
		
			
				80 SAJCC July 2022, Vol. 38, No. 2

			

		

		
			[image: ]
		

		
			
				RESEARCH

			

		

		
			
				Phlebotomy for diagnostic laboratory investigations is an integral part of the management of a patient in the intensive care unit (ICU). While important in the care of these patients, phlebotomy is an independent risk factor for the development of anaemia and transfusion in the ICU.[1] Anaemia and progression of underlying anaemia is one of the most common clinical events in patients admitted to the ICU, and is associated with increased morbidity and length of hospital stay, independent of blood transfusion.[1-3] Several observational studies have demonstrated that transfusion is independently associated with adverse outcomes.[4-8] 

				Iatrogenic blood loss is one of the few modifiable risk factors for anaemia and transfusion in critically ill patients, and even minor reductions may significantly reduce the number of transfusions.[9] Phlebotomy volume has been proposed as a quality metric for inter-institutional benchmarking.[1,10] While devices to reduce the phlebotomy 

				volume in the ICU have been proposed and tested, findings are inconsistent, and despite showing as much as an 80% reduction in phlebotomy volume, there has been poor uptake of these devices. Small volume tubes have also been shown to reduce phlebotomy volume without affecting the reliability of laboratory tests, but these may require adaptations to procurement and laboratory processes.[11] These and other interventions, form part of a phlebotomy-reduction strategy that should be implemented as part of a phlebotomy stewardship programme in the ICU. 

				Patient blood management (PBM) is defined as ‘a patient-centred, systematic, evidence-based approach to improve patient outcomes by managing and preserving a patient’s own blood, while promoting patient safety and empowerment’.[5] PBM comprises three pillars namely, optimising red blood cells mass production, diminishing blood loss and enhancing the physiological reserve of anaemia.[12] All these strategies 
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				Background. Prevention of iatrogenic blood loss is an essential component of patient blood management (PBM) in intensive care units (ICUs). The amount of iatrogenic blood loss from diagnostic phlebotomy in the ICUs at Universitas Academic Hospital, Free State Province, South Africa, is unknown.

				Objective. To quantify diagnostic phlebotomy volumes, and volumes submitted in excess for diagnostic testing in the ICU.

				Methods. We conducted a prospective descriptive observational study on adults who were admitted to ICUs at a single centre over a period of 14 days. The weight of each filled phlebotomy tube was calculated using the specific gravity of blood and averages of empty phlebotomy tubes, establishing the total volume. 

				Results. Data from 59 participants with a median length of stay at the ICU of 3 days were analysed. The median phlebotomy volume was 7.0 mL day and 13.6 mL/ICU admission. The volume of blood required for analysis daily and ICU admission was 0.7 mL and 2.2 mL, respectively. The median phlebotomy volume in excess of the amount required for analysis daily and ICU admission was 5.05 mL and 12.11 mL, respectively.

				Conclusion. While the median excess daily phlebotomy volume in this present study may seem insignificant and underestimating the true excess of phlebotomy volume, interventions to reduce phlebotomy volumes and development of a PBM guideline for appropriate phlebotomy volumes and preventing wastage of patients’ blood in the ICU is required.
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				Contribution of the study

				We determined blood volume requirements for laboratory instrumentation, which allows phlebotomists to be cognisant of the true requirements for diagnostic tests to be undertaken accurately. We established diagnostic blood loss volumes in critical care units at a tertiary hospital in South Africa and we advocate for the introduction of patient blood management practice guidelines at local institutions.
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				are based on the principle of patient-centred decision making.[13] Observational studies have shown improvement in patient outcomes and a reduction in costs when PBM principles are applied.[12] These findings demand the transformation of transfusion practices and warrant a paradigm shift from reflexively treating anaemia with transfusion, to applying the principles of PBM.[14]

				Local data on the various aspects of PBM are critical to establish a baseline against which phlebotomy stewardship interventions can be measured. Iatrogenic blood loss due to diagnostic testing in the ICU at Universitas Academic Hospital (UAH), Free State Province, South Africa (SA), has not previously been determined.

