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Abstract
Background: Tracking turnaround times (TATs) can improve the quality of care and decrease the economic burden of patient care.
Objectives: The aim of this study was to measure current TATs in a hospital emergency department (ED) and to analyze the contribution of prelaboratory and laboratory phases to the total TAT.
Materials and Methods: This cross-sectional study was performed during November and December 2014 and included all patients
admitted to the ED and for whom the physician had ordered routine hematology and chemistry tests. The total TAT comprised seven
time points and six time intervals. The start point was when the test was ordered by the physician, and the end point was when the
results were verified and reported. The data were analyzed with SPSS software (version 11.5). A P value of less than 0.05 was considered
statistically significant.
Results: During the study period, time data were provided for 1400 ED tests. The mean total TAT for all tests ranged from 1.3 to 3.1
hour. On weekdays, the longest TAT (2.5 ± 0.9 hours) was on Sundays, and the shortest TAT (1.9 ± 0.7 hours) was on Fridays (P <
0.001). The mean total TAT for all tests was significantly longer in the morning shift than in the night shift (2.8 ± 1.2 hours vs. 2.0 ±
0.7 hours, P < 0.001). The laboratory phase accounted for a significantly higher proportion of the TAT (57.4%) than the prelaboratory
phase.
Conclusions: This study suggests that the mean TAT in this teaching hospital is longer than the benchmark. Further research is
needed to determine the causes of delays and develop interventions to solve this problem.
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1. Background
The quality of medical care can be defined as the ability
of services to improve patients’ health outcomes and meet
users’ expectations (1, 2). Traditionally, physicians and laboratories have disagreed on how to define quality with reference to laboratory services (2). Laboratories focus primarily on precision and accuracy, whereas clinicians emphasize timeliness and the costs of the service (2, 3). Despite these disagreements, the turnaround time (TAT) is
one of the most important indicators of the quality and effectiveness of laboratory services (4, 5).
Different definitions of TAT have been published (1, 2, 5,
6). The total TAT is the time from when a test is ordered to
when the result is verified and ready to use to manage the
patient’s care. The laboratory TAT is the time from when
the laboratory receives the specimen to when the result is
confirmed and reported (2, 6, 7).

A prolonged TAT translates into delays in diagnosis and
patient management, increased lengths of hospital stays,
and ultimately, patient dissatisfaction (2, 5, 8). The average
laboratory TAT varies, with a TAT of 45 hours reported for
emergency samples in India (4) to 40 ± 21 minutes for samples from an emergency department (ED) in Iran (9). A median of 1 hour, with a range of 1 - 26 hours, was reported for
all samples obtained in U.K. hospital wards (10), and a study
in the U.S. found a TAT of 90 minutes for routine inpatient
tests and 35 minutes for stat inpatient samples (11).
2. Objectives
Although the management of patients in the ED requires quick access to laboratory results and reliable hospital information systems, issues with TAT currently remain
a source of dissatisfaction. To the best of our knowledge,
there are no studies on the total and laboratory TATs in
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Iran. We designed the present study to measure current
TATs for hematology and clinical chemistry tests in the ED
of a university hospital and to determine the relative contributions of the prelaboratory and laboratory phases to
the total TAT.
3. Materials and Methods
3.1. Study Design
This cross-sectional hospital-based study was conducted during November and December 2014 and was approved by the ethics committee of Shiraz University of
Medical Sciences.
3.2. Study Setting and Protocol
The study setting was the ED of a general tertiary care
teaching hospital in Shiraz, Iran. This 368-bed center is one
of the largest referral hospitals in southern Iran, with more
than 20,049 ED admissions and 147,286 ED laboratory test
ordered annually (12).
All routine chemistry and hematology tests of patients
who were admitted on November 3 (Monday), November 11 (Tuesday), November 19 (Wednesday), November 27
(Thursday), December 5 (Friday), December 13 (Saturday),
and December 27 (Sunday) of 2014 were included. The
November/December period was selected because ED patient loads are average at this time of the year, according
to the hospital’s database. All patients scheduled for ED admission and for whom the physician had ordered routine
hematology (CBC, PT, and PTT) and chemistry (FBS, blood
urea nitrogen (BUN), Cr, Na, and K) tests were included.
In addition to being the most common tests requested by
the ED of the hospital, these tests are also the most important rate-limiting step in patient management and discharge. Patients with hemolytic disorders or whose specimens were insufficient for testing were excluded from the
analysis.
The laboratory equipment used in our hematology
and chemistry laboratory consists of the following: a
Sysmex K-21 hematology analyzer (Sysmex, Kobe, Japan),
with a manufacturer-reported throughput of 60 specimens/h; a Sysmex XT 1800 I hematology analyzer, with
a manufacturer-reported throughput of 60 specimens/
h; a Stago STA compact CT/2001 analyzer (Diagnostica
Stago, Asnieres, France), with a manufacturer-reported
throughput of 60 specimens/h; a Human Humastar 600
auto analyzer (Human, Wiesbaden, Germany), with a
manufacturer-reported throughput of 450 specimens/h;
a Selectra XL auto analyzer (Vital Scientific, Dieren, The
Netherlands), with a manufacturer-reported throughput
of 380 specimens/h; a Prestige Automated Analyzer 24 I
2

