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Background: Technological improvement has contributed to making veno-venous extracorporeal 
membrane oxygenation (VV-ECMO) safer and easier, spreading its use in acute respiratory failure (ARF).
Methods: This is a retrospective observational study carried out in the ECMO center at IRCCS-ISMETT, 
a medical center focused on end-stage organ failure treatment in Italy. We investigated the effect of different 
cannula designs on the amount of blood product transfused. Eighty-nine consecutive patients affected with 
ARF on VV-ECMO from 2008 to 2016 were compared according to type of cannulation: older percutaneous 
cannula (Standard group, 52 patients) and HLS© BIOLINE-coated, but with shorter drainage cannula 
(BIOLINE group, 37 patients).
Results: The two study groups were comparable in terms of baseline characteristics [age, body mass index 
(BMI), Simplified Acute Physiology Score (SAPS-II), Sequential Organ Failure Assessment (SOFA), Predicting 
Death For Severe ARDS on VV-ECMO (PRESERVE) score] and ECMO management [median hematocrit 
(Htc), platelet nadir, antithrombin III (AT III), heparin, activated partial thromboplastin time (APTT)]. In 
the BIOLINE group, a lower amount of packed red blood cells (pRBC) was transfused considering both 
total number [4 units, interquartile range (IQR) 1–9 vs. 12 units, IQR 5.5–21; P<0.01] and mL of pRBC/day 
of ECMO support (91, IQR 21–158 vs. 193.5, IQR 140.5–254; P<0.01). In the BIOLINE group, a trend in 
reduction of ECMO days (P=0.05) and length of intensive care unit (ICU) stay was found (P=0.06), but no 
differences in rates of ECMO weaning and ICU discharge were evidenced. The BIOLINE group constituted a 
saving of €1,295.20 per patient/treatment, counting the costs for cannulation and pRBC administration.
Conclusions: More biocompatible and shorter drainage cannula may represent one of the contributing 
factors to a reduction in transfusions and costs of VV-ECMO in the current ongoing technological 
improvement in ECMO.

Keywords: Intensive care unit (ICU) costs; large bore cannula; acute respiratory distress syndrome (ARDS); 

transfusion; packed red blood cells (pRBC)
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Introduction

Over the last decade, extracorporeal membrane oxygenation 
(ECMO) has emerged as a promising intervention to 
provide supportive care to patients affected with acute 
respiratory failure (ARF) unresponsive to conventional and 
rescue therapies (1).

The survival rate of patients affected with ARF and 
supported with ECMO, in this case mainly in its veno-
venous (VV) configuration, is progressively improving, but 
mortality is still high, even when bearing in mind that such 
support is usually initiated primarily in younger patients (2).

The improvement in clinical management of ECMO 
and its eventual complications on the one hand, and 
technological progress (3) on the other, have increased 
survival in specialized high-volume centers where a 
centralization process is established (4).

The rationale for ECMO use is to provide an adequate 
delivery of oxygen (DO2), which is assured by hemoglobin 
(Hb) content and blood flow in the circuit. For years 
now, Hb has been set at values close to the normal range 
(12–14 g/dL), but recent observational series (5,6) have 
suggested the feasibility of a lower transfusion threshold 
following the general reduction of transfusions in critically 
ill patients (7-9).

Apart from clinical considerations, the success of ECMO 
depends largely on the ability of the circuit to assure 
adequate blood flow, with oxygenation and decarboxylation 
over time (10). In the last few years, oxygenators and circuits 
have undergone an important improvement in efficacy and 
biocompatibility (11). The cannula (12) and the interface 
between patient and circuit have also changed, and cannula 
design has to be focused on maximizing the blood flow 
while causing minimal damage to the blood (13), the least 
possible coagulation activation (14), and easy placement. 
It is in this light that the HLS© BIOLINE-coated cannula 
have recently been introduced (15).

The aim of this study was to evaluate the impact of 
the introduction of new cannula specifically designed for 
ECMO on the number of packed red blood cells (pRBC) 
transfused in adult patients undergoing VV-ECMO, as well 
as its potential impact on reducing transfusion-related costs.

