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Abstract 

Background 

Clinical findings (CF) embrace all symptoms, signs, and supplementary laboratory 

investigations. CF are associated with and identify diseases and syndromes. Our 

clinical model (CM) partitions diseases into etiology, disorders, and pathogenesis. CF 

has not been related to CM before. This study concerns the alignment of CF with CM. 

 

Results 

CF preferentially associate with either the etiology, disorders, or pathogenesis. Each 

component of CM associates with at least one CF.  

 

Conclusions 

CF are organized in accordance with the structure of CM. This paves the way for an 

online clinical knowledgebase based on CF and CM. 

 

Key words  

Clinical model, clinical findings, symptoms, signs, supplementary investigations, 

artificial intelligence. 

 

Background 

Clinical medicine is often viewed as sets of disparate fields ranging from 

epidemiology, genetics and toxicology to primary care, hematology, surgery, and 

psychiatry. A common clinical model (CM) gives all these fields with a similar structure 

(Bassøe 2019, Bassøe 2019a). How clinical findings (CF) (symptoms, signs, and 

supplementary laboratory investigations) map into CM is unknown.  

 

Recent developments 

In 1973 clinical decision-making (CDM) was largely based on symptoms and signs, 

and CDM was seen as an art. Physicians speculated on what was going on in brain 
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disorders: Tumor? Immune reaction? Infection? Circular brain activity? etc. Because 

autopsy tells little about the mind clinical decisions could not even be verified 

postmortem. Nevertheless, autopsy was seen as the golden standard.  

 

Radiological resolution and accuracy were limited to the crude resolution of X-rays. 

Supplementary investigations were sparse and crude. CT, MR, ultrasound, and 

Doppler were unavailable. Clinicians had limited access to pathological morphology 

and pathophysiology. Classical hormones were available for analysis, but methods 

were crude. Adrenal and sex hormones were measured as ketosteroids (17KS) and 

ketogenic steroids (17KGS), and thyroid functions by protein bound Iodine (PBJ). 

Such measurements gave an inaccurate picture of endocrine gland function. Genetic 

analysis were of little use. Accordingly, supplementary investigations did not free 

clinical medicine from art.  All of this changed dramatically over the last five decades 

and turned CDM towards a science. 

 

Key CF often give a lead to specific supplementary investigations among the now 

huge set of possible specific methods. However, each disease consist of an etiology, 

disorder, and pathogenesis and the set of CF needed to identify a disease is 

heterogenous. The present study investigates the mapping of CF to CM and 

elaborates on the usefulness of this mapping to CDM. 

 

Results and Discussion 

 

Clinical findings (CF) 

Clinicians discriminate between symptoms, signs, and supplementary investigations. 

These words are used differently by different clinicians and defined in various ways 

by different dictionaries (Brekke 1995, Stavem 1995). Here the following terminology 

is used: 

 

1. Symptoms are told by the patient or comparents and contained in 
the clinical history. Comparents are family members, colleagues, 
friends, and other persons who know the patient. 

2. Signs are the observations made by the clinician during the physical 
clinical investigation. Sings encompass data collected from 
instruments used in the clinicians’ office, for example for measuring 
blood pressure and gastroscopy. 

3. Clinical manifestations cover symptoms and signs. 
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4. Supplementary investigations are performed by instruments in 
specialized laboratories for example chemical chemistry, 
microbiology, and radiology. 

5. CF embrace symptoms, signs, and supplementary investigations. 
 

The phrase ‘clinical problem’ refers to CF that are used to reach a diagnosis during a 

session of clinical decision-making (CDM). 

 

Origin of CF 

CM decomposes diseases  into etiology, disorder, and pathogenesis. The enormous 

amount of clinical knowledge forbids complete coverage of this decomposition. 

Therefore, we abide by common clinical examples.  Box 1 illustrates the relationship 

between CF and ongoing processes in bacterial enteritis. The isolation and 

characterization of bacteria and toxins is specific to the etiology.  Malaise, chills, fever, 

sweating manifest both the immune reaction type 3 (IR3) and toxic actions of bacteria. 

The symptoms colic, pain, diarrhea are purely related to the intestinal functions 

peristalsis and absorption. Thus, dehydration and hypotension are signs of the 

disorder. The supplementary investigations of low serum sodium and potassium 

concentrations, S-Na and S-K, respectively, are only related to the disorder. Fever, 

neutrophilia, and elevated C-reactive protein (CRP) define the presence of IR3, 

which is a pathogenetic mechanism. Box 1 shows how CF are related to the etiology, 

disorder, and pathogenesis. 

 

 

 

SYMPTOMS Malaise, chills, 
fever, sweating 

port of entry Colic, pain, 
diarrhea 

 
SIGNS 

   
Dehydration  

 
LABORATORY 

 
Isolated bacteria 

and toxins 

  
hypotension 

S-Na and S-
K, hypotension 

    
 BACTERIA  

virulence 
Intest 

CM    
 IR3  BM 

  
Fever, 

neutrophilia,CRP 

pathogenesis  
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 Box 1. Intest=Intestinal tract. BM=bone marrow. Bold arrows depict 
processes in the clinical model (CM). Open arrows show relations between 
CM and clinical findings that are divided on symptoms, signs, and laboratory 
findings.  

 

Box 2 illustrates the relationship between CF and pathogenesis in diabetes mellitus 

type I. sC-peptide1 means low blood serum concentration of C-peptide, sGlucose 

is elevated serum concentration of glucose and Glucostix+ reflects glucosuria. No 

known symptoms are associated with hypoinsulinemia itself. The three elements 

(sC-peptide, sGlucose and Glucostix+) is an example of a metabolic pathogenetic 

mechanism. Clearly, CF in Box 2 accords with the pathogenetic mechanism. The two 

common examples in boxes 1 and 2 are proof of existence of relations between CF 

and crucial parts of CM. 

 

1 C-peptide: fragment split off insulin; used to determine insulin secretion. 
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          LABORATORY                       sC-peptide       sGlucose   Glucostix+ 

                                                                                                    

     lack of -cells→hypoinsulinemia→hyperglycemia→glucosuria→polyuria 

                                                                                                              

 CLINICAL FINDINGS                                               weight loss   thirstpolydipsia 
 
Box 2. Bold arrows depict a short-hand pathogenetic process in the clinical model 
(CM). Open arrows show relations between CM and clinical findings that are divided 
on symptoms, signs, and laboratory findings. 
 

The proof of existence suggest a general mapping between CF and virulence (Box 3) 

and CF and pathogenesis (Box 4). In particular, box 3 illustrates a set u  of CF that 

are due etiological agents. Another set v of CF stems from disorder of the primary 

affected body part. Box 4 shows two further sets of clinical findings namely x due to 

the pathogenetic mechanism and y to the secondary affected organ (when relevant). 

Generalization requires the implementation int a large clinical knowledgebase, which 

is presented elsewhere (Gunderssen 2020***). 

 

 

CLINICAL FINDINGS        u                             v 

                                                                         

                                  ETIOLOGY → PRIMARY AFFECTED ORGAN   
                                            VIRULENCE 
Box 3. The bold arrows depict virulence in the clinical model (CM). Open 
arrows show relations between CM and clinical findings. 

 

 

CLINICAL FINDINGS          v                         x                             y 

                                                                                                    

                 PRIMARY AFFECTED ORGAN    →    SECONDARY A. ORGAN 
                                                             PATHOGENESIS 

 
Box 4. The bold arrows depict virulence in the clinical model (CM). Open 
arrows show relations between CM and clinical findings. 

 

Patients perceive etiological agents, disorders and pathogenetic mechanisms that 

affect them and present them to the physician during the consultation. The dialogue 

between a physician and a patient is complicated and treated elsewhere (Bassøe 

2020***). We concentrate on how symptoms and signs can be organized in in a 

knowledgebase that accords with CM. 
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Symptoms and signs 

The general organ 

The clinical model divides the general organ into the parenchyma, tubes, and cavities. 

Parenchyma 

Many symptoms and signs point to disorders in parenchyma (Tables 1-2). 

 

Table 1. Some clinical manifestations of hypofunction in selected parenchyma. 

PARENCHYMA SYMPTOMS SIGNS 

Myocard mechanical Dyspnea Enlarged heart, RR, venous 
congestion 

Myocard electrical Syncope, palpitation. Pulse rate (bradycardia) 
Bone Pain, abnormal structure and 

mobility in conjunction with 
fracture. 

Pathological fracture 

Lung alveoli Dyspnea, breathlessness Cyanosis, clubbing 
Hepatocytes Dull pain in right 

hypochondrium, itching 
Jaundice, crural edema, ascites, 
enlarged or atrophic liver 

Kidneys Tiredness, anemia diminished urine production (anuria) 
RBC Tiredness, dyspnea. Anemia. 
Lymphocytes Relapsing (opportunistic) 

infections 
+Lymph node-, +spleen- and +liver 
swelling 

Thyroid Tiredness, deep voice, obesity, 
hair loss, dry hair 

+Goiter, weight gain, RR (diastolic), 

pulse rate. 
Testicles – Leydig 
cells 

Sexual activity, libido, 
infertility, tiredness, inactivity, 
lethargy, absent or delayed 
puberty. 

+small testicles, loss of sex hair, 
+muscle atrophy. 

Ovaries A- or oligomenorrhoea, 
tiredness, inactivity, lethargy, 
loss of libido, absent or delayed 
puberty. 

Loss of sexual characteristics 
(breast atrophy), vaginal dryness. 

Adrenal cortex Tiredness, lassitude, 
somnolence, dizziness, 
nocturia, depression, pyrexia 

weight loss, pigmentation, vitiligo, 

RR, T-valve abnormalities in ECG, 

Stomach Diarrhea, weight loss Anemia. 
Exocrine pancreas Tiredness, diarrhea Weight loss, steatorrhea, anemia, 

crural edema 
Endocrine pancreas’ 

-cells 

Tiredness, thirst, polyuria, 
blurred vision 

Kussmaul’s respiration, neuropathy, 
sensory disturbance, disturbance of 
consciousness (coma) 

Striated muscle Weakness, dyspnea, breathing 
problems 

Flaccid paralysis | paresis, +muscle 
atrophy 

Telencephalon Spastic paresis | paralysis, and 
cognitive-, sensible- and/or 
sensory disturbances, tiredness 

Low score on tests of motor-, 
sensory- and/or cognitive functions 

Basal ganglia Tremor, rigidity,… Spasticity,… 
Cerebellum Ataxia  
Peripheral motor 
nerve 

Flaccid paralysis | paresis Flaccid paralysis | paresis, muscle 
atrophy 

 RR: Arterial blood pressure. RBC: Red blood cells. ECG: Electrocardiogram. 



                                                                                                         

8 

 

  

Table 2. Some clinical manifestations of hyperfunction in selected parenchyma. 

PARENCHYMA SYMPTOMS SIGNS 

Myocardium 
mechanical 

Dyspnea, palpitation. Enlarged heart, +crural edema, 

+RR  
Myocardium 
electrical 

Dyspnea, palpitation. pulse rate (tachycardia). Enlarged 
heart size. 

Striated muscle Increased muscle strength. Muscle hypertrophy. 
Lungs Hyperventilation. Risus sardonicus. 
Hepatocytes ? ? 
Kidneys ? ? 
Red blood cells Tiredness, limb pain. Polycythemia, +cyanosis. 
Lymphocytes Autoimmune and allergic 

symptoms. 
Inflammation, fibrosis. 

