply to emergency
which is called acute acalculous cholecystitis.I'"! Acute acalcu-  services during their lives with AC symptoms.Fl
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AC may cause mild inflammation symptoms and local com-
plications such as gangrene, perforation, abscess, and bil-
iary peritonitis. In some cases, severe cholecystitis may be
observed characterized by organ failure threatening life.!
Although mortality rate is generally lower than 1% in AC,
this rate may exceed 10% in severe AC cases.!

AC diagnosis is made by a combination of physical exami-
nation findings, laboratory results such as white blood cell
(WBC) count and C-reactive protein (CRP) and imaging
results.”! Together with AC diagnosis, the early prediction
of disease severity is extremely important to determine a
fast, appropriate, and reliable treatment approach and reduce
morbidity and mortality rates.

So far, several laboratory parameters such as WBC, CRP,
procalcitonin, and neutrophil lymphocyte ratio (NLR) have
been used in numerous studies to determine AC severity.
-9 The increase of immature granulocyte percentage (IG%),
which presented a new inflammation marker by researchers,
in peripheral blood, is known as an early indicator of severe
infection and sepsis.l''2 Studies carried out in recent years
show that the IG% increase is more effective than traditional
inflammation markers in complicated intraabdominal infec-
tions.['*1%]

This study investigated the effectiveness of increased IG% in
plasma in predicting the AC severity.

MATERIALS AND METHODS

This retrospective study was approved by the Local Ethical
Committee of the University of Health Sciences, the Faculty
of Medicine, Ankara Training and Research Hospital. This
study included 528 adult patients hospitalized with diagnosis
of AC in the General Surgery Clinic of Ankara Research and
Training Hospital between January 2018 and December 2020.
Patients with diseases such as choledocholithiasis, acute
cholangitis, acute pancreatitis, chronic hepatic disease, hepa-
tobiliarymalignities, and those aged below 18 were excluded
from the study.

The age, sex, physical examination results, laboratory results
(WBC, NLR, CRP, and IG%), abdominal ultrasonography,
and computerized tomography results of the patients were
obtained from the electronic database of the hospital. The
length of hospital stay (LHS) of patients was detected. Pa-
tients who stayed and died in intensive care unit (ICU) were
recorded. Moreover, patients with organ/system dysfunction
were identified to determine grade 3 AC in line with the
Tokyo Guidelines (TG).1

AC diagnosis was made at hospital admission in line with the
TG based on the existence of local inflammation signs such
as right upper quadrant abdominal pain, tenderness, palpable
mass, Murphy’s sign, and systemic inflammation signs such as
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increased WBC, CRP, and characteristic imaging results of
AC. For AC diagnosis, it is necessary that at least one sign
from both the local and systemic inflammation signs be posi-
tive and imaging methods must support the diagnosis.!!

The severity grading criteria of the TG, developed by world-
wide consensus, were utilized to grade the severity of AC.1
Accordingly, patients with AC were classified into three
groups as grade | (mild), grade 2 (moderate), and grade 3 (se-
vere) AC. Demographic data, inflammation markers (WBC,
NLR, IG%, and CRP), length of ICU and hospital stay, and
mortality rates were analyzed statistically and compared
among the groups.

Statistical Analysis

The data were assessed through the IBM SPSS Statistics 25.0
statistical package software. Descriptive statistics were the
number of units (n), percentage (%), and meantstandard
deviation. Categorical variables analyzed either Pearson Chi-
square or Fisher’s exact test. Distribution of the data of con-
tinuous variables was assessed using the Shapiro—Wilk test
and Q-Q graphics. Independent t-test used for continuous
variables of the two groups analyzed with Student-test, and
three or more groups analyzed with ANOVA. The Tukey
HSD was used for pair-wise comparisons. The performance
of immature granulocyte ratio in detecting moderate and se-
vere cholecystitis cases was assessed by drawing receiving op-
erating characteristics (ROC) curves. Threshold values were
determined using the Youden index. Sensitivity, specificity,
positive predictive, and negative predictive values (NPV)
were calculated based on the obtained threshold values. The
value of p<0.05 was accepted as statistically significant.

RESULTS

This study included 528 patients hospitalized with a diagnosis
AC. Of the patients, 323 (61.2%) were female and 205 (38.8%)
were male. The mean age of the patients was 54.7+16.8l; the
youngest patient was |9 years and the oldest 96 years old.

