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How to avoid negative appendectomies:

Can US achieve this?

Kinyas Kartal, M.D., Pinar Yazici, M.D., Taner Mehmet Unlii, M.D.,
Mehmet Uludag, M.D., Mehmet Mihmanli, M.D.
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ABSTRACT

BACKGROUND: Clinical diagnosis of acute appendicitis is based primarily on symptoms and physical findings. However, diagnosis of
appendicitis is not always straightforward. The aim of this study was to demonstrate the diagnostic effectiveness of ultrasonography
(US) in these cases in combination with white blood cell count (WBC) and C-reactive protein (CRP) level.

METHODS: Retrospective analysis of data collected on 470 consecutive patients who underwent appendectomy at the same institu-
tion between January 2014 and January 2016 was conducted. Data included demographic features, preoperative WBC and CRP levels,
and US measurement of diameter of appendix. Patients were divided into 3 groups: lymphoid hyperplasia (LH), non-complicated acute
appendicitis (NCAA), and complicated acute appendicitis (CAA), according to postoperative histopathological examination results.

RESULTS: There were 331 male and |39 female patients with mean age of 32.29£11.44 years included in the study. Mean WBC level
was 12.3110%/pL (£4.47 103/pL), 13.3 103/l (£3.87 10%/uL) and 14.08 10%/uL (£4.11 10%/pL) in LH, NCAA, and CAA groups, respec-
tively (p=0.016). Mean CRP level was 14.2+19 mg/L, 36.9+59 mg/L, and 40.8£66 mg/L in LH, NCAA, and CAA groups, respectively
(p=0.008). Mean outer diameter of the vermiform appendix on US was 4.8 mm (£3.9 mm), 6.9 mm (+4.08 mm) and 7.6 mm (£3.92
mm) in LH, NCAA, and CAA groups, respectively (p<0.01). When all variables were compared with each other, there were statistically
significant differences in US findings according to group.

CONCLUSION: WBC count and CRP level were higher in patients with acute appendicitis, but these findings alone were insufficient
for definitive diagnosis. US findings were effectual both in diagnosis and demonstration of severe inflammation. US should be combined
with laboratory tests and used as standard initial imaging in diagnostic pathway of patients with clinically suspected appendicitis. The
authors of this study believe that this diagnostic pathway will reduce negative appendectomy rate.
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INTRODUCTION

Worldwide, appendicitis is most common cause of acute ab-
dominal pain involving surgical intervention.l" Clinical diag-
nosis of acute appendicitis is based primarily on symptoms
and physical findings. However, diagnosis of appendicitis is not
always straightforward. Authors of large prospective studies
have reported removal rate in negative appendectomy of be-
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tween 22% and 30%.] There has been continuous search
for complementary diagnostic methods to limit number of
negative appendectomies without delaying the diagnostic
process or increasing rate of complication due to perforation.

Convenient medical history combined with clinical examina-
tion to elicit common physical signs associated with local-
ized peritonitis is usually enough to make diagnosis of acute
appendicitis. Diagnosis is usually supported by the presence
of elevated level of inflammatory markers white blood cell
count (WBC) and C-reactive protein (CRP), and use of imag-
ing techniques, such as ultrasonography (US) and computed
tomography (CT). However, several studies have demon-
strated that individually they are neither sufficient nor suit-
ably specific for the diagnosis of acute appendicitis.[!

Aim of the present study was to illustrate diagnostic effec-

tiveness of US in the diagnosis of acute appendicitis when
combined with WBC and CRP levels.
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MATERIALS AND METHODS

Retrospective analysis of data related to all consecutive pa-
tients who underwent appendectomy at our institution dur-
ing 2-year period (from January 2014 to January 2016) was
conducted. All data, including patient demographic features;
laboratory tests, including WBC and CRP levels; US outer
diameter measurement of the vermiform appendix; and histo-
pathology results, were obtained from hospital computerized
record system. All patients were evaluated in 3 groups accord-
ing to histopathological examination: (1) lymphoid hyperplasia
(LH), which was considered negative appendectomy; (2) non-
complicated acute appendicitis (NCAA), those with only basic
inflammatory changes; and (3) complicated acute appendicitis
(CAA) in presence of necrosis, gangrene, or perforation.

The study protocol was approved by the ethics and research
committee of Sisli Hamidiye Etfal Training and Research Hos-
pital.