				The aim of the study was to describe the diagnostic phlebotomy practices pertaining to ICU patients for the 14-day period between 7 and 20 October 2019. The objectives of this study were to (i) determine the number and type of collection tubes submitted to the laboratory; (ii)  describe the laboratory investigations requested for each patient; (iii) determine the volume of blood submitted for diagnostic testing; and (iv) determine the volume of blood submitted in excess of what is required to perform routine testing. 

				Methods

				Study design

				A prospective descriptive observational study was performed. The sample size was determined based on the number of ICU beds (32) at UAH. We anticipated a minimum sample size of 48 participants over the study period based on a 75% bed occupancy.

				Setting

				UAH is a tertiary academic hospital that has a 6-bed cardiology ICU (CICU), 10-bed multidisciplinary unit (MDICU), 8-bed cardiothoracic ICU (CTU), 4-bed neurosurgical ICU (NSICU) and a 4-bed surgical ICU (SICU). Patients admitted to any of these ICUs were eligible for participation in the study.

				Participants

				All adult patients admitted to any of the ICUs during the period of 7 - 20 October 2019 were screened for eligibility. Eligibility criteria were age ≥18 years and ICU admission for ≥24 hours. All eligible patients were approached to participate in the study. Potential participants or their legal representatives were given an information document and informed consent documents. Consenting participants were followed up daily for the duration of the study period. Phlebotomy samples submitted to the National Health Laboratory Service (NHLS) were included in the study. We excluded samples that were submitted to an off-site pharmacology laboratory for blood transfusion compatibility testing and samples for arterial blood gas analysis and other point-of-care (POC) testing. All measurements of the samples were done at the NHLS where a calibrated scale was available. 

				Variables

				Demographic information collected, included date of birth, gender, admission date, reason for admission, ICU type and outcome (whether deceased, discharged to ward or still in ICU). Other variables were tests requested, the type and number of blood tubes used for drawing blood and the blood volume per tube. 

				Data sources

				All samples were drawn according to the primary attending clinician’s instruction and submitted to the NHLS in Becton Dickinson Vacutainer tubes (BD Vacutainer, USA). As none of the units have standard phlebotomy guidelines, laboratory investigations may have been drawn from a central venous line, arterial line, other invasive device or from venesection if no invasive device was placed. No study-related instruction was given to nurses as the researcher aimed to determine the trends in usual practice. Nursing staff performed phlebotomy according to the unit specific routine practice for laboratory analysis between 4 am and 6 am daily. After phlebotomy, each specimen had a barcode affixed to it, as per standard practice.

				Each tube was individually weighed using the NHLS calibrated balanced scale (Sartorius, Germany). Specimen barcodes were used to trace the tests requested and participant information. The average weight of an empty BD vacutainer tube was determined using the Sartorius scale. The physical variables of the empty tubes are summarised in Table 1.

				The weight of the empty vacutainer tube was subtracted from the weight of the tube filled with blood to obtain the weight of the blood at room temperature. The density of blood is 1.06 g/mL.[15] The weight of the blood was divided by 1.06 g/mL and the quotient used to estimate the volume of blood in the vacutainer tube. 

				Due to the study population, it was expected that additional specimens would be sent to the laboratory through the day. To capture this blood volume, each additional test was traced on LabTrak (Intersystems Corporation, USA), the electronic laboratory information system used by the NHLS. The researcher visited the laboratory daily and recorded the numbers, type of tubes and additional blood tests requested. These specimens were not weighed and were included in the analysis under additional tubes and tests only.

				Clinical data were obtained by reviewing patient files. No identifying participant information was collected. 

				Statistical analysis

				Study data were collected and managed using Research Electronic Data Capture (REDCap) software hosted by the University of the Free State. REDCap is a secure, web-based software platform designed to support data capture for research studies.[16,17]

				Data were provided to the Department of Biostatistics in Microsoft Excel spreadsheet (Microsoft Corp., USA) for analysis. Numerical data 

			

		

		
			
				
					Table 1. Average size, draw volume and weight of empty BD Vacutainer tubes

				

				
					BD Vacutainer tube description

				

				
					Tube size

					(diameter (mm) × length (mm))

				

				
					Draw volume (mL)

				

				
					Weight (g)

				

				
					Plastic EDTA tube

				

				
					13 × 75

				

				
					4.0

				

				
					5.90

				

				
					BD SST plastic tube with silica clot activator, polymer gel, silicone coated interior 

