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ABSTRACT

Background: We prospectively compared restrictive and liberal transfusion strategies for critically
ill children regarding hemodynamic and laboratory parameters.

Methods: A total of 180 children requiring packed red blood cells (PRBCs) were randomized into
two groups: the liberal transfusion strategy group (transfusion trigger < 10 g/dL, Group 1) and the
restrictive transfusion strategy group (transfusion trigger <7 g/dL, Group 2). Basal variables includ-
ing venous/arterial hemoglobin, hematocrit and lactate levels; stroke volume; and cardiac output
were recorded at the beginning and end of the transfusion. Oxygen saturation, noninvasive total
hemoglobin, noninvasive total oxygen content, perfusion index (PI), heart rate and systolic and dia-
stolic blood pressures were assessed via the Radical-7 Pulse co-oximeter (Masimo, Irvine, CA, USA)
with the Root monitor, initially and at 4 h.

Results: In all, 160 children were eligible for final analysis. The baseline hemoglobin level for the
PRBC transfusion was 7.38 = 0.98 g/dL for all patients. At the end of the PRBC transfusion, cardiac
output decreased by 9.9% in Group 1 and by 24% in Group 2 (p < 0.001); PI increased by 10% in
Group 1 and by 45% in Group 2 (p < 0.001). Lactate decreased by 9.8% in Group 1 and by 31.68%
in Group 2 (p < 0.001).

Conclusion: Restrictive blood transfusion strategy is better than liberal transfusion strategy with
regard to the hemodynamic and laboratory values during the early period. PI also provides valuable
information regarding the efficacy of PRBC transfusion in clinical practice.

KEYWORDS: children, erythrocyte transfusion liberal strategy, pediatric intensive care, restrictive
strategy
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BACKGROUND

Critically ill children have a high incidence of anemia
at the time of admission and during their pediatric
intensive care unit (PICU) stay [1, 2]. The use of
the packed red blood cell (PRBC) transfusion is
common, with approximately 17-50% of all PICU
patients receiving transfusions [1-5S]. Based on
hemoglobin, a transfusion threshold of <7 g/dL for
hemoglobin is as safe as the more liberal a transfu-
sion threshold of <10g/dL for critically ill adults
and children without hemodynamic instability in
terms of RBC transfusion risks [2, 6-12]. However,
little is known about the effects of RBC transfusion
on oxygen delivery and utilization. Until recently,
there has been no noninvasive study that has eval-
uated detailed information about hemodynamic and
tissue oxygenation parameters such as cardiac output
(CO), perfusion index (PI) and hemoglobin oxygen
content for liberal and restricted transfusion strat-
egies. These may provide an opportunity to develop
patient-specific clinical assessments for PRBC trans-
fusion. Therefore, we aimed to compare liberal and
restrictive transfusion strategies regarding circulatory
and laboratory parameters for critically ill children.

METHODS

Study design
This study was performed at a PICU between
January 2014 and December 2018S. It was funded by
the Erciyes University Scientific Research Unit
(registration number TSA-2014-5299). A total of
200 critically ill children between 1month and
16 years of age who had expected PICU stay of more
than 24 h were included in the study. After obtaining
informed consent, 20 patients were excluded from
the study. Exclusion criteria were as follows: severe
respiratory failure (patients receiving more than 0.6
FiO,, positive end expiratory pressure > 10 cmH,O
or high-frequency oscillatory ventilation more than
12h prior to transfusion), cyanotic congenital heart
disease, hemodynamic instability (mean systemic ar-
terial pressure <2SD of the normal mean for age or
requirement of increase in cardiovascular support for
at least 2h before enrollment), hemolytic anemia
and acute blood loss [2, 6]. The remaining pa-
tients (n: 180) were randomly assigned to liberal
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(transfusion trigger <10g/dL, Group 1) or restrict-
ive (trigger <7 g/dL, Group 2) transfusion strategy
group. Randomization was provided by a coin toss.
If one child received more than one transfusion dur-
ing intensive care stay, the first transfusion was con-
sidered for the study. Enrolled patients received
10mL/kg PRBC over 4 h. All PRBC units were pre-
pared containing equal amounts of hemoglobin and
hematocrit via ALYX ComPonent System (Baxter)
Health Care to administer standard hemoglobin and
hematocrit to patients during transfusion.

