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Introduction

Acute appendicitis is a common surgical disease1-4

and a potentially dangerous condition. If the inflamed
appendix is not attended to urgently, it will proceed
to gangrene and perforation, and result in peritonitis
or abscess formation.5-7 In adolescents and adults,
perforation of the appendix can occur within 36 hours
of the onset of symptoms. In young children, however,
the perforation rate ranges from 10%8 to 74%,6,9 and
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Objectives. To compare the contributions of patients, emergency physicians, and surgeons in the delay of
diagnosis and treatment of appendicitis, and the effects of delay on disease stage and complication rate.
Design. Retrospective study.
Setting. Accident and emergency department of a district public hospital, Hong Kong.
Patients. All patients undergoing emergency appendectomy between August 1998 to September 1999.
Main outcome measures. Patient delay in presentation, emergency physician delay in hospital admission, and
surgeon delay in performing the operation; operative findings; and postoperative complications.
Results. Of 158 patients undergoing emergency operation, 14 had no pathological diagnosis and four had a
diagnosis other than that of acute appendicitis. Of the 140 pathologically confirmed cases of appendicitis, the
mean patient delay was greater in advanced appendicitis than it was in simple appendicitis (42.0 hours versus
24.9 hours; P<0.005). The mean emergency physician delay in advanced appendicitis was also greater than it
was in simple appendicitis (17.9 hours versus 5.8 hours; P<0.05). The difference in the mean surgeon delay in
simple (10.9 hours) and advanced (16.3 hours) appendicitis, however, was not significant. The mean emergency
physician delay showed a significant association with the postoperative complication rate (P=0.05). The delay
was mainly because of a failure to diagnose the condition and admit the patient at the first visit to the accident
and emergency department (22.1%). The diagnostic accuracy showed a significant association with the level of
experience of the emergency physician involved (P<0.05).
Conclusion. There should be a higher index of suspicion, better surgical training, and better senior supervision
at accident and emergency departments, to avoid preventable morbidity and mortality in acute appendicitis.
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perforation can occur within 8 to 24 hours.1,6 Perfor-
ation of the appendix is associated with substantially
increased morbidity and mortality,8,10-16 especially in the
elderly.7,17 Hospital stay is also prolonged,10,15,18-21 which
poses an additional financial burden.

The symptoms of appendicitis overlap consider-
ably with other clinical conditions, which include
gastro-enteritis, urinary tract infection, and pelvic inflam-
matory disease.1,5,6 There is no single diagnostic test
that can accurately diagnose appendicitis in all cases.
The definitive treatment of acute appendicitis is emer-
gency appendectomy. It has been asserted that the
failure to diagnose appendicitis (and the resulting
delay in appendectomy) is one of the leading sources
of expensive malpractice claims in emergency medi-
cine in the United States.1,13,16,22
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This study compared the contributions of patients,
emergency physicians, and surgeons in the delay of
diagnosis and treatment of appendicitis, and the
effects of delay on disease stage and complication
rate. By identifying the main factors responsible for
delay, remedial actions may be directed more specif-
ically in the management of this common clinical
problem.

Methods

All emergency appendectomies that were performed
in the North District Hospital from 6 August 1998
to 16 September 1999 were reviewed. Accident and
Emergency (A&E) departmental records and hospital
medical records of all patients with a discharge
diagnosis of acute appendicitis were retrieved and
studied.  The Clinical Management System was used
to electronically record the diagnosis, procedures, and
treatment of both in-patients and out-patients. The A&E
Information System was used to scan all departmental
records into the computer and register the number of
different steps of patient encounters within the depart-
ment. The list was counterchecked with the computer
record of appendectomies in the operating theatre. Only
cases of appendicitis that had been confirmed by patho-
logical examination were analysed in detail.

The following data were extracted from the A&E
Department’s records (including previous related
emergency department visits): sex, age, chief com-
plaint, duration of symptoms before the emergency
department visit, emergency department registration
time, time of hospital admission, rank of emergency
physician, and the provisional diagnosis. The follow-
ing data were retrieved from the hospital patient
records: date and time of operation, operative find-
ings, type of operation, findings from the pathologic-
al examination, and postoperative complications
(including reoperation). The time interval from the
onset of symptoms to initial presentation to the A&E
Department was regarded as patient delay; this figure
was entered in units of half-days (in hours). This
approach was used because, unlike other time data
retrieved from the hospital records, the information on
the onset of symptoms was often imprecise. A patient’s
self-discharge against medical advice was also taken
as patient delay, which was calculated as the interval
between the onset of symptoms to the time of registra-
tion at the second visit to the A&E Department. The
time interval from first registration at the A&E De-
partment (except for those who discharged themselves)
to final hospital admission was regarded as delay
due to the emergency physician (in minutes).