Thyroid Agile-hyperactive, elevated 
mood. 

+Goiter, weight loss, pulse rate. 

Testicles Physically strong and agile, 

libido, sexual activity. 

Muscle hypertrophy, hirsutism, 
+short stature, boldness. 

Ovaries Loss of menstruation, tiredness, 
inactivity, lethargy. 

Prominent secondary sex 
characteristics. 

Adrenal cortex Agile, elevated mood, +libido, 
+psychosis. 

Truncus obesity, moon face, buffalo 
hump, thin limbs, proximal muscle 
weakness and atrophy, thin skin, 
increased sebaceous gland activity, 

acne, striae, blushing, wound 
healing, osteoporosis, hypertension, 
atherosclerosis diabetes mellitus, 
peptic ulcer. 

Stomach Epigastric burning pain, diarrhea, 
weight loss. 

Anemia, Endoscopy: esophagus-, 
ventricle- and/or duodenal ulcer. 

Exocrine pancreas Tiredness, diarrhea. Weight loss. 
Endocrine pancreas; 

-cells 

Symptoms associated with 
fasting or exercise: sweating, 
palpitations, weakness, diplopia, 
visual blurring, mental confusion, 
odd behavior, loss of 
consciousness, convulsions, 
amnesia, automatisms. 

Obesity, sensory disturbances,  
disturbance of consciousness 
(coma). 

Cerebral cortex (Hypo)mania, abnormal high 
general intelligence, convulsions 

Brain function tests: abnormally high 
performance. 

Basal ganglia ? ? 
Cerebellum ? ? 

RR: Measured blood pressure. RBC: Red blood cells. 

 

The differential diagnosis of obesity and cachexia, which essentially means 

hypertrophy and atrophy of fat cells, may be equally difficult.  

 

Depression and psychoses embrace various complex mental disorders that taint 

symptoms. Failure to comprehend and use abstract structures appear in thought and 

language disorders. Failure of syntax and semantics may make the patients’ 
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expressions incomprehensible, which is indicative of brain disorder. Accordingly, even 

incomprehensible language is a symptom that informs on disorders. 

 

Dementia is a clinically defined disorder (Cummings 2007). It is diagnosed by 

simultaneous afunction or hypofunction of memory and several cognitive domains 

including imagination. The deciding clinical factor is whether the total hypofunction 

score is less than a limit score set for a multilobe cerebral function. 

 

Tics are involuntary, rapid, repetitive, intermittent motor movements or sudden, 

uncontrolled vocal sounds (Surén 2019). Tics often occur in children and are normally 

transient. The diagnosis is often employed when at least two motor tics 2 and vocal 

tics 2 have been present, not necessarily at the same time, for more than a year. 

Severe tics with swearing is called coprolalia. Tics is a parenchyma disorder of the 

brain. 

 

Signs are limited to observations on individual patients. Typical examples are 

jaundice, edema and enlarged lymph nodes, blood pressure (RR) measurement, 

pulse, and temperature. Signs derive from altered morphology and/or function.  

Therefore, although they are causally related to the etiology signs are not causally 

related to the etiology. 

 

The size or body parts is established by vision, palpation, and metric measurement. 

For example, the circumference of thigh, leg and testicles can be measured. Biological  

sex is disclosed by the clinical examination determined by the size and form sex 

organs and accessory sex organs (mammary glands, shoulder and hip size, hair 

distribution). The size of the heart is more difficult to assess clinically. But an ictus 

lateral to the left front axillary line and distal to the 5. intercostal room indicates an 

enlarged heart. It is beyond the scope of the present study to describe all 

morphological and functional disorders that can be established by clinical signs. 

 

The clinical manifestations in tables 1 and 2 suggest supplementary laboratory 

investigations geared towards parenchyma but not towards tubes and cavities and 

are not relevant to the etiology.  
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Tubes 

Increased resistance to flow due to a stenosis decreases or arrests flow. Output from 

the distal end is decreased or arrested. Thus, intestinal occlusion leads to constipation 

and vomit irrespective of its cause (Mb. Crohn, cancer, fibrotic strings) (Table 3). 

Likewise, occlusion of the nasolacrimal duct arrests tear flow and tears flow over and 

down the cheek.  

 

Tubes are distended proximal to the stenosis. Increased tube pressure precipitates 

colic in tubes with muscular wall lining (esophagus, stomach, intestine, bile tract, 

ureter, urethra). The type of pain - colic - differs from those from parenchyma. The 

bronchi are noteworthy exceptions: they do not carry nociceptors. 

 

Table 3. Clinical manifestations commonly associated with significant stenosis or 
occlusion in selected tubes. 

TUBE 
STENOSIS 

SYMPTOMS SIGNS 

Coronary 
arteries 

Angina, dyspnea. ST-depression on exercise ECG. 

Carotids and 
cerebral arteries 

Sensory, motor, cognitive, memory 
losses 

Neurological signs of central 
nervous afunction/hypofunction 

Lower extremity 
arteries 

Intermittent claudication, peripheral 
ulcer, hair loss, loss of sensibility 

ST-depression on exercise ECG. 

Lacrimal duct Tear flood Tear flood. 
Bronchi Dyspnea, prolonged respiration Wheeze 
Esophagus Difficulty with swallowing 

(dysphagia), painful swallowing, 
heartburn, regurgitation, vomit of 
possibly undigested food, 
+retrosternal pain. 

Weight loss, epigastric 
tenderness, abnormal palatal 
movement, chest signs due to 
aspiration, tumor (supraclavicular 
fossa or epigastrium), anemia. 

Small intestine Constipation, diarrhea, vomiting, + 
colicky pain in upper half of the 
abdomen. 

Abdominal tumor, pain on 
abdominal palpation, meteorism, 
anemia. 

Colon Constipation, diarrhea, vomiting, + 
colicky pain in lower half of the 
abdomen. 

Abdominal tumor, pain on 
abdominal palpation, meteorism, 
anemia. 

Gall tubes + acute severe pain (colic) or 
slowly increasing, dull pain in right 
hypochondrium, itching. 

Jaundice, pain on palpating the 
gall bladder. 

Ureter + acute severe pain (colic) or 
colocalized to the kidney region, 
pain on kidney or + dull backache. 

Macroscopic hematuria. 

Urethra (Severe) pain over the symphysis, 
urge, hesitation, low urine flow 
rate, inability to void urine. 

Enlarged prostate, pelvic tumor. 

 

Hypersecretion into tubes may cause stenosis and occlusion in particular in tubes with 

a small diameter. Most affected are the lacrimal duct, nose, bronchi, and bronchiole. 

Signs of heart, arterial and bronchial turbulence are detected with stethoscopes. In 
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the intestine tract hypersecretion and hypoabsorption causes increased flow, i.e. 

diarrhea. Increased tube flow is not a parenchyma disorder but may be a 

manifestation of parenchyma disorders in tubes. The type of symptoms and signs 

arising from malfunction of tubes are largely invariant of the anatomical localization. 

Cavities 

Pain is the dominant complaint from cavities. In syndromes such as sinusitis and 

cystitis the pain stems from irritation of cavity walls and increased cavity pressure. It 

is not the pain in itself, but its localization that discriminates cavity disorders of 

different from each  other. The immune reaction is common to many cavities but 

belongs to the pathogenesis (Box 1 and 4, Rasmussen 1993). Significant filing of the 

pleural and peritoneal cavities are detected by auscultation. Thus, the type of 

symptoms and signs arising from malfunction of cavities are largely invariant of their 

localization. The type overlaps with tube pain and differs from that of parenchyma. 

 

The last rule has important exceptions. Filling cavities that surround a body part 

frequently leads to diminished function of the enclosed body part. For example, 

hydrocephalus reduces cerebral functions. Filling of the pleural- and pericardial slits 

with hematoma, fluids or pus diminishes lung and heart functions, respectively. 

Diminished function is reflected in corresponding symptoms and signs from the 

parenchyma (Table 1). 

 

Congenital spina bifida occulta has no or only mild signs (hairy patch, dimple, dark 

spot or swelling on the back at the site of the gap in the spine). Myelomeningocele, 

also known as open spina bifida, is the most severe form. It is associated with poor 

ability to walk, problems with bladder or bowel control, accumulation of fluid in the 

brain (hydrocephalus), and a tethered spinal cord. 

 

Clinical findings from cavities are related to the organ they contain, e.g. the heart in 

the pericardial cavity, and the structure they are contained within (the cochlea is inside 

a bone). Some cavity functions are determined by their compliance. Increased amount 

of fluid (blood, serous fluid, air, other fluids) or solids (tumor, connective tissue) in the 

pericardial and pleural cavities reduces the compliance of the heart and lungs, 

respectively. The clinical findings due to disorders of cavity/slit functions are 

independent the type of fluid and/or cell types that fill them up. 
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It is worth noting that many symptoms, e.g. jaundice, stems from a parenchyma or 

tube, but never from the etiology or pathogenesis. Such symptoms effectively 

discriminate disorders from etiology and pathogenesis. 

Pain 

Pain is a common cause for primary care consultations. It is a complex clinical 

problem (Bassøe 2020***), but some aspects related to CM warrant mention. Pain 

fibers are found in parenchyma such as all striated muscles, some connective tissues, 

tendons, ligaments, capsules, and skin, but there is no pain from the parenchyma of 

the brain, lungs, liver, adrenals, kidneys and spleen. Pain from parenchyma 

containing nociceptors is described as aching, dull, constant and/or burning. A pain 

may originate from irritation or stretch of a capsule surrounding the parenchyma. 

Capsule pain elicited by motion is diminished or disappears in the absence of motion. 

Typical examples are irritation of pleura and peritoneum.  

 

The character of pain from tube systems and cavities is dominated by colic (e.g. 

intestine, bile tract, urinary bladder). Pain may vary with the pulse (migraine). Pain is 

caused by increased pressure in cavities such as the subarachnoid space, ocular 

bulb, sinuses of head bones and middle air. Pain from some cavities may feel as 

continuous or gradually increasing ache (sinusitis). Accordingly, pain character differs 

between parenchyma, tube systems and cavities. Although there are some overlap, 

the differences can often be used to discriminate pain in parenchyma from pain in 

tubes and cavities. 

 

Epidemiology 

Many symptoms reflect the epidemiology of a disease. The occurrence of a disease 

in many family members through generations heralds its hereditary etiology. The 

mechanism involved in mechanical trauma is immediately presented, e.g. fall, bicycle 

or car accident. An accurate description of what happened is important to the 

prediction of possible disorders. Sudden accumulation of disease in patients living or 

working together indicates a chemical or microbiological agent, or sound exposure or 

radiation. Seasonal variation and variation of symptoms between diets suggest 

allergy. Unhealthy lifestyle with respect to nutrition, drugs, smoking, and alcohol 

emerge during the dialogue. Patients describe social problems that can be judged by 

help of comparents. Chronic strain is less apparent but can often be identified through 

the epidemiology. 
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Epidemiology concerns the paths of etiological agents through the environment. All 

these paths are disjunct from the etiological agents and disorders themselves. 

Accordingly, symptoms that describe the epidemiology do not overlap with the 

symptoms stemming from etiological agents or disorders. 

