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ABSTRACT 

Background and objectives: Laboratory medicine is equally challenged by economic and new 

technological pressures. Clinical laboratories have undergone major change due to advancement 

of technology, which has improved the decision making of clinicians but introduced the risk of 

errors. This study aimed to evaluate the errors that occurred in the pre-analytical phase of 

laboratory testing. 

Methods: This was a prospective observational study that was done in the Clinical Biochemistry 

Laboratory of a tertiary care center from June 2016 to May 2017. The path of the sample was 

analyzed from sample collection to transport. Frequency of deficiencies in the request forms and 

different types of pre-analytical errors were recorded. 

Results: During the study period, the frequency of pre-analytical errors was about 3.1%. Sample 

hemolysis was the predominant error in sample collected from both indoor and outdoor patients. 

Conclusion: Proper management of pre-analytical errors requires continuous evaluation of 

source of errors, taking corrective measures, and significant interdepartmental cooperation. 
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Introduction 

  Efficient laboratory services are the pillars 

of modern healthcare system. Laboratory 

medicine is equally challenged by economic 

and new technological pressures. Clinical 

laboratories have undergone major change 

due to technology advancement, which has 

improved the decision making of clinicians 

but increased the risk of error at the same 

time. The laboratory testing process consists 

of pre-analytical, analytical, and post-

analytical phases. According to the 

International Organization for 

Standardization (ISO 15189:2012) standard 

for laboratory accreditation, the pre-

analytical phase encompasses all the steps 

from test request, sample collection, 

transport, and registration of the sample up 

to the start of specimen analysis. The 

analytical phase involves the analysis of the 

analytes and technical validation of the 

results. The post-analytical phase includes 

the interpretation of the results, approval 

from the lab manager, and reporting (1). 

Errors can occur in any of these phases. In 

recent years, there is an increasing 

awareness of the importance of errors in 

laboratory practice and their possible 

negative impact on treatment outcomes.  

  Advanced instrumentation and automation 

have simplified the work in the analytical 

phase but same is not true with regards to 

the pre-analytical phase (2). This phase is 

most prone to errors encountered during 

total diagnostic process, and therefore 

requires more attention (3-6). 

  Theoretically, the pre-analytical phase can 

be subdivided further into pre-pre-analytical 

phase and conventional phase. In the pre-

preanalytical phase, the clinician decides 

which test is to be ordered based on his 

knowledge and experience. The 

conventional phase involves series of 

processes starting with patient identification, 

selection of ideal tubes, proper 

transportation and storage, and preparation 

of samples (7). The role of human factor in 

sample collection makes complete 

elimination of errors impossible. New 

strategies are followed for error prevention,  

 

which can substantially reduce pre-

analytical errors. The strategies include 

increasing the rate of errors detection, 

certification/accreditation by professional 

bodies, internal quality control procedures, 

external quality assessment programs, 

certification of education programs, and 

improved communication among health 

professionals (8).  

  Pre-analytical errors account for 70% of all 

mistakes in the clinical laboratory, most of 

which arise from problems in patient 

preparation, sample collection, 

transportation, and preparation for analysis 

and storage (6,9-11). It has been 

demonstrated that both pre-analytical and 

post-analytical errors account for 93% of the 

total errors encountered in the laboratories 

(2). This study aimed to evaluate the errors 

occurring in the pre-analytical phase so that 

remedial steps can be taken. 

 

MATERIALS AND METHODS 
  This was a prospective observational study 

that was done in the Clinical Biochemistry 

Laboratory of a tertiary care center from 

June 2016 to May 2017. The tertiary care 

center consists of the following 

superspeciality departments: 

gastroenterology, nephrology, cardiology, 

cardiovascular and thoracic surgery, 

neurology, endocrinology, and urology. All 

routine biochemical tests including blood 

glucose, renal function tests, liver function 

tests, lipid profile, phosphorus, uric acid, 

calcium, urine microprotein, other body 

fluids electrolytes, and blood gases were 

performed using the ERBA XL 340 and 

Trivitron Dirui Autoanalyzer. Serum 

samples were collected in plain vacutainer 

tubes having clot activator and gel separator. 

Plasma was collected in vacutainer fluoride 

tubes for blood glucose estimation. The 

laboratory participates in one external 

quality assurance program. The path of the 

sample was analyzed.  

