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Objectives

Describe the burden of anemia in hospitalized patients

Discuss laboratory testing as a modifiable cause of blood 
loss and anemia

Discuss the effect of switching to tubes that collect less 
blood for lab testing on RBC transfusion in ICU

After this presentation attendees will be able to:



Anemia is a common problem in hospital

Vincent et al. JAMA 2002. Corwin et al. Crit Care Med 2004. Thomas et al. Heart Lung 2010. Ania et al. J Am Geriatr Soc 1997.

50% of 
patients 

with acute 
MI

75% of 
hospitalized 

elderly

50% of 
hospitalized 

patients

Presenter Notes
Presentation Notes
Up to 75% of hospitalized elderly



Patients in ICU are at high risk for anemia

Vincent et al. JAMA 2002. Corwin et al. Crit Care Med 2004.

Proportion of patients with anemia during ICU admission

60%

90%
97%

ADMISSION DAY 3 DAY 8

Presenter Notes
Presentation Notes
Anemia is a common complication during hospitalization but critically ill patients in the ICU are among the most high risk for anemia. After one week in ICU almost all admitted patients have anemia.



Anemia is associated with adverse outcomes

Corwin et al. Crit Care Med 2004.

Higher 30-day mortality
Hb<80 g/L OR 1.49 (1.13-1.95)

Hb80-90 g/L OR 1.54 (1.12-2.12)

Longer ICU stay
40% to 57%

Longer hospital stay
20% to 30%

Presenter Notes
Presentation Notes
ICU – lower nadir hemoglobin
Longer ICU length of stay (40-57%) Hb less than 80 LOS ratio 1.41, Hb 80-89 LOS ratio 1.57, Hb 90-99 LOS ratio 1.30  compared to Hb >= 100 (range 2.1 to 3.8 to 10.1 days)
Higher mortality at 30 days (nadir hemoglobin <90)
Longer hospital length of stay (20-30%) Hb less than 80 LOS ratio 1.17, Hb 80-89 LOS ratio 1.23 Hb 90-99 LOS ratio 1.14

ICU
Longer length of stay (range 2.1 to 3.8 to 10.1 days)
Higher mortality at 30 days (nadir hemoglobin <90)
Longer length of stay (nadir hemoglobin <110)

TRIUMPH registry (2090 patients)
- HAA 45%, mod-severe HAA 26%
- MI with hospital-acquired Hb ≤ 110g/L
Higher mortality at 1 year
8.5% vs. 2.6%, HR 1.92 [95% CI 1.11-1.98]*[adjusted for GRACE Estimates admission-6 month mortality for patients with acute coronary syndrome.)
Fewer than half of patients wit mod-severe anemia had documented bleeding

Acute Coronary Syndrome (40000 patients) 16 TIMI trials

STEMI
Increased risk of CV mortality
For each 10 g/L reduction in Hb adjusted OR 1.21 (95% CI 1.12-1.30)
NSTEACS
Increased risk of CVD/MI/recurrent ischemia
For each 10 g/L reduction in Hb adjusted OR 1.45 (95% CI 1.33-1.58)




Anemia

Other
• Hemolysis
• Myelosuppressive

drugs
• Primary bone 

marrow disorder

Acute and/or 
chronic 

hemorrhage

Impaired 
erythropoiesis

• Reduced Epo
• Inflammation
• Iron dysregulation

Laboratory 
testing

Adverse outcomes
1.5X higher 30-day mortality
Longer ICU and hospital stay
Transfusion reactions

RBC 
Transfusion 

~40% of 
patients

Modifiable?

If we reduce the 
volume of blood taken, 
can we impact anemia 
and RBC transfusion?

Corwin et al. Crit Care Med 2004. Vincent et al. JAMA2002. Corwin et al. Crit Care 
Med 2004. Chant et al. Critical Care. 2006. Corwin et al. Chest 2005. 

Half given 
without 
active 

bleeding

Presenter Notes
Presentation Notes
Of course we all appreciate that anemia in critically ill patients is multifactorial in nature.

Anemia leads to RBC transfusion which is administered to up to 40% of patients in ICU. 

Importantly, half of these are given without evidence of active bleeding. 

Both anemia and RBC transfusion are associated with adverse outcomes. 

Of these etiologies, iatrogenic blood loss laboratory testing appears to be a modifiable contributor to anemia and RBC transfusion. 

We, and others, have reasoned that if we can reduce the volume of blood taken, we may impact anemia and transfusion.



