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				diagnosis, leading to physical and psychological distress among patients who may require repeat blood sampling, while some even abandoning the test altogether 4,5. In a Q-Probes analysis conducted by the College of American Pathologists involving 78 clinical laboratories, the overall specimen rejection rate was reported to be 0.2% 5. 

				Laboratory errors are a significant concern as 60-70% of clinical decisions rely on laboratory results6.These errors increase healthcare costs through unnecessary wastage of consumables, healthcare personnel time and may compromise the delivery of quality services. In Bhutan, studies on laboratory errors are limited. A study conducted in the biochemistry laboratory in Gelephu examined the increasing utilization of laboratory services, but laboratory errors were not evaluated due to lack of proper recording of test conducted and shortage of quality control material .

				This study aims to establish a baseline sample rejection rate in our laboratory and identify pre-analytical factors contributing to sample rejection. The findings will support the development of corrective and preventive measures, as well as the establishment of quality indicators to improve laboratory services and patient management. 
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				ABSTRACT

				Introduction: Accurate and timely reporting of laboratory results is essential for optimal patient management. The testing process in clinical biochemistry is divided into pre-analytical, analytical, and post-analytical phases. This study assessed the sample rejection rate and identified common pre-analytical errors in the Biochemistry Unit of Jigme Dorji Wangchuck National Referral Hospital. Methods: A retrospective observational study was conducted by reviewing records of all rejected samples in the Biochemistry Unit from January 2019 to December 2020. Results: Of 197,735 samples received for biochemical testing, 283 were rejected, giving an overall sample rejection rate of 0.14%. The most common reasons for rejection were insufficient sample volume (51%) and hemolysed samples (28%). The neonatal intensive care unit contributed the highest proportion of rejected samples (32%), followed by inpatient wards (25%) and the emergency department (17%). Conclusion: The sample rejection rate in the Biochemistry Unit was low at 0.14%, with insufficient sample volume being the leading cause of rejection. Targeted training in neonatal blood collection, adherence to standardized collection protocols, and the use of micro-collection tubes may help mitigate pre-analytical errors and improve sample adequacy.
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				INTRODUCTION 

				The role of clinical laboratories in patient management has become more crucial with the growing emphasis on healthcare quality and patient safety. Timely and accurate laboratory reports enable clinicians to make appropriate and timely patient management decisions. The reliability of laboratory reports relies on the integrity of all three phases of the total testing process: pre-analytical, analytical and post analytical phases. Numerous studies have shown that errors commonly occur in the pre- analytical phase, accounting for 46-62 % of all laboratory errors1,2. 

				According to the ISO 15189: 2012 standard, the pre-analytical phase includes all steps from test requisition to the analysis of the sample. A hospital-based study in India investigating pre-analytical errors identified inappropriate containers, delays in sample transport, hemolysed samples, insufficient sample volumes and contamination from infusion routes as primary causes of sample rejection3. These errors can consequently delay 
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				METHODOLOGY

				Study design

				A retrospective observational descriptive study was conducted in the Biochemistry Unit of the Jigme Dorji Wangchuck National Referral Hospital (JDWNRH) in Thimphu, Bhutan, using data from January 2019 to December 2020.

				Study setting 

				The Biochemistry Unit is part of the Department of Pathology and Laboratory Medicine at JDWNRH. It provides laboratory services for inpatient, outpatient and emergency department patients. The department also includes the Pathology, Microbiology, Hematology and Blood Bank units. 

				The Biochemistry Unit performs a wide range of investigations, including routine chemistry parameters, tumor markers, hormone assays and Therapeutic Drug Monitoring (TDM). It is equipped with the Canon 2000SR and ROCHE E41 auto analyzers, which are used to analyse tests such as Fasting Blood Sugar (FBS), lipid profile, serum creatinine, Liver Function Tests (LFT), Renal Function Tests (RFT), tumor markers, hormones and therapeutic drug levels. 

				For outpatient services, blood samples are collected by phlebotomists, while samples from inpatient wards are collected by either phlebotomists or nurses. Patient demographics and requested investigations are entered into the Laboratory Information System (LIS), which generates a barcode that is affixed to each specimen. The samples are transported to the laboratory by the ward assistants or phlebotomists. 

				Study population

				The study included all records of rejected blood samples in the Biochemistry Unit of JDWNRH from January 2019 to December 2020.

				Sampling method 

				A census sampling method was used. All blood samples rejected by the Biochemistry Unit between January 2019 and December 2020 were included in the study.