Appendectomy was performed conventionally or laparoscop-
ically. Leukocytosis was defined as WBC greater than 10.3
[0%/uL, and CRP was considered elevated if the level was
more than 5 mg/L. Outer diameter of the vermiform appen-
dix as measured with US of >6 mm was considered positive
for acute appendicitis. US assessments were performed with
Toshiba Aplio 300 device (Toshiba Medical Systems Corp.,
Otawara, Japan) with 3.5-MHz transducer.

Patient variables were analyzed using NCSS 2007 statisti-
cal software (NCSS, LLC, Kaysville, UT, USA). Continuous
variables were expressed as mean and standard deviation or
range and median. Sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of WBC,
CRP, and US findings were calculated separately or in com-
bination for all patients. One-way analysis of variance test
was used to analyze difference between means of variables
between patient groups. Dunn’s multiple comparison test was

Table |I. Demographic data of patient groups

used in comparison of subgroups. -P values were calculated
using the chi-square statistic. Results were considered statis-
tically significant when -p value was <0.05.

RESULTS

Between January 2014 and January 2016, 513 appendectomies
were performed at the same institution. Total of 43 patients
were not included in the study after applying exclusion cri-
teria (16 patients’ pathology reports could not obtained, 15
patients’ US reports could not obtained, 6 patients declined
surgery and were admitted to another hospital, results of 4 pa-
tients were considered histologically malignant, | patient un-
derwent elective surgery with indication of interval appendec-
tomy, and | patient’s blood test results could not obtained). In
all, 470 patients were included in the study; 331(70.42%) were
men and 139 (29.58%) were women. Mean age of the patients
was 32.29+11.44 years (range: 17 to 82 years).

There were no statistically significant differences in terms of
age, average age, or gender between LH, NCAA, and CAA
groups (p=0.318, p=0.555, and p=0.224, respectively). There
were 39 patients (8.3%) with negative appendectomy (LH
group), of whom 24 were men and |5 were women. Number
of patients with NCAA was 195, of whom 133 were men and
62 were women. CAA group numbered 236, of whom 174
were men and 62 were women (Table ).

Mean WBC level was 12.31 10%/pL (+4.47 10%/uL), 13.3 10%/
pL (£3.87 10%pL), and 14.08 103/uL (£4.11 10%/pL) in LH,
NCAA, and CAA groups, respectively. There was a significant
difference between groups (p=0.016).

Mean CRP level was 14.27 mg/L (£19.38 mg/L), 36.93 mg/L
(£59.44 mg/L) and 40.84 mg/L (£66.68 mg/L) in LH, NCAA,
and CAA groups, respectively. A significant difference be-
tween groups was found (p=0.008). Mean CRP level of LH
group was determined to be significantly lower than that of

Lymphoid hyperplasia

Non-complicated acute

Complicated acute -p

(n=39) appendicitis (n=195) appendicitis (n=236)
Mean age, Mean+SD 31.13+9.75 31.57+£10.39 33.07+12.47 0318
Age groups, n (%)
17-30 24 (61.54) 103 (52.82) 120 (50.85) 0.555
3045 13 (33.33) 66 (33.85) 80 (33.90)
45-60 1 (2.56) 22 (11.28) 26 (11.02)
>60 | (2.56) 4 (2.05) 10 (4.24)
Gender, n (%)
Men 24 (61.54) 133 (68.21) 174 (73.73) 0.204
Women 15 (38.46) 62 (31.79) 62 (26.27)
SD: Standard deviation.
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NCAA and CAA groups (p=0.012, p=0.002, respectively).
There were no statistically significant differences between
NCAA and CAA groups in terms of CRP level (p=0.364).

Mean outer diameter of the vermiform appendix on US was
4.86 mm (£3.93 mm), 6.98 mm (+4.08 mm) and 7.63 mm
(£3.92 mm) in LH, NCAA, and CAA groups, respectively.
There was a significant difference between groups (p=0.0001).
Mean outer diameter of the vermiform appendix in LH group
was significantly smaller than that of NCAA and CAA groups
(p=0.002 and p=0.001, respectively). Outer appendix diameter
was smaller in NCAA group when compared with CAA group,
and difference was statistically significant (p=0.009) (Table 2).
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When all variables were compared with each other, US find-
ings revealed statistically significant differences between 3
groups. WBC count was only statistically significant in sepa-
ration of LH and CAA groups. CRP was statistically signifi-
cant in differentiation of LH group from NCAA and CAA
groups. The only statistically significant difference between
NCAA and CAA were outer appendiceal diameter mea-
sured by US (Table 3).

Sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), and logistic regression values for data
were calculated and statistical comparison was performed
between groups (Table 4, 5).

