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Email: jlc17@queensu.ca vides an evidence-based recommendation to address the question: in adult patients

in intensive care units (ICUs), should we use small-volume or conventional blood col-
lection tubes?

Methods: We included 23 panelists in 8 countries and assessed and managed finan-
cial and intellectual conflicts of interest. Methodological support was provided by the
Guidelines in Intensive Care, Development, and Evaluation (GUIDE) group. We con-
ducted a systematic review, including evidence from observational and randomized
studies. Using the Grading of Recommendations, Assessment, Development, and
Evaluation (GRADE) approach, we evaluated the certainty of evidence and developed
recommendations using the Evidence-to-Decision framework.

Results: We identified 8 studies (1 cluster and 2 patient-level randomized trials;
5 observational studies) comparing small-volume to conventional tubes. We had high
certainty evidence that small-volume tubes reduce daily and cumulative blood sam-
pling volume; and moderate certainty evidence that they reduce the risk of transfu-
sion and mean number of red blood cell units transfused, but these estimates were
limited by imprecision. We had high certainty that small-volume tubes have a similar
rate of specimens with insufficient quantity. The panel considered that the desirable
effects of small-volume tubes outweigh the undesirable effects, are less wasteful of
resources, and are feasible, as demonstrated by successful implementation across
multiple countries, although there are upfront implementation costs to validate small-

volume tubes on laboratory instrumentation.
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1 | INTRODUCTION

latrogenic anemia from diagnostic blood loss in the hospitalized
patient has been a longstanding concern, particularly for the patient in
critical care.! Diagnostic phlebotomy is thought to contribute to the
severity of anemia, the number of red blood cell (RBC) transfusions,
and the need for anemia investigations to rule-out alternative causes.?
Median diagnostic blood loss per day in the critical care setting with
conventional sample collection tubes is 22 mL (interquartile range 15-
31 mL).2 Over 90% of the blood collected from patients for diagnostic
testing is discarded.* Strategies to reduce the volume of blood
removed for laboratory testing have included: small-volume sample
collection tubes, blood conservation devices to reduce waste blood,
bundling of tests onto a single collection tube, less frequent testing,
and point of care devices using minute volumes.

In 1986, Henry et al. conducted a simple before-after study in
critical care patients evaluating smaller sample collection tubes and
found that testing volumes could be reduced by half.> Over the next
three decades, further small studies were performed evaluating small-
volume sample collection tubes to understand impacts on sample col-
lection volumes, rates of rejected samples and diagnostic errors, rates
of anemia, and number of RBC transfusions.>¢~® More recently, the
“Small-Volume Tubes to Reduce Anemia and Transfusion” (STRATUS)
multicenter stepped-wedge cluster randomized trial was published
which compared conventional to small-volume sample collection
tubes.’

Therefore, this Intensive Care Medicine Rapid Practice Guideline
(ICM-RPG) was undertaken to provide an overview of the published
evidence relevant to the use of small-volume collection tubes and to
make recommendations for clinical practice informed by the evidence;
and provide advice for successful implementation at the local level.
Widespread introduction of small-volume tubes has been hindered by
unsubstantiated concerns for increases in rejected samples for insuffi-
cient volume and erroneous laboratory results, including coagulation®
and blood bank testing (with complex investigations required larger
volumes of plasma less than 2%112) and increased risk of hemolyzed

samples.?

Conclusion: This ICM-RPG panel made a strong recommendation for the use of

small-volume sample collection tubes in adult ICUs based on overall moderate cer-

blood transfusion, guidelines, ICM-RPG, intensive care, phlebotomy, rapid practice guideline,

In this focused clinical practice recommendation, there is support to use small volume blood

sampling tubes to limit blood waste which can contribute to anemia in intensive care unit

2 | METHODS
The Guidelines in Intensive Care, Development, and Evaluation (GUIDE)
group provided methodological support for this ICM-RPG.

21 | Panel composition

One member of the ICM-RPG steering committee was selected as
methods chair (SO) and invited a clinical chair (JC) without relevant
conflicts of interest (COI) as well as a co-methodologist (ZP). The
chairs, along with the ICM-RPG steering committee (WA, EBC, MHM)
invited clinical experts in critical care and hematology/transfusion
medicine to serve as the guideline panel, striving to balance training,
geographic location, career stage, and gender.'* Two family members
of previously critically ill patients who had received multiple diagnos-
tic tests and blood product transfusions participated as patient/family

representatives.

2.2 | Management of conflicts of interest

We used a standardized COI disclosure and management process for
all panelists, including the chairs.*>*¢ No relevant financial COls were
identified. One panel member was a lead author of the largest study
on the topic (DS), and given this intellectual conflict of interest, partic-
ipated in discussions as a content expert but was excluded from dis-

cussing or voting upon the guideline recommendation.

