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collection devices on total blood loss in patients undergoing major
cardiac and vascular surgery
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Abstract

Background Diagnostic laboratory tests are an integral

part of managing hospitalized patients. In particular,

patients in the intensive care units (ICUs) can experience a

concerning amount of blood loss due to diagnostic testing,

which can increase the risk developing iatrogenic anemia.

Several interventions exist to curtail avoidable blood loss,

for example computerized decision support, smaller

phlebotomy tubes, and other blood conservation devices.

Nevertheless, use of these interventions is not standardized.

Therefore, the objective of our study was to quantify the

daily phlebotomy volume taken from patients who had

undergone major cardiac or vascular surgery.

Methods We estimated the number of blood analyses

and volumes of drawn blood of 400 consecutive patients

(C 18 yr) undergoing major cardiac or vascular surgery.

The amount of blood saved using small-volume tubes and

in combination with blood conservation device rather than

standard-volume tubes was estimated for serum chemistry

(serum), ethylenediaminetetraacetic acid (EDTA) tubes,

sodium citrate coagulation (SCC) tubes, and arterial blood

gas (ABG) analysis.

Results The mean total blood loss due to phlebotomy

drawing using standard-volume tubes during

hospitalization was 167.9 mL (95% confidence interval

[CI], 158.0 to 177.8), 255.6 mL (95% CI, 226.5 to 284.6),

and 695.3 mL (95% CI, 544.1 to 846.4) for patients
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undergoing cardiac surgery with a hospital length of stay

(LOS) of 0–10, 11–20, and C 21 days, respectively. The

mean total blood loss due to phlebotomy during

hospitalization was 80.5 mL (95% CI, 70.5 to 90.6),

225.0 mL (95% CI, 135.1 to 314.8 mL) and 470.3 mL

(95% CI, 333.5 to 607.1) for vascular surgery patients with

LOS 0–10, 11–20, and C 21 days, respectively. Patients

with at least a two-day stay at the ICU had a mean blood

loss of 146.6 mL (95% CI, 134.6 to 158.6 mL) and those

with C 11 days incurred a loss of 1,428 mL (95% CI,

1,117.8 to 1,739.2). The use of closed blood collection

device and small-volume tubes (serum, EDTA, SCC, and

ABG) reduced blood loss by 82.8 mL for patients with an

ICU stay of 2 days and up to 824.0 mL for patients with a

ICU stay of C 11 days.

Conclusion Diagnostic laboratory tests are associated

with significant patient blood loss, but are a modifiable risk

factor. The use of small-volume tubes and closed blood

collection devices decreases the volume of patient blood

drawn for analysis and prevents blood waste.

Résumé

Contexte Les tests diagnostiques de laboratoire font

partie intégrante de la prise en charge des personnes

hospitalisées. Plus spécifiquement, la patientèle des unités

de soins intensifs (USI) peut perdre une quantité

inquiétante de sang en raison des tests de diagnostic, ce

qui peut augmenter le risque d’anémie iatrogène. Plusieurs

interventions existent pour réduire les pertes de sang

évitables, par exemple une aide à la décision informatisée,

des tubes de phlébotomie plus petits et d’autres dispositifs

de conservation du sang. Néanmoins, le recours à ces

interventions n’est pas normalisé. Par conséquent,

l’objectif de notre étude était de quantifier le volume

quotidien de phlébotomie prélevée chez des patient�es
ayant bénéficié d’une chirurgie cardiaque ou vasculaire

majeure.

Méthode Nous avons estimé le nombre d’analyses

sanguines et les volumes de sang prélevés de 400

personnes consécutives (C 18 ans) bénéficiant d’une

chirurgie cardiaque ou vasculaire majeure. La quantité

de sang économisée à l’aide de tubes de petit volume et en

combinaison avec un dispositif de conservation du sang

plutôt que des tubes de volume standard a été estimée pour

la chimie sérique (sérum), les tubes d’acide éthylène-

diamine-tétra-acétique (EDTA), les tubes de coagulation

au citrate de sodium (CCS) et l’analyse des gaz du sang

artériel (GSA).