In Hong Kong, emergency physicians customarily
have full authority in admitting patients directly to the
wards of various clinical specialties. In the majority
of cases, there is no requirement for consultation with
the specialties before admission. In this study, all
admission and discharge decisions were made by
emergency physicians. The time interval from hospital
admission to the start of the operation was regarded as
surgeon delay (in minutes).

All data were analysed by the Statistical Package
for Social Science (Windows version 8.0; SPSS Inc.,
Chicago, United States). Since the time distribution
was skewed, statistical significance was analysed
with the independent sample t test with logarithmic
transformation. The Chi squared test and logistic
regression were used as appropriate. A probability level
of P<0.05 was regarded as statistically significant.

Results

One-hundred and sixty-five patient records with a dis-
charge diagnosis of acute appendicitis were retrieved.
Seven patients responded to conservative treatment
and were initially discharged for elective interval app-
endectomy; these patients were excluded from the
analysis. Of the remaining 158 patients undergoing
emergency surgery, 14 had no pathological diagnosis
and four had other subsequent pathological diagnoses—
namely, carcinoma of the caecum, missed Meckel’s
diverticulitis, reactive lymphoid hyperplasia, and pel-
vic abscess. Hence, the misdiagnosis rate by surgeons
was 11.4% and the negative exploration rate was 8.9%.
These 18 misdiagnosed cases were also excluded from
further analysis.

Of the 140 patients with confirmed appendicitis,
88 were male and 52 were female: a ratio of 1.7 to 1.
The mean age was 33 years (range, 4-86 years); 70%
of the cases occurred in the 10- to 50-year age-group.
Seventy-five (53.6%) patients had simple, uncompli-
cated appendicitis. Gangrenous (n=11) or perforated
(n=39) appendicitis and appendicular abscess (n=15)
were classified as advanced-stage disease (total = 65
patients; 46.4%).

Of the 140 patients, all but one presented with
abdominal pain (lower abdominal, periumbilical, or
epigastric). Some had other associated complaints such
as fever, vomiting, diarrhoea, constipation, or dysuria.
One patient presented with chief complaints of vomit-
ing and diarrhoea, although he also had abdominal
pain; he had been discharged home at the first visit to
the A&E Department. Tenderness of the right lower



256      HKMJ Vol 6 No 3 September 2000

Chung et al

abdomen was the most common physical finding. Eight
(5.7%) patients, however, presented with periumbilical
tenderness, four (2.9%) with epigastric tenderness, and
two (1.4%) with abdominal distension. In 11 (7.9%)
patients, abdominal tenderness was either not recorded
or entered as absent. The majority of the confirmed
cases (122; 87.1%) had an uneventful postoperative
recovery. Ten (7.1%), however, had wound infection
or dehiscence, and six (4.3%) had postoperative
sepsis or paralytic ileus, which subsided after pro-
longed periods of conservative treatment. One patient
developed intra-abdominal abscess postoperatively and
required reoperation. There was one death because of
multi-organ failure; the mortality rate was thus 0.7%.

The distribution of the mean delay by patients,
emergency physicians, and surgeons was analysed in
relation to the stage of disease (Table 1) and post-
operative complications (Table 2) by using the inde-
pendent sample t test with logarithmic transformation.
Medians and interquartile ranges were also calculated.
Two patients discharged themselves against medical
advice at their initial visit to the A&E Department and
one patient left against medical advice after the initial
admission. These were regarded as patient delay
(delay in presentation).

Thirty-one (22.1%) patients were discharged home
by emergency physicians at their first visit (emergency

physician delay, or delay in admission). Of these
discharged patients, 20 (64.5%) received a diagnosis
of non-specific abdominal pain, 10 (32.2%) had gastro-
enteritis diagnosed, and one (3.2%) had urinary tract
infection diagnosed. The mean emergency physician
delay for these 31 patients was greater than that for
the 109 patients who were admitted at the first visit to
the A&E Department (40.1 hours [interquartile range,
48.2 hours] versus 3.2 hours [interquartile range,
2.4 hours]). These two groups of patients showed
significant differences in relation to the stage of dis-
ease at operation and postoperative complications
(P<0.01; Chi squared test) [Tables 3 and 4, respect-
ively]. Seventy-three (97.3%) of the 75 patients with
simple appendicitis had an uneventful postoperative
course. In contrast, only 49 (75.4%) of the 65 patients
with advanced appendicitis had uncomplicated post-
operative recovery. The disease stage had a positive
association with the postoperative complication rate
(P<0.001; Chi squared test).

The rate of patient discharge at the first visit showed
an inverse relationship to the rank of the emergency
physician (P<0.05; Chi squared test) [Table 5]. Logis-
tic regression analysis confirmed that patient delay
(P<0.005) and physician delay (P<0.005) were signifi-
cant predictors of an advanced stage of appendicitis.
Sex, age, rank of emergency physician, and surgeon
delay were not statistically significant factors.