				

				
					13 × 100

				

				
					5.0

				

				
					8.12

				

				
					Glass sodium citrate tube 

				

				
					13 × 75

				

				
					4.5

				

				
					7.58

				

				
					BD PST plastic tube with polymer gel and lithium heparin for plasma separation 

				

				
					13 × 100

				

				
					4.5

				

				
					8.12

				

				
					Plastic plasma tube with glycolytic inhibitor 10.0 mg sodium fluoride, 8.0 mg potassium oxide 

				

				
					13 × 75

				

				
					4.0

				

				
					5.92

				

				
					BD = Becton Dickinson; EDTA = ethylenediaminetetraacetic acid; SST = serum separator tube; PST = plasma separator tube.
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				were reported as medians and interquartile ranges (IQR), categorical data as proportions by means of frequency and percentiles. Calculations were performed to determine the volume of blood in excess of that was needed per test. The data was analysed using SAS statistical software, version 9.4 (SAS Institute Inc., USA). 

				Ethical considerations

				Ethical approval to conduct the present study was obtained from the Free State Province Department of Health and the Health Sciences Research Ethics Committee of the University of the Free State (ref. no. HSD-2019/0920/2910-0002). Permission to perform the data analysis on phlebotomy samples submitted to the NHLS was obtained from the business manager. 

				Results

				Participants

				The study included 59 participants who were recruited during the 14-day study period. Complete data were not available for five participants, although demographic data and analysable data of these participants were included in the analyses. The median (IQR) age was 56 (45 - 66) years and 50.9% (n=30) of participants were female. More than a quarter of participants (27.1%; n=16) were admitted to the CICU, 16.9% (n=10) were admitted to CTU, 25.4% (n=15) were admitted to MDICU, 11.9% (n=7) were admitted to NSICU and 18.6% (n=11) were admitted to SICU. Half of the participants (50.9%; n=30) were admitted for post-operative care, 27.1% (n=16) for non-surgical cardiac conditions, 13.6% (n=8) were medical patients and 8.5% (n=5) for other surgical conditions requiring intensive care. The other surgical conditions included a post-angiogram cerebral aneurysm, a polytrauma patient with thoracic aortic dissection, upper gastrointestinal haemorrhage with variceal bleed, critical limb ischaemia (n=2), one of whom required thrombolysis. The median (IQR) length of stay in the ICU was 3 (2 - 7) days. 

				Routine phlebotomy volumes

				A difference in the median volume of blood drawn for routine scheduled laboratory investigations was noted per unit (Table 2). The median phlebotomy volume for routine scheduled laboratory investigations was the lowest in the NSICU (0 mL/day), followed by the CICU (3.5 mL/day) and the highest was in the CTU (8.5 mL/day). 

				Number and type of Vacutainer tubes drawn

				The median (IQR) number of tubes submitted per participant per day was 2 (1.7 - 2.3). The median (IQR) total number of tubes submitted per patient during their ICU admission was 4 (2 - 8) tubes. Of the total number of 342 tubes that were submitted to the NHLS, 37.4% (n=128) were EDTA tubes, 49.4% (n=169) were SST tubes and 13.2% (n=45) were citrate tubes.

				Additional blood tests requested

				The median (IQR) number of additional tubes per participant per day was 1 (1 - 1.36). The median (IQR) number of additional tests per participant per day was 5.5 (4 - 7). The median (IQR) number of additional tubes submitted per participant during their ICU admission was 3 (2 - 6). The median (IQR) number of additional laboratory tests requested per patient for their duration of ICU admission was 7 (5 - 15). The additional tubes and tests were mainly for five participants who had phlebotomy performed outside the scheduled collection times.

				Laboratory investigations requested

				The median (IQR) daily number of tests per participant during their ICU admission was 4 (2 - 5). The median (IQR) number of tests requested over the duration of their ICU admission was 7 (3 - 16). Table 3 represents the laboratory investigations per participant per day, and Table 4 summarises the laboratory investigations per participant for the duration of the 14-day ICU admission.