Résultats La perte sanguine totale moyenne due au

prélèvement de phlébotomie à l’aide de tubes de volume

standard pendant l’hospitalisation était de 167,9 mL

(intervalle de confiance [IC] à 95 %, 158,0 à 177,8),

255,6 mL (IC 95 %, 226,5 à 284,6) et 695,3 mL (IC 95 %,

544,1 à 846,4) chez les patient�es bénéficiant d’une

chirurgie cardiaque avec une durée de séjour à l’hôpital

de 0 à 10, 11 à 20, et C 21 jours, respectivement. La perte

sanguine totale moyenne due à la phlébotomie pendant

l’hospitalisation était de 80,5 mL (IC 95 %, 70,5 à 90,6),

225,0 mL (IC 95 %, 135,1 à 314,8 mL) et 470,3 mL

(IC 95 %, 333,5 à 607,1) chez les patient�es ayant bénéficié
d’une chirurgie vasculaire avec des durées de séjour de

0-10, 11-20 et C 21 jours, respectivement. Les patient�es
ayant séjourné au moins deux jours à l’USI ont eu une

perte de sang moyenne de 146,6 mL (IC 95 %, 134,6 à

158,6 mL) et celles et ceux ayant séjourné C 11 jours ont

subi une perte de 1428 mL (IC 95 %, 1117,8 à 1739,2).

L’utilisation d’un dispositif de prélèvement sanguin fermé

et de tubes de petit volume (sérum, EDTA, SCC et gsa) a

réduit la perte de sang de 82,8 mL pour les patient�es ayant
séjourné à l’USI 2 jours et jusqu’à 824,0 mL pour les

patient�es ayant séjourné en USI C 11 jours.

Conclusion Les tests de laboratoire diagnostiques sont

associés à une perte de sang importante chez les patient�es,
mais constituent un facteur de risque modifiable.

L’utilisation de tubes de petit volume et de dispositifs

fermés de prélèvement sanguin diminue le volume de sang

prélevé pour analyse et prévient le gaspillage de sang.

Keywords diagnostic blood loss � phlebotomy �
transfusion

Laboratory testing is an essential component of

perioperative care. Nevertheless, clinicians are often

unaware of the frequency of routine laboratory testing

and the blood volume involved. Koch et al.1 assessed the

number of performed laboratory tests in 1,894 patients

undergoing cardiac surgery and found that, on average,

115 tests per patient were performed. Arterial blood gas

(ABG) analysis was the most frequently performed (40%)

followed by coagulation tests (18%), complete blood

counts (14%), metabolic panels (13%), blood culture (5.3%),

blood type and screen (3.8%), and potassium level tests

(1.8%). On a regular ward, the median [interquartile range

(IQR)] cumulative blood volume drawn was 118 mL

[73 to 232] and on an intensive care unit (ICU), the median

[IQR] blood drawn was 332 mL [197 to 619 mL].1 Excessive

blood draws reduce hemoglobin (Hb) levels and may

contribute to the development or progression of anemia.

Furthermore, phlebotomy in intensive care patients

contributes to the need for red blood cell (RBC)

transfusions.2 Since the outbreak of the SARS-CoV-2

pandemic, the number of available RBC units has

dramatically decreased in many countries, thus the safe

handling of patient blood has become even more important.
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Several blood-saving measures exist, including in-line

blood conservation devices, small-volume phlebotomy

tubes, point-of-care testing, rational test ordering, and

noninvasive methods. While several studies have shown

that using small-volume phlebotomy tubes reduces blood

loss caused by diagnostic sampling without increasing

laboratory error,3,4 minimal volume sampling is not a

standard practice in most hospitals. Therefore, in this

study, we assessed the number of laboratory tests

conducted in patients undergoing major or vascular

surgery to estimate the effect of small-volume

phlebotomy tubes on blood loss due to diagnostic

sampling.

