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Science

Modern day diagnosis is heavily dependent upon reli-
able laboratory data. It is therefore pertinent to ensure cred-
ibility of the results emanating from the clinical laboratories. 
Remarkable advances in automation, sample collection, 
transport, and dispatch of reports have led to a drastic im-
provement in the performance of these laboratories. But there 
is long path to tread before we achieve 100% accuracy and 
precision. Errors arising during sample processing are classi-
fied into preanalytical, analytical, and post-analytical, depend-
ing upon their source and time of presentation respectively. 
The pre-and post-analytical phases of the process account for 
93% of errors.1 

The preanalytical phase comprises all of the processes 
occurring before the sample is processed in the autoanalyzer. 
These include inappropriate tests that have been ordered, im-
proper sample collection, transport delays, and illegible hand-
writing on requisition slips. Although these areas are beyond 
the jurisdiction of the clinical laboratory per se, the credibility 
of the labs is at stake due to these errors. The labs have to 
bear the burden of the inconsistencies or incorrect reporting 
that can ensue because of these preanalytical errors. 

The goal of the present paper is to enumerate and analyze 
the prevalence of different preanalytical errors that surfaced 
during sample processing in the clinical biochemistry depart-
ment during a 1-year period.

Materials and Methods
Govind Ballabh Pant Hospital (GBPH) is a tertiary care 

superspecialty center in Delhi specializing in cardiology, car-
diothoracic surgery, neurology, neurosurgery, gastroenterology, 

gastro surgery, and psychiatry. It is a 600-bed hospital offering 
specialized medical and surgical treatment to about 300,000 
patients in the outpatient department (OPD) and 19,000 pa-
tients in the general and private wards every year. The clinical 
biochemistry department is equipped with a state-of-the-art 
autoanalyzer with ISE–Olympus AU 400 (Hamburg, Ger-
many), electrolyte analyzer–Ecolyte (Ecshweiler, Germany), 
and other ancillaries for sample processing. Inpatient phle-
botomies are performed by clinical department staff, whereas 
blood specimens from outpatients are collected on site at a 
centralized collection center by laboratory personnel. The 
samples are delivered to the lab by the paramedical staff  
from the wards and laboratory support staff from the OPD 
respectively. 

A total of 96,328 samples from the outpatient depart-
ment and in-house patients were received by our clinical 
chemistry laboratory during the period from April 2008 to 
March 2009. Out of these, 45,084 samples were collected 
from the patients admitted in the wards and 51,244 samples 
were collected in the outpatient department. The samples are 
collected using evacuated tubes (vacutainers evacuated tubes 
from BD (Franklin Lakes, NJ). The lab provides routine and 
reference testing in biochemistry. Upon receiving the samples, 
the lab supervisor visually detects any problems. When an 
error occurs, entries are made in the problem notification log 
book. The data generated is reviewed on a weekly basis. The 
data collection procedure involved review of blood samples 
received from the inpatient as well as outpatient departments. 
Venous blood samples are considered unsuitable according to 
the following accepted criteria: inappropriate volume, wrong 
or missing patient identification, inappropriate container, 
visible hemolysis after centrifugation, and lipemic samples. 
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Abstract 
Objective: To evaluate the leading causes 
of preanalytical errors in a clinical chemistry 
laboratory.  
 
Methods: A retrospective analysis of the 
results obtained from the clinical chemistry 
laboratory for errors in the preanalytical phase 
has been carried out to summarize data 
regarding the frequency of the main factors 

affecting the preanalytical quality of results. 
Laboratory personnel were asked to register 
rejections, and causes for rejection of ward as 
well as out-patient samples collected in the 
laboratory.  
 
Results: Of the 96,328 tubes received during 
the data collection period, 1469 samples were 
found unsuitable for further processing. This 
accounted for 1.52% of all samples collected 

in the laboratory. Rejections arose as a result 
of the following reasons: 0.74% were rejected 
due to hemolysis; 0.47% were specimens 
without proper requisition slips; and 0.23% had 
insufficient sample quantity.  
 