				The volume of blood submitted for diagnostic testing

				The median (IQR) total blood volume submitted was 13.6 (7.8 - 27.8) mL per participant for the duration of their ICU stay. This comprised a 

			

		

		
			
				
					Table 2. Median phlebotomy volume for routine scheduled laboratory investigations per ICU

				

				
					Unit

				

				
					Blood volume (mL/day),

					Median (IQR)

				

				
					Minimum

				

				
					Maximum

				

				
					Cardiology ICU (n=16)

				

				
					3.5 (3.2 - 4.3)

				

				
					1.9

				

				
					7.2

				

				
					Cardiothoracic ICU (n=10)

				

				
					8.5 (6.8 - 9.5)

				

				
					3.8

				

				
					10.3

				

				
					Multidisciplinary ICU (n=15)

				

				
					7.7 (7.2 - 8.4)

				

				
					5.4

				

				
					9.5

				

				
					Neurosurgical ICU (n=7)

				

				
					0 (0 - 4.8)

				

				
					0

				

				
					9.6

				

				
					Surgical ICU (n=11)

				

				
					6.8 (6.2 - 8.5)

				

				
					4.8

				

				
					9.7

				

				
					All units

				

				
					6.8 (3.8 - 8.0)

				

				
					0

				

				
					10.3

				

				
					ICU = intensive care unit; IQR = interquartile range.

				

			

		

		
			
				
					Table 3. Laboratory investigations requested per participant per day of the study (N=59)

				

				
					Blood test

				

				
					Median (IQR)

				

				
					Minimum

				

				
					Maximum

				

				
					FBC

				

				
					1 (0 - 1)

				

				
					0

				

				
					1.5

				

				
					Diff count

				

				
					0 (0 - 0.5)

				

				
					0

				

				
					1

				

				
					INR

				

				
					0

				

				
					0

				

				
					1

				

				
					PTT

				

				
					0

				

				
					0

				

				
					1

				

				
					UEC

				

				
					1 (1 - 1)

				

				
					0

				

				
					1.5

				

				
					LFT

				

				
					0

				

				
					0

				

				
					1

				

				
					CMP

				

				
					0

				

				
					0

				

				
					1

				

				
					PCT

				

				
					0

				

				
					0

				

				
					1

				

				
					CRP

				

				
					1 (0.5 - 1)

				

				
					0

				

				
					1.5

				

				
					IQR = interquartile range; FBC = full blood count; Diff count = differential count; INR = international normalised ration; PTT = partial thromboplastin time; UEC = urea, electrolytes, and creatinine; LFT = liver function tests; CMP = calcium, magnesium, and phosphate; PCT = procalcitonin; CRP = C-reactive protein.

				

			

		

		
			
				
					Table 4. Laboratory investigations per participant for the 14-day ICU admission/duration of the study for the entire cohort (N=59)

				

				
					Blood test

				

				
					Median (IQR)

				

				
					Minimum

				

				
					Maximum

				

				
					FBC

				

				
					2 (1–4)

				

				
					0

				

				
					14

				

				
					Diff count

				

				
					0 (0–2)

				

				
					0

				

				
					13

				

				
					INR

				

				
					0 (0 -1)

				

				
					0

				

				
					9

				

				
					PTT

				

				
					0

				

				
					0

				

				
					6

				

				
					UEC

				

				
					3 (1 - 4)

				

				
					0

				

				
					14

				

				
					LFT

				

				
					0 (0 - 1)

				

				
					0

				

				
					6

				

				
					CMP

				

				
					1 (0 - 3)

				

				
					0

				

				
					13

				

				
					PCT

				

				
					0 (0 - 1)

				

				
					0

				

				
					7

				

				
					CRP

				

				
					2 (1 - 4)

				

				
					0

				

				
					14

				

				
					IQR = interquartile range; FBC = full blood count; Diff count = differential count; INR = international normalised ration; PTT = partial thromboplastin time; UEC = urea, electrolytes, and creatinine; LFT = liver function tests; CMP = calcium, magnesium and phosphate; PCT = procalcitonin; CRP = C-reactive protein.
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				median (IQR) of 7.3 (3.7 - 14.2) mL for EDTA tubes, 7.9 (4.3 - 14.4) mL for SST tubes and 8.9 (4.4 - 15.0) mL for citrate tubes.