Daily during ICU stay
Up to 41 mL/day

During ICU stay
214 mL (IQR 133-382)

Blood loss for lab testing is substantial

Chornenki, Siegal et al, Transfusion 2019. Vincent et al. JAMA 2002. Chant et al. Critical Care 2006. Salisbury et al. Arch Int Med 2011. Dale et al. 
Arch Pathol Lab Med 2003.

Like losing 
1 unit of 

blood every 
~8 days!

Presenter Notes
Presentation Notes
Blood sampling for laboratory testing can cause substantial blood loss. 

We reported average volumes of over 200 mL per ICU stay (from day 2 to day 7) and that incremental volumes of 150 mL increased the likelihood of RBC transfusion by over 2-fold. 

One well known large US observational study showed volumes of 41 mL per day which is like “donating” a unit of blood every 8 days. 

Importantly, 90% of the blood collected is discarded as waste and only 10% is actually used for testing. 

---------------------------
Chornenki et al, 2019
METHODS
Using a transfusion research database, we retrospectively reviewed consecutively admitted patients to four medical-surgical ICUs in Hamilton, Ontario, Canada. The primary outcome was estimated blood loss for laboratory testing during ICU admission. Secondary outcomes were hemoglobin (Hb) of 90 g/L or less and RBC transfusion.
RESULTS
Among the 7273 patients included, the median blood volume per patient taken for laboratory testing during their ICU stay was 213 mL (interquartile range [IQR], 133-382 mL). On ICU admission, median Hb was 97 g/L (IQR, 82-116 g/L). An Hb of 90 g/L or less occurred in 67.0% of patients during their ICU stay. Median Hb on ICU discharge adjusted for RBC transfusion was 84 g/L (IQR, 58-105 g/L). RBC transfusion was administered to 47.5% of patients, who received a median of 3 units (IQR, 2-7 units). Cumulative blood loss due to laboratory testing from Day 2 to Day 7 of ICU admission was independently associated with RBC transfusion (hazard ratio, 2.28 for each 150-mL increment; 95% confidence interval, 2.02–2.59).
CONCLUSIONS
Blood loss for laboratory testing is substantial in ICU patients and significantly associated with RBC transfusion. Strategies to reduce blood loss from laboratory testing represents an area for further investigation.




Proof of principle: blood loss reduces hematocrit

Cortinez et al. Can J Anesth 2004.

Healthy subjects
314 mL

Presenter Notes
Presentation Notes
Methods: Eight healthy male volunteers participated in this study.
The equation Hctf = Hcti*(EBV–BL)/EBV is used to predict changes
in Hct. Where Hctf and Hcti are, respectively, the final and initial
Hct, EBV is the estimated blood volume and BL is the blood loss.

Results: Thirty-five pharmacokinetic samples per subject were collected
totalling 314 mL of BL.
The Hct decreased from 44.2% ± 2.2% to 39.9% ± 2.5% (P =
0.001). On average, model predictions tended to have a discrete
tendency to underestimate the Hct changes (-0.5% points of bias).
While the predictions of the Hct were very accurate in 50% of the
subjects, the discrepancy of the Hct predictions was clinically significant
in the other 50% of the subjects.



Diagnostic blood loss worsens anemia

Salisbury et al. Arch Intern Med 2011. Thavendiranathan et al. J Gen Intern Med 2005. 

Patients with MI

Every 50 mL increases risk of 
Hb ≤ 110 g/L by 15%

Hospitalized medical patients

Every 100 mL associated with ↓Hb 
of 7 g/L



Anemia leads to frequent transfusion in ICU

Vincent et al. JAMA2002. Corwin et al. Crit Care Med 2004. Chant et al. Critical Care. 2006. Corwin et al. Chest 2005. Chornenki et al. Transfusion 
2019.  

Up to 50% of patients 
receive ≥1 RBC 

transfusion

75% of patients in ICU 
>7 days are transfused 

Every 150 mL increases 
the risk of RBC 

transfusion by 2-fold

>50% of RBC 
transfusions given 

without active bleeding

RBC



Lower phlebotomy volume = fewer transfusions

Decreased phlebotomy 
volume (41 to 34 mL per 

patient day)

1.4 fewer blood tubes used 
per patient day

Fewer RBC transfusions (10 
to 4 transfusions per 100 

patient days)

