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ABSTRACT

Introduction: Turnaround time is one of the most important signs of a laboratory service which many clinicians use to 
evaluate the quality of the laboratory. Pandemic has enlightened the importance of laboratory medicine in healthcare 
organizations. Each step in total testing process can be affected by errors essential in laboratory medicine. Our study aims 
to evaluate the impact of the COVID-19 pandemic on turnaround time.

Material and Methods: We evaluated turnaround time periods of the routine biochemistry, immunoassay, hematology, 
hemoglobinopathies, HbA1c and blood-typing. In our study, intra-laboratory turnaround time, which is starting from 
sample acceptance time to results’ verification time is determined. Defined turnaround time duration for all type of 
analytes are 1440 min. Time intervals in study as listed; Group 1 (pre-pandemic stage), Group 2 (pandemic stage), and 
Group 3 (post-pandemic stage). Frequency of samples with a TAT exceeded the laboratory’s cutoff time interval was 
determined and compared within groups.

Results: The percentage of exceeded turnaround time of all analytes, except blood typing, hematology and HbA1c in the 
Group 1 are significantly lower than other groups. With regards to comparing Group 2 and Group 3, percentage of exceeded 
turnaround times of HbA1c and hematology samples in the Group 3 are found significantly lower than the Group 2

Discussion: Turnaround time can be evaluated as a benchmark of the laboratory performance. Workload of the 
laboratories should be taken into consideration is specific situations, like pandemic.
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Halk Sağlığı Laboratuvarında Test İstem Sonuç Süre Aralıklarına Pandeminin Etkisi

ÖZET

Giriş: Test istem sonuç süresi, laboratuvar kalitesini değerlendirme amaçlı, çoğu klinisyenin kullandığı önemli bir 
parametredir. Pandemi dönemi, sağlık hizmeti organizasyonlarında laboratuvar tıbbının önemini bir kez daha göstermiştir. 
Toplam test sürecindeki her bir basamak, laboratuvar tıbbında önemli olan hatalardan etkilenebilmektedir. Çalışmamızın 
amacı test istem sonuç süresine COVID-19 pandemisinin etkisini göstermektir.

Materyal ve Metot: Rutin biyokimya, immünassay, hematoloji, hemoglobinopati değerlendirmesi, HbA1c ve kan 
gruplama parametrelerindeki test istem sonuç süresi değerlendirilmiştir. Çalışmamızda, örneğin kabul zamanı ile 
sonuçların onaylanma süresi arasındaki fark olarak da bilinen, laboratuvar içi test istem sonuç süresi kullanılmıştır. 
Laboratuvarımızda belirlenen test istem sonuç süresi, 1440 dk’dır. Çalışma grubundaki zaman aralıkları; Grup 1 (Pandemi 
öncesi dönem), Grup 2 (Pandemi dönemi) ve Grup 3 (Pandemi sonrası dönem) olarak gruplandırılmıştır. Laboratuvarın 
belirlediği test istem sonuç süresini aşan örneklerin sıklığı belirlenmiş ve gruplar arası karşılaştırması yapılmıştır.

Sonuçlar: Grup 1’deki Kan grubu, hematoloji ve HbA1c analizleri dışındaki diğer analizlerdeki test istem sonuç süresini 
aşan numune sıklıkları, diğer gruplara göre daha düşüktür. Grup 2 ve Grup 3 karşılaştırıldığında, HbA1c ve hematoloji 
örneklerindeki test istem sonuç süresi aşma sıklığı, Grup 3’de anlamlı düzeyde düşüktür.

Tartışma: Test istem sonuç süresi, laboratuvar performansının bir belirteci olarak değerlendirilebilir. Laboratuvarların iş 
yükü, pandemi gibi spesifik durumlarda göz önünde bulundurulmalıdır.

Anahtar Kelimeler: Laboratuvar Kalitesi, Test istem sonuç süresi, Pandemi
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Clinical laboratories have a classically limited analy-
tical and technical quality discussion, focusing on 
imprecision and inaccuracy goals (1). At the same 

time, clinicians evaluate the “quality of the laboratory” for 
rapid, reliable, and efficient service delivered at a low cost 
(2). To illustrate this, timeliness is one of the essential fea-
tures prepared for evaluation as one of the crucial quality 
steps.

Turnaround time (TAT) is one of the most important signs 
of a laboratory service which many clinicians use to eva-
luate the quality of the laboratory (3). The definition of 
TAT can be varied by test, priority, or population-based. 
According to Lundberg, who assessed the total-testing 
cycle, it is necessary to achieve the following steps to per-
form a laboratory test: ordering, collection, identification, 
transportation, preparation, analysis, reporting, interpre-
tation, and action (4). Due to the limitations of controlling 
all the steps mentioned above, most laboratories evaluate 
TAT through their intra-laboratory activities.