Material and methods

Setting

We collected data of 400 consecutive patients

(age C 18 yr) scheduled for major cardiac (n = 200;

n = 100 with a cardiopulmonary bypass and n = 100

without a cardiopulmonary bypass) or vascular (n = 200)

surgery between January 2019 and February 2020 at the

University Hospital Frankfurt, retrospectively. Major

surgery was defined as any cases with increased

probability of an RBC transfusion.5,6 We manually

extracted patient data and the number and types of

performed laboratory tests from the hospital’s electronic

database. Based on laboratory diagnostics, we identified

the number of blood tests and the blood collection tubes

used. We then used the data to quantify the amount of

blood loss and to calculate the amount of reduced blood

volume when using small-volume tubes. It is noteworthy to

mention that small-volume tubes are used for the most part

at the University Hospital Frankfurt. Standard-volume

tubes are used for specific analyses or analyses

performed at external laboratories. Briefly, use of small-

volume tubes was part of the implementation of a Patient

Blood Management program at the University Hospital

Frankfurt.5 The exchange of the tubes was repeatedly

announced to all employees by the head of the laboratory

department through email, newsletters, and internal

training. Small-volume sodium citrate coagulation [SCC]

tubes were validated before implementation.3 Standard-

volume tubes were replaced stepwise for each collection

tube (serum, ethylenediaminetetraacetic acid [EDTA],

SCC, and ABG) and for every hospital ward in close

collaboration with medical staff. Handling and analyses of

collected blood using small-volume tubes were closely

controlled and analyzed.

The study protocol was approved by the ethics

committee of the University Hospital Frankfurt

(Ref. 318/17) and the requirement for written informed

consent by patients was waived.

Sampling

The number of diagnostic samplings was evaluated for

serum chemistry (serum), EDTA, SCC, ABG, blood

culture (10.0 mL), thin capillary tubes (0.5 mL), point-of-

care testing (POCT) (2.8 mL), and activated clotting time

(ACT) (1.0 mL). The volume for standard and small-

volume tubes were: 4.7 mL and 2.6 mL for serum, 2.7 mL

and 1.8 mL for EDTA, 3.0 mL and 1.8 mL for SCC, and

2.0 mL and 1.0 mL for ABG, respectively. In addition, the

placement of central venous catheter (CVCs) and arterial

lines was noted.

Total blood loss for patients with ICU stays was

calculated for both standard- and small-volume tubes

based on the number of serum, EDTA, SCC, ABG, blood

culture, thin capillary tubes, and POCT laboratory tests that

were conducted. In the presence of a CVC or arterial line,

5 mL of blood was routinely discarded before blood was

drawn for laboratory analysis and was included in the

estimation of total blood loss. Closed blood conservation

devices were used in the ICU only. In these patients, no

blood was discarded during blood collection. Anemia was

defined according to the World Health Organization

criteria7 as Hb \ 12.0 g�dL–1 for women and

Hb\ 13.0 g�dL–1 for men.

Statistical analysis

To investigate the volume of blood drawn for laboratory

diagnostics, we estimated the number of blood tests

taken and the number of collection tubes used. Based on

laboratory profiles, the used collection tube was

identified as 1) EDTA: small blood count including

blood cells and Hb; 2) serum: creatinine, liver function,

kidney function, and electrolyte; and 3) SCC:

coagulation. Blood analyses performed with tubes for

ABG were identified in the laboratory profiles. Next, the

drawn blood volume was calculated using standard- and

small-volume tubes for serum, EDTA, SCC, and ABG.

Then, the total volume of blood drawn during a hospital

stay was calculated for three conditions: 1) standard-

volume tubes (serum [4.7 mL], EDTA [2.7 mL], SCC

[3.0 mL], ABG [2.0 mL], blood culture [10.0 mL], thin

capillary tubes [0.5 mL], POCT [2.8 mL], and amount

of discarded blood [5.0 mL]); 2) small-volume tubes

(serum [2.6 mL], EDTA [1.8 mL], SCC [1.8 mL], ABG

[1.0 mL], blood culture [10 mL], thin capillary tubes

[0.5 mL], POCT [2.8 mL], and amount of discarded

blood [5.0 mL]); and 3) small-volume tubes and closed

blood conservation devices (serum [2.6 mL], EDTA
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[1.8 mL], SCC [1.8 mL], ABG [1.0 mL], blood culture

[10 mL], thin capillary tubes [0.5 mL], POCT [2.8 mL]).