 

Etiology 

The hallmark of etiology is the space-time relation between etiological agents and 

primary affected body part(s). In the following we look for symptoms that identify the 

etiology and discriminate between the major classes of etiological agents.. The clinical 

findings of these ten nodes are disjoint simply because agents and the way they are 

investigated (table 4).  

 

Table 4. Symptoms and signs exhibited by the first level nodes in the etiology tree 
and some laboratory methods for following them up. 

ETIOLOGY SYMPTOMS SIGNS 

Hereditary Family history, pedigree Whole body investigation 
Mechanical Trauma mechanism Affected body part 
Microorganisms Pattern of transmission Other 

affected persons 
Affected organs; alternatively, 
whole body investigation 

Allergens Previous exposure to allergens 
Seasonal variation Symptoms by 
physical exercise 
Occupation 

Affected body parts 

Autoantigens Open and closed questions to 
exclude microorganisms and 
allergens 

Whole body 

Chemical hazards - 
poisoning 

Disclose exposure to drugs and 
other chemicals. Relations between 
symptoms and work Smoking, 
drugs, alcohol 

Whole body 

Nutrition Diet Whole body 
Thermal injury Exposure to heat, cold and heat 

radiation 
Body surface  

Radiation Exposure Skin, eyes, GI tract, blood, and 
bone marrow 

Social Social anamnesis. Comparent 
information 

Affected organs 

 

Heredity 

The family history is crucial both for identifying and ruling out hereditary etiology. 

Hereditary etiology is established by drawing a pedigree and inferring the odds of 

inheritance (Harper 1981, Kingston 1989). These methods are used for hereditary 

diseases etiology and do not pertain to disorders and pathogenesis. 
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Many developmental abnormalities (e.g. Down’s syndrome), leave characteristic 

morphological and/or functional signs. For example, familial hypercholesterolemia 

have signs such as xanthomata. A green corneal ring is typical for Cu2+ deposit in 

Wilson’s disease.  

Mechanical 

Acute mechanical traumas are reported immediately. The site of pain is given by the 

patient. The violence of the trauma is matched against signs such as blood loss, 

hypotension, and tachycardia. The onset of trauma discriminates bone fractures from 

spontaneous fracture due to underlying bone pathology, e.g. a tumor. The mechanical 

nature of the disease onset discriminates this etiology from all others, and the trauma 

itself does not overlap with epidemiology, disorders, and pathogenesis. 

 

Mechanical traumas leave visible signs (inflammation, bleeding, bruises, fractures) 

that are spotted immediately. Trauma manifests as structural deviations and 

diminished function in the site of damage. Clinical findings are used to explain the 

type of fracture. Traumatic loss of an extremity occurs in situation such as serious car 

accidents. Strangling and drowning cause suffocation and eventually death.  

Microorganisms 

Acute infestation causes subclinical or manifest infection. The first manifestations 

usually occur at the site of entry and consist pain and inflammation, depending on the 

microorganism. Spread to other body parts cause similar manifestations there. 

Infections occur in all body parts although particular microorganisms have 

characteristic predilection sites. Fever and frost are a major symptoms. The 

symptoms of chronic infections emerge from the affected body parts and from 

emancipation: fever, weight loss, and malaise. Infections are suggested by disorders 

and immune pathogenesis but can only be verified by supplementary microbiological 

and immunological investigations such as antibody production. Infections differs from 

other classes of etiological agents. Their appearance does not depend on prior 

exposure and microorganisms proliferate (either extra- or intracellularly, or both). 

Allergens 

Patients report previous exposure, and usually acute onset on exposure. They have 

a characteristic epidemiology varying with season, diet, or site of exposure. Allergic 

reactions are individual or run in families. Allergens are substances that do not 
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proliferate. They can cause disorders at any body site but are most often encountered 

at body surfaces including the alimentary and respiratory tracts. (“Live allergens” are 

infectious agents. Live allergens is a misnomer.) 

Chemical 

Patients report lack of food and overeating of sugar, meat, fat, fruit, and vegetables. 

Signs of possible malnutrition such as obesity and cachexia are obvious and 

immediately. However, overeating should be diagnosed with caution taking other 

etiologies and disorders into account. Hypo- and hypervitaminosis may be due to a 

selective diet lacking vital components, which is assessed by the asking patients’ 

eating habits: What is your intake of vegetables and fruit? Thorax abnormality may  

disclose vit. D deficiency, and vit. A deficiency may lead to problems with vision. 

 

Patients are further interrogated on rugs, toxic substances, and addiction taking the 

working place into account. Addiction can be verified by signs of syringe marks. 

Radiation 

Radioactive fallout by accident (Chernobyl, Fukushima), X-ray exposure or as a 

byproduct of therapy (iatrogenic) is known to patients who report the exposure. Radon 

is measured routinely, and dangers are known. Hypovitaminosis may be due to lack 

of sun exposure (Vit. A and D).  

Thermal injury 

Thermal injury is reported by patients and/or comparents. They are immediately 

apparent upon consultation. 

Social 

Complaints about family affairs (abuse, sudden and unexpected death of near family 

member, etc.) are regarded as social problems. Complaints such as fear, flight, and 

anger are mediated by the patient and count as symptoms of a problem. When they 

are in the context of social problems bodily expressions such as fear, anger, crying, 

and shivering are signs of the corresponding social problems. 

 

These results show that all etiological classes can be decided on the basis of their 

own symptoms and signs without reference to an affected body part or a pathogenetic. 

 



                                                                                                         

16 

 

Pathogenesis 

The pathogenesis is primarily a collection of processes between primary and 

secondary affected body parts. The process itself stems from well-defined classes of 

pathogenetic processes (Bassøe 2019a). Among the members of the classes are 

edema, hyperglycemia, and fever from immune reactions. These processes are 

reported as swollen body parts, thirst + pollakisuria, and fever, respectively. They 

cannot be traced back to one particular parenchyma, but rather to many parenchyma 

involved in the same process.  Thus, edema may be due to heart, liver and kidney 

disorders. Hyperglycemia is caused by disorders of insulin, cortisol, glucagon, 

adrenalin and growth hormone and their respective production sites. As a collective 

term, immune reactions involve many body parts and cell lines. Symptoms and signs 

are summarized in table 5. Some mechanisms are covered by the table and are not 

elaborated on further. 

 

Table 5. Symptoms and signs used characteristic of pathogenetic mechanisms. 

MECHANISM SYMPTOMS SIGNS 

Edema Whitish-grey swelling  
Inflammation Acute-subacute, itch, 

red swelling 
Lewis triple of differing extension: 
wheals, urticaria, anaphylaxis 

Intercellular metabolism Syndrome Syndrome 
Fibroblasts Chronic Signs of fibrosis or sclerosis 
Hemostasis Usually pain in 

thrombosis or 
embolus. Bleeding in 
hemorrhagic diathesis 

Localization and sings depends on the 
involved artery, vein or capillary 

Regulators Syndrome Syndrome 
Circulatory Acute-chronic 

Questionnaire 
Arterial stenosis- angina, arterial 
occlusions-infarctions, venous occlusion-
edema 

IR1 Acute-subacute 
itching, sneezing 

Inflammation  

IR2 Acute-chronic +fever Inflammation, erosion, necrosis, 
IR3 Acute-chronic, +fever, 

pain 
Inflammation, pus, +abscess 

IR4 Acute-chronic +fever, 
+pain 

Inflammation, tumor 

IR5 Chronic+Fever tumor 
Psychosomatic Anxiety, depression 

 
“Functional” disorder without objective 
disorder. 

Somatopsychic Fear, depression Known organic disorder (cancer etc,) 

 

Edema 

A colorless swelling with diffuse border anywhere in the body suggests edema. The 

extracellular water is displaced by mild pressure with  finger for 10-15 seconds. The 
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swelling is due to edema if a pit appears after the release of the finger and remains 

for up to 45 seconds. One sided edema in an arm or leg point to venous or lymph 

vessel stenosis or occlusion, or an obstruction of lymph node flow. Bilateral crural 

edema suggests hypoalbuminemia, hyponatremia, excess body water which is 

trapped in extracellular tissues. Edema may also be due to capillary leak or arteriolar 

dilatation. Local acute edema can have a genetic etiology (e.g. angioneurotic edema). 

Brain edema can cause neurological and mental disorders. Lung edema causes lung 

hypofunction and sometimes appear as foam in the bronchi and froth from the mouth. 

Metabolic 

There are many causes of obesity including hereditary (Wangensteen 2005) and 

metabolic disorders, e.g. hypothyroidism. Cachexia is common in anorexia/bulimia, 

malignant tumors and chronic immunological disorders and is associated with 

metabolic pathogenesis e.g. hyperthyroidism, insulinoma and cortisol hypersecretion. 

Weight losses point in all these directions, but the differential diagnosis requires taking 

each and every one into account. 

Psychosomatic 

The mental experiences of psychosomatic and somatopsychic symptoms are 

reported as symptoms. In psychosomatic disorders the brain is the primary affected 

organ and all other organs may be secondarily affected. In anxiety the brain is the 

primary affected body part. The felt tachycardia (pulse rate > 100/min), tachypnea 

(respiratory frequency > 25) and bouts of epigastric pain are typical symptoms that 

appear without disorders in the heart or lung and are not related to disorders leading 

to pain. Somatopsychic processes are disorders in any body part other than the brain 

that are reported to the brain. The experiences (pain, tachycardia, sexual identity, 

etc.) are reported as symptoms. Thus, psychosomatic and somatopsychic symptoms 

are due to processes between primary and secondary body parts and are not due to 

processes within one body part. 

 

It is important to be aware of the broad range of healthy psychosomatic reactions from 

those disordered ones. Sexual identity is a healthy personal feeling that is often 

expressed verbally and in sexual behavior. It is normal to feel a little slime in the throat 

(it comes from the normal functioning of respiratory glands and flimmer epithelium). A 

hand needs not be enlarged just because the patient says it is. Etc. It is mainly the 

social consequences of psychosomatic reactions that count. 
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Supplementary laboratory investigations 

Today supplementary investigations allow physicians to distinguish between healthy 

and disordered structure and function. 

The general organ 

Morphological changes are disclosed during the clinical examination by inspection 

and palpation. Macroscopic morphological changes are further investigated using X-

rays, ultrasound, computer tomography scan (CT) and magnetic resonance imaging 

(MRI). For dynamic investigations X-rays are combined with contrast, ultrasound with 

Doppler, CT with contrast and functional MRI (fMRI). Microscopic examinations rest 

on tissue samples obtained by biopsy and cell samples (cytology). 

 

Computer Tomography scan (CT), ultrasound and Magnetic Resonance Imaging 

(MRI) detect obvious morphological disorders and  are sensitive enough to display 

subtle disorders. CT and MRI. CT and MRI measure cerebral cortical volumes 

disclose atrophy of brain parts is seen in dementia, infarction, ALS and several other 

brain disorders. Versions of MRI display the structure and connection of nerve fibers 

and their connections (the connectome). Such studies also address brain plasticity 

related to learning. In children with open fontanelles ultrasound does the same job. 

Tumors are detected with high accuracy in all organs, and the same goes for 

hyperplasia and hypertrophy. 

 

Macroscopic morphology is not sufficient to decide tissue and cell structure. 

Ultrasound and CT guided biopsies and cytology allow accurate and reproducible 

access to cells and tissues. The morphology can be resolved to a molecular basis. 