2.3 | Guideline question and outcomes

This guideline aimed to address the following PICO (Population; Inter-
vention; Comparator; Outcome) question: (P) In adult intensive care
unit (ICU) patients, does the use of (I) small-volume blood collection tubes,
compared to (C) regular-volume conventional blood collection tubes,

(O) reduce blood loss and need for transfusion? While transfusion was
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identified as a critical outcome for the guideline, the panel was given
an opportunity to suggest new outcomes and vote upon these to pri-
oritize them as either “critical,” “important,” or “not important” for
decision-making, in accordance with standard Grading of Outcomes,
Assessment, Development, and Evaluation (GRADE) procedures.’
The panel identified three critical outcomes (transfusions, health-
related quality of life, and samples with insufficient quantity/quality
for analysis) and eight important outcomes (change in hemoglobin
concentration, days alive and out of hospital, mortality, length of stay,
volume of blood sampled, total samples drawn, requirement for iron
supplementation, and environmental impact). In addition, for the pur-
poses of making a recommendation, data on acceptability, costs/
resources, and staff workload were collected.

2.4 | Evidence sources and data synthesis

We updated an existing systematic review (SR) on transfusion
avoidance strategies in critical care, which used electronic search
strategies developed by a medical librarian.® These searches were
re-run in Medline, EMBASE, Cochrane CENTRAL up to November
2023 (Supplementary Material). We included observational studies
and randomized controlled trials (RCT) conducted in adult ICUs
which compared small-volume blood collection tubes to conven-
tional blood-collection tubes. All retrieved references were
uploaded into Covidence, and subsequently screened indepen-
dently and in duplicate by two reviewers (JC, SO, ZP) at the title
and abstract stage, and again as full-texts, with a third reviewer
resolving conflicts. For dichotomous outcomes, we calculated rela-
tive risks (RRs), odds ratios (ORs), and absolute risk differences
(ARDs) as appropriate; and for continuous variables we calculated
mean differences (MDs) or standardized mean differences (SMDs),
all with associated 95% confidence intervals (Cls). We calculated
pooled estimates using both fixed-effects and random-effects esti-
mates, using random-effects models unless there was a concern
about the risk of small-studies effects when only a small
number of trials provided data for a given outcome.’® When
between-study differences prohibited data pooling, data were sum-
marized narratively. All analyses were conducted using RevMan

version 5.4.%7

2.5 | Certainty of evidence

The methodology team used the GRADE approach to assess the
certainty of evidence for each outcome.?° Certainty of evidence
was rated as high, moderate, low, or very low, based on the risk
of bias of included studies, imprecision, indirectness, inconsistency,
and risk of publication bias.?*™2?¢ Individual study risk of bias was
assessed using the Cochrane Risk of Bias (RoB)-2 tool for RCTs
and ROBINS-I for studies.””?®  We

GRADE's recommendations for informative wording to describe

observational followed

the effect estimates.?’

2.6 | Moving from evidence to recommendations

The chairs (JC, SO) led the panel through two virtual meetings, during
which the evidence for the PICO question was reviewed. The panel
then formulated draft recommendations for the PICO, using GRADE's
Evidence-to-Decision (ETD) framework, considering the desirable and
undesirable effects; variability in values and preferences; certainty of
evidence; resource use; cost-effectiveness; equity, acceptability, and
feasibility of the intervention.>° Following the GRADE approach, the
panel determined both the direction of the recommendation (for or
against the intervention) and its strength (strong vs. conditional).3!
These meetings were recorded to accommodate panelists who were
unable to attend. All panelists had a chance to comment and discuss
the draft recommendation, after which the recommendations were
voted upon using GRADEpro GDT software, which also allowed input
on implementation, monitoring, and research priorities.*? The panel

used an 80% threshold of eligible voters to adopt a recommendation.

3 | RESULTS

3.1 | Characteristics of included studies

The updated SR search identified 1771 new references, of which
309 were duplicates and 1458 were excluded at the title and
abstract level. After full-text screening, four studies were deemed
appropriate for inclusion in addition to the four studies from the
original systematic review (Supplementary Figure 1). In total, eight
studies (one cluster RCT; two patient-level RCTs, and five obser-
vational studies) were included to inform the guideline.?33-38
There were 29,121 patients of which 27,411 (94.1%) originated
from the STRATUS cluster RCT by Siegal et al.; we used data
from the secondary analysis which included all ICU patients admit-
ted for greater than 48 h; this larger secondary analysis included
patients admitted during the COVID-19 pandemic and thus greater
statistical power and generalizability.” The summary of included
studies is presented in Table 1. Most studies had a low risk of
bias for the outcome of transfusion, but two studies were judged
to be at high risk due to bias in selection of the reported results,
and one due to lack of adjustment for baseline confounders.
Because of a highly heterogeneous design of the included studies,
separate analyses were made according to study design (cluster
RCT/patient-level RCTs with individual randomization/observational
studies) and we summarized the results narratively (Supplementary
Table 1). The full ETD framework leading to the guideline recom-
mendation is found in Supplementary Table 2. A visual abstract is
found in Supplementary Figure 2.