				Study variables 

				The study variables included the reason for rejection, source of sample and the time of sample collection. The reasons for sample rejection included insufficient sample volume, hemolysed sample, contaminated sample, lipaemic sample, clotted sample, and wrong vial. The source of the rejected samples were categorized as inpatient wards, outpatient department, emergency department, Neonatal Intensive Care Unit (NICU) and Adult Intensive Care Unit (AICU). The timing of sample collection was classified as 

			

		

		
			
				morning (8am – 2pm), evening (2pm – 8pm) and night (8pm – 8am). 

				Data management 

				All the data of the rejected samples are maintained in a hard copy register in the Biochemistry Unit. The data were extracted by the principal author from this register.

				Patient data were de-identified before analysis by assigning unique study identification serial numbers and removing all direct patient identifiers. The linkage file was stored separately in a secure, password-protected location with access restricted to the principal investigator.

				Statistical analysis

				Data was entered into EpiData (version 3.1, EpiData Association, Odense, Denmark) and then exported to stata format (dta) format. Statistical analysis was performed using StataCorp (version 14.2, StataCorp LLC, College Station, TX, USA). 

				 Descriptive statistics were used to summarize the reasons for sample rejection, source of rejected samples, and the time of rejection. The findings are presented as frequencies and percentages.

				Ethical considerations 

				Ethical clearance was obtained from the Institutional Review Board (IRB/Approval/PN21-017/2021/519). As this was a retrospective record-based study involving no direct patient contact, the requirement for informed consent was waived off by the Institutional Review Board.

				 Administrative clearance was obtained from the Ministry of Health and site clearance was sought from JDWNRH. 

				RESULTS

				A total of 197,735 samples were received for various biochemical investigations between January 2019 and December 2020. Of these, 283 samples were rejected, corresponding to an overall rejection rate of approximately 0.14%. The majority of rejected samples originated from the NICU, which accounted for 32% of all rejections. This was followed by samples from inpatient wards (25%) and the emergency department (17%), as illustrated in Figure 1.

				 Insufficient sample volume was the most common reason for sample rejection, accounting for 51% (n=145) of rejected samples, followed by hemolysis at 28% (n=79). Other causes of rejection included incorrect collection tubes, sample contamination, lipaemic and spurious samples, as illustrated in Figure 2.

				Insufficient sample volume was most frequently observed 
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				in samples from the NICU (59%), followed by the inpatient wards (32%) and the emergency department (22%). Hemolysis was the second most common reason for sample rejection. Most hemolyzed samples originated from the inpatient wards (30%, n=24), followed by the emergency department (29%, n = 23), as shown in Table 1.

				Samples were collected throughout the day according to patients’ clinical needs. Among the rejected samples, the highest proportion was collected during the morning shift (43%), followed by the evening shift (41%) as shown in Table 2.

				DISCUSSION

			

		

		
			
				In this study, sample rejection rate was evaluated as an indicator of pre-analytical performance in the Biochemistry Unit of JDWNRH. Between January 2019 and December 2020, a total of 197,735 samples were received for analysis, of which 0.14% were rejected due to various pre-analytical errors. Reported sample rejection rates vary widely across different regions, with rates of 0.74% in the US, 1.46% in South Africa, 1.28% in Turkey, and 2.2% in Iran8-11. A higher rejection rate of 10.6% has been reported from India while the global prevalence of pre-analytical errors is estimated at approximately 1.99% 1,3. 

				The rejection rate observed in this study is lower than previously reported international rates, indicating an effective sample collection and handling system within the institution. However, under-reporting remains possible, as some rejected samples may not have been consistently documented.
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				Figure 1: Frequency and source distribution of rejected samples in the Biochemistry Unit of JDWNRH, from Janu-ary 2019 to December 2020. (n=283)

				*Wards: Medical ward (N=26), Obstetrics & Gynecology ward: 16, Surgical ward (n=12), Pediatric ward (n=7), Orthopedic ward (n=4), Oncology ward(n=4), ENT and Dental ward (N= 2)
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				Figure 2: Frequency and distribution of reasons for sample rejection in the Biochemistry Unit of JDWNRH, from Janu-ary 2019 to December 2020. (n=283)

			

		

		
			
				Table 1: Frequency of rejected samples by source of collection and reasons for rejection in the Biochemistry Unit at JDWNRH, from January 2019 to December 2020. (n=283) 

				⃰ Others include: lipaemic sample (5), diluted sample (4), wrong label (2), delayed transport (5), spurious results (4).