We analyzed descriptive variables using means and

standard deviations (SDs). Statistical significance was set

at P\ 0.05 and was determined using the Mann–Whitney

U test, Student’s t test, or Fisher’s exact test. We used

Spearman’s rank correlation rho to assess correlations

between length of stay (LOS) and the number of laboratory

tests performed. To assess the standardized mean

difference, we calculated the absolute difference between

saved blood volumes using small-volume tubes compared

with standard-volume tubes. The number of performed

laboratory tests with serum, EDTA, SCC, and ABG was

used to calculate the saved blood volume. We performed a

univariate linear regression model on the hospital stay and

the volume of drawn blood volume for laboratory

diagnostics. Prediction bands have been analyzed to take

the variability of the data around the fitted curve into

account. All analyses were conducted using R version 3.1

(R Foundation for Statistical Computing, Vienna, Austria)

and Microsoft� Excel (Microsoft Corporation, Redmond,

WA, USA).

Results

In total, 200 patients undergoing cardiac surgery and 200

patients undergoing vascular surgery were included in the

analysis (Electronic Supplementary Material [ESM]

eTable 1). Table 1 lists the patient characteristics

including age, sex, Hb level at admission, and presence

or absence of anemia. The mean (SD) total hospital LOS

was 14.7 (10.7) days for patients undergoing cardiac

surgery and 16.3 (16.9) days for patients undergoing

vascular surgery. For cardiac surgery patients, the mean

(SD) Hb level at discharge was 10.3 (1.6) g�dL–1, and

93.5% of patients had anemia. For vascular surgery

patients, the Hb level at discharge was 10.4 (2.0) g�dL–1

and 86.5% were anemic (Table 2). In total, 85 (42.5%)

cardiac surgery patients had a LOS of 0–10 days, 80 (40%)

had a LOS of 10–20 days, and 35 (17.5%) had a LOS

of[ 21 days. Of the vascular surgery patients, 116 (58%)

had a LOS of 0–10 days, 31 (15.5%) had a LOS of 10–20

days, and 53 (25.6%) had a LOS of[ 21 days. Electronic

Supplementary Material eTables 2 and 3 show Hb levels

and hospital LOS for patients undergoing peripheral major

vascular surgery, aortic surgery, vascular surgery, and

cardiac surgery with or without cardiopulmonary bypass.

Blood volumes and the frequency of laboratory testing

The most commonly performed laboratory tests in patients

undergoing cardiac surgery were ABG (n = 12,678; 56%)

followed by SCC (n = 3,606; 16%), serum (n = 3,151;

14%), and EDTA (n = 3,106; 14%). For patients

undergoing vascular surgery, the most common tests

were ABG (n = 7,177; 48%) followed by EDTA

(n = 2,725; 18%), serum (n = 2,635; 17%), and SCC

(n = 2,444; 16%) (ESM eTable 4). In cardiac surgery

patients, hospital LOS and the number of laboratory tests

using serum, EDTA, and SCC were strongly correlated

(ESM eTable 5). Similarly, in patients undergoing vascular

surgery, LOS and the number of laboratory tests using

serum and EDTA were strongly correlated (ESM

eTable 5). Increasing hospital LOS during the

postoperative period was associated with increased

overall phlebotomy volumes (Fig. 1). For patients

Table 1 Patient characteristics

Cardiac surgery

N = 200

Vascular surgery

N = 200

Age, mean (SD) 67.0 (11.6) 70.8 (11.5)

Female, n/total N (%) 57/200 (28.5%) 63/200 (31.5%)

BMI (kg�m–2), mean (SD) 27.7 (5.8) 25.9 (4.5)

ASA Physical Status, n/total N (%)

I 0/200 (0.0%) 0/200 (0.0%)

II 3/200 (1.5%) 21/200 (10.5%)

III 46/200 (23.0%) 111/200 (55.5%)

IV 145/200 (72.5%) 58/200 (29.0%)

V 6/200 (3.0%) 10/200 (5.0%)

VI 0/200 (0.0%) 0/200 (0.0%)

Preoperative Hb level (g�dL–1), mean (SD) 13.4 (1.9) 13.1 (2.2)

Preoperative anemia rate, n/total N (%) 55/200 (27.5%) 83/200 (41.5%)