Table 2. Results of white blood cell, C-reactive protein, and ultrasonography findings with -p values
Lymphoid hyperplasia Non-complicated acute Complicated acute P
appendicitis appendicitis
MeantSD MeanSD MeantSD
White blood cell (10%/pL) 12.31+£4.47 13.3£3.87 14.08+4.1 | 0.016
C-reactive protein (mg/L) 14.27£19.38 36.93+59.44 40.84+66.68 0.008
Ultrasonography (mm) 4.86+3.93 6.98+4.08 7.63%£3.92 0.0001

SD: Standard deviation.

Table 3.

Comparison of white blood cell, C-reactive protein, and ultrasonography findings in all groups

Dunn’s multiple comparison test

White blood cell C-reactive protein Ultrasonography

Lymphoid hyperplasia/Non-complicated acute appendicitis

Lymphoid hyperplasia/Complicated acute appendicitis

Non-complicated acute appendicitis/Complicated acute appendicitis

0.340 0.012 0.002
0.031 0.002 0.0001
0.117 0.364 0.009

Table 4. Overall performance values of white blood cell, C-reactive protein, and ultrasonography findings for patients with
non-complicated acute appendicitis compared with lymphoid hyperplasia group
Cut-off Sensitivity Specificity Positive predictive Negative predictive Logistic
value value reggression (+)
White blood cell (10%/uL) >11.6 69.23 53.85 88.2 259 1.50
C-reactive protein (mg/L) >|.52 84.62 3846 87.3 333 1.37
Ultrasonography (mm) >7.2 59.49 71.79 91.3 26.2 2.11

Table 5. Overall performance values of white blood cell, C-reactive protein, and ultrasonography findings for patients with
complicated acute appendicitis compared with lymphoid hyperplasia group
Cut-off Sensitivity Specificity Positive predictive Negative predictive Logistic
value value reggression (+)
White blood cell (10%/pL) >15.43 38.56 89.74 95.8 19.4 3.76
C-reactive protein (mg/L) >|.52 86.02 38.46 894 31.2 1.40
Ultrasonography (mm) >7.2 68.22 71.79 93.6 27.2 242

136

Ulus Travma Acil Cerrahi Derg, March 2017, Vol. 23, No. 2



Kartal et al. How to avoid negative appendectomies

DISCUSSION

Over the past century, diagnosis of acute appendicitis has
been based on medical history, physical examination findings,
and to a lesser extent, laboratory results.”? However, diagno-
sis of appendicitis usually cannot be evaluated only based on
these examinations.®!

Multiple scoring systems, such as the Alvarado and modified
Alvarado scoring systems, have been used to improve the ac-
curacy of diagnosis of acute appendicitis.”''l These scoring
systems have proven successful in Western countries; howev-
er, when applied in different environments, such as the Middle
East and Asia, sensitivity and specificity levels achieved have
been very low.['2!3]

Most common laboratory tests used in the diagnosis of ap-
pendicitis are WBC and CRP. Many studies have confirmed
accuracy and effectiveness of these tests.['*'®l Nevertheless,
none of these tests is sufficient or suitably specific to de-
crease negative appendectomy rate by itself.

In the present study, WBC level had a directly proportional
relationship to severity of inflammation in all groups. Mean
WBC level was statistically significant between 3 groups.
However, when subgroup analysis was performed using
Dunn’s multiple comparison test, there was no significant dif-
ference between NCAA and CAA groups. Therefore, WBC
count alone was not helpful to differentiate NCAA from
CAA. Rafiq et al.l'! evaluated 408 patients with acute appen-
dicitis and reported similar results.

In our study, specificity and sensitivity of WBC count were
89.74% and 38.56%, respectively, with a cut-off value of WBC
count >15.43 103/puL. While there was a statistically signifi-
cant relationship between total WBC and acute appendici-
tis, this relationship is not believed to be clinically useful on
its own. Likewise, Cardall et al.l'¥ also reported insufficient
specificity and sensitivity rates for WBC count in the diagno-
sis of acute appendicitis.

Although there was a statistical difference in mean CRP
level between all groups, it was similar between NCAA and
CAA groups. Therefore, CRP may be useful to differentiate
LH from acute appendicitis, but not useful to determine the
severity of inflammation. On the contrary, Amalesh et al.l'”!
noted that neither elevated nor normal CRP level was helpful
in the diagnosis of acute appendicitis. This result may be due
to the pediatric patient population of their study.