Methods

This study was approved by our Institutional Research 
Review Board and by the local Ethics Committee. All 
the patients in their full mental capacities, following 
recovery, signed an institutional consent for publication of 
manuscripts as anonymous aggregate data. The deceased 
patients were included, in accordance with authorization N° 
9 of the Italian Privacy Law.

This is a single center retrospective study of consecutive 
adult patients supported on ECMO from February, 2008 
to March, 2016. The patients were affected with acute 
respiratory distress syndrome (ARDS) as defined by the 
1994 ARDS consensus or, later, the Berlin definition. 
Exclusion criteria for the study were <18 years of age, pre- 
or intra-operative support during lung transplantation 
or other surgical procedures (16), and veno-arterial 
configuration (combined respiratory/cardiac disease).

Medical history, demographics, biometrics, and lab 
tests were collected prospectively in our ECMO database 
through an electronic medical record system (Sunrise 
Clinical Manager, Allscripts Healthcare Solutions, Inc., 
Chicago, USA). ECMO predictive scores Predicting 
Death For Severe ARDS on VV-ECMO (PRESERVE), 
Respiratory Extracorporeal Membrane Oxygenation 
Survival Prediction score (RESP), and severity of illness 
scores Simplified Acute Physiology Score (SAPS-II) and 
Sepsis-related Organ Failure Assessment (SOFA) score were 
recorded at admission, as well. Acute kidney injury (AKI) 
was assessed according to the Acute Kidney Injury Network 
(AKIN) stage classification during the ECMO stay.

Transfusion requirement for pRBC was defined as the 
total number of units, total amount as mL, and median of 
mL transfused per day of ECMO support. Fresh frozen 
plasma (FFP) and platelets (PLTs) were counted as the 
number of patients who received transfusions and the 
volume of products transfused.

Bleeding episodes were classified as follows: overall (any 
kind of bleeding), minor (no intervention beyond stopping 
anticoagulation), major (>2 pRBC transfusions triggered 
by the bleeding event or interventional/surgical approach, 
including endoscopy, nasal/pharyngeal tamponade or 
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cauterization), and fatal (intracerebral fatal hemorrhage) (17).

ECMO configuration and type of cannula 

ECMO management was defined as type of device 
(ROTAFLOW or Cardiohelp System; Maquet; Getinge 
Group, Rastatt, Germany), cannulation configuration, and 
blood and sweep gas flow at the beginning and the last day 
of support. ECMO outcomes were defined as weaning from 
support, and effective intensive care unit (ICU) discharge.

All cannula was placed peripherally and percutaneously, 
and preferential ECMO configuration at our institute is 
with femoral drainage and right internal jugular reinfusion, 
while the femoro-femoral circuit is adopted when there 
are specific contraindications to jugular cannulation. Since 
the beginning of our ECMO program, we have placed our 
standard peripheral cannula for extracorporeal circulation 
(Edwards Lifesciences Corporation; Irvine, USA). The 
drainage cannula was thin-walled and wire-reinforced, with 
extended drainage holes: 20 and 22 Fr, 55 cm length, or  
24 Fr and 68 cm for drainage. For reinfusion, we employed 
16 Fr or, mainly, 18 Fr, 15 cm length for the jugular vein, 
and 20, 22 Fr, 55 cm length, or 24 Fr and 68 cm length 
for femoral reinfusion. In November, 2014 we introduced 
into our practice the HLS© cannula (Maquet; Getinge 
Group, Rastatt, Germany) with thin and biocompatible 
polyurethane bodies reinforced with a flat wire, alternating 
pairs of side holes, and coated with a BIOLINE matrix 
composed of albumin and heparin for an increased tip-to-
tip biocompatible circuit certified for an extended use of 
up to 30 days: 23 and 25 Fr, 38 cm, and 17 or 19 Fr, 15 cm 
length for jugular vein reinfusion (in one case 23 Fr, 55 cm 
as femoral reinfusion).

