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Evaluation of DICE, a terminological system in intensive care 

Abstract 
Evaluative research and the introduction of the Patient Data Management System increased 
the need for structured and standardized registration of diagnostic information in Dutch 
intensive cares (IC). Therefore a terminological system to describe diagnoses is needed. 
During the last two years DICE (Diagnoses for Intensive Care Evaluation), an application 
which includes knowledge about the IC diagnoses domain, such as the anatomical 
localization, the dysfunction or pathology and the etiology, has been developed. This chapter 
describes the evaluation of DICE and its functionality by its two types of users: the 
knowledge modeller responsible for the implementation and maintenance of the knowledge 
and terms in intensive care, and the intensivists who want to find and assign diagnoses for 
patient(group)s. 

DICE was evaluated on the basis of 126 diagnoses collected during a four-week period in 
ICUs of a university hospital and a teaching hospital. Although the knowledge modeller as 
well as the intensivists judged DICE positively, there were some points for improvement. The 
knowledge modeller observed a problem in modelling dependencies between qualifiers of a 
concept and the two intensivists observed some gaps in the knowledge base and were critical 
about the current interface to compose plural operative procedures. 

10.1 Introduction 
During the last decades, several initiatives of health care professionals focussed on quality 
assurance and cost control of care delivered. One example of these initiatives is NICE 
(National Intensive Care Evaluation) (see chapter 3). The objective of NICE is quality 
assessment and quality improvement of Dutch intensive care units (ICUs) by comparing 
outcome, for example mortality, in various ICUs. Because of the great heterogeneity of the 
intensive care population, the differences in population between ICUs has to be taken into 
account before outcome can be compared. Scoring models such as APACHE II [1], SAPS II 
[2] are aimed at quantifying case mix and using the resulting score to calculate the probability 
of hospital mortality adjusted for severity of illness [3]. However, these models are mainly 
based on physiological disturbances in the first 24 hours of ICU admission and they include, 
if at all, only a few, arbitrary selected diagnostic categories to represent the reason for 
admission. The reason for admission, however, is an important feature of an ICU population. 
To enable selection and stratification on diagnoses, a structured and standardized registration 
of diagnoses is essential. Another impulse for structured registration of intensive care 
diagnoses comes from the introduction of Patient Data Management Systems (PDMSs), 
computer systems which facilitate the collection, integration, retrieval and interpretation of 
multi-source, multi-variant data found in an ICU [4]. Interpretation, retrieval and integration 
are only possible when data is structured in a way that its meaning is constrained by the 
concepts and relationships in the structure (see chapter 6). 
To date, intensivists record diagnostic information mainly in free text. There has been hardly 
any structured registration due to the lack of an appropriate terminological system. DICE 
(Diagnoses for Intensive Care Evaluation) is an application which is under development to 
bridge this gap. 
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Chapter 10 

DICE is an implementation of the ontology described in chapter 9, in which knowledge about 
diagnoses in the IC domain, such as the anatomical localization, the dysfunction or pathology 
and the etiology, is included. The central idea behind DICE is that the domain knowledge 
included in DICE is to be used for recording a specific diagnosis in daily care practice and for 
stratification and selection in the context of research. 

DICE server 

A 
P 
I 

GUI modeller 

GUI 
intensivists 

Figure 0.1 Architecture of DICE. 

