Laboratory investigations in diagnosis
The components of CBC:

     
 1) RBCs

 2) WBCs              

 3) Platelets 

 4) RBC indices 

 5) Hemoglobin

 6) Hematocrit
After we take the CBC for the patient if there is an apparent abnormality we ask for a blood film to determine the morphology or the chromaticity of the cells.

The most important part of the blood film is the MCV (mean corpuscular volume) which is normally between 67 and 100.

If the value of the MCV is decreased in the blood film that indicates microcytic anemia.
Microcytic anemia could be primary due to iron deficiency or secondary to a systemic disease like thalassemia or sideroblastic anemia.

To differentiate between them we ask for the serum ferritin level and the total iron binding capacity (TIBC).

If the serum ferritin level is low and the TIBC is elevated that means primary microcytic anemia and we give the patient ferrous sulphate.

If they are both elevated that would confirm secondary microcytic anemia.

If the CBC results are normal then no need for the blood film or the hematinics.
In hospitals all samples are placed in an anti coagulated tube by adding citrate or EDTA except the hematinics that should be placed in a plain tube.

CBC sample should be sent to the lab within the first 24 hours after its withdrawal. The color of the tube is purple.

If the MCV value is increased this indicates macrocytic anemia that could be due to vitamin B12 deficiency (treatment: give hydroxocobalamin) or foliate deficiency (treatment: folic acid) or both of them mighty be normal and the anemia might be attributed to alcoholism or liver disease or hyperthyroidism in this case.

If the MCV value is normal (RBC have normal chromaticity and shape) but the HB levels are low this indicates normocytic anemia. In this case we would ask for the serum ferritin level and TIBC to determine the cause wither it is sickle cell anemia or a chronic inflammatory disease or even liver or renal diseases. If both are decreased this confirms sickle cell anemia.
Summary: we ask for a CBC if there is an abnormality we ask for a blood film and hematinics to determine the type of anemia and thus determine the treatment.

In the hospitals in the files you will find this diagram:
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Another part of the hematological investigations are the bleeding studies where there is an existing bleeding or in order to determine the hemostatic function in a patient with history of bleeding problems (example: in a patient with family history of hemophilia or Idiopathic thrombocytopenic purpura)

In these cases bleeding studies must be performed even if only minor surgery and these include:

1) Bleeding time 

 
2) APTT (activated partial thromboplastin time)

3) PT (prothrombin time)
Bleeding control can be achieved by the vessel wall and the platelets and the clotting factors.

If there is an injury in the vessel wall contraction will occur with aggregation of platelets for the formation of the plug which is hardened and becomes more rigid by the action of the clotting factors that are either intrinsic or extrinsic.

Any abnormality in the extrinsic coagulation cascade will affect the PT characterized by the prolonged bleeding time.

PT in hospitals is referred to as INR (international normalized ratio).

Normal PT in controlled patients is 13-15 s.
INR is the ratio between the patient's PT and the control's PT.

If the patient PT is 30 s then the INR is 2.

Cardiologists will always increase the PT of patients with prosthetic heart valve to prevent thrombosis that might lead to MI and shock.

INR therapeutic range for cardiologists is 2-4. 
INR therapeutic range for oral surgeons is less than 2.5.

If I measure the INR and find it 4 I have to consult the physician before performing minor surgery that requires the INR to be less than 2.5. The physician might advise you to stop the patient's warfarin for 3 days and perform the surgery on the fourth day or he might tell you not to stop the warfarin because its risky instead you should administer him as an in-patient and give him heparin for 2 days then stop the warfarin treatment.

Normal INR is 1.
Any abnormality in the intrinsic coagulation cascade will affect the APTT which is normally between 40 and 50 seconds.

Prolonged APTT means a problem in the intrinsic cascade.

Bleeding time assists the function and the number of platelets. If more than 10 minutes then the bleeding time is prolonged due to any abnormality in the platelet function.

For example aspirin inhibits the platelet aggregation by interacting with the cyclooxygenase enzyme which is very important for the metabolism of the arachidonic acid. This leads to the failure of the formation of the platelet plug.

Any patients taking aspirin with have a prolonged bleeding time due to the abnormal platelet function since aspirin is an anti platelet.

Clopidogrel (plavix) is also an anti platelet. Caution has to be taken when dealing with a patient receiving plavix.

Aspirin and plavix have different mechanisms of action.

How to deal with a patient that suffers from an existing bleeding?

The first step is to check the vital signs:

Airway and breathing and circulation (ABC)

Airway and the breathing are more important than the circulation except when a major blood vessel is involved then it becomes CAB. (Example: a person suffering from an external carotid artery injury leading to perfuse bleeding the first priority would be to control the bleeding)
After bleeding the patient may be hypovolemic so I have to check the blood pressure for signs of hypovolemia. If the systolic blood pressure is less than 100 mm/Hg then this would be the first sign of hypovolemia and tachycardia is another sign. The first step to do in this case is to establish an IV line and administer crystalloids (saline) to prevent hypovolemia.

