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Abstract

Background

Even today, the diagnosis of acute appendicitis (AA) is
still problematic. Here, we offer a new palpation sign
for the diagnosis of AA. In this study, we evaluate the
efficacy of the sign for the diagnosis of atypical forms

of AA (i.e., in children and women of childbearing

age).

Methods

We have retrospectively analysed 2245 patients -
children (aged 0-12), men (aged 12-18) and women of
childbearing age (aged 12-45) with suspected AA, 401

of whom underwent surgery. Patients were divided
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into one of three age categories and, based on clinical
data and histological findings, were defined as either
false negative, false positive, or positive. Confirmed
positive AA was defined based on histological
findings, and confirmed negative AA was defined by
histological findings as well as on clinical follow-up.
Pearson’s correlation analysis was wused for the
assessment of the correlation between the patient’s
gender, age as well as their clinical and histological

findings.

Results

Based on these statistical results, we came to the
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following results. In children (aged 0-12, male/female)
and in women of childbearing age (aged 12-45), we
observed 14 (3,46%) false negative clinical findings
for the palpation sign. In children and women of
childbearing age, we observed a higher percentage of
palpation sign positivity compared to false positivity.
The new palpation sign minimizes unindicated
revisions of the abdominal cavity, serves as a reliable
indicator for surgery and is suitable for the diagnosis of
AA in atypical forms (i.e., in children and women of
childbearing age) with a sensitivity of 95,57%, a
specificity of 95,78%, a positive predictive value of
67,86%, a negative predictive value of 99,50%, a
positive likelihood ratio of 24,28, a negative likelihood
ratio of 0,05 and an accuracy of 95,9%. The negative
appendectomy rate in women of childbearing age was
9.22% and in children 6,72%.

Conclusion

We conclude that the new palpation sign is effective (r
> (0.95) for the diagnosis of atypical forms of AA (i.e.,
in children and women of childbearing age). It is
aimed principally at the medical practitioners in
different parts of the world and in a state of emergency
(Covid-19 pandemic, wars, etc.) where the diagnostic

facilities and technological resources are limited.

Keywords: Atypical forms of acute appendicitis;

New palpation sign

1. Background

Acute appendicitis (AA) is defined as a non-specific
bacterial inflammation of the worm-like appendage of
the colon. The doyen of Czechoslovakian surgery,
academician Arnold Jirasek, defines acute appendicitis
as “an insidious, unpredictable, and dangerous disease
which causes diagnostic difficulties with its

unpredictable onset and course” [1]. In the classic form
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of AA with typical symptoms, diagnosis is relatively
simple, while atypical forms of AA result in diagnostic
difficulties [2-5]. Patients with the most common
atypical form of AA include children and women of
childbearing age. The course of AA in a woman of
childbearing age can be confusing, causing the
diagnostic difficulties. This results from an atypical
course of pain, where the original Volkovich—Kocher
sign is suppressed and a colic pain in the ab-domen or
right adnexa is dominant. The anatomical proximity of
the appendix to the internal genitalia causes frequent
confusion of AA with gynaecological diseases (e.g., an
ectopic pregnancy, pelvic inflammatory disease, or
complicated ovarian cyst) [6-8]. AA is more common
in men than in women (3:2) [9]. Despite these
statistical data, the lifetime risk of an acute
appendectomy in women is higher than in men (2:1),
which can be explained by the more demanding
diagnostic procedures required for female AA, with a
higher number of preventive, negative appendectomies
[10]. Delayed AA diagnosis in women of childbearing
age may lead to perforation of the appendix, resulting
in tragic con-sequences regarding sterility [11-13].
Overall, 1- 8% of children presenting with abdominal
pain have AA [14]. AA is rare condition in children
under 6 years of age and is often diagnosed with delay
in this age group [15]. Even with the development and
availability of sophisticated imaging techniques, these
methods have not eliminated complications in cases of
paediatric AA, such as perforation, abscess formation,
or diffuse peritonitis. A recent study showed a
significant increase of perforation in relation with age
as follows: 100% < 1 year; 100% 1-2 years; 83,3% 2-3
years; 71,4% 3-4 years; 78,6% 4-5 years and 47,3% 5
years [16-19]. The reason for this is the delayed
diagnosis of the disease. This delay is caused by its
non-specific clinical manifestation, which is often
covered up by other non-specific childhood diseases,
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as well as the child’s inability to describe and specify
their own health problems [20,21]. The rate of
incorrect diagnosis concerning AA ranges from 28% to
57% in 2- to 12-year-old children, and is almost 100%
in children under 2 years of age [22]. Anamnesis and
clinical examination remain the basic diagnostic
approaches, and allow approximately 84% of patients
with AA to be diagnosed [23]. The aim of this study is
to offer surgeons a new palpation sign as a reliable tool
for the diagnosis of atypical forms of AA (i.e., in
children and women of childbearing age) and an