ASA = American Society of Anesthesiologists; BMI = body mass index; Hb = hemoglobin; SD = standard deviation
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undergoing cardiac surgery, the mean total blood loss due

to phlebotomy was 167.9 mL (95% confidence interval

[CI], 158.0 to 177.8), 255.6 mL (95% CI, 226.5 to 284.6)

and 695.3 mL (95% CI, 544.1 to 846.4) with a hospital

LOS of 0–10, 11–20, and [ 21 days, respectively. The

mean total blood loss due to phlebotomy was 80.5 mL

(95% CI, 70.5 to 90.6), 225.0 mL (95% CI, 135.1 to 314.8)

and 470.3 mL (95% CI, 333.5 to 607.1) for vascular

surgery patients with a hospital LOS of 0–10, 11–20,

and [ 21 days, respectively (Fig. 2, ESM eFig. 1). The

linear regression analysis revealed that LOS was a

significant predictor for drawn blood volume using

serum, EDTA, SCC, and ABG blood collection tubes.

The analysis also showed that most of the analyzed data

reside within the margins of the predictive bands (ESM

eFig. 2).

Amount of potential blood saving using small-volume

tubes

The absolute difference between saved blood volumes

using small-volume tubes compared with standard-volume

tubes increased with a longer hospital LOS (ESM

eTables 6 and 7).

The mean amount of blood drawn can be significantly

reduced using small-volume tubes compared with standard-

volume tubes both in cardiac and vascular surgery patients

(ESM eTables 6 and 7): 50% reduction using ABG,

45% reduction using serum, 33.4% reduction using EDTA,

and 40% reduction using SCC.

Total blood loss during the intensive care unit stay

The total blood loss was highest for patients during their

ICU stay and increased the longer they spent in the ICU.

Patients with a two-day stay in the ICU had a mean

blood loss of 146.6 mL (95% CI, 134.6 to 158.6) and

with C 11 days, this increased to a mean blood loss of

1,428 mL (95% CI, 1,117.8 to 1,739.2) (Table 3). By using

small-volume tubes, the amount of blood loss could have

been reduced by 51.3 mL for patients with an ICU stay of

two days and up to 465.3 mL for patients with an ICU stay

of C 11 days. The combined use of small-volume tubes and

closed blood conservation devices was associated with a

blood loss reduction of 82.8 mL for patients with an ICU

stay of two days and 824.0 mL for patients with an ICU

stay of C 11 days (Fig. 3 and ESM eTable 8).

Discussion

Iatrogenic blood loss is a key factor contributing to the

development and worsening of hospital-acquired anemia

(HAA). The etiology of anemia is multifactorial and

includes iron deficiency, intestinal disorders, chronic

conditions, pregnancy, menstruation, occult or procedural

bleeding, hemodilution from intravenous fluid

administration, blunted erythropoietin production, and

laboratory diagnostics.8–10 Nevertheless, blood loss due

to laboratory diagnostics is also associated with the

development of HAA.11 There is evidence suggesting

that HAA is associated with an increased risk for in-

hospital mortality and prolonged hospital LOS.11–13 Koch

et al. showed that, of 188,447 hospitalized patients,

74% developed HAA. Of these, 29% developed mild

anemia, 41% experienced moderate anemia, and 30% had

severe HAA. They further found that mortality risk

significantly increased with the severity of HAA

(OR, 1.51 for moderate HAA and OR, 3.28 for severe

HAA).14 Blood transfusions are often used to reverse

Table 2 Length of hospital stay and hemoglobin level at discharge

Cardiac surgery

N = 200

Vascular surgery

N = 200

Hb level at discharge (g�dL–1), mean (SD) 10.3 (1.6) 10.4 (2.0)

Anemia rate at discharge, n/total N (%) 187/200 (93.5%) 173/200 (86.5%)

LOS total (days), mean (SD) 14.7 (10.7) 16.3 (16.9)

LOS preoperative (days), mean (SD) 2.1 (2.4) 3.0 (4.5)

LOS ICU (days), mean (SD) 3.1 (4.5) 1.5 (5.1)

LOS IMC (days), mean (SD) 0.6 (2.5) 1.6 (3.2)

LOS RW (days), mean (SD) 8.7 (7.6) 9.8 (12.2)

Resurgery, n/total N (%) 27/200 (13.5%) 66/200 (33.0%)