As shown in Figure 0.1, DICE consists of a server and two graphical user interfaces (GUI). 
An application program interface (API), which is the specific method prescribed by the server 
by which a programmer writing an application program can make requests to the server, 
connects the two graphical user interfaces to the server. One graphical user interface is 
developed for the modeller who has to implement and maintain the knowledge and terms 
about diagnoses in intensive care. The other interface is developed for the intensivists who 
are to record the diagnoses of the patients. Hence, DICE has two kinds of users: the 
knowledge modeller and the intensivists. 
During the two years of system development, it appeared that the ideas underlying DICE, 
were difficult to understand for most intensivists. Due to the current lack of structured 
registration of diagnoses and the relatively recent introduction of PDMSs, it was also difficult 
for the intensivists to adequately define their requirements for a terminological system. 
Although DICE is not finalised yet, an evaluation of the present application seemed useful to 
validate the representation and functionality, and to keep in touch with user requirements. 
This chapter describes the subjective evaluation of the functionality implemented in the 
server and its API and the GUIs of DICE by both types of users. The most important issues to 
evaluate by the intensivists are those concerning the ease of finding diagnosis for a patient 
and the way DICE supports the intensivist in recording diagnoses as detailed as necessary. 
The evaluation by the knowledge modeller aims to gain insight into the measure of fulfilling 
the requirements for ideal terminological systems as described in chapters 8 and 9. 
Section 10.2 describes a short history of DICE. In section 10.3 the methods of the evaluation 
are described separately for the knowledge modeller and the intensivists. The results of these 
evaluations are described in section 10.4 and the discussion and some aspects for future 
research are described in section 10.5. 
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10.2 History of DICE 
In 1997 the first version of DICE was implemented using a relational database management 
system and included approximately 1000 diagnoses. Based on our first experiences we 
decided to re-implement our ideas in Java, because additional requirements such as 
incorporation of DICE into existing PDMSs, which run on different platforms, were not 
solvable within the application of that time. Furthermore, additional requirements for the 
functionality of DICE became clear. The most important improvement in functionality of the 
Java version (DICE version 2) compared to DICE version 1 was the possibility to distinguish 
essential characteristics of a concept, such as "viral hepatitis" is_located_in "liver", from 
characteristics to refine a concept, such as "viral hepatitis" has_etiology <"hepatitis viruses" 
or "Epstein barr viruses" or "cytomegalo virus">. Another important improvement was the 
use of synonyms. In DICE version 1 each concept was designated with only one English 
term, version 2 of the application may contain many terms per language (at this moment 
Dutch and English) for each concept, relationship and attribute. 

The advantage of using formal specifications and knowledge, splitted up into essential and 
refining characteristics of concepts, in a terminological system is that this facilitates 
automatic reasoning and consistency checking. Online consistency checking of knowledge is 
not implemented yet in version 2. Therefore, some static consistency checks were 
implemented by the system developer to evaluate the consistency of the knowledge in DICE. 
An example of a consistency check is to determine whether there exist different concepts 
with the same characteristics. The system should support the modeller to examine whether 
these concepts are actually the same. Another example of consistency checking is to control 
whether two rather 'similar' concepts, but one of these with more detailed characteristics than 
the other, are generically related to each other. 

10.3 Methods 
During four weeks all the encountered reasons for admission and the comorbidity of 126 
patients admitted to two ICUs have been collected (see appendix 1). Diagnoses have been 
collected on paper by the responsible intensivists, at the level of detail used in the medical 
record, which forms the basis for the patients' treatment. The diagnoses were sorted on the 
length of its description, under the assumption that longer descriptions generally imply more 
detail and are therefore probably more difficult for the user to select in DICE. For example 
the description "pneumonia" is shorter and easier to select than the description "pneumonia 
due to proteus mirabilis". The two ICUs, one located at a university hospital and the other 
located at a non-university teaching hospital, are initiators of the NICE project and collect the 
NICE minimal data set since 1997. Two intensivists, one of each ICU, and the knowledge 
modeller evaluated DICE. 

10.3.1 Evaluation of DICE from the modeller's perspective 
The modeller checked whether diagnoses registered in the four-week collection period were 
available in DICE. If a concept was available, the modeller added Dutch terms for the 
concept (if necessary) and checked the relationships of the diagnostic concept. In the old 
version there was no distinction between essential characteristics of a concept and 
characteristics that can refine the concept depending on the situation. The knowledge 
modeller was now able to define essential knowledge, such as "viral hepatitis has location 
liver", and knowledge used by the intensivist to refine that concept, e.g. the qualification 
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which particular virus caused the viral hepatitis. Hence, some of the former essential 
characteristics have been transformed to qualifiers. Due to this new functionality enabling 
qualifier definitions, some subordinate concepts of DICE version 1 could be removed when a 
clinical relevant superordinate concept is included in DICE. For example, the subordinate 
concepts "ruptured aneurysm of carotid artery" and "unruptured aneurysm of carotid artery" 
can be removed since the superordinate concept "aneurysm of artery" can be specified by the 
qualifier "ruptured (yes/no)" and by the specific anatomical localization by choosing a 
particular artery, in this case carotid artery. When a diagnosis from the four-week collection 
period was not available in DICE, a new concept, its terms and its relationships have been 
added. In this way the intensivist were not unnecessarily confronted with missing diagnoses 
in DICE. 

During the adaptation of the knowledge of IC diagnoses, the modeller evaluated all criteria 
for ideal terminological systems as described in chapter 8 and 9. 

