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It is estimated that >70% of clinical decisions are based 
on information derived from laboratory test results. 

 

Impact of medical Lab error is potentially high 

2 



3 



Error Types 

 

• Near-miss events 

• Lead to patient injury and even mortality 
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Good Laboratory Practice 
(GLP) 

 
• The Right test result 
• The Right time 
• The Right specimen 
• The Right patient 
• The Right data interpretation 
 



Total Testing Process (TTP)  

Pre-analytical phase  

• Test request, patient identification, specimen 
collection, transport and processing 

 

Analytical phase  

• Testing 

 

Post-analytical phase  

• Reporting test results, interpretation, follow up, 
record 
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Pre-pre-analytical phase  

• Test selection  
Five most common medication errors ( wrong drug, dose, 
route, patient and time + wrong test) 

 
• Inappropriate test request  
• Order entry mistakes  

 
Post-post-analytical phase 

• Interpretation of the test results 
   (misinterpretation) 
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Which ones affect the patients the most? 
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Pre-analytical Issues 

• Most steps 

• Most people 

• High urgency & stress 

• Most variation in work  

environment,  technique, and 

training 60% 
25% 

15% 

% of Time Spent 

Pre-analysis  

Analysis  

Post-analysis 
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1. Mislabeling of specimen 

2. Misidentification of patient 

3. Wrong collection specimen time 

4. Patient was not fasting 

5. Wrong tubes/wrong anticoagulant 

6. Wrong anticoagulant/blood ratio 

7. Mixing problems/clots 

8. Hemolysis/lipemia/icteric 

9. Contaminated specimens 

10. Outdated (expired) supplies were used 

11. Delayed specimen delivery to laboratory 

12. Processing errors: Incomplete centrifugation, improper storage 

Common Errors in Specimen Collection 
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Percentage of pre-analytical errors in 
Hematology laboratory 

IPD  OPD 

Mis-identification 0.47 0.26  

Incorrect vials 0.24 0.10  

Clotted sample 0.16 0.11  

Inadequate sample 0.22 0.17  

Diluted 0.09 0.00  

Hemolysed 0.15  0.05  

Total  1.34  0.69  
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Pre-analytical errors 

 

Emergency > Inpatient > Outpatient  Services 
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Patient identification 

Barcodes 

Radio frequency identification  

Magnetic stripes 

Optical character recognition 

Voice recognition 
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• Patient Identification x2 

• Asking the Patient‘s full Name 

• Checking the patient‘s ID label  

• Use barcode readers 

Avoiding Identification Errors 
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Specimen preparation 

• Centrifugation  

• Aliquoting  

• Pipetting 

• Dilution 

• Sorting specimens into batches 
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Phlebotomy (Venipuncture) 

• Venipuncture is a frequent medical procedure 

 

• Highly complex skill requiring expert knowledge 

 

• Phlebotomy errors may cause harm to patients or 
result in needlestick injury to the phlebotomist 
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Phlebotomy (Venipuncture) 
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Normal Syringe and VENOJECT 
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Protect Yourself 

• Do not break, or recap needle.  
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Needles 

21 or 22 gauge needle is mostly used  
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Find a suitable vein  
(Palpation: bouncy & large & superficial) 

Anterior Cubital area 
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Choice of site 
 
1- Radial artery 
• small size 
• requires extensive skill 
 
2- Brachial or femoral arteries 
• harder to locate 
• surrounded by structures that could be damaged by faulty technique 

Arterial blood collection  
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Arterial blood collection  

• Arteriospasm  
• Hematoma or excessive bleeding  
• Nerve damage  
• Hypotension 
• Faint 
• Sweating 
• … 
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ABG 
 
Sampling errors: 
 
• Presence of air in the sample 
• Collection of venous rather than arterial blood 
• Improper quantity of heparin in the syringe 
• Improper mixing after blood is drawn 
• Delay in specimen transportation 
 

Arterial blood collection  



Tubes Order (NCCLS) 
1. Sterile/Blood cultures (yellow top or bottles) 

2. Light Blue coagulation tube 

3. Red - Non-Additive 

4. Gel separator tube  

5. Green (heparin) 

6. Plasma Separator Tube (PST) with heparin (green-gray mottled 
top) 

7. Lavender/purple top (EDTA) 

8. Gray top (Oxalate/fluoride tube) 
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Reasons for Hematology specimen rejection  

Reason for rejection (%) 

Specimen clotted                57.2 

Insufficient specimen volume 14.0 

Inappropriate specimen-anticoagulant volume ratio  6.9 

Incorrect container type  4.2 

Inadequately labelled  2.9 

Specimen hemolysed  2.7 

Lipemia  2.3 

Empty tube  1.6 

Incorrect specimen type  1.3 

Inappropriate time in specimen collection  1.2 

Inappropriate test request  1.1 

Payment related  0.9 

Medical orders modified  0.8 

Excessive transportation time  0.5 

Specimen collected on the same side of infusion 0.4 

Specimen not received 0.2 

Testing parameters beyond the scope of hematology laboratory  0.2 

Inappropriate transportation condition  0.1 

Other reasons  1.9 29 



Phlebotomy-related Errors 
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• Catheter IV collection 
• Traumatic venipuncture 
• Drawn from hematoma, 

infection, edema or burn 
• On the side of mastectomy 
• Phlebotomy equipment 
• Phlebotomy antiseptic 

 

• Tourniquet time 
• Location of stick 
• No mixing in tube 
• Vigorous mixing in tube 
• Tube under filling 
• Milking the site when 

collecting capillary samples  
• Blood collected using a 

small diameter needle.   
 