If a lot of blood is lost then you should transfer colloids.

There is a debate on whether to administer colloids or crystalloids depending on the level of the hypovolemic shock.

As we said the first step is to check the vital signs then once the patient is stable you can look for the bleeding site and try to control it by ligation or suturing or placing a piece of gauze and biting on it for 15 minutes. If after that the bleeding couldn’t be controlled we start taking the history and asking for the hematological bleeding studies to determine the problem.

First we perform CBC if the platelet number is low then this indicates thrombocytopenia.

Spontaneous bleeding could occur if the platelet number is less than 10-20 x 10^9 but we can perform tooth extraction once the platelet number is more than 500 x 10^9 but for major surgery it has to be more than 75-100 x 10^9.

If the platelet number is normal I check the bleeding time if it is prolonged we ask for ATPP. If both are increased this could indicate von willebrand disease which is due to factor 8 deficiency and platelet function abnormality.

If the bleeding time is normal we could ask for APTT if it is prolonged we would ask for PT. if both are increased this could indicate an acquired problem like liver disease or warfarin treatment or vitamin K deficiency. (Extrinsic pathway means acquired problem) Always an extrinsic factor like warfarin will affect the clotting factor 2, 7,9,10 



The mechanism of action of warfarin (anti coagulant):

 It antagonizes the action of vitamin K responsible for the synthesis if clotting factors   2,7,9,10.
If APTT is normal but the PT is increased this indicates factor 7 deficiency.

If APTT and PT are normal then factor 13 deficiency.            

The treatment is the deficient factor replacement.
If the APTT is increased but the PT is normal this indicates hemophilia either type A( deficiency in factor 8 ) or B (deficiency in factor 9). To differentiate between them we perform the specific factor assay. Clinically both of them are the same but the treatment and the underlying cause are completely different.
Biochemical investigations: (part of the hematological investigations)

 
They all depend on the blood sample and aim to study the biochemical components of the blood.
1) Fasting blood sugar (estimation of the blood glucose level)

Part of the kidney function test. 

Measured from a blood sample.

Used to assist the blood glucose level in a patient known to be diabetic or for the diagnosis of diabetes.

Assist the blood glucose level after fasting for 8-12 hours reported by mg/dl or g/l or mmol.

The normal fasting blood sugar is 80-120 mg/dl. According to recent views it is 65-110 mg/dl.

If it was between 110 and 136 the patient is pre diabetic. If more than 136 then he is an 
established diabetic patient. 
To convert from mg/dl to mmol u divide by 18 or 19. 

Normal fasting blood sugar in mmol is 3.5-6

6-7 pre diabetic.

More than 7 diabetic patient.

Jordan and Kuwait have the highest percentage of diabetes.

Fasting blood glucose level should be done in the morning preferably before 9 am.

If I extract the tooth of a patient with blood glucose level more than 500 this might lead to infection and difficulty of eating leading to hyperglycemia in the initial stage followed by hypoglycemia.

Random blood glucose level is normally (in mmol) less than 8, between 8 and 11 pre diabetic patients, more than 11 established diabetic patient.

The two previous tests are not accurate estimations of the blood glucose level, but the fasting is better than the random.

Glucose tolerance test(GTT): tolerance of the patient to high blood glucose level) not more than 200 mg/dl. Measured by giving the patient 75 g glucose in 300 ml of solution half an hour before the investigation then measure at 30 minutes interval for 2 hours.

The most accurate method for estimating the blood glucose level is HBA1C taken in hospitals and it has the same values of the fasting blood sugar.

Normal: 3.5-6                             pre diabetic: 6-7                  more than 7 diabetic patient 

7-9: good control of the diabetic patient.

More than 9 high risk patient (poor control, poor prognosis) 

If less than 3 mmol or 55 mg/dl this indicates hypoglycemia.

Kidney function test (KEFT) is a routine test performed before general anesthesia. We take a sample from the blood to check the biochemical components that would assist the function of the kidney. The most important one is the creatinine which should be less than one (between 0.5 and 1) but keep in mind that it is affected by the muscle mass so it could be 0.25 in a very thin person. We check the urea and electrolytes because they are very important for the fitness of the patient for general anesthesia and surgery. 

Sodium: 135-145 mmol/L

Potassium: 3.5-5 mmol/ L (any abnormality might lead to spasm) 
Blood urea nitrogen: 9-20 mg/dl 

Cortisol level: rarely raise more than 20 mg/dl.
Any abnormality in the kidney function is contraindicated for general anesthesia.

If the patient's creatinine level is high he is not a good candidate for general anesthesia because there is risk of kidney failure.

The classification of chronic renal disease depends on the glomerular filtration rate which depends on the creatinine level.

If the GFR is more than 90: normal kidney function.

