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What is the desirable rate of a "white appendix" ?

Search for the optimal rate of operations for suspected
appendicitis with a normal appendix using a formal

decision analysis model
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pComplR-Probability of complication in Acute Appendicitis
pComplRP-Probability of complication in perforated app
pComplWh-Probability of Complication in Normal Appendix
pDeathR-Prbability of death in Acute Appendicitis
pDeathRP-Probability of death if perforated App
pDeathWh-Probability of Death in Normal Appendix
r-Probability of red appendix

rLTW-Ratio of long complication out of all complicated
rp-Probability of perforated appendix
uLongTermComp-Utility of long term complications
uNoComplication- Utility of no complications after surgery
uShortTermComp- Utility of short term complications
w-Probability of white appendix
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:2-1'R DNIX'ED DI
pComplR-Probability of complication in Acute Appendicitis
pComplIRP-Probability of complication in perforated app
pComplWh-Probability of Complication in Normal Appendix
pDeathR-Prbability of death in Acute Appendicitis
pDeathRP-probability of death if perforated App
pDeathWh-Probability of Death in Normal Appendix
pImpDisc-Probability of Improve and Discharge
rLTW-Ratio of long complication out of all complicated
rpOBS-Risk of perforation after observation
uLongTermComp-Utility of long term complications
uNoAppNoSurgery-Utility of not having surgery & no appendicitis
uNoComplication- Utility of no complications after surgery
uShortTermComp- Utility of short term complications
w-Probability of white appendix
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i-probability positive of US

pComplR-Probability of complication in Acute Appendicitis
pComplRP-Probability of complication in perforated app
pComplWh-Probability of Complication in Normal Appendix
pDeathR-Prbability of death in Acute Appendicitis
pDeathRP-probability of death if perforated App
pDeathWh-Probability of Death in Normal Appendix
pPerforateDelay-Prob of perforated app due to delay
pWhiteGIP-probability of normal App given positive Inaging
rLTW-Ratio of long complication out of all complicated
rpOBS-Risk of perforation after observation

rrPerf-Relative risk of perforated appendix when delay
senUS-Sensitivity of imaging (US & CT)

speUS-Specificity of imaging (US & CT)
uLongTermComp-Utility of long term complications
uNoComplication- Utility of no complications after surgery
uPH- Utility of perfect health

uShortTermComp- Utility of short term complications
w-Probability of white appendix
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uShortTermComp: 0.7 to 0.9

Probability of Improve and Discharge: 0.01 to 0.16
uLongTermComp: 0.6 to 0.8
Probability of complication in perforated appendix: 0.15 to 0.5

Relative risk of perforated appendix when delay: 1'3. B
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Specificity ofimagimg: 0.5 to 0.85
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Probability of perforated app due to delay: 0.35 to 0.75
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Probability of complication in Acute Appendicitis:0.03 to 0.1§
Probability of death in Acute Appendicitis: 0.001 to 0.007
Probability of Complication in Normal Appendix: 0.04 to 0.06

Probability of Death in Normal Appendix: 0.001 to 0.01
[] Probability of perforated appendix: 0.1 to 0.4
[l Added risk for perforation due to delay: 0.3 to 0.5
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7. SUMMARY
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Acute appendicitis is one of the most common disorder seen in the emergency department and is
the most common cause of acute abdominal pain requiring surgical intervention. Making a correct
diagnosis of appendicitis is difficult due to a non-specific clinical presentation and an extensive
differential diagnosis.

Despite recent use of advanced imaging modalities and scoring systems, there was no
improvement in the rate of negative appendectomy, and the diagnosis of appendicitis is still
based primarily on the patient’s history and physical examination. Negative appendectomy rates
between 20% and 30%, with diagnostic accuracy of 70%-80% have been published.

Clinical reports showed that an inverse relationship exists between normal removal rates and
perforation rates. Still, many studies were conducted trying to reduce the white appendices rate
to minimum.

Algorithms, decision trees, and protocols, are widely used in clinical and surgical problems and
became an accepted part of medical decision analysis. Decision Analysis models enable the
clinician to make a decision taking into account a wide variety of clinical consideration and trade-
offs and provides him with the ability to make the correct clinical judgment with uncertain ,
incomplete information.

The goal of this work is to determine the threshold for operation, and, as a result, the desirable
rate of negative appendectomy. The action threshold in the model is the clinical probability of
acute apprndicitis (expressed by the variable “a”).

The decision making model that was used in this work is a Decision tree. Two major possible
pathways were tested - observation versus operation. The Imaging option was included in the
opbservation pathway. Every possible outcome in the model holds its own utility and probability.
In a “Rolling back” process, it is possible to calculate which is the preferred course of action.

The data for creating the tree was mostly obtained, from the world literature regarding that issue.
In several cases, were there was no available data in the literature, the statistics information was

based on clinicians estimation.
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After the construction of the tree, it is possible to determine the action threshold in a diversity of
sensitivity analysis of different variables. Additionally, historical cohort was made by reviewing
histological findings of 200 patients underwent appendectomy for suspected appendicitis, during
the year 2003, in “Hadassa” hospital. The results of these cases and of the model, regarding

white appendectomies rate, were compared to the data reported in the world literature.