The patients were classified into three groups as grade
I, grade 2, and grade 3AC based on the TG. Grade | AC
consisted of 386 patients (73.1%), grade 2 AC of 102 pa-
tients (19.3%), and grade 3 AC of 40 patients (7.6%). Grade
2 patients who had at least one organ/system dysfunction at
hospital admission and in follow-up and treatment after the
admission were evaluated as grade 3.

Renal dysfunction existed in |17 patients with grade 3 AC. In
these patients, creatinine levels were above 2 mg/dl and/or olig-
uric. Renal functions returned to normal following intravenous
fluid replacement and supportive care in |5 of these patients.
However, renal failure progressed in two patients despite the
renal replacement therapy and these patients died due to se-
vere metabolic acidosis and fluid-electrolyte imbalance.
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Hepatic dysfunction was detected in 12 patients with grade 3
AC. The PT-INR levels of these patients were above |.5. Th-
ese patients did not have a known hepatic disease, a history
of hepatotoxic drug or alcohol use, or a history of hepatitis.
One patient died due to acute hepatic failure and hepatic en-
cephalopathy.

Hematological dysfunction existed in six patients whose
thrombocyte levels were below 100,000/mm?3. These patients,
who were thought to have marrow depression due to severe
infection, did not have hematological diseases. Thrombocyte
levels returned to normal with proper treatment of severe
AC and there was no need for thrombocyte replacement.

Hypotension was detected in two of the patients, which
caused cardiological dysfunction. Noradrenaline infusion was
applied to these patients who could not achieve a mean ar-
terial pressure of 65 mmHg following intravenous fluid re-
placement. Noradrenaline dosage was reduced in one patient
and eventually discontinued in as the infection declined. He-
modynamic stability was not achieved in the other patient
despite appropriate antibiotherapy, multiple vasopressors,
and inotropic agent support. Thus, the patient died due to
septic shock.

Respiratory dysfunction existed in two patients, with PaO,/
FiO, ratio lower than 300 in arterial blood gases. Only one
patient was provided with oxygen support, while invasive me-
chanical ventilator support was given to the other patient.
The patient connected to a mechanical ventilator died due
to severe acute respiratory distress syndrome and secondary
infections.

Regression in consciousness was detected only in one of
grade 3 patients. The cerebral imaging of the patient whose

Glasgow coma scale declined and who was drowsy did not
reveal any pathology to explain the situation. The clinical con-
dition of this patient also declined after the AC treatment
and the patient returned to normal.

When the groups were assessed in terms of sex, grade | and
grade 2 AC were observed more frequently in females, while
grade 3 AC was more common in males, which was statis-
tically significant (p=0.02). The mean age of the patients in-
creased as the disease severity increased. There was a statis-
tically significant difference among the three groups in terms
of mean age (p<0.001).

The mean LHS was 3.7£1.9 days in grade |, 7.813.6 days in
grade 2 and 17.7£19.3 days in grade 3. There was a statisti-
cally significant difference among three groups in terms of
LHS (p<0.001). No patients stayed in ICU in grade |, whereas
four patients (3.92%) stayed in ICU in grade 2 and 24 pa-
tients in grade 3. The difference among the groups in terms
of ICU stay was significant (p<0.001). When the groups were
compared in terms of mortality rates, one patient in grade
I (0.28%), one patient in grade 2 (0.9%), and five patients
in grade 3 (12.5%) died. There was no significant difference
between grade | and grade 2, while a significant difference
existed between grade | and grade 3 and between grade 2
and grade 3 (p<0.01). Table | presents the demographic data,
length of hospital, and ICU stay and mortality rates of the
patients.

The intergroup comparison of mean values of inflammation
markers (WBC, NLR, 1G%, and CRP) showed that there
were statistically significant differences between grade | and
grade 2 and between grade | and grade 3 in all the markers
(p<0.001). However, there was a significant difference be-
tween grade 2 and grade 3 only for IG% (p<0.001) (Table I).

Table I. Comparison of the demographic data, length of hospital stay, mortality rates and inflammation markers among the groups
Grade | (mild) AC Grade 2 (moderate) AC Grade 3 (severe) AC p-value
Number of patients, n (%) 386 (73.1) 102 (19.3) 40 (76)
Sex, n (%)
Female 249 (64.5) 56 (54.9) 18 (45) 0.020
Male 137 (35.5) 46 (45.1) 22 (55)
Mean age (year) 51.2£15.7* 60.5+15.9° 74.1£12.6° <0.001
LHS (day) 3.7£1.9 7.8+3.6 17.7£19.3¢ <0.001
ICU, n (%) 0 (0) 4 (3.9r 24 (60)° <0.001
Mortality, n (%) 1 (0.26) 1 (0.98) 5 (12.5)° <0.001
WBC (103/uL) 10.2+3.2 15.9+4.9° 15.8+6.3 <0.001
CRP (mg/dL) 47.7£61.9* 150.6x112.5° 150.6+105.9° <0.001
1G% 0.4+0.2 1.3x1.1° 2.6x1.8° <0.001
NLR 4.4+3.9 9.7+8.5° 12.9+8.3 <0.001