Appendix diameter of >6 mm is usually considered positive
for acute appendicitis.?” In this study, diameter measurement
was significantly smaller in LH group compared with other 2
groups. US was useful to differentiate LH from NCAA and
CAA. Also, US was helpful to determine inflamed appendix
and surrounding tissue, as well as free intra-abdominal fluid.
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Poortman et al.?"l suggested an algorithm for the diagnosis of
acute appendicitis and performed a comparative analysis of
the accuracy of US and CT. They noted the importance of US
as an initial imaging technique in the diagnosis of acute appen-
dicitis to avoid negative appendectomy and recommended
CT only in patients with negative or inconclusive US findings.
In the present study, negative appendectomy rate (8.29%)
was lower when compared with current literature. This can
be attributed to the routine use of US in the diagnosis of
acute appendicitis at our clinic.

Conclusion

Elevated WBC count and CRP level are associated with acute
appendicitis, but US findings are more effectual both in the
diagnosis and demonstration of severe inflammation. The US
should be used as standard initial imaging test in the diagnosis
of acute appendicitis.

Conflict of interest: None declared.
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ORIJINAL CALISMA - OZET

Negatif apendektomilerden kaginmanin yolu: Ultrasonografi bunu basarabilir mi?
Dr. Kinyas Kartal, Dr. Pinar Yazici, Dr. Taner Mehmet Unlii, Dr. Mehmet Uludag, Dr. Mehmet Mihmanh

Sisli Hamidiye Etfal Egitim ve Arastirma Hastanesi, Genel Cerrahi Klinigi, Istanbul

AMAC: Akut apandist tanisi, genellikle semptomlar ve fizik muayene bulgulari ile konulabilmektedir. Fakat, apandist tanisini kesinlestirmek her
zaman kolay olmamaktadir. Bu galismada, akut apandist tanisinda ultrasonografinin (USG), beyaz kan hiicresi (WBC) ve C-reaktif protein (CRP)
bulgulariyla birlikte kullaniminin apandist tanisindaki yerini géstermeyi amagladik.

GEREC VE YONTEM: Ocak 2014-Ocak 2016 arasinda, merkezimizde akut apandist tanisi ile ameliyat olan 470 hastanin bilgileri geriye déniik
olarak tarandi. Hastalarin patoloji sonuglari, CRP ve WBC diizeyleri ve USG sonuglari istatistiksel olarak karsilastirildi. Hastalar patoloji sonuglarina
gore, lenfoid hiperplazi (LH), komplike olmayan akut apandist (KOAA) ve komplike akut apandist (KAA) olarak ti¢ grubu ayrildi.

BULGULAR: Ug yiiz otuz bir erkek 139 kadin hastanin ortalama yasi 32.29+ | |44 olarak saptandi. Ortalama WBC diizeyi, LH grubunda 12.31 103/
uL (£4.47), KOAA grubunda 13.3 10%/uL (£3.87) iken KAA grubunda 14.08 10°/uL (+4.11) olarak saptandi (p=0.016). Ortalama CRP diizeyi LH
grubunda 14.27 mg/L (£19.38) iken, KOAA grubunda 36.93 mg/L (£59.44) ve KAA grubunda 40.84 mg/L (+66.68) olarak saptandi (p=0.008).
Sonografik olarak dlglilen ortalama apendiks ¢api LH grubunda 4.86 (£3.93) iken, KOAA grubunda 6.98 mm (£4.08) ve KAA grubunda 7.63 mm
(£3.92) olarak saptandi (p=0.0001). Tiim degiskenler altgruplar arasinda analiz edildiginde USG bulgularinin tim gruplar arasinda da anlamli farka
sahip oldugu gézlemlendi.

TARTISMA: Akut apandisit tanisi alan hastalarin WBC ve CRP degerlerinin istatistiksel olarak anlamli oranda yiiksek oldugu fakat bu bulgunun kesin
tani igin yeterli olmadigi gézlendi. Ultrasonografi bulgularinin hem enflamasyonun siddetini belirlemede hem de apandist tanisi konulmasinda etkin
oldugu gorildi. Ultrasonografinin akut apandist siiphesi bulunan hastalarda laboratuvar testleri ile kombine edilerek standart goriintlileme incele-
mesi olarak uygulanmasi gerektigini diisinmekteyiz. Bu tani sisteminin negatif apendektomi oranini azaltacagina inanmaktayiz.

Anahtar sozclikler: Akut apandisit; C-reaktif protein; I6kositoz; negatif apendektomi; ultrasonografi.
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