effective indicator for surgical intervention.

2. Methods

In this study, with the use of the new palpation sign
that has been in practice for 12 years (2006—2018), we
retrospectively analysed 2245 patients - children (aged
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0-12), men (aged 12-18) and women of childbearing
age (aged 12-45) who were examined for suspected
AA at the Department of Oncological Surgery, St.
Elizabeth Hospital, Medical School of Comenius
University in Bratislava, Slovak Republic, and the
Department of General Surgery, Liptovsky Mikulas
Hospital, Slovak Republic. Of these patients, 401 of
required surgery (Tables 1 and 2). All experiments
described in this work were approved by the Comenius
University Institutional Review Board and Liptovsky
Mikulas Hospital Institutional Review Board and
performed in accordance with relevant guidelines and
regulations. All participants provided written, informed
consent prior to participating in the study. For
participants under the age of 18, informed consent was
obtained from a parent and / or legal guardian for both

study participation, and publication of images.

Characteristics of Patients 0-12 Years 12-18 Years 18-45 Years
Sex
Male 158 (7.03%) 446 (19.86%) 0
Female 236 (10.51%) 570 (25.38%) 835 (37.19%)

Table 1: Total number of patients examined (n = 2245).

Characteristics of Patients 0-12 Years 12-18 Years 18-45 Years
Sex
Male 55 (13.71%) 119 (29.67%) 0
Female 35 (8.72%) 42 (10.47%) 150 (37.40%)

Table 2: Total number of patients operated upon (n = 401).

Inclusion criteria

Patients- children (aged 0-12, male/female), men (aged
12-18) and women of childbearing age (aged 12-45)
with clinically diagnosed AA (using the new palpation

sign) without symptoms of diffuse peritonitis.

Exclusion criteria

Patients after appendectomy, patients with a history of
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inflammatory bowel disease (Crohn’s disease or
ulcerative colitis), clinical symptoms lasting more than
48 h, and men aged 18-45.

New Palpation Sign
The new palpation sign (described by Vitezslav Marek
in 2020) belongs to the group of viscerosomatic

palpation signs.
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Description of the New Palpation Sign

“Clinical examinations of patients have been
performed by experienced surgeons familiarized with
the principle of the new palpation sign. We place the
patient on his/her left side with their knees bent. In
children, we palpate the abdomen with our right hand.
The thumb is located in the lumbar region and pushes
into the abdominal cavity. Using 2 to 4 fingers, the

surgeon pushes the abdominal wall of the right
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hypogastrium into the abdominal cavity. If they notice
pulsation of the iliac artery, the sign is considered
negative, i.e., this sign excludes AA. If a deep
palpation induces a contracture of the abdominal wall
which does not allow the pulsation of the iliac arteries
to be felt, even when the child is exhaling, the sign is
considered positive, i.e., there is a high probability of

acute appendicitis (Figure 1)” [24].

