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LAY ABSTRACT

Blood testing is a preventable cause of blood loss. Patients in the intensive care
unit (ICU) have about 41 mL of blood taken per day for testing (like donating 1 unit of
blood every 8 days). This contributes to anemia (low red blood cells) and transfusion,
which are harmful. About 40% of ICU patients get at least one red blood cell transfusion
which is a limited resource with health risks. Most of the blood sent to the laboratory is
discarded (up to 90%) suggesting that volumes can be reduced without compromising

care.

The goals of this thesis are to (i) summarize the evidence for reducing blood loss
for laboratory testing; (ii) discuss cluster randomized trials; (iii) discuss use of health
care administrative data for research; (iv) discuss the role of pilot studies; and (v)
present a pilot stepped wedge cluster randomized trial of small-volume versus standard-

volume blood collection tubes in ICU patients.



ABSTRACT

Blood sampling causes significant blood loss in intensive care unit (ICU) patients
(up to 41 mL per day). Only 10% of the blood collected is used for testing suggesting
that volumes can be reduced without compromising patient care or laboratory
processes. Blood loss contributes to anemia which is highly prevalent in the ICU (>90%
after 3 days) and is associated with major adverse cardiovascular outcomes and death.

Diagnostic blood loss increases the likelihood of red blood cell (RBC) transfusion
which is administered to about 40% of ICU patients (half are given in absence of
hemorrhage) and has significant health risks. Small-volume blood collection tubes,
which collect about 50% less blood, are available, but rarely used in adults. They have
the same cost as standard-volume tubes and are compatible with laboratory equipment.
The rationale for the continued use of standard-volume tubes is a theoretical concern
about inadequate volume for testing, and the absence of data showing the benefit of
small-volume tube use on an important clinical outcome.

A study is needed to show that small-volume tubes reduce blood loss, anemia
and RBC transfusion without harms or negative consequences on patient care and
hospital procedures compared to standard-volume tubes. If this could be shown, it may
lead to practice change regarding blood collection for laboratory testing. A stepped-
wedge cluster randomized trial is the ideal study design for this low-risk intervention. By
incorporating the small-volume tubes into routine clinical practice and using
administrative and hospital electronic medical record data, this study would be a

pragmatic, cost-effective way to evaluate effectiveness and implementation. However,



prior to conducting a full-scale trial powered on clinical outcomes, a pilot study is
needed to determine whether a larger study will be feasible.

The goals of this thesis are to (i) summarize the existing evidence regarding
small-volume tubes; (ii) discuss cluster randomized trial methodology;(iii) discuss the
use of health care administrative data for research; (iv) discuss the role of pilot studies;
and (v) present the design of a pilot stepped wedge randomized trial of small-volume
versus standard-volume blood collection tubes to evaluate the feasibility of a full-scale

trial.
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CHAPTER 1: INTRODUCTION

1.1 Laboratory Testing Results in Unnecessary Blood Loss

Blood sampling can result in significant blood loss, particularly in hospitalized
patients who undergo frequent blood testing. For example, in patients with acute
myocardial infarction (Ml), reported blood loss for diagnostic testing is about 21 mL per
day®. Intensive care unit (ICU) patients undergo frequent blood testing, often multiple
times each day, with sample volumes up to 41 mL per day reported (equivalent to
donating a unit of blood every 8 days)?. Importantly, only about 10% of the blood
collected is actually used for testing procedures with the remainder discarded as
waste?. For example, in Hamilton, Ontario, Canada the volume of blood collected into
each lithium heparin tube for chemistry testing is 4 mL, which yields 2 mL (2000 pL) of
plasma. The minimum and maximum volumes of plasma required per chemistry test in
our laboratory are 2 yuL and 35 pL, respectively (personal communication, Dr. S. Hill,
Clinical Biochemist, McMaster University). This suggests that blood sample volumes

could be decreased without compromising patient care.

1.2 Consequences of Blood Loss from Laboratory Testing

1.2.1 Exacerbation of Anemia

Anemia is defined by the World Health Organization [WHO] as hemoglobin less
than 120 g/L in women and 130 g/L in men. Up to 50% of hospitalized patients and 75%
of the hospitalized elderly experience anemia®. Patients in the intensive care unit (ICU)
are at particularly high risk for anemia with 60% anemic upon ICU admission, 90% by

day 3 and 97% by day 82°6. In hospitalized patients, anemia is often considered
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multifactorial and generally attributed to acute or chronic hemorrhage and/or reduced
erythropoiesis from infection, inflammation, and reduced erythropoietin production
(Figure 1.1)7. Hemolysis, myelosuppressive drugs and primary bone marrow disorders
can also contribute, although less commonly. Limited evidence suggests that frequent
laboratory testing is a potentially modifiable cause of blood loss and a contributor to
anemia. As a proof of concept, phlebotomy of 314 mL in healthy volunteer subjects led
to a small but significant reduction in average hematocrit from 44.2% to 39.9%2.
Patients with acute medical illness are expected to be more susceptible to the impact of
blood loss due to a reduced production of and response to erythropoietin. For example,
in non-anemic patients with MI, every 50 mL of total blood drawn for testing has been
shown to increase the risk of moderate to severe anemia (hemoglobin < 110 g/L) by
15% in adjusted analysis'. In hospitalized patients, blood loss of 100 mL was

associated with a reduction in hemoglobin of 7 g/L°.

Figure 1.1 Conceptual Framework
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1.2.1.1 Anemia is Associated with Adverse Cardiovascular Outcomes and Death
Anemia is associated with adverse outcomes in a wide spectrum of patients
including those with acute myocardial infarction1%-14, heart failure!®>’, renal failure®19,
diabetes?92!, stroke?? and those undergoing surgery?3-25, However, anemia remains an
under-recognized cause of morbidity and mortality in hospitalized patients compared to
competing medical conditions such as cardiovascular events (e.g. myocardial infarction
[MI]), nosocomial infections and critical illness. ICU patients with lower hemoglobin
levels during admission have been shown to have longer ICU and hospital length of
stay [LOS] and higher mortality at 30 days®. In the prospective observational CRIT
study, nadir (but not baseline) hemoglobin less than 100 g/L was associated with a
longer ICU LOS compared to nadir hemoglobin 100 g/L or more (hemoglobin less than
80 g/L: LOS ratio 1.41, 95%CI 1.29-1.53; hemoglobin 80 to 89 g/L: LOS ratio 1.57,
95%CI 1.47-1.69; hemoglobin 90 to 99 g/L: LOS ratio 1.30, 95%CI 1.23-1.39,
p<0.0001)°. Similarly, nadir (but not baseline) hemoglobin less than 100 g/L was
associated with longer hospital LOS compared to hemoglobin 100 g/L or more
(hemoglobin less than 80 g/L: LOS ratio 1.17, 95%CI 1.08-1.27; hemoglobin 80 to 89
g/L: LOS ratio 1.23, 95%CI 1.16-1.31; hemoglobin 90 to 99 g/L: LOS ratio 1.14, 95%ClI
1.08-1.21, p<0.0001). Baseline hemoglobin levels were not statistically significantly
associated with ICU or hospital length of stay. In multivariate logistic regression
analysis, the odds ratio for 30-day mortality was higher in ICU patients with nadir
hemoglobin less than 90 g/L compared to those with hemoglobin 100 g/L or more in that
study (hemoglobin less than 80 g/L: odds ratio [OR] 1.54, 95%CI 112-2.12, p<0.009;

hemoglobin 80 to 89 g/L OR 1.49, 95%CI 1.13-1.95, p<0.004).
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In patients with MI, the development of moderate to severe hospital acquired
anemia (defined as hemoglobin concentration < 110 g/L) was associated with higher
mortality (8.4% vs. 2.6%; HR 1.82, 95%CI 1.11-2.98) and poorer health status at 1 year
compared to patients without anemia after adjustment for known confounding factors
such as bleeding and Global Registry of Acute Coronary Events (GRACE) score?®. In
patients with ST elevation Ml (STEMI), each 10 g/L decrement in hemoglobin is
associated with increased cardiovascular mortality (adjusted odds ratio (OR) 1.21, 95%
confidence interval [Cl] 1.12-1.30) based on data from 16 Thrombolysis in Myocardial
Infarction (TIMI) trials'®. Similarly, each 10 g/L decrement in hemoglobin was associated
with an increased risk of the composite outcome of cardiovascular death, recurrent Mi
or recurrent ischemia in patients with non-ST elevation acute coronary syndrome (ACS)
(adjusted OR 1.45, 95%CIl 1.33-1.58). Among all (ACS) patients, baseline hemoglobin
<110 g/L increased the risk of the composite outcome by about 2-fold (OR 2.26, 95%CI
1.83-2.79). In patients with acute ischemic stroke, anemia (WHO definition) was
associated with an increased odds of death in hospital (OR 1.87, 95% CI 1.57-2.47 for
men and OR 1.47, 95% CI 1.08-1.98 for women) and up to 1 year post-stroke (OR 2.90,

95% CI 2.18-3.86 for men and 1.86, 95% CI 1.44-2.41 for women)?2,

1.2.2 Red Blood Cell Transfusion

Indications for red blood cell (RBC) transfusions in critically ill patients include
hemorrhagic shock, acute hemorrhage with hemodynamic instability or evidence of
inadequate oxygen delivery, and hemoglobin concentration of less than 70 g/L or less

than 80 g/L depending on the patient population?’-28, Current guidelines from the AABB
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recommend a hemoglobin transfusion threshold of 70 g/L for hemodynamically stable
hospitalized adult patients (including critically ill patients) and a threshold of 80 g/L for
patients undergoing orthopedic or cardiac surgery, or those with underlying
cardiovascular disease?®. The Transfusion Requirements in Critical Care (TRICC) was a
landmark trial that demonstrated reduced hospital mortality in patients randomized to a
restrictive RBC transfusion strategy (< 70 g/L) compared to a conservative RBC
transfusion strategy (<100 g/L) and, in conjunction with subsequent meta-analyses,
established the recommended threshold for RBC transfusion in critical illness.

About 40% of ICU patients receive one or more red blood cell (RBC) transfusions
to correct anemia, half of which are administered in the absence of clinically significant
hemorrhage?°30:31, Up to 75% of patients with ICU stays of longer than one week
receive RBC transfusion®. In a prospective observational study, 17.8% were admitted to
ICU for more than 7 days?. Diagnostic blood loss is associated with an increased
likelihood of RBC transfusion in non-bleeding ICU patients and accounts for 50% of the
variation in the amount of RBC transfusion®3?2, Among ICU patients admitted for 21
days or longer, increases in average diagnostic blood loss of 3.5 mL per day are

associated with a 2-fold increase in the odds of transfusion32.

1.2.2.1 Health Risks of Red Blood Cell Transfusion

Transfusions are a limited resource and are associated with health risks such as
infection, transfusion-related acute lung injury (TRALI), transfusion-associated
circulatory overload (TACO), hemolytic transfusion reactions, immunosuppression,

allosensitization and allergy3334. RBC transfusion is associated with death, longer ICU
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and hospital admissions, infection, prolonged mechanical ventilation and organ
dysfunction®>3%, Two observational studies showed that receipt of a RBC transfusion in
the ICU increased the odds of dying by 1.37 (95%CI 1.02-1.84) and 1.65 (95% CI 1.35-
2.03) in adjusted analyses?®. For example, in the CRIT study, RBC transfusion was
significantly associated with an increased risk of death after propensity matching (1059
transfused and 1059 non-transfused patients) with an adjusted mortality ratio of 1.65
(95% confidence interval, 1.35-2.03; log-rank, p<0.001)°. The number of RBC units
transfused was associated with increased ICU LOS (1-2 units: LOS ratio 1.47, 95%CI
1.35-1.59; 3-4 units: LOS ratio 1.84, 95%CI 1.66-2.03; more than 4 units: LOS ratio
3.20, 95%CI 2.88-3.55; p<0.0001) and hospital LOS (1-2 units: LOS ratio 1.32, 95%CI
1.22-1.42; 3-4 units : LOS ratio 1.61, 95%CI 1.47-1.75; more than 4 units: LOS ratio
2.51, 95%CIl 2.28-2.76; p<0.001) compared with patients who did not receive
transfusions. The median ICU and hospital LOS in non-transfused patients were 4.6
days and 11.0 days, respectively. Patients who received 1-2, 3-4, or more than 4 RBC
units had increases in median ICU LOS of 2.1, 3.8, and 10.1 days, and increases in

median hospital LOS of 3.5, 6.7, and 16.6 days, respectively.