In-hospital mortality, n/total N (%) 11/200 (5.5%) 17/200 (8.5%)

Hb = hemoglobin; ICU = intensive care unit; IMC = intermediate care; LOS = length of stay; RW = regular ward
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anemia and up to 53% of ICU patients receive a blood

transfusion during their stay.15

Several strategies exist to reduce blood draws for

diagnostic laboratory testing.16–22 For example, Riessen

et al. showed that a combination of blood-saving bundles

including closed-loop arterial blood sampling systems,

smaller sampling tubes, fewer blood draws, and a reduction

in sample numbers were associated with a significant

reduction in mean blood loss (from 43.3 mL to 15.0 mL).

Moreover, the authors found that transfused RBC units

decreased from 7.0 to 2.3 units per 100 observation days,

with the closed-loop arterial blood sampling system being

the largest contributor to this effect.23

Major surgery is often associated with both intensive

care and a prolonged hospital stay, particularly for patients

undergoing invasive cardiac or vascular surgery who are

prone to postoperative complications. Laboratory

diagnostics during postoperative care are inevitable.

Nevertheless, extensive bloodletting may drive HAA and

impede surgical recovery. In our analysis, the mean (SD)

hospital LOS was 14.7 (10.7) days and 16.3 (16.9) days for

patients undergoing major cardiac and vascular surgery,

respectively. Overall, 17.5% of the patients undergoing

cardiac surgery and 25.6% of the patients undergoing

vascular surgery had a hospital LOS [ 21 days. Our

analysis revealed that a prolonged LOS was associated

with an increase in overall phlebotomy volume. In patients

with a LOS of [ 21 days, blood volume for serum,

EDTA, SCC, and ABG was up to 695.3 mL (95% CI,

544.1 to 846.4) for patients undergoing cardiac surgery and

470.3 mL (95% CI, 333.5 to 607.1) for patients undergoing

vascular surgery during their overall hospital stay.

Remarkably, patients with a two-day stay in the ICU

experienced a median blood loss of 146.6 mL (95% CI,

134.6 to 158.6) and with C 11 days a median blood loss of

1,428.0 mL (95% CI, 1,117.8 to 1,739.2). By using small-

volume tubes for serum, EDTA, SCC, and ABG as well as

using closed blood collection tubes, the amount of blood

loss could be reduced by 82.8 mL for patients with an ICU

stay of two days and up to 824.0 mL for those with an ICU

stay of C 11 days.

Laboratory diagnostics can be divided into two

categories: routine or screening and indicated or

diagnostic. Recent findings suggest that, with the

Fig. 2 Total drawn blood

volume during hospital stay.

*P\ 0.05. The number and

volume of blood analyses are

shown for patients undergoing

cardiac or vascular surgery.

Mean values with

95% confidence intervals are

shown for hospital stays of 0–10

days, 11–20 days, and

C 21 days.

123

Effect of using smaller blood volume tubes 219



introduction of protocols for enhanced recovery after

surgery, perioperative care pathways have improved.

These improvements have led some to question whether

the number of daily, routine blood draws can be reduced.

Nevertheless, changing these routines is challenging as

clinicians worry that, in case of complications or adverse

events, the lack of testing will be challenged. In addition,

while indwelling CVC or arterial lines simplify blood

sampling, they contribute to iatrogenic anemia because the

first few millilitres from each new blood draw are

discarded. Mukhopadhyay et al. found that the use of a

blood conservation device was associated with a significant

reduction in Hb levels and transfusion requirements in ICU

patients.24 Patients with reduced erythropoiesis capacity

cannot sufficiently compensate for surgical blood loss or

laboratory diagnostics. Therefore, attempts to ameliorate

unnecessary blood loss should focus on modifiable

procedures. Small-volume or pediatric tubes are helpful

as they can be used to preserve patient blood.4 Moreover,

Briggs et al. showed that small-volume tubes reduced

sampling volume by 50% with no increase in laboratory

error.25 In this study, we calculated the amount of saved

blood volume using small-volume sampling tubes in

patients undergoing major cardiac or vascular surgery.

Our results indicate that using small-volume tubes could

reduce the amount of blood drawn by 50% for ABG, by

45% for serum, by 33.4% for EDTA, and by 40% for SCC.