Figure 1: (a) Examination of a child younger than two years of age. Position of the “pieta di Michelangelo” (authors

archive). (b) Examination of a child older than two years of age (authors archive).
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“We examine the abdomen of a woman of childbearing
age bimanually. The thumbs press on the lumbar
region, pushing it into the abdominal cavity. Using the
fingers of both hands, the surgeon pushes the
abdominal wall of the right hypogastrium into the
abdominal cavity. With pulsation of the iliac artery
during palpation, the sign is considered negative, i.e., it

DOI: 10.26502/jsr.10020205

excludes AA. Attention should be paid to examining
the internal genitalia of the woman. If deep palpation
induces a contracture of the abdominal wall that does
not allow the pulsation of the iliac artery to be felt, the
sign is considered positive, i.e., there is high

probability of acute appendicitis (Figure 2)” [24].

Figure 2: Examination of a woman of childbearing age (authors archive).

Statistical Analysis

We performed Pearson correlation analysis to
determine the correlation between the distribution of
the patients’ gender and age, as well as their clinical

and histological findings.

3. Results
The demographic data for patients included the
following: age, gender, clinical data (new palpation

sign), and histological findings (phlegmonous
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appendicitis, gangrenous  appendicitis, negative
histological finding). Confirmed positive AA was
defined based on histological findings, and confirmed
negative AA was defined by histological findings as
well as on clinical follow-up. Based on age, patients
were divided into one of three age categories (0-12,
12-18, and 18-45). Based on the correlation between
clinical and histological findings, the clinical
examination was defined as either a false negative,

false positive, or positive (Table 3).
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Characteristi

cs of Patients 0-12 Years

12-18 Years

18-45 Years

Pearson’s Chi-

s .
Pearson’s Correlation Test squared Test

False-Negative Clinical Findings (Marek —)

r = -0.010 total number versus

false-negative clinical findings

Sex
Male 3 (0.75%) 0 0
Female 3 (0.75%) 5 (1.25%) 3 (0.75%)

False-positive clinical findings (Marek +)

5.355 x 10 %

Pearson’s chi-

squared test

Sex r = 0.951 total number versus
Male 17 (4.24%) | 21 (5.24%) 0 false-positive clinical findings
Female 10 (2.49%) | 11 (2.74%) 26 (6.48%)
Positive clinical findings (Marek +)
Sex r = 0.996 total number versus
Male 35 (8.73%) | 98 (24.44%) 0 positive clinical findings
Female 22 (5.49%) | 27(6.73%) | 120 (29.93%)

Table 3: Clinical findings of the patients that were operated upon (n = 401).

1. We found a strong correlation (r > 0.95) for the
distribution of the total number of examined patients
(grouped by sex and age) versus false-positive clinical
findings, and also for the total number of examined
patients (grouped by sex and age) versus positive
clinical findings (Table 3). Pearson’s chi-squared
analysis showed no significant differences between the
expected and observed frequencies of both the clinical
and histological findings.

Based on these statistical results, we came to the
following conclusions:

2. In children (aged 0-12, male/female) and in women
of childbearing age (aged 12-45), we observed 14
(3,46%) false negative clinical findings for the
palpation sign.

3. In children and women of childbearing age, we
observed a higher percentage of palpation sign
positivity compared to false positivity (Table 3). The
new palpation sign minimizes unindicated revisions of
the abdominal cavity, serves as a reliable indicator for
surgery and is suitable for the diagnosis of AA in
atypical forms (i.e., in children and women of
childbearing age) with a sensitivity of 95,57%, a
specificity of 95,78%, a positive predictive value of
67,86%, a negative predictive value of 99,50%, a
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positive likelihood ratio of 24,28, a negative likelihood
ratio of 0,05 and an accuracy of 95,9%.

