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Neutrophil-to-Lymphocyte Ratio Has a Close
Association With Gangrenous Appendicitis in
Patients Undergoing Appendectomy

Mitsuru Ishizuka, Takayuki Shimizu, Keiichi Kubota
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The purpose of this study was to clarify the clinical features most closely associated with
gangrenous appendicitis. From among 314 patients who had undergone open appendectomy
in our collected database, 222 for whom sufficient data were evaluable were enrolled. The
results of univariate analysis revealed that age (=40/>40 years), sex (female/male), fever
(=37°/>37°C), the serum levels of C-reactive protein and albumin, the Glasgow prognostic
score (0, 1/2), and the neutrophil-to-lymphocyte ratio (NLR) (=8/>8) were associated with
gangrenous appendicitis. Among these 7 clinical features, multivariate analysis disclosed
that age (=40/>40 years) (odds ratio, 3.435; 95% confidence interval 1.744-6.766; P < 0.001)
and NLR (=8/>8) (odds ratio, 3.016; 95% confidence interval 1.535-5.926; P = 0.001) were
associated with gangrenous appendicitis. The sensitivity and specificity of these two clinical
features were 65% and 27%, and 73% and 39%, respectively. NLR (>8) shows a significant
association with gangrenous appendicitis in patients undergoing appendectomy.

Key words: Acute appendicitis — Catarrhal appendicitis — Gangrenous appendicitis —
Phlegmonous appendicitis — Neutrophil-to-lymphocyte ratio

mergency surgery is imperative for patients
E diagnosed as having acute appendicitis,'* because
severe phlegmonous or gangrenous appendiceal in-
flammation can easily lead to peritonitis if perforation
occurs. Therefore, correct evaluation of the severity of
acute appendicitis provides useful information for
surgeons, allowing them to downgrade the risk from
life-threatening peritonitis to sepsis. Although recent

advances in antibiotic therapy have broadened the
range of optional treatments for acute appendicitis
other than surgery,”” surgery is still the first choice for
severe acute appendicitis,'* especially gangrenous
appendicitis.

Although there are a number of useful diagnostic
modalities for acute appendicitis, including evalua-
tion of clinical symptoms, scoring systems,®® and
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imaging methods,”"" there are few methods for

evaluating the severity of appendicitis itself before
surgery. In western countries, acute appendicitis is
commonly classified into three grades (i.e., focal,
suppurative, or gangrenous [phlegmonous]), where-
as in Japan it is classified as catarrhal, phlegmonous,
or gangrenous. Because the latter classification
reflects the severity of acute appendicitis based on
inflammation, it may be better correlated with data
for inflammatory markers such as white blood cell
(WBC) count,'">"® neutrophil count,'"* and platelet
count' along with the neutrophil-to-lymphocyte
ratio (NLR).'*"” Similarly, C-reactive protein (CRP)
and albumin are well known to be acute phase
proteins whose serum levels reflect the activity of
inflammatory cytokines. CRP in particular is com-
monly used as an inflammatory marker not only in
acute appendicitis'>'®'” but also in several chronic
inflammatory diseases,>?! including cancer.**

In the present study, therefore, we tried to clarify
the clinical features, including inflammatory mark-
ers, that are most closely associated with gangre-
nous appendicitis.

Materials and Methods

We retrospectively reviewed a database of 314
patients who had undergone open appendectomy
for acute appendicitis, performed by the same trained
surgical team at the Department of Gastroenterolog-
ical Surgery, Dokkyo Medical University Hospital,
between January 2000 and December 2009. Among
these patients, 222 (119 men, 103 women), for whom
sufficient data were evaluable, were enrolled in the
study.

All underwent routine laboratory tests, including
assessment of inflammation-related markers such as
the serum levels of CRP and albumin, and the
Glasgow prognostic score (GPS).

The GPS was estimated as described previous-
ly.*** Briefly, patients with an elevated CRP level
(>1.0 mg/dL) and hypoalbuminemia (<3.5 g/dL)
were allocated a score of 2, patients with only 1 of
these biochemical abnormalities were allocated a
score of 1, and patients with neither were allocated a
score of 0.

Similarly, the recommended cutoff value of the
preoperative NLR was decided using receiver
operating characteristic curve analyses. The recom-
mended cutoff value of the NLR was based on the
most prominent point on the receiver operating
characteristic curve for sensitivity (0.725) and
specificity (0.620). Because these 2 parameters
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indicated a cutoff value of 8.055, the recommended
NLR cutoff value was defined as 8.0. The area under
the receiver operating characteristic curve was 0.679.

