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INTRODUCTION: 
Clinical laboratory testing is an essential element in the de-
livery of health care services [1,2]. The dependence of patient 
management on laboratory data highlights the need for ensur-
ing the quality of these services [1,2]. Delays in reporting lab-
oratory results can cause a concomitant delay in the diagnosis 
and management of patients [3]. The Joint Commission has 
underlined this fact by stating that the laboratory is required 
to systematically assess and improve important functions and 
work processes and their outcomes [4].

Clinical laboratories take pride in being extremely data 
driven. Many quality indicators are continuously monitored, 
analyzed, and used to allocate resources and improve ser-
vice. These quality indicators include the turnaround times 
(TATs) necessary to report laboratory results to clinical staff. 
Turnaround time (TAT) is one of the most obvious measures 
of a laboratory service. Direct assessment of TAT helps man-
agers to understand whether local performance is improv-
ing and how it compares with published norms. The total 
TAT for laboratory assays includes the entire interval from 
ordering of the test to the clinician’s awareness of the result 
(ie, “brain-to-brain”). It consists of the intervals from order 
placement to specimen collection, as well as the time neces-
sary for transport to the laboratory, accessioning in the labo-
ratory, centrifugation, aliquoting, additional preanalytic steps 
if necessary, transport times within and between laboratories, 
analysis time, the time after completion of analysis until result 
verification, and the time it takes for the clinical team to be 
informed of the result [5].

Lack of full control over phlebotomy and specimen transport 
make it difficult for the laboratory to address delays caused in 
the preanalytic stages that take place outside the laboratory 
[6-9]. 

In addition, ordering and collection times are not always fully 
documented for all samples, and it is currently not possible to 
determine when clinicians become aware of most laboratory 
results. Assessment and improvement of TAT as well as as-
sessment of physician satisfaction as a base for improvement 
efforts is essential for laboratory quality management.

This study was conducted with the following aims and ob-
jectives:
1.	 Evaluation of turn-around times (TATs) of routine blood 

examination.
2.	 Record the cases which have higher TAT
3.	 Analyze the causes which resulted in higher TAT
4.	 Suggest measures to improve TATs to ensure laboratory 

quality. 
 
METHODOLOGY:
Study setting: 
The study was conducted in the laboratory of Central Referral 
Hospital, Gangtok, Sikkim.

 

Study design: 
The study was a cross-sectional prospective study.

Sample size: 
A total of 50 samples were evaluated. 

Target sample: 
The turnaround times (TAT) of complete blood counts (CBC) 
ordered by physicians for outdoor patients were evaluated.

CBC was defined by the laboratory as series of basic haemato-
logical tests performed simultaneously by one automated ana-
lyser and verified by the pathologist.

Inclusion criteria:
1.	 All the patients attended the out-patient clinic and came 
to the laboratory to get a sample collected.

Exclusion criteria:
1.	 Patients who were previously registered with the hospital.
2.	 Specimens from patients admitted for same day surgery.
 
Data collection:
Turnaround times

For measurement of TAT, it was classified into 3 phases: 
•	 pre-analytical; 
•	 analytical; and
•	 post-analytical. 
 
The pre-analytical phase included:
•	 	T1 (waiting time of patient for sampling): starting from 

patient arrival to the laboratory to the start of processing 
of test request, 

•	 	T2 (processing of test request), 
•	 	T3 (collection of blood), 
•	 	T4 (placing of blood in tubes and labeling) and 
•	 	T5 (blood mixing).
 
The analytical phase included:
•	 	T6 (sample analysis) and 
•	 	T7 (verification of results). 
 
The post-analytical phase included:
•	 	T8 (transcription of results) and 
•	 	T9 (reporting of results to physicians). 
 
An observational form including these steps was used to track 
the complete blood count testing and record their TAT.

For every step in sample collection and testing, from the time 
the patient entered the laboratory premises, time was noted 
by a reverse interval timer.