4. Discussion

In this study, we have proposed a new palpation sign
for the diagnosis of atypical forms of AA (i.e., in
children and women of childbearing age). Based on
our experience and the statistical data (r > 0.95), the
sign is not only effective for the diagnosis of atypical
forms of AA, but also for the indication of surgery.
The effectiveness of the new palpation sign was
objectified by histological examination. Anamnesis
and clinical examination remain the primary diagnostic
procedures for AA. Examination via palpation of the
abdomen represents a key part of the clinical
examination for AA. Abdominal palpation is a difficult
skill to master in the clinical examination. Its
effectiveness can be enhanced by understanding the
clinical nature of each palpation sign and the ability to
find synchronicity between each sign. This forms the
cornerstone of proper AA diagnosis. The main
disadvantages of the original palpation signs
(i.e.,McBurney, Alder, Blumberg- Shchetkin) include a
consid-erable  degree  of  subjectivity.  Their

effectiveness is based on a subjective evaluation of the
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degree of pain and contracture of the abdominal wall
during palpation. Palpation of the pulsation of the iliac
arteries, which is the main part of the new palpation
sign, is an objective indicator that reduces the degree
of subjectivity and ensures reproducibility. With a
higher degree of objectivity, the sensitivity and
specificity of the new palpation sign increases. The
sensitivity of the new palpation sign is 95,57% and the
specificity 95,78%. Imaging examinations (US and
CT) are used to supplement diagnostic examinations.
Overall sensitivity and specificity of US is 65,5- 76%
and 95% and for CT is 72-99% and 84%, respectively
[25,36]. Point-of-care ultrasonography (POCUS) has
proven to be a valuable diagnostic tool in diagnosing
AA and has a positive impact on clinical decision-
making [26]. The meta-analysis by Matthew Fields et
al. found that the sensitivity and specificity for POCUS
in diagnosing AA were 91% and 97%, respectively.
The positive and negative predictive values were 91%
and 94%, respectively [27]. POCUS, if performed by
an experienced operator, should be considered the
most appropriate first-line diagnostic tool in both
women of childbearing age and children. In patients
with atypical forms of AA, routine diagnostic
laboratory workup for suspected AA should include
WBC, the differential with the calculation of the
absolute neutrophil count (ANC), neutrophil -to-
lymphocyte ratio (NLR), C-reactive protein (CRP), red
cell distribution width [48,49] and urinalysis. Recently,
ischemia-modified albumin (IMA) and procalcitonin
levels have been used to determine the prediction of
severity in AA patients [28,29]. A combination of
clinical examination (with new palpation sign),
laboratory tests, and US may significantly improve

diagnostic sensitivity and specificity and eventually
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replace the need for CT scan in both women of
childbearing age and children [30,37]. Recent studies
from the Finnish group led by Salminen demonstrated
that the diagnostic accuracy of contrast-enhanced low-
dose CT is not inferior to standard CT in diagnosing
AA or distinguishing between uncomplicated and
complicated AA. However, the mean radiation dose of
low-dose CT was significantly lower compared with
standard CT (3.33 and 4.44 mSv, respectively) (31).
Pain in the right hypogastrium in women of
childbearing age still presents a diagnostic problem.
The incidence of incorrect diagnoses is as high as 33%
[32]. AA is most often mistaken for pelvic
inflammatory disease (PID), gastroen-teritis, or urinary
tract infection. The typical cause of a diagnostic
mistake is an atypical type of pain, such as a mostly
diffuse, colic, bilateral pain in the abdomen or right
adnexa. The typical transition of visceral pain to
somatic pain is absent [6-8]. Delayed AA diagnosis
may result in perforation of the appendix, leading to
tragic consequences for women of childbearing age in
terms of sterility [11-13]. The advantage of the new
palpation sign is its viscerosomatic character. Thanks
to the visceral reflex arc, the sign ena-bles the
diagnosis of AA even before the onset of somatic pain
with peritoneal symptoms, thus eliminating one of the
important factors that contributes to diagnostic
mistakes in women of childbearing age [24].
Laparoscopic appendectomy is indicated in women
with suspected AA with positive clinical examination
(new pal-pation sign), high US (POCUS) suspicion
and negative gynaecological examination. If the
clinical examination (new palpation sign) is negative,
with high US (POCUS) suspicion we prefer diagnostic
+/- therapeutic laparoscopy (Figure 3).
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Women of chilbearing age with suspected AA

<>

@

g

Clinical examination [new Clinical examination (new Clinical examination (new
palpation sign) positive palpation sign) negative palpation sign) negative
US [POCUS) confirmed AA
Gynecological examination | US (POCUS) suspicion Af l | US [POCUS) negative |
negative
Diagnostic +/- therapeutic Observation (re-examine
| Laparoscopic appendetomy | laparoscapy after 6-8 hours)

5

=

In case of failure |

Figure 3: Algorithm for diagnosis and treatment of women of childbearing age with suspected AA (authors archive).