The conclusions that emerged from analyzing the model were unique and important .

- The value given to the utility of an un-complicated operation, had a great deal of
influence on the model results. When this utility is highly evaluated (values ranging
close to — 1), a dramatic decrease occurs in the threshold to operate, to clinical
probability of 40%.The implication of this result is that the action threshold in this case,
is very much individual and patient dependent. Patients in whom the consequences of
a small non-complicated operarion are negligible, should be considered for operation
even when the clinical probability of them having appendicitis, is low.

- The analysis of the model also suggests that, in addition to high value for the utility of
an operation with no complications, when the rate of post operative complications is
expected to be low, the action threshold decreases even more. For example — when
the post-operative complications rate stands on 7% and the utilty of no-complications is
high — the threshold for operation suggested by the model is clinical probability of 35%.
On the other hand, when the complication rate is as high as 20% - the threshold
increases to the conventional level of 70%-80%. Hence, in a population expected to
suffer from complications, for instance — elderly and patients with comorbidity, carefull
consideration should be taken before deciding to perform an operation.

Nevertheless, in patients with those characteristics, a high rate of perforation is expected.

Therefore, when suspicion leys that delay of operation increases the risk for perforation, it is

better to act by the lower threshold.
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Economical and cost aspects were not taken into consideration in the imaging option in the
model. Thus, the model is limited concerning analyzing the priority of using imaging modalities.
However, it is clear from the model, that when the performance of imaging would result in an
increased rate of perforation, combined with low accuracy of the test (mainly low specifity), even
without taking the cost into account — it is preferable to operate. So, in situations when
availability and experience of the operator are low, there is no use in delaying the operation in
order to perform the imaging test. Indeed, in order to properly analyze the imaging option, a
similar model, including the economical considerations should be built.

Results from the historical cohort of “hadassa” patients showed, that in this hospital the threshold
for operation, is similar to the reported threshold in the world literature, with negative
appendectomy rate within the traditional range or slightly below it, with no increase in
perforations.

These work shows, that decision analysis model are applicable and useful in clinical and surgical
problems. This decision tree, despite its complexity, enables us, to examine a large range of
possibilities and considerations, thus, analyzing the different courses of action from a unique
point of view.

From the results from the model, we can conclude , that in many cases, specially in young and
healthy patiens in whom consequences of a non-complicated operation are negligible and the
expected post operative complications is very low — it is recommended to operate even in cases
of clinical probability below the conventional range.

This approach to the management of patients with suspected appendicitis, can improve the
overall treatment outcomes, mainly by reducing the relative part of worse outcomes and

improvement in the general benefit to the patient.
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271n2 DNWNN 'Y 7D Do :2-NY%0)

Name Description Formula Value | Low |High
a Clinical probability of appendicitis 0.2 0.2 10.83
addrp Added risk for perforation due to delay 0.4 0.3 ] 0.5
i probability positive of US senUS*(1-w)+(1-speUS)*w 0.413333

pCompIR Probability of complication in Acute Appendicitis 0.1 0.03]0.15
pComplRP Probability of complication in perforated appendicitis 0.25 ]0.15] 0.5
pComplWh Probability of Complication in Normal Appendix 0.046 ]0.04]0.06
pDeathR Prbability of death in Acute Appendicitis 0.0024 ]0.001}0.07
pDeathRP Probability of death if perforated Appendicitis 0.02 ]0.01] 0.5
pDeathWh Probability of Death in Normal Appendix 0.0014 ]0.001]0.01
plmpDisc Probability of Improve and Discharge Table: plmpDisc

pPerforateDelay Prob of perforated app due to delay 0.45 ]0.35]0.75
pWhiteGIP Probability of normal Appendix given positive Imaging (1-speUS)*w/i 0.306452

r Probability of red appendix (=acute appendicitis) 1-w-rp 0.333333

rLTW Ratio of long complication out of all complicated 0.25 0.2 104
rp Probability of perforated appendicitis Max((-5.5*sqrt(w*100)+41)/100;0) 0

rpOBS Risk of perforation after observation Max(Min(rp+addrp;1);0) 0.4 0.1]0.5
rrPerf Relative risk of perforated appendicitis when delay 2 1.3 125
senUS Sensitivity of imaging (US & CT) 0.80 0.5]10.9
speUS Specificity of imaging (US & CT) 0.84 0.5 ]0.85
uLongTermComp Utility of long term complications 0.7 0.6 | 0.8
uNoAppNoSurgery |Utility of not having surgery & no appendicitis 1 0.95] 1
uNoComplication Utility of no complications after surgery 0.9 0.93] 1
uPH Utility of perfect health 1 0.95] 1
uShortTermComp Utility of short term complications 0.8 0.7 1 0.9
\ Probability of white appendix If(2>0.1;1-sqrt((a-0.1)/0.9);1) ]0.666667] 0.1 | 0.4
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