Auto analyzer (Boeki, Tokyo, Japan), with a manufacturerreported throughput of 170 specimens/h; a DiruI CS-T 240
auto analyzer (New and High Tech, Jilin, China), with a
manufacturer-reported throughput of 200 specimens/h;
a Hycel IPHF flame photometery electrolyte analyzer
(Hcyel Groupe Lisabio, Pouilly-en-Auxois, France), with a
manufacturer-reported throughput of 800 specimens/h;
a Convergys ISE Comfort electrolyte analyzer (Convergent
Technologies, Coelbe, Germany), with a manufacturerreported throughput of 180 specimens/h; and a Convergys
ISE Caretium XI 921 A electrolyte analyzer (Caretium Medical Instruments, Coelbe, Germany), with a manufacturerreported throughput of 60 specimens/h.
After coordination with the hospital management and
obtaining permission to use the data, a team of trained researchers (who were not employees of the hospital) used a
synchronized digital timer and specially designed checklist to record the time of each event in real time. In this
study, the total TAT consisted of seven time points and six
time intervals. With regard to the total TAT, the start point
was when the test was ordered by the physician, and the
end point was when the results were verified and reported
(Figure 1).
The following time intervals were studied:
- Test ordering to sampling: the interval from when the
physicians ordered the test to sample collection
- Sampling to laboratory office: the interval from when
the nurse obtained the sample to when the sample was received by the laboratory and recorded in the laboratory log
- Laboratory office to sorting: the interval from when
the sample was recorded in the laboratory office to sorting
- Sorting to laboratory: the interval from when the sample was sorted to arrival in the hematology and chemistry
laboratory
- Laboratory to analysis: the interval from when the
sample arrived in the hematology and chemistry laboratory to when the test was done
- Analysis to result verification: the interval from when
the test was done to verification of the results.
Patient anonymity was ensured by assigning an identification code to each patient. The processes of data collection did not interfere with patient management or nursing care. The data were collected and recorded according
to the time points shown in Figure 1, and general data, such
as the type of test, day of the week, and nursing shift, were
also recorded.
3.3. Statistical Analysis
The data were analyzed using SPSS version 11.5 software
(SPSS Corp., Chicago, IL, USA). All time points were entered,
and time intervals were calculated in hours. The total TAT
Shiraz E-Med J. 2016; 17(4-5):e37101.
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Figure 1. Flowchart of the Two Main Phases of the TAT

for each test was calculated as the sum of all six time intervals. In some urgent cases, the sampling was done before the physician ordered the tests. In these cases, the
test ordering to sampling intervals were corrected to zero.
Descriptive statistics, including the mean, median, standard deviation, and interquartile range (IQR), were used
for time data. To compare the time data to TATs during different nursing shifts and days of the week, the Student’s t
test and a one-way ANOVA were used. A P value of less than
0.05 was considered statistically significant.
4. Results
During the study period, time data were obtained for
1400 tests ordered by physicians in the ED of this university
hospital. Of these, 525 (37.5%) were hematology tests (CBC,
PT, and PTT), and 875 (62.5%) were chemistry tests (FBS, BUN,
Cr, Na, and K). Of the total number of samples, 72 were excluded due to hemolysis (10), specimen loss (12), or incomplete data collection (50). Thus, the TATs of 1328 tests were
Shiraz E-Med J. 2016; 17(4-5):e37101.