Diagnostic laparoscopy allows direct visualisation of
the intra-abdominal organs with low morbidity and
may find unexpected concomitant pathologies. Larsson
et al prospectively randomised 110 women of
childbearing age with right lower abdominal pain and
suspected appendicitis into open or laparoscopic
appendectomy. They found that among the women
with a normal appendix, a gynaecological diagnosis
was found in 73% after laparoscopy, as compared with
17% after open surgery [44]. Lim et al found that the
diagnostic accuracy of the diagnostic laparoscopy
compared with other imaging methods (US,CT), was
higher. The women of childbearing age had a
particularly high specificity (95-100%) for diagnostic
laparoscopy compared with imaging groups (US,CT)
[45]. The difficulty with laparoscopy for the diagnosis
of acute appendicitis is that the negative appendectomy
rate is higher than open appendectomy because of the
absence of tactile feedback. Kraemer et al. found that
the negative rates were 22% for laparoscopic

appendectomy and 15% for open appendectomy [47].
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Garbarino and Shimi found that routine use of
diagnostic laparoscopy in women of this age
significantly reduced the negative appendectomy rate
to 5%, compared with selective use of diagnostic
laparoscopy in this group of patients (with typical
presentation of RLQ), which reduced the negative
appendectomy rate to 31% (insignificant) [46]. Our
study revealed that the negative appendectomy rate
was 9,22 %. False negative clinical findings occurred
in 8 (2,0%) women of childbearing age, of which 3
women had a retrocecal position of the appendix, 4
women had a BMI > 25 kg/m® and 1 woman had a
subhepatically located caecum and appendicitis due to
anomalies in fetal gut rotation. We do not indicate
conservative treatment in this group of patients due to
the risk of a two-stage rupture of the appendix and
recurrence of the disease (12,2-30% within 1 year)
[33,34].

The diagnosis of AA in children is also problematic. In

particular, younger children are not able to adequately

Vol. 5 No. 1- March 2022. [ISSN 2640-1002] 108



J Surg Res 2022; 5 (1): 101-114

assess and describe their health problems. In such
cases, children are often bad-tempered and refuse to
sleep, eat, or drink. Children typically do not respond
to caressing and are not satisfied in their mother’s
arms. In most cases, the mother suspects that the child
only has a stomach ache and is unable to substantiate
the problem exactly. In such cases, the
recommendation of Professor ToSovsky applies: “We
must never contradict the mother’s opinion due to our
pro-fessional knowledge. It is the quickest way to a
mistake” [35]. In contrast to school children and
adolescents, younger children do not present the
classical clinical picture with initial anorexia and peri-
umbilical pain that migrates in the right fossa iliaca,
vomiting and fever [15]. According to that, in our
series, the only constant symptom on admission was
abdominal pain that was diffuse in the majority of
cases. Fever, anorexia and transit alteration were not
observed in all patients. We try to identify palpable
pain in the right hypogastrium and the presence of
peritoneal irritation, which represent a “sign over
signs”. Some degree of experience is needed to
differentiate the protective muscle tension of the
abdominal wall (peritoneal irritation) from the free
contraction of the abdominal wall in children due to
their fear. The new palpation sign removes this
disadvantage. Its essence is the palpation of iliac artery
pulsation, not a subjective assessment of the pain and
reflex tension of the abdominal muscles. Palpation of
the pulsation of the iliac arteries is an objective
indicator that is not affected by the child’s restlessness.
The analysis by Yasmine Lounis et al. found that the
sensitivity for first abdominal sonography diagnosing
AA in children was 65,5%. In most of children in

whom abdominal ultrasound was negative, appendix
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was either not- or incompletely visualized. A common
cause for that is ectopic position of the appendix [36].
Nevertheless, new palpation sign, abdominal
ultrasound and laboratory tests should, due to the
possibility to easily repeat examinations and a
sufficient degree of objectivity remain the first choice
and the most frequently per-formed examinations for
the diagnosis of appendicitis in the pediatric
population. By combining these three examinations,
we can also generate a diagnostic scoring system. We
consider the positivity of a new palpation sign in the

diagnosis of AA in children to be paramount.