Bodley et al. BMJ Qual Saf. 2023 Jan 19;bmjqs-2022-015358

Intervention to 
reduce 

unnecessary 
phlebotomy in 

medical 
surgical ICU

Presenter Notes
Presentation Notes
This prospective quality improvement study included a 7-month preintervention baseline, 5-month intervention and 11-month postintervention period. Change strategies included education, ICU rounds checklists, electronic order set modifications, an electronic test add-on tool and audit and feedback. The primary outcome was mean volume of blood collected per patient-day. Secondary outcomes included the number blood tubes used and red cell transfusions. Balancing measures included the timing and types of blood tests, ICU length of stay and mortality. Outcomes were evaluated using process control charts and segmented regression.
Results: Patient demographics did not differ between time periods; total number of patients: 2096, median age: 61 years, 60% male. Mean phlebotomy volume±SD decreased from 41.1±4.0 to 34.1±4.7 mL/patient-day. Special cause variation was met at 13 weeks. Segmental regression demonstrated an immediate postintervention decrease of 6.6 mL/patient-day (95% CI 1.8 to 11.4 p=0.009), which was sustained. Blood tube consumption decreased by 1.4 tubes/patient-day (95% CI 0.4 to 2.4, p=0.005) amounting to 13 276 tubes (95% CI 4602 to 22 127 tubes) saved over 11 months. Red blood cell transfusions decreased from 10.5±5.2 to 8.3±4.4 transfusions/100 patient-days (incident rate ratio 0.56, 95% CI 0.35 to 0.88, p=0.01). There was no impact on length of stay (2 days, IQR 1-5) and mortality (18.1%±2.0%).




RBC transfusion is associated with harms

Vincent et al. JAMA2002. Corwin et al. Crit Care Med 2004. 

Resource Implications

Limited availability
Direct cost ~$500 per unit

Indirect costs (testing, 
preparation, storage, 

administration, reactions)

Transfusion Harms

Reactions
Volume overload

Lung injury (TRALI)
Infection

Allosensitization
Allergy 

Adverse Clinical Outcomes

Death
Longer admissions

Infection
Prolonged mechanical 

ventilation
Organ dysfunction



How much blood is actually used for testing? 

Courtesy of Dr. S. Hill, Department of Pathology and Molecular Medicine, McMaster University

4 mL
2 mL 

(2000 uL) 
serum or 
plasma

Test
Volume of Plasma Required

Minimum Maximum Average

Chemistry 2 uL 35 uL 5 – 15 uL

Immunoassays 10 uL 200 uL 25 – 50 uL



Tubes that automatically collect less blood

Not used 
routinely 
in adults!

Sm
al

l-v
ol

um
e 

tu
be

s

Less vacuum = fill to 
lower volume

Same cost

Same physical 
dimensions

Same analyzersa.k.a short-draw or 
soft-draw or low 

vacuum

Presenter Notes
Presentation Notes
Blood collection tubes are evacuated to automatically draw blood. 

So-called small volume tubes (also called soft-draw) tubes have less vacuum so fill to a smaller pre-determined volume.

They have the same cost and physical dimensions as standard volume tubes and can be used on the same laboratory equipment. 

Despite these characteristics they are not used routinely in adults. 

The photo on the left shows a standard 2.7 mL citrate tube (opaque tube) and 1.8 mL citrate tube (translucent tube). 

The photograph on the right shows a capillary tube (pink cap) which may be familiar to the audience. These tubes do not have vacuum and therefore were not deemed to be implementable on a large scale (require manual aliquoting of blood at bedside and in the lab). 




Why are lower volume tubes NOT used?

• No randomized trials
• Benefits?
• Harms?

Evidence gap

• Concerns: problems for sampling, testing and results
• Laboratory processes (e.g. validation of tests)
• Lack of awareness and/or complacency

Barriers to implementation



Rationale for a randomized trial

Blood sampling contributes to anemia and RBC transfusion

90% of blood collected is discarded as waste

Lower volume tubes are available, compatible, same cost

RCT + clinical outcomes needed to change practice



Explanatory vs. pragmatic trials

Ford and Norrie NEJM 2016; Sox and Lewis JAMA 2016.

Can an intervention 
work under ideal 
conditions?

Highly selected population
Rigid protocols
Separate from usual care
Special study teams
Efficacy
Internal validity

Broader population
Complex interventions

Usual care setting
Clinical care team

Effectiveness
External validity

Does an intervention 
work under usual 

conditions?

Ex
pl

an
at

or
y Pragm

atic

Presenter Notes
Presentation Notes
Internal validity is the extent to which a piece of evidence supports a claim about cause and effect, within the context of a particular study. 

Internal validity is the extent to which confounding factors between treatment groups are minimised, such that any differences between groups can be ascribed to the effects of treatment. 