calculated.
The total TATs in hours during the different nursing
shifts and days of the week are shown in Table 1. Approximately one-fifth (21.9%) of the tests were done during the
morning shift (7:00 AM to 2:00 PM), 30.1% were analyzed
during the midday shift (2:00 PM to 7:00 PM), and 47.8%
occurred during the night shift (7:00 PM to 7:00 AM). The
mean total TAT for all the tests (chemistry and hematology together) in the morning shift was significantly longer
than in the night shift (2.8 ± 1.2 hours vs. 2.0 ± 0.7 hours,
P < 0.001). Of the 1328 tests, 1194 were done on weekdays,
and 134 were done at weekends. Among the weekdays, the
longest TAT (2.5 ± 0.9 h) was on Sundays, and the shortest
TAT (1.9 ± 0.7 hours) was on Fridays (a weekend day in Iran)
(P < 0.001). The mean total TAT of all the tests ranged from
1.3 to 3.1 hours, with a median of 2.0 hours (IQR = 1.5 - 2.8),
and 90% of the tests were completed within 3.5 hours.
Table 2 shows the contributions of the two main phases
(prelaboratory and laboratory) to the total TAT during different nursing shifts and days of the week. The labora3
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Table 1. Main Statistics for the Total TAT in Hours (From Test Ordering to Result Verification), According to the Nursing Shift and Day of the Week in the ED of a University
Hospital in Shiraz, Iran in 2014

No. (%)

Total TAT, h
Mean ± SD

Median (IQR)

P Value
90% Completion Time
< 0.001

Nursing shift
Morning

291 (21.9)

2.8 ± 1.2

2.6 (2.0 - 3.5)

4.6

Noon

401 (30.1)

2.2 ± 0.8

2.0 (1.5 - 2.8)

3.3

Night

636 (47.8)

2.0 ± 0.7

1.9 (1.5 - 2.4)

3.0
< 0.001

Day of the week
Saturday

192 (14.4)

2.0 ± 0.8

1.9 (1.5 - 2.6)

2.8

Sunday

179 (13.4)

2.5 ± 0.9

2.5 (1.9 - 3.1)

3.3

Monday

200 (15.5)

2.0 ± 0.8

1.7 (1.5 - 2.4)

3.3

Tuesday

231 (17.3)

2.2 ± 1.1

2.0 (1.4 - 2.4)

3.7

Wednesday

241 (18.1)

2.5 ± 0.9

2.3 (1.8 - 3.1)

4.0

Thursday

151 (11.3)

2.5 ± 1.1

2.2 (1.8 - 3.2)

4.6

Friday

134 (10.0)

1.9 ± 0.7

1.8 (1.5 - 2.1)

3.5

Total

1328 (100)

2.3 ± 0.97

2.05 (1.5 - 2.8)

3.5

tory phase accounted for a significantly larger proportion
of the total TAT (57.4%) than the prelaboratory phase (P <
0.001).

Mean Turnaround Times, minutes

Figure 2 compares the six time intervals that contributed to the total TAT for hematology and chemistry
tests. The sorting to laboratory, laboratory to analysis, and
analysis to result verification intervals of chemistry tests
were significantly longer than those of hematology tests (P
< 0.001).
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Figure 2. Duration of Each of Six Time Intervals for Hematology and Chemistry Test
Turnaround Times
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5. Discussion
Although direct observation of work processes is often
challenging, it is sometimes necessary to obtain answers
to unresolved issues. Tracking the time intervals for laboratory TATs makes it possible to identify weak points, improve the quality of care, and decrease the economic burden of patient care (13). This study was designed to measure the mean total laboratory TATs for hematology and
clinical chemistry tests ordered by the ED and determine
the relative contributions of the prelaboratory and laboratory phases to the total TAT.
Features that distinguish the present study from other
surveys were the prospective design and close observation
of all the time intervals that constituted the total TAT from
test ordering to result verification and reporting. Moreover, it compared times across different days of the week
and nursing shifts.
In this study, the mean total TAT was 2.28 ± 0.9 hours,
with a median of 2.0 hours (IQR 1.5 - 2.8 hours) and a 90%
completion time of 3.5 hours. To the best of our knowledge, there are no official national benchmarks with which
to compare these results. Therefore, we compared our results with those from other countries. These comparisons
showed that the mean TAT in this university hospital setting was different from that in other countries. As a benchmark, the 1996 Q-probes study (a nationwide survey in the
U.S.) reported a median TAT of 130 minutes for BUN and 120
minutes for white blood cell counts (14). In 2007, Hawkins
Shiraz E-Med J. 2016; 17(4-5):e37101.
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Table 2. Contribution of the Different Phases of Sample Processing to the Total TAT (in Hours)a