The subscripts of a, b, and ¢ denote the statistically significant difference between the groups. LHS: Length of hospital stay; ICU: Intensive care unit; WBC: White blood

cell; CRP: C-reactive protein; IG%: Immature granulocyte percentage; NLR: Neutrophile lymphocyte ratio; vs: Versus.
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Figure 1. Receiver operating characteristic curve analysis of inflam-
mation markers in discriminating grade 1 (mild) acute cholecystitis
from grade 2 (moderate) and grade 3 (severe) acute cholecystitis.

The ROC curve was drawn to determine the power of in-
flammation markers in discriminating grade | AC from grade
2 and grade 3 AC (Fig. I). According to this curve, all the
markers were statistically significant in discriminating grade |
AC from grade 2 to grade 3 AC (p<0.001 for all the markers).
However, the area under curve (AUC), sensitivity, specificity,
positive predictive values (PPV), and NPV of IG% were signif-
icantly higher than the other markers (0.96%, 92.9%, 93.7%,
84.6%, and 97.3%, respectively) (Table 2).
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Figure 2. Receiver operating characteristic curve analysis of inflam-
mation markers in discriminating grade 1 (mild) and grade 2 (mod-
erate) acute cholecystitis from grade 3 (severe) acute cholecystitis.

The analysis of the ROC curve (Fig. 2) drawn to determine
the effectiveness of inflammation markers in discriminating
grade | and grade 2 AC from grade 3 AC showed that IG%
had a significantly higher predictive power for grade 3 AC
than the others (for IG%, AUC: 0.95, sensitivity: 92.5%, speci-
ficity: 84.2%, PPV: 32.5%, and NPV: 99.3%) (Table 3).

DISCUSSION

Gallbladder stone is a significant health issue observed in ap-
proximately 10% of society. While 40—60% of the cases are

Table 2. ROC analysis results in discriminating grade | (mild) acute cholecystitis from grade 2 (moderate) and grade 3 (severe)
acute cholecystitis

Grade | vs grade 2 - AUC 95%(Cl Cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%) p-value
grade 3

1G% 0.962  0.941-0.983 >0.6 92.96 93.78 84.6 973 <0.001
CRP 0.844  0.809-0.880 >38.2 (mg/dL) 90.14 67.36 50.4 94.9 <0.001
NLR 0.817  0.777-0.857 >52 76.76 76.17 542 89.9 <0.001
WBC 0.812  0.766-0.859 >14.9 (103/uL) 57.04 94.3 78.6 85.6 <0.001

ROC: Receiver operating characteristic; AUC: Area under curve; Cl: Confidence interval; PPV: Positive predictive value; NPV: Negative predictive value; vs: Versus; WBC:

White blood cell; CRP: C-reactive protein; IG%: Immature granulocyte percentage; NLR: Neutrophile lymphocyte ratio.

Table 3.
acute cholecystitis

ROC analysis results for discriminating grade | (mild) and grade 2 (moderate) acute cholecystitis from grade 3 (severe)

Grade 1-2 vs grade 3 AUC 95%Cl Cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%)  p-value
1G% 0.945  0.922-0.969 >0.8 925 84.22 325 99.3 <0.001
CRP 0.786  0.731-0.841  >37.3 (mg/dL) 95 543 14.6 99.3 <0.001
NLR 0.825  0.761-0.889 >8.5 725 84.84 282 974 <0.001
WBC 0.724  0.627-0.821  >13.7 (10%/uL) 65 77.25 19 96.4 <0.001

ROC: Receiver operating characteristic; AUC: Area under curve; Cl: Confidence interval; PPV: Positive predictive value; NPV: Negative predictive value; vs: Versus; WBC:

White blood cell; CRP: C-reactive protein; IG%: Immature granulocyte percentage; NLR: Neutrophile lymphocyte ratio.
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asymptomatic, 20% of patients apply to emergency services
with clinical symptoms of AC in one part of their lives.??!
Therefore, AC is among the disease the general surgeons en-
counter the most frequently worldwide and cholecystectomy
is among the most frequently performed operations.!'?]