3.2 | Desirable effects

The use of small-volume tubes likely results in a small reduction

in the proportion of patients transfused, although the results are
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Intervention

Pediatric volume tubes
(2.5-3.0 mL)

Small-volume
collection tubes (0.5-

Small-volume
collection tubes (1.1-

Small-volume
collection tubes (1.8-

Small-volume
collection tubes (1.8-

Pediatric volume tubes
(0.25-6.5 mL)

Small-volume
collection tubes (1.8-

Small-volume

TABLE 1  Characteristics of the included studies.
Author Patients,
(year) Study design n Population
Smoller Observational 248 Surgical
(1989) (prospective/ ICU
retrospective)
Harber RCT, single center 49 Surgical
(2006) ICU
1.6 mL)
Sanchez- Observational 473 Not
Giron (prospective) specified
(2008) 2.6 mL)
Dolman RCT, single center 248 Surgical
(2015) ICU
3.5mL)
Briggs Observational 200 Mixed ICU
(2019) (before/after)
3.5mL)
Garcia RCT, single center 318 Medical
(2020) ICU
Siegal Observational 369 Surgical
(2023a) (before/after) ICU
3.0mlL)
Siegal RCT, multi-center, 27,411 Mixed ICU
(2023b) cluster

collection tubes (1.8-
3.5mL)

Comparator

Adult volume tubes
(4.5-10.0 mL)

Standard volume
collection tubes (3.5-
5.0 mL)

Standard volume
collection tubes (2.7-
4.9 mL)

Standard volume
collection tubes (2.7-
8.5mL)

Standard volume
collection tubes (2.7-
8.5 mL)

Adult volume tubes
(2.0-6.5 mL)

Standard volume
collection tubes (2.7-
4.0 mL)

Standard volume
collection tubes (4.0-
6.0 mL)

Risk of bias for outcome of
transfusion (ROBINS-1/RoB-2)

Low

High

Low

Low

High

Low

High

Low

Abbreviations: ICU, intensive care unit; RCT, randomized controlled trial; ROB-2, risk of bias assessment-2; ROBINS-I, risk of bias in non-randomised

studies of interventions.

limited by imprecision. In STRATUS, among patients with ICU
stays 48 h or longer, there may be a slight reduction in risk of
RBC transfusion (RR 0.97; 95% ClI 0.9-1.04; ARD —1.02; 95% ClI
—3.17 to 0.98). In the patient-level RCTs, the point estimate for
RBC transfusion was lower (RR 0.58; 95% CI 0.25 to 1.33; abso-
lute risk —4.7%; 95% ClI —8.4 to 3.7). Small-volume tubes likely
result in fewer RBC units transfused per patient, as per the STRA-
TUS trial —10.0 units/100 patients (95% Cl -21.0 to —0.2; moder-
ate certainty). These results are consistent with evidence that
they reduce the daily blood sampling volume (mean —13 mL; 95%
Cl —-15.7 to —10.3 mL; high certainty) and the cumulative sam-
pling volume (mean —29.0mL; 95% ClI —40.1 to —17.9; high
certainty).

The panel judged that although the difference in risk to indi-
vidual patients is small and the evidence is limited by impreci-
sion, the difference in number of blood products used
cumulatively is large when viewed from a population perspective
across the ICU or hospital. In STRATUS, the MD of 10 units less
per 100 patients translated into almost 1500 units of blood
saved during the trial when small-volume tubes were used. The
panel also considered the potential for down-stream impacts not
measured in the available trials, including impact on quality of
life for patients experiencing fewer transfusions—a point
highlighted by family member representatives. The panel also
considered the beneficial effects for blood donors in having their
donations more likely to be used for true clinical need rather

than iatrogenic blood loss.

3.3 | Undesirable effects

Small-volume tubes do not appear to increase the number of specimens
with insufficient quantity for analysis, these events were very rare in
both arms, (small-volume tubes: 0.023%; conventional tubes: 0.028%;
high certainty) (Supplementary Table 1), although there may be other
lab-related issues not captured in the trial. Small-volume tubes likely
result in little to no clinically relevant difference in change in hemoglo-
bin concentration (moderate certainty) and do not negatively impact
the length of ICU stay (high certainty). Lastly, moderate certainty evi-

dence suggests the intervention is unlikely to impact ICU mortality.

3.4 | The certainty of evidence

The overall certainty of evidence was moderate: all outcomes were
either of high or moderate certainty, although no study directly mea-
sured impacts upon patient health-related quality of life, the family
representatives noted that a reduction in the number of transfusions
would itself positively impact quality of life for patients and families in
hospital, as transfusion was viewed as a stressful event.

3.5 | Values and preferences

The panel judged that most groups would view the tradeoffs between
the desirable and undesirable effects similarly, and there would
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probably be no important uncertainty or variability in values or prefer-
ences. The family representatives noted that most patients would pre-
fer to have their blood drawn to small-volume tubes, in the absence
of any other negative effects. For clinicians, the main tradeoffs related

to costs and implementation are addressed subsequently.

3.6 | Balance between desirable and undesirable

effects

Overall, the panel judged the balance of effects to favor small-volume
tubes. Although the difference in effect was small at the patient level,
taken in aggregate, they are large at the hospital and system level. No

analyzed outcome favored conventional volume tubes.