  Outdoor patient department were having 

computer generated paper with patient’s 

detail and the test requested by the clinician. 
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The blood withdrawal procedure at the 

hospital initiated with the patient sitting on a 

stool, blood withdrawal, and collection into 

vacutainer tubes. After the samples were 

labeled manually for name, age, gender, and 

type of test, the samples were put on 

separate racks for each unit of laboratory 

tests. The samples were collected between 

8.30 am to 1.30 pm.  

  All the indoor and outdoor samples were 

screened for the following pre-analytical 

errors: 1) Wrong numbering of sample, 2) 

Delay in sample transport, 3) Sample 

insufficient, 4) Sample hemolysed, 5) 

Clotted sample, 6) Sample collection in 

wrong container, 7) Sample contaminated, 

8) Lipemic sample. 

  The specimens were allowed to clot, 

centrifuged at a speed of 3000 relative 

centrifugal force, and then delivered to the 

analyzers. Thus, the samples were followed 

from the moment of blood withdrawal to 

vacutainer transportation, centrifugation of 

the vacutainers, waiting time, and the time 

of analysis. 

 

RESULTS 

  The sum of errors was calculated. Their 

relative frequencies when compared with the 

total specimens were also calculated and 

presented as percentage. In a year period, 

the total number of outpatients and 

inpatients was 37054 and 2971, respectively. 

The following list shows the deficiencies in 

the requisition form:  

1. Patient information (name, age, gender, 

ward number, registration number) 

2. Probable diagnosis  

3. Nature of sample (plain/fluoride) 

4. Date of sample collection 

5. Time of sample collection 

6. Signature of person who withdrew the       

sample Out of the total blood collection 

tubes screened, pre-analytical errors were 

observed in 1241 samples (3.1%). The 

frequency of different types of errors in 

outdoor and indoor patients is shown in 

(tables 1 and 2.) Hemolysis was the main 

pre-analytical error in samples taken from 

both inpatients and outpatients, which also 

contributed to the rejection of samples. 

About 0.05 % of outdoor and 5% of indoor 

samples was rejected at the pre-analytical 

phase after centrifugation. 

 

Table 1. The frequency of different pre-analytical errors in outdoor patients 
No. Pre-analytical variables Number (%) 

1 Wrong numbering of sample 11 (0.03%) 

2 Delay in sample transport 15 (0.04%) 

3 Sample insufficient 6 (0.02%) 

4 Sample hemolysed 500 (1.3%) 

5 Clotted sample 7 (0.02%) 

6 Wrong container 1 (0.002%) 

7 Sample contaminated 2 (0.005%) 

8 Lipemic sample 3 (0.008%) 

 

Table 2. The frequency of different pre-analytical errors in indoor patients 
No. Pre-analytical variables Number (%) 

1 Wrong numbering of sample 18 (0.6%) 

2 Delay in sample transport 15 (0.5%) 

3 Sample insufficient 24 (0.8%) 

4 Sample hemolysed 604 (20.3%) 

5 Clotted sample 10 (0.3%) 

6 Wrong container 12 (0.4%) 

7 Sample contaminated 8 (0.3%) 

8 Lipemic sample 2 (0.07%) 

 

DISCUSSION 
  According to the International Organization 

for Standardization, laboratory errors are  

 

 

defined as “failure of planned action to be 

completed as intended, or use a wrong plan 
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to achieve an aim, occurring at any part of 

the laboratory cycle, from ordering 

examinations to reporting results and 

appropriately interpreting and reacting to 

them” (12). Clinicians’ decisions mainly rely 

on laboratory results; hence, laboratory 

errors must be kept to its minimum. With the 

advent of technologies, analytical errors 

have reduced and most errors are related to 

the pre-analytical phase (13).  

  In a retrospective study performed by 

Plebani et al., an Italian stat laboratory was 

assessed in 1996 and then in 2006. The 

study showed that about 65.09% of errors 

occurred in the pre-analytical phase, while 

about 23.2% and 11.68% of the errors 

occurred in the analytical and post-analytical 

phases, respectively (2). 

  Incomplete laboratory requisition forms 

may be due to heavy patient load and lack of 

awareness about the importance of 

necessary information among the staff 

involved in blood collection process and 

transport. Name of the patient, age, gender, 

registration number, and ward number are 

important to prevent misplacing of samples. 

These information can also prevent 

unnecessary repetition of tests (14). A detail 

of the probable diagnosis or clinical 

information helps biochemists to correlate 

the critical results properly (15). Date and 

time of sample collection is useful, 

especially for blood glucose, lipid profile, 

and thyroid tests. Whether the patient was 

fasting or not greatly influences the result. If 

sample for blood glucose is collected in a 

plain tube with clot activator, glycolysis will 

lower down the glucose levels by 5-7% per 

hour, and results will be lower than actual. 