Institutional protocol for anticoagulation and transfusions 
during ECMO

Our protocol for transfusions and anticoagulation (5) 
is based on integration of the Hb values with other 
parameters: mixed venous oxygen saturation (SvO2), urine 
output, lactates, and hemodynamics. Hematocrit (Htc) is 
maintained between 24% and 30% unless severe hypoxia 
is present despite rescue maneuvers. Anticoagulation is 
maintained with heparin at a target range of activated 
partial thromboplastin time (APTT) between 40 and 50 
seconds, checked every four hours, and stopped in any 
case of bleeding or in case of spontaneous coagulopathy. 
Antithrombin III (AT III) activity is checked daily and 

replaced by AT III concentrates, as needed, to keep the 
activity as near as possible at 100%. Blood waste is avoided: 
need for blood sampling is re-evaluated daily, and at ECMO 
weaning the blood in the circuit is reinfused in the patient.

PLTs are transfused when the level falls below 40,000–
50,000/mL, according to the identification of possible 
bleeding sources. FFP is transfused when there is evidence 
of relevant bleeding in the presence of coagulopathy (18). 

Statistical analyses

Categorical variables are given as frequencies and 
percentages, continuous variables as mean and standard 
deviation or as median and interquartile range (IQR)  
(25th–75th percentile IQR), when appropriate, according to 
data distribution.

The comparison between the BIOLINE group and the 
Standard cannula group was made with the two-sample 
t-test for continuous variables or Wilcoxon rank-sum test, 
and by Fisher’s exact test or Chi-square test for categorical 
variables, when appropriate.

All tests were two-sided, and a p value of <0.05 was 
considered indicative of statistical significance. Data 
handling and analyses were done with SAS 9.4 software (SAS 
Institute Inc., Cary, NC, USA).

Results

During the study period, 92 patients required ECMO 
support for ARF at our institute. Eighty-nine patients 
comprised our study cohort since 3 were excluded for 
the following reasons: 2 affected with hematologic 
malignancies (inappropriate to explore the topic of 
transfusion), 1 because at too high a risk of death (SAPS-II  
at ICU admission 66 and SOFA score 18) and with less 
than 48 hours of ICU stay.

The patients were divided into two groups according 
to the type of cannulation: group 1, named Standard, was 
composed of 52 patients with Edwards cannula, and group 2, 
named BIOLINE, and composed of 37 patients with HLS© 
BIOLINE cannula. 

The underlying diagnoses were H1N1 influenza A 
(27 patients in the Standard group and 17 patients in the 
BIOLINE group), bacterial pneumonia (12 Standard and 
16 BIOLINE), lung graft failure (6 cases in the Standard 
group), polytrauma (2 Standard, 1 BIOLINE), pneumocystis 
jirovecii pneumonia in HIV-AIDS (1 Standard, 2 BIOLINE), 
ARF post-pneumonectomy (2 cases in the Standard group), 
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mediastinitis (1 case in the Standard group), chemical 
pneumonia (1 case in the Standard group), and 1 case of 
transfusion-related lung injury in the BIOLINE group.

Patient characteristics of the combined cohort and 
separate groups are summarized in Table 1. The two groups 
were comparable in terms of the majority of baseline and 
pre-ECMO characteristics.

ECMO management

No relevant between-group differences were found in 
ECMO management apart from the type of console, and 
diameter and length of drainage cannula. All parameters for 
the targets for transfusions and anticoagulation (Htc, platelet 
nadir, APTT, AT III, heparin) were comparable between the 
two groups, and in range for our protocol (all P values were 
>0.05) (Table 1). In the BIOLINE group there was a higher 
prevalence of Cardiohelp adoption, while in the Standard 
group there was more frequent use of the ROTAFLOW 
console and pump (P<0.001). In the BIOLINE group there 
was a higher median diameter of the inflow cannula: 25 Fr, 
IQR 23–25 vs. 22 Fr, IQR 22–24, P=0.03.