3.7 | Resources and cost

We found no direct evidence comparing the costs of small versus con-
ventional volume tubes. The STRATUS trial was conducted entirely
within Canada, where the costs of the two types of tubes are identi-
cal, and the trial found the cost of implementation to be minimal.
These were upfront costs related to implementation (validation and
education), and maintenance after implementation was minimal, in
comparison to the benefits in reduced transfusions which continue to
accrue over time. The panel was less certain about the potential costs
in other jurisdictions, where the price of different tubes may vary, and
labs may require modification to analyze samples from small-volume
tubes. No cost-effectiveness data were available, however given the
high activity-based cost of per RBC transfusion (purchase cost per
unit, pre-transfusion testing, crossmatch, nursing infusion costs, docu-
mentation, investigation of adverse reactions)®® use of small-volume
tubes would likely be cost effective in most centers, especially those
which complex, long-stay ICU patients who have a higher risk of iatro-

genic anemia.

3.8 | Equity

The panel concluded that the introduction of small-volume tubes
would likely increase equity. First, patients who require more frequent
blood samples and those with complex transfusion requirements may
disproportionately benefit from the use of small-volume tubes
(greater reduction in the total volume of blood drawn). Populations
prone to lower hemoglobin levels (e.g., patients with chronic illness;
nutritional deficiencies; congenital hemoglobinopathies; and pre-
menopausal women may be disproportionately impacted by the
higher sampling volumes of conventional tubes), a risk partially miti-
gated by the use of small-volume tubes.*°*? Finally, a positive impact
on the environment is likely: reducing the amount of materials used in
tube production, reducing the volume of blood collected worldwide,
and reducing the plastic waste from red cell transfusion storage con-

tainers, could result in reduced healthcare waste production.

3.9 | Feasibility and acceptability

The panel concluded that introducing small-volume tubes is probably
acceptable and feasible. It is unlikely that patients and their families
would choose conventional volume tubes over the smaller-volume
tubes; the family representatives in the panel noted that increased large
daily blood sample volumes and transfusions patients experience in the
ICU can result in stress and anxiety. As an intervention, the use of
small-volume tubes has face validity as a waste-avoidance strategy. The
feasibility of adopting small-volume tubes was demonstrated in STRA-
TUS, which as a stepped-wedge cluster RCT, also addressed implemen-
tation within the context of the clinical trial. Although it may not be
feasible to transition to small-volume tubes in all settings, the panel
noted that the evidence review included studies of small-volume tubes
conducted in multiple other countries (Australia, Germany, Mexico, and
US). However, in all instances, the change in practice would require
investment by the organization in a change management strategy, and
this is not under the direct control of intensive care physicians.

4 | RECOMMENDATION

We recommend the use of small-volume blood collection tubes over
conventional blood collection tubes in adult ICUs (strong recommen-
dation, moderate certainty evidence).

5 | JUSTIFICATION

While the evidence is limited by uncertainty, the use of small-volume
tubes appears to result in small reductions in the proportion of patients
transfused, and in a lower number of RBC transfusions. In aggregate
over a long ICU stay, or across all patients in the ICU/hospital, these
effects are large. The downsides of small-volume tubes are minimal;
concerns about insufficient sample volumes appear to be rare with
either tube type, although there may be issues with some specific lab
tests which require higher volumes of blood. The major downside of
using small-volume tubes is the staff education and implementation
costs; these are likely to vary between centers and countries. In centers
where the cost of tubes is similar and labs do not require changes in
laboratory instrumentation, small-volume tubes are likely highly cost-
effective. On this basis, the panel made a strong recommendation for
the use of small-volume tubes, as they appear equally effective to con-
ventional tubes; we did not identify any reason beyond the surmount-
able challenges of implementation for why conventional tubes should

be used when small-volume tubes are available.

6 | IMPLEMENTATION AND RESEARCH
PRIORITIES

An important aspect of implementation is explaining the rationale and

value of small-volume tubes to front line staff; the tubes are slightly
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different in terms of collection (slower filling) and the benefits may
not be easily perceived. Understanding that saving blood during draws
results in fewer transfusions, and hence nursing workload, may be
motivating. For rare patients and tests (e.g., patients with multiple red
cell antibodies), conventional volume tubes may still be required
(or provision to collect two small-volume tubes). If these patients are
identified prospectively, it may help to alleviate concerns regarding
special tests which may not be amenable to small-volume tubes. It
may be appropriate to use small-volume tubes outside of the ICU,
although non-ICU patient populations may experience fewer blood
draws and thus the benefits may be smaller; however, using conven-
tional volume tubes and collecting more blood is unlikely to add value.

Before implementation, it is important for hospital laboratories to
confirm that small-volume tubes can be used. For some centers, it
may be as simple as switching the purchase order with a supplier, but
for other centers, new equipment and processes may be needed,
which could be costly. In STRATUS, all the trial centers were able to
switch over quickly without any equipment changes or other major
hurdles. Three other centers approached to participate in STRATUS
had already transitioned to small-volume tubes.

Implementation may benefit from a team approach. The team
should include phlebotomists, laboratory technologists, laboratory
physicians, critical care nurses, nursing educators, critical care physi-
cians, and individuals overseeing the purchasing supply chain to iden-
tify local challenges to implementation. The implementation process
needs to include a brief validation to ensure adequate filling of tubes,
compatibility with laboratory instrumentation, and validity of testing
results, as compared to conventional volume tubes. The broad health-
care team must be provided with education to understand the benefit
of utilizing tubes that fill slower—specifically understanding that the
extra time at phlebotomy will reduce workload later in the patient
journey for RBC transfusions. The nursing and supply chain personnel
need to oversee a gradual transition to the implementation of the
small-volume tubes to ensure existing stocks of standard volume
tubes are not needlessly wasted.