				The median (IQR) blood volume submitted per participant per day was 7.0 (4.7 - 8.6) mL for the duration of their ICU admission. The median daily blood volume for specific tubes submitted per participant per day was 3.3 (2.6 - 3.6) mL for EDTA tubes, 3.6 (3.2 - 4.1) mL for SST tubes and 4.3 (4.1 - 4.4) mL for citrate tubes.

				The total iatrogenic blood volume submitted from all participants over the 14-day study period was 1 241.4 mL. The required blood volume for diagnostic laboratory testing was 323.2 mL.

				Volume of blood required by the laboratory to perform diagnostic testing over the 14-day study period

				The median (IQR) blood volume required by the laboratory to perform the required tests was 0.7 (0.7 - 1.2) mL per patient per day. The required median (IQR) volume to perform requested tests per patient for their duration of ICU stay was 2.2 (0.7 - 6.7) mL. Fig. 1 shows the blood volume submitted compared with the blood volume required by the laboratory, as well as volumes in excess of the required volume. The median (IQR) blood volume submitted in excess per patient for the duration of the ICU admission was 12.1 (5.2 - 24.1) mL.

				The average volume of blood required to perform laboratory tests in specific tubes was 0.2 mL for EDTA tubes, 0.6 mL for SST tubes and 4.5 mL for citrate tubes. The median (IQR) blood volume submitted per participant for specific tubes for their duration of ICU admission was 7.3 (3.7 - 15.0) mL for EDTA tubes, 7.9 (4.3 - 14.4) mL for SST tubes and 8.9 (4.6 - 15.0) mL for citrate tubes. The median (IQR) blood volume in excess submitted per participant for specific tubes was 6.9 (3.3 - 13.5) mL for EDTA tubes and 6.7 (3.6 - 12.2) mL for SST tubes for their duration of ICU admission.

				Daily phlebotomy volume submitted in excess of the minimum required to perform analysis

				The median (IQR) daily volume per participant submitted in excess for all diagnostic testing was 5.1 (4.7 - 6.5) mL. The median (IQR) phlebotomy volume in excess per participant for each specific collection tube was 3.16 (2.3 - 3.4) mL for EDTA tubes 

				and 3.1 (2.6 - 3.6) mL for SST tubes. Citrate tubes were frequently under-filled (56.3%; n=9/16) and never overfilled. Citrate tubes require 4.5 mL of blood and should not be under-filled. The breakdown of blood volumes submitted, required and in excess are shown in Fig. 2. 

				Discussion

				We prospectively quantified diagnostic blood loss in a single-centre tertiary hospital. We aimed to quantify the volume of blood loss due to routine phlebotomy practice.

				The diagnostic blood loss was substantially lower in this study compared with a majority of previously reported studies quantifying daily and overall ICU admission phlebotomy blood loss (Table 5).[1,9,18-23]

				Phlebotomy volume compared with the volume required to perform analyses showed that phlebotomy was almost always in excess 

				of what was needed, the only exception being citrate tubes. It was notable that citrate tubes were frequently under-filled, giving a false impression of restrictive blood draws. However, this could contribute to excess blood draws as tests needed to be repeated. 

				While these volumes may seem to be insignificant, it has been shown that median (IQR) blood volumes of as little as 3.5 (2.4 - 6.8) mL/day drawn in excess may double the odds of being transfused after 21 days in ICU.[9] The association between diagnostic phlebotomy and transfusion has been reported by an extensive multicentre study that included 7 273 patients.[23] Furthermore, other studies have shown that diagnostic testing contributes to ICU-acquired anaemia.[1,9,18–20]

				Earlier studies reported similar daily phlebotomy losses ranging from 40 - 70 mL per day of ICU admission.[1,2,24] In comparison 
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					Fig. 1. Median daily phlebotomy volume comparing submitted, required and volume in excess of required. (BD = Becton Dickinson; EDTA = ethylenediaminetetraacetic acid; SST = serum separator tube)

				

			

		

		
			
				[image: ]
			

			
				
					Fig. 2. Volume of each BD vacutainer type for duration of 14-day ICU admission.

					(BD = Becton Dickinson; EDTA = ethylenediaminetetraacetic acid; SST = serum separator tube)
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				with international studies, our findings reflected non-significant volumes of blood loss, which could be attributed to the shorter study period and high patient turn-over. 