Transfusion management and bleeding

The overall cohort received a reduced number and 
amount of pRBC transfusions related to our adaptable and 
restrictive protocol: the median number of pRBC units 
transfused was 8 (IQR 3–18), and the amount in ml adjusted 
for the duration of ECMO was 158 mL pRBC/day of 
ECMO support (IQR 91–214), with 9 patients who did not 
require any pRBC units (Table 2).

Investigating different management in the two groups 
we found significantly fewer pRBC transfusions in the 
group with BIOLINE cannulation (Table 2). This is evident 
considering the total number of transfused units during 
the ECMO stay: 4 (IQR 1–9) in the BIOLINE group,  
12 (IQR 5.5–21) in the Standard group (P=0.004). The 
evidence is even more relevant considering the daily 
amount: 91 mL/day ECMO (IQR 21–158) in the BIOLINE 
and 193.5 mL/day ECMO (IQR 140.5–254) in the Standard 
group (P<0.001). Moreover, in the BIOLINE group,  
9 patients received no pRBC transfusion during the ECMO 
duration (mean ECMO length 9±6 days).

FFP was transfused in 11 of the 89 patients, and in a 
comparable way between the two groups: 5 patients in the 
BIOLINE group, and 6 patients in the Standard group. 
PLTs were transfused in 28 of the 89 patients: 9 in the 

BIOLINE group, and 19 in the Standard group.
There was no statistically significant difference between 

the groups in terms of bleeding episodes (Table 1). Apart 
from 3 fatal bleedings, i.e., intracranial hemorrhage, we 
registered overall bleeding in 15 cases in the BIOLINE 
group, and 22 in the Standard group. Episodes of major 
bleeding were less frequent with the adoption of the new 
cannula, though not statistically significant (P=0.140). In 
the BIOLINE group we registered 3 major bleedings:  
1 due to duodenal gastric ulcer, 1 due to rhinopharyngeal 
and abdominal bleeding in a polytrauma patient, 1 due to 
cannulation-site-relevant bleeding. In the standard group 
we encountered 11 major bleedings: 4 were intracerebral 
hemorrhage (in 3 cases they were fatal, while in 1 case a 
surgical evacuation of hematoma allowed recovery); 3 were 
hemothorax (2 patients on ECMO for lung graft failure, and 
1 polytrauma patient who underwent a thoracotomy during 
ECMO support, all 3 successfully weaned); 2 were severe 
gastric bleeding (one recognized as an incidental diagnosis 
of a gastric bleeding cancer); 1 case was a rhinopharyngeal 
and gastric bleeding with several interventional procedures 
to stop the bleeding in a patient with a long ECMO stay 
and an acquired von Willebrand disease; and 1 case of 
cannulation bleeding in a patient with heparin-induced 
thrombocytopenia.

Clinical outcomes

The number of days on ECMO evidenced a borderline 
statistical significance, with a reduction using the new 
and more biocompatible devices (P=0.05) (Table 3) This 
reduction in ECMO duration is also reflected in the trend of 
reduction in total ICU length of stay (LOS), while there was 
no difference in the median number of days of mechanical 
ventilation post-ECMO. ECMO survival (namely the 
successful weaning of the extracorporeal device) and effective 
discharge from the ICU were comparable in the two groups.

Costs of transfusions and cannula 

Considering that at our institute every unit of pRBC has 
a total cost of €224.40, the median cost for pRBC during 
ECMO in the BIOLINE group was €897.60 per treatment 
per patient, while in the Standard group the median cost was 
€2,692.80. This gain in cost effectiveness was partially offset 
by the higher cost of the cannula: we calculated an increased 
cost for cannulation of €500.00 in the BIOLINE group. 
Consequently, the implementation of the new BIOLINE 
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Table 1 Baseline characteristics and data on ECMO management