External validity is the extent to which the study results can be generalised to the population



Examples of pragmatic trial designs 

Registry Based 
Trials

Parallel Cluster 
Trials

Cluster Cross-
Over Trials

Stepped 
Wedge Trials



Examples of pragmatic trial designs 

Registry Based 
Trials

Parallel Cluster 
Trials

Cluster Cross-
Over Trials

Stepped 
Wedge Trials



Stepped wedge cluster randomized trial

Eventually all sites have intervention

Timing of switch is randomized

≥1 sites receive intervention at each step

Intervention introduced in timed “steps”

Introduction of new policy or treatment
Sites

18
1
5

12
24
9
3

15
6

19
7
4

16
14
20
8

22
11
2

10
23
17
13
21
25

Baseline 1 2 3 4 5 6 7 8 9 10 11 12

Steps (periods)

Pre-intervention

Post-intervention



Effectiveness + implementation

Curran et al. Med Care 2012.

• TEST effects of a 
clinical intervention on 
relevant outcomes

• IMPLEMENT a likely 
effective therapy in 
clinical practice

Dual focus

• Randomized
• Each cluster exposed to 

control and intervention
• Information for research 

and policy-makers
• Improved speed of 

translation into practice

Advantages

Presenter Notes
Presentation Notes
Advantages:
Faster translation of research into practice
Information for researchers and decision-makers
Increased usefulness and policy relevance of research




STRATUS mixed-methods pilot study

Primary outcome = feasibility 
successful switch, adherence, insufficient samples, user acceptance, 

barriers/facilitators, data collection

Single centre
CVICU Hamilton 
General Hospital

(n=360)

Control “before” 
period (8 weeks)

Standard-volume tubes

Intervention “after” 
period (8 weeks)
Small-volume tubes

Primary outcome = 
feasibility

Education sessions Focus groups

Siegal et al. Can J Anaesth. 2023 Jul 28. 

Presenter Notes
Presentation Notes
360 patients total
All patients admitted during the study period
Followed for 30 days, or hospital discharge or death




Example poster



Acceptable to end users

25Siegal et al. Can J Anaesth. 2023 Jul 28. 



Successfully implemented with 100% adherence

Acceptable to end-users

No increased insufficient samples 

45% reduction in blood collected

Full-scale trial feasible

Summary of STRATUS Pilot Study results

Siegal et al. Can J Anaesth. 2023 Jul 28. 



Small-Volume Tubes to Reduce Anemia 
and Transfusion (STRATUS) Trial

Deborah M. Siegal on behalf of the 
STRATUS Trial Investigators

Siegal et al. JAMA. Published online October 12, 
2023. doi:10.1001/jama.2023.20820



Hypothesis

Transition to small-volume blood collection tubes 
will reduce RBC transfusion in ICU patients



Study design and population

Adults
Medical-surgical ICU

≥14 beds
Invasive mechanical ventilation

Standard-volume tubes
Electronic data available

Stepped wedge cluster randomized trial

All patients admitted to ICU during study period
Waiver of individual participant consent

Electronic data (administrative, transfusion, lab) up to 30 days, hospital discharge, or death

ICU eligibility

Presenter Notes
Presentation Notes
STRATUS was a stepped wedge cluster randomized trial. In this design, the unit of randomization is the ICU. 

Eligible ICUs were adult medical surgical units with 14 or more bed, had capacity for invasive mechanical ventilation, used standard-volume tubes and were able to transfer data electronically from hospital administrative and lab databases. 

Each ICU switched from standard to small-volume tubes, but the timing of the switch is randomized (schedule of randomization was blinded). 

At beginning of study all sites use standard-volume tubes (white)
�At each step (6 week time period) 2 sites switched to the small-volume tubes (light blue)

At the end of the study all sites had switched

Washout period in which small-tubes are introduced but no data is gathered to prevent contamination (only 600 patients in whole trial)

Data collected for 30 days after admission or until hospital discharge or death

You will see a pause in transitions at 7 sites which occurred at the onset of the COVID-19 pandemic. During this time all sites continued to use the tubes they were allocated at the time and data collection continued and transitioned resumed after 5 months. 



Intervention: transition to small-volume tubes
Standard-volume

Serum

EDTA

Citrate

Sodium/lithium heparin

Fluoride

Small-volume

1.8 – 3 mL4 – 6 mL

Presenter Notes
Presentation Notes
Two weeks prior to the switch date sites were notified and brief targeted training (presentation, video) was provided to nursing and laboratory staff (tested in pilot study).