Table 1. Delay (hours) in relation to stage of disease

Patient* Emergency physician† Surgeon‡

Simple appendicitis, n=75 Mean§ 24.9 5.8 10.9
Median 17.5 2.3 7.0

Interquartile range 21.3 3.7 8.8

Advanced appendicitis, n=65 Mean§ 42.0 17.9 16.3
Median 32.4 3.4 7.8

Interquartile range 51.1 15.8 15.9

P value 0.003 0.023 0.074

* Time of onset of symptoms to first registration to the Accident and Emergency Department
† Time of first registration to hospital admission
‡ Time of hospital admission to start of operation
§ True means are shown

Table 2. Delay (hours) in relation to postoperative complications

Patient* Emergency physician† Surgeon‡

No complications, n=122 Mean§ 32.0 8.1 13.0
Median 21.2 2.3 7.4

Interquartile range 37.7 4.8 12.3

Complications, n=18 Mean§ 38.3 34.1 15.9
Median 26.5 9.2 6.0

Interquartile range 58.8 67.5 6.5

P value 0.818 0.05 0.862

* Time of onset of symptoms to first registration to the Accident and Emergency Department
† Time of first registration to hospital admission
‡ Time of hospital admission to start of operation
§ True means are shown
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Discussion

The results of this study show that discharge at the
first visit to an A&E department is the most signifi-
cant factor associated with advanced-stage appendi-
citis and postoperative complications. This finding is
not surprising, as failure to diagnose appendicitis and
the inappropriate discharge would certainly cause a
substantial delay in appendectomy.

Appendicitis may mimic other clinical conditions.
Inflammatory and infectious disorders such as gastro-
enteritis and respiratory infections may cause lymphoid
follicle hyperplasia, which results in luminal obstruction
and appendiceal inflammation. The classical symptoms
of migrating right-lower quadrant pain, fever, anorexia,
nausea, vomiting, and constipation occur in only 50%
to 60% of cases.11,23 Many patients, however, present
with atypical findings such as diarrhoea, dysuria, and
symptoms of the upper respiratory tract.13,16,17 As the
position of the appendix can vary, the initial pain may
be poorly defined and tenderness poorly localised.
This is especially true in the young,1,2,5,16 the elderly,2,17

women of child-bearing age,10,11,24 and pregnant women.13

Patients with appendicitis may not be able to
recognise the implications of their initial symptoms,5

and they may attribute the symptoms to ‘stomach flu’

or to gastro-enteritis. Elderly patients are commonly
late in seeking medical treatment.7,17 Furthermore,
emergency physicians encounter a wide spectrum
of patients presenting with abdominal pain of all
aetiologies in their daily practice—from self-limiting
disorders to surgical emergencies.1 The significance
of a specific symptom, sign, or test result is determined
not only by a test’s sensitivity and specificity, but
also by disease prevalence in the population—that is,
positive and negative predictive values. In general,
the disease prevalence of appendicitis is high in sur-
gical wards but low in emergency departments,1,16,21

which may explain why emergency physicians and sur-
geons misdiagnose appendicitis in opposite directions.
An estimated 10% of adults who develop appendicitis
are not correctly diagnosed at their first physician
encounter. The rate of initial misdiagnosis is inversely
related to the age of the patient and can be as high as
25% to 57% in children.5,6,9,16,21 Diagnostic delay has
been attributed to primary care physicians. However,
statistics concerning emergency department encoun-
ters are scarce in the medical literature. Surgeons face
a relatively small population of patients who are re-
ferred for suspected appendicitis. Their dilemma is to
reduce unnecessary appendectomy, while attempting
to operate at an early stage to avoid perforation.8,21

The morbidity of negative appendectomy is not
negligible, with complication rates from 6% to17%.24

Table 3. Effect of initial discharge from the Accident and Emergency Department on the stage of disease

Stage of disease
Simple appendicitis Advanced appendicitis Total*

No. (%) No. (%)

Admitted at initial visit 66 (60.6) 43 (39.4) 109
Discharged at initial visit 9 (29.0) 22 (71.0) 31
Total 75 (53.6) 65 (46.4) 140

* P<0.01 (χ2 test)

Table 4. Effect of initial discharge on postoperative complication

Postoperative course
No complications Complications Total*

No. (%) No. (%)

Admitted at initial visit 100 (91.7) 9 (8.3) 109
Discharged at initial visit 22 (71.0) 9 (29.0) 31
Total 122 (87.1) 18 (12.9) 140

* P<0.01 (χ2 test)

Table 5. Relationship between rank of emergency physician and initial discharge

Rank of doctor Admitted at initial visit Discharged at initial visit Total§

No. (%) No. (%)

Consultant* 6 (100) 0 6
Senior Medical Officer† 58 (81.7) 13 (18.3) 71
Medical Officer‡ 45 (71.4) 18 (28.6) 63
Total 109 (77.9) 31 (22.1) 140

* Head of department ‡ Junior doctor without higher postgraduate qualification
† Senior doctor with higher postgraduate qualification § P<0.05 (χ2 test)
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In uncertain cases, delay of surgery and repeated
assessment are commonly practised to achieve a more
precise diagnosis. All these factors may contribute
to diagnostic or therapeutic delays in the management
of acute appendicitis.