Chromosome rearrangements and “jumping genes” are seen using Fluorescence In 

Situ Hybridization (FISH) and fluorescence microscopy. This is important in cells with 

bcr/abl rearrangement in chronic myeloid leukemia. The arrangement of a variety of 

receptors and other molecules is visualized using monoclonal antibodies. In addition, 

genomics, proteomics, and PCR allow accurate measurements of gene structure and 

-products, which is important in disorders and tumor detection and -classification. 

Hormone receptor expression also provide prognostic information (Chen 2014) 

Lysis 
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Lysis is often associated with hypofunction of the affected organ (Tables 3 and 5) and 

liberation of intracellular enzymes to the blood stream. Typical laboratory findings are 

displayed in table 6. 

Table 6. Clinical chemical laboratory findings in lysis of cells in selected parenchyma. 

Parenchyma Lysis 

Heart muscle sTroponin-I, sCK-Mb, sALAT, sASAT, sLD  
Striated muscle sCK, sALAT, sASAT, sLD, sMyoglobin, uMyoglobin 
Hepatocytes sALAT, sASAT, sLD, sALP1, sGT1 
RBC sHemoglobin, sLD, uHemoglobin 
Lymphocytes sLD 

1 Markers of cholestasis and not of lysis. Intrahepatic cholestasis is common in liver 
cell damage. RBC: Red blood cells. 
 

Table 6 shows that different enzymes and proteins are released to different degrees 

in different tissue types. Increased serum levels of the enzymes ALAT, ASAT, CK-Mb 

and LD, and the protein sTroponin-I are hallmarks of heart infarction. Likewise, the 

enzymes ALAT, ASAT and LD are released from damaged liver cells.  

 

There is no chain of events leading from the release of one enzyme to the next: cell 

contents are usually released in parallel. Therefore, an elevated level of one enzyme 

is one inclusion criterion for parenchyma damage. Some cell contents are more cell 

type specific than others. Elevated sTroponin-I alone is sufficient to diagnose heart 

infarction, and sALAT is used to evaluate the degree of ongoing liver cell damage. 

Tumors 

Malignant tumors are associated with local tumor (swelling), not-healing ulcers and 

‘wounds’, pain, weight loss, bleeding, anemia, itching, sweating, uncharacteristic 

fever, tiredness, abnormal secretion, stenoses, occlusions and altered local 

pigmentation. Tumors are seen or diagnosed by the symptoms they cause and/or by 

their interference with neighboring organ parts. Tumors are felt on palpation and 

recognized on ultrasound, CT and MR. Some tumors are detected by their secretory 

activity (Table 7). The final diagnosis of a tumor is made by microscopy of specimens 

from the tumor. Tumors are further subclassified by analysis of their DNA, RNA, 

proteins and other constituents and products. 
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Table 7. Some secreted products from tumor cells that can be detected in peripheral 
blood (serum). 

ORGAN / TISSUE / CELL TUMOR CELL PRODUCT 

Lung ACTH 
Testicles- and ovaries b-HCG 
Hepatocellular, testicle (seminoma, germinal 
cell) 

AFP 

Ovaries CA 125 
Colon CEA 
Prostate PSA 
Carcinoid Serotonin, u 5-HIAA 
Small cell lung carcinoma, medullary thyroid 
carcinoma, Ewing sarcoma, malign 
melanoma, tumors from neural tissue, some 
epithelial tumors 

NSE 

Plasma cells (myelomatosis) Monoclonal IgG, Monoclonal IgA, 

2mikroglobulin 
Certain B-lymphocytes IgM 
Thyroid follicle TBG, T4 
Adrenal medulla (pheochromocytoma) Adrenalin 

 

Leukocytes can be treated as parenchyma cells and disorders of the leukocytes can 

be studied within that frame (Bassøe 1989). Hence, a-, hypo-, normo-, meta- and 

dysfunction are expected in eosinophils, neutrophils, B-lymphocytes, large granular 

lymphocytes, T-helper and T-suppressor lymphocytes, monocytes-macrophages and 

dendritic cells of the lymph nodes and bone marrow. Classifications of leukemia like 

the French-American-British (FAB) classification of leukemia, the Kieler classification 

of lymphomas and ICD11 pay particular attention to the cell line involved. Thus, 

leukemia corresponds to neoplasia. 

Tissue antigens in malignancies 

Cytokeratin AE1/AE3 is a mixture of two different clones of anti-cytokeratin 

monoclonal antibodies, AE1 and AE3. AE1 detects the high molecular weight 

cytokeratins 10, 14, 15, and 16, and also the low molecular weight cytokeratin 19. 

AE3 detects the high molecular weight cytokeratins 1, 2, 3, 4, 5, and 6, and the low 

molecular weight cytokeratins 7 and 8. The single reagent AE1/AE3 has a broad 

spectrum of reactivity against cytokeratins. Notably absent from this cocktail is 

reactivity to cytokeratin 18, which is expressed in hepatoma. A certain percentage of 

renal cell, adrenal, prostate, and neuroendocrine carcinomas will also go 

unrecognized as epithelial tumors. 

Genomics, proteomics and cytomics 

These techniques are widely used in clinical and biological testing. They also adopt 

to other genomic diseases that are referred below. 
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Functions 

The patient’s symptoms and signs lead physicians to suspect certain disorders. 

Supplementary functional investigations are used to discriminate between the 

alternatives.  

Genomics 

The NF1 gene associated with neurofibromatosis type 1 and sequencing DNA of the  

NF1 is relevant to diagnosis. A gene panel is available for hereditary bone marrow 

failure, in which Fanconi anemia can be associated with pathogenic variants in the 

FANCA gene (Jensvoll 2019). 

 

Karyotype analysis tells of chromosome anomalies, ploidy variation, and mutations.  

Chromosome banding, Fluorescence In Situ Hybridization (FISH), Polymerase Chain 

Reaction (PCR), sequencing are used to discern genetic disorders. Genetic sex is 

determined by chromosome and DNA analyses. 

 

The goal of modern geneticists is a functional genomic (Causton 1988). Modern 

genes analysis includes microarray technology (Causton 1988). mRNA is  collected 

from cells or tissues and copied into DNA (cDNA). cDNA added to an array, which is 

hybridized with a huge number of fluorescent cDNA (cDNAf) with known structure and 

function. The intensity of the cDNAf fluorescence is a measure of the original amount 

of the corresponding mRNA from the cell or tissue.  

Gene expression matrices 

Raw data of microarrays are converted into spot quantification matrices and 

transferred into gene expression matrices, where each element denotes the average 

gene expression level in a sample. The gene expression matrix may be converted 

into a gene expression adjacency matrix (G) where each node is a gene, and the 

elements of the matrix represent an association between two genes. Adjacency 

matrices can express several associations between genes (Causton 1988:95). The 

association may be typed by expression levels, connections in a multi-subunit 

complex or arrows in a metabolic pathway. 

Genome-Wide Association Studies (GWAS). 

Early testing for genetic disorders is warranted because of the emergence of gene 

editors such as CRISPR. Testing C9orf72, FUS and TARDBP and SOD1 identifies 
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the genetic basis of about two-thirds of cases of familial amyotrophic lateral sclerosis 

and 10 % of cases of the sporadic (Nakken 2018). 

Genotype and phenotype correspondence 

The correspondence between the genotype and phenotype, for example mutations in 

two alleles of a gene, is complicated (Blau 2011). For example, about 300 gene 

locations cause retinal diseases (Michalakis 2018). In frontotemporal dementia and 

ALS four main genes (SOD1, C9orf72, TARDBP, and FUS) are commonly tested 

(Vajda 2017). 

Screening 

The newborn screening program is a successful public health initiative that facilitates 

early diagnosis of treatable disorders (such as cystic fibrosis, primary immune 

deficiencies, inborn errors of metabolism including phenylketonuria, and congenital 

hypothyroidism) to reduce long-term morbidity and mortality (Almannai 2016). Local 

newborn screening for sickle cell disease in low-income setting is available (Alvarez 

2019). 

 

Laboratory investigations apply analogous methods in different parenchyma (Table 8 

and 9). There is some overlap in the results between different organs, but diagnostic 

tests on many organs and cells are quite specific as can be seen on compare results 

between organs and for hypo- and hyperfunction in the same organ. 
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Table 8. Laboratory findings associated with primary hypofunction in selected 
parenchyma. 

PARENCHYMA LABORATORY 

 Myocardium RR, pulse, Ultrasound: +non motile muscle. Left | right ventricle 

dilatation, ejection fraction. 
electrical ECG abnormalities. 
Bone X-ray. Biopsy. Osteoporosis, osteolysis, osteomalacia. Secondary: 

Possible alterations in sCa, sP, sPTH and sVit.D 
Lung alveoli +PEF, +VC, saO2, saCO2, acidosis 
Hepatocytes sAlbumin, sINR, bilirubin 
Kidneys sKreatinin, sCarbamide, sEPO, sVit. D, acidosis 
RBC ebHemoglobin, EVF, RBC 
Lymphocytes Lymphocytopenia, diminished lymphocyte function,  IgG, IgM, IgA 
Thyroid sT4, sfree sT3, T4, sTSH 
Parathyroid sParathyroid hormone, sCa, sPhosporus 
Testicles sLH, sTestosteron, oligo- or azoospermia. 
Ovaries sFSH, sLH, sEstradiol, sProgesterone 
Adrenal cortex RR, pulse, pACTH, pCortisol, sNa, sK, sCa, sglucose, loss of 

body water; synacthen test 
Stomach sGastrin, Intrinsic factor, sB12, ebHemoglobin, ebEVF, ebRBC, 

sB12, Pentagastrin, HCl secretion 
Small intestine Tarmpassasje, Galaktosebelastning, Lactos test, sB12 
Colon Hemofec x5, Microscopy 
Exocrine pancreas +sB12, +sAlbumin, fat in stool, Secretin-cholecystokinin test  

-cells sGlucose, C-peptide, sInsulin, pathologic glucose tests,  glucosuria, 
+acidosis, +ketosis 

Striated muscle Diminished muscle strength, EMG 
Telencephalon EEG, fMRI, PET scan 
Basal ganglia fMRI, PET scan 
Cerebellum  
Peripheral motor 
nerve 

Diminished nerve conduction rate | amplitude 

RBC: Red blood cells. s: serum. eb: whole blood, EMG: electromyogram, EEG: 
electroencephalogram. CT, MRI, fMRI and PET are defined in the text. The remaining 
abbreviations are standard in clinical medicine and can be found in textbooks. 
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Table 9. Some laboratory findings commonly associated with primary hyperfunction 
in selected parenchyma. 

PARENCHYMA LABORATORY 

Myocardium mechanical Doppler ultrasound: +enlarged heart, +hypertrophy of outlet 
tract from left ventricle. ECG: +signs of hypertrophy. 