On the allocated switch dates, standard-volume tubes were removed from ICUs and replaced with small-volume tubes. 





Outcomes

RBC units transfused per patient during 
ICU admission

Primary Outcome

Proportion of insufficient specimens
Proportion of patients who received 

RBC transfusion
∆Hb from admission to discharge 

(adjusted for RBC)
ICU and hospital length 

Mortality in ICU and hospital

Key Secondary Outcomes

Presenter Notes
Presentation Notes
Patients admitted for 48 hrs or longer are most likely to experience the effect of repeated blood loss. 



Analysis

Primary analysis

• Patients admitted to ICU ≥48 hours
• Excluded patients admitted during COVID hiatus
• Negative binomial mixed model
• Study periods (steps) modelled as fixed effect, ICUs 

modelled as random effect, duration of ICU stay as 
an offset, adjusted for age and sex

Key secondary 
analyses

• All patients admitted to ICU ≥48 hours (+ hiatus)
• Proportion of specimens insufficient for testing
• Mortality in ICU and hospital
• Change in hemoglobin (adjusted for RBC transfusion)
• Temporal trends and effect of COVID pandemic

Sensitivity 
analyses • Adjustment for imbalanced baseline characteristics

Presenter Notes
Presentation Notes
For our primary analysis, we modeled the number of RBC transfusions as the outcome measure and incorporated ICU stay as an offset term to account for variations in the number of RBC transfusions administered during ICU stays of varying duration. We used a negative binomial mixed model (hierarchical model adjusted for age and sex) to analyze the effect of the intervention on RBC units transfused per patient per ICU admission with periods modelled as fixed effects and ICU units modelled as a random effect for the stepped-wedge design. We conducted  post-hoc sensitivity analyses exploring the primary outcome by adjusting the model for imbalanced baseline characteristics (those with standard difference >0.1) and  by conducting the analysis using the generalized estimating equation (GEE) model approach. 

We assessed whether there was a confounding effect of the COVID-19 pandemic on the relative risk of RBC units transfused by including interaction terms between study periods and the treatment variable, and COVID-19 and non-COVID-19 phases and the treatment variable, respectively. We further investigated for heterogeneity of treatment effects among ICUs by plotting the treatment effect for each ICU and evaluating heterogeneity using an interaction term between treatment effect and ICUs. 

We analyzed continuous or binary secondary outcomes with linear or logistic mixed models accounting for the stepped-wedge design by incorporating a random intercept for clustering and treating periods as fixed effects. We report mean differences (MD) with 95% confidence intervals (CI) for continuous outcomes and relative risk (RR) or MD and 95% CIs for count or binary outcomes. We conducted analyses using SAS 9.4 and considered a two-sided p-value of ≤0.05 significant.




Results

58 ICUs 
assessed for 

eligibility
• 3 used small tubes 
• 2 practices not aligned
• 30 declined

25 ICUs 
included

• 14 Quebec
• 9 Ontario
• 1 New Brunswick
• 1 Manitoba

51,037 patients 
registered

• 23,320 <48 hrs in ICU
• 305 during washout
• 1 requested removal

27,411 patients 
analyzed

• 21,201 primary analysis
• 6,021 COVID hiatus
• 27,411 secondary 
analysis

Presenter Notes
Presentation Notes
33 ICUs excluded
3 already use small tubes (5%)
1 site instructed staff to fill tubes halfway
1 current lab practices and tubes did not align with STRATUS protocol
28 declined participation

305 patients admitted during washout period
1 patient requested removal of data




Selected baseline characteristics 
Characteristic

Primary analysis population Secondary analysis population
Small-volume 

(n=10,261)
Standard-volume 

(n=10,940)
Small-volume

(n=12,703)
Standard-volume

(n=14,708)
Age, y, mean (SD) 63 (16) 63 (16) 63 (16) 63 (16)
Female, n (%) 4090 (40) 4178  (38) 4832 (38) 5804 (40)
Diagnosis (ICD codes)
Cardiovascular
Nervous system
Respiratory
Injury
Infection
Cancer
Digestive
Genitourinary
Endocrine
Other

2245 (25)
1156 (13)
1047 (12)
965 (11) ^

807 (9)
779 (9)
787 (9)
216 (2)
113 (1)

912 (10)

1762 (21)
1155 (14)
881 (10)

1577 (18) ^

676 (8)
801 (9)
728 (8)
191 (2)
239 (2)
641 (8)

1813 (19) ^

1365 (14)
996 (10)

1932 (20) ^

743 (8)
890 (9)
814 (8)
209 (2)
113 (1)

784 (8) ^

3329 (25) ^

1586 (12)
1461 (11)

1363 (10) ^

1134 (9)
1152 (9)
1106 (8)
299 (2)
239 (2)

1469 (11) ^

Presenter Notes
Presentation Notes
This slide shows selected baseline characteristics. 