10.3.2 Evaluation of DICE from the perspective of the intensivist 
A subjective but structured evaluation of user friendliness is performed. For this evaluation a 
simple interface is built in which the diagnoses from the four-week collection period are 
included in a database. This application showed per patient one reason for admission and the 
comorbidity (if available) in free text as collected in the four-week collection period. Figure 
10.2 shows patient 35 who has the reason for admission "Proteus mirabilis pneumonia" and 
comorbidity "cachexia". 
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Figure 0.2 Interface which .shows the reasons for admission and comorbidity per patient. 
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Figure 0.3 shows the DICE interface used by intensivists in order to find and record 
diagnoses for intensive care patients. One could search in DICE for a concept by three 
methods: using free text, using a structured hierarchy (right side of Figure 0.3) or selection 
from a top 15 of most occurring diagnoses in intensive care (left side of Figure 0.3). 

Aantal Type Re-operatie j 

GEA 
LIMA 
PIMA 
RIMA 
veneuie giart 

Figure 0.3 DICE user interface to select "CABG " using the top 15 or using a hierarchical structure and free 
text. A "specify " window will appear to record additional detail (number of bypasses, type of 
bypass and re-operation) to the concept "CABG ". 

For each diagnosis to be searched and recorded the users were asked to answer two questions. 
The first question is how the user judged the ease of finding the diagnosis (easy, normal, 
hard) in DICE. The second question is how the user judged the level of detail of the concept 
(good, too much, too few) found in DICE, regardless of the specific level of detail of the 
diagnosis registered in the four-week collection period. For example, searching for "aorta 
abdominalis prothesis" results in DICE in the possibility to specify the additional qualifier 
"type of prothese". If in the user's opinion this qualifier is useful for this concept, the user 
will answer that the level of detail is good, also when the text available from the four-week 
collection period only describes "aorta abdominalis prothesis" without any additional 
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information on the type of prothesis. Furthermore, the user is asked for some general 
experiences with DICE such as speed and overall ease of use. After a short explanation and 
demonstration of DICE, the two intensivists independently searched for the diagnoses. 

10.4 Results 
In the four weeks collection period 75 different reasons for admission of 126 cases were 
collected. In 22 (17%) cases one or more diagnoses (in total 20 different diagnoses) were 
recorded as comorbidity. As shown in appendix one, the level of detail varied largely, from 
simple strings such as "CABG" or "re-CABG 3x" to complex composite strings such as 
"AVR & mitral valve commisurotomy due to aortic valve stenosis, aortic valve insufficiency 
and mitral valve stenosis". 

10.4.1 Results from the modeller's perspective 
Of the 95 different diagnoses (75 reasons for admission and 20 comorbidity diagnoses) 11 
diagnoses had to be added to the knowledge base. For the other 84 diagnoses Dutch terms 
had to be added and in many cases qualifiers and relations have been added or adapted. For 
example the concept "CABG" was already present but the only available knowledge about 
this concept was "has location coronary arteries", "has dysfunction obstruction", "involves 
system cardiovascular" "has intervention bypass". The modeller added three qualifiers: the 
number of bypasses (integer), type (LIMA, PIMA, RIM A, GEA, venous graft) and re
operation (yes/no). According to the relation types described in section 9.5.2, all relations, 
with the exception of the qualifiers, are defined as essential (Def) characteristics of the 
concept. The "type-qualifier" is defined as multi-valued (OR_ specialization), indicating that 
one or more types, e.g. LIMA and RIMA, can be chosen by the user. The qualifiers "number 
of bypasses" and "re-operation" are defined as single valued (XOR_ specialization), 
indicating that one count can be given for the number of bypasses and that either "yes" or 
"no" can be chosen to specify re-operation. 
The fact that most diagnoses have been added or adapted does not say anything about the 
representation or functionality of DICE. It only indicates that the knowledge in DICE was 
incomplete and had to be updated. 
Due to the formal and conceptual design of DICE described in chapter 9 and the 
conceptualization and formalization of the essential criteria for terminological systems 
described in chapter 8, DICE satisfies most of these criteria. The rest of this section describes 
the results on these criteria. 
Although not all concepts of the IC domain were present in DICE yet, its structure does not 
restrict the detail in breadth or depth. Attributes are frequently used to extend the level of 
detail and the defining (Def) and refining (OR/XOR/DOR/DXOR) relations between 
concepts and attributes or between different concepts seems practical and valuable. The use 
of more than one term (in many languages) to designate concepts, but also relations, 
attributes and attribute values is possible. Non-ambiguity and non-redundancy is (partly) the 
responsibility of the modeller, but they have to be supported as much as possible by 
consistency checks, which need to be implemented in the future. 