The studied patients were divided into three groups
based on the pathologic grades of acute appendicitis
used in Japan: group A, those who had catarrhal
appendicitis; group B, those who had phlegmonous
appendicitis; and group C, those who had gangrenous
appendicitis.

Univariate analysis was performed to examine the
relationships between gangrenous appendicitis and
clinical features such as age (=40/>40 years), sex
(female/male), body mass index (BMI) (kg/ m?), fever
(=37°/>37°C), time until surgery (=1/>1 day), WBC
count (X10°/mm°), neutrophil count (X 10°/mm?),
platelet count (x10*/mm?®), CRP (mg/dL), albumin
(g/dL), GPS (0, 1/2), and NLR (=8/>8).

Multivariate analysis was then performed using
the clinical features found to have a significance level
of P < 0.05 in the univariate analysis to clarify those
most closely associated with gangrenous appendicitis.

The sensitivity and specificity of the features
selected by multivariate analysis were also deter-
mined to estimate their diagnostic value.

Statistical analysis

Data are presented as mean * SD. Differences
among the groups were analyzed using the x> test
and Kruskal-Wallis test. Odds ratios (OR) with 95%
confidence interval (CI) were calculated using
univariate or multivariate analysis, performed using
logistic regression. Statistical analyses were per-
formed using the SPSS statistical software package,
version 16.0 (SPSS Inc, Chicago, Illinois) at a signif-
icance level of P < 0.05.

Results

Table 1 shows the relationships between the clinical
background features and patients with different
forms of acute appendicitis. Mean patient age was
40 years (40 * 19 years, mean * SD, range, 12—
90 years), and the median age was 34 years. There
were 43 patients in group A (catarrhal appendicitis),
99 in group B (phlegmonous appendicitis), and 80
in group C (gangrenous appendicitis). There were
significant intergroup differences in age (=40/
>40 years) (P < 0.001), sex (P = 0.018), fever
(=37°/>37°C) (P = 0.013), appendix perforation
(absence/presence) (P < 0.001), time until surgery
(=1/>1 day) (P = 0.049), operation time (=60/
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Table1 Relationship between clinical background features and patients
with different forms of acute appendicitis

Group A Group B Group C

Variable (n = 43) (n =99 (n =80) P value
Age (y)

=40 37 67 28

>40 6 32 52 < 0.001
Sex

Female 27 47 29

Male 16 52 51 0.018
BMI (kg/m?)

=25 29 76 62

>25 12 17 15 0.330

Undetermined 2 6 3
Fever (°C)

=37 12 34 12

>37 31 65 68 0.013
Perforation

Absence 43 97 44

Presence 0 2 36 < 0.001

Time until surgery (day)

=1 20 65 41

>1 23 34 39 0.049
Operation time (min)

=60 19 35 14

>60 24 63 65 0.004

Undetermined 0 1 1
GPS

0 8 38 13

1 33 45 42

2 2 16 25 < 0.001
NLR

=8 31 56 22

>8 12 43 58 < 0.001

X2 test.

BMI, body mass index; GPS, Glasgow prognostic score; NLR,
neutrophil-to-lymphocyte ratio.

Group A: patients with catarrhal appendicitis; group B: patients
with phlegmonous appendicitis; group C: patients with
gangrenous appendicitis.

>60 minutes) (P = 0.004), GPS (0/1/2) (P < 0.001),
and NLR (=8/>8) (P < 0.001).

Table 2 shows the relationships between the clini-
cal/laboratory parameters and patients with different
forms of acute appendicitis. There were significant
intergroup differences in age (in years) (P < 0.001),
fever (in °C) (P < 0.001), neutrophil count (P = 0.038),
serum CRP level (in milligrams per deciliter) (P <
0.001), serum albumin level (P = 0.004), and NLR (P <
0.001) (by Kruskal-Wallis test).

Univariate analysis to evaluate the association be-
tween clinical/laboratory parameters and gangrenous
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appendicitis demonstrated that age (=40/>40 years)
(OR, 5.083; 95% CI 2.815-9.177; P < 0.001), sex
(female/male) (OR, 1.914; 95% CI 1.091-3.358; P =
0.024), fever (=37°/>37°C) (OR, 2.715; 95% CI 1.339-
5.508; P = 0.006), serum CRP level (OR, 1.084; 95% CI
1.046-1.125; P < 0.001), serum albumin level (OR,
0.431; 95% CI 0.267-0.694; P < 0.001), GPS (0, 1/2)
(OR, 3.131; 95% CI 1.580-6.206; P = 0.001), and NLR
(=8/>8) (OR, 4.170; 95% CI 2.298-7.566; P < 0.001)
were associated with gangrenous appendicitis
(Table 3).