Variable Overall (n=89) BIOLINE (n=37) Standard (n=52) P value

Pre ECMO-data

Age, years 43 [33–52] 45 [31–55] 43 [34–48] 0.56

Gender male, N (%) 66 (74.2) 30 (81.1) 36 (69.2) 0.23

BMI, kg/m 27.8 (24.0–31.1) 29 [24–33] 27.7 [24–31] 0.88

SAPS 2 at admission 38 [32–45] 39 [33–47] 38 [30–44] 0.27

SOFA score at admission 8 [6–10] 8 [6–11] 8.0 (6.5–10.0) 0.44

Hospital LOS, days 7 [3–12] 5 [2–12] 8 [5–13] 0.14

ICU LOS, days 5 [2–9] 3 [1–8] 5.0 (2.0–11.5) 0.08

Mechanical ventilation, days 3 [2–8] 3 [1–7] 5 [2–10] 0.06

PaO2/FiO2 ratio 59 [52–67] 58 [52–68] 59 (51.5–64.5) 0.86

Creatinine, mg/dL 1.3 (0.80–1.9) 1.4 (0.8–2.1) 1.2 (0.8–1.8) 0.84

Bilirubin, mg/dL 0.86 (0.60–1.30) 0.8 (0.58–1.59 0.9 (0.6–1.3) 0.60

Hematocrit, % 32.5 (29.8–37.10) 32.1 (29.7–39.6) 32.5 (29.8–35.5) 0.09

Charlson Comorbidity Index 1 [0–2] 1 [0–3] 1.0 (0–1.5) 0.13

PRESERVE score 4 [3–5] 4 [3–5] 4 [3–5] 0.91

RESP score 2 [–1–4] 2 [1–4] 1 [–1–4] 0.04

ECMO circuit and management

ROTAFLOW, n(%) 38 (42.7) 7 (18.4) 31 (81.6) <0.01

Cardiohelp, n(%) 51 (57.3) 30 (58.8) 21 (41.2) <0.01

Drainage, Fr 23 [22–24] 25 [23–25] 22 [22–24] 0.03

Return, Fr 18 [18–19] 19 18 0.34

Blood flow 1st day, L/min 3.8 (3.3–4.2) 3.8 (3.4–4.3) 3.85 (3.25–4.05) 0.33

Air flow 1st day, L/min 3.0 (2.5–4.0) 3 [2–4] 3 [3–4] 0.43

Plateau pressure 1st day, cmH2O 22 [21–24] 23 [22–24] 22 [20–24] 0.47

PEEP, 1st day 12 [10–14] 12 [10–14] 12 [10–14] 0.80

Prone position, N (%) 15 [17] 5 [14] 10 [19] 0.57

CRRT, N (%) 50 [56] 20 [54] 30 [58] 0.82

Septic shock, N (%) 56 [63] 24 [65] 32 [62] 0.82

Hematocrit 30.5 (29.0–32.3) 31 (28.7–32.9) 30.15 (29.0–31.75) 0.78

Platelets nadir 71 [42–130] 81 [40–145] 65.5 (42.5–129.0) 0.36

Activated partial thromboplastin time 45.2 (41.7–49.4) 45.0 (41.8–47.0) 45.5 (41.5–51.1) 0.28

AT III 91.8 (83.8–102.0) 94.1 (84.1–107.1) 90.8 (82.7–100.2) 0.42

Heparin 10.9 (7.5–14.8) 10.8 (8.6–15.2) 11.5 (7.5–14.6) 0.53

Overall bleeding, N (%) 37 [41] 15 [40] 22 [42] 1.00

Major bleeding, N (%) 14 [16] 3 [8] 11 [21] 0.14

Fatal bleeding, N (%) 3 [3] 0 3 [6] 0.26

ECMO, extracorporeal membrane oxygenation; BMI, body mass index; ICU, intensive care unit; LOS, length of stay; PaO2, arterial oxygen 
pressure; FiO2, fraction of inspired oxygen; PEEP, positive end-expiratory pressure; CRRT, continuous renal replacement therapy; AT III, 
antithrombin III.
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cannulation resulted in a median saving of about €1,295.20 
considering just pRBC and cannula, and not including the 
potential reduction in ECMO duration and ICU LOS.

Discussion

In this study, we evaluated different transfusion results in VV-
ECMO patients treated with two different types of cannula.