The following steps were noted:
1.	 Patient enters the laboratory premises and waits for his 

turn to be called by the phlebotomist. (T1)
2.	 Phlebotomist calls the patient and processes the request 
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(T2)
3.	 Phlebotomist/nurse collects the blood sample. (T3)
4.	 Labelling of the vacutainers is done by the phlebotomist 

(T4)
5.	 The sample is then transported from the sample collec-

tion area to the laboratory where the tests are done (T5).
6.	 Sample analysis (T6): Sample analysis includes:
•	 Pre-run processing: in blood mixers for proper mixing of 

blood sample with the anticoagulant before putting the 
sample in the machine

•	 	Sample run in the autoanalyser and generation of reports 
by the machine

•	 	Preparing a peripheral blood smear for every sample 
which is run on the analyser

7.	 Verification by the pathologist (T7)
8.	 Typing the reports in the system (T8)
9.	 Reporting to the physician (T9)
 
The sample analysis was done in a fully automated five part 
differential counter (Beckman Coulter AcT 5 Diff CP). For 
every sample run on the analyser, a corresponding peripheral 
blood smear (PBS) was prepared by the technician for verifi-
cation by the pathologist. The pathologist first examined the 
PBS and then compared the results with the results of the 
machine. Since PBS is the gold standard in reporting CBC, any 
anomalous result given by the machine would be corrected 
and verified by the PBS examination.

According to the Q Probes performance indicator [27] the fol-
lowing recommendations were taken into account. 

The 75th percentile of intra-laboratory 90% completion TAT 
for CBC as given by the study is 96 mins (from collection to 
verification). This can be taken as threshold if we wish to en-
sure that our laboratory performs as well as the top quarter 
of laboratories that reported to the CAP. This threshold was 
however too stringent for our setup.

Therefore, we chose the 50th percentile threshold which en-
sures that our laboratory performs better than the bottom 
half of the laboratories that reported to CAP. The threshold 
value as given by the Q probes study (1997) [10] is 161 mins 
(Collection to verification). However this does not take into 
account the waiting time of patients (T1), which was around 
15-20 mins in average, in our hospital. Hence, the threshold 
TAT for our study was taken as 180 mins. 

RESULTS AND OBSERVATIONS:
The total TAT was calculated as the algebraic sum of all the 
nine intervals (T1-T9). 

It was observed that the intra-laboratory median TAT for CBC 
was 180 mins (3 hrs). Therefore, any test reported after 180 
mins was taken into account as delayed TAT. 

Of the 50 random samples which were included in our study, 
32 (64%) samples were from male patients and 18 (36%) 
were from females. Maximum (15 out of 50; 30%) of the sam-
ples came from the age group of 16-30 yrs.                  

Maximum (15 out of 50; 30%) of the samples came from the 
department of Medicine followed by Paediatrics, Obstetrics, 
Surgery and Orthopaedics. The distribution of samples ac-
cording to the requesting department is shown in Table 1 and 
Figure 1.

The nature of requests was segregrated according to the ur-
gency of reporting requested by the clinicians. 40 cases (80%) 
were routinely requested and 10 cases (20%) were to be re-
ported urgently (Table 2, Figure 2). The out-patient samples 

were requested from 9.00 am till 5.00 pm. 28 (56%) samples 
were requested between 9.00 am till 1.00 pm and the rest 22 
(44%) were requested from 2.00 pm to 5.00 pm (Table 3).

Turnaround times were calculated by taking algebraic sum of 
the time taken at every step from sample collection to report-
ing of results (T1 to T9).

Maximum samples (31; 62%) were reported within the 
threshold of 180 mins (as per Q probes study 1997) shown 
in Table 4. Rest 19 (38%) samples had a TAT of more than 
180 mins. Table 4 shows the turnaround times of the 19 sam-
ples which were reported beyond the threshold of 180 mins. 
The highest TAT was 232 mins which was 52 mins beyond 
the threshold of 180 mins. The various reasons for delay in 
reporting results i.e. greater TAT are shown in Table 5 and 
Figure 3. The major cause of delayed TAT (47.4%) was due to 
breakdown of the analyser, followed by negligence on the part 
of doctors (21%). Lack of man power and delay in transcrip-
tion contributed equally to the same (15.8%).

DISCUSSION: 
The clinicians are dependent on laboratory services for the in-
itiation and evaluation of treatment modalities. It is hence our 
prerogative to ensure timeliness. It is evident from the results 
of our study that there is a lot of scope for the improvement 
of turnaround time in our setting. The perception of us, clini-
cal biochemists regarding laboratory efficiency has undergone 
tremendous change over the last couple of years. We under-
stand that the pre- and postanalytical phases are equally im-
portant for the laboratories more so where TAT is concerned.