Multiple classification is possible because the concepts in DICE can be linked via the is_a 
relation to as many other concepts as necessary. For example "CABG" is a species ot the 
genus "bypass, graft of artery" and it is a species of the genus "coronary artery procedures". 
Definitions are (partly) given by the essential characteristics of a concept. 
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Syntax rules are implemented by the "Def \ "OR_specialization", "XOR_specialization"\ 
"DOR_specialization" and "DXOR_specialization" relation types. By these relations types it 
is possible to compose new concepts in a controlled way, so that non-sensible composed 
concepts are avoided. The only lack of control observed by the modeller was the 
impossibility of modelling cardinality constraints and dependencies between qualifiers. For 
example, the micro-organisms causing a disease can only be restricted by one value 
((D)XOR_specialization) or multiple-value ((D)OR_specialization), and for the concept 
CABG it is not possible to constrain that the "number of bypasses" has to be equal or larger 
than the number of specified types (LIMA, RIMA, PIMA, GEA, venous grafts). It was not 
possible to include this constraint, because this functionality is not implemented in the current 
version of DICE. 

All relations are explicitly labeled. Since, up till now, not much attention is paid to coding, 
the criteria "context free identifiers" and "mapping" is not fully supported. Codes of 
concepts, relations, attributes and attribute values are sequential numbers, but in composed 
concepts or concepts extended with attributes the code of a concept is extended with the code 
of the attribute and attribute value, for example "CABG (concept 1999) with 3 bypasses 
(code 21388)" has code "1999|21388:3". Since we believe that patient group selection 
always use the knowledge base available in DICE, codes are not important. Mapping to 
existing terminological systems is not yet implemented. In the future, the knowledge base 
will be used to select and designate concepts according to the corresponding ICD-9-CM or 
ICD-10 codes. 

10.4.2 Results from the perspective of the intensivists 
In general the two intensivists judged DICE as a promising tool for recording diagnoses. The 
top 15 of the most occurring diagnoses fulfils an important requirement of the users. 
Furthermore, the possibility to search on (a part of) a string, such as "bypass" for searching 
all terms which include bypass was very valuable for the users. 
However, the intensivists (called userl and user2 from now on) observed some significant 
problems through which not all diagnoses could be (easily) recorded at the level of detail 
necessary for daily care practice. First of all, DICE ran very slowly due to insufficient 
computer resources . More memory and a faster processor can solve this problem. Of the 95 
different diagnoses, 80 (84%) diagnoses were correctly recorded by both intensivists. The 
remaining 15 (16%) diagnoses were recorded at an incomplete level of detail: 6 (6%) 
diagnoses were incompletely recorded (less detail than they should have) by both intensivists; 
8 (9%) diagnoses only by userl; and 1 (1%) diagnosis only by user2 (see appendix 1). The 
problems with the 6 diagnoses which were recorded by both intensivists with less detail than 
they should include, were caused by lack of knowledge in the knowledge base. This lack can 
be split up in the lack of relations to be made explicit by the user and the lack of concepts or 
attributes. For example "rethoracotomy because of tamponade" could not be recorded 
because a relation between the concept "thoracotomy" and the concept "heart tamponade" 
could not be made explicit. An example of a missing concept is "reanimation after operation 
for carotid stenosis". Although the concept "reanimation" could be related to a reason, the 
concept "removal of carotid stenosis" did not exist in the knowledge base. The diagnosis 

1 The minimal computer specifications to run DICE were rather extensive: a minimum of 300 MHz processor 
and 32MB memory is desirable. These specifications are more extensive than available in computers in most 
ICUs. 
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"bladder malignancy" was difficult to find and record because the knowledge base did not 
distinguish benignant or malignant tumours to extend detail to the concept "bladder tumour" 
which was available in the knowledge base. 
Userl had many problems with diagnoses concerning plural operative procedures, for 
example, a patient admitted to ICU for monitoring after a CABG and an aortic valve 
replacement. All these plural operative procedure concepts can be composed by choosing the 
concept "operative procedure" and further select more procedures from the list by using the 
<control> button. However, it was hard to select multiple concepts, which are situated far 
from each other on the list and the interface does not clearly show which attributes to be 
made explicit belong to which of the selected operative procedures. For example if one 
selects "aortic valve replacement and mitral valve replacement", it was not obvious which of 
the two attributes "valve dysfunction (stenosis or insufficiency)" belonged to the aortic valve 
and which belonged to the mitral valve. 