Currently, several approaches are adopted to improve the 
biocompatibility of extracorporeal circuits (19-21), based on 
the use of antithrombotic biomolecules such as heparin (22),  
polymeric molecules, and glycoprotein because the ECMO 
circuit is one of the largest and longest surface areas and 
volume for blood contact (23) in any medical device for 
prolonged use (10,24).

The BIOLINE coating combines albumin and heparin 
polypeptide absorbed into the components of the circuits’ 
surfaces, forming a steric hindrance. With heparin, a 
negatively charged hydrophilic complex polysaccharide 
acid, molecules are attached to the polypeptides via covalent 

bonds and ionic interaction. It has been hypothesized that 
the circuits’ higher biocompatibility, combined with a low 
median heparin dose, restricted range of APTT, and a high 
median AT III (25), may cause less derangement of the 
physiological coagulation/anticoagulation balance (26).

In terms of ECMO management, we found a difference 
in pump and console use because the more recent cases 
were treated mainly with the Cardiohelp system (27). 
Therefore, we progressively switched from ROTAFLOW 
use to Cardiohelp (both polymethylpentene membrane 
oxygenators) because almost all our patients are referred 
by other hospitals (on-site cannulated) and, consequently, 
we used the properly miniaturized new console (28) for 
transport (29). This difference may have influenced the 
results since the Cardiohelp provides a slightly lower 
priming volume, and the difference in the circuit may 
reduce the formation of vortices, thus reducing the 
potential for hemolysis. The dynamic differences between 
the two systems have been not completely elucidated by 
the literature, but there are some data suggesting a reduced 

Table 3 Clinical outcomes

Clinical outcomes Overall (n=89) BIOLINE (n=37) Standard (n=52) P value

Mechanical ventilation post ECMO, days 10 [5–18] 9 (3.5–17.5) 11 [6–18] 0.89

ECMO support, days 14 [8–24] 13 [7–18] 15 (9.5–27.5) 0.05

ICU LOS, days 27 [16–41] 22 [14–33] 31.5 (16.5–47.0) 0.06

ECMO weaning, N (%) 66 [74] 29 [78] 37 [71] 0.47

ICU discharge, N (%) 60 [67] 27 [73] 33 [63] 0.36

ECMO weaning indicates the number of patients successfully weaned from ECMO, and consequently represents the survival on ECMO. 
ICU discharge indicates the number of patients discharged alive from the ICU, and consequently represents the survival in the ICU. 
ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; LOS, length of stay.

Table 2 Transfusion management during ECMO support

Variable Overall (n=89) BIOLINE (n=37) Standard (n=52) P value

Total PRBC during ECMO support, unit 8 [3–18] 4 [1–9] 12.0 (5.5–21.0) <0.01

Total PRBC during ECMO support, mL 1,926 [858–4,530] 1,050 [250–2,244] 3,000 [1,415–5,285] <0.01

PRBC/day of ECMO support, mL/day 158 [91–214] 91 [21–158] 193.5 (140.5–254.0) <0.01

Patients without FFP transfusions, N (%) 78 [87] 32 [86] 46 [88] 1.00

Total FFP*, mL 789 [400–1,750] 1,000 [789–1,000] 450 [250–1,750] –

Patients without platelets transfusions, N (%) 61 [69] 28 [76] 33 [63] 0.25

Total Platelets*, mL 498 [250–1,500] 954 [314–1,966] 496 [250–900] –

*, calculated in patients who received at least one unit of FFP or platelets during the ECMO stay. pRBC, packed red blood cells; ECMO, 
extracorporeal membrane oxygenation; FFP, fresh frozen plasma.
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pressure drop with the Cardiohelp system, and the ability 
to achieve desired flow rates at lower rotational speeds (30). 
Moreover, the Cardiohelp offers the opportunity of close 
monitoring of the circuit’s pressures and Hb values, which 
can help for a more tailored fluid and blood administration. 
This is the main bias of our data collection since these 
two systems are quite different in terms of biodynamics 
and monitoring; but at the same time, it is an evidence of 
updated clinical practice, which is also the basis of research 
in biomedical technology.