1.2.2.2 Cost of Red Blood Cell Transfusion

One unit of RBCs costs between $400 and $500 (Canadian) (personal
communication Dr. K. Webert, Canadian Blood Services). However, this estimate does
not account for the cost of preparing and administering transfusion and managing
adverse events. Interventions that reduce RBC transfusion have been shown to

decrease cost®37, For example, one blood conservation initiative which utilized an
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electronic medical record transfusion trigger alert reduced RBC transfusion by 25% and
produced estimated savings of $5.9 million over 4 years by reducing RBC unit
acquisition costs®’. This does not account for additional potential sources of savings to
hospitals including reduced nursing workload (administration of transfusions, monitoring
and management of adverse reactions), reduced laboratory workload (testing for

transfusion and adverse reactions), reduced LOS, and 30-day readmissions.

1.3 Small-Volume Blood Collection Tubes

Small-volume (soft-draw) Vacutainer® tubes for blood collection (Beckton,
Dickinson and Company) have the same cost and physical dimensions as standard-
draw Vacutainer® tubes (Beckton, Dickinson and Company), but draw less blood (2 to 3
mL vs. 4 to 6 mL) due to lower vacuum inside the tube which fills to a smaller pre-
determined volume. The soft-draw tubes are routinely used in children and patients who
refuse blood products (e.g. patients who are Jehovah Witness) and are compatible with
current laboratory equipment. Their routine use could decrease blood loss from

laboratory testing in hospitalized patients.

1.3.1 Evidence for Use of Small-Volume Tubes

There is a paucity of studies evaluating the benefits and harms of small-volume
blood collection tubes as a strategy to mitigate diagnostic blood loss in adult ICU
patients. A systematic review conducted for this thesis work found 3 small observational
studies (judged to have high risk of bias) that evaluated small-volume blood collection

tubes to reduce diagnostic blood loss in ICU patients (see Chapter 2: Strategies to
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Reduce Blood Loss from Laboratory Testing in ICU Patients: A Systematic Review)38-40,
The volume of blood collected for laboratory testing in these studies was reduced by
42% to 74%. Dolman et al., showed that incident severe anemia (hemoglobin <70 g/L)
was less frequent with small-volume compared to standard-volume tubes (10% vs.
22%, p=0.01)%°. This was the only study which evaluated RBC transfusion. There was a
27% reduction in RBC transfusion in the small-volume tube group, but this was not
statistically significant. ICU LOS was similar in the 2 studies in which it was
evaluated3%40. Although these studies were limited by small sample size and the likely
presence of confounding factors that could influence results, the studies suggested that
small-volume tubes may be a feasible and effective strategy for reducing diagnostic

blood loss and RBC transfusion.

1.3.2 Why Are Small-Volume Tubes Not Used Routinely?

Although small-volume tubes are available for ordering and clinical use
throughout Canada (including in hospitals in Hamilton), they are not used routinely in
adults. Advances in laboratory equipment technology have led to reductions in the
volume required for conducting testing. The reasons clinical practices for blood
sampling have not kept pace with changes in laboratory processes are uncertain, but
are likely multifactorial. Although some evidence regarding potential blood savings with
small-volume tubes has been published since the 1980s, changes in clinical practice
are complex, particularly without reliable evidence of benefits and harms*..
Implementation involves an understanding of the intervention itself, the local context into

which it is being introduced, and the behavioural strategies used for implementation*.
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This complexity is reflected by the scheme developed by the Cochrane Effective
Practice and Organisation of Care (EPOC) Group to classify determinants of practice
(i.e. barriers, facilitators, obstacles, enablers) as follows: information management,
clinical uncertainty, competence, liability, patient expectations, standards of practice,
financial considerations, administrative constraints and other*?. For example, with
regards to small-volume blood collection tubes, there is a general lack of awareness of
their availability and favourable characteristics. There are also legitimate concerns from
healthcare providers regarding the impact of blood volumes on patient care, laboratory
processes (e.g. test validation), staff workload and validity of laboratory test results

which may also limit implementation in the absence of evidence.
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CHAPTER 2: STRATEGIES TO REDUCE BLOOD LOSS FOR LABORATORY

TESTING IN ICU PATIENTS: A SYSTEMATIC REVIEW

2.1 Objective

A systematic review was conducted to summarize the existing literature
regarding: (i) the efficacy of strategies used to mitigate blood loss from diagnostic
testing in ICU; and (ii) the impact of conservation strategies on RBC transfusion,

mortality, and ICU and hospital LOS.

2.2 Methods

2.2.1 Search Strategy

An electronic search was conducted in MEDLINE and EMBASE for English-
language studies published from inception until Oct 5, 2017 with assistance from Library
Services at the Health Sciences Library of McMaster University. The search strategy is
shown in Figure 2.1. A manual review of reference lists and citations was also

conducted.

2.2.2 Study Selection

Studies were eligible if they included adult patients in intensive/critical care units
and assessed the effect of strategies to reduce blood sampling volume compared to
standard practice (or another intervention). Randomized control trials, non-randomized
(observational) studies, systematic reviews and meta-analyses were eligible for

inclusion. Studies in neonatal and pediatric patients, case reports, case series (n < 20
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patients), reports lacking original data (e.g. editorials, narrative reviews), abstracts, and
phlebotomy not for laboratory testing (i.e. treatment of polycythemia or iron overload)

were excluded.

Figure 2.1. Search Strategy

1. Phlebotomy/ 20. Intensive Care/

2. (venipuncture* or venesection or phlebotom*).ti,ab. A 21. Intensive Care.ti,ab.

3. Bloodletting/ 22. Critical lliness/

4. bloodletting.ti,ab. 23. critically ill.ti,ab.

5. Blood Specimen Collection/ 24. Critical lllness.ti,ab.

6. blood specimen collection®.ti,ab. 25. ICU.ti,ab.

7. blood sampling.ti,ab. 26. intensive care units/ or burn units/ or coronary care
8. or/1-7 units/ or respiratory care units/

9. (blood adj2 loss).ti,ab. 27. Ventilators, Mechanical/

10. iatrogenic.mp. 28. ventilator®.ti,ab.

11. S9and 10 29. Respiration, Artificial/

12. 8or1ll 30. respirator*.ti,ab.

13. blood conservation.mp. 31. or/18-26

14. laboratory testing.mp. 32. 17and31

15. Diagnostic Tests, Routine/ 33, or/27-30

16. diagnostic test*.ti,ab. 34. 17and 33

17. or/12-16 35. 32o0r34

18. critical care/ 36. limit 35 to "all adult (19 plus years)"
19. critical care.ti,ab. 37. limit 36 to english language

2.2.3 Outcomes

The primary outcome was the volume of blood loss from diagnostic testing during
ICU admission. Secondary outcomes included RBC transfusion during ICU admission,

LOS in ICU and hospital, and mortality in hospital and ICU.

2.2.4 Data Abstraction

Two reviewers independently reviewed titles/abstracts and full-text articles for
eligibility, and extracted data for analysis. Disagreements were resolved by consensus.
A standardized data collection form was developed, piloted and then used for full-text
review and data abstraction. The kappa statistic was used as a measure of inter-rater

agreement.
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2.2.5 Data Synthesis and Analysis

We planned to calculate a pooled estimate (meta-analysis) for the outcomes of
interest, but after consultation with a statistician, pooling was judged to be inappropriate
due to significant differences in patient populations, interventions, outcome reporting
and summary statistics provided in individual studies. When clarification of published
materials was required, attempts were made to contact the authors for missing data, but
were unsuccessful. Although not meta-analyzing the available data reduces our ability
to provide precise estimates of treatment effect, the differences between studies

outlined above suggested that the results of this analysis would be inaccurate3.

2.2.6 Quality Assessment

The risk of bias of included studies was assessed independently by 2 reviewers
using the Risk of Bias in Non-Randomized Studies of Interventions (ROBINS-I) tool for
non-randomized studies and the Cochrane Risk of Bias tool for randomized studies**4°.
ROBINS-I evaluates the risk of bias in non-randomized studies comparing the effects of
2 or more interventions including quantitative studies assessing the benefits and/or
harms of an intervention in which individuals were not randomly allocated to treatment
interventions (observational studies). It is based on the Cochrane Risk of Bias tool for
randomized studies and includes assessments of 7 bias domains: confounding,
selection of participants, classification of interventions, deviations from intended
interventions, missing data, measurement of outcomes and outcome reporting. The

Cochrane Risk of Bias tool developed in 2005 and updated in 2011 is used to assess
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bias in 7 domains: selection bias (allocation sequence generation, concealment of
allocation), performance bias (blinding of participants and personnel), detection bias
(blinding of outcome assessors), attrition bias (incomplete reporting), reporting bias

(selective reporting) and other bias.

2.3 Results

2.3.1 Search Results

As shown in Figure 2.2, the literature search yielded 3479 potentially eligible
studies. After screening titles and abstracts, 3447 studies were excluded using
predefined inclusion and exclusion criteria. Thirty-two studies were subjected to full-text
review with an additional 24 studies excluded for the following reasons: no comparator
group (n=10), no quantification of blood loss (n=8), abstract only (n=4), no conservation
intervention (n=1), and survey (n=1). In total, 8 studies including 1204 patients were

included in the analysis. Kappa was 0.97 (95%CI 0.92-1.0) indicating good agreement.

Figure 2.2 Flow Diagram

MEDLINE, EMBASE
Abstracts/titles screened
(n=3479)

Full text review
(n=32)

Excluded
(n=24)
* Survey (n=1)
* No conservation intervention(n=1)

Abstracts (n=4)
No quantification of blood loss
(n=8)
_ = No comparator group (n=10) /

Systematic review
(n=8)

//
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2.3.2 Study Characteristics

Study characteristics are shown in Table 2.1. The included studies consisted of

4 randomized controlled trials#64° and 4 observational studies39409:50.51 The randomized

controlled trials evaluated methods to reduce discarded blood when sampling from

arterial catheters. Observational studies evaluated the presence and the absence of

arterial catheters (n=1) and small-volume (pediatric) blood collection tubes to standard-

volume tubes (n=3). All studies were judged to have significant risk of bias (Table 2.2

and Figure 2.3).

Table 2.1 Study Characteristics.

ICU and APACHE
score 9-20

Author (year) | Study Design Total Population Intervention Comparator
patients
(n)
Blood Collection Tube Interventions
Dolman (2015) | Observational 248 Admitted to Small-volume Standard-
(retrospective) surgical ICU for blood volume blood
48 hours or longer collection collection
tubes tubes
Sanchez-Giron | Observational 473 Not specified Small-volume Standard-
(2008) (prospective) blood volume blood
collection collection
tubes tubes
Smoller (1989) | Observational 56 Admitted to ICU Small-volume Standard-
(prospective blood volume blood
cohort with collection collection
historical tubes tubes
controls)
Arterial Line Interventions
Gleason RCT 68 Admitted to Arterial Arterial
(1992) surgical ICU with catheter catheter
arterial catheter sampling — sampling —
closed method | open method
Harber (2006) RCT 49 Admitted to ICU Arterial Arterial
with arterial catheter catheter
catheter sampling — sampling —
return blood discard blood
Low (1995) Observational 50 Admitted to No arterial Arterial
(prospective) medical/surgical catheter catheter

placed within 6
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hrs of
admission
Maclsaac RCT 160 Admitted to ICU Arterial Arterial
(2003) and arterial catheter catheter
catheter placed sampling — sampling — no
VAMP Plus VAMP
Peruzzi (1993) RCT 100 Admitted to Arterial line Arterial line
medical ICU and sampling — sampling — no
required arterial VAMP Plus VAMP
catheter

APACHE score= acute physiology and chronic health evaluation score; ICU=intensive care unit;
RCT=randomized controlled trial; VAMP=venous arterial blood management protection device.