Technique Application Errors 

– Tourniquet tied too close to the venipuncture site 
can cause hematoma 

– Veins may not become prominent if tourniquet is 
tied too high  

– Tourniquet left on longer than one minute can 
result in Hemoconcentration, affecting some test 
results 
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Timing errors in blood Collection 

Specimens affected by time of day: 

– Fe 

– Hemoglobin  

– Cortisol 

– Prolactin 

– Leukocytes 

– Drug monitoring  

…. 
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Transport Errors 

• Temperature 
 

• On ice: ABGs 

 
• Transport Container 

– Transport in leak-proof plastic bags in lockable 
rigid containers 

– Avoid agitation 
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Sample processing errors 

– Mixing 

– Centrifugation    (Suitable centrifuge type, speed, temperature) 

    Centrifugation step consumes a large portion of the pre-
analytical time and therefore a considerable amount of the total 
TAT. 

– Serum/plasma separation 

– Aliquoting 

– Freezing 

… 
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Centrifuge 
Clinical centrifuge  

• Urinalysis or serum  

• Either fixed head or swinging bucket configurations  

• Usually have a speed capacity of up to 3000 rpms 

• Tubes with volumes ranging from 5 to 50 ml 

Serofuge  

• Small tabletop centrifuge  

• Primarily used in blood bank or serology 

• Fixed head or swinging bucket type  

Microcentrifuges or microfuges  

• Special microtubes of 1.5 mL capacity  

• Speeds usually about 12,000 rpm   

• usually of the fixed head configuration.  

Microhematocrit  

• Variation of the microfuge 

• Measurement of hematocrits 35 



Centrifuge 
 

High-speed centrifuges  

• Speeds up to 20,000 rpm 

• Usually the swinging bucket configuration 

 

Ultracentrifuges  

• Speeds over 50,000 rpm.  

• Usually the swinging bucket configuration 

• Temperature control  

• More commonly found in research laboratories.  

• Usually the swinging bucket configuration 
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In vivo  

• Hereditary or Acquired RBC defects. 

 

• Does not depend on technician technique 

• Virtually unavoidable and cannot be resolved. 

Hemolysis 
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In vitro  

– Patient dependent  

– Operator dependent  

– Device dependent 

– Handling of the specimen 

– Transport of the specimen  

– Sample processing  

– Sample storage  

38 

Hemolysis 



In vivo vs. in vitro hemolysis 
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Hemolysis index 
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Hemolysis  
Mechanism of interference 

                    

                                   Additive 
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                              Dilutional 
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Hemolysis  
Mechanism of interference 



                                Spectral  

• Hemoglobin shows strong absorbance at 415 nm 
and have two peaks at 540 and 570 nm. Therefore 
it may greatly interfere with measurement at these 
wavelengths. 

 

 Billirubin 
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Hemolysis  
Mechanism of interference 
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Lipemia 
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Lipemia 

Mechanism of interference  

• Turbidity 

• Volume displacement 
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• Centrifugation  

– Ultracentrifugation: ~ 90,000 rpm.  

– High speed centrifugation: ~ 13,000 rpm  

– Centrifugation: ~ 3000-5000 rpm  

• Extraction  

– Polyethylene glycol  

– Cyclodextrin  

– Lipoclear  

 

• Sample dilution  

• Sample can be diluted only enough to remove the 
turbidity interference (2 or 3 fold). 

 

Lipemia: Removal 
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Hyperbilirubinemia 
(Icteric Sample)   
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Mechanism of Interferance 

• Spectral interference: Bilirubin absorbs strongly 
between 340 nm and 500 nm wavelengths 
 
 
 
 

• Chemical interference: 
– Reducing substance  
– Dye binding  
– Destruction of reaction intermediate 
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Carryover interference 

50 



Blood Samples Storage 

CBC 
Acceptable stability after 24 h of storage at refrigerator 
 
 
 
 
 
 
 
 
 
APTT test is easily affected by the temperature, storage time and the form 

of storage in comparison with the PT test. 
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Coagulation Tests 

Causes for Specimen Rejection 

• Hemolyzed samples 

• Clotted samples 

• Samples collected in incorrect anticoagulant 

• Underfilled or Overfilled tube 

• Refrigerated whole blood 

• Frozen whole blood 
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Measurement of Hb Concentration 

 

Cyanmethemoglobin (HiCN) method  
• Errors Inherent in the Sample 

       Improper venipuncture technique may introduce hemoconcentration 

• Errors Inherent in the Method 

• Errors Inherent in the Equipment (photometer and cuvets) 

• Operator’s Errors.  
 