Myocardium electrical ECG: +signs of hypertrophy, short RR-interval 
Striated muscle Increased muscle strength 
Lungs saO2, saCO2, alkalosis 
Hepatocytes ? 
Kidneys ? 
Red blood cells ebHemoglobin, ebEVF, ebRBC 
Lymphocytes  
Thyorid sT4, sfree T4, sT3, sTSH 
Parathyroid sParathyroid hormone, sCa, (sPhosporus) 
Testicles sLH, sTestosteron 
Ovaries sFSH, sLH, sEstradiol, sProgesterone 
Adrenal cortex RR, sACTH (morning), pCortisol (evening), 

pAndrostenedione, pTestosterone, pDHEA, 

sK; dexamethasone suppression test 
Stomach sGastrin, Intrinsic factor, bHemoglobin, EVF, sB12, 

Pentagastrin, HCl secretion 
Exocrine pancreas  
Endocrine pancreas  

-cells sInsulin, sGlucose 
Telencephalon ? 
Basal ganglia ? 
Cerebellum ? 

 

In tables 8-9 functional investigations are combined with morphological. This is due 

to the common association between hypofunction and atrophy, and hyperfunction and  

hypertrophy | hyperplasia in primary organ failure. In secondary organ failure the 

relationship is more complex (see below). 

Cell organelles 

One organelle type may be abnormal while the others of the same and/or other cells 

display normal function and morphology. One organelle type may be affected while 

the others perform normally. Therefore, appropriate diagnosis, treatment and follow 

up demands the diagnosis of disorders in individual organelles. Since the nature of 

organelle disorders (mechanic, electric, metabolic, and structural) are similar to those 

of cells, organelle diseases can be diagnosed using the same principles as for the 

cells and is not elaborated on further. 

 

Flow Cytometry (FCM) allows discrimination and quantitation of various cell types. 

This is important in daily monitoring of leukemia and immune deficiencies. In addition, 

FCM allows quantitation of individual cell (patho)physiology. For example, 

quantitation of phagocytosis (Bassøe 1979, Bassøe 1983a), attachment and 
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internalization of bacterial and fungal particles to phagocytes (Bjerknes 1984), 

phagosomal pH (Bassøe 1983b, Bassøe 1985), receptors involved in phagocytosis 

and internalization (Bassøe & Bjerknes 1984), intracellular processing of bacteria 

(Bassøe 1984) and the simultaneous comparison of phagocytosis and oxidative burst 

in various white blood cells (Bassøe 2000). Oxidative metabolism and membrane 

potentials can be assessed on the same samples (Robinson 1988). The cooperative 

effect of antigens and antibodies on phagocytosis and oxidative burst is important for 

defense against infections (Lehmann 1997). These quantitative methods are 

correlated with detailed morphological investigations using confocal Laser Scanning 

Microscopy (CLSM) (Bassøe 2003). Pathophysiological studies show that immature 

white blood cells do not function in acute myeloid leukemia (Bassøe 1999a, Bassøe 

1999b). These studies demonstrate the profound advance in medical technology over 

the last fifty years. They are not unique but paralleled by similar developments in all 

medical specialties. 

Electric 

In localized forms of epilepsy, frequency and amplitude deviations are observed in 

leads over the discharging neural network. In generalized epilepsy, huge irregular 

potentials are recorded all over the brain.  

 

The nervous system, heart, striated muscle and retinal currents are monitored by 

electrical recordings ElectroEncephaloGram (EEG), ElectroCardioGraphy (ECG), 

ElectroMyoGraphy (EMG) ad ElectroRetinoGraphy (ERG), respectively. Electric 

activities are also monitored on nerves. Functional Magnetic Resonance Imaging 

(fMRI) has done the same to neurophysiology. This visualization of information flow 

in the brain is correlated with EEG, and direct recordings from the brain.  

 

Many instances of atrophy, hypertrophy and necrosis of the myocardium are 

diagnosed using ultrasound and ECG. Atrophy of a part of the myocardium abolishes 

the electric potential in the electrical activity in the chest localized over the atrophic 

area. Atrophy at particular myocardial localizations cause the depolarization of the 

myocardium to take deviant routes. Typically, atrophy of the left bundle branch will 

cause depolarization of the right half of the heart to precede that of the left heart side, 

and vice versa. Various disorders of heart rhythm are discriminated using ECG. 

Extrasystoles stemming from the atria are immediately discriminated from that coming  

from the ventricles. 
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Metabolism 

Clinical chemistry advanced at the same pace. A vast panorama of metabolites 

related to all body parts are measured in tiny blood samples and from other sites. 

Regulators including growth factors, lymphokines and cytokines, and classical 

hormones are assayed at picogram concentrations with amazing accuracy and 

precision. Autoanalyzer and robot technology make these advances available to 

routine clinical use. 

 

Most metabolites are measured in samples from peripheral blood, serum (the 

remaining fluid after the blood has coagulated), plasma (the fluid part of 

anticoagulated blood) urine and cerebrospinal fluid. Extracellular space is a 

compartment with sources and sinks. 

 

Tests of global cognitive function such as the Mini-Mental State Examination (MMSE), 

is a typical example (Dick 1984, Bouchard 2007). In contrast, the four-mountain test 

mainly addresses the spatial memory functions of the hippocampus (Hartley 2007, 

Wood 2016). CM underlines the need for the awareness of the site specificity of 

supplementary investigations such MMSE and the four-mountain test (Hartley 2007). 

Clinical judgements involve signs, symptoms, scales, CT, MRI and fMRI. 

Temperature 

Fever is a symptom feeling warm and possibly sweating, and the sign of hot skin on 

touching the skin. The clinical findings distribute over the body core and manifest in 

vasodilatation and tachycardia.  

Tubes 

Ultrasound visualizes the walls and valves of tubes. Doppler detects the direction and 

rate of fluid flow. Non-invasive Doppler-ultrasound has revolutionized the study of 

cardiovascular (patho)physiology including venous thrombosis. Signs of turbulence 

are verified by Doppler-ultrasound and -graphia, e.g. angiography. 

 

Tube diameters and cavity volumes are determined by the same type of instruments. 

In addition, scopias (otoscopy, bronchoscopy, esophagogastroduodenoscopy, 

Endoscopic Retrograde CholangioPancreatography (ERCP), coloscopy, 

sigmoidoscopy) give access to internal tube morphology. Other scopias (otoscopy, 

ophthalmoscopy, ceratoscopy, arthroscopy) give access to slits and cavities. Studies 

can be supplemented with radiographic methods, e.g. cerebral and coronary 
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angiographies. Thus, today all aspects of macroscopic morphology of the general 

organ are available for investigation.  

 

Peak flow rate through stenosis is increased and there is usually a post-stenotic 

turbulence.  Modern ultrasound devices calculate the volume of tube segments and 

their variation during contraction and relaxation. Echo-Doppler measurements are 

used to describe flow both in the heart, arteries, and veins and in the stomach and 

through the pylorus. 

 

Most tubes are not available for inspection and palpation. Different tubes are 

investigated by similar procedures, e.g. measurement of pressure (blood pressure), 

flow (expiratory air flow, fluid flow in the stomach), -graphies and (endo)-scopies 

(otoscopy, gastroscopy, etc.).  Morphological investigations also rely on scopias 

(Table 8). The methods used to examine parenchyma and tube systems are different. 

 

Table 10. Laboratory findings associated with stenosis in selected tubes. 

STENOSIS LABORATORY METHODS 

Carotid artery 
Coronary arteries 

Doppler ultrasound, MR, Carotid angiography 
Coronary angiography 

Respiratory tract Spirometry, laryngo-bronchoscopy 
Lacrimal duct Lacrimal duct probe meets obstruction 
Esophagus Esophagoscopy 
Colon Coloscopy and X-ray with barium enema. + positive 

hemofec. 
Biliary tract CT of biliary tract combined with arterial contrast 
Ureter CT urography. Microscopic hematuria 
Urethra Enlarged prostate, pelvic tumor 

 

Cavities 

Brain ventricles, sinuses, eyeball, and gall bladder are visualized using the above 

radiological methods and inspection through ophthalmoscopy supplemented with slit 

scan and pressure measurements. 

 

Virulence 

A measure for virulence is the Case-Fatality Rate (CFR). CFR is a specific type of 

cumulative incidence of death among those who develop an illness (Rothman 

1986:31). Accordingly, the degree of a disorder hints to the etiological agent. Data on 

the virulence of various etiological agents are available for practical clinical use 
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(Costello 2006, Esposito 2006). Clinicians keep informed on the virulence of etiologic 

agents and take it into account at consultation. 

 

Etiology 

Supplementary investigations geared towards the etiology are summarized in table 9. 

The main classes are discussed below. 

 
Table 11. Supplementary investigations geared towards the etiology. 

ETIOLOGY INVESTIGATIONS 

Hereditary Chromosomes, DNA, FISH, PCR, genomics, 
proteomics, cytomics 

Mechanical Not available. (X-ray, CT, MR, Ultrasound are used to 
monitor disorder(s), not etiology.) 

Microorganisms Microscopy, microbiological and immunological tests pus 
including PCR, DNA- and RNA analysis. 

Allergens Provocation tests with allergens, antiallergen antibodies, 
allergens in tissue. 

  
Nutrition Measurements of vitamins, nutritional elements, and 

toxins in body fluids. Body mass index. 
Radiation Not available. 
Thermal injury Not available. 
Social Questionnaires 

FISH: Fluorescence In Situ Hybridization. PCR: Polymerase chain reaction. 

Heredity 

Most hereditary diseases are rare but taken together they are quite common. Inborn 

errors of metabolisms such as phenylketonuria, bleeding disorders (hereditary 

hemophilia are paradigmatic hereditary disorder that are diagnosed with clinical-

chemical methods. Familial Alzheimer’s disease and ALS, somatic mutations, 

translocations, and trisomy are investigated with genetic methods (see above). 

Mechanical 

A positive answer is followed up by detailed examination of kind of thing the patient 

was hit with, and the intensity and direction of the force. The clinical diagnosis of the 

extent of deeper trauma requires ultrasound, X-ray, CT and/or MR but says nothing 

on the etiology per se. 

Microorganisms 

The primary affected body part is collated with the predilection sites for suspected 

microbes. The predilection site focus laboratory investigations on likely agents. 
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Routine investigations include culture, microscopy, metabolism, antibodies, PCR, and 

DNA and RNA sequencing. Identification can often be limited to the genus, strain, or 

other groups. For example, division into Gram positive (G+) and Gram negative (G-) 

bacteria. The methods prunes the microorganism tree (or clad) and focuses on a 

particular group of bacteria.  

 

DNA sequencing provides opportunities in studies of normal flora and outbreaks of 

infections. The ability to detect any microbial agent - viruses, bacteria, fungus, or 

parasite - in a sample from any body site without beforehand having to define what to 

look for is coming of age (Wilson 2014). When the infested tissue is identified local or 

ultrasound-aided samples are subject to microbiological testing. 

Allergens 

Allergen are identified through provocation tests, immune reactions including specific 

antibodies against (a panel of) allergens.  

Chemical 

Suspected lack of nutrients including vitamins can be verified by measurement of 

blood concentrations. Respiratory parameters such as arterial O2 saturation is 

measured by clinical instruments for measuring saO2. Toxins, and drugs are 

measured on blood and urine samples. 

Social 

To measure social problems is difficult. The structure of the social network, premorbid 

personality, individual role structures, coping, handicaps and impairments, and the 

local environment including the clinical setting affect test results. These problems are 

attended to in structured and semistructured investigations that are supplied with 

rating scales (Gerne 1994). Such specific investigations may supplement the ordinary 

clinical history. 

 

The most important problem with practical application of scales is that the set of 

probable diseases relevant to the selected scale must already have been established: 

the problem must be demarcated before the scale can be applied. 

