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ABSTRACT

We explain the dangers of inaccurate or delayed diagnosis of fever ,and show that fever diagnosis is an ideal candidate for decision support. We propose an architecture that uses the assistance of Data mining to provide decision support for fever diagnosis. The proposed system also uses concepts of Artificial Intelligence to carry out the process of diagnosis. We describe the various components of the architecture and the interactions between them. The architecture contains a data warehouse which is incrementally refreshed with case details. The patterns obtained by mining the warehouse are used to formulate rules and in turn form questions in simple English. An interactive GUI which poses questions to the physician. Each successive question is chosen based on the responses received previously. We conclude by saying that the results of  such a system cannot be expected to occur in any definite timeframe– information can be discovered only if it is present.
1. INTRODUCTION
Apart from being one of the most common "symptoms" encountered by physicians while treating patients, a fever is also a symptom that can have an extremely wide array of causes. Thus, a physician confronted with a feverish patient ,has to ask a number of questions and possibly make a large number of eliminations in order to arrive at the right diagnosis. The causes of fever may vary from neoplastic disease to sunstroke, and may have geographical, age-related and racial variations. Also there are certain cases, wherein it is absolutely  vital that a fever is diagnosed correctly at a very early stage. A classic  example would  be that of malaria. There are four species of the protozoan Plasmodium, which produce malaria  in its various forms. Of these, the malaria caused by Plasmodium falciparum is the most dangerous, because, if left untreated, it can cause cerebral malaria which is fatal. Meningitis is another form of fever that can turn  fatal if not treated early.

The factors mentioned above, among others, make diagnosis of fever an ideal candidate for decision support. The process of diagnosis can be enhanced if the physician can always be up to date with any new information- the kind of information procured through data mining. Data Mining is the process of discovering non-obvious  and potentially useful patterns in large data repositories such as warehouses.[3]
The paper is organized as follows: Section 2 contains an overview of the proposed architecture. Section 3 describes the Medical Data Definition component (MDD) which defines the data and the metadata  associated  with  the subject of Fever diagnosis. Section 4 describes the Physician-System Interface(PSI).Section 5 describes the Diagnostic Question Banque (DQBanque)  which contains the set of questions that can be posed to the physician and also the rules which formed the basis for these questions. . Section 6 describes the Pattern Extractor which consists of both the Data Warehouse and the Data Mining Tool set. Section 7 describes the Rule Constructor which formulates rules based on the results obtained from the Pattern Extractor. We conclude with a summary of the contents of the paper.

2. ARCHITECTURE FOR FEVER  

    DIAGNOSIS
In this section we give a brief overview of the proposed architecture. We explain the basic functions carried out by the various components of the architecture and also the interactions between these components. The detailed functioning of each of the components will be explained in the sections that follow along with relevant examples .

The main components of the architecture are the Medical Data Definition component, Physician-system interface, Diagnostic Question Banque, Pattern Extractor and  Rule constructor.
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The pattern extractor consists of both a data warehouse and a data mining toolset. The data warehouse consists of exhaustive case histories of patients. The patterns which are generated by mining the warehouse are used by the rule constructor in order to construct new rules. These rules are then sent to the DQBanque. The DQBanque performs the task of converting these rules into questions in simple English, while also acting as a storage area for both the rules and the questions. .During the process of diagnosis, the DQBanque sends appropriate questions to the PSI,  which is a GUI used by the physician. The responses received by the PSI are sent back to the DQBanque, and  based on these responses the appropriate follow-up questions are selected and sent to  the PSI.  The proposed system also contains  the MDD which contains the various fever related terms and their explanations. This component also contains information regarding the form in which data are stored in the warehouse, thus facilitating data cleaning..

3. MEDICAL DATA DEFINITION 

The Medical Data Definition component defines the data and the metadata related to  the topic of fever  diagnosis. This includes specifics like symptoms , type of fever, diet classification, frequency of symptoms, temperature, duration of symptoms, blood pressure, strain of pathogen etc It also includes descriptions of various patient-related  information in the form of attributes .This information includes name, age , sex, height ,weight, race and  location among others.  To be stored in the data warehouse, it is necessary that the data be taken through a data preparation process, or in other words the data must be cleaned. Data Cleaning is the process of resolving inconsistencies in format and naming. The MDD helps in specifying the categories under which, the data that is got via the PSI will be stored in the data warehouse ,after cleaning. It has a two way connection to  the Pattern Generator.