Coronavirus disease (COVID-19) is caused by severe acute 
respiratory coronavirus type 2 (SARS-CoV-2), firstly repor-
ted in China, and World Health Organization (WHO) decla-
red SARS-CoV-2 a pandemic in March 2020 (5). In Turkey, 
the first case was announced on the 11th of March, 2020, 
and numerous precautions, including an outdoor mask 
mandate, school closures, transportation restrictions, con-
tact tracing, and lockdowns (weekdays and weekends).  In 
line with the decisions taken by the Presidential Cabinet 
Meeting on 21st June 2021, a circular was issued outlining 
the start of a gradual normalization period, which started 
as of 1st July 2021 (6).

Pandemic has enlightened the importance of laboratory 
medicine in healthcare organizations. Each step in the to-
tal testing process can be affected by errors essential in 
laboratory medicine.  Our study aims to evaluate the im-
pact of the COVID-19 pandemic on the turnaround time 
based on pre-pandemic, during a pandemic, and post-
pandemic periods.

MATERIAL AND METHODS
Definition of TAT
In our study, we used intra-laboratory TAT, starting from 
the sample acceptance time to the results verification 
time.

Study Design
Our study has a retrospective design. In the Mardin 
Public Health Laboratory, samples ordered from family 
physicians in Mardin are analyzed. Mardin is a city in the 
Southeastern Part of Turkey; its population in 2021 was 
862757. Samples ordered from the city center of Mardin 
are performed within the day shift. However, samples col-
lected from the districts of Mardin are performed within 
the night shift. Our laboratory is closed on the weekends. 
Our defined TAT duration for all type of analytes are 1440 
min (one-day).

We evaluated TAT periods of the routine biochemistry 
(Abbott Architect c8000, Abbott, Abbott Park, Ilinois, USA), 
immunoassay (Abbott Architect i2000SR, Abbott, Abbott 
Park, Ilinois, USA), full-blood count (Sysmex XN1000, 
Sysmex Corporation, Japan, Sysmex XT1000, Sysmex 
Corporation, Japan) hemoglobinopathies (Arkray, ADAMS 
HA-8180V, Minnesota, USA), HbA1c (Abbott Architect 
c8000, Abbott, Abbott Park, Ilinois, USA), blood-typing 
(Ortho Vision, France)

The laboratory staff was assigned into three groups: a 
day shift (08:00-17:00) on workdays (Monday, Tuesday, 
Wednesday, Thursday, and Friday) who are responsible for 
routine biochemistry, immunoassays, and HbA1c; a day 
shift (08:00-17:00) of workdays which are accountable for 
hemoglobinopathies, blood-typing, hematology and a 
night shift (17:00-24:00) of workdays which are responsib-
le for all types of analyzers.

The Time interval of the study is divided into three groups: 
Group 1 (pre-pandemic stage), Group 2 (pandemic stage), 
and Group 3 (post-pandemic stage) are stated time inter-
vals from March 2018 to January 2019; from July 2020 to 
May 2021 and from July 2021 to May 2022, respectively.

A number of patients found positive for COVID-19 in 
Mardin were taken from Mardin Local Health Authority.

The samples were grouped in terms of panel and samp-
le receipt day and time via VENTURA ALIS, the laboratory 
information system. Results verification times of samples 
were also retrieved from the system. The time interval bet-
ween sample acceptance and result verification was con-
sidered the TAT. 

Samples that were rejected and misidentified specimens 
were not included in the study. Samples without accep-
tance time were also excluded.
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Statistical Analysis
Statistical analyses were performed MedCalc® Statistical 
Software version 20.009 (MedCalc Software Ltd, Ostend, 
Belgium; https://www.medcalc.org; 2021) and GraphPad 
Prism version 8.0.0 for Windows, GraphPad Software, San 
Diego, California USA, www.graphpad.com”. 

After the frequency of samples with a TAT exceeded the 
laboratory’s cutoff time interval was determined, the pro-
portion of these samples to all samples of all groups was 
compared with a chi-square test. p<0,05 was considered 
statistically significant.

The study procedure was based on the Helsinki Declaration 
and confirmed by the local ethics board (2022/147).

RESULTS
Mean TAT of all groups are shown in Figure 1.

The number of total samples and number of samples that 
exceeded the defined TATs are given in Table 1.

Table 1. The Number of Total Samples and Number of Samples that Exceeded the Defined TATs

Samples that Exceeded 
TAT Total Samples p*

HbA1c

Prepandemic Stage 1017 19810

<0,001Pandemic Stage 1812 24085

Postpandemic Stage 2535 39520

Immunoassay

Prepandemic Stage 582 62399

<0,001Pandemic Stage 4052 72074

Postpandemic Stage 4855 88696

Thalassemia

Prepandemic Stage 555 14983

<0,001Pandemic Stage 1137 15046

Postpandemic Stage 1290 16789

Routine Chemistry

Prepandemic Stage 578 53472

<0,001Pandemic Stage 5946 77759

Postpandemic Stage 7089 93686

Blood Typing

Prepandemic Stage 1990 28024

<0,001Pandemic Stage 670 31001

Postpandemic Stage 877 38038

Hematology

Prepandemic Stage 1166 61829

<0,001Pandemic Stage 1377 78115

Postpandemic Stage 1233 95757

* Evaluated by Chi-Square Test

Figure 1. Mean TAT of All Groups
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According to Table 1,

The percentage of exceeded TAT of HbA1c samples in the 
pre-pandemic stage are found significantly lower than 
pandemic and post-pandemic stages (p<0,001).