User2 had a problem with the concept "proteus mirabilis pneumonia" because he could not 
find the aetiology "proteus mirabilis" in the list of micro-organisms and could not go further 
than "pneumonia". In a retrospective meeting in which problems were discussed, user2 
explained that this probably escaped him in reading the list of micro-organisms. 
Besides the 13 diagnoses that userl could not completely record, he judged 8 additional 
diagnosis as "hard to find". User2 indicated 6 diagnoses as "hard to find", additionally to the 
7 diagnoses that could not be completely recorded. Almost all these "hard to find" concepts 
were plural operative procedures or composed medical diagnoses and some concepts were 
hard to find because the right synonyms were missing. Overall, both userl as user2 could 
easily find 70% (n=65, 67 respectively) of all diagnoses. 

10.5 Discussion 
DICE is an application that aims to support structured registration of intensive care diagnoses 
when incorporated as a module within a PDMS or computerized registration system in 
intensive care. Due to its implementation in JAVA, there should not be restrictions to the 
platform on which the PDMS runs as long as a JAVA virtual machine is available for the 
platform the PDMS is running on2. However, for a successful implementation, the PDMS 
itself should allow incorporation and communication with extern modules. 
The idea behind DICE is an ontology describing diagnoses in the intensive care domain, viz. 
a description of all relevant concepts and their relations within the domain of intensive care 
diagnoses. Diagnostic concepts, such as "pneumonia", are described by essential 
characteristics, such as "has_localisation lungs", and additional characteristics to refine a 
concept, such as "has_etiology". These characteristics can be used to select an individual 
diagnosis or to stratify patient categories of the intensive care population for research and 
auditing. Selection on characteristics is currently under development. DICE supports the user 
to make each possible bit of information about a concept explicit by showing the additional 
characteristics that may refine the concept. However, it does not enforce the user to specify 
information about the concept which is not known yet. 

2 At this moment approximately 20 platforms are supported among which Windows, OS/2, MacOS and Linux. 
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The modeller was able to (conceptually and formally) model all concepts gathered during the 
four-week collection period. All relationships could be modelled and all possible terms could 
be related to the concept. The formalisation of knowledge facilitates automated reasoning 
such as automated classification when a new concept is added to the classification [5]. This 
functionality is not implemented yet, but it is planned for the future. Since in formalisation 
there is always a trade-off between expressiveness and automated reasoning we have to 
explore in which way DICE can facilitate and implement automated reasoning. 
The only weakness in DICE observed by the modeller, while checking and implementing the 
diagnoses collected during the four-week collection period, was the impossibility to define 
cardinality constraints and dependencies between attributes due to lack of expressiveness. 
Although this imperfection requires attention in the near feature, this problem does not occur 
frequently (in this pilot only for one diagnosis) and some responsibility of the user while 
recording this diagnosis can be assumed. Since the modeller's interface was developed in 
strong co-operation between the modeller and the system developer, the knowledge modeller 
had no problems with the interface for modelling knowledge about diagnoses in intensive 
care. However, it has to be mentioned that implementing the ontology by describing hundreds 
of ICU diagnoses with their relations and characteristics is a very labour-intensive and 
specialised job. 
This evaluation showed that potential users judged DICE as promising but the interface needs 
some essential changes. Since an important part of the intensive care population are patients 
coming for monitoring and care after extensive (cardiac) operative procedures, the user 
should be supported to collect plural operative procedures as the reason for admission, e.g. 
monitoring after CABG and aortic valve replacement. Although it was possible to select 
more than one operative procedure, the interface was not very intuitive to easily compose a 
plural operative procedure. Furthermore, when more than one procedure was selected, it was 
unclear which attributes belong to which procedure. New developments in DICE, which have 
recently started, should enable the user to easily select more than one operative procedure and 
specify the attributes of each procedure in a user-friendly way. Furthermore, the knowledge 
in DICE is also not completed yet (some concepts and their relationships are missing or need 
adaptation). However, the knowledge has to be under continuous development anyhow, for 
example to add new diseases or change characteristics when new insights into the 
characteristics of a concept arise. 
We believe that DICE is an important tool for the registration of intensive care diagnoses. 
Once the mentioned shortcomings in the user interface are solved and once the knowledge 
base includes most of the intensive care diagnoses, DICE will be introduced to all NICE 
participants such that reasons for admission and complications during ICU stay can be 
included in the national database intensive care. Implementation of this structured registration 
of ICU diagnoses will bridge an important gap in current PDMSs [6]. 
We expect that DICE will support intensivists to record diagnoses in a structured and detailed 
way. This will improve communication between different physicians and different disciplines 
during daily patient care. Furthermore, stratification for differences in the reasons for 
admission and comorbidity will become feasible. This will be an important improvement for 
quality assessment in intensive care. 
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Appendix of chapter 10 