Figure 2.3 Risk of Bias Assessment for Randomized Studies
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208 ) | @
Gleason, . .
1992
Maclsaac, @
2003 _ .
«®

Peruzzi, B
1993 O

. A . -3
3O (\'{‘a e® \Q\'D
(@ PA (0 AN e o o
Qe'(\ cp(\c’e 6“6 Qe @%56 00\(30“\ O,L\\,e © 0,“‘(\
o Qo e &
gao.‘)e P.\\::ﬁ;a“o ‘(}Qfaf\“" . 00’&9‘“ o ({\Q\@‘ " Key
© Q
o N
?@‘\6 &° .od‘“g \ . Low risk of bias
SRS
N

15



M.Sc. Thesis — D. Siegal; McMaster University — Health Research Methodology

Table 2.2 Risk of Bias Assessment for Non-Randomized Studies

Author (year)

Confounding

Selection

Classification

Deviations

Dolman (2015) S
Low (1995) S
Sanchez-Giron (2008) S
Smoller (1989) S

Missing

Data

Outcomes

Reporting

Overall

Assessed using ROBINS-I tool for non-randomized studies. L=low risk of bias, M=moderate risk of bias, NA=not applicable, NI=no information,

S=severe risk of bias.
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2.3.3 Volume of Blood Loss

All 8 studies reported a reduction in blood loss from laboratory testing with
interventions to reduce diagnostic blood loss compared to standard practice (range
18.9% to 80%) (Table 2.3). Compared to standard practice, diagnostic blood loss was
significantly lower with conservation strategies in 6 studies which reported statistical
analysis (p<0.05). All 4 randomized controlled trials reported reduced daily diagnostic
blood loss using arterial catheter blood conservation devices compared to standard
practice (mean/day 35 mL vs 69 mL, p<0.01; median/day 8 mL vs 40 mL, p<0.001,;
median/day 63 mL vs 133 mL, p=0.001; mean/day 260.3 mL vs 320.8 mL, p-value not
specified). In all 4 observational studies, interventions reduced diagnostic blood loss
compared to standard practice (mean/day 63.6 mL vs 114.7 mL, p<0.001; median/day
5.1 mL vs 19.9 mL, p<0.001; mean/day 32.2 mL vs 55.6 mL, p-value not specified). Use
of small-volume blood collection tubes reduced daily blood loss (range 29% to 42%)
and total blood loss during ICU admission (range 46.8% to 74.4%) compared to

standard-volume blood collection tubes.

2.3.4 RBC Transfusions

RBC transfusion data were reported in 3 randomized studies and 1 observational
study (Table 2.4). One randomized study showed a statistically significant decrease in
the number of patients receiving RBC transfusion with the arterial catheter device

intervention vs. control (21% vs. 38%, p=0.01).
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Table 2.3 Blood Sampling Volumes

Author
(year)

Type of

average and

timeframe

Average volume of blood (mL)

Intervention

Comparator

Percent change in
volume of blood
collected (%)

Blood Collection Tube Interventions

Dolman Mean (SD) per 174.0 (182.0) 299.0 (355.0) 41.8**
(2015) ICU stay

Mean (SD) per 22.5(17.3) 31.7 (15.5) 29.0**

day

Sanchez- Median (IQR) 5.1 (2.3-10.9) 19.9 (12.0-35.8) 74.4%*
Giron per ICU stay
(2008)
Smoller Mean per ICU 120.2* 226.1" 46.8**
(1989) stay

Mean per day 32.2t 55.6" 42.1%
Arterial Line Interventions
Gleason Mean per day 35.0t 69.0" 49.3**
(1992)
Harber Median (range) 8.0 (7.0-10.0) 40.0 (28.0-43.0) 80.0**
(2006) per day
Maclsaac Median (range) 63.0 (0-787.0) 133.0 (7.0-1227.0) 52.6**
(2003) per ICU stay
Peruzzi Mean per ICU 260.31 320.87 18.9**
(1993) stay

*p<0.05. **p-value not provided. Tstandard deviation not provided.

Table 2.4 Red Blood Cell Transfusion

Author (year)

Patients transfused

RBC units per patient

Mean (SD) or median [range]

Intervention

Comparator

Intervention

Comparator

Dolman (2015)

Not reported

Not reported

4.4 (3.6)

6.0 (9.2)

Harber (2006) 2/25 (8) 3/24(12) Not reported Not reported
Maclsaac (2003) 17/80 (21)* 30/80 (38)* 4.0 [1.0-21.0] 3.0[1.0-11.0]
Peruzzi (1993) 16/50 (32) 13/50 (26) 0.7 (1.3) 0.6 (1.1)

*statistically significant difference, p=0.01.
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2.3.5 ICU Length of Stay

ICU LOS was reported in 3 randomized controlled trials and 2 observational

studies (Table 2.5). There was no difference in duration of ICU admission between

groups.
Table 2.5 ICU Length of Stay
Author (year) Descriptive ICU Length of Stay
Summary (days)
Statistic Intervention Comparator
Dolman (2015)
Emergency surgery/trauma Mean (SD) 9.2 (10.1) 10.6 (13.8)
Medicine 9.7 (8.8) 6.6 (4.0)
Gleason (1992)* Mean 6.4 6.4
Harber (2006) Median (range) 3.0 (3.0-4.8) 3.0 (2.0-4.0)
Maclsaac (2003) Median (range) 2.0 (0.2-54.0) 3.1 (0.2-30.0)
Smoller (1988)* Mean 3.7 4.1

*standard deviation not provided.

2.4 Discussion

Interventions to reduce diagnostic blood loss were reviewed in 8 studies
including 1204 critically ill patients. This is the first systematic review evaluating the
effect of diagnostic blood loss reduction techniques on blood loss and clinical outcomes.
We identified 2 strategies in the included studies (i) strategies to reduce blood loss from
arterial catheters; and (ii) smaller volume blood collection tubes for laboratory testing.
The majority of the studies used strategies aimed at minimizing blood loss from arterial
catheter sampling. These included (i) changes to practices for arterial catheter blood

draws where blood that would normally be discarded is returned to the patient; (ii) a
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closed system involving additional pressure tubing and stopcocks in which blood that
would normally be discarded does not leave the tubing and is returned to the patient;
and (iii) the VAMP and VAMP Plus systems (Baxter Healthcare Systems, Irvine, CA,
USA) which are commercially available tubing devices which reinfuse blood that would
normally be discarded. The remaining studies used small-volume (pediatric) sized
blood collection tubes.

The main finding from our study is that, when used, these strategies significantly
reduce blood loss associated with diagnostic testing in critically ill patients. Although the
incorporation of these strategies was clearly associated with lower diagnostic blood
loss, the impact on RBC transfusion, hospital/ICU LOS and mortality remain unclear.
These outcomes were underreported precluding firm conclusions. Further, the studies
which reported these outcomes were small and likely underpowered to detect
differences between groups.

There were no assessments of potential harms associated with interventions.
Therefore, the net clinical benefit of these strategies is unclear as the costs and harms
associated with implementation are unknown. Arterial catheter sampling techniques
may be associated with higher acquisition costs related to additional tubing or
commercial devices, and time for training employees. There are also theoretical
concerns regarding a risk of infection associated with intravascular devices. Small-
volume blood collection tubes have not been studied on a large scale. The effect of
these tubes on sample adequacy, laboratory test validity and staff workload are

uncertain and these could affect implementation. Further, it is unclear whether small-
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volume tubes perform similarly to standard-volume tubes in critically ill hypotensive

patients with compromised vascular access.

2.5 Limitations

Our study has some important limitations. There was significant heterogeneity
among studies including differences in study design, patient population, interventions
used, and outcomes measured. As such, we were unable to pool results between
studies. Outcomes of interest were not consistently defined or reported. Additionally, the
majority of included studies were small (median 114 patients, range 49-473). Although
the results are suggestive of efficacy with regards to reduction in blood loss, firm

conclusions cannot be drawn about the magnitude of effect based on these data.

2.6 Conclusions

Strategies designed to mitigate diagnostic blood loss appear to be effective in
reducing blood sampling volumes in ICU patients although the risk of bias,
heterogeneity and lack of reporting of clinical outcomes (including benefits and harms)
severely limit conclusions regarding the magnitude of effect. The impact of such
strategies on patient-important clinical outcomes such as mortality is unclear. High
methodological quality randomized studies evaluating patient-important clinical
outcomes are needed to evaluate the efficacy and possible harms associated with

interventions that reduce blood loss taken for laboratory testing.
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CHAPTER 3: STUDY DESIGN CONSIDERATIONS

3.1 Rationale for a Clinical Trial

Diagnostic blood loss, anemia and RBC transfusion are potentially modifiable
complications of critical illness which are associated with poor outcomes®?->4. A clinical
trial which evaluates the impact of reducing the volume of blood collected for testing in
critically ill patients is both timely and important, and focuses attention on the risks of
anemia and RBC transfusion. By reducing the amount of blood collected per sample,
small-volume blood collection tubes represent a simple, cost-neutral way to minimize
blood loss from laboratory testing in ICU patients. A randomized trial is needed for an
unbiased assessment of whether small-volume blood collection tubes can prevent
anemia and avoid RBC transfusions without compromising care due to the need for

additional investigations or other unanticipated impacts.

3.2 Impact

Such a trial has the potential to lead to a simple, immediate and impactful change
in clinical practice. If it can be shown that small-volume tubes can be implemented for
blood collection in adult patients without significant adverse consequences, and that
their use is associated with improved patient outcomes, this could lead to widespread
practice change regarding blood collection for laboratory testing. Further, this study has
the potential to influence policy to reduce waste and encourage stewardship of valuable

blood products.
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3.3 What is the Optimal Design for this Randomized Trial?

An individual patient randomized trial design in which ICU patients are
randomized to small-volume or standard-volume blood collection tubes would have
significant feasibility challenges in a busy ICU setting and would not address whether a
policy of using reduced-volume tubes for all adult ICU patients reduces anemia and
RBC transfusion. Conversely, cluster randomized trial methodology is well suited to
assess the effectiveness of the intervention when applied to a unit of care in clinical
practice. By incorporating the research protocol and interventions into routine clinical
care and evaluating outcomes that are available from hospital administrative databases
and electronic medical records, such a trial would be pragmatic, cost-effective and
implementable in a “real world” setting. Cluster trials are discussed in detail in Section

4.5.

3.4 Explanatory vs. Pragmatic Clinical Trials

The distinction between explanatory and pragmatic clinical trials was originally
proposed by Schwartz and Lellouch in 1967%. Although it is useful to consider these
concepts dichotomously, very few trials are purely explanatory or pragmatic and current

concepts support the existence of a spectrum between these extremes (Figure 3.1)%.

3.4.1 Explanatory Trials

The goal of explanatory trials is to test a hypothesis regarding the efficacy of an
intervention under ideal conditions®’. Explanatory trials seek to reduce the chance that

another factor other than the intervention influences the outcome, thereby maximizing
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internal validity. They include highly selected participants, and use rigid protocols
executed by expert study teams separate from usual care. These characteristics which
maximize internal validity also reduce external validity, or generalizability to patients
seen in usual care settings. Explanatory trials are generally expensive and
implementation of results into clinical practice is slow®8. However, they provide the best
evidence regarding the efficacy of an intervention under ideal circumstances and

minimize sample size, so are more efficient.

Figure 3.1 Spectrum of Explanatory vs. Pragmatic Trials

Can an intervention Does an intervention
work under ideal work under usual
conditions? conditions?

Explanatory Pragmatic

* 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

3.4.2 Pragmatic Trials

Pragmatic trials evaluate the effects of an intervention in usual care settings,
which maximizes generalizability (i.e. external validity) at the expense of internal
validity. In doing so, pragmatic trials address the effectiveness of the intervention, or
how well it works under usual circumstances®®. Pragmatic trials include a broader (more
diverse) population of participants and often evaluate complex interventions or policies

applied in the usual care setting by the clinical care team. Cluster (group) randomization
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is frequently used such that the intervention is applied and studied as it would be used
in practice®®. An important feature of pragmatic trials is the use of data from hospital
administrative databases and electronic medical records which can be repurposed for
research after appropriate validation thereby reducing the cost and complexity of
studies since such data is generally being collected as a component of patient care.
Further, such data is usually collected using automated systems in a codified manner
allowing it to be analyzed (in many cases) electronically. The use of administrative data

for research is discussed in Chapter 5.