 

Pathogenesis 

Important laboratory methods are summarized in table 12.  
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Table 12. Laboratory findings characteristic of pathogenetic mechanisms. 

MECHANISM LABORATORY 

Fibroblasts +Biopsy, collagen split products in blood 
Inflammation sHistamine, extravascular alpha(2)-Macroglobulin  
Circulatory Pressure and flow measurement, Doppler-ultrasound, 

angiography + combined with CT or MRI 
Intercellular metabolism Clinical chemical laboratory investigations 
Hemostasis Coagulation factors, FDP, platelet count, tests for bleeding 
Regulators Clinical chemical laboratory investigations 
IR1 ebEosinophils, eosinophil cationic protein (ECP), sIgE 
IR2 sIgG, sIgM, Complement factor alterations, +biopsy 
IR3 Neutrophilia, sIgG, ↑↑CRP, complement factor alterations, X-

ray, ultrasound, CT, MR 
IR4 Lymphocytosis, ↑CRP, X-ray, ultrasound, CT, MR, +Biopsy, 
IR5 X-ray, CT, MR, +Biopsy 
Psychosomatic Scales, inventories, questionnaires 
Somatopsychic Depend on known disorder 

CRP: C-reactive protein. ESR: Erythrocyte sedimentation Rate. FDP: Fibrin 
degradation products. PCR: Polymerase chain reaction. CT: computer tomography. 
MR: Magnetic resonance imaging. 
 

Conclusions 

The present study show that CF preferentially associate either with the etiology, 

disorders, or pathogenesis. Within disorder, CF preferentially associate with either 

parenchyma, tubes, or cavities.  Several symptoms originate from the epidemiology 

and etiology alone or in combination, independently of the anatomical localization and 

the primary affected body part. Among these are the etiological contexts of the sick 

person: heredity, exposure to chemicals, working conditions with high radioactivity or 

noise, the transmission of infectious agents, how a mechanical trauma was inflicted 

and the social working conditions. various etiology categories have distinct symptoms 

and few investigations are required to discriminate between them. 

 

I conclude that CF can be mapped to the CM. The next step is proof of concept, which 

consists in building a knowledge base and testing it using the application DiCal. 

 

Author’s contribution 

The author has done all the work presented in this article. 

 

Acknowledgements 

I thank Ragnhild Bassøe Gunderssen for help with the manuscript. 

 



                                                                                                         

31 

 

References 

Aksnes SA, Kristoffersen K E. Når pasienten har en sjelden diagnose. Tidsskr Nor 
Legeforen 2016;136:408. http://tidsskriftet.no/article/3456257/#reference-1 
(Accessed 2016/5/30) 
 
Almannai M, Marom R, Sutton VR. Newborn screening: a review of history, recent 
advancements, and future perspectives in the era of next generation sequencing. Curr 
Opin Pediatr. 2016;28:694-699.  
https://www.ncbi.nlm.nih.gov/pubmed/27552071 (Accessed 2018/4/3) 
 
Alonso-Coello P, Oxman AD, Moberg J, et al. GRADE Evidence to Decision (EtD) 
frameworks: a systematic and transparent approach to making well informed 
healthcare choices. 2: Clinical practice guidelines. BMJ 2016;353:i2089. 
http://www.bmj.com/content/353/bmj.i2089?ijkey=99e1c695365f5188a931b8ab18a7
4a91384195ab&keytype2=tf_ipsecsha (Accessed 2017/11/24) 
 
Alonso-Coello P, Schünemann HJ, Moberg J, et al. GRADE Evidence to Decision 
(EtD) frameworks: a systematic and transparent approach to making well informed 
healthcare choices. 1: Introduction. BMJ 2016;353:i2016b. 
http://www.bmj.com/content/353/bmj.i2016?ijkey=a09ff49634d57c4335b6e744af7b3
514af95ae0d&keytype2=tf_ipsecsha (Accessed 2017/11/24) 
 
Alvarez OA, Hustace T, Voltaire M et al. Newborn screening for sickle cell disease 
using point-of-care testing in low-income setting. Pediatrics 2019;144:e20184105. 
 
Anderson WH, Kuehnle JC. Strategies for the treatment of acute psychosis. JAMA. 
1974; 229:1884-9. 
 
Baader, F, Calvanese D, McGuinness DL, Patel-Schneider PF. The description logic 
handbook. Cambridge: Cambridge UP; 2007 
 
Balla JI. The use of critical cues and prior probability in decision-making. Meth Inform 
Med. 1982;21:9-14. 
 
Bancroft J, Wu FC. Erectile impotence. BMJ. 1985;290:1566-8. 
 
Bassøe C-F. A diagnostic system based on combinatorics. Proceedings of the 4th 
Nordic Congress in Primary Health Care, Bergen, 1981. 
 
Bassøe C-F. Processing of Staphylococcus aureus and zymosan particles by human 
leukocytes measured by flow cytometry. Cytometry. 1984;5:86-91. 
 
Bassøe C-F. A combinatorial diagnostic system for general practice. London: 11th 
Conference of the World Organisation of National Colleges, Academies and 
Academic Associations of General Practitioners/Family Physicians, London, 1986. 
 
Bassøe C-F. Skinache: A new, common disorder identified using a computerized, 
problem-oriented medical record. In: Hansen R, Solheim BG, O'Moore RR, Roger FH, 
editors. Lecture notes in medical informatics. Berlin: Springer-Verlag; 1988a;35:195-
9. 
 

http://tidsskriftet.no/article/3456257/#reference-1
https://www.ncbi.nlm.nih.gov/pubmed/27552071
http://www.bmj.com/content/353/bmj.i2089?ijkey=99e1c695365f5188a931b8ab18a74a91384195ab&keytype2=tf_ipsecsha
http://www.bmj.com/content/353/bmj.i2089?ijkey=99e1c695365f5188a931b8ab18a74a91384195ab&keytype2=tf_ipsecsha
http://www.bmj.com/content/353/bmj.i2016?ijkey=a09ff49634d57c4335b6e744af7b3514af95ae0d&keytype2=tf_ipsecsha
http://www.bmj.com/content/353/bmj.i2016?ijkey=a09ff49634d57c4335b6e744af7b3514af95ae0d&keytype2=tf_ipsecsha


                                                                                                         

32 

 

Bassøe C-F. A combinatorial diagnostic system for general practice: Evaluation of the 
social impact of disease by a computerized medical record. In: Hansen R, Solheim 
BG, O'Moore RR, Roger FH, editors. Lecture notes in medical informatics. Berlin: 
Springer-Verlag; 1988b. p. 212-4. 
 
Bassøe C-F. Neutrophils studied by flow cytometry. IN: Yen A (Ed.): Flow cytometry: 
Advanced Research and clinical applications. Boca Raton: CRC Press; pp. 97-148, 
1989. 
 
Bassøe C-F. Natural language processing of medical records. Tidsskr Nor Legeforen. 
1994;114:1974-6. 
 
Bassøe C-F. The skinache syndrome. JRSM. 1995;88:565-9.  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1295357/ (Accessed 2018/8/16) 
 
Bassøe C-F. Automated diagnoses from clinical narratives: A medical system based 
on computerized medical records, natural language processing and neural network 
technology. Neural Networks. 1995;8:313-9. 
http://www.sciencedirect.com/science/article/pii/089360809400076X  
 
Bassøe C-F. A clinical model. I: Health. BMC Bioinformatics. 2018. 
 
Bassøe C-F. A clinical model II: Disorder, syndrome and disease. EkviMed Clinical 
Informatics. 2019a. 
 
Bassøe C-F. A clinical model III: Universal diagnosis syntax. EkviMed Clinical 
Informatics. 2019b. 
 
Bassøe C-F. A clinical model IV: Causal medicine. EkviMed Clinical Informatics. 
2019c. 
 
Bassøe C-F. A clinical model V: A clinical problem space. EkviMed Clinical Medical 
Informatics. 2019d. 
 
Bassøe C-F, Bjerknes R. The effect of serum opsonins on the phagocytosis of 
Staphylococcus aureus and zymosan particles measured by flow cytometry. Acta 
Path Microbiol Immunol Scand C. 1984;92:51-58. 
 
Bassøe C-F, Bjerknes R. Phagocytosis by human leukocytes. Phagosomal pH and 
degradation of seven types of bacteria measured by flow cytometry. J Med Microbiol. 
1985;19:115-125. 
 
Bassøe C-F, Halstensen A, Bruserud Ø: Functional differentiation of acute myeloid 
leukaemia blast cells. APMIS 1999b;107:1023-1033. 
 
Bassøe C-F, Laerum OD, Solberg CO, Haneberg B. Phagocytosis of bacteria by 
human leukocytes measured by flow cytometry. Proc Soc Exp Biol Med. 
1983a;174:182-186. 
 
Bassøe C-F, Laerum OD, Glette J, Hopen G, Haneberg B, Solberg CO. Simultaneous 
measurement of phagocytosis and phagosomal pH by flow cytometry: Role of 
polymorphonuclear neutrophilic leukocyte granules in phagosome acidification. 
Cytometry. 1983b;4:254-262. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1295357/
http://www.sciencedirect.com/science/article/pii/089360809400076X


                                                                                                         

33 

 

 
Bassøe C-F, Smith I, Sørnes S, Halstensen A, Lehmann AK: Concurrent 
measurement of antigen- and antibody dependent oxidative burst and phagocytosis 
in monocytes and neutrophils. Meth Enzymol. 2000;21:203-20. 
 
Bassøe C-F, Solberg CO. Phagocytosis of Staphylococcus aureus by human 
leukocytes: Quantitation by a flow cytometric and a microbiological method. Acta Path 
Microbiol Immunol Scand C. 1984;93:43-50. 
 
Bassøe C-F, Solsvik J, Laerum OD. Quantitation of single cell phagocytic capacity by 
flow cytometry. In: Flow cytometry IV. OD, Lindmo T, Thorud E (Eds.) Oslo: 
Universitetsforlaget; p. 170-4, 1980. (Presented at Society for Analytical Cytometry 
(SAC), Voss, 1978). 
 
Bassøe C-F, Li N, Ragheb K, Lawler G, Sturgis J and Robinson JP. Cytometric 
Investigations of Phagosomes, Mitochondria, and Acidic granules in Human 
Neutrophils. Cytometry. 2003;51B:21-9.  
https://onlinelibrary.wiley.com/doi/epdf/10.1002/cyto.b.10003 (Accessed 2018/6/6) 
 
Baxt WG. Use of an artificial neural network for the diagnosis of myocardial infarction. 
Ann Intern Med. 1991;115:843-8. 
 
Benson GS, Brewer ED. Hematuria: Algorithms for diagnosis. II: Hematuria in the 
adult and hematuria secondary to trauma. JAMA. 1981;246:993. 
 
Berner ES. Paradigms and problem-solving: A literature review. J Medical Education  
1984;59:62. 
 
Bjerknes R, Bassøe C-F. Phagocyte C3-mediated attachment and internalization: 
Flow cytometric studies using a fluorescence quenching technique. Blut. 
1984;49:315-23. 
 