Delay in treatment is regarded as the main cause of
perforation and complications, but there are contro-
versies as to whether preadmission or postadmission
delay is more important. 5,7,9,21 Fortunately, death due
to acute appendicitis is now rare (mortality rate, 0%-
2.4 %).4,7,13,17,18,24,25 Nevertheless, failure to diagnose
appendicitis early is still a leading cause of increased
perforation and complications (complication rate,
3.4%-33%).10,12,14-16,19-21,23,25 This study showed that
patient delay in presentation to an A&E department
results in a more advanced stage of disease at surgery.
However, it was difficult to estimate this time inter-
val accurately in this retrospective study. To reduce
patient delay and thus improve the outcome, health
education to increase public awareness—especially in
parents of young children and the elderly—of the
symptoms and risks of appendicitis may be helpful.

This study also showed that preadmission delay by
emergency physicians was associated with an advanced
stage of disease and an increased rate of complica-
tions. More than one fifth of the patients were dis-
charged at their first visit to the A&E department,
their cases being labelled with non-specific diagnoses
such as abdominal colic or gastro-enteritis. If these
patients were admitted at their first visit, substantial
time might have been saved (>24 hours) in definitive
care—that is, performing an appendectomy. It was
fortunate that these patients subsequently returned to
the A&E department. There was always the possibil-
ity that a proportion of the discharged patients might
have sought treatment at other hospitals, thus lead-
ing to an underestimate of the misdiagnosis rate. The
diagnostic accuracy seemed to increase with the in-
creasing experience of emergency physicians, although
other confounding factors might have been involved.
More senior supervision and proper surgical training
need to be emphasised in A&E departments to improve
the quality of care.

The most useful clinical tools in assessing acute
appendicitis are still a good history and physical
examination, serial abdominal examinations,1,13,26 and
a high index of suspicion. Migrating pain from the
epigastric or periumbilical area to the right lower
quadrant is the classical and most discriminating
historical feature, which has high sensitivity and
specificity. It has been suggested that the presence of

right-lower quadrant tenderness is the most sensitive
physical finding in early appendicitis.16 It is present
in nearly all patients with appendicitis, but it is a very
non-specific finding. In case of doubt, the white blood
cell count,27 C-reactive protein level,28 plain abdominal
radiography,29 ultrasonography,22,30,31 computed tomog-
raphy,32-34 and even radionuclide scanning35 may be help-
ful. Other ancillary diagnostic tools include computer-
aided diagnosis36 and clinical diagnostic scores such
as the MANTRELS (migrating pain, anorexia, nausea/
vomiting, tenderness, rebound tenderness, elevated
temperature, leukocytosis, and shift of leukocytes)
score.37 Patients who are discharged home with a diag-
nosis of ‘abdominal pain of unknown aetiology’ should
be given detailed discharge instructions regarding their
return if their condition does not improve, or an early
follow-up—within hours, not days—should be arranged.
Emergency physicians should always consider the
possibility of appendicitis before discharging patients
with a diagnosis of gastro-enteritis or undifferentiated
abdominal pain.1,13,38 These diagnoses may imply that
a ‘benign’ condition has been determined with cer-
tainty. As a result, treatment may be delayed if a more
serious problem is the underlying cause.1

When the cause of the abdominal pain is uncertain,
emergency physicians should always consider acute
appendicitis in the differential diagnosis. The right-
lower quadrant should always be palpated to detect
tenderness in patients with abdominal discomfort.
At the very least, patients with right-lower quadrant
tenderness who are suspected of having a benign
pathology should be reassessed within a short period,
in terms of hours. Although this study did not find a
statistical association between postadmission delay
and the stage of disease or complication rate, delay in
surgery should be avoided as much as possible once
the decision to perform emergency appendectomy
has been made. It is common practice to admit and
observe patients when the diagnosis is in doubt, and
to delay surgery until the diagnosis is more definite
to avoid unnecessary operations.2,21 The ancillary meas-
ures mentioned above will help clarify the issue in
the majority of cases, but they are not foolproof. In
general, close observation and timely intervention
under surgical specialist care will not adversely affect
patient outcome in undiagnosed abdominal pain,5,22,39

although it must be borne in mind that there can
always be exceptions.
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