TAT has been described in various ways by the researchers. 
The ‘‘total testing cycle’’ describes TAT as consortium of nine 
steps ordering, collection, identification, transport, prepara-
tion, analysis, reporting, interpretation, and action [11]. The 
term therapeutic TAT is describes the interval when a test is 
requested to the time some therapeutic decision is taken [12]. 
TAT can be classified as pre-analytical, analytical and post-an-
alytical depending on the different phases of sample process-
ing [13]. 

The index study has evaluated 50 samples for turnaround 
time of CBC profile. The major requisitioning department was 
Medicine followed by Paediatrics, OBG, Surgery and Orthopae-
dics. Forty samples were routinely ordered, however, 10 sam-
ples were requested for urgent reporting. Most of these ur-
gent test requests were given by the Paediatrics department.

Our study demonstrates that the 50th percentile of intra-labo-
ratory 90% completion TAT for the emergency and the outpa-
tient CBC samples is being maintained at less than 180 mins 
for 31 (62%) of the total number of samples (n=50). The rest 
of the 19 (38%) samples had a higher than median TAT (> 
180 mins). The causes of a higher TAT have been varied and 
were mostly due to delay in the analytic phase. This was un-
like other studies where the most common cause of delayed 
TAT was the pre and post analytic phase.

The delay in pre and post analytic phases however con-
tributed equally in increasing the TAT. 
Causes of delay in TAT (Root cause analysis)

The reasons for delay were:
1.	 Lack of man power: 
The sample collection area had only one phlebotomist to han-
dle about 60-70 blood collections between 9 am to 4.30 pm 
daily. This led to a greater waiting time (T1) for the patients 
which ultimately led to a greater TAT.
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2.	 Breakdown of machine and its consequences:
•	 	Machine breakdown was a common and very frequent 

problem faced in our institute. This was basically due to 
lack of skilled technicians running the machine and im-
proper quality control and maintenance of the machine. 

•	 	Sikkim, being a remote area, it would take a long time for 
the engineers to communicate and repair the machine on 
site. This led to a greater down time for the machine

•	 	Moreover, there was no any automated machine as back 
up for this analyser. As a result, in case of breakdown 
of machines, a CBC would be done by manual methods 
which would again lead to a greater TAT.

•	 	Manual test results were often erroneous because of 
faulty techniques by untrained technicians. As a result, 
tests had to be repeated by a skilled technologist or a 
doctor. Repeating tests would mean a longer TAT.

 
3.	 Negligence on the part of doctors:
•	 	Doctors who were responsible for reporting also had 

other responsibilities like undergraduate teaching ses-
sions, seminars, journal clubs etc. Therefore, sometimes it 
would be difficult for them to report a CBC on time. This 
led to greater TAT.

•	 	Since 1pm to 2pm was lunch time, doctors were usually 
away for lunch during this period. So the samples which 
came in and around this time were sometimes reported 
late.

•	 	Occasionally, few doctors used to forget to report slides 
leading to delay in reporting.

 
4.	 Delay in transcription and reporting to physicians:
•	 	Typing of results in the system was usually done by typ-

ist after verification by the pathologist. Therefore, some-
times, there was a gap time of around 30 mins to 1 hr be-
tween reporting by the pathologist and result entry into 
the system.

•	 	Reporting of only critical values were done by the tech-
nician to the concerned consultant. Routine results were 
however not informed to consultants but were collected 
by the patients usually the next day.

 
Suggestions to prevent delayed TAT:
There are different ways in which each of the phases— pre, 
analytical and post-analytical phases can be expedited in or-
der to achieve optimum turnaround time. 

The pre-analytic phase can be improved with the follow-
ing modifications:
1.	 The pneumatic system is a path breaking innovation that 

has revolutionized sample transport. Many studies have 
proven the efficiency of this mechanism in reducing in-
advertent delays as a result of human courier [14]. One 
study found that inclusion of a pneumatic tubing system 
led to a significant reduction of TATs [15]. 

2.	 The other means of minimizing pre-analytical delays are 
adoption of ideal phlebotomy practices, bar coding of 
samples and computer generated requisition slips. All 
these practices will reduce the delays that are incurred as 
a result of illegible slips and faulty sample collection tech-
niques. Use of gel vacutainers can reduce the delays that 
are caused during centrifugation.