				
					Reason for sample rejection 

				

				
					Site of sample collection

				

				
					NICU

				

				
					AICU

				

				
					Emergency

				

				
					Ward

				

				
					OPD

				

				
					Insufficient volume

				

				
					81

				

				
					2

				

				
					20

				

				
					32

				

				
					10

				

				
					Hemolysis

				

				
					8

				

				
					11

				

				
					13

				

				
					24

				

				
					23

				

				
					Wrong vial

				

				
					0

				

				
					0

				

				
					8

				

				
					3

				

				
					8

				

				
					Contaminated sample

				

				
					1

				

				
					2

				

				
					4

				

				
					9

				

				
					4

				

				
					Others*

				

				
					3

				

				
					1

				

				
					3

				

				
					3

				

				
					10
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				The most common reason for sample rejection in this study was insufficient sample volume. Similar patterns have been reported in studies conducted in India, Turkey, and Malaysia, suggesting that insufficient samples remain an important pre-analytical challenge across different healthcare settings3,10,12. Insufficient sample volume is frequently observed in neonatal, pediatric and oncology populations due to the inherent difficulties in establishing and maintaining peripheral venous access13,14. This is concordant with the findings of the present study, where the NICU was the primary source of samples rejected due to inadequate volume.

				The second most common reason of sample rejection was hemolysis. It has also been reported as a major cause of specimen rejection in studies from United States, Iran, Malaysia, and India 3,8,11,15. It may result from multiple factors during specimen collection and handling, such as inappropriate needle gauge selection, excessive negative pressure during blood aspiration, vigorous shaking of collection tubes, or centrifugation prior to complete clot formation1. Besides compromising specimen integrity, hemolysis increases turnaround time due to the need for repeat sampling, thereby adversely affecting laboratory workflow and patient care 9,15,16. 

				Sample contamination accounted for a smaller proportion (7%) of rejections in this study. The identified causes included collection from intravenous infusion sites and contamination with substances such as EDTA and antiseptic agents. Although contamination is reported in studies from Saudi Arabia and India, they have accounted for a small proportion of rejected samples 3,17. Since contamination represented a relatively significant cause of rejection in this study, it highlights the need to reinforce phlebotomy training and adherence to standard venipuncture techniques and strict avoidance of sample contamination during collection.

				Clotted samples, which have been identified as a major cause of pre-analytical rejection in other studies were uncommon in this study 2,8,13,17. This indicates appropriate practices related to tube filling, sample mixing, and handling. 

			

		

		
			
				In this study, the highest proportion of rejected samples originated from the NICU (33%), followed by the inpatient wards (25%) and the emergency department (20%). Similar studies have reported varying sources of sample rejection, with inpatient wards identified as the main contributor in Malaysia while studies from Turkey and the United States have reported the emergency department as the predominant source 8,12,13. The high rejection ate from the NICU was primarily due to insufficient specimen volume. This finding is expected due to the challenges associated with neonatal blood collection, including small caliber of veins and limited blood volume. As neonatal sampling is often performed by nursing staff, specialized skills are essential to minimize pre-analytical errors. These findings highlight the need for targeted neonatal phlebotomy training and the use of supportive measures such as vein visualization devices and micro-collection tubes to improve sample adequacy and reduce rejection rates.

				LIMITATIONS

				This study has several limitations that should be considered. The analysis was based only on rejected sample records from the Biochemistry Unit and did not include data from other laboratory units. Additionally, the retrospective study design may have introduced recording bias, as some rejected samples may have been underreported by laboratory personnel. 

				CONCLUSIONS

				The overall sample rejection rate in the Biochemistry Unit was low at 0.14%. Insufficient sample volume was the leading cause of rejection, followed by hemolysis. The NICU contributed the highest proportion of rejected samples, followed by inpatient wards and the emergency department.

				Recommendations

				Strengthening staff training, standardizing sample collection procedures, and implementing regular audit and feedback systems may further reduce sample rejection rates. The use of micro collection tubes, particularly in neonates and individuals with difficult venous access, may help mitigate rejections due 

			

		

		
			
				Table 2: Frequency of rejected samples at the Biochemistry Unit of JDWNRH by source of collection and time of sample col-lection, from January 2019 to December 2020. (n=283) 

				
					Time of collection

				

				
					Total

					n=283

				

				
					NICU

				

				
					AICU

				

				
					Emergency

				

				
					Wards 

				

				
					OPD

				

				
					Morning (8am – 2pm)

				

				
					122(43%)

				

				
					40

				

				
					7

				

				
					21

				

				
					31

				

				
					24

				

				
					Evening (2pm – 8pm)

				

				
					116(41%)

				

				
					38

				

				
					6

				

				
					20

				

				
					29

				

				
					23

				

				
					Night 98pm – 8am) 

				

				
					44(16%)

				

				
					15

				

				
					3

				

				
					7

				

				
					11

				

				
					8
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				to inadequate sample volume. Further multicenter studies involving regional laboratories and diverse specimen types are recommended to better characterize pre-analytical errors and develop comprehensive and generalizable quality improvement strategies.
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Re-situating Bhutan Health Journal’s contributions on NCDs and COVID-19 in a global

perspective
Endah Fitriasari’

Faculty of Medical, Public Health & Nursing, Universitas Gadjah Mada, Indonesia.