4. PHYSICIAN-SYSTEM INTERFACE

This is basically a GUI that assists the physician in carrying out the process of diagnosis. It serves a dual purpose:

· Displays the appropriate questions which it acquires from the DQBanque

· Accepts the responses and sends them to the Pattern Extractor and the DQBanque

 The questions displayed by the PSI are framed by the DQBanque (in simple english) based on the rules present in it. These questions predominantly require yes/no type responses or at the most, one-phrase answers. The responses thus obtained are sent to both the Pattern Extractor and the DQBanque. The Pattern Extractor will convert the data into the appropriate form (with the help of the MDD) and feed it into the data warehouse .The DQBanque analyses the response and determines the next appropriate question to be posed to the physician.

5. DIAGNOSTIC QUESTION BANQUE

This component serves as a repository for both diagnosis related rules and the simple english questions derived from those rules. The  rules are obtained from the rule constructor as and when they are formed. The DQBanque performs the function of converting these rules into questions which are in simple english, along with storing these questions Even after the conversion process , the DQBanque retains the rules in their original form as well. When  the diagnosis takes place , at first the DQBanque sends over standard patient related and preliminary disease related questions to the PSI.  The responses are sent back to the DQBanque in real time. After a certain stage, the next question to be asked, is decided by the DQBanque on the basis of the responses received so far. Often a particular response would necessitate the asking of a set of questions rather than just one . These questions would be placed in a stack, as  would the sets of questions necessitated by each one of these questions. Thus the DQBanque performs the task of traversing all these stacks to whatever extent necessary in order to form a diagnosis.. 

From the above information we can see that the DQBanque has a one way connection with the Rule Constructor and a two-way connection with the PSI.

The functioning of the DQBanque is now discussed in the context of diagnosis of bacterial meningitis. The following is a typical set of questions that would be displayed on the PSI during the course of diagnosis of this disease :

· What is the name of the patient?

 Andrew Miller 

· What is Andrews’ sex?

        Male 

· What is Andrew`s age?

  25

· Country of Residence?

         United States

· State/Province?

         New York

· Race?

        Caucasian

The above questions are examples of standard queries(put to all patients),the responses to which are stored in the hospital records. The individual responses may or may not be fed into the data warehouse. 

· Temperature?

         98.6 

· Pulse?

        100

· Respirations?

        20

· Blood Pressure?

        110/70

· Recent occurrence of seizures?

                       Yes 

The information collected so far  suggests the  possibility of   both Bacterial  

Meningitis and Herpes encaphalitis
· Headaches?

                         Yes   

            If the response had been ‘No’ ,the next question would have possibly been:

· Presence of Temporal Lobe lesions?

 A ‘Yes ‘ response for this question would strongly suggest the presence of Herpes encaphalitis ,and the line of questioning would proceed appropriately .Considering that the response was ‘yes’ to the query about headaches , the questioning continues as follows:

· Stiff neck?

                      Yes

· Unusual change in mental status?

                       Yes

At this point all the classic symptoms of Bacterial Meningitis have been established.

 Thus the typical working of the DQBanque was illustrated in the context of Bacterial Meningitis.

6. PATTERN EXTRACTOR

 This component is composed of two parts- :the data warehouse and the data mining toolset. The data warehouse basically consists of a data cube and a two dimensional table. The data cube contains an exhaustive list of case histories with all the possible relevant information such as  case no., age, sex, race, geographical location , existing ailments and conditions, hereditary ailments and current symptoms  among others. The 2-D table would contain only information stating the various symptoms and conditions corresponding to each individual fever-causing disease. The data cube is  augmented with fresh case details in real time as and when diagnosis takes place. The responses to the questions posed by the PSI (which are either yes/no responses or single phrases) are transferred to the pattern extractor  and held in temporary storage. After the necessary data cleaning is done(with the help of the MDD), the data is fed into the data cube .The data cleaning process is done with the assistance of the MDD to resolve any inconsistencies in storage format and naming. Thus we see that the data cube is incrementally refreshed.

The data mining toolset implements a rich set of mining algorithms based on association rules, classification and time series analysis. These algorithms are periodically used on the data present in the data cube ,in order to generate any kind of ‘interesting’ patterns. The aimed end result of these patterns is basically to find a set of symptoms ,conditions and other factors such as race, age ,gender and location  associated with each individual fever-causing disease. The information thus generated is stored in a dynamically expandable  2-D table .A typical row in the table would contain the name of the disease in the first column ,and the various associated information in the other columns. So ,to put it succinctly, the results of mining the data cube are stored in the 2-D table. The rule constructor receives the information present in the 2-D table and formulates new rules.