3.4.3 The PRECIS-2 Tool for Evaluating Trial Purpose and Design Choices

The Pragmatic Explanatory Continuum Indicator Summary (PRECIS) tool,
published in 2009, was developed to assist researchers in designing clinical trials with
an explicit purpose and design choices that are consistent with the intended purpose 6.
The new version of the tool, PRECIS-2, maintains the original objectives while
addressing weaknesses such as a lack of face validity and inter-rater reliability, lack of
scoring system, redundancy in some domains and lack of guidelines for use®. The
PRECIS-2 tool is intended for use during the design process by following 4 steps: 1)
clarifying the intention of the trial (explanatory vs. pragmatic); 2) considering design
choices for PRECIS domains; 3) scoring the choices using a 5-point Likert scale from
very explanatory (1 point) to very pragmatic (5 points) and creating a PRECIS-2 wheel
(Figure 3.2); and 4) reviewing the design choices to determine whether the trial is
consistent with the intended aim. Within the PRECIS-2 tool, there are 9 domains with

which to evaluate the consequences of design decisions: 1) eligibility; 2) recruitment; 3)
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setting; 4) organization; 5) flexibility of intervention delivery; 6) flexibility of assessing
adherence; 7) follow-up; 8) primary outcome; and 9) primary analysis. By addressing
trial applicability and encouraging researchers to address the impact of design decisions
on domains 1 to 9 a priori, this tool can facilitate the design of studies that address the

needs of patients, clinicians and policy-makers.

Figure 3.2 The PRECIS-2 Wheel

Primary analysis 5 Eligibility

Primary outcome Recruitment

Follow-up o L Setting

Organisation
Flexibility of
ensuring adherence
Flexibility of delivery

Adapted from Loudon et al 201561,

3.5 Cluster Randomized Trials

3.5.1 Overview of Cluster Randomized Trials

Whereas individual participants are randomly assigned to interventions in
conventional individually randomized trials, groups of participants are randomized to
interventions in cluster randomized trials®2. Cluster randomized trial methodology was

first used to conduct public health research in the 1970s because it is well suited to
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evaluate complex interventions that target individuals and/or health systems®3. The unit
of randomization in cluster randomized trials can be units of care (e.g. hospital, clinic,
hospital ward), communities, schools, churches, or workplaces.

As described by Campbell and Walters, there are 5 main reasons to use a cluster
randomized trial design: (i) to avoid contamination which occurs when individuals
crossover between treatment groups which reduces the treatment effect using intention-
to-treat-analysis; (ii) to represent real-life practice; (iii) to enhance the convenience of
research and reduce costs by delivering an intervention to a group instead of to
individuals; (iv) to improve the effectiveness of an intervention by applying it to a group;
and (v) to avoid ethical concerns that arise when individuals in the same group are
treated differently®3-65,

An important challenge in cluster randomized trial design is the loss of efficiency
compared to individual participant randomization (i.e. more participants are needed to
achieve the same statistical power). This is because participants in the same cluster are
more similar to one another than participants from different clusters and observations
within a cluster vary less than observations from the overall population. As a result, the
estimates of effect have higher variance (standard error) than individual randomized
trials with the same number of participants. A detailed discussion regarding the effects

of clustering is provided in Section 3.5.3.

3.5.2 Types of Cluster Randomized Trials

Table 3.1 provides a summary of the key features, advantages and

disadvantages of the different cluster randomized trial designs discussed below.
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Table 3.1 Features of Cluster Trial Designs

Cluster Trial Key Features Advantages Disadvantages
Design
Parallel Group Clusters are Straightforward, Large design effect,
(Simple) randomly allocated | easy to implement | possible ethical

to control or
intervention for the
duration of the
study

issues when
clusters treated
differently within a
health system

Cluster Crossover

All clusters receive
both control and
intervention,
sequence of
treatment is
randomly assigned
(e.g. A=>B, B 2A)

More statistically
efficient than
parallel design,
multiple crossovers
can account for
potential temporal
effects

At risk of carryover
effect between
interventions,
multiple crossovers
challenging for
complex
interventions or
policies

Stepped Wedge

All clusters switch
from control to
intervention, timing
of switch between
interventions is
randomly assigned
at predetermined
timepoints (steps)

More statistically
efficient than
parallel design,
useful for
interventions with
high likelihood of
benefit and minimal
harm, or where
multiple switches
between
interventions is
infeasible, or when
the intervention is
in limited supply

All sites need to be
ready to implement
intervention at trial
start, at risk of
carryover effect, at
risk of temporal
effects

3.5.2.1 Parallel Group (Simple) Cluster Randomized Trials

In parallel group cluster designs, simple randomization is used to allocate

clusters to interventions for the duration of the study (Figure 3.3)%*. This design is

straightforward and may be easy to implement. However, the power and sample size of
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parallel group cluster trials are particularly affected by the effect of clustering because
there are no within-cluster comparisons. As a result, power is reduced and sample size
is increased. Another disadvantage of this design is that not all clusters receive the

intervention which may be ethically unfavourable within a health system?®°.

Figure 3.3. Parallel Group Cluster Randomized Design
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3.5.2.2. Cluster Crossover Design

In cluster crossover designs, each cluster receives both interventions. But, the
sequence in which the interventions are introduced is randomly assigned (e.g. A>B vs.
B—>A)%. Figure 3.4 shows an example of a cluster crossover study with 2 treatments
and 2 treatment periods. Cluster crossover trials are more efficient than parallel group
designs because each cluster provides data for both treatments (i.e. each cluster acts
as its own control)®4. This results in a gain of precision and power due to removal of
between-cluster variability from the variance of the estimates of treatment effect.

An underlying assumption of cluster crossover trials is that the intervention has
no carry-over effect®3. This may be true of some interventions, but not others. A

washout period between treatments reduces the chance that residual effects of the
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initial treatment affect the subsequent treatment. The washout period is assumed to be
sufficient for the effect of the initial treatment to dissipate. A strategy to account for
carry-over effect is the use of designs with multiple crossovers (e.g. A>A->B and
B->B->A) such that any carry-over effect can be estimated.

Another limitation of cluster crossover designs is the possibility that temporal
(period) effects may affect outcomes independent of a treatment effect®*. These may
occur due to secular trends or changes in the cluster environment. However, the use of
multiple crossovers and statistical methods can account for period effects.

An alternative to the cluster crossover design is the partial crossover design in
which a baseline observation period is followed by parallel cluster randomization which
has the advantage of improving statistical power due to some within-cluster
comparisons®. This design is useful for studies with feasibility challenges or lack of

availability of the intervention as not all clusters receive the intervention.

Figure 3.4 Cluster Crossover Design
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3.5.2.3 Stepped Wedge Cluster Randomized Design

The stepped wedge cluster randomized trial design has been used increasingly
to address research questions in a range of areas including infectious disease, cancer,
social policy and criminal justice®®. In this design, clusters switch sequentially from
control to intervention, but the timing of the switch is determined randomly during study
periods (steps). The study begins with a baseline period in which data are collected, but
none of the clusters is exposed to the intervention. By the end of the study, all clusters
have received the intervention (Figure 3.5). Similar to cluster crossover trials, stepped
wedge designs regain some of the power lost due to clustering because of comparisons
both between and within clusters (i.e. each cluster acts as its own control).

The stepped wedge design is particularly useful for settings in which there are
logistical or political constraints which would interfere with the conduct of a more
conventional research study. Because the intervention is implemented at all sites by the
end of the study, it is well suited for interventions that have a high likelihood of benefit
and minimal harm. An advantage of this design is sequential implementation which can
be important for planning and executing complex interventions with logistical constraints
or requiring input from multiple stakeholders. Outcome data can be cross-sectional (i.e.
single measurements taken from individuals, but different individuals at each step) or
longitudinal (repeated measurements on the same individuals throughout the study) in
nature®®.

Similar to cluster crossover designs, stepped wedge designs are at risk of carry-
over effect. A washout period during which the intervention is implemented but no

outcome data is collected can reduce the chance that the effects of the first intervention
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influence outcome data after switching. Stepped wedge designs are also susceptible to
period effects especially because as the study progresses the proportion of clusters
exposed to the intervention increases®®. Therefore, data are collected prior to
implementation of the intervention occur from an earlier calendar time period than
observations after implementation of the intervention. Because calendar time could be
associated with the intervention and possibly the outcome, it is a potential confounder
and needs to be adjusted for during analysis. Because of the randomization of start

time, time can be controlled for in the analysis®.

Figure 3.5 Stepped Wedge Design

Sites randomly assigned
to timing of switch
w

Baseline Step 1 Step 2 Step 3 Step 4 Step 5 Step 6

Treatment periods

I:l Control
- Intervention

3.5.3 The Consequences of Clustering

3.5.3.1 Intracluster Correlation Coefficient
An important consequence of clustering is that individuals within clusters are
correlated, which means that two individuals within a cluster are more similar than two

people selected randomly from different clusters®3. As a result, cluster trials require a

32



M.Sc. Thesis — D. Siegal; McMaster University — Health Research Methodology

larger sample size compared to corresponding individually randomized trials®®. For
sample size calculation, it is assumed that two observations from the same cluster have
a constant correlation between them known as the intra-cluster correlation coefficient
(ICC). The ICC is defined as the ratio of the between-cluster variance to the total
variance of an outcome and is represented by the following equations®3:

1. For continuous outcomes: p = cd?/ 6a® + 6 ¢ (Where od? is the between-cluster

variance and o ¢? is the within-cluster variance)
2. For binary outcomes: p = co? / n(1 - ©t) (Where = is the probability of success and

cq? is the variance)

The ICC has possible values from 0 to 1, although values are typically small in
human studies usually ranging from 0.01 to 0.02%7. A value of 0 indicates that there is
no correlation between individuals in the cluster with respect to the measurement such
that they are not more similar to one another than to the general population®®.
Conversely, a value of 1 means that individuals in the cluster are exactly the same as
one another. As a result, a high ICC (greater similarity of individuals within a cluster)
decreases the effective sample size and reduces the precision of the estimates of
treatment effect and statistical power. Conversely, for a low ICC, the effective sample
size is closer to the total number of individuals in the trial. Table 3.2 shows the effect of
ICC on statistical power with different cluster trial designs. As shown, the stepped
wedge design is the most efficient (i.e. minimizes the number of clusters and total
cluster size) when the ICC is higher®®. The stepped wedge design also achieves much

higher power than the parallel design particularly when the number of clusters is low

33



M.Sc. Thesis — D. Siegal; McMaster University — Health Research Methodology

and the ICC is high. Put another way, in stepped wedge trials power is determined

primarily by within-cluster variability and is less sensitive to between-cluster variability

compared to parallel cluster trials®®.

Table 3.2 Effect of ICC on Statistical Power

ICC 0.01 ICCO0.1
Parallel Cluster Stepped Simple Cluster Stepped
cluster | crossover | wedge trial | parallel | crossover | wedge trial
trial trial cluster trial
trial

Number of clusters = 10, cluster size = 100
Total 1000 1000 1020 1000 1000 1020
sample
size
Power 61% 43% 55% 16% 41% 49%
Number of clusters = 10, cluster size = 300
Total 3000 3000 3000 3000 3000 3000
sample
size
Power 78% 87% 91% 16% 83% 90%

Adapted from®8. This example relates to a trial requiring 786 observations for an individually randomized
trial. The stepped wedge trial assumes 5 steps with 2 clusters randomized per step. ICC=intracluster

correlation.

3.5.3.2 Design Effect

As a result of clustering, there is a net loss of independent data when accounting
for similarities between individuals in a cluster®’. The increase in sample size needed is
determined by calculating the design effect (DE) which depends on the magnitude of
the ICC and the number of subjects in each cluster. The DE is defined as the ratio of the
variance of an outcome accounting for the effect of clustering to the variance of the
outcome without accounting for clustering®3. For clusters of equal sample size, it is

represented by the equation DE =1 + (m — 1) / p (where m is sample size and p is the
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ICC). Because it measures the amount needed to increase the variance estimate to

account for clustering, the DE it is also known as the variance inflation factor (VIF).

Table 3.3 shows the effect of ICC on the DE, total sample size and number of clusters

for different cluster trial designs.