AC diagnosis is made based on clinical, laboratory, and imag-
ing findings. AC generally exhibits mild self-limiting inflam-
mation symptoms, but in some cases, it may lead to local
complications such as emphysema, gangrene, perforation, ab-
scess, biliary peritonitis, and bilioenteric fistula. Furthermore,
severe AC cases characterized by organ failure may appear
particularly in elderly patients with weak immune resistance.
This clinical status mostly requires treatment in ICUs and
mortality rates go over 10% in these patients.l*'”l Moreover,
as disease severity increases, the LHS and medical costs also
increase. Consequently, it is vital to establish AC diagnosis
and determine the severity of the disease early for choosing
the appropriate and effective treatment. Although numerous
studies were carried out for this purpose in recent years,
the first comprehensive and modern study accepted across
the world is the TG. TG was published in 2007 (TGO07) and
revised twice, in 2013 (TG13) and 2018 (TG18).4!7'8 |n TG,
AC was classified into three groups as grade | (mild), grade
2 (moderate), and grade 3 (severe) AC in terms of clinical
and laboratory results, imaging results, and the existence of
organ/system dysfunction.

Of 528 patients in our study, 386 (73.1%) had grade I, 102
(19.3%) had grade 2, and 40 (7.6%) had grade 3 AC. Of the pa-
tients, 323 (61.2%) were female and 205 (38.8%) were male.
While grade | and grade 2 AC were encountered more fre-
quently in females, grade 3 AC was more common in males.
Furthermore, as the severity of AC increased, the mean age
of the patients increased as well. All these data were consis-
tent with the literature.

TG aims to standardize the diagnosis, severity grading, and
treatment of AC and guide general surgeons. According to
TGI13 and TGI8, there are mild inflammation symptoms in
grade | AC in the gallbladder. Laparoscopic cholecystectomy
(LC) can be implemented safely as a low-risk procedure early
(within the first 72 h after the symptoms appear) in these
patients. There is no organ dysfunction in grade 2 AC, but
severe local complications (emphysema, gangrene, perfora-
tion, abscess, and biliary peritonitis) can be seen. The ideal
treatment in these patients is LC if the patient is suitable for
general anesthesia and if there is a surgical team with advanced
laparoscopy. However, if the patient is at risk for general anes-
thesia, conservative treatment and gallbladder drainage (per-
cutaneous cholecystostomy) should be considered.l'! If diag-
nosis and treatment are delayed in grade 2 AC, the general
condition of the patient may quickly deteriorate and grade 3
(severe) AC characterized by organ failure may appear. Th-
ese patients may require treatment in ICU and mortality rates
are higher than grade | and 2.l'1 Therefore, it is crucial to
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predict this risk. In grade 3 AC, early LC is recommended
by the experienced surgical team for patients who become
suitable for general anesthesia following effective supportive
care.l'®'”] However, in grade 3 AC patients whose general
condition does not improve despite appropriate conservative
treatment, early gallbladder drainage should be performed as
a bridge treatment before cholecystectomy.[202!]

A study showed that as the severity of AC increased, LHS,
the need for ICU, and medical costs increased too.?? Our
study was compatible with the literature in terms of LHS and
ICU. We did not calculate the medical costs in this study, but
it is possible that as the LHS and ICU increases, medical costs
also increase in proportion to this.

In a study carried out with more than 5000 patients, 30-day
mortality rates in patients with grade 3 AC (5.4%) were signif-
icantly higher than grade | patients (I.1%) and grade 2 patients
(0.8%).2%! In our study, while the mortality rate was 12.5% in
grade 3 AC patients, it was 0.9% in grade 2 and only 0.2% in
grade |. We can explain the high mortality rates in grade 3
with insufficiency in the early diagnosis of these patients.

There is a need for simple, low-cost, fast, and effective biomark-
ers to determine the severity of AC in the first admission to
the hospital. According to the literature, various researchers
use numerous inflammation markers for this purpose (WBC,
CRP, NLR, and procalcitonin).s*2421 CRP, which is used the
most frequently for this purpose, is a well-known acute phase
reactant and it is released from hepatocytes in bacterial in-
fections depending on tissue damage.According to a previous
study, CRP could be an excellent marker that is more effective
than WBC in discriminating gangrenous and non-gangrenous
cholecystitis.?! In our study, CRP was very effective in dis-
criminating grade | AC from grade 2 and grade 3 AC, whereas
it was ineffective in discriminating grade 2 AC from grade 3.