				Our study did not measure the volume of blood discarded during vascular access, which has been shown to contribute to blood loss of as much as 15 mL/day.[1] This is an area where more local data are required. Development of local phlebotomy stewardship programmes and guidelines may reduce iatrogenic blood loss due to vascular access.

				Drawing a ‘rainbow’ of extra tubes for possible add-on blood testing has been described previously.[25] As few as 7.0% of the extra tubes are used for add-on testing.[25] This practice results not only in unnecessary blood loss, but also in additional patient discomfort, risk of biohazard exposure, use of laboratory resources and increased biohazardous waste production.[26] 

				As summarised in Table 6, most laboratory tests require microlitres (µL) rather than millilitres (mL) of blood to perform routine procedures. Vacuum-assisted blood volume tubes are standardised to allow 4 - 5 mL of blood. Consequently, using these standard tubes will result in 90% of the volume of blood being discarded.[27] Several options are available to reduce phlebotomy volumes. Two options are commonly available: small-volume paediatric tubes and partial draw tubes. Most automated laboratory systems are designed to use standard tubes. BD microtainer tubes are managed manually for analyses, which may add the demands of an increased workload on laboratory personnel and prolong the turnaround time.[1,11] A recent study analysed the use of small volume tubes to obtain blood for laboratory tests, and showed that they significantly reduced daily blood loss and decreased the necessity of transfusion requirement in critical care patients.[28]

				Phlebotomy volume has been recommended as a quality metric in patient care.[1] Our data shows that phlebotomy volumes for routine scheduled laboratory investigations are not similar between units in a single institution. This may be due to different patient profiles or varying phlebotomy practices between units. Reducing phlebotomy volumes requires coordinated multidisciplinary collaboration within a phlebotomy stewardship programme.[1,5] In line with the principles of PBM, all decision making should be patient-centred, individualised according to the operational requirements of the unit and guided by local audit data.[29]

				Study strengths and limitations

				This study is novel in that it reported not only the volume of blood loss in the ICU, but also calculated the volume in excess of what is required by the laboratory to perform the necessary investigations. 

				One of the limitations of the study was that as standard practice, venesection samples are drawn by a professional nurse via central venous access, arterial line or a peripheral vein into a syringe. The blood is then transferred from the syringe into a sample tube. The management of blood that is drawn in excess of the sample tube requirement is determined by varying practices. In certain cases, the excess blood in the syringe is returned to the patient, whereas in other cases it is discarded. This might result in an underestimation of the blood volume drawn as only blood in the tube was analysed. 

				Other factors that contributed to under-reporting phlebotomy-related blood loss in this study were the exclusion of phlebotomy for blood gas analyses, specimens for blood bank cross-matching purposes 

			

		

		
			
				
					Table 6. Description of BD Vacutainer tubes with vacuum volume compared to minimum volume requirements for test analyses as per standard NHLS laboratory analytical instruments including dead volume requirement

				

				
					Test

				

				
					BD Vacutainer tube colour

				

				
					BD Vacutainer tube volume (mL)

				

				
					Volume necessary for analyser per test (dead volume; µL)

				

				
					FBC and Diff count

				

				
					Purple

				

				
					4

				

				
					175

				

				
					UEC – total dead volume for all tests combined (500 µL)

				

				
					Sodium

				

				
					Yellow

				

				
					5

				

				
					9.7

				

				
					Potassium

				

				
					Yellow

				

				
					5 

				

				
					9.7

				

				
					Chloride

				

				
					Yellow

				

				
					5

				

				
					9.7 

				

				
					Urea

				

				
					Yellow

				

				
					5 

				

				
					2 

				

				
					Creatinine

				

				
					Yellow

				

				
					5 

				

				
					10 

				

				
					LFT – total dead volume for all tests combined (500 µL)

				

				
					T-bili

				

				
					Yellow

				

				
					5 

				

				
					2

				

				
					C-bili

				

				
					Yellow

				

				
					5

				

				
					6.7

				

				
					ALP

				

				
					Yellow

				

				
					5

				

				
					2.8

				

				
					GGT

				

				
					Yellow

				

				
					5

				

				
					3

				

				
					ALT

				

				
					Yellow

				

				
					5

				

				
					9

				

				
					AST

				

				
					Yellow

				

				
					5

				

				
					9

				