Table 3.3 Effect of ICC on Design Effect

Parallel cluster trial Cluster crossover trial Stepped wedge trial
Cluster | ICC DE Total No. DE Total No. DE Total No.
size sample | clusters sample | clusters sample | clusters
size size size
100 0.01 | 1.99 1569 16 2.64 2084 21 2.16 1702 18
100 0.25 | 25.75 | 20291 203 2.92 2298 23 2.25 1772 18

Adapted from®8, This example relates to a trial requiring 788 observations for an individually randomized
trial. The stepped wedge trial is assumed to have 9 steps. DE=design effect, ICC=intracluster correlation
coefficient.

3.5.3.3 Effective Sample Size

The effective sample size (ESS) is the calculation of sample size (total number of
clustered subjects) which takes into account the effects of clustering®’. It is represented
by the following equation ESS = mk / DE (where m is the number of subjects in a
cluster, k is the number of clusters and DE is the design effect). A large DE effectively
reduces the subjects enrolled in the trial from a statistical perspective. Table 3.4 shows
the relationship between DE, ESS and power. A large number of clusters and low
number of individuals within a cluster give the smallest DE. Therefore, when designing a
study, a high number of clusters and low number of subjects within a cluster give the
smallest DE and highest power.

These equations can be used to calculate sample size estimates for a given ICC
and desired power by varying the number of subjects per cluster and number of

clusters. Sensitivity analysis can also be conducted to explore the impact of various
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values of ICC on sample size calculations using the most conservative estimate that is

practically feasible®.

Table 3.4 Relationship Between Design Effect, Effect Sample Size and Power

No. No. Total no. DE ESS Power
clusters patients subjects
4 32 128 1.527 84 61%
8 16 128 1.255 102 70%
16 8 128 1.119 114 75%
32 4 128 1.051 122 78%
64 2 128 1.017 126 79%
128 1 128 1.000 128 80%

Adapted from®7. Values shown are for ICC of 0.017 and total sample size of 128.

3.5.4 Ethical Issues in Cluster Randomized Trials

The International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH) contains regulations that outline international
standards under which clinical trials are conducted to protect the interests of trial
participants’® 71, Randomized clinical trials in which therapeutic interventions are being
tested typically require participants to provide informed consent. This ensures that the
expected risks and benefits are communicated to and understood by eligible
participants.

Ethical issues arise with regards to cluster trials because they differ from
individual randomized trials in important ways such that standard research ethics
guidelines are difficult to apply’2. In cluster trials, the identification of individuals
considered to be research participants and, therefore, entitled to ethical and regulatory
protections is complicated. For example, interventions are allocated to groups of
individuals (e.g. hospital, community), and may include health professionals in addition

to patients’?. The assessment of benefits and harms is also more challenging in cluster
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trials because they may have consequences for groups as well as individuals’?.

Furthermore, it may be logistically difficult or even impossible to obtain informed

consent from individuals especially for complex interventions involving large units of

care or communities®?,

Some of the main ethical issues raised regarding cluster trials are summarized

as follows®3:

i)
i)

ii)

Vi)

Determining whether the research subject is the cluster or the patient
Determining whether informed consent must be obtained and, if so, from
whom, how and when. If consent is required, determining how non-
consenting patients will be handled.

Determining whether clinical equipoise applies to cluster randomized trials.
For example, exposing some clusters to the potential benefits of interventions
and/or delaying potential benefits may have ethical implications.

Determining whether the benefits outweigh the risks of cluster randomized
trials. For example, in individual randomized trials may be discontinued when
there is evidence of harm. This is more difficult in cluster trials when harm
may be apparent in one cluster but not another receiving the same
intervention.

Protecting vulnerable groups. This is particularly relevant for cluster trials that
are conducted in developing countries where subjects enrolled in trials may
receive a higher standard of medical care than the population.

Identifying the “gatekeepers” who represent the interests of clusters and

cluster members and determining their responsibilities.
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The Ottawa Statement is a series of 15 recommendations addressing 7 ethical

issues developed by a team of 15 investigators from Canada, the United Kingdom and

the United States to guide researchers and research ethics committees in the ethical

conduct of cluster randomized trials (Table 3.5)"273.

Table 3.5 Summary Points from Ottawa Statement Checklist

Ethical Issue | Recommendation Summary Description
Justifying 1 e Clear rationale and use of appropriate
cluster statistical methods
randomized
trial design
Research 2 ¢ Review and approval by research ethics
ethics committee before commencing
committee
review
Identifying 3 ¢ Research participants are individual
research whose interests may be affected by study
participants interventions or data collection
Informed 4 ¢ Informed consent is required unless a
consent waiver of consent is granted by a

research ethics committee

5 e When participant informed consent is
required but not possible before
randomization of clusters it must be
obtained as soon as possible after
randomization and before commencing
study interventions or data collection

6 e A waiver of consent or alteration of
consent requirements may be granted by
research ethics committees when the
research is not otherwise feasible and
the interventions and data collection
procedures pose minimal risk

7 ¢ Informed consent is required from
professionals/health service providers
who are research participants unless a
waiver of consent is granted

Gatekeepers 8 e Should not provide proxy consent on

behalf of clustered individuals
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Ethical Issue

Recommendation

Summary Description

9

Gatekeeper permission is required to
enrol the cluster or organization in the
trial (does not replace informed consent
process)

10

Mechanisms to protect cluster interests
should be in place with cluster
consultation regarding study design,
conduct, and reporting

Assessing
benefits and
harms

11

Adequate justification of the intervention
such that benefits and harms are
consistent with practice in the field of
study

12

Adequate justification of the choice of
control such that individuals in the control
arm are not deprived of care that they
would have access to in the absence of a
trial

13

Adequate justification of data collection
procedures such that risks are minimized

Protecting
vulnerable
participants

14

Determine whether additional protections
are needed in consultation with research
ethics committees

15

If individual informed consent is required
research ethics committees should take
additional care to recruitment, privacy
and consent for participants who may be
less able to freely choose participation

Adapted from”3
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CHAPTER 4. USE OF HEALTH CARE ADMINISTRATIVE DATA FOR RESEARCH

Administrative data refers to data collected for purposes other than research.
Because it is available through pre-existing electronic mechanisms, administrative data
can be collected with increased efficiency and lower cost compared to traditional
manual prospective data collection conducted for prospective observational studies or
randomized trials. This allows the completion of less expensive and less
administratively complex (and thus more pragmatic) clinical research studies. This
chapter describes the nature of administrative data including a discussion of the

strengths and limitations when used for clinical research purposes.

4.1 What is Health Care Administrative Data?

Health information is increasingly digitized and collected by physicians,
pharmacists, hospitals and health insurers (including government). Administrative health
data include individual patient information regarding diagnoses, procedures/surgeries,
medications, laboratory tests, radiological investigations, visits to the emergency
department and hospitalizations’. Frequently, these data are derived from physician
services claims, drug prescriptions and hospitalization abstraction. Because this
information represents a patient’s course through the health care system, it can be used
to conduct research including epidemiologic, comparative effectiveness and health care
utilization studies. Administrative data are being incorporated into innovative
prospective studies including randomized trial designs by leveraging information that is
already being collected for other databases thereby reducing the cost and increasing

efficiency’®.
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Unlike primary data collection (e.g. prospective observational or randomized
studies) for which the timing and nature of data collected is determined by the
investigator, administrative data (i.e. secondary data collection) are generated only if
there is an encounter with the health care system associated with a diagnosis,
procedure or prescription’®. Information regarding the encounter must be documented,
filed electronically, reviewed and coded accurately. Figure 4.1 shows a schematic

representation the process of data collection for administrative purposes.

Figure 4.1 Generation of Administrative Data in Health Care

Patient seeks health care

* Symptoms
* Encounter with health professional

Routine clinical care

* History, examination, diagnostic tests
+ Diagnosis
* Interventions

Health care provider documentation

s Electronic medical record
» Paper records

Review by designated staff

* Coding of encounter
* Filing
* Adjudication

Adapted from?76,

When using administrative data, it is important to understand the nature of the
data collected and describe the methods used to create the analytical dataset (e.g.
sampling frame, sampling methods, inclusion and exclusion criteria) which have an
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impact on internal and external validity’. This includes an understanding of a
database’s intended purpose (i.e. why was it created) and the methods used to collect
data (i.e. how was it created) which influence the completeness and accuracy of the
data collected. Datasets may be more complete when those providing information
benefit from providing data’. For example, databases derived from physician services
claims may be more complete for physicians who work on a fee-for-service basis than
they are for physicians who are salaried, as the claims data are used for reimbursement
in a fee-for-service system?’’. Similarly, databases containing information regarding
hospital laboratory tests which are downloaded from the laboratory information system
are likely to be highly accurate because the data are collected automatically from the
same source that provides information for real-time clinical care and the data does not
undergo additional modification or adjudication. Conversely, data regarding diagnoses
may be less accurate because diagnostic codes require a disease to be diagnosed,
appropriate codes to be available, documented legibly in the hospital record, recognized
and interpreted by data abstractors and coded accurately. Data quality checks such as
logical checks and random chart re-abstractions ensure completeness and accuracy of

administrative data.

4.1.1 Randomized Trial Data vs. Administrative Data

The purpose of randomized controlled trials is to compare the effect of one or
more interventions on an outcome. Randomization reduces the chance that the
observed effect is due to factors other than the interventions being compared. In

addition to randomization, randomized controlled trials include highly selected
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participants which reduces the generalizability of results to patients in real-world
practice. This results from the application of strict inclusion and exclusion criteria which
may relate to disease severity, comorbidities, medication use and likelihood of
compliance with the study protocol’®. In addition, randomized controlled trial data are
gathered by specialized teams outside routine clinical care and require significant
financial, logistical and administrative resources. Because of the logistical and financial
challenges of non-pragmatic randomized controlled trials, they are usually of relatively
short duration.

Unlike randomized controlled trials, administrative database research is
observational in nature leading to important challenges from bias and confounding (see
discussion below). However, information linked between physician, hospital and
pharmacy information is comprehensive and allows researchers to study associations
between diseases, exposures and outcomes’®. Using administrative data, researchers
can conduct large, longitudinal studies of demographically and geographically diverse
patients which affords considerable statistical power. Such research is less costly than
randomized controlled trials because it leverages the use of data that are already being

collected for other purposes.

4.1.2 Canadian Institute for Health Information Discharge Abstract Database: An

Example of A Health Care Administrative Database

The Canadian Institute of Health Information (CIHI) collects information about
Canada’s health care system and the health of Canadians’. The CIHI discharge

abstract database (DAD) is a national database which contains information regarding
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discharges, deaths, sign-outs and transfers from acute care institutions in Canada
(except those in Quebec) 89, Other types of care are also captured in the DAD including
day surgery procedures, long-term care, and rehabilitation. Data submitted to the DAD
represent all “separations from acute inpatient care and day surgery institutions in
Canada (excluding stillbirths and cadaveric donor cases from April 1 to March 31”
(except those in Quebec) 8. The DAD contains an inventory of institutions which is
validated by individual provinces and territories. The flow of information into the DAD is
depicted in Figure 4.2.

Data regarding each hospital separation (discharge, death, sign-out, transfer)
include coded information regarding diagnoses and interventions, and patient
demographics®. Data are coded using the International Statistical Classification of
Diseases and Related Health Problems 10™ Revision, Canada (ICD-10-CA)
classification and the Canadian Classification of Health Interventions (CClI) which was
developed by CIHI and is the Canadian standard for classifying health care
interventions. An abstraction manual containing definitions, instructions, and validation
rules in addition to education sessions and client support ensure that data submitted to
the DAD data accurately reflect an institution’s activities. Data completeness is
evaluated on an ongoing basis through analysis of the number of reports generated. An
editing and correction process verifies individual data elements. Re-abstraction studies
conducted by CIHI evaluate data quality by reviewing original sources of information
(e.g. patient chart) and comparing the information obtained with that contained within
the DAD. Health information professionals external to participating hospitals conduct the

re-abstraction by reviewing hospital charts for acute care diagnosis, interventions and
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other data elements submitted to CIHI. In 2009-2010 data from 581 acute care facilities
(9 provinces, 3 territories) was received by CIHI®. For the 2009-2010 Data Quality
Study, 19 re-abstractors reviewed approximately 14,000 acute care abstracts from 85
hospitals and compared the data to previously collected DAD data. The database

elements evaluated in the 2009-2010 Data Quality Study are listed in Table 4.1.