In a similar studycarried out with 1959 patients, the cutoff
values of NLR for mild, moderate, and severe AC were 4.1,
3.25, and 4.17, respectively, while the AUROC values were
0.94, 0.87, and 0.98, respectively. According to these results,
the discriminatory power of NLR for all AC forms was better
than WBC and similar to CRPP! In the present study, the
cutoff value of NLR in discriminating mild AC from moderate
and severe AC was 5.2. Furthermore, AUROC values of NLR
were similar to those of CRP and WBC and lower than IG%.

Another study determined that procalcitonin was more ef-
fective than WBC and CRP in discriminating grade | AC from
grade 2 and grade 3 AC. Furthermore, the study concluded
that procalcitonin alone was not adequate to assess the
severity of AC and it could be added into the TG in severity
assessment.[®!

IG% is a new and promising inflammation marker that clini-
cians do not adequately know. IG%, which are not detected
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in healthy individuals, in peripheral blood increases in severe
infections and sepsis, which results from the increased ac-
tivation of bone marrow.'*!"l Today, IG% can be easily and
rapidly measured through routine CBC count in automated
hematological analyzers. The previous studies showed that
increased 1G% was better than conventional inflammation
parameters in predicting of severe intraabdominal infections.
[13-15271 Moreover, it was also shown that IG% might indicate
therapeutic effectiveness of treatment implemented in cases
of severe infections.®!

In one of our previous studies, we determined that the
AUROC, sensitivity, and specificity values of 1G%, and ac-
cordingly, its power of predicting complicated appendicitis
was higher than WBC and NLR.I'l Another study compared
DNI, which reflects the fraction of circulating immature gran-
ulocytes and the number of neutrophils, NLR, and CRP in
discrimination of acute diverticulitis that requires and do not
require immediate surgical intervention. At the end of the
study, the researchers concluded that the diagnostic value of
DNI was significantly higher than the others.[?”)

Conclusion

Early prediction of AC severity in the first admission to the
hospital leads to appropriate and effective treatment along
with the lower morbidity and mortality rates, a shorter hos-
pital stay, and lower medical costs. According to the results of
our study, the ability of increased 1G% in predicting severe AC
was significantly higher than the other laboratory parameters.

Consequently, IG% can be easily and rapidly measured
through routine CBC count without additional time and
costs. We can say that increased IG% is a reliable parameter
in determining the severity of AC. Furthermore, we suggest
the use of IG% by clinicians in determining the severity of AC
in the clinical routine and adding it to the TG.
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AMAC: Akut kolesistit (AK) safra kesesinin akut enflamatuvar hastaligidir ve akut karin agrisinin en yaygin sebeplerinden biridir. Hastaneye kabulde
AK siddetini belirlemek en etkili tedavi yontemini segmek ve hayati prognozu tahmin etmek igin son derece 6nemlidir. Bu galismanin amaci, immatir
grandlosit ylizdesinin (IG%) AK siddetini derecelendirmedeki etkinligini aragtirmaktir.

GEREC VE YONTEM: Bu geriye doniik galisma AK tanisiyla hastaneye yatirilan 528 hasta lizerinde yapildi. Hastalarin demografik verileri, beyaz
kire sayisi (WBC), nétrofil lenfosit orani (NLR), IG% ve C-reaktif protein (CRP) diizeyleri ve goriintlileme bulgulari kaydedildi. Ayrica hastalarin
hastanede kalma stireleri tespit edildi. AK siddetini derecelendirmek igin Tokyo Kilavuzlari kullanildi. Bu derecelendirmeye gore hastalar grade |
(hafif), grade 2 (orta) ve grade 3 (siddetli) AK olarak lg gruba ayrildi. Gruplar arasindaki farklar istatistiksel olarak analiz edildi.

BULGULAR: Hafif AK grubunda 386 (%73.1), orta AK grubunda 102 (%19.3) ve siddetli AK grubunda 40 (%7.6) hasta mevcuttu. Hafif AK’yi orta
ve siddetli AK’dan ayirmada WBC, NLR, CRP ve IG% anlamli parametreler idi. Ancak orta AK’yi siddetli AK'dan ayirmada sadece 1G% anlamli
parametre idi. Ayrica IG%’sinin hafif ve orta AK’li hastalari siddetli hastalardan ayirma glicii diger parametrelerden 6nemli dlglide daha yiksek idi.
TARTISMA: Artmis IG% AK siddetinin erken tespitinde etkili ve glivenilir bir tahmin edici olarak gérilmektedir.

Anahtar sézclikler: Akut kolesistit; enflamasyon belirtegleri; immatlr granilosit yiizdesi; siddet derecelendirmesi; Tokyo Klavuzlari.
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