As an international reader, I have followed with interest how the
Bhutan Health Journal (BHJ) has documented Bhutan’s response
to non-communicable diseases (NCDs) and to the COVID-19
pandemic. Several editorials and viewpoints in the journal reflect
challenges that are not unique to Bhutan, but are shared across
many low- and middle-income countries. In this letter, I briefly
highlight three such papers and situate them within the wider
global health literature.

Dorji’s editorial on ‘Accelerating Non-Communicable
Diseases Control in Bhutan: optimism and challenges’ was an
early attempt to frame NCDs as a strategic national priority rather
than a purely clinical workload'. The piece anticipated what is
now firmly established in global evidence. According to the
‘World Health Organization (WHO), NCDs are responsible for
about 74 per cent of deaths worldwide, with a disproportionate
burden in low- and middle-income countries’. In that light,
Dorji’s call for stronger policy attention and cross-sectoral action
in Bhutan aligns closely with global concern that NCDs threaten
both health and economic development.

The later viewpoint by Sithey and colleagues titled
“Taking action on prevention and control of noncommunicable
diseases in Bhutan by strengthening gross national happiness’
adds an important normative dimension®. Rather than treating
NCD control as a narrow technical agenda, the authors explicitly
link NCD policies to Bhutan’s Gross National Happiness (GNH)
framework. This resonates with broader international debates on
“beyond GDP” metrics and on how wellbeing, equity and social
determinants can be integrated into health policy. Globally, there
is growing interest in embedding NCD strategies within wider
wellbeing or sustainable development frameworks, but Bhutan
remains one of the few countries where such integration has been
articulated in a coherent national philosophy. The BHJ article
therefore offers a case study that could inform other settings
experimenting with wellbeing-oriented policy approaches.

At the same time, both Bhutanese articles echo
challenges described in global analyses. The WHO NCD
agenda and subsequent United Nations high-level meetings have
repeatedly stressed the need for multisectoral action, fiscal and
regulatory measures, and strengthened primary care to meet the
2025 global NCD targets®. However, progress has been uneven,
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Endah Fitriasari
endahfitriasaril605@gmail.com

particularly in translating national plans into fully funded and
implemented programs. Sithey et al. highlight similar gaps in
Bhutan, noting the high prevalence of modifiable risk factors
despite strong political commitment®. In this sense, Bhutan’s
experience appears less as an outlier and more as a microcosm
of the global struggle to move from policy rhetoric to sustained
multisectoral action.

The COVID-19 pandemic placed additional pressure
on health systems already burdened by NCDs. In their editorial
‘Beyond COVID-19: Creating a public health system based on
Comprehensive Primary Health Care’, Tobgay and Rifkin argue
that a resilient response requires re-centering comprehensive
primary health care, with attention to social determinants and
community participation®. This argument mirrors conclusions
from international reviews which found that countries with
stronger primary health-care systems were generally better able
to absorb COVID-19 shocks and maintain essential services,
including NCD care. The editorial also reflects current global
thinking that pandemic preparedness and NCD control should not
be treated as separate agendas, but as interdependent elements of
the same health-system resilience framework.

From a global health perspective, the three BHJ pieces
taken together point to an important intersection: NCDs, primary
health care and health-system resilience in a small, mountainous,
middle-income country. They complement a broader literature
on health research and system strengthening in low- and middle-
income countries, which stresses the importance of locally led
research, stable financing and closer links between evidence
and policy’. Yet, as Franzen and colleagues note in their meta-
narrative review, efforts to develop health research capacity
remain fragmented and are often poorly evaluated’. Bhutan’s
experience, as portrayed in BHIJ, appears to fit this pattern.
Ambitious policy frameworks and innovative concepts such
as GNH exist, but there is still a need for more systematic,
longitudinal research on implementation and impact.

Against this background, BHJ could play a distinctive
role in the global evidence ecosystem in at least two ways. First,
by encouraging submissions that explicitly compare Bhutan’s
NCD and pandemic responses with those of other countries in
the South-East Asia Region or in similar high-altitude, small-
population settings. Comparative policy analyses or multi-
country case series would help to move Bhutanese evidence from
being primarily nationally relevant to also being regionally and
globally informative. Second, by promoting articles that link
quantitative outcomes with qualitative insights into governance,
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