Figure 4.2 Information Flow to CIHI Discharge Abstract Database
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end of reporting period

From: Data Quality Documentation, Discharge Abstract Database — Multi-Year
Information, Standards and Data Submission, Canadian Institute for Health
Information.

45



M.Sc. Thesis — D. Siegal; McMaster University — Health Research Methodology

Table 4.1 CIHI Discharge Abstract Database Data Quality Study 2009-2010

Database Element Evaluated Details

Coding of interventions

Coding of significant diagnoses

Coding of most responsible diagnosis

Consistency of diagnosis typing Assignment of significance
Most responsible diagnosis
Pre-admit comorbidities
Post-admit comorbidities

Coding for selected health conditions Infections due to multi-drug resistant
organisms

Palliative care

Pneumonia

Post-admit comorbidities

Obstetrical trauma

Birth trauma

Post-intervention conditions

Flagged interventions (non-invasive
biopsy, per orifice endoscopy,
tracheostomy, feeding tube,
mechanical ventilation)

Intervention pre-admit flag (thrombolytic
therapy, induction of labor)

Quality of case-mix grouping variables Major clinical category and case mix
group

Comorbidity level

Expected length of stay

Resource intensity weight

4.2 Advantages of Using Administrative Health Data for Research

Health care administrative data contain information collected routinely during
health care utilization in daily clinical practice. Such data can be accessed by
researchers from individual hospitals, clinics, pharmacies, health systems and/or
insurers and has several advantages when applied to clinical research’®82, Electronic

information which is automatically stored for routine clinical practice provides enormous
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potential for answering a variety of research questions in a relatively timely manner and
at low cost. Using administrative data, researchers gain access to health information of
a large number of patients which allows the study of rare events. The data obtained
represent longitudinal routine clinical care and can therefore be used to address
additional research questions regarding real-world effectiveness (e.g. of interventions or
policies), health care utilization, health care quality, predictive risk modelling, and

disease or adverse event surveillance over time83,

4.3 Challenges of Using Administrative Health Data for Research

There a number of important challenges when using administrative data for
clinical research’¢82, Because administrative data are collected for clinical care and/or
reimbursement, data are generated only when there is an encounter with the health
care system. The encounter needs to be documented, filed and coded appropriately
which raises concerns about data completeness, accuracy and precision. It is possible
that diseases, exposures and outcomes are misclassified or omitted. Further, variables
for analysis are limited to data which are collected routinely and there may be missing
data elements and/or unmeasured confounders. Even though it is possible to link
databases to widen the scope of information, data quality and integrity vary among

health care databases.

4.3.1 Internal Validity

Internal validity refers to the appropriateness of inferences made about the

relationships between variables in a study, in particular a causal relationship between
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an exposure and an outcome’®. In other words, internal validity is the ability of a study to
measure what it is designed to measure. Bias threatens internal validity because it
undermines the ability to infer causality. Bias refers to systematic error or systematic
deviation from the truth. In randomized trials, the process of randomization serves to
eliminate bias such that any differences detected in outcomes between groups can be
attributed to the effect of the intervention. Observational studies, including
administrative database studies, are at risk of bias because study participants are not
randomized to interventions resulting in the presence of both known and unknown
differences between groups which can affect outcomes. Biases have been classified
using several schemes but are often grouped into three general categories: selection
bias, information bias and confounding®*. Examples of bias encountered in

administrative database research are included in Table 4.2.

4.3.1.1 Selection Bias

Selection bias addresses the comparability between the groups under study®. In
cohort studies, selection bias occurs when the exposed and unexposed groups differ in
some way besides the exposure of interest. In case-control studies, selection bias is
present when there are differences between cases and controls other than the disease

under study.

4.3.1.2 Information Bias
Information bias arises from incorrect determination of the exposure or outcome

(or both)®4. It is also known as ascertainment, observation, classification or
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measurement bias. To minimize information bias, information regarding outcomes

and/or exposures should be gathered in the same way for comparison groups.

4.3.1.3 Confounding

Confounding refers to the presence of a variable that is related to the exposure
and the outcome, but is not an intermediate in the causal association between the two?8.
Methods to control for confounding are designed to achieve homogeneity between
study groups and include restriction, matching, stratification and multivariate regression.
These can be applied before (restriction, matching, stratification) or after the study is
completed (regression). Confounding can be corrected only if it anticipated and the

necessary information is available.

4.3.1.4 Time-Dependent Bias

Time-dependent bias arises when a patient’s outcome influences the value of a
time-dependent variable’. For example, individuals experiencing an outcome early in
the observation period are less likely to have had the exposure of interest. This can
result in misleading results with higher outcome rates in unexposed compared to
exposed individuals. This is also referred to as “immortal time bias”. Immortal time
refers to the period of follow-up during which an outcome cannot occur®. For example,
after a patient is discharged from hospital, there may be a period of time during which
follow-up is occurring, but there is a delay in determining treatment status because a
prescription has not been dispensed. This period of delay is referred to as “immortal”

because individuals must survive (alive, event-free) in order to be assigned to the
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exposed or unexposed group. Immortal time in observational studies can bias the

results in favour of the treatment. To address time-dependent bias, time-dependent

exposures (variables) should be analyzed as time-dependent covariates which allows

the variables to change over time.

Table 4.2 Types and Examples of Bias in Administrative Database Research

Type of Bias

Assessment

Examples

Selection bias

Are the participants similar
except for exposure (cohort
studies) or disease (case-
control studies)?

e Differing compliance with therapeutic
strategies

¢ Referral pattern related to exposure
status

Information bias

Is information obtained in the
same way for exposed and
unexposed (cohort studies) or
cases and controls (case-
control studies)?

¢ Over-coding or under-coding of
diagnoses

¢ Differences in diagnostic code
reliability

e Combining different databases with
different sensitivity/specificity for
outcomes

¢ Unexposed individuals considered
exposed, or vice versa (e.g.
prescription vs. over-the-counter
medications, drug samples, drug plan)

Confounding

Are the findings related to the
presence of a factor which is
not along the causal pathway,
but which is associated with
both the exposure and the
outcome?

¢ Baseline risk factors
¢ Indication
e lliness severity

Adapted from77.84

4.3.1.5 Propensity Score Analysis

Propensity score analysis is increasingly used to mitigate the effect of bias and

confounding in observational studies by balancing confounding variables across

treatments and groups®?. The propensity score, which is commonly calculated using

logistic regression models, is the conditional probability of an individual being exposed

(e.g. to a treatment) given their covariates. The propensity score is then applied in three

main ways to balance confounders between groups: i) matching; ii) stratification; and iii)
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regression. However, propensity scoring does not address bias arising from the
omission of variables from the propensity score estimation, for example because they
are unmeasurable or unavailable. Although propensity scoring is an attractive approach
to balance potential confounders, it does not adjust for confounding by time-dependent

variables, which are variables that are not constant throughout the duration of follow-up.

4.3.2 Construct Validity

Construct validity refers to the degree to which a variable accurately measures
what it is supposed to measure’®. Because diagnostic codes are essentially surrogate
measures of a disease or procedure, an evaluation of the association between the code
and the real variable using code validation studies is important for documenting
reliability’#. The crudest approach is to compare disease incidence or event rates
measured using the code or more reliable methods (ecological study). Another
approach is to re-abstract information from the medical record to evaluate the integrity
of the abstraction process which is susceptible to missed cases or misidentified cases
(re-abstraction study). The strongest validation approach is to compare the code with a
gold standard determination of the disease or procedure by using: i) standard clinical
and laboratory criteria; ii) panel review; or iii) second data set with an accurate measure
of disease status.

Positive and negative likelihood ratios can then be used to report code accuracy.
Likelihood ratios express the likelihood of a given test result in a patient with a disease
compared to the likelihood of the same test result in a patient without the disease. When

likelihood ratios are combined with the baseline odds of disease, the probability that an
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individual with a code truly has the disease can be calculated using the following
equation: O x LR*/ O x LR* + 1 — O (where O is the odds of disease and LR" is the
positive likelihood ratio)*. Likelihood ratios are preferred for this purpose because
unlike positive predictive value they account for disease prevalence. Positive predictive
value refers to the probability that an individual with a code truly has the disease and
varies significantly with disease prevalence. Although sensitivity and specificity vary less
with changes in disease prevalence, they do not describe the probability that people
with the code truly have the disease (or vice versa). Ideally, a gold standard method
would be used to measure disease prevalence, but likelihood ratios provide a method
for estimating the probability that someone with a given code truly has the disease of

interest.

4.3.3 External Validity

External validity refers to the generalizability of the inferred causal relationship
across patient types and settings, and over time’8. Compared to randomized controlled
trials, database studies are less likely to generate concerns regarding external validity.
However, the study population, practice setting, practice patterns and costs can
influence external validity in database studies. Study population characteristics such as
race, socioeconomic status, sex and age can affect any causal relationships found.
Similarly, generalizability can be affected by differences in practice settings (i.e urban
versus rural, academic versus community) in which access to resources may be
variable. The comprehensiveness of health and prescription coverage may vary across

regions thereby influencing overall health care costs and access.
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4.3.4 Statistical vs. Clinical Significance

Because administrative databases contain such large sample sizes, statistically
significant differences between groups which have little or no clinical significance will be
detected’®. The interpretation of such differences should incorporate absolute and
relative differences between groups as opposed to solely relying on the P-value. Table
4.3 demonstrates the effect of sample size on P-values for statistical testing between
two hypothetical groups with similar baseline prevalence of a characteristic (49.9% and
50.1%). As the sample size increases above 250,000, P-values less than 0.05 are
achieved. However, such a difference may (or may not) be clinically significant.
Confidence intervals can also help distinguish between clinical and statistical
significance because they are generated around absolute or relative differences
between groups. Confidence intervals provide an estimated range of values which
contains the true difference between populations allowing writers and readers to reflect

on the differences between populations.

4.4 Summary

Administrative data can be used to conduct large studies with long duration of
follow-up at low cost to answer research questions. Novel approaches include the
combination of administrative data with randomized trial methodology. There are
important threats to the validity of administrative database studies which must be
accounted for during study design and analysis. As with all observational studies, bias
and confounding which threaten internal validity are particularly important as they affect

the ability to make causal inferences about exposures and outcomes.
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Table 4.3 Effect of Sample Size on P-Values

Sample Size P-Value
10 0.49495
100 0.48405
1,000 0.44967
10,000 0.34458
100,000 0.10295
500,000 0.02275
1,000,000 0.00003
10,000,0000 < 0.00001

Adapted from”. P-values for two independent samples with proportions 0.499 and 0.501.
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CHAPTER 5: SMALL-VOLUME TUBES TO REDUCE ANEMIA AND TRANSFUSION

IN ICU PATIENTS: A PILOT STUDY

This chapter outlines the design of a pilot study to assess the feasibility of a full-
scale stepped wedge cluster randomized trial to evaluate whether small-volume blood
collection tubes reduce RBC transfusion in adult ICU patients compared to standard-
volume blood collection tubes. A discussion of the definition and purpose of pilot

(feasibility) studies is also provided.

5.1 Rationale for Conducting a Pilot Study

5.1.1 What is a Pilot Study?

The National Institute for Health Research (NIHR) describes a pilot study as “a
smaller version of the main study used to test whether the components of the main
study can all work together. It is focused on the processes of the main study..."®®.
Although both ‘pilot’ and ‘feasibility’ are used to describe these types of studies, there is
a lack of consensus regarding the distinction (if any) between them?®’. Eldridge and
colleagues recently published a consensus framework to define pilot and feasibility
studies in which feasibility studies are defined as studies that evaluate whether
something can be done, if it should be done, and how it should be done?”:88, Pilot
studies, a subset of feasibility studies, are considered by these authors as stand-alone
studies conducted prior to definitive randomized trials which inform their design by

addressing issues of feasibility.