Reason for admission Problem to 
userl/user2 

AAA 
CABG 
[TAAA 
Bricker_ 
Re-CABG 
CABG 3x 
6 x CABG 
AVR + MVR^ 
Heart failure 

userl 

Pneumonia 
Urosepsis 
Neurotrauma 
CABG witlij Lima_ 
Urgent CABGJx 
4x_CAI3G+i1 ima_ 
AJVR and CABG 1 x 
Bowel perforation 
(multi) Trauma 

CABG 4x with Lima 
Heart valve operation 

userl 

Aortic bifurcation prothesis 
Subdural haematoma 
Duodenum perforation _ 
CVA bleeding in pons 
Aqrticjvalve replacement 
Neurological JxaumaJT2_ 
MJtral valve replacement 
Explorative laparotomy 
Re-mitral valve replacement 
Mitral valve (bio)prothesis 
Oesophageal cardiajesection 
CABG Lima + venous grafts 
CABG + aortic valve replacement 
CABG + mitral valve replacement 
Proteus mirabilis pneumonia 
Rethoracotomy for_cardiac tamponade 
CABG 4x with Lima, Gea, Rima _ 
Reanimation for respiratory arrest 
AVR (aortic valve resection) 
Aortic arch replacement^ 4x CABG 
Aorta ascendens prothesis + CABG 
Reanimation after OK carotic stenosis 
Mass lung embolus + reanimation 
Removement subdural neurinoma c3 
Acute aneurysm aortae abdominalis 
Sepsis due to bacterial peritonitis 
Cardiac asthma due to myocardial infarctjon 
TMLR for inoperable coronary sclerosis 
Infection bronchial tree after pneumonectomy 
Circulatory arrest with myocardial irdarction 
Gram negative sepsis 
Transhiatal oesophago cardia resectjon 

userl 
userl 
user2 

userl + 2 

userl 
userl 

userl + 2 
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Respiratory_arrcst after overdoses heroine 
Transthoracal oesophago cardia resection 
Cardiogenic shock due to large myocardial infarction 
Respiratory failure due to cardiac asthma 
Respiratory failure due to exacerbation COPD 
Nephrectomy right Tanckhoff catheter implantation 
VSR repare (ventricle septum rupture reparation) 
Respiratory failure due to postanoxic encephalopathy 
Trauma with facial fractures and cerebral contusion 
Respiratory arrest at exacerbation COPD and LVF 
Respiratory failure due to pneumococcal pneumonia 
Respiratory failure at terminal lung emphysema 
Endarteriectomy aorta abdominalis under renal arteries 
Respiratory failure due to lung embolism + pneumonia 
Oesophagocardia resection 
Cardiogenic shock due to myocardial inferior infarction 
Respiratory failure due to rib fracture and lung contusion 
AK.V mechanic valve due to aortic stenosis insufficiency 
Respiratory failure due to homozygotic sickle cell disease 
Respiratory failure due to lung oedema 
Multiple trauma: femur #, orbita #, patella #, pneumothorax, lung contusion 
AKV & mitral valve commissurotomy due to aortic stenosis and insufficiency and 
Monitoring for possible apnoea due to anti-epileptica medication for epileptic insults 

Comorbidity 
Sepsis 
AV block 
Cachexia 
Dementia 
Bowel tumor 
Lung fibrosis 
Hypertension 
Liver cirrhosis 
Atherosclerosis 
Cardiac asthma 
Chronic gastritis 
Homocysteinuria 
Chronic renal failure 
Old infarction inferior 
Myocardial infarction 
Non hodgkin lymphoma 
Urinary bladder malignancy 
Gastric perforation operation 
Multiple myocardial infarctions 
Auto-immune haemolytic anaemia 
Oesophageal carcinoma squamous cell 
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