Multivariate analysis of the 7 clinical features to
assess those most closely associated with gangre-
nous appendicitis demonstrated that both age (=40/
>40 years) (OR, 3.435; 95% CI 1.744-6.766; P <
0.001) and NLR (=8/>8) (OR, 3.016; 95% CI 1.535-
5.926; P = 0.001) were closely associated (Table 4),
with sensitivities and specificities of 65% and 27%,
and 73% and 39%, respectively.

Discussion

Although it is difficult to fully explain why group C
had a higher ratio of men to women than groups A
and B in the present retrospective study, a recent
report” described a similar phenomenon. In a
comparison of laparoscopic and open appendecto-
my, the latter group had a higher ratio of men than
women. Although that study investigated children
rather than adults undergoing surgery for acute
appendicitis, the results demonstrated that male
patients tended to have severe appendicitis, for
which open appendectomy, rather than laparoscopic
appendectomy, is indicated.

With regard to age, group C in the present study
had a higher ratio of older patients (>40 years) than
groups A and B. Acute appendicitis tends to occur in
relatively young individuals. It is well known that
diagnosis of appendicitis in older patients is more
difficult than in younger patients. Several previous
studies have demonstrated that older patients some-
times lack not only the typical symptoms of appen-
dicitis, but also the characteristic laboratory data
abnormalities.”® As a result, a higher proportion of
older patients tend have gangrenous appendicitis.

With regard to perforative appendicitis, although
group C had a higher ratio of perforation (45.0%,
36/80) than group B (2.0%, 2/99), there were no
patients with perforation in group A (0, 0/43). These
results clearly confirm that emergency surgery is
mandatory for patients with gangrenous appendicitis
to prevent peritonitis due to perforation. Because
operation time was significantly longer in group C
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Table 2 Relationship between clinical/laboratory parameters and patients with different forms of acute appendicitis

Variable Group A (n = 43) Group B (n = 99) Group C (n = 80) P value
Age (y) 33.0 = 12.0 36.0 = 19.0 50.0 = 20.0 < 0.001
BMI (kg/m?) 23.0 + 4.0 22.0 = 4.0 22,0 = 4.0 0.960
Fever (°C) 374 + 06 374 + 09 379 = 09 < 0.001
WBC count (X 10°/mm?®) 124 + 4.1 13.8 = 4.4 13.6 = 5.1 0.185
Neutrophil count (X 10%/mm?) 97 * 38 114 * 45 117 = 4.8 0.038
Platelet count (X 10*/mm?®) 24.0 + 7.0 24.0 * 6.0 23.0 + 8.0 0.547
CRP (mg/dL) 43 * 45 5.7 + 82 11.0 = 8.8 < 0.001
Albumin (g/dL) 40 + 04 40 * 06 3.7 +07 0.004
NLR 6.0 = 4.0 11.0 = 12.0 13.0 + 10.0 < 0.001

Mean *+ SD, Kruskal-Wallis test.

BMI, body mass index; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; WBC, white blood cell.

Group A: patients with catarrhal appendicitis; group B: patients with phlegmonous appendicitis; group C, patients with gangrenous

appendicitis.

than in groups A and B* suggests that patients with
gangrenous appendicitis also have problems related
to surgery in view of the severe and more advanced
nature of the inflammation.

Similarly, it was obvious that the inflammatory
state in group C patients was more severe than in
groups A and B. Patients in group C not only had
higher fever but also more severe inflammation in
terms of clinical scores such as the GPS and NLR.
However, although these phenomena might reflect the
degree of activity of inflammatory cytokines, includ-
ing interleukin-6,% resulting from local inflammation,
there were some discrepancies in clinical parameters
such as the WBC and platelet counts. Although most
patients (56.8%, 126/222) developed typical symp-
toms and underwent surgery within 24 hours, there

Table 3  Univariate analysis of clinical features in relation to
gangrenous appendicitis