5.1.2 Objectives of Pilot Studies
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The objectives of pilot studies address issues of uncertainty which need to be
explored in preparation for a future full-scale trial and differ from the objectives of the
full-scale trial®’. Therefore, the purpose of pilot studies is to assess the feasibility of
larger full-scale trials®. Broadly, pilot studies address the following aspects of study
design: (i) process, (ii) resources, (iii) management and, (iv) science®>%, Process refers
to aspects of the study protocol that are important for success such as eligibility rates,
recruitment rates, adherence rates, and retention. Resource issues include determining
the time required for processes (e.g. for survey or data collection form completion),
availability of equipment, and capacity (e.g. adequate physical space to conduct
assessments). Management issues include those related to human resources (e.g.
availability and training of study personnel) and data collection (e.g. adequacy of data
collection tools, ensuring all relevant data point collected, confirming ability to collect
data points). Scientific issues such as evaluating estimates of treatment effects and
variance in addition to exploring other outcomes which inform the design of a larger

study can also be assessed in a feasibility study.

5.1.3 Misconceptions About Pilot Studies

Pilot studies are not simply small versions of randomized controlled trials®.
Although they are often conducted to generate preliminary estimates of treatment effect
to inform sample size calculations, such estimates may be unrealistic or biased due to
limited sample sizes®. They are not powered to detect differences in treatment effects
between groups and can be potentially misleading in this regard. Pilot studies should

not be done because there are insufficient resources with which to conduct a large
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multi-center trial; they should only be conducted because they will provide information
which will be useful for helping researchers plan a definitive trial. Because research
studies expose participants to health and/or privacy risks it is unethical to conduct a
research study which is unable to achieve its goals and, therefore, exposes participants

to these risks unnecessarily.

5.2 Pilot Study Design

5.2.1 Rationale

Small-volume (soft-draw or reduced-volume) blood collection tubes have the
same physical dimensions, blood collection technique and cost as standard-volume
tubes. Further, they are clinically available and compatible with a range of existing
laboratory equipment. Their use could reduce the volume of blood collected for
laboratory testing which may impact the incidence/severity of anemia and/or number of
RBC transfusions in ICU patients who undergo frequent laboratory testing, have a high
incidence of anemia and receive frequent RBC transfusions. There are limited existing
data regarding the use of small-volume blood collection tubes and their impact on blood
loss, anemia and RBC transfusion. Further, there are no studies which address
potential harms to patients, hospitals or laboratories. Thus, there is equipoise about the
overall net benefit of small-volume blood collection tubes.

Prior to embarking on a full-scale stepped wedge cluster randomized trial
evaluating small-volume blood collection tubes powered on clinical outcomes (RBC
transfusion, incidence and severity of anemia), a pilot study is needed to determine

whether a larger study will be feasible. A stepped wedge cluster randomized trial design
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was chosen because (i) the intervention (small-volume tubes) has a high likelihood of
benefit with minimal harm and (ii) the logistics of widespread introduction of small-
volume tubes are more suitable for a one-way switch followed by implementation.
Although the intervention seems straightforward and cost-neutral, implementation
is complex and requires input from multiple stakeholders. The pilot study will address
concerns that small-volume tubes could increase workload for nursing and/or laboratory
staff, compromise test procedures, limit the number of tests that can be performed, and
ultimately lead to the need for additional blood collection and subsequent delays in
obtaining critical results. Preliminary informal discussions with clinical and laboratory
stakeholders identified the following concerns about the use of small-volume tubes: (i)
potential difficulty collecting blood from some patients (e.g. hypotensive, dialysis, central
venous catheter devices); (ii) lack of experience and education; (iii) increased workload
for blood collectors and laboratory technicians; (iv) reduced number of tests that can be
performed; (v) increased number of samples with insufficient volume for testing; and (vi)
potential need for additional blood collection and subsequent delays in obtaining critical
results. These discussions also identified a need for further exploration of acceptability
and potential barriers and facilitators of implementation to enhance the conduct of the
full-scale trial and facilitate incorporation of the intervention into routine practice. The
pilot study will inform a future large stepped wedge cluster randomized trial designed to
evaluate the clinical effectiveness of small-volume tubes compared to standard-volume

tubes.
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5.2.2 Pilot Study Objectives

5.2.2.1 Primary Objective
The primary objective of the pilot study is to evaluate the feasibility of a full-scale trial

with emphasis on the following:

1. Evaluating the study protocol and logistics
2. Assessing potential harms

3. Assessing implementation issues

4. Evaluating data collection procedures

5. Informing estimates for the full-scale trial

5.2.2.2 Secondary Objectives
The secondary objectives are to prospectively evaluate the following clinical outcomes
which will inform planning of the larger trial:

1. Change in hemoglobin level from ICU admission to ICU discharge (or

death) adjusted for RBC transfusion

2. Blood loss prevented using small-volume tubes
3. Number of RBC transfusions and variance (ICC)
4. ICU and hospital length of stay

5. ICU and hospital mortality
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5.2.3 Pilot Study Outcomes

5.2.3.1 Primary Outcome

The primary outcome of the pilot study will be feasibility. The pilot study will be

considered a success and to have demonstrated feasibility if the following criteria are

fulfilled:

1. Successful switch from standard-volume to small-volume tubes by the end of the 2-
week washout period. This will be defined as 95% correct tubes collected during an
audit of 100 blood specimens collected in the ICU at the end of the washout period.

2. Adherence to the correct tube size during the intervention period. This will be
defined as 95% adherence to allocated tube size evaluated during 2 audits of 100
blood specimens collected in the ICU during the intervention period.

3. Sufficient volume for testing with small-volume tubes. This will be defined as less
than 3% of blood specimens collected reported as inadequate volume for testing
(NSQ). This estimate is based on discussions with local laboratory testing experts
(laboratory staff and Dr. Stephen Hill, Medical Biochemist).

4. Acceptability of the intervention by end-users including individuals taking blood
samples (e.g. nurses, phlebotomy technicians and laboratory staff). Acceptability will
be evaluated qualitatively during structured focus group discussions during the
intervention period and at the end of the study.

5. Barriers and facilitators of implementation will be assessed qualitatively during
structured focus group discussion with end-users at the end of the study.

6. Complete primary data collection. This will be defined as 95% of patients with

complete data collected. Data will be collected from hospital administrative
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databases and electronic medical records. We will evaluate completeness of data

collection with respect to the data points shown in Table 5.2.

In addition to the criteria listed above, the pilot study may also reveal potential
unforeseen problems in conducting the trial and provide an opportunity to find solutions
to any such problems. There will be ongoing communication between investigators, ICU

staff and laboratory staff at weekly meetings during the study.

5.2.3.2 Secondary Outcomes

In addition, the following preliminary prospective data will be collected and described:

1. Change in hemoglobin level from ICU admission to ICU discharge (or death)
adjusted for RBC transfusion (subtract 10 g/L for each unit of RBCs transfused)

2. Prospective assessment of the reduction in blood loss from routine hematology,
chemistry, and coagulation testing using small-volume tubes. This will be calculated
using the total number of blood specimens collected for hematology, chemistry and
coagulation testing multiplied by known sample volumes. This information will allow
the preliminary sample size calculations to be refined for the full-scale trial. Volumes
will be compared between control and intervention periods. The actual volume of
reduction achieved will depend on the type of tube and frequency with which it is
used. For example, ethylenediamenetetraacetic acid (EDTA) and lithium heparin
tubes for complete blood count and chemistry (50% reduction) are expected to be
used more frequently than fluoride or serum tubes (25% reduction). Based on data

from a cohort of 10,260 medical-surgical ICU patients in Hamilton, Ontario (2012-
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2015), mean (SD) diagnostic blood loss during ICU admission was 243 mL (328 mL)
(unpublished data). It is hypothesized that a 40% reduction in blood volume obtained
for laboratory analysis (approximately 96 mL) can be achieved for an average
patient enrolled in the study based on an informal assessment of likely tube mix and
duration of ICU stay.

3. Number of RBC units transfused per patient-day in the ICU and variance (ICC)

4. ICU and hospital length of stay

5. ICU and hospital mortality

5.2.4 Study Population

All adult patients admitted to 3 medical-surgical ICUs in Hamilton, Ontario (St.
Joseph’s Healthcare Hamilton, Juravinski Hospital, and Hamilton General Hospital ICU-
East) during the study period. Patients will be followed until hospital discharge, 30 days,

or death, whichever is earliest.

5.2.5 Study Design

The proposed pilot study will be a stepped wedge cluster randomized trial
(Figure 5.1). Using a stepped wedge cluster randomized trial design, 3 ICUs (ICU-East,
Juravinski Hospital, St. Joseph’s Healthcare Hamilton) (clusters) will switch from using
standard-volume tubes (control) to small-volume tubes (intervention) for all bloodwork
as determined by the clinical care team. The timing at which individual ICUs switch to
the intervention will be randomly assigned using a random numbers table. During each

time period (step), one site will switch to using small-volume tubes. Therefore, each ICU
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provides “before” and “after” observations and switches from control to intervention, but
at different times. The randomization schedule will be maintained by the research staff

and concealed from individual sites.

Figure 5.1 Pilot Stepped Wedge Randomized Study

3 I N

Clusters
=

v

Baseline Step 1 Step 2 Step 3

Treatment periods

Control

- Intervention

2 week washout period

5.2.6 Study Interventions

The study will involve switching from standard-volume (4 — 6 mL; current
practice) to small-volume (2 — 3 mL; intervention) EDTA, lithium-heparin, citrate, fluoride
and silica tubes (Vacutainer®, Becton, Dickinson and Company) (Table 5.1). These are
the types of blood collection tubes used for routine bloodwork (e.g. hematology,
chemistry, coagulation) in Hamilton, Ontario. The small-volume tubes have similar
physical dimensions as the standard-volume tubes, but have reduced vacuum and draw
less blood during collection. The additives present in the tube are adjusted to reflect the

reduced volume of blood drawn by the vacuum. Therefore, both tubes can be used on
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the same standard laboratory instruments without process modification. They are both
available for ordering and distribution through usual processes and have the same unit
cost. Thus, from a nursing and laboratory perspective, handling requirements are
identical. Education will be required for blood collectors (ICU nurses) and laboratory
staff because they may perceive tubes to be inadequately filled when using the small-
volume tubes.

Although very small volume capillary blood collection tubes (e.g. Microtainer®)
are commercially available, they are more expensive and require manual collection and
aliquoting at the bedside and in the laboratory, thereby introducing safety concerns and
substantially increasing workload to unacceptable levels. Thus, although using
Microtainer® tubes in one arm of the study may appear to be a “better” test of the
hypothesis that smaller blood volume tubes reduce iatrogenic anemia and need for
transfusion, complexity associated with their use make such an evaluation infeasible.
However, should Microtainer® tubes be clinically indicated at a centre participating in
the study their use will be allowed. Patients having blood drawn into Microtainer® will
not be excluded from the analysis; rather, they will be included with the arm currently
being run at that centre. It is anticipated that the number of Microtainer® blood draws to
be very small and predominantly limited to neonates and other highly selected
populations, few of whom will be receiving care in the intensive care units which are the

major participants in the study.
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Table 5.1 Study Interventions: Vacutainer® Tubes for Blood Collection

Description Current practice Intervention
(standard-volume) (small-volume)

mL mL
EDTA (lavender) 4.0 2.0
Fluoride (grey) 4.0 2.0
Serum (red) 4.0 3.0
Heparin (green) 4.0 2.0
Citrate (light blue) 2.7 1.8

Source: BD Life Sciences — Preanalytical Systems Product Catalogue 2016

5.2.7 Study Conduct

The pilot stepped wedge cluster randomized study will consist of a baseline
period (current practice of standard-volume tubes) and 3 study periods (steps) each
lasting 4 weeks for a total duration of 16 weeks. The timing of switching to small-volume
tubes will be randomly assigned prior to the start of the study and a supply of small-
volume tubes will be available. Sites will be notified 2 weeks prior to the switch which
will allow a total of 4 weeks for sites to complete the change from standard to small-
volume tubes prior to the start of data collection. Based on discussions with nursing and
laboratory staff, this was agreed to be sufficient time to gather experience with the
intervention during the study for the purposes of assessing feasibility. There will be a 2-
week washout period during which the small-volume tubes will be supplied, but no data
collected to prevent the likelihood of carryover effect from previous blood collection that
could affect results. An audit of 150 tubes in ICU blood collection tube storage areas will
be conducted at the end of the wash-out period to assess the success of switching from

standard-volume to small-volume tubes. After switching, only the small-volume tubes
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will be stocked and used unless specially requested. A sufficient quantity of tubes will
be ordered and available (confirmed and monitored) during the observation period. The
research coordinator will conduct an audit of 100 tubes (randomly chosen) in the ICU
storage areas during each of the three study periods to assess adherence to tube size.
During the 4-week period preceding the switch, educational sessions will be
conducted for ICU nurses and laboratory staff to familiarize them with the intervention
and address questions or concerns. This will include in-kind support from an
experienced Clinical Practice Consultant from Becton Dickinson Canada (personal
communication, Ms. Susan Csatari, National Clinical Practice Consultant, Vascular
Access Blood Collection, BD Preanalytical Systems). Educational sessions will include
demonstration and feedback and will be performed at various times to ensure maximal
coverage of staff who currently provide care on a 24/7 basis determined in collaboration
with nursing and laboratory managers. Because Vacutainer® tubes are already used in
the ICU and the laboratory, educational efforts will be focused on reinforcing existing
blood collection standard operating procedures and emphasizing the key differences
between standard- and small-volume tubes such as reduced fill volume and lower
vacuum. Additional educational resources such as posters and quick-reference cards

will also be provided in-kind by Becton Dickinson Canada.