Patients with intensive care needs would benefit the most,

with blood reductions of 82.8 mL (for a two-day ICU stay)

and up to 824.0 mL for ICU stays C 11 days.

Laboratory diagnostics are essential components of

medical diagnoses and therapies. Nevertheless, a

significant proportion of blood tests are reflexive, and

repetitive phlebotomy is associated with hematoma

formation, nerve damage, pain extravasation, iatrogenic

anemia, arterial punctures, petechiae, allergies, fear and

phobias, infection, syncope and fainting, excessive

bleeding, edema, and thrombus.2 Furthermore, repetitive

phlebotomy may increase the risk for HAA,11,26 increase

the need for RBC transfusion,2 and prolong hospital LOS.26

Insufficient knowledge of laboratory costs, fear of

litigation, diagnostic uncertainty, absence of feedback on

testing practices, and differing levels of health care

professional training are common contributors to the

problem and are difficult to address. Nevertheless,

preserving patient blood reserves is becoming

increasingly important and has been addressed by

Choosing Wisely Canada recommendations,27 the

American Association of Blood Banks,28 and the Society

for the Advancement of Blood Management. While

coordinated, multidisciplinary, and multimodal quality

improvement initiatives have been recommended, they

can be difficult to implement and sustain.20,29–31 Changing

a long-standing work practice is challenging and often

associated with resistance. Therefore, close cooperation

with laboratories is required, who could then support the

replacing collection tubes. Fewer blood specimens may

also require more precise handling of samples.

Nevertheless, companies provide small-volume tubes

similar to standard ones, which do not require changing

machines or centrifuge rotors, making the use of smaller-

volume tubes a straightforward adjustment. Still,

laboratories often require confirmation from their

providers that the exchange of sampling tubes would not

compromise the blood analyses. In addition, laboratories

often request internal validation to show reliable results.

Smaller volume tubes may also require adjustments to the

hematology analyzer. For example, adapting the depth of

needle immersion needs and storage places for tubes.

Fig. 3 Total drawn blood volume during intensive care stay. Mean

values with 95% confidence intervals are shown for standard-volume

tubes (standard VT), small-volume tubes (small VT) and small-

volume tubes ? blood conservation devices (small VT ? BCD).

BCD = blood collection device; VT = volume tubes
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Limitations

This study had several limitations. First, a power analysis

to estimate the smallest sample size needed for the study

was not conducted. We cannot exclude that analyzing a

higher number of patients may have revealed different

amounts of saved blood volumes when using small-volume

tubes. As our results showed that using small-volume tubes

was feasible, future studies should prospectively assess the

effect of these tubes during routine clinical practice.

Second, confounding factors such as infection, bleeding,

and bleeding disorders that may increase hospital LOS and

would require additional laboratory blood analyses were

not investigated. Nevertheless, HAA is associated with

poor clinical outcomes and iatrogenic blood loss is one of

the key contributing factors.32,33 Wu et al. found that

implementing the use of small-volume tubes was

associated with a reduction in the mean (SD) number of

blood transfusions—from 60.0 (46.73) to 58.5 (44.77).34

Based on our study design, we were not able to assess the

impact of small-volume blood tubes on blood transfusion.

Fourth, the exact amount of discarded volume may vary

between medical staff. The literature suggests that

withdrawn and discarded blood volume should be

between 3 and 5.3 mL.35–38 At our hospital, medical staff

are requested to discard 5 mL of blood before a laboratory

analysis is performed. Nevertheless, depending on which

lumen of the CVC is used, the volume of discarded blood

may be lower. Therefore, the estimated blood loss in our

study may have been overestimated.

Conclusion

There is scant clinical awareness of the extent that

excessive blood loss from laboratory diagnostic testing

contributes to anemia and blood transfusions. Ideally,

patient-individualized bloodletting for laboratory

diagnostics is preferable, but difficult to implement.

Small-volume tubes and closed blood conservation

devices represent a valuable alternative to reducing blood

loss due to laboratory diagnostics. This study shows that

using small-volume tubes and closed blood conservation

devices in daily clinical practice can reduce avoidable

blood loss and potentially reduce the rate of HAA.
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