Although the panel made a strong recommendation for the imple-
mentation of small-volume tubes for patients in ICU, the panel identi-
fied a need for ongoing research in additional areas of inquiry.
Additional studies are needed to quantify the impact on patient and
family quality of life metrics and patient experiences. Similarly, studies
would be helpful to understand the economic and environmental
impacts from small-volume tubes on the broader healthcare system.
Implementation and quality improvement research could help stream-
line implementation efforts for hospitals that have yet to adopt small-

volume tubes.

7 | DISCUSSION

This ICM-RPG systematically reviewed the RCT and observational
data and found benefits for the implementation of small-volume
tubes, including a reduction in RBC units transfused (10 units

less per 100 patients in ICU). The panel made a strong

recommendation for the implementation of small-volume sample
collection tubes for patients in ICU. The undesirable effects of
the small-volume tubes were found to be minimal in comparison
to the benefits in terms of reducing RBC transfusions. The panel
believed that the benefits outweighed the risks for most patients
and that the recommendation applies to the broad ICU popula-
tion. Although no cost-effectiveness analyses were available, the
panel considers that the costs associated with implementing
small-volume tubes would be outweighed by the benefits in
terms of savings in transfusion costs at the hospital and system
levels.

The guideline panel recognized the importance of a multidisci-
plinary team and a stepwise implementation of the small-volume
tubes. The experience of the STRATUS hospital sites and many panel
members that implementation was highly feasible with current labo-
ratory analyzers. If a team member suggests the implementation is
not feasible due to laboratory instrumentation, it is important to fully
investigate with other sites using the same platform to understand if
this conclusion is valid before abandoning implementation. Lastly,
given the minimal (if any) downside to the implementation of small-
volume tubes, consideration can be made for hospital-wide

implementation.

8 | CONCLUSIONS

This ICM-RPG makes a strong recommendation for critical care units
to implement small-volume tubes to reduce the volume of blood col-
lected and to reduce the volume of RBC transfusions, based on overall
moderate certainty evidence. The guideline panel believed that the
intervention is highly likely to be acceptable to most patients and fam-
ilies. The guideline panel felt the benefits (reduction in RBC transfu-
sion) were highly likely to outweigh the undesirable effects (burden of
a brief implementation process). The guideline panel thought that the
intervention was highly feasible and cost-effective in the vast majority
of hospitals, given successful implementation at STRATUS sites across
Canada and conduct of multiple studies in hospitals around the world.

AUTHOR CONTRIBUTIONS

JC, SO, and ZP conducted the systematic review, data extraction,
quality review, and analysis. All authors provided input verbally and
voted electronically on the guideline recommendation, All authors
contributed to the drafting and approval of the final manuscript.

AFFILIATIONS

pathology and Molecular Medicine, Queen's University and Kingston
Health Sciences Centre, Kingston, Ontario, Canada

2Center for Intensive Care and Perioperative Medicine, Jagiellonian
University Medical College, Krakéw, Poland

3Department of Medicine, McMaster University, Hamilton, Ontario,
Canada

4Department of Health Research Methods, Evidence, and Impact,

McMaster University, Hamilton, Ontario, Canada



CALLUM ET AL

QACLA Soreinancs " HE—-

5Department of Critical Care, College of Medicine, King Saud
University, Riyadh, Saudi Arabia

®Research Institute of St. Joseph's Healthcare Hamilton, Hamilton,
Ontario, Canada

7GUIDE Group, Hamilton, Ontario, Canada

8Population Health Research Institute, Hamilton, Ontario, Canada
?Department of Intensive Care, Copenhagen University Hospital -
Rigshospitalet, Copenhagen, Denmark

19Department of Clinical Medicine, University of Copenhagen,
Copenhagen, Denmark

1Department of Clinical Haematology, Haemophilia & Thrombosis
Centre, Oxford University Hospitals National Health Service
Foundation Trust, Oxford, UK

12)ohn Radcliffe Hospital, Oxford University Hospitals NHS
Foundation Trust, Oxford, UK

13Critical Care Medicine Department, King Faisal Specialist Hospital &
Research Centre, Riyadh, Saudi Arabia

14Department of Medicine, College of Medicine, Alfaisal University,
Riyadh, Saudi Arabia

15University of Vermont Medical Center, Burlington, Vermont, USA
16Halton Healthcare, Oakville Trafalgar Memorial Hospital, Oakuville,
Ontario, Canada

"Division Clinical Haematology, Department of Medicine, University
of Cape Town and Groote Schuur Hospital, Cape Town, South Africa
8Department of Anaesthesiology, Intensive Care, Emergency and
Pain Medicine, University Hospital Wirzburg, Wiirzburg, Germany
1Department of Intensive Care, Amsterdam University Medical
Centers, Amsterdam, the Netherlands

2%Division of Pulmonary, Critical Care and Sleep Medicine, and
Section of Transfusion Medicine and Therapeutic Pathology,
University of New Mexico School of Medicine, Albuquerque, New
Mexico, USA

21Department of Laboratory Medicine and Pathobiology, University
of Toronto, Toronto, Ontario, Canada