5.2.8 Focus Group Discussion

One of the pilot study objectives is to explore the experiences of individuals using
small-volume tubes and identify themes of barriers and facilitators to implementation of

small-volume tubes. This will be accomplished using in-depth focus groups (2 per site)
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with individuals who work with small-volume blood collection tubes including blood
collectors (nurses) and laboratory staff (technologists, technicians, managers).
Approximately 4 to 6 individuals will be included in each focus group. This number was
proposed by nursing and laboratory managers such that the focus groups will not
disrupt clinical responsibilities. Participants will be eligible if they had hands-on
experience using the small-volume tubes during the study period and will be selected
with the assistance of the ICU nurse managers and laboratory managers by reviewing
work schedules. Each focus group will take place in a private meeting room at the most
convenient time of day for the group identified by nursing and laboratory managers.

The experiences and barriers/facilitators identified by blood collectors and
laboratory staff will be summarized with the qualitative description method using focus
groups. Qualitative description allows for a comprehensive summary in everyday
terms®!. The output of qualitative description reflects the participant’s experience similar
to their own words®2. This method was chosen because focus groups facilitate in-depth
exploration of the knowledge, experiences and insights of participants in a way that
would be more difficult with individual interviews®3. Further, focus groups encourage
discussion among participants.

Two members of the research team will conduct the focus group sessions as
facilitator and assistant/note-taker. When participants arrive, a consent form will be
completed with time to discuss questions or concerns. If potential participants do not
attend the focus group, this will be recorded in the study log. The objectives of the focus
group and the overall pilot study will be provided to each focus group. Confidentiality

and anonymity will be assured and ground rules will be described. Prior to the start of
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the meetings, the facilitator and the assistant will introduce themselves to the
participants and have some informal discussions to make the participants feel
comfortable, and familiarize them with the facilitator.

A note-taking form will be used by the assistant/note-taker for all focus group
discussions. In addition, an audio recording will be made of the discussion. Each
participant will be given a study ID number by the note-taker who will draw a map of
participants and record which participant made which contributions, to match up with the
transcript of the focus group afterwards. The note-taker will document non-verbal
behaviour and describe the interview setting and atmosphere of the interview. The
facilitator and note-taker will meet to discuss the findings of the interview including
themes, atmosphere and group dynamics.

All study documents will be maintained in a secure, locked office and/or on a
password-protected computer on a secure server at the Population Health Research
Institute and will only be shared within the study team. Audio recordings will be
transcribed into Microsoft Word and then reviewed and revised by members of the
research team prior to data analysis. Participant data will be de-identified. The
transcripts will then be exported to NVivo (v10.0 QSR International, Australia) for coding
and analysis. Details of the de-briefing session between the facilitator and note-taker
after each focus group will be typed into Microsoft Word and shared within the research
team.

Data analysis will be conducted using NVivo (v10.0 QSR International, Australia).
Transcripts from audio-recorded focus group sessions will be typed in a Microsoft Word

document and saved in NVivo. Quantitative data (e.g. demographics) will be stored in a
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password-protected Microsoft Excel file. This will be imported into NVivo and linked to
transcription files. One or two transcripts will be selected randomly to develop a coding
structure. Coding will be generated empirically from the data as per the qualitative

description method®*.

5.2.9 Data Collection and Management

Except for data noted elsewhere in this thesis (for example, results of tube
audits), all data will be collected electronically from hospital administrative databases
(e.g. census data, Discharge Abstract Database) and hospital electronic medical
records (including the Laboratory Information System) at Hamilton Health Sciences and
St. Joseph’s Healthcare Hamilton. Understanding the process of data collection is an
important component of this pilot study to assist with planning data collection for the full-
scale trial. Information will be collected regarding patient demographics, laboratory
tests, RBC transfusions administered, mortality, duration of ICU admission, duration of
hospital admission, most responsible diagnosis, pre- and post-admission comorbidities
and post-admission interventions (ICD-10 codes, CCI codes) (Table 5.2). Additional
data will include use of mechanical ventilation and renal replacement therapy, and
surgeries during hospitalization as these are known covariates which are expected to
affect RBC transfusion. Encryption of patient identifiers will be used to ensure
confidentiality. Data will be stored in a de-identified database on a secure server at the
Population Health Research Institute, McMaster University. All of this data is currently

electronically housed and accessible through Decision Support and Laboratory
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Information Systems at both Hamilton Health Sciences and St. Joseph’s Healthcare

Hamilton.

Table 5.2 Data Points to be Collected

Demographic/Clinical

Laboratory

Transfusion

Age

Sex

Date of ICU admission

Date of ICU discharge

Date of hospital

discharge

e Date of death (if
applicable)

e Most responsible
diagnosis

e Pre-admission
comorbidities

e Post-admission
comorbidities

¢ Interventions during
admission

e Use of dialysis during
admission

e Use of mechanical
ventilation

e Multi-organ dysfunction

score [MODS]

Number of samples with
inadequate volume for
testing (“NSQ” samples)
Hemoglobin level at ICU
admission

Hemoglobin level at ICU
discharge

Hemoglobin level at
hospital discharge
Serum creatinine at ICU
admission and ICU
discharge

Highest serum creatinine
during ICU admission
Number and type of
blood specimens
collected for testing
during ICU admission

e RBC units transfused

5.2.10 Sample Size

Because the pilot trial is designed to assess feasibility, it will not be powered to

detect differences in clinical outcomes, although these will be documented. The results

of the pilot trial will be used to test the assumptions and inform projections for the

sample size and study duration for the full-scale trial. The sample size calculations

70




M.Sc. Thesis — D. Siegal; McMaster University — Health Research Methodology

described below were conducted using the confidence-interval method for a single

proportion (Power and Sample Size, NCSS Statistical Software).

1. Successful switch to small-volume tubes. This will be assessed based on the
proportion of correct size tubes collected during an audit of 100 blood specimens
collected in the ICU at the end of the wash-out period. With this sample size
(n=300), the 95% confidence interval (Cl) of the proportion of correct tubes with
expected proportion of 95% is 91.9% to 97.2%. Therefore, the successful switch
outcome will be considered as accomplished if 300 tubes are collected and the
proportion of correct tubes is greater than 91.9%.

2. Adherence to small-volume tubes. This will be assessed based on the proportion of
correct size tubes collected during an audit of 100 blood specimens collected in the
ICU 4 weeks after the switch. With this sample size (h=300), the 95% CI of the
proportion of correct tubes with expected proportion of 95% is 91.9% to 97.2%.
Therefore, the adherence feasibility outcome will be considered as accomplished if
300 tubes are collected and the proportion of correct tubes is greater than 91.9%.

3. 95% complete primary data collection. The average ICU admission rate in Hamilton
was approximately 58 patients per month during 2012-2015. Therefore, we expect to
register approximately 252 patients during the study. With this sample size, the 95%
ClI of the proportion of patients with complete data collected with expected proportion
of 95% is 92.30% to 97.70%. Therefore, data collection will be considered as

accomplished if the proportion of patients with complete data is greater than 92%.

5.4.11 Statistical Analysis
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Pilot trial feasibility outcomes will be presented descriptively. Univariate analyses
will be conducted to compare the patient characteristics (age, sex, most responsible
diagnosis, pre-admit comorbidities, hemoglobin level at ICU admission, creatinine level
at ICU admission, MODS score, use of mechanical ventilation, use of dialysis during
admission) in each treatment group. Categorical data will be reported as counts and
proportions, and compared using Chi-Square, or Fisher’'s Exact Test if the number of
observations is small. Continuous data will be reported as means with standard
deviations (SD) or medians with range and will be compared using student t-test or

Wilcoxon rank sum test. Proportions will be reported with 95% confidence intervals (CI).

5.2.12 Consent

Because both interventions (small-volume and standard-volume blood collection
tubes) fall within current standard of care and are already in use in our hospital system,
we will seek a waiver of individual patient consent from the Hamilton Integrated
Research Ethics Board (HIREB) according to criteria proposed by the Tri-Council Policy
Statement (TCPS 2): Ethical Conduct for Research Involving Humans. This study
fulfills TCPS criteria in that: (i) the study poses minimal risk to patients; (i) waiver of
consent will not adversely affect patient rights and welfare; and (iii) it would be
impracticable to carry out the research if prior consent is required. To support a request
for a waiver of consent it is important to note that these tubes are already used in
selected clinical units in Hamilton that vary between sites; as a result, patients receiving
care in Hamilton prior to initiation of the study could receive testing results based on an

analysis of blood drawn into either standard or reduced volume tubes.
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CHAPTER 6: CONCLUSION AND FUTURE DIRECTIONS

Blood sampling for laboratory testing causes significant blood loss, especially in
ICU patients who undergo frequent blood testing. ICU patients are at high-risk for
anemia, which is associated with poor outcomes and is frequently corrected with RBC
transfusion, a scarce resource that is also associated with harm. Importantly, only 10%
of the blood collected is used for testing procedures with the remainder discarded as
waste. This suggests that sample volumes can be decreased without compromising
patient care or hospital procedures.

Small-volume (soft-draw) blood collection tubes have the same cost as standard-
volume tubes and are compatible with laboratory equipment. They draw less blood (2 to
3 mL versus 4 to 6 mL) due to lower vacuum inside the tube which fills to a smaller-
volume. There is a paucity of evidence regarding the benefits and harms of small-
volume tubes. A randomized trial is needed for an unbiased assessment of whether
small-volume tubes reduce blood loss, anemia and RBC transfusion without
concomitant harms or negative impact on patient care and hospital procedures. If this
could be shown, it may lead to practice change regarding blood collection for laboratory
testing.

A stepped-wedge cluster randomized trial is the ideal study design for this low-
risk intervention. By incorporating the small-volume tubes into routine clinical practice
and using administrative and hospital electronic medical record data, this study would
be a pragmatic, cost-effective way to evaluate effectiveness and implementation.
However, prior to conducting a full-scale trial powered on clinical outcomes, a pilot study

is needed to determine whether a larger study will be feasible.
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The proposed pilot study is a stepped-wedge cluster randomized trial at 3
medical-surgical ICUs in Hamilton, Ontario. Sites will switch from standard-volume (4 to
6 mL) to small-volume (2 to 3 mL) blood collection tubes at a time which is randomly
allocated. The primary objective is to evaluate the feasibility of a full-scale stepped-
wedge cluster randomized trial. The primary outcome will be feasibility as assessed by:
() successful switch from standard-volume to small-volume tubes; (ii) adherence to the
correct tube size; (iii) sufficient volume for testing; (iv) acceptability of the intervention by
end-users; (v) identifying barriers and facilitators of implementation; and (vi) complete
primary data collection. The pilot study may also identify potential unforeseen problems
and provide an opportunity to find solutions. If the pilot study is successful, a full-scale
stepped wedge cluster randomized trial designed to evaluate the clinical effectiveness

of small-volume tubes compared to standard-volume tubes will be conducted.
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