Conclusion: Of all the samples received in 
the lab, the overall percentage of rejection is 
1.52%.
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The preanalytical variables evaluated included all the criteria 
mentioned above for sample rejection as well as incomplete/
incorrect patient details and illegible handwriting.

Results
We will first discuss the findings of the routine samples 

obtained from the inpatients in our hospital. Out of the 
96,328 blood collection tubes screened over a period of 
1 year, preanalytical errors were observed in 862 samples, 
which is approximately 1.9% of the total number of samples 
received. The distribution of the different types of errors was 
then calculated (Table 1). The majority of the rejected samples 
were hemolyzed. Hemolysis was responsible for rejection of 
607 samples, which accounts for 1.1% of the total number of 
samples received during this period. The amount of blood was 
insufficient for complete analysis in 0.08% (ie, 36 out of the 
45,084 samples). 

A total of 203 samples were accompanied by inappropri-
ate slips (ie, wrong requisition slip, without requisition slip, 
central registration number ward not mentioned). This com-
prised approximately 0.45% of all the samples received by the 
laboratory. Out of these 203 samples, laboratory personnel 
managed to ascertain correct patient data in 153 cases, and 
hence reporting was completed successfully for these patients. 
Fifty samples could not be processed even after elaborate and 
painstaking efforts by the laboratory staff. Gross lipemia led  
to rejection of 16 samples (0.03%).

Similarly, we evaluated the slips obtained from the out-
patient department. A total of 51,244 samples were received 
for processing from our OPD. Out of these, the number of 

preanalytical errors documented was 607. This constitutes an 
error rate of 1.2%. The distribution of the various preanalyti-
cal variables is depicted in Table 2. The most frequent error 
encountered during processing was that of insufficient volume 
with an incidence of 0.37%. Hemolysis, which constituted 
the most frequent preanalytical error observed during sample 
processing of admitted patients, contributed to the rejection 
of 0.2% of the samples in OPD as compared to 1.1% in the 
previous case. 

If we consider all the errors in a consolidated manner, 
then the error rate for preanalytical variables in our clinical 
biochemistry lab was found to be 1.5%.

Discussion
Advances in science and technology have led to many 

path-breaking innovations that have transformed labora-
tory diagnostics from manual, cumbersome testing methods 
to fully automated science, ensuring accuracy and speed. 
However, the laboratory cannot function in isolation. It is 
dependent upon other departments, mainly the clinical divi-
sion for properly filled requisition slips and samples for analy-
sis. Mounting evidence indicates that reliability cannot be 
achieved in a clinical laboratory through the mere promotion 
of accuracy in the analytical phase of the testing process. The 
phases before the sample reaches the laboratory (preanalytical) 
and the phase after the sample is analyzed (post-analytical) are 
equally important.2 The preanalytical phase is riddled with 
many shortcomings ranging from lax attitude about filling 
the requisition slips to the staff's lack of education about ideal 
phlebotomy procedures. The health care system must be more 
diligent in applying scientific knowledge to reduce the errors 
in this phase. This is imperative to curtail the dent on labora-
tory services that arise due to human errors.

There has been varied information on the error rate 
within the whole lab testing procedure (0.1% to 9.3%). 
Plebani and Carraro observed in their paper that the great  
majority of errors result from problems in the preanalytical  
or post-analytical phases.3