DATA COLLECTION AND PROCEDURES

Procedures
A disposable optical finger sensor (Rainbow
Butterfly, Revision K, Masimo Corporation, Irvine,
CA, USA) was placed on the ring finger of the non-
dominant hand of each subject and connected to the
Root Pulse co-oximeter (Masimo, Irvine, USA).

Data collection

Basal variables including venous/arterial hemoglobin,
hematocrit and lactate levels; heart rate; systolic and
diastolic blood pressure; CO; SPHb (total hemoglo-
bin); SPOC (oxygen content); and PI were recorded
both at the beginning (T0) and at the end (T4) of
the transfusion. SPHb, SPOC and PI were assessed
via the Radical-7 Pulse co-oximeter (Masimo, Irvine,
CA, USA). Additionally, demographic data, PRISM
ITII, PELOD, reason and the number of transfusion,
length of mechanical ventilator and PICU stay and
survival were recorded from the medical chart.

Cardiac output measurement
-Cardiologists who assessed the CO measure-
ments were blinded to treatment allocations.
Echocardiographic studies were performed with a
GE-System equipped with 3 to 7MHz for two-
dimensional and color flow Doppler mapping by two
experienced pediatric cardiologists. There was agree-
ment between two pediatric cardiologists. CO was
calculated by transthoracic echocardiography, using
the left ventricular outflow tract (LVOT) Doppler

method. The following equations were used:
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Cardiac output = heart rate X stroke volume;

Stroke volume = LVOT area X LVOT VTI or
= Pi (LVOT diameter/2)* x LVOT VTIL

The LVOT diameter was measured in the paraster-
nal long axis in the systole. The LVOT velocity time
integral (VTI) provides information regarding blood
velocity across the period across the systole and in
units of centimeters (cm). The LVOT pulsed wave
Doppler in either the apical long axis or the chamber
view and the VTI can be traced out on the ultra-
sound machine or using digital software offline.

Data statistical analysis
This was a non-inferiority trial and analysis was con-
ducted with the use of the per-protocol approach.
The required sample size was 132 to detect increase
of 10% in PI levels in the group treated according to
the restrictive transfusion strategy with an overall
two-sided o= 0.05 and power of 90%. Considering
the probability of subject attrition, we included 180
patients in our study. Statistical analysis was per-
formed using SPSS version 22.0 (IBM, Armonk,
NY). The normality of parametric data was analyzed
by the Shapiro Wilk test. Numerical variables were
expressed as mean * SD or median. Comparisons
between groups for data with a normal distribution
were performed using Student’s t-test, and the com-
parisons between groups for data that did not show
a normal distribution were performed using the
Mann-Whitney U test. Categorical variables were
compared using the y” test. The bivariate correlation
tests were used to analyze the correlations. A two-
sided p < 0.05 was considered statistically significant.

RESULTS
One patient (loss of data) in Group 1 and 19 pa-
tients (loss of data and inappropriate monitoring) in
Group 2 were excluded from this study. One
hundred sixty children met all of the eligibility
criteria for final analysis (Fig. 1). The median ages
were 36 months (24-84 months) for Group 1 and
72 months (38-84 months) for Group 2. The rea-
sons for PRBC transfusion included the following:
low hemoglobin (n=106, 66.25%), respiratory

failure (n=34, 21.25%) and bone marrow

suppression/coagulopathy (n=20, 12.5%). Patient
characteristics on admission and outcome are sum-
marized in Table 1. Changes in hemodynamic and
other laboratory parameters during PRBC transfu-
sion are presented in Table 2. CO decreased by 9.9%
in Group 1 and by 24% in Group 2 (p < 0.001); PI
increased by 10% in Group 1 and 45% in Group 2
(p <0.001). Lactate decreased by 9.8% in Group 1
and by 31.68% in Group 2 (p < 0.001). The correl-
ation analyses between A% PI and A% CO and A%
PI and A% lactate are presented in Table 3. The
interaction of SPOC and SPHb measurements,
SPOC and SPO, are presented in Table 4.