				
					CMP – total dead volume for all tests combined (500 µL)

				

				
					Calcium

				

				
					Yellow

				

				
					5

				

				
					3

				

				
					Magnesium

				

				
					Yellow

				

				
					5

				

				
					3

				

				
					Phosphate

				

				
					Yellow

				

				
					5

				

				
					2.5

				

				
					Miscellaneous test

				

				
					Albumin

				

				
					Yellow

				

				
					5

				

				
					2 (500)

				

				
					Glucose

				

				
					Grey

				

				
					4

				

				
					2 (500)

				

				
					PT, PTT

				

				
					Blue

				

				
					4.5

				

				
					4.5 mL

				

				
					DIC screen

				

				
					Blue

				

				
					4.5

				

				
					4.5 mL

				

				
					CRP

				

				
					Yellow

				

				
					4.5

				

				
					4.5 mL

				

				
					PCT

				

				
					Yellow

				

				
					5

				

				
					2 (500 )

				

				
					Blood cultures

				

				
					Anaerobic/aerobic

				

				
					5/bottle

				

				
					Troponin T

				

				
					Yellow

				

				
					5

				

				
					50

				

				
					CK

				

				
					Yellow

				

				
					5

				

				
					50

				

				
					CKMB

				

				
					Yellow

				

				
					5

				

				
					2.8 (500)

				

				
					Blood gas*

				

				
					15

				

				
					ALP = alkaline phosphatase; ALT = alanine aminotransferase; AST = aspartate aminotransferase; C-bili = conjugated bilirubin; CK = creatinine kinase; CK-MB = creatinine kinase-myoglobin binding; CMP = calcium, magnesium and phosphate; CRP = C-reactive protein; DIC = disseminated intravascular coagulation; Diff count = differential count; FBC = full blood count; GGT = gamma glutamyl transferase; LFT = liver function tests PCT = procalcitonin; PT = prothrombin time; PTT = activated thromboplastin time; T-bili = total bilirubin; UEC = urea, electrolytes and creatinine.

					* Blood gas analysis was performed on the ABL90 Flex blood gas analyser (Radiometer, South Africa)

				

			

		

		
			
				
					Table 5. Comparison of findings with published reports of daily diagnostic blood loss

				

				
					Published studies

				

				
					N

				

				
					Diagnostic blood loss per participant per day (mL)

				

				
					Current study, 2019, SA

				

				
					59

				

				
					7.0

				

				
					Bodley et al. 2020, Canada[1]

				

				
					963

				

				
					48.1

				

				
					Holland et al. 2020, United Kingdom[18]

				

				
					40

				

				
					60.0

				

				
					Jackson Chornenki et al. 2020, Canada[23]

				

				
					7 273

				

				
					25.0

				

				
					Yao et al. 2020, China[22]

				

				
					157

				

				
					6.8

				

				
					Lyon et al. 2013, Canada[21]

				

				
					444

				

				
					53.2

				

				
					Tosiri et al. 2010, Thailand[20]

				

				
					44

				

				
					9.8

				

				
					Chant et al. 2006, Canada[9]

				

				
					155

				

				
					13.3

				

				
					Thavendiranathan et al. 2005, Canada[19]

				

				
					404

				

				
					13.3

				

				
					Vincent et al. 2002, multicentre international[2]

				

				
					1 136

				

				
					41.1 
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				for patients requiring blood or blood products, and phlebotomy for pharmacological analyses.

				Conclusion and recommendations

				Although the blood loss in this study was minimal compared with previously published data, it was still double the amount required to perform routine testing. The effect of the excess phlebotomy volume on participant haemoglobin and transfusion requirements were not measured . Further local studies to investigate PBM measures and outcomes of patients admitted to the ICU are required. The development of PBM guidelines for appropriate phlebotomy volumes in ICU is required. Initiatives such as ‘Pause the Draws’ from the Choosing Wisely campaign[29] should be incorporated into the approach of PBM in the ICU. 