The dark blue middle columns show patients admitted before and after transition. 

The lighter blue columns on the right show patients admitted during the pandemic transition delay and those admitted during the remainder of the study. 

There were a variety of most responsible diagnoses which were determined using ICD codes from hospital administrative databases. 

There were differences in some baseline characteristics indicated in yellow and with suprascript indicating a standardized difference >0.1. 




RBC units 
per pt per 
ICU stay

Primary analysis population
(COVID hiatus excluded n=21,201)

Small 
Volume

Standard 
Volume

Mean 
Difference
(95% CI)

P

Least 
squares 
mean
(95% CI)

0.72
(0.52, 0.98)

0.79
(0.58, 1.07)

-0.07
(-0.19, 0.03) 0.19

RBC units per patient per ICU stay

Absolute mean difference 
7.24 RBC units/100 patients 

(95%CI -3.28, 19.44)

Mean difference results were adjusted for age and sex and accounted for the stepped wedge design with periods modelled as fixed effects and ICUs as a random 
effect. 

30% of patients admitted ≥48 hours received RBC transfusion

Presenter Notes
Presentation Notes
This slide shows the primary outcome of RBC units per patient per ICU stay. 

About 30% of patients received RBC transfusions (~36,000) a proportion which was similar before and after transition.

The least squares mean is shown which is the mean from the model which accounted for stepped wedge design (periods modelled as fixed effect and ICU modelled as random effect) and adjusted for covariates. 

If we focus on the whole population in the dark blue columns, you can see that there was a reduction in mean number of RBC units after transition to small-volume tubes with a mean difference of -0.10. 

This corresponds to an absolute mean difference of 9.84 RBC units/100 patients

If we look now to the light blue columns which excluded patients admitted during the transition delay, you can see that there was a reduction in RBC units which was not statistically significant but corresponded to an absolute mean difference of 7.24 units/100 patients. 





RBC units per patient per ICU stay

RBC units 
per pt per 
ICU stay

Primary analysis population
(COVID hiatus excluded n=21,201)

Secondary analysis population
(all patients n=27,411)

Small 
Volume

Standard 
Volume

Mean 
Difference
(95% CI)

P Small 
Volume 

Standard 
Volume

Mean 
Difference
(95% CI)

P

Least 
squares 
mean
(95% CI)

0.72
(0.52, 0.98)

0.79
(0.58, 1.07)

-0.07
(-0.19, 0.03) 0.19 0.71

(0.53, 0.93)
0.80

(0.61, 1.06)
-0.10

(-0.21, -0.002) 0.04

Mean difference results were adjusted for age and sex and accounted for the stepped wedge design with periods modelled as fixed effects and ICUs as a random 
effect. 

30% of patients admitted ≥48 hours received RBC transfusion

Absolute mean difference 
9.84 RBC units/100 patients 

(95%CI 0.24, 20.76)

Absolute mean difference 
7.24 RBC units/100 patients 

(95%CI -3.28, 19.44)

Presenter Notes
Presentation Notes
This slide shows the primary outcome of RBC units per patient per ICU stay. 

About 30% of patients received RBC transfusions (~36,000) a proportion which was similar before and after transition.

The least squares mean is shown which is the mean from the model which accounted for stepped wedge design (periods modelled as fixed effect and ICU modelled as random effect) and adjusted for covariates. 

If we focus on the whole population in the dark blue columns, you can see that there was a reduction in mean number of RBC units after transition to small-volume tubes with a mean difference of -0.10. 

This corresponds to an absolute mean difference of 9.84 RBC units/100 patients

If we look now to the light blue columns which excluded patients admitted during the transition delay, you can see that there was a reduction in RBC units which was not statistically significant but corresponded to an absolute mean difference of 7.24 units/100 patients. 





Specimens with insufficient quantity
EDTA, sodium/lithium heparin tubes

Specimens with 
insufficient 

quantity for testing

Primary analysis population 
(COVID hiatus excluded)

Secondary analysis population (all 
patients)

Small 
Volume

(n=193,695)

Standard 
Volume

(n=195,383)

Small Volume 
(n=285,273) 

Standard Volume 
(n=224,868)

N (%) 42 (0.022) 60 (0.031) 65 (0.023) 64 (0.028)

Presenter Notes
Presentation Notes
This slide shows the proportion of specimens collected in most commonly used EDTA and sodium/lithium heparin tubes (out of 510,141 specimens total) reported as insufficient quantity from analysis, a main concern about the use of small-volume tubes. 