If between 90 and 60: mild renal disease.

If between 60 and 30: moderate renal disease

If between 30 and 15: severe renal disease.

Less than 15: renal failure.

GFR is the most important value that represents the function of the kidney.
The following diagram summarizes the kidney function test:
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BUN: blood urea nitrogen.

 We can ask for liver function tests: 
1) Bone profile: we ask for a biopsy especially in Jansen lesion cases. To exclude hyperparathyroidism we would ask for a bone profile and we would look at the parathyroid and calcium and phosphate levels. If there is a change then this indicates hyperparathyroidism so we control the disease with out doing anything for the lesion which would undergo spontaneous recovery.

2) Check the cardiac enzymes especially troponin 1 which is the most important indicator of MI. MI cannot de detected on a CT scan.

3) Arterial blood gases: especially in patients with respiratory problems. We check for the PH of the blood, CO2, 02, and bicarbonate especially in smokers and patients older than 50.
Microbiological investigations:

The first step is sampling. We have different methods:

1) Smear: scrapping of surface area by the spatula (sample of superficial cells, the maximum you can reach is the prickle cell layer.)


   
مسحة2)swab: 
3) Aspiration: better for established infections caused by anaerobic bacteria. We use a needle to protect the bacteria against oxygen and the sample should be sent immediately to the lab.

4) Oral saline rinse: to detect thrush. Culture the saline for the detection and for determining the number of the candidal hyphae.

5) Biopsies: take a sample of the lesion either part of it or the entire lesion.

Choose the appropriate method of sampling depending on the lesion.

If pus: swab

If white patch: biopsy

Candida infection: smear.

Methods of the microbiological diagnosis: 

1) Microscopy: examine the sample under different types of microscopes depending on the type of microorganism suspected:
           Light microscopy, dark field microscopy (syphilis), electron microscopy (viral infections)
The sample could be stained before examination under the microscope ( gram stain, ziehl neelsen stain, immunostains)

2) Culture and sensitivity: most accurate method for fungal and bacterial infections with specificity and sensitivity 100%. Very difficult for viral infections unless we take a tissue biopsy. 

Culture: put the sample in a culture media that encourages its growth. 

Sensitivity: put different antibiotic tablets to determine the most effective one against these microorganisms. 

However it might not be appropriate for certain types of bacteria like tuberculosis which takes 50 days to get the results. 

Sometimes culture and sensitivity tests may need viable bacteria that are capable of growing and dividing.

3) Detection of microbial products: we take a tissue sample and then we add commercially available antibodies that are labeled by ELISA or fluoroscein if there is an antigen a reaction will occur resulting in either precipitation or glowing. 

4) Detection of microbial nucleic acids (PCR) : polymerized chain reaction is very important for the diagnosis of  TB. Here we add commercially available nucleic acids labeled by ELISA or fluoroscein to the tissue sample. These nucleic acids are complementary for the bacterial nucleic acids. PCR has a sensitivity of 98% and specificity of 99% and it only requires one day unlike the tuberculin skin test that requires 3 days.

All of the previous methods are direct sampling( the sample is taken directly from the lesion) But if there is no definite lesion like in some cases of TB and infective endocarditis we use indirect sampling methods my taking a blood sample to determine of the microorganisms are present or not by using commercially available antibodies. This is called serology.

The DR showed us a picture of ludwig angina :   

It is the bilateral enlargement of the submandibular, sublingual and the sub mental spaces that could compromise the airway and lead to suffocation and the death of the patient. It is a very sever infection caused by cellulitis affecting these spaces.

The first thing we do in this case is check the ABC to control the patient and obtain stability. After that we administer him and perform incision and drainage even if there is no puss, blood will go out so we take a sample by a swab and perform the culture and sensitivity tests to determine the most effective antibiotic. 

The DR showed us a picture of noma( cancrum oris)
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Noma is a very aggressive and destructive infection caused my fusiform spirochetes( anaerobic bacteria). It is sampled directly followed by performing the culture and sensitivity tests.

The DR showed us a picture of the toluidine blue test:

It is used for staining a lesion suspected to be cancer or a premalignant lesion but we are facing difficulty in determining the appropriate site to take the sample from so we use this stain to help us. Some people are against it because they say that it is carcinogenic and not specific since both inflammatory and neoplastic cells are highly active and capable of taking up this stain so this could lead to false positive results.
CT scan advanced images are not used unless the information we already have is not enough. We especially use it if there is a problem in the heart tissue but it can also be used to examine soft tissues. These are called CT with soft tissue contrast or CT with soft tissue window. We also have MRI with contrast. This contrast is gained either by swallowing or administered intravenously. 

In the functional radiograph the contrast is always administered intravenously except when we are performing a lung scan (perfusion-ventilation mismatch) it is given by inhalation.

Contrast study is given locally like in the case of the salivary gland where it is adminiterd directly to the duct.                  

                                                                                                     Good luck(