Variable P value Odds ratio 95% CI
Age (=40/>40y) < 0.001 5.083 2.815-9.177
Sex (female/male) 0.024 1.914 1.091-3.358
BMI (kg/m?) 0.555 0.977 0.905-1.055
Fever (=37/>37°C) 0.006 2.715 1.339-5.508
Time until surgery

(=1/>1 day) 0.215 1.418 0.817-2.464
WBC count (X 10%/

mm?) 0.726 1.000 1.000-1.000
Neutrophil count (X

10%/mm®) 0.187 1.000 1.000-1.000
Platelet count (X

10*/mm?) 0.288 0.978 0.938-1.019
CRP (mg/dL) < 0.001 1.084 1.046-1.125
Albumin (g/dL) < 0.001 0.431 0.267-0.694
GPS (0, 1/2) 0.001 3.131 1.580-6.206
NLR (=8/>8) < 0.001 4.170 2.298-7.566

95% CI, 95% confidence interval; BMI, body mass index; CRP,
C-reactive protein; GPS, Glasgow prognostic score; NLR,
neutrophil-to-lymphocyte ratio; WBC; white blood cell.
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were no intergroup differences in complete blood
count (CBC) components, except for neutrophil count.

Generally, under hypercytokinemic conditions,
the increases of CBC components are very rapid in
comparison to the dynamics of acute phase proteins,
such as the increase in the serum level of CRP and the
decrease in the serum level of albumin. This is because
protein synthesis in the liver requires a longer time
than proliferation of CBC components in the bone
marrow. Therefore, it seems rational that gangrenous
appendicitis would have a closer association with
acute phase proteins than with CBC components,
except for the neutrophil count, because of the longer
period until surgery than that for other grades of
appendicitis.

In addition, the results of univariate analysis
revealed that age,26 sex,” fever,”® CRP,* albumin,
GPS, and NLR'® were associated with gangrenous
appendicitis. Among these clinical parameters, CRP
and albumin are the components of the GPS, as well
as being acute phase proteins. These features might
reflect the activity of inflammatory cytokines, along
with fever. Among the CBC components, only NLR
was associated with gangrenous appendicitis.'®

Table 4 Multivariate analysis of selected clinical features in relation to
gangrenous appendicitis

Variable P value Odds ratio 95% CI

Age (=40/>40 y) < 0.001 3.435 1.744-6.766
Sex (female/male) 0.219 1.503 0.785-2.880
Fever (=37/>37°C) 0.395 1.422 0.631-3.205
CRP (mg/dL) 0.117 1.039 0.990-1.090
Albumin (g/dL) 0.544 0.770 0.331-1.793
GPS (0,1/2) 0.805 0.858 0.256-2.879
NLR (=8/>8) 0.001 3.016 1.535-5.926

95% CI, 95% confidence interval; CRP, C-reactive protein; GPS,
Glasgow prognostic score; NLR, neutrophil-to-lymphocyte ratio.
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Interestingly, however, multivariate analysis dem-
onstrated that age and NLR were associated with
gangrenous appendicitis.

With regard to NLR, a recent s’cudy17 has assessed
its relationship with acute appendicitis based on an
analysis of 1117 patients Irss than 16 years of age.”!
Although the investigators used a statistical cutoff
value of P < 0.1, they concluded that NLR appears to
have greater diagnostic accuracy than either WBC or
CRP alone. This conclusion strongly supports the
results of our present study, in that NLR, rather than
either CRP or albumin alone, showed a close relation-
ship with gangrenous appendicitis. In addition,
because the GPS has been established as an inflamma-
tion-based prognostic system for several types of
cancer associated with chronic inflammation,*** there
is a degree of difficulty in applying it for assessment of
severe inflammation such as that in acute appendicitis.

Finally, comparison of age and NLR demonstrat-
ed that the latter was diagnostically superior to the
former, the respective sensitivities and specificities
being 65% and 27%, and 73% and 39%. Because NLR
was a better diagnostic indicator than age for
gangrenous appendicitis, patients undergoing sur-
gery for acute appendicitis can be regarded as having
a greater risk of gangrenous appendicitis (OR, 4.170) if
they show a high NLR level (>8).

Thus, preoperative NLR (>8) appears to be the
most valuable predictor of gangrenous appendicitis
in patients undergoing surgery for acute appendici-
tis. In addition, although older patients with acute
appendicitis sometimes wait longer to operation
because of the lack of typical symptoms,® higher
preoperative NLR level (>8) can predict severe
acute appendicitis as well as appropriate imaging
studies such as computed tomography”’ and mag-
netic resonance imaging.
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