Moreover, various hormones and body 

fluids show circadian rhythm. Delay in 

sample transport from ward to laboratory 

may also occur due to unavailability of 

attendants, which also hampers the results 

(16). 

  Hemolysis was the most dominant error 

recorded in both indoor and outdoor 

samples. Hemolysis is the release of 

hemoglobin and other intracellular 

components of erythrocytes into 

extracellular space of blood (17,18). In vitro 

hemolysis accounts for more than 95% of 

hemolytic samples and is mainly linked to 

sampling and transport procedures. In vivo 

hemolytic medical conditions are rare 

(19,20). Hemolysis during phlebotomy may 

be caused by incorrect needle size, improper 

tube mixing, excessive suction, prolonged 

tourniquet, and difficult collection. 

Therefore, hemolysis starts from the point of 

venipuncture and continues downstream up 

to analysis (21-24). Traditionally, hemolysis 

is detected by visual inspection of blood 

sample after centrifugation and comparing it 

with the hemolytic chart. There is always a 

controversy on whether to accept such 

samples by hemolysis and report results. 

This issue is not easy to solve as, whatever 

the choice is, it can directly affect the 

management of patients. Hemolysed 

samples are often rejected, followed by 

request of recollection. However, repeating 

sample collection is not always possible. It 

involves subjecting the patients to an 

invasive procedure again, which also result 

in waste of time and resources (21). There is 

also huge controversy regarding reporting 

such results amongst laboratory specialists. 

Some laboratories manage hemolysed 

samples by reporting the results, but the 

final result is mathematically adjusted based 

on estimated degree of hemolysis (25); 

however, such practice may introduce bias 

(23). The management of hemolysis remains 

a dilemma. Improving the communication 

between clinicians and laboratory specialists 

may solve the issue to some extent. The 

patient’s status might lead the laboratory 

specialist to differentiate between in vivo or 

in vitro hemolysis. There is also a need for 

emphasis on in vitro hemolysis prevention. 

Use of appropriate gauze needle for sample 

collection, placing needle correctly in veins, 

avoiding sample collection from catheters 

and lines designed to deliver fluids to the 

patient, gentle mixing of additives with the 

specimens, and immediate separation of 

plasma from cells can help prevent in vitro 

hemolysis.     

  Although the laboratory may have 
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sophisticated analysis facilities, erroneous 

results cannot be ruled out completely if 

adequate measures are not taken to prevent 

contamination of samples from external 

sources. Some sources of sample 

contamination are environment, sample 

container, and sampling tools. Sample 

collection in appropriate containers is 

another method of maximizing lab 

efficiency .The choice between serum and 

plasma for laboratory tests is often made 

based on a tradeoff between speed and 

specimen quality. While serum is considered 

a cleaner specimen (i.e., free of cells and 

other interferences), it needs to be clotted 

for 30 to 60 minutes, depending on the tube 

used. Rapid clot blood collection tubes with 

thrombin-based clot activators offer a 5-

minute clotting time for serum. This ensures 

a fast and clean specimen—a “rapid serum”. 

On the other hand, there is no need to wait 

for clotting with plasma. The downside of 

using plasma is interference in tests due to 

presence of clotting factors, white 

particulate matter and lower stability lead to 

decreased glucose levels and increased 

enzymatic activity over time (26-28).  

  Serious conditions of hospitalized patients, 

heavy patient load, and variety of staff 

involved in the total testing processes may 

also increase the rate of error. Awareness 

should be raised amongst residents, interns, 

physicians, and nursing staff about the 

importance of providing all the required 

patient and sample information on the 

requisition form. Continuing education of 

phlebotomist, medical staff, and students on 

the correct blood collection procedure, 

sample volume, and proper mixing with 

anticoagulants should be encouraged. 

Samples should be received and numbered 

at collection center (15-18). Pre-analytical 

errors damage an institution’s reputation and 

impose a significant financial burden on the 

hospital and laboratory. Although it is not 

possible to eliminate all pre-analytical 

errors, compliance with best practices can 

significantly reduce their incidence (29,30). 

 

CONCLUSION 

  Continuous evaluation of sources of errors 

and their corrective measures can help 

reduce pre-analytical errors. Furthermore, 

proper management of the pre-analytical 

errors requires significant interdepartmental 

cooperation since many error sources fall 

outside the direct control of laboratory 

personnel. In this regard, excellent two-way 

communication between clinicians and 

laboratory specialists is beneficial. 
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