Prelaboratory

Laboratory

Total TAT

Contribution to Total TAT, %
Prelaboratory

Laboratory

Nursing shift
Morning

1.22 ± 0.86

1.63 ± 0.76

2.85 ± 1.21

43.0

57.0

Noon

1.00 ± 0.74

1.23 ± 0.50

2.23 ± 0.88

45.0

55.0

Night

0.84 ± 0.67

1.23 ± 0.47

2.07 ± 0.79

40.6

59.4

Day of the week
Saturday

a

0.94 ± 0.63

1.16 ± 0.40

2.09 ± 0.81

45.0

55.0

Sunday

1.21 ± 0.82

1.30 ± 0.50

2.51 ± 0.90

48.2

51.8

Monday

0.60 ± 0.53

1.44 ± 0.59

2.04 ± 0.84

29.4

70.6

Tuesday

0.98 ± 0.83

1.24 ± 0.68

2.22 ± 1.15

44.1

55.9

Wednesday

1.03 ± 0.73

1.51 ± 0.56

2.54 ± 0.96

40.6

59.4

Thursday

1.28 ± 0.86

1.29 ± 0.71

2.54 ± 1.14

49.8

50.2

Friday

0.78 ± 0.52

1.21 ± 0.41

1.99 ± 0.71

39.2

60.8

Total

0.97 ± 0.75

1.31 ± 0.57

2.28 ± 0.97

42.9

57.1

Values are expressed as mean ± SD.

reported that the initial goal was to complete 90% of common laboratory tests within 60 minutes (2). In 2010, the
median TAT for 9492 troponin tests was 107 minutes (range
73 - 148 minutes) (15). In contrast, in an Indian laboratory, the mean TAT from sample reception to report was
5.5 hours for routine inpatient samples (4). These large
differences in TATs can be explained by differences in the
study settings and participants, for example, teaching vs.
nonteaching hospitals, numbers of beds, and the degree
of computerization in different laboratories.
In the present study, the comparisons of nursing shifts
and days of the week showed that the shortest mean TAT
was recorded during night shifts and on Fridays. According to the one-way ANOVA, these results were statistically
significant. Although the numbers of inpatient tests were
higher during the night shift than the other shifts, the
mean laboratory TAT was shortest during this period. In
view of the lower workload attributable to outpatient’s
tests during the night shift, this apparent paradox may be
explained by the fact that the total laboratory workload
during the night shift is lower than in other shifts. Another
possible explanation may be the lower laboratory workload due to the arrival of fewer outpatient samples. An additional factor that may have contributed to the shorter
TATs during the night shift is that health care providers and
the patient’s family are more concerned about receiving
the tests results promptly from the laboratory.
During all nursing shifts and on all days of the week,
Shiraz E-Med J. 2016; 17(4-5):e37101.

the contribution of the laboratory phase to the total TAT
was significantly higher than the prelaboratory phase. The
laboratory phase comprises the sum of the laboratory office to sorting, sorting to laboratory, laboratory to analysis,
and analysis to verification intervals. Based on our findings, sample transportation and sorting appear to be the
rate-limiting steps in laboratory TATs.
Although the time intervals for chemistry test TAT were
longer than for hematology test TAT, the differences were
statistically significant for only three of the laboratory
phase time intervals. This finding is consistent with the
results of a study by Goswami et al. in 2010, who found
that the mean intralaboratory TAT was higher for electrolytes and routine chemistry than for prothrombin time
(4). Compared to hematology tests, chemistry tests require
a larger number of processes, and the calibration of analytical devices is more complex and time consuming than for
hematology test equipment.
5.1. Implications for Practice
In summary, the following key factors seem to have
contributed to the shorter TATs and better patient management in our laboratory:
- Robust supervision of the ED and laboratory TATs
through ongoing drawing and evaluation of the process to
identify the weak points and find useful solutions
- Using rapid point-of-care testing in the ED, considering its proper economic justification
5
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- Using automated transfer systems, such as pneumatic
tubes
5.2. Limitations
A number of important limitations need to be considered. First, as close tracking is challenging and requires
adequate financial support, this study was carried out in
a single ED at a tertiary teaching center. Although this
university hospital is a major reference center in southern
Iran, our results cannot be extrapolated to all hospitals in
the region. Second, the hospital information system was
not designed for research projects, and not all time intervals of the laboratory TATs were recorded in the system.
Therefore, double checking the data was problematic and
sometimes impossible. Third, although we informed staff
about the main objective of the study, the Hawthorne effect
was not zero.
In conclusion, this study suggests that the mean TAT
in this university hospital is longer than available benchmarks. We recommend that the Iranian Ministry of Health
establish national guidelines with clear definitions of TATs,
as well as all start points, end points, and intervals, and that
it undertakes to assess health care performance parameters periodically. The results of our study are a potentially
valuable source of basic information for policymakers, but
further investigation to find the causes of the delays and
develop interventions to solve this problem will be necessary.
Acknowledgments
The authors wish to thank the deputy chancellor of
Shiraz University of Medical Sciences for financial support
and K. Shashok (Author AID in the Eastern Mediterranean)
for improving the English in the manuscript. This article is based on work done in partial fulfillment of the requirements for the MD degree awarded to F. Javidialesadi
(project number 92-01-01-6677, Shiraz University of Medical
Sciences).
Footnote
Authors’ Contribution: Hamideh Mahdaviazad contributed to the conception and design of the study and the
analysis and interpretation of the data, drafting the article,
and final approval of the article. Fatemeh Javidialesaadi
contributed to the data acquisition, drafting the article,
and final approval of the article. Massood Hosseinzadeh