The percentage of exceeded TAT of immunoassay samples 
in the pre-pandemic stage are found significantly lower 
than pandemic and post-pandemic stages (p<0,001).

The percentage of exceeded TAT of thalassemia samples 
in the pre-pandemic stage are found significantly lower 
than pandemic and post-pandemic stages (p<0,001).

The percentage of exceeded TAT of routine chemistry 
samples in the pre-pandemic stage are found signifi-
cantly lower than pandemic and post-pandemic stages 
(p<0,001).

The percentage of exceeded TAT of blood typing samples 
in the pre-pandemic stage are found significantly higher 
than pandemic and post-pandemic stages (p<0,001).

The percentage of exceeded TAT of hematology samples 
in the post-pandemic stage are found significantly lower 
than pandemic and pre-pandemic stages (p<0,001).

The percentage of exceeded TAT of HbA1c samples in the 
post-pandemic stage are found significantly lower than 
pandemic stage (p<0,001).

The percentage of exceeded TAT of hematology samples 
in the post-pandemic stage are found significantly lower 
than pandemic stage (p<0,001).

There is no difference between the percentage of excee-
ded TAT of immunoassay samples between pandemic and 
post-pandemic stage (p:0,19).

There is no difference between the percentage of excee-
ded TAT of thalassemia samples between pandemic and 
post-pandemic stage (p:0,67).

There is no difference between the percentage of excee-
ded TAT of routine chemistry samples between pandemic 
and post-pandemic stage (p:0,39).

There is no difference between the percentage of excee-
ded TAT of blood typing samples between pandemic and 
post-pandemic stage (p:0,20).

Comparisons of the proportion of the samples which are 
exceeded the TAT among groups are shown in Figure 2. 

Comparison of the COVID-19 cases and percentage of 
samples that exceeded TAT are shown in Figure 3.

Figure 2. Comparisons of the Proportion of the Samples which are 
Exceeded the TAT Among Groups

Figure 3. Comparison of the COVID-19 Cases and Percentage of 
Samples that Exceeded TAT

DISCUSSION
TAT still looks as an important parameter for evaluating 
the quality of the laboratory. Definition of TAT may vary. 
It can be related with the type of laboratory (emergency, 
central and/or public health), the population served (7).
In Turkey, samples that ordered from family health medi-
cine clinics are evaluated. As it mentioned, preanalytical 
stage is the most common problems that affected on pro-
longed TAT (8). Preanalytical errors are also hard to solve 
in the public health laboratory for some reasons such as 
transportation among suburbs, ineffective centrifugation 
etc.
Our study has two hypotheses. First hypothesis is there 
was no significant difference in percentage of samples 
with exceeded-TAT in prepandemic, pandemic and post-
pandemic stage. 

460



Cihan Murat and Kılınçkaya Muhammed Fevzi

Acıbadem Univ. Sağlık Bilim. Derg. 2022; 13 (4): 457-461

As it shown in Table 1, percentage of samples with 
exceeded-TAT in pre-pandemic stage was significantly lo-
wer than pandemic and post-pandemic stage. Difference 
in number of samples may be the possible explanation 
for this result. There was growing number of samples in 
pandemic and post-pandemic stage, compared to pre-
pandemic stage.
Second hypothesis is there was a significant difference in 
percentage of samples with exceeded-TAT in pandemic 
and postpandemic stage.
However, in our study, there were no differences between 
the percentage of exceeded TAT in pandemic and post-
pandemic stage for routine biochemistry, thalassemia, 
blood typing. As mentioned before, samples from family 
health clinics are performed in the public health labora-
tory. Therefore, this may be reason for this result.
In the literature, there are some reports which are evalu-
ated TAT in laboratories. However, these articles are inte-
rested in emergency laboratories, especially (9, 10). Beca-
use of the differences among the laboratories, it is hard to 
compare the TAT’s of the laboratories.
The COVID-19 pandemic has been affected all parts of the 
world and also still behave as a threat for both laboratori-
es and health care systems. Because of the high number 
of COVID-19 cases, laboratory staff’s workload had been 
higher, therefore test process and also TAT is prone to the 
errors the high workload of the laboratory staff, and the 
enhanced pressure, the laboratory test process is sensitive 
to errors (11). 

In the literature, there are some articles which evaluate for 
the affect of pandemic on the total testing process (12, 
13). However, our study is the first to evaluate the impact 
of the pandemic on the turn around time at a public he-
alth laboratory in Turkey. However, testing for COVID-19 
in our city did not performed by our laboratory; as a re-
sult of this, our study did not evaluate the possible higher 
workload of our laboratory and staff. This is the main di-
sadvantage of our study. Further studies may be helpful 
to enlighten this issue.

As a result, TAT can be evaluated as a benchmark of the 
laboratory performance. Workload of the laboratories 
should be taken into consideration is specific situations, 
like pandemic. 
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