Hemolysis accounted for the majority of rejections in 
our study. The introduction of vacuum tubes along with the 
closed system of blood collection has made blood collection 
efficient and easy. But lack of staff training engaged in phle-
botomy is an impediment for expediting sample collection 
and transport. Hemolysis of samples occurs when blood is 
forced through a fine needle, shaking the tubes vigorously, 
and centrifuging the sample specimens before clotting is com-
plete.4 Red top vacutainers without any anticoagulant should 
not be shaken after the sample has been collected, and vacu-
tainers for plasma should be gently inverted a few times so the 
anticoagulant mixes with the blood. Freezing and thawing of 
blood specimens may cause massive hemolysis. In a study by 
Jay and colleagues, the majority of hemolyzed samples (>95%) 
could be attributed to in vitro processes resulting from incor-
rect sampling procedure or transportation.5 Hemolysis leads 
to the extravasation of intracellular contents into the plasma, 
leading to false high values of potassium and intracellular en-
zymes such as SGOT and LDH. It also leads to a prolongated 
turnaround time (TAT) due to the need for fresh samples for 
processing the request. The frequency of hemolysis was more 
in the samples that were collected from the admitted patients 
as compared to the patients attending the OPDs (1.1% as 

Table 1_Frequency of the Different Preanalytical 
Errors Observed in a Total of 45,084 Routine Inpatient 
Samples

S No Preanalytical Variable Frequency

1 Insufficient volume  36 (0.08%)

2 Hemolysis 607 (1.10%)

3 Sample with insufficient information (wrong  203 (0.45%) 
   vial/wrong slip)  

4 Lipemic samples 16 (0.03%)

Table 2_Frequency of the Different Preanalytical Errors 
Observed in a Total of 51,244 Outpatient Samples 

S No Preanalytical Variable Frequency

1 Insufficient volume 188 (0.37%)

2 Hemolysis 105 (0.20%)

3 Sample with insufficient information (wrong  257 (0.51%) 
   vial/wrong slip) 

4 Lipemic samples 57 (0.11%)
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compared to 0.2%). One plausible explanation for this phe-
nomenon could be the systematic blood collection technique 
followed by the laboratory staff in the OPD. As a part of our 
endeavor to achieve accreditation for our laboratory services, 
we carry out regular in-house training sessions for our techni-
cians to familiarize them with the standard protocols for sam-
ple processing. For this purpose, we have developed standard 
operating procedures (SOPs) for the different steps involved 
in ideal laboratory operations and ethics. Such training has 
facilitated in the adoption of ideal phlebotomy practices by 
our laboratory personnel. The samples are thereby transported 
to our laboratory from the collection center by our staff fol-
lowing the basic precautions that must be adhered to during 
transportation. There is an urgent need to instill awareness 
about the intricacies of a seemingly “easy and basic” activity 
that forms the mainstay of laboratory services - phlebotomy 
among the staff engaged in sample collection in our hospitals 
to reduce inadvertent hemolysis. 

Another factor leading to rejection of blood samples in 
our study was insufficient blood volume. Every analytical 
process requires a fixed volume of serum/plasma for analysis. 
The main reasons behind this anomaly are ignorance of the 
phlebotomists, difficult sampling as in pediatric patients, 
patients with chronic, debilitating diseases, and patients on 
chemotherapy whose thin veins are difficult to localize. Insuf-
ficient sample volume constituted the most frequent cause of 
test rejection in the samples collected in the OPD (0.37%). 

Inpatient sampling with a frequency of 0.08% for in-
adequate volume only. The difference is striking. This may 
be attributed to a number of factors. We have a centralized 
collection center where samples for clinical biochemistry, 
hematology, microbiology, and gastroenterology are collected 
simultaneously. Due to the paucity of manpower, the ratio 
of patients to phlebotomists is disproportionate, making 
sample collection difficult. This may hamper proper sample 
collection, leading to inadequate collection. The collection 
is carried out during fixed hours. Hence, this patient load 
combined with shortage of time may adversely affect proper 
sample collection in the OPD setting. Difficult sampling and 
patient non-compliance further aggravates this problem. Nev-
ertheless, it is mandatory for the laboratory staff to practice 
a certain basic level of workmanship and skillful phlebotomy 
techniques to reduce such errors to a minimum.  