6

contributed to the data acquisition and interpretation of
the data, drafting the article, and final approval of the article. Seyed Masoom Masoompour contributed to the design of the study, critical revision of the content, and final
approval of the article.

References
1. Schimke I. Quality and timeliness in medical laboratory testing. Anal
Bioanal Chem. 2009;393(5):1499–504. doi: 10.1007/s00216-008-2349-5.
[PubMed: 18791707].
2. Hawkins RC. Laboratory turnaround time. Clin Biochem Rev.
2007;28(4):179–94. [PubMed: 18392122].
3. Bruins M, Oord H, Bloembergen P, Wolfhagen M, Casparie A, Degener
J, et al. Lack of effect of shorter turnaround time of microbiological procedures on clinical outcomes: a randomised controlled trial
among hospitalised patients in the Netherlands. Eur J Clin Microbiol Infect Dis. 2005;24(5):305–13. doi: 10.1007/s10096-005-1309-7. [PubMed:
15834750].
4. Goswami B, Singh B, Chawla R, Gupta VK, Mallika V. Turn Around
Time (TAT) as a Benchmark of Laboratory Performance. Indian J Clin
Biochem. 2010;25(4):376–9. doi: 10.1007/s12291-010-0056-4. [PubMed:
21966108].
5. Groenewald AJ, Potgieter HD. Physician satisfaction and emergency
(stat) laboratory turnaround time during various developmental
stages. Med Technol. 2014;28(1):20–5.
6. Kilgore ML, Steindel SJ, Smith JA. Evaluating stat testing options in an
academic health center: therapeutic turnaround time and staff satisfaction. Clin Chem. 1998;44(8 Pt 1):1597–603. [PubMed: 9702944].
7. Lundberg GD. Acting on significant laboratory results. JAMA.
1981;245(17):1762–3. [PubMed: 7218491].
8. Jalili M, Shalileh K, Mojtahed A, Mojtahed M, Moradi-Lakeh M. Identifying causes of laboratory turnaround time delay in the emergency
department. Arch Iran Med. 2012;15(12):759–63. [PubMed: 23199248].
9. Zohoor AR, Pilevar Zadeh M. Study of speed of offering services in
emergency department at Kerman Bahonar hospital in 2000. Razi J
Med Sci. 2003;10(35):413–9.
10. Smellie WS, Johnston J, Galloway PJ. Method for assessment of laboratory turnaround times: comparison before, during, and after analysis. J Clin Pathol. 1994;47(7):585–8. [PubMed: 8089210].
11. Winkelman JW, Tanasijevic MJ, Wybenga DR, Otten J. How fast is fast
enough for clinical laboratory turnaround time? Measurement of
the interval between result entry and inquiries for reports. Am J Clin
Pathol. 1997;108(4):400–5. [PubMed: 9322592].
12. Masoompour SM, Petramfar P, Farhadi P, Mahdaviazad H. Five-Year
Trend Analysis of Capacity Utilization Measures in a Teaching Hospital 2008-2012. Shiraz E-Med J. 2015;16(2).
13. Quinn T, Rudolph JW, Fairchild DG, editors. Lab turnaround time and
delayed discharges: a systems-based action research investigation.
Proceedings of the 2005 International System Dynamics Conference.
Citeseer.
14. Steindel SJ, Novis DA. Using outlier events to monitor test turnaround
time. Arch Pathol Lab Med. 1999;123(7):607–14. doi: 10.1043/00039985(1999)123<0607:UOETMT>2.0.CO;2. [PubMed: 10388917].
15. Hwang U, Baumlin K, Berman J, Chawla NK, Handel DA, Heard K, et
al. Emergency department patient volume and troponin laboratory
turnaround time. Acad Emerg Med. 2010;17(5):501–7. doi: 10.1111/j.15532712.2010.00738.x. [PubMed: 20536804].

Shiraz E-Med J. 2016; 17(4-5):e37101.