The proportion of specimens was very low (0.03% or lower) and similar between groups in both populations. 



Change in hemoglobin

Outcome

Primary analysis population 
(COVID hiatus excluded n=21,201)

Secondary analysis population 
(all patients n=27,411)

Small Volume Standard 
Volume

Mean 
difference
(95% CI)

Small 
Volume 

Standard 
Volume

Mean 
difference
(95% CI)

∆Hb adjusted for 
RBC transfusions, 
g/L, median (IQR)

-14.0
(-30.0, -2.0)

-15.0
(-32.0, -4.0)

1.0
(-0.4, 2.3)

-14.0
(-31.0, -

03.0)

-15.0
(-32.0, -4.0)

1.7
(0.5, 2.9)

∆Hb, g/L, median 
(IQR)

-8.0
(-19.0, 2.0)

-9.0
(-21.0, 1.0)

1.0
(0.2, 1.8)

-8.0
(-20.0, 2.2)

-9.0
(-21.0, 1.0)

1.2
(0.5, 1.9)

∆Hb in patients 
without RBC 
transfusions, g/L, 
median (IQR)

-8.0
(-19.0, 1.0)

-10.0
(-21.0, 0.0)

1.0
(0.1, 1.9)

-9.0
(-20.0, 0.0)

-10.0
(-21.0, 0.0)

1.0
(0.2, 1.8)

Analyses were adjusted for baseline admission hemoglobin. Mean difference was adjusted for age and sex and accounted for stepped wedge design with periods 
modelled as fixed effects and ICUs as random effect. Hemoglobin adjusted for RBC transfusion 1 transfusion = Hb – 1 g/dL.

From ICU admission to ICU discharge

Presenter Notes
Presentation Notes
This slide shows the change in hemoglobin from ICU admission to ICU discharge. 

In the top row, you can see that the decrease in hemoglobin (adjusted for RBC transfusions) was smaller after the transition to small-volume tubes in the whole population. This was not statistically significant when the patients admitted during transition delay were excluded. 

However, the unadjusted change in hemoglobin was smaller after transition to small-volume tubes in both analysis populations. 

As was the change in hemoglobin among patients who did not receive transfusion. 

--------------

** Analyses were adjusted for baseline admission hemoglobin.
^ Relative Risk/Mean Difference results were adjusted for age and sex and accounted for the stepped wedge design with periods modelled as fixed effects and ICU units as a random effect. 
† Hemoglobin adjusted for RBC transfusion 1 transfusion = Hb – 1 g/dL. Values <0 were substituted with 0 (3.7% of values). 
 




Conclusions

May reduce RBC transfusion in patients admitted ≥ 48 hrs
• No difference primary analysis (6210 patients excluded)
• Decrease of ~10 RBC units per 100 patients in secondary 

analysis

Lessens ICU-related reduction in hemoglobin

Does not negatively impact lab testing (specimen sufficiency)

Transition from 
standard- to 
small-volume 
tubes in ICU

Presenter Notes
Presentation Notes
In this pragmatic stepped wedge cluster randomized trial, RBC transfusions did not differ significantly before and after transition from standard- to small-volume blood collection tubes in the primary analysis population of ICU patients admitted for ≥48 hours which excluded those admitted during a COVID pandemic-related trial hiatus. However, in secondary analyses, RBC transfusion was lower among the larger cohort of all patients admitted ≥48 hours, as was the fall in hemoglobin concentration in both populations after the transition to small-volume tubes. While the magnitude and direction of effect on RBC transfusion was similar in the primary and secondary analyses, the p-value associated with the analysis of the larger secondary population was nominally significant, whereas that of the smaller cohort was not. Taken together, these findings support a possible small reduction in RBC transfusion and ICU-related fall in hemoglobin with transitioning to small-volume tubes. Importantly, we showed no adverse effect on laboratory testing measured as specimen insufficiency, the most important potential harm associated with use of small-volume tubes. 

In conclusion, the transition from standard-volume to small-volume tubes for blood collection in the ICU may reduce RBC transfusion without impacting biospecimen sufficiency for laboratory analysis.