 
The analytical phase can be streamlined by:
1.	 Complete automation of laboratories
2.	 Use of machines with higher throughputs, 
3.	 Ensuring minimal downtime and adequacy of backup, 
4.	 Adoption of efficient quality control procedures, automat-

ic dilutions in case of results exceeding linearity, prompt 
validation of reports etc. 

5.	 It is also essential to ensure effective division of labor 

among the technicians so that sample processing and re-
porting occurs smoothly. 

6.	 The staff should be trained to handle urgent samples with 
utmost care and expedite their processing [16-18]. 

 
The post analytical phase can be dramatically improved 
with: 
1.	 Adoption of laboratory information services (LIS). This 

will abolish transcriptional errors and delays caused in 
report dispatch to the respective wards [19]. 

2.	 In situation like ours, the report delivery can be speeded 
up by the deployment of additional personnel for this 
task.

3.	 The other strategies that may be adopted are prompt in-
formation to the wards regarding critical values and pre-
analytical errors so that repeat samples are processed 
without much ado. 

4.	 There is a pertinent need to devise transparent and ef-
fective communication system between the clinicians and 
laboratorians [19].

 
It is clear from our critical self-appraisal of our laboratory 
services that we have improvised the analytical phase by au-
tomation, elaborate documentation and communication of 
critical values and recruitment of trained laboratory person-
nel. 

There is a scope of further improvement in our turnaround 
time by initiating administrative machinery for acquiring 
state of the art pneumatic tube delivery system and LIS.

CONCLUSION:
TAT has different interpretations for the clinicians and labora-
tory personnel. Although there is difference of opinions relat-
ing to the clinical outcomes of an improved TAT, the causes of 
delayed TAT should be identified. 

Despite rapid improvements in sample delivery, processing 
and report dispatch as a result of technological advancements, 
TAT continues to be a bone of contention between the clini-
cians and laboratorians. We, as laboratorians, feel disheart-
ened by the demands for faster TATs without any considera-
tion for the procedural demands. It is also an uphill task for 
us to control extra laboratory factors that affect TAT adverse-
ly. We need to adopt a pragmatic approach for reducing the 
hindrances for optimum TAT. At the same the clinicians need 
to accept and recognize the inherent complexities of sample 
processing and give us the necessary breathing space. Im-
proving TAT is a continuous process and we need to have a 
wholesome approach for reducing the obstacles for optimum 
TAT.

Table 1:

Department Number of samples (n=50) Percentage

Medicine 15 30

Paediatrics 13 26

Obstetrics 12 24

Surgery 8 16

Orthopaedics 2 4

 
Table 2: 

Nature Number of samples (n=50)

Urgent 10

Routine 40
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Table 3:
Time Number of samples (n=50)
9.00 am to 1.00 pm 28
2.00 pm to 5.00 pm 22
 
Table 4:
Serial 
number

Sample 
number

TAT (in 
minutes) Reason for greater TAT

1 3 193 Negligence by doctors
2 6 194 Negligence by doctors
3 7 197 Breakdown of machine
4 8 223 Breakdown of machine
5 9 232 Breakdown of machine
6 10 217 Breakdown of machine
7 11 201 Breakdown of machine
8 12 209 Breakdown of machine
9 13 220 Breakdown of machine
10 14 228 Breakdown of machine

11 15 202 Delay in transcription and 
reporting

12 17 191 Delay in transcription and 
reporting

13 20 200 Delay in transcription and 
reporting

14 22 204 Negligence by doctors
15 23 201 Negligence by doctors
16 25 200 Negligence by doctors
17 34 205 Lack of man power
18 38 198 Lack of man power
19 41 184 Lack of man power
 
Table 5: 

Sl. 
No. Causes Number of 

samples (n=19)
Percentage 
(%)

1 Lack of man power 3 15.8

2 Breakdown of machine 9 47.4

3 Negligence of doctors 4 21.0

4 Delay in transcription 3 15.8

 

Figure 1: Histogram showing distribution of samples ac-
cording to the requesting department
 
 

Figure 2: Pie diagram showing distribution of samples re-
ported within the the intralaboratory median TAT
 
 

Figure 3: Pie diagram showing the percentage breakup of 
various causes of delay
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