22NCAL Quality, Safety, Risk Department, Kaiser Permanente,
Oakland, California, USA

23Department of Medicine, University of Ottawa, Ottawa, Ontario,
Canada

240ttawa Hospital Resarch Institute, Ottawa, Ontario, Canada
25Radcliffe Department of Medicine, University of Oxford,

Oxford, UK

265ystematic Review Initiative, NHS Blood and Transplant,

Oxford, UK

27| aboratory of Experimental Intensive Care and Anesthesiology,
Amsterdam University Medical Centers - Location Academic Medical
Center, University of Amsterdam, Amsterdam, The Netherlands
28College of the Humanities and the Department of English, Carleton
University, Ottawa, Ontario, Canada

ACKNOWLEDGEMENTS
Jeannie Callum has received research grants from Canadian Blood
Services and Octapharma Canada. Simon Oczkowski has received

travel support from Fisher & Paykel Healthcare. Emilie Belley-Cote

has received research funding from Abbott, BMS-Pfizer, Bayer and
Roche Diagnostics unrelated to this work and honoraria form Trimedic
Therapeutics Inc. Deborah Siegal, as primary investigator on a studies
included in the evidence review was considered to have intellectual
conflicts of interest and was a non-voting member of the panel. Debo-
rah Siegal has received honoraria from Astra Zeneca unrelated to this
work. Deborah Siegal is supported by a Tier 2 Canada Research Chair
in Anticoagulant Management of Cardiovascular Disease. Alexander
P. J. Vlaar is supported by a Landsteiner Foundation for Blood
Research (LSBR) fellowship grant, number 1931F and a grant from
NWO (VIDI Grant number 09150172010047). Furthermore he
receives consulting fees from CSL Behring, InflaRx, Edwards Life-
sciences and in kind sponsoring of Werfen. The remainder of the

investigators have no conflicts of interest.

FUNDING INFORMATION
None.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data were cre-

ated or analyzed in this study.

ORCID
Zbignew Putowski " https://orcid.org/0000-0002-1740-4322
https://orcid.org/0000-0001-5799-7655

https://orcid.org/0000-0002-2874-8948

Anders Granholm

Simon Oczkowski

REFERENCES

1. Corwin HL, Parsonnet KC, Gettinger A. RBC transfusion in the ICU: is
there a reason? Chest. 1995;108(3):767-771.

2. Whitehead NS, Williams LO, Meleth S, et al. Interventions to prevent
iatrogenic anemia: a laboratory medicine best practices systematic
review. Crit Care. 2019;23(1):278. doi:10.1186/s13054-019-2511-9

3. Barreda Garcia J, Xian JZ, Pedroza C, et al. Pediatric size phlebotomy
tubes and transfusions in adult critically ill patients: a pilot randomized
controlled trial. Pilot Feasibility Stud. 2020;6:112. doi:10.1186/
s40814-020-00657-3

4. Dale JC, Ruby SG. Specimen collection volumes for laboratory tests.
Arch Pathol Lab Med. 2003;127(2):162-168. doi:10.5858/2003-127-
162-SCVFL

5. Henry ML, Garner WL, Fabri PJ. latrogenic anemia. Am J Surg. 1986;
151(3):362-363. doi:10.1016/0002-9610(86)90468-x

6. Helmer P, Hottenrott S, Steinisch A, et al. Avoidable blood loss in crit-
ical care and patient blood management: scoping review of diagnostic
blood loss. J Clin Med. 2022;11(2):320. doi:10.3390/jcm11020320

7. Francois T, Charlier J, Balandier S, et al. Strategies to reduce diagnos-
tic blood loss and anemia in hospitalized patients: a scoping review.
Pediatr Crit Care Med. 2023;24(1):e44-e53. doi:10.1097/PCC.
0000000000003094

8. Siegal DM, Manning N, Jackson Chornenki NL, Hillis CM, Heddle NM.
Devices to reduce the volume of blood taken for laboratory testing in
ICU patients: a systematic review. J Intensive Care Med. 2020;35(10):
1074-1079. doi:10.1177/0885066618810374

9. Siegal DM, Belley-Cote EP, Lee SF, et al. Small-volume blood collec-
tion tubes to reduce transfusions in intensive care: the STRATUS ran-
domized clinical trial. JAMA. 2023;330(19):1872-1881. doi:10.1001/
jama.2023.20820

10. Adam EH, Zacharowski K, Hintereder G, Zierfuss F, Raimann F,
Meybohm P. Validation of a new small-volume sodium citrate


https://orcid.org/0000-0002-1740-4322
https://orcid.org/0000-0002-1740-4322
https://orcid.org/0000-0001-5799-7655
https://orcid.org/0000-0001-5799-7655
https://orcid.org/0000-0002-2874-8948
https://orcid.org/0000-0002-2874-8948
info:doi/10.1186/s13054-019-2511-9
info:doi/10.1186/s40814-020-00657-3
info:doi/10.1186/s40814-020-00657-3
info:doi/10.5858/2003-127-162-SCVFL
info:doi/10.5858/2003-127-162-SCVFL
info:doi/10.1016/0002-9610(86)90468-x
info:doi/10.3390/jcm11020320
info:doi/10.1097/PCC.0000000000003094
info:doi/10.1097/PCC.0000000000003094
info:doi/10.1177/0885066618810374
info:doi/10.1001/jama.2023.20820
info:doi/10.1001/jama.2023.20820

: | Rlda)

11.