The second difference between groups concerns 
the drainage cannula. In the current literature there is 
consensus concerning the best configuration (2)—femoro-
jugular, based on expert advice, though there is no ultimate 
definition of the best cannula type, size, and length (31,32). 
In the evolution of our cannulation approach a relevant role 
has been played by the different designs (33), accompanied 
by a shorter length of the drainage cannula, an active way 
to reduce circuit length. In fact, adequate management of 
the patient’s intravascular volume status is critical during 
ECMO; therefore, we can speculate that a lower speed of 
the pump with a stable blood flow may translate into a lower 
number of pRBC transfusions, and better oxygenation may 
reduce the peripheral tissue hypoxia and organ failure, 
favoring the patient’s recovery (34).

These last considerations involve the strategy of managing 
the ARF patient on ECMO support, the rationale of which 
is to provide variable but partial oxygenation of the entire 
cardiac output. Before administering a transfusion (35)  
to increase the DO2 it is considered important to check 
for blood flow, optimize ventilation when possible, and 
reduce oxygen expenditure, all of which constitute a 
plausible pathway toward the application of the principles 
of precision medicine for all ECMO patients.

Considering the bleeding complications, we found 
a reduced number of overall episodes in the BIOLINE 
group, but without statistical significance. Theoretically, a 
less relevant derangement of physiologic coagulation may 
reduce the episodes of bleeding due to coagulopathy, but 
several considerations may put into question definitive 
conclusions from our series since the differences among the 
episodes of bleeding in the two groups were more related 
to the case mix and the reduced number of ECMO runs, 
though we cannot exclude a potential role in the reduced 
number of days of ECMO support.

Finally, we looked at costs of transfusions. This is a 
non-negligible “side-effect” of transfusions considering 
the costs incurred for the health care system, and the 

shortage of pRBC in blood banks. The use of BIOLINE 
cannula is much more expensive than the older cannula, 
but considering the potential for reduction by one-third 
of pRBC administration, expenses can be considered cost-
effective (36). This hypothesis is even more relevant in light 
of potentially reduced length of ECMO support, and should 
receive increasing interest in the ECMO community since 
the applicability of ECMO (37,38) is constantly spreading, 
even toward pathologies not traditionally associated with 
ECMO support (39-42). Obviously, this is not a cost-
analysis since even the change in the ECMO system is 
expensive and increases the costs, though it is an example 
of the indirect clinical costs and savings that can be derived 
from a careful consideration of the available techniques.

Our study has several limitations. First, it is a single 
center study and with a retrospective design. Second, 
apart from a few cases, the two groups were not treated 
contemporaneously, since the standard cannula were 
adopted mainly in a previous period; consequently, our 
data are probably influenced by the learning curve and the 
general improvement in ICU knowledge. In addition, a 
confounding factor may be the later use of new devices, 
which have an integrated monitoring of Hb and SvO2.

Despite such limitations, we believe that our study 
has some strengths. To the best of our knowledge, this 
is the first study to compare different types of cannula in 
transfusions. This is a large and homogeneous cohort of 
adult VV-ECMO patients affected with ARF, and despite 
the almost before-after design of the study the principles 
of management did not change over the years, as evidenced 
by the similar levels of Htc, APTT, and heparin. In 
addition, our data collection methods were consistent and 
computer-based, also adding the costs of transfusions and 
ECMO technology, thus offering a practical and “real life” 
picture of the field. Lastly, our conclusions are hypothesis-
generating more than evidence statements and highlight the 
importance of careful consideration of circuit configurations 
and type of cannula use.

Conclusions

Our results suggest that the use of shorter and more-
biocompatible cannula, associated with a restrictive policy 
of anticoagulation and transfusion, may contribute to a 
reduction in transfusions during VV-ECMO and to a 
potentially indirect more cost-effective practice. Our results 
should be considered hypothesis-generating and highlight 
the importance of further investigation in prospective studies 
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of the specific effects of the clinical advancements determined 
by new and evolving technologies during ECMO.
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