A total of 0.4% samples in the wards were accompanied 
by inappropriate requisition slips. The same figure for OPD 
samples was 0.51%. It has been observed that the clinicians 
often send incomplete slips with the samples. This could be 
due to excessive patient load or lack of awareness regarding 
patient information. Modern day diagnostics is not merely 
sample processing and preparation of reports. The laboratories 
are actively involved in disseminating information about criti-
cal results to clinicians so corrective measures can be initiated 
at the earliest. Incomplete/wrong patient information makes 
the practice redundant. Our laboratory staff could arrange the 
correct information about some of the patients admitted in 
the wards through their painstaking efforts. This leads to loss 
of precious time and is a labor-intensive activity. The same 
protocol could not be followed for the OPD patients as it 
was virtually impossible to ascertain the patient/test informa-
tion from either the clinicians or the patients. We followed 
a different protocol for these patients. The requisition slips, 
with an appropriate note citing reasons for sample rejection, 
were dispatched to the OPD for the clinicians’ knowledge. 

Those tests were repeated with fresh samples and new requisi-
tion slips as and when the patients revisited the hospital for 
checkup. This is definitely inconvenient for patients, who 
have to undergo the same process of registration and conse-
quent sampling. Such errors can be completely wiped out by 
persistence by the laboratories for complete information and 
sincere efforts by the clinicians to provide the same. This will 
facilitate speedy sample processing and report dispatch to the 
patients to initiate therapeutic interventions at the earliest.

Lipemia accounted for rejection of 0.03% and 0.11% 
of the samples in the inpatient and outpatient departments 
respectively. Lipemic samples can arise due to collection 
after heavy meals or the presence of some metabolic disorder 
(hyperlipoproteinemias). This can be avoided by sample col-
lection, preferably after an overnight fast. If the patient has 
a metabolic disorder, the same must be mentioned in the 
requisition slip. Lipemia interferes with optical reading by the 
instrument and can affect interpretation of electrolyte values. 
A higher incidence of lipemia in OPD patients may be due to 
non-dissemination of information regarding prior preparation 
to the patients by the clinicians as well as non-compliance 
and/or miscomprehension of preparation rules by the pa-
tients. Hence, many patients give samples in non-fasting states 
leading to erroneous reporting. It is the responsibility of the 
clinicians and the phlebotomists to ensure that proper patient 
preparation is instituted before sample collection.  

These data are comparable to those provided by other 
investigators, which confirm that problems directly related 
to specimen collection are the main cause of preanalytic er-
rors, especially hemolyzed, clotted, insufficient, and incorrect 

samples.6-8

With the exclusive use of vacutainers, the frequency of 
errors found in our study is 1.5%. It is clear from the above 
discussion that incorrect phlebotomy practices are the main 
reason behind preanalytical errors. The reason for incorrect 
phlebotomy practice includes lack of awareness or possibly 
a heavy workload. This is the reason phlebotomy has been 
considered a separate area of improvement for medical techni-
cians in developed countries. Those of us in developing na-
tions must adopt a similar approach toward phlebotomy and 
initiate steps for the inculcation of ideal phlebotomy practices 
among health care workers.9,10

Conclusions
The concept of total quality management encompasses all 

the steps involved in sample processing, beginning from test 
ordering to the final interpretation of results by the clinicians 
to reduce or eliminate the errors that may arise during the 
various steps. The promotion of ideal phlebotomy practices 
and sample transport procedures is a pre-requisite for the ef-
ficacy of laboratory functioning. The dependence on accurate 
laboratory results for diagnostics makes it mandatory for labs 
to ensure accountability and accuracy of results to negate in-
correct diagnosis as a consequence of faulty reporting. A prac-
tice of keeping a record of the errors at all stages of analysis 
and then devising corrective strategies for their prevention can 
gradually free a laboratory from such errors. 

To conclude, we would like to state that we as laborato-
rians need to adopt a holistic approach toward laboratory di-
agnosis and function in concert with the clinicians to provide 
effective services to the patients. Adoption of quality control 
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in all the phases and not merely the analytical processes and 
regular appraisal and audits is necessary to safeguard patient 
interests and deliver our services to society.  LM
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