12.

13.
14.
15.

16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27.

28.

Anaesthesiologica

CALLUM ET AL.

Scandinavica

collection tube for coagulation testing in critically ill patients with
coagulopathy. Clin Lab. 2018;64(6):1083-1089. doi:10.7754/Clin.Lab.
2018.171008

Pei Z, Szallasi A. Prevention of surgical delays by pre-admission type
and screen in patients with scheduled surgical procedures: improved
efficiency. Blood Transfus. 2015;13(2):310-312. doi:10.2450/2014.
0172-14

Geifman-Holtzman O, Wojtowycz M, Kosmas E, Artal R. Female
alloimmunization with antibodies known to cause hemolytic disease.
Obstet Gynecol. 1997;89(2):272-275. doi:10.1016/50029-7844(96)
00434-6

Giavarina D. Low volume tubes can be effective to reduce the rate of
hemolyzed specimens from the emergency department. Clin Biochem.
2014;47(7-8):688-689. doi:10.1016/j.clinbiochem.2014.02.019
Weiss B. Statement paper on diversity for the European Society of
Intensive Care Medicine (ESICM). Intensive Care Med. 2019;45:1002-
1005.

Alhazzani W, Lewis K, Jaeschke R, et al. Conflicts of interest disclo-
sure forms and management in critical care clinical practice guidelines.
Intensive Care Med. 2018;44:1691-1698.

Mgller MH, Alhazzani W, Oczkowski S, Belley-Cote E,
Haney M. Intensive Care Medicine Rapid Practice Guidelines in
Acta Anaesthesiologica Scandinavica. Wiley Online Library; 2023:
566-568.

Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 2. Framing
the question and deciding on important outcomes. J Clin Epidemiol.
2011;64(4):395-400. doi:10.1016/j.jclinepi.2010.09.012

Higgins JP, Thomas J, Chandler J, et al. Cochrane Handbook for Sys-
tematic Reviews of Interventions. John Wiley & Sons; 2019.

Manager R. RevMan Version 5.4. Copenhagen; 2014.

Balshem H, Helfand M, Schunemann HJ, et al. GRADE guidelines:
3. Rating the quality of evidence. J Clin Epidemiol. 2011;64(4):401-
406. doi:10.1016/j.jclinepi.2010.07.015

Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines 6. Rating the
quality of evidence-imprecision. J Clin Epidemiol. 2011;64(12):1283-
1293. doi:10.1016/j.jclinepi.2011.01.012

Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 8. Rating
the quality of evidence-indirectness. J Clin Epidemiol. 2011;64(12):
1303-1310. doi:10.1016/j.jclinepi.2011.04.014

Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines: 7. Rating
the quality of evidence-inconsistency. J Clin Epidemiol. 2011;64(12):
1294-1302. doi:10.1016/j.jclinepi.2011.03.017

Guyatt GH, Oxman AD, Montori V, et al. GRADE guidelines: 5. Rating
the quality of evidence-publication bias. J Clin Epidemiol. 2011;64(12):
1277-1282. doi:10.1016/j.jclinepi.2011.01.011

Guyatt GH, Oxman AD, Sultan S, et al. GRADE guidelines: 9. Rating
up the quality of evidence. J Clin Epidemiol. 2011;64(12):1311-1316.
doi:10.1016/j.jclinepi.2011.06.004

Guyatt GH, Oxman AD, Vist G, et al. GRADE guidelines: 4. Rating the
quality of evidence-study limitations (risk of bias). J Clin Epidemiol.
2011;64(4):407-415. doi:10.1016/j.jclinepi.2010.07.017

Flemyng E, Moore TH, Boutron |, et al. Using risk of bias 2 to assess
results from randomised controlled trials: guidance from Cochrane.
BMJ Evid Based Med. 2023;28(4):260-266.

Schunemann HJ, Cuello C, Akl EA, et al. GRADE guidelines: 18. How
ROBINS-I and other tools to assess risk of bias in nonrandomized
studies should be used to rate the certainty of a body of evidence.
J Clin Epidemiol. 2019;111:105-114. doi:10.1016/j.jclinepi.2018.
01.012

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Santesso N, Glenton C, Dahm P, et al. GRADE guidelines 26: informa-
tive statements to communicate the findings of systematic reviews of
interventions. J Clin Epidemiol. 2020;119:126-135. doi:10.1016/j.
jclinepi.2019.10.014

Andrews J, Guyatt G, Oxman AD, et al. GRADE guidelines: 14. Going
from evidence to recommendations: the significance and presentation
of recommendations. J Clin Epidemiol. 2013;66(7):719-725. doi:10.
1016/j.jclinepi.2012.03.013

Andrews JC, Schunemann HJ, Oxman AD, et al. GRADE guidelines:
15. Going from evidence to recommendation-determinants of a rec-
ommendation's direction and strength. J Clin Epidemiol. 2013;66(7):
726-735. doi:10.1016/j.jclinepi.2013.02.003
GRADEpro. GRADEpro Guideline Development
McMaster University; 2015:435.