Blau N, Hennermann JB, Langenbeck U, Lichter-Konecki U. Diagnosis, classification, 
and genetics of phenylketonuria and tetrahydrobiopterin (BH4) deficiencies. Mol 
Genet Metab. 2011;104 Suppl:S2-9.  
http://www.zora.uzh.ch/id/eprint/56963/ (Accessed 2018/4/3) 
 
Bouchard RW, Rossor MN. Typical clinical features. In Gauthier S (Ed). Alzheimer’s 
disease. Boca Raton: Informa, London, 2007, pp. 39-52. 
 
Brekke M. Vi trenger entydige begreper - definisjonskatalog for allmennlegetjenesten. 
Tidsskr Nor Lægeforen. 1995;115:981. 
 
Carroll AE, Biondich PG, Anand V, Dugan TM, Sheley ME, Xu SZ, Downs SM. 
Targeted screening for pediatric conditions with the CHICA system. J Am Med Inform 
Assoc. 2011;18:485-90. 
 
Causton HC, Quackenbush J, Brazma A. Microarray. Gene expression data analysis. 
Malden: Blackwell Publishing; 2003. 
 
Charlton BG. A syllabus for evolutionary medicine. JRSM .1997;90:397-9. 
 

http://www.zora.uzh.ch/id/eprint/56963/


                                                                                                         

34 

 

Chen C, Yuan J-P, Wei W, Tu Y. Subtype classification for prediction of prognosis of 
breast cancer from a biomarker panel: correlations and indications. Int J 
Nanomedicine. 2014;9:1039-1048. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3937188/ (Accessed 2017/2/4) 
 
Chow M-Y. Methodologies of using neural network and fuzzy logic technologies for 
motor incipient fault detection. Singapore: World Scientific; 1997. 
 
Clancy WJ, Shortliffe EH (Eds.) Readings in medical artificial intelligence. Reading: 
Addison-Wesley; 1984. 
 
Croskerry P. A universal model of diagnostic reasoning. Acad Med. 2009;84:1022-8. 
 
Croskerry P. From Mindless to Mindful Practice — Cognitive Bias and Clinical 
Decision Making. N Engl J Med. 2013;368:2445-2448 
 
Cummings JL. Definitions and diagnostic criteria. In Gauthier S (Ed.) Alzheimer’s 
disease. Cummings JL. Boca Raton: Informa, 2007, p. 1-13. 
 
De Kleer J, Mackworth AK, R Reiter R. Characterizing diagnoses and systems 
Artificial Intelligence 1992:56:197-222. 
 
de Lusignan S. What is primary care informatics? J Am Med Inform Assoc. 
2003;10:304-9. 
 

Dennett DC. Cognitive science as reverse engineering. Several meanings of “Top-
down” and “Bottom-up”. In: Prawitz D, Skyrms B, Westerståhl D (Eds.) Logic, 
methodology and philosophy of science IX.  Amsterdam: Elsevier; 1994. p. 679-89. 
 
Dennett DC. Consciousness explained. London: Penguin; 1995. 
 
Dick JP, Guiloff RJ, Stewart A, Blackstock J, Bielawska C, Paul EA, Marsden CD. 
Mini-mental state examination in neurological patients. J Neurol Neurosurg 
Psychiatry. 1984;47:496-9. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1027826/ 
(Accessed 2017/12/7) 
 
Draaisma E, Bekhof J, Langenhorst VJ, Brand PLP. Implementing evidence-based 
medicine in a busy general hospital department: results and critical success factors. 
BMJ Evid Based Med. 2018;23:173-6. https://ebm.bmj.com/content/23/5/173.long 
(Accessed 2018/8/2) 
 
Eller-Smith OC, Nicol AL, Christianson JA. Potential Mechanisms Underlying 
Centralized Pain and Emerging Therapeutic Interventions. Front Cell Neurosci. 
2018;12:35. https://www.frontiersin.org/articles/10.3389/fncel.2018.00035/full 
(Accessed 2018/5/23) 
 
Elstein AS. Beyond multiple-choice questions and essays: The need for a new way to 
assess clinical competence. Acad Med. 1993;68:244-9. 
 
Feinstein AR. Clinical judgement. Baltimore: Wilkins; 1967. 
 
Fitting M, Mendelsohn RL. First-order modal logic. Dordrecht: Kluwer; 1998. 
 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3937188/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1027826/
https://ebm.bmj.com/content/23/5/173.long
https://www.frontiersin.org/articles/10.3389/fncel.2018.00035/full


                                                                                                         

35 

 

Frankel VH, Nordin M. Basic biomechanics of the skeletal system. Philadelphia: 
Febiger; 1980. 
 
Gabbay DM, Woods J. A Practical Logic of Cognitive Systems. Volume 1. Amsterdam: 
Elsevier; 2003, pp. 44-68. 
 
Gamut LTF. Logic, language and meaning. Volume 1, Introduction to logic. Chicago: 
University of Chicago Press; 1991, p. 114ff. 
 
Gerne  M, Wengle H. Die standardisierte Diagnostik der sozialen Anpassung. 
Nervenarzt 1994;65:762-8. 
 
Gorry GA, Barnett GO. Experience with a model of sequential diagnosis. Comput 
Biomed Res 1968;1:490-507. 
 

Gorry GA, Kassirer JP, Essig A, Schwartz WB. Decision analysis as the basis 
for computer-aided management and acute renal failure. Amer J Med 
1973;55:473-484. 
 
Hammond N, Kløve T, Bassøe C-F: Knowledge structures for a general medical 
diagnostic system. In: Hansen R, Solheim BG, O'Moore RR, Roger FH, editors. 
Lecture notes in medical informatics. Berlin: Springer-Verlag; 1988;35:620-4. 
 
Harper PS. Genetic counselling. Bristol: John Wright; 1981. 
 
Hartley T, Bird CM, Chan D, Cipolotti L, Husain M, Vargha-Khadem F, et al. The 
hippocampus is required for short-term topographical memory in humans. 
Hippocampus. 2007;17:34–48.  
http://onlinelibrary.wiley.com/doi/10.1002/hipo.20240/abstract;jsessionid=1B37050E
35B4D452521007E57D2329A6.f03t01 (Accessed 2017/12/6) 
 
Hern JEC. Tremor BMJ. 1984;288:1072-3. 
 
Holla ØL, Busk ØL, Tveten K, Hilmarsen HT, et al. Clinical exome sequencing - 
Norwegian findings. Tidsskr Nor Laegeforen. 2015;135:1833-7.  
http://tidsskriftet.no/article/3410320/en_GB (Accessed 2015/10/5) 
 
Høyer H, Busk ØL, Holla ØL, Strand L. Hereditary peripheral neuropathies 
diagnosed by next-generation sequencing. Tidsskr Nor Legeforen. 2015; 135:1838–
43. http://tidsskriftet.no/article/3410662 (Accessed 2015/10/5) 
 
Jamieson MJ. Hyponatraemia. BMJ. 1985;290:1723-8. 
 
Jensvoll H, Smeland MF, Tiller H, Holla ØL, Prescott TE, Vik A. A pregnant woman 
with pancytopenia. Tidsskr Nor Laegeforen. 2019;139. doi: 10.4045/tidsskr.19.0022. 
 
Khir ASM. Suspected thyreotoxicosis. BMJ. 1985;290:916-21. 
 
Kingston HM. Detection of carriers. BMJ 1989;98:508-511. 
 
Klovning A, Matre R, Bassøe C-F. Serum Immunoglobulin A and elevated erythrocyte 
sedimentation rate. In: Hansen R, Solheim BG, O'Moore RR, Roger FH, editors. 
Lecture notes in medical informatics. Berlin: Springer-Verlag; 1988;35:220-4 

http://onlinelibrary.wiley.com/doi/10.1002/hipo.20240/abstract;jsessionid=1B37050E35B4D452521007E57D2329A6.f03t01
http://onlinelibrary.wiley.com/doi/10.1002/hipo.20240/abstract;jsessionid=1B37050E35B4D452521007E57D2329A6.f03t01
http://tidsskriftet.no/article/3410320/en_GB
http://tidsskriftet.no/article/3410662


                                                                                                         

36 

 

 
Laine C, Taichman DB, Mulrow C. Trustworthy clinical guidelines. Ann Intern Med. 
2011;154:774-5. http://annals.org/aim/fullarticle/746974/trustworthy-clinical-
guidelines (Accessed 2018/3/18) 
 
Lawvere FW, Rosebrough R. Sets for Mathematics. Cambridge: Cambridge UP; 
2003. 
 
Ledley RS, Lusted LB. Reasoning foundations of medical diagnosis. Science 
1959;130:9. 
 
Lehmann AK, Halstensen A, Holst J, Bassøe C-F: Functional assays for evaluation of 
serogroup B meningococcal structures as mediators of human opsonophagocytosis. 
J Immunol Meth 1997;200:55-68.  
 
Lehmann AK, Halstensen A, Bassøe C-F: Flow cytometric quantitation of human 
opsonophagocytosis and oxidative burst responses to meningococcal antigens. 
Cytometry 1998;33:406-413. 
 
Lemos N. Introduction to the theory of knowledge. Cambridge UP, Cambridge, 2012. 
 
Lusted  LB. Introduction to medical decision making. Springfield: Charles C Thomas; 
1968. 
 
Markwell D. SNOMED CT concept model.  
https://confluence.ihtsdotools.org/display/DOCGLOSS/SNOMED+CT+concept+mod
el (Accessed 2018/10/21) 
 
Maslin KT. An Introduction to the philosophy of mind. Cambridge: Polity Press; 2011. 
 
McHardy KC. Incoordination. BMJ. 1984a;288:1668-9. 
 
McHardy KC. Suspected Cushing's syndrome. BMJ. 1984b;289:1519-21. 
 
Merleau-Ponty M. Phenomenology of perception. London: Routledge; 1994. (Transl. 
Smith C.) 
 
Michalakis S, Becirovic E, Biel M. Retinal Cyclic Nucleotide-Gated Channels: From 
Pathophysiology to Therapy. Int J Mol Sci. 2018;19:749. 
http://www.mdpi.com/1422-0067/19/3/749/htm (Accessed 2018/3/13) 
 
Miller A. Philosophy of language. Routledge, London, 2004. 
 
Mitchell TM. Machine learning. New York: McGraw-Hill; 1997. 
 
Moller P, Stormorken A, Apold J. Handling of hereditary intestinal cancer in Norway. 
Tidsskr Nor Laegeforen 2006;126:1937-1939. 
 
Murchison LE. Hyperlipidaemia. BMJ. 1985;290:535-8. 
 
Nakken O, Sørum L, Holmøy T. Genetic testing in amyotrophic lateral sclerosis. 
Tidsskr Nor Laegeforen. 2018;138. 

http://annals.org/aim/fullarticle/746974/trustworthy-clinical-guidelines
http://annals.org/aim/fullarticle/746974/trustworthy-clinical-guidelines
https://confluence.ihtsdotools.org/display/DOCGLOSS/SNOMED+CT+concept+model
https://confluence.ihtsdotools.org/display/DOCGLOSS/SNOMED+CT+concept+model
http://www.mdpi.com/1422-0067/19/3/749/htm


                                                                                                         

37 

 

https://tidsskriftet.no/en/2018/09/originalartikkel/genetic-testing-amyotrophic-lateral-
sclerosis (Accessed 2019/11/7) 
 
Negoita CV. Expert systems and fuzzy systems. Menlo Parc: Benjamin/Cummings; 
1985. 
 