Discussion

• Implemented easily into routine 
practice with brief targeted 
education (scalable)

• Pragmatic data collection (cost 
effective)

• Community and academic sites
• Small effect at individual level but 

potential for impact at health 
system level

Strengths

• Changes in study conduct and 
primary analysis due to COVID

• Limited availability on baseline 
characteristics and co-interventions

• Transfusion and waste practices 
not protocolized

• One aspect of lab testing (deemed 
most important)

Limitations

Presenter Notes
Presentation Notes
Strengths
We used a stepped-wedge design, which is ideal for evaluating interventions that have a high likelihood of benefit and low risk of harm particularly in complex care areas such as the ICU where contamination of treatment arms with individual patient randomization is a significant concern. 
Small-volume tubes were implemented within routine clinical practice using hospital processes and in-service training of clinical and laboratory staff using simple, brief educational resources which reinforces the potential for broader implementation outside a clinical trial. Both standard-volume and small-volume tubes were obtained by local hospital purchasing departments from usual commercial suppliers at essentially the same cost. 
We included medical-surgical ICUs located in different geographical regions and practice settings (both academic and community hospitals). Although sites in the study used tubes manufactured by Becton Dickinson (the main supplier in Canada), small-volume tubes are also available through other manufacturers worldwide and all major laboratory analyzer manufacturers were represented across sites further supporting the generalizability of the results to other settings.


Limitations
1. COVID - First, the COVID-19 pandemic impacted care and disrupted clinical research in Canada and most countries due to increased hospitalization volumes, infection control precautions, and staffing shortages. At the onset of the pandemic, we temporarily suspended transitions to small-volume tubes at the 7 sites which had not yet transitioned. During this time, all sites continued to use the tube size (standard- or small-volume) already assigned. With significant uncertainty, we decided to modify our planned primary analysis to exclude the patients admitted during the pandemic-related study delay, although we still collected data throughout this period.  We assessed for and did not find a confounding effect of the COVID-19 pandemic on the relative risk of RBC units transfused. Although there were some differences in baseline characteristics between groups, these did not appear to affect the results based on a sensitivity analysis that adjusted for imbalanced baseline characteristics. 
2. No standardization of practices - Second, in this pragmatic open-label trial, we did not standardize tube volumes, waste practices during blood collection, or transfusion thresholds which could affect the variability of treatment effect seen across sites. However, the use of institutional standard operating procedures for blood collection and evidence-based thresholds for transfusion were reinforced. While it is possible that knowledge of the intervention could influence transfusion use, given the complex clinical environment, high-acuity patients managed by multiple treating physicians, and standardized evidence-based approach to transfusion in ICU, it seems unlikely that this might have had a significant impact at the individual patient level. Arterial and central venous catheter use was also at the discretion of the treating clinicians. 
3. Limited data collection - Third, we collected administrative and electronic medical record data exclusively which limits the information available on baseline characteristics and co-interventions, and the subgroup and exploratory analyses that could be performed.  
4. Duration of ICU stay (post-randomization) - Fourth, the primary analysis population was defined using duration of ICU admission which is a post-randomization variable that could increase the potential for bias. However, the nature of the study design with cluster randomization, implementation at the cluster level, and collection of data from all admitted ICU patients mitigates selection bias. Although possible, we think it is unlikely that a small intervention effect during the first 48 hours after admission would influence ICU length of stay which is supported by a lack of difference seen in length of stay between groups. 
5. Only one aspect of lab testing - Fifth, while we showed that the frequency of samples with insufficient volume for testing was low and similar between groups, we cannot rule out an effect on other aspects of testing including turnaround time for testing, analytes requiring a larger sample volume, requests for “add-on” orders for analytes not ordered at the time of collection, and specimen integrity (e.g. hemolysis). A recent study, however, showed reduced hemolysis with small-volume vacuum collection tubes in the emergency department18.
 



Small change, big difference

35,687 
RBC 

transfusions 
in 27,411 
patients

10 RBC 
units/100 
patients 

after 
transition

~1500 RBC 
units saved 
in this trial!



Blood product shortage: Canada

https://www.blood.ca/en

Presenter Notes
Presentation Notes
Preservation of the blood supply is of highest importance, now more than ever with widespread shortages in the US, Canada, UK and elsewhere
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Key messages

Anemia is a common complication during hospitalization 
(especially ICU admission) that leads to RBC transfusion

Laboratory testing is a modifiable cause of blood loss 
that contributes to anemia and RBC transfusion

Switching to tubes that collect less blood for lab testing 
may reduce RBC transfusion and reduce anemia in ICU



QUESTIONS?
ds iega l@toh .ca
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