Nevertheless, in cases of clinical doubt,
ultrasonography may improve the diagnosis and reduce
the negative laparotomy rate. The rate of negative
appendectomy in children reported in the surgical
literature ranges from 8 to 33% [40]. This study
revealed that the negative appendectomy rate was 6,72
%. False negative clinical findings occurred in 6
(1,48%) children, of which 4 children had a retrocecal
position of the appendix. Acute appendectomy is
indicated in children with suspected AA with positive
clinical examination (new palpation sign) and a
positive US (POCUS), without the need for a CT scan
or MRI. If the clinical examination (new palpation
sign) is negative, with US (POCUS) suspicion, the
decision to use further imaging studies, observe, or
discharge to home is based on the treating physician's
clinical judgment. We recommend conservative
treatment (antibiotic therapy) with patient observation
(repeated clinical and POCUS examination). MRI or
diagnostic +/- therapeutic laparoscopy is indicated for

failure of conservative treatment (Figure 4).
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Children with suspected AA

{

-

Clinical examination {new
palpation sign) positive

.

Clinical examination [new
palpation sign) negative

.

| Us(PoCUS) confirmed AA | | US (POCUS) suspicion of AA |

q

.

Surgery (laparoscopic
appendectomy)

Conservative treatment

(ATB) + observation

E—

{

In case of failure

.

MRI or diagnostic laparoscopy |

Figure 4: Algorithm for diagnosis and treatment of children with suspected AA (authors archive).

Few studies on this subject demonstrated no difference
in the rate of postoperative complications between
children who underwent appendectomy after failure of
conservative (antibiotic) therapy and those who were
treated surgically upon first presentation of AA [41-
43]. We came to the similar results. The diagnostic
performance of staged algorithms involving US
followed by conditional MRI imaging for the
diagnostic workup of pediatric AA has proven to be
high (98.2% sensitive and 97.1% specific) [38]. MRI is
a feasible alternative to CT for secondary imaging in
AA in children, and it can differentiate perforated from
non-perforated AA with a high specificity [39]. This
study has several limitations. First, the clinical
examinations in this study were performed by a group
of experi-enced surgeons It is questionable whether
novice surgeons would also achieve the same level of
effectiveness in di-agnosing AA. Second, the new
palpation sign has not been directly compared with
imaging  examinations. The reason is an
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unrepresentative control group of patients examined
ultrasonographically in our study due to:

- using qualitatively different types of ultrasonographic
instruments

- radiologists with varying degrees of ultrasonographic
experience and knowledge of secondary AA ultraso-
nographic signs

- inability to identify the appendix in all patients.

CT examination was indicated relatively rarely due to
concerns related to the hazards of ionizing radiation.
Finally, the retrospective nature of the study is also a
limitation. These limitations may form the basis for

subsequent studies.

5. Conclusions

In conclusion, this study offers surgeons a new
palpation sign as a reliable tool for diagnosing atypical
forms of AA. It is aimed principally at the medical
practitioners in different parts of the world and in a

state of emergency (Covid-19 pandemic, wars, etc.)
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where the diagnostic facilities and technological
resources are limited. We state that the new palpation
sign is effective for the diagnosis of atypical forms of
AA (i.e., in children and women of childbearing age);
however, obesity reduces its efficacy. The sign is
reliable for indicating urgent surgical intervention.
Thorough and repeated palpation remains the basis of
AA diagnosis. The surgeon’s combination of expertise,
experience, and humility turns diagnosing AA into a
surgical art.
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