Analytical errors in Hematology 
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Blood Smear Staining  



 

• Heinz bodies 

• Golf bodies 

• Stain deposition 
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Proper Time for Retic count ? 

Reticulocyte count 



Anticoagulants and additives 

• EDTA is the anticoagulant of choice for hematology cell counts and cell 
morphology.  

• K2EDTA concentration of 1.5±0.25 g/L  

 

 

 

• K2EDTA in plastic, spray-dried 

• K3EDTA in liquid form in glass tubes (will dilute the sample ≈ 1%–2%). 

 

• The EDTA salts are hyperosmolar, causing water loss from cells.  

• The cell shrinkage is less apparent when K2 and Na2 EDTA are used. 

• In contact with EDTA, PLTs undergo a time-dependent modification from a 
discoidal to a spherical-shape. 
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Anticoagulants and additives 

Sodium citrate 

• For coagulation testing 

• Light blue–top tube containing 3.2% or 3.8%  

• Preserves the labile coagulation factors 

• The ratio of blood to anticoagulant is 9:1 
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Hematocrit-Anticoagulant Adjustments 
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 Hematocrit > 55% 
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(1.85 X 10-3) (100-HCT) (V Blood) = C 

 

C = adjusted volume of anticoagulant remaining in tube 

HCT = Patient Hematocrit 

V Blood = Volume of blood added  

(if a 3 mL collection tube is used, volume would be 2.7 mL) 

Hematocrit-Anticoagulant Adjustments 



C = (1.85 x 10*-3)(100-Hct)(V blood) 

 
Example: 

• Patient HCT: 59%  

• Blood is to be drawn into a 3.0 blue-top tube 

 

C = (1.85 x 10-3)(100-59)(2.7) 

                        C = 0.2 mL 

 

  Remove: 0.1 mL (100 ) of citrate 

Hematocrit-Anticoagulant Adjustments 
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Errors reported in cross match laboratory:              
A prospective data analysis 



Random errors 
• Indicate poor precision  

• Examples: pipetting error, transcription error, wrong sample numbering 
and labeling. (One-time events) 

 

 

 

 

Systematic errors 
• Indicate poor accuracy 

• Examples: wrong procedure, specimen carryover, contaminated 
reagents, incorrect calibration procedures. 

 

Analytical error 
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Standardization, automation and technological 
advances have significantly improved the 
analytical reliability of laboratory results and 
decreased the error rates 
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Analytical error 



Post-Analytical Errors 

The most common mistakes: 

• Wrong validation 

• Delayed results 

• Not reported or reported to the wrong providers 

• Incorrect results reported  

 

Examples:  Clerical, instrument to host computer errors 
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Critical Value 

Critical Value (Alert value or Panic value) 

 

“Critical results” of tests fall significantly outside the 

normal range, may indicate a life threatening situation, 

and may require immediate clinical action 
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https://stanfordhealthcare.org/health-care-professionals/laboratory-critical-value-list.html


Hematology Critical Values  

ANALYTE CRITICAL VALUE UNITS 

Fibrinogen <100 mg/dL 

PTT ≥100 sec 

PT INR >5.0 INR N/A 
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Coagulation 



Absolute Neutrophil Count ≤0.5 

WBC ≤0.5 

≥50 

Slide Review/Diff 

 

Presence of intracellular organisms 

Blasts on peripheral smear 

Hemoglobin ≤7.0 

Hematocrit (PCV) 
 

≤21.0 
≥65.0 

Platelet Count ≤10,000 

Malaria Screening Positive 

Cell Count, CSF only WBC Count >30 

Cell Count, CSF only Blasts or Tumor Cells 

Hematology Critical Values  
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Biochemistry Critical Values  

CHEMISTRY-PANIC-VALUES.pdf


Point- of- care testing 

Point-of-care testing (POCT)  

 

• Rapid diagnosis at or near patients’ bedsides 

• The increasing demand to reduce the turnaround time (TAT) 

• The most used POCT in hematology is measurement of Hb concentration. 

• The most used POCT in Biochemistry is measurement of Glucose by Glucometer. 

 

 

 

• A disadvantage of POCT is a lack of training and insufficient quality assessment. 
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SOPs 

 Documents that describe how to perform the 
laboratory tests using step-by-step instructions. 

 

– Consistency (reproducibility) 

– Accuracy 

– Quality 



The SOP should include the following information 

 

• Title  

• Introduction/Purpose 

• Specimen collection, transport, storage and rejection criteria 

• Reagents/materials/equipments 

• Quality assurance 

• Procedure 

• Interpretation criteria 

• Resulting & reporting 

• References 

• Appendix 
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How to minimized errors 

• Education to all concerned staff 

• Director meetings with each new employee 

• Event-reporting training 

• Competency certificate for trained staff 

• Daily conferences to review complicated cases, near misses, 
and errors 

• Automation of the laboratory 
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