				The following recommendations are proposed to reduce iatrogenic blood loss in the ICU: limit the volume and frequency of phlebotomy, especially in clinically stable patients,[29] reduce the performance of routine investigations and only order essential blood tests at appropriate intervals, do not order investigations that are unlikely to change the management of the patient,[29] avoid unnecessary repeat investigations, draw only the required volume of blood for tests and avoid drawing a ‘rainbow’ of unnecessary tubes, avoid underfilling of citrate tubes, use BD Microtainer (small-volume paediatric tubes) or partial-draw tubes where possible, improve coordination between laboratories for better use of phlebotomy samples, perform non-invasive testing where possible, increase the use of point-of-care testing, consider the use of blood conservation devices (closed blood sampling devices) and techniques, educate clinical staff, and develop and implement multidisciplinary institutional phlebotomy stewardship interventions.
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Iatrogenic blood loss in critical care: A prospective
observational study conducted at Universitas Academic
Hospital in the Free State Province, South Africa
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Background. Prevention of iatrogenic blood loss is an essential component of patient blood management (PBM) in intensive care units (ICUs).
The amount of iatrogenic blood loss from diagnostic phlebotomy in the ICUs at Universitas Academic Hospital, Free State Province, South
Africa, is unknown.

Objective. To quantify diagnostic phlebotomy volumes, and volumes submitted in excess for diagnostic testing in the ICU.

Methods. We conducted a prospective descriptive observational study on adults who were admitted to ICUs at a single centre over a period of
14 days. The weight of each filled phlebotomy tube was calculated using the specific gravity of blood and averages of empty phlebotomy tubes,
establishing the total volume.

Results. Data from 59 participants with a median length of stay at the ICU of 3 days were analysed. The median phlebotomy volume was
7.0 mL day and 13.6 mL/ICU admission. The volume of blood required for analysis daily and ICU admission was 0.7 mL and 2.2 mL,
respectively. The median phlebotomy volume in excess of the amount required for analysis daily and ICU admission was 5.05 mL and 12.11
mL, respectively.

Conclusion. While the median excess daily phlebotomy volume in this present study may seem insignificant and underestimating the true
excess of phlebotomy volume, interventions to reduce phlebotomy volumes and development of a PBM guideline for appropriate phlebotomy
volumes and preventing wastage of patients’ blood in the ICU is required.

Keywords. Critical care, diagnostic blood loss, ICU, patient blood management, phlebotomy volume.

South Afr ] Crit Care 2022:38(2):75-81. https:/doi.org/10.7196/SAJCC.2022.v38i2.530

Contribution of the study

‘We determined blood volume requirements for laboratory instrumentation, which allows phlebotomists to be cognisant of the true requirements
for diagnostic tests to be undertaken accurately. We established diagnostic blood loss volumes in critical care units at a tertiary hospital in South
Africa and we advocate for the introduction of patient blood management practice guidelines at local institutions.

Phlebotomy for diagnostic laboratory investigations is an integral
part of the management of a patient in the intensive care unit (ICU).
While important in the care of these patients, phlebotomy is an
independent risk factor for the development of anaemia and transfusion
in the ICU."! Anaemia and progression of underlying anaemia is one
of the most common clinical events in patients admitted to the ICU,
and is associated with increased morbidity and length of hospital stay,
independent of blood transfusion.!" Several observational studies have
demonstrated that transfusion is independently associated with adverse
outcomes.

Tatrogenic blood loss is one of the few modifiable risk factors for
anaemia and transfusion in critically ill patients, and even minor
reductions may significantly reduce the number of transfusions.”!
Phlebotomy volume has been proposed as a quality metric for inter-
institutional benchmarking.'*! While devices to reduce the phlebotomy

volume in the ICU have been proposed and tested, findings are
inconsistent, and despite showing as much as an 80% reduction in
phlebotomy volume, there has been poor uptake of these devices. Small
volume tubes have also been shown to reduce phlebotomy volume
without affecting the reliability of laboratory tests, but these may require
adaptations to procurement and laboratory processes.!!! These and
other interventions, form part of a phlebotomy-reduction strategy that
should be implemented as part of a phlebotomy stewardship programme
in the ICU.

Patient blood management (PBM) is defined as ‘a patient-centred,
systematic, evidence-based approach to improve patient outcomes
by managing and preserving a patients own blood, while promoting
patient safety and empowerment’"l PBM comprises three pillars namely,
optimising red blood cells mass production, diminishing blood loss and
enhancing the physiological reserve of anaemia.l”l All these strategies
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