NIH 2017. (https://nccih.nih.gov/health/providers/clinicalpractice.htm 2017/11/24) 
(Accessed 2017/11/24) 
 
Nilsson N: Artificial intelligence: A new synthesis. San Francisco: Mbody part 
Kaufmann; 1998. 
 
Owe JF, Næss H, Gjerde IO, Bødtker JE, Tysnes OB. Investigation of suspected 
chronic fatigue syndrome/myalgic encephalopathy. Tidsskr Nor Laegeforen. 
2016;136:227-32. https://tidsskriftet.no/en/2016/02/investigation-suspected-chronic-
fatigue-syndromemyalgic-encephalopathy#reference-13 (Accessed 2018/5/23) 
 
Palma J, Juarez JM, Campos M, Marin R. Fuzzy theory approach for temporal model-
based diagnosis: An application to medical domains. Artif Intell Med. 2006;38:197-
218. https://www.ncbi.nlm.nih.gov/pubmed/16766168 (Accessed 2017/3/25). 
 
Parsaye K , Chignell M: Expert systems for experts. New York: John Wiley; 1988. 
 
Pevsner J. Bioinformatics and functional genomics. Hoboken: John Wiley; 2003. p. 
653. 
 
Posey JE, Harel T, Liu P, Rosenfeld JA. Resolution of Disease Phenotypes Resulting 
from Multilocus Genomic Variation. N Engl J Med. 2017;;376:21-31. 
http://www.nejm.org/doi/full/10.1056/NEJMoa1516767 (Accessed 2017/2/4) 
 
Qaseem A, Fihn SD, Dallas P, Williams S, Owens DK, Shekelle P. Clinical Guidelines 
Committee of the American College of Physicians. Management of stable ischemic 
heart disease: summary of a clinical practice guideline from the American College of 
Physicians/American College of Cardiology Foundation/American Heart 
Association/American Association for Thoracic Surgery/Preventive Cardiovascular 
Nurses Association/Society of Thoracic Surgeons. Ann Intern Med. 2012;157:735-43.  
http://annals.org/aim/fullarticle/1392195/management-stable-ischemic-heart-
disease-summary-clinical-practice-guideline-from (Accessed 2017/11/24) 
 
Rasmussen J-E, Bassøe C.-F. Semantic analysis of  medical records. Meth Inform 
Med. 1993;32:66-72. 
 
Reggia JA, Nau DS, Peng Y, Perricone B. A theoretical foundation for abductive 
expert systems. In: Gupta MM, Kandel A, Bandler W, Kiszka JB (Eds.): Approximate 
reasoning in expert systems. Amsterdam: Elsevier ; 1985:459-72. 
 
Robinson JP, Bruner L, Bassøe C-F, Hudson J, Pon S, Ward PA. Measurement of 
intracellular fluorescence of human monocytes relative to oxidative metabolism. J 
Leukocyte Biol. 1988;43:304-10. 
 
Rothman KJ. Modern epidemiology. Boston: Little Brown; 1986. 
 
Russell S, Norvig P. Artificial intelligence. Boston: Pearson; 2010. 

https://tidsskriftet.no/en/2018/09/originalartikkel/genetic-testing-amyotrophic-lateral-sclerosis
https://tidsskriftet.no/en/2018/09/originalartikkel/genetic-testing-amyotrophic-lateral-sclerosis
https://nccih.nih.gov/health/providers/clinicalpractice.htm%202017/11/24
https://tidsskriftet.no/en/2016/02/investigation-suspected-chronic-fatigue-syndromemyalgic-encephalopathy#reference-13
https://tidsskriftet.no/en/2016/02/investigation-suspected-chronic-fatigue-syndromemyalgic-encephalopathy#reference-13
https://www.ncbi.nlm.nih.gov/pubmed/16766168
http://www.nejm.org/doi/full/10.1056/NEJMoa1516767
http://annals.org/aim/fullarticle/1392195/management-stable-ischemic-heart-disease-summary-clinical-practice-guideline-from
http://annals.org/aim/fullarticle/1392195/management-stable-ischemic-heart-disease-summary-clinical-practice-guideline-from


                                                                                                         

38 

 

http://aima.cs.berkeley.edu/index.html (Accessed 2018/10/31) 
 
Sackett DL, Rosenberg WMC. The need for evidence-based medicine. JRSM 
1995;88:620-624. https://www.ncbi.nlm.nih.gov/pubmed/8544145 (Accessed 
2018/8/2) 
 
Shalek AK, Benson M. Single-cell analyses to tailor treatments. Science Translational 
Medicine 2017:408, eaan4730.  
http://stm.sciencemag.org/content/9/408/eaan4730.full (Accessed 2017/9/21) 
 
***Shepherd DI. Sensory disturbances. BMJ. 1984;288:1147-9. 
 
Shortliffe EH, Buchanan BG. A model of inexact reasoning in medicine. In:  Buchanan 
BG, Shortliffe EH (Eds.) Rule-based expert systems. Reading: Addison-Wesley; 
1985. P. 233-62.  
 
Smail P. Short stature. BMJ. 1984;289:1371-3. 
 
Stavem P, Heldal D, Enger E. Symptom. Tidsskr Nor Lægeforen. 1995;115:3177. 
 
Støylen IJ, Larsen S, Kvale G. The Maudsley Obsessional-Compulsive Inventory and 
OCD in a Norwegian nonclinical sample. Scand J Psychol. 2000;41:283-6. 
 
Surén P, Bakken IJ, Skurtveit S, Handal M, Reichborn-Kjennerud T, Stoltenberg C, et 
al. Tourette syndrome in children in Norway. Tidsskr Nor Laegeforen. 2019;139. doi: 
10.4045/tidsskr.19.0411. 
 
Szolovits P, Pauker SG. Categorical and probabilistic reasoning in medical diagnosis. 
In:  Clancey WJ, Shortliffe EH (Eds.) Readings in medical artificial intelligence. 
Reading: Addison-Wesley; 1984, p. 210-40. 
 
Teodoro T, Edwards MJ, Isaacs JD. A unifying theory for cognitive abnormalities in 
functional neurological disorders, fibromyalgia and chronic fatigue syndrome: 
systematic review. J Neurol Neurosurg Psychiatry. 2018; pii: jnnp-2017-317823. 
http://jnnp.bmj.com/content/early/2018/05/16/jnnp-2017-317823.long (Accessed 
2018/5/23) 
 
Thompson JN, Gibson R, Czerniak A, Blumgart LH. Focal liver lesions: a plan for 
management. BMJ. 1985;290:1643-5. 
 
Toft  AD. Thyroid enlargement. BMJ.  1985;290:1066-8. 
 
Towler HMA. Dizziness and vertigo. BMJ 1984;288:1739-1743. 
 
Tsalatsanis A, Hozo I, Kumar A, Djulbegovic B. Dual Processing Model for Medical 
Decision-Making: An Extension to Diagnostic Testing. PLoS One. 2015;10:e0134800. 
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0134800#pone.0134
800.ref002  
 
Tunkel DE. Payments, Conflict of Interest, and Trustworthy Otolaryngology Clinical 
Practice Guidelines. JAMA Otolaryngol Head Neck Surg. 2018;144:201-2. 
https://jamanetwork.com/journals/jamaotolaryngology/fullarticle/2666770 (Accessed 
2018/3/18) 

http://aima.cs.berkeley.edu/index.html
https://www.ncbi.nlm.nih.gov/pubmed/8544145
http://stm.sciencemag.org/content/9/408/eaan4730.full
http://jnnp.bmj.com/content/early/2018/05/16/jnnp-2017-317823.long
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0134800#pone.0134800.ref002
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0134800#pone.0134800.ref002
https://jamanetwork.com/journals/jamaotolaryngology/fullarticle/2666770


                                                                                                         

39 

 

 
Vajda A, McLaughlin RL, Heverin M, Thorpe O, Abrahams S, Al-Chalabi A, Hardiman 
O. Genetic testing in ALS: A survey of current practices. Neurology. 2017;88:991–9. 
http://n.neurology.org/content/88/10/991 (Accessed 2018/9/17) 
 
Wangensteen T, Undlien D, Tonstad S, Retterstol L. Genetic causes of obesity. 
Tidsskr Nor Laegeforen 2005;125:3090-3093. 
 
Weiss SM , Kulikowski CA. A practical guide to designing expert systems. Allanheld: 
Rowman; 1984. 
 
Weiss SM, Kulikowski CA, Amarel S, Safir A. A model-based method for computer-
aided medical decision making. In: Clancy WJ, Shortliffe EH (Eds.) Readings in 
medical artificial intelligence. Reading: Addison-Wesley; 1984. p. 160-89. 
 
Wickberg B, Hwang CP. The Edinburgh postnatal depression scale: validation of a 
Swedish community sample. Acta Psychiatr Scand. 1996;94:181-4. 
 
Wilson MR, Naccache SN, Samayoa E et al. Actionable diagnosis of 
neuroleptospirosis by next-generation sequencing. N Engl J Med. 2014;370:2408–17. 
http://www.nejm.org/doi/full/10.1056/NEJMoa1401268 (Accessed 2015/11/22) 
 
Wolfe F, Fitzcharles MA, Goldenberg DL, Häuser W, Katz RL, Mease PJ, et al. 
Comparison of Physician-Based and Patient-Based Criteria for the Diagnosis of 
Fibromyalgia. Arthritis Care Res (Hoboken). 2016;68:652-9.  
https://onlinelibrary.wiley.com/doi/full/10.1002/acr.22742 (Accessed 2018/5/23) 
 
Wood RA. Memory loss. BMJ 1984;288:1443-1445. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1441054/ (Accessed 2017/12/5) 
 
Wood RA, Moodley KK, Lever C, Minati L, Chan D. Allocentric Spatial Memory Testing 
Predicts Conversion from Mild Cognitive Impairment to Dementia: An Initial Proof-of-
Concept Study. Front Neurol. 2016;7:215. 
https://www.frontiersin.org/articles/10.3389/fneur.2016.00215/full (Accessed 
2017/12/6) 
 
Wu FCW, Bancroft JHJ. Male fertility. BMJ 1985;290:1417-1420. 
 
Wulff  HR. Rational diagnosis and treatment. Blackwell Scientific Publ., Oxford, 1976. 
 
Zadeh LA. Commonsense knowledge representation based on fuzzy logic. Computer. 
1983;16:61-5. 
 
Zadeh LA. The role of fuzzy logic in the management of uncertainty in expert systems. 
In: Gupta MM, Kandel A, Bandler W, Kiszka JB (Eds.): Approximate reasoning in 
expert systems. Amsterdam: Elsevier; 1985. p. 3-31. 
 
Zimmerman M, Martinez JH, Young D, Chelminski I, Dalrymple K. Severity 
classification on the Hamilton Depression Rating Scale. J Affect Disord. 
2013;150:384-8.  
http://www.ncbi.nlm.nih.gov/pubmed/23759278 (Accessed 2015/8/1) 
 
 

http://www.nejm.org/doi/full/10.1056/NEJMoa1401268
https://onlinelibrary.wiley.com/doi/full/10.1002/acr.22742
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1441054/
https://www.frontiersin.org/articles/10.3389/fneur.2016.00215/full
http://www.ncbi.nlm.nih.gov/pubmed/23759278


                                                                                                         

40 

 

 