So ,we see that the pattern extractor has  one way  connections to both the PSI and the rule constructor. It also has a two way connection with the MDD.

When the patient`s age is taken as input, he/she is automatically classified as a neonate ,child, or an adult .The data cube present in the pattern extractor contains an attribute called age group which stores this information. The data cube also contains attributes specifying the organism which caused the disease. For example ,it is known that  the occurrence of Bacterial meningitis in children is generally caused by H.influenzae  or N.meningitis. This is the kind of knowledge that can potentially be gained from the data mining process. One can also discover non-obvious  racial, geographical or diet-related patterns in the occurrence of fever. The new knowledge thus found can greatly quicken the process of diagnosis and possibly make it more accurate.

7. RULE CONSTRUCTOR

The Rule Constructor has a one way connection to the pattern extractor and another one to the DQBanque. This component gleans the data stored in the 2-D table (present in the pattern extractor), and formulates rules based on this data. Any rule thus formed is first compared to the database of rules present in the DQBanque. If the rule already exists ,it is discarded. Else, it is added on to the database of rules in the DQBanque. The following rules illustrate the basic format of rules formed by the Rule Constructor.

IF seizure=yes AND

     headache=yes AND 

    Stiffneck=yes AND 

    mentalstatechange=yes

THEN BacterialMeningitis.

IF seizure=yes AND

     nonseasonalfocalneurologicdefect=yes    

    AND 

    temporallobeleisions=yes

THEN Herpesencaphalitis

When a ‘yes ‘ response is received for the query ‘seizures?’ ,the DQBanque is searched for rules having an ‘If’ condition ‘seizures=yes’. When such a rule is found, the other conditions of the rule are traversed one by one ,and the corresponding questions are chosen from the DQBanque and sent to the PSI. When a certain condition in the rule is not satisfied , that rule is discarded, and the search starts for another rule which has the condition ‘seizures=yes’. This is basically how questions are chosen and sent to the PSI. Although this explanation basically pertains to a process taking place in the DQBanque, we chose to give  it here, as we wanted all rule-related discussions to appear together. 

These rules have scope for evolving further as the mining process takes place. It would generally be a slow and almost static evolution.

8. SUMMARY

We proposed an architecture that uses assistance of data mining to provide decision support for diagnoses of fever. Although we have dealt exclusively with the diagnoses of fever in this paper the basic architecture can implemented for the diagnoses of any other physical condition. The system we proposed is meant to make the process of fever diagnosis less time-consuming ,and possibly more accurate .It must be emphasized that the system would serve only as an accessory and not as a substitute for the human physician. The main difference between a usual ‘expert system’ and our system is that the data mining process enhances the learning process. It must also be noted that the diagnosing power is never complete. Its knowledge could be become better than its current knowledge in several years or months or weeks or days or even in an hour.

ACKNOWLEDGEMENTS

We sincerely thank our Management, Secretary, Principal and HOD for all the support extended by them in our efforts to complete this paper.
REFERENCES

[1] Gregory Piatetsky-Shapiro, Ron Brachman, Tom Khabaza, Willi Kloesgen and Evangelos Simoudis, An Overview of Issues in Developing Industrial Data Mining and Knowledge Discovery Applications. Proceedings of the second international conference on Knowledge Discovery and Data Mining ,1996

[2]  Suhail Ansari, Ron Kohavi, Llew Mason and Zijian Zheng, Integrating E-Commerce and Data Mining:Architecture and Challenges.

[3] Thomas Thomas, Sanjeev Jayakumar,  Muthukumaran B., Data Mining Architectures : A Comparative Study, Proceedings of the Fifth World Multiconference on Systemics, Cybernetics and Informatics,2001

[4] Ramez Elmasri, Shamkant B.Navathe, `Fundamentals of Database Systems ,Third Edition

[5]  H. Schonfeld, et al, Bacterial Meningitis (Antibiotics and Chemotherapy, Vol 45)
.  

RULE COSTRUCTOR





DIAGNOSTIC QUESTION BANQUE





PATTERN EXTRACTOR





PHYSICIAN SYSTEM INTERFACE





MEDICAL DATA DEFINITION





Fig 1. Proposed System Architecture