Smoller BR, Kruskall MS, Horowitz GL. Reducing adult phlebotomy
blood loss with the use of pediatric-sized blood collection tubes.
Am J Clin Pathol. 1989;91(6):701-703. doi:10.1093/ajcp/91.6.701
Harber C, Sosnowski K, Hegde R. Highly conservative phlebotomy in
adult intensive care—a prospective randomized controlled trial.
Anaesth Intensive Care. 2006;34(4):434-437.

Sanchez-Giron F, Alvarez-Mora F. Reduction of blood loss from labo-
ratory testing in hospitalized adult patients using small-volume (pedi-
atric) tubes. Arch Pathol Lab Med. 2008;132(12):1916-1919. doi:10.
5858/132.12.1916

Foroutan F, Guyatt G, Zuk V, et al. GRADE guidelines 28: use of
GRADE for the assessment of evidence about prognostic factors: rat-
ing certainty in identification of groups of patients with different
absolute risks. J Clin Epidemiol. 2020;121:62-70. doi:10.1016/j.
jclinepi.2019.12.023

Barreda Garcia J, Xian JZ, Pedroza C, et al. Pediatric size phlebotomy
tubes and transfusions in adult critically ill patients: a pilot random-
ized controlled trial. Pilot Feasibility Stud. 2020;6:1-9.

Siegal DM, Belley-Coté EP, Lee SF, et al. Small-volume tubes to
reduce anemia and transfusion (STRATUS): a pilot study. Can J
Anesth/J Can Anesth. 2023;70(11):1797-1806.

Shander A, Hofmann A, Ozawa S, Theusinger OM, Gombotz H,
Spahn DR. Activity-based costs of blood transfusions in surgical
patients at four hospitals. Transfusion. 2010;50(4):753-765.

Murphy WG. The sex difference in haemoglobin levels in adults—
mechanisms, causes, and consequences. Blood Rev. 2014;28(2):41-47.
Yang F, Liu X, Zha P. Trends in socioeconomic inequalities and preva-
lence of anemia among children and nonpregnant women in low-and
middle-income countries. JAMA Netw Open. 2018;1(5):e182899.
Kohne E. Hemoglobinopathies: clinical manifestations, diagnosis, and
treatment. Dtsch Arztebl Int. 2011;108(31-32):532-540.

Tool [Software].

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Callum J, Putowski Z, Alhazzani W,
et al. Small-volume blood sample collection tubes in adult
intensive care units: A rapid practice guideline. Acta
Anaesthesiol Scand. 2024;1-8. doi:10.1111/aas.14497


info:doi/10.7754/Clin.Lab.2018.171008
info:doi/10.7754/Clin.Lab.2018.171008
info:doi/10.2450/2014.0172-14
info:doi/10.2450/2014.0172-14
info:doi/10.1016/S0029-7844(96)00434-6
info:doi/10.1016/S0029-7844(96)00434-6
info:doi/10.1016/j.clinbiochem.2014.02.019
info:doi/10.1016/j.jclinepi.2010.09.012
info:doi/10.1016/j.jclinepi.2010.07.015
info:doi/10.1016/j.jclinepi.2011.01.012
info:doi/10.1016/j.jclinepi.2011.04.014
info:doi/10.1016/j.jclinepi.2011.03.017
info:doi/10.1016/j.jclinepi.2011.01.011
info:doi/10.1016/j.jclinepi.2011.06.004
info:doi/10.1016/j.jclinepi.2010.07.017
info:doi/10.1016/j.jclinepi.2018.01.012
info:doi/10.1016/j.jclinepi.2018.01.012
info:doi/10.1016/j.jclinepi.2019.10.014
info:doi/10.1016/j.jclinepi.2019.10.014
info:doi/10.1016/j.jclinepi.2012.03.013
info:doi/10.1016/j.jclinepi.2012.03.013
info:doi/10.1016/j.jclinepi.2013.02.003
info:doi/10.1093/ajcp/91.6.701
info:doi/10.5858/132.12.1916
info:doi/10.5858/132.12.1916
info:doi/10.1016/j.jclinepi.2019.12.023
info:doi/10.1016/j.jclinepi.2019.12.023
info:doi/10.1111/aas.14497

	Small-volume blood sample collection tubes in adult intensive care units: A rapid practice guideline
	1  INTRODUCTION
	2  METHODS
	2.1  Panel composition
	2.2  Management of conflicts of interest
	2.3  Guideline question and outcomes
	2.4  Evidence sources and data synthesis
	2.5  Certainty of evidence
	2.6  Moving from evidence to recommendations

	3  RESULTS
	3.1  Characteristics of included studies
	3.2  Desirable effects
	3.3  Undesirable effects
	3.4  The certainty of evidence
	3.5  Values and preferences
	3.6  Balance between desirable and undesirable effects
	3.7  Resources and cost
	3.8  Equity
	3.9  Feasibility and acceptability

	4  RECOMMENDATION
	5  JUSTIFICATION
	6  IMPLEMENTATION AND RESEARCH PRIORITIES
	7  DISCUSSION
	8  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	DATA AVAILABILITY STATEMENT

	REFERENCES