DISCUSSION
The discovery in recent years that adopting a lower
transfusion trigger (Hb <7g/dL) had no adverse
consequences and the potential risks of RBC transfu-
sions has become apparent in transfusion practice
[2, 13-16]. However, it is unclear why PRBC trans-
fusions are associated with worse outcomes for critic-
ally ill patients. To our knowledge, there are only a
few studies that explain the impact of PRBC transfu-
sion on hemodynamic parameters and tissue oxygen-
ation in critically ill patients [17-21]. This is the first
study which compares liberal and restrictive transfu-
sion regimens in terms of hemodynamic effects and
laboratory parameters in the PICU. A significant
number of intensivists use PRBC to increase sys-
temic delivery of oxygen (DO,) in critically ill chil-
dren [22]. Anemia decreases the ability of blood to
deliver oxygen due to a lower hemoglobin level [23,
24]. Global DO, is dependent on CO and the oxy-
gen content of arterial blood (Ca0O,). CO, stroke
volume and heart rate significantly decreased at the
end of the transfusion in both groups. Similarly, sys-
tolic and diastolic blood pressure levels significantly
increased in both groups, too. However, A% change
of CO between baseline and after transfusion was
higher in Group 2 than in Group 1. We thought that
the inverse ratio between blood viscosity and flow
velocity may cause a disproportional decrease in CO
in Group 2. Hudson et al. reported an increase in
CO, but it was not statistically significant in anemic
preterm infants. They also reported that red cell vol-
ume may be a good indicator for determining bene-
fits from transfusion [19]. Another transfusion study
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Assessed for
eligibility (n:200)
Excluded (n:20)
Severe respiratory failure (Fi0>60%,
PEEP>10 ¢cmH,O on conventional MV or
HFOV)
Cyanotic ongenital heart disease
Hemodynamic instability
Randomized (n:180)
| | |
group 1 (Hb< 10 g/dL) Allocation group 2 (Hb< 7 g/dL)
(n:90) (n:90)
‘ Follow-up ‘
Loss of data (n:1) ! Lossofdata (n:10)
Inappropiate monitoring (n:9)
Analysis per protocol
Analyzed (W Analyzed (n:71)
Fig. 1. Consort flow chart.
Table 1. Patient characteristics on admission and outcome in two groups
Variables Group 1, n (%) Group 2, n (%) p
89 (55.6) 71 (44.4)
Sex, male, n (%) 41 (46.1) 36 (50.7) 0.560
Age, month 36 (24-84) 72 (36-84) 0.063
PRISM III 12 (6-16) 10 (6-13) 0.07
PELOD 11 (10-20) 10 (10-20) 0.09
Number of PRBC transfusions during PICU stay 2 (2-3) 1(1-2) <0.01
Mechanical ventilation, n (%) 50 (56.1) 32 (45) <0.05
Mechanical ventilation days 15 (8-22) 13 (5-16) <0.01
PICU length of stay days 13 (8-25) 10 (5-21) <0.006
Admission diagnosis
Respiratory, n (%) 30 (33.7) 28 (39.4)
Cardiology, n (%) 12 (13.5) 10 (14.1)
Infection, n (%) 15 (16.8) 12 (16.9) 0.125
Hematology, n (%) 32 (36) 21 (29.6)
Mortality, n (%) 13 (14.6) 6 (84) 0.342

Data are expressed as n (%) or median (25%-75% percentile range). PRISM III: Pediatric Risk of Mortality III; PELOD: Pediatric Logistic Organ
Dysfunction; PRBC: packed red blood cell; PICU: pediatric intensive care unit.

by Kanmaz et al. reported decreased CO by 9% but
no change in PI for anemic preterm infants [24].
They explained that these findings were the result of
the distribution of blood volume to supply oxygen to
critical organs such as the brain, heart and kidneys.
We used the PI to observe the efficiency of

transfusion on tissue oxygenation, too. Lima et al. re-
ported that low PI level was associated with
decreased peripheral perfusion [25]. At the end of
the transfusion, PI increased only in Group 2.
Despite decreased CO in both groups, we only
observed a statistically significant change in PI levels
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Table 2. Changes in hemodynamic and other laboratory parameters during transfusion

Variables T0 T4 P A% pt
Hb (g/dL) 8.07+0.07 10.33+0.08 <0.01
6.53+0.07 9.06+0.09 <0.01
Hct (%) 25+0.82 30.2%0.85 <0.01
21.2+0.3 26.6*1.1 <0.01
SPHb (g/dL) 906+1,07 1098*1,18 <0.01 14.6 =0.04
798+1,08 988+1,0 <0.01 18
SPOC (mL/dL) 11.83+0.19 14.63+0.16 <0.01 17.3 <0.08
10.06+0.22 12.9+0.18 <0.01 22.9
SPO, (%) 97.53+0.30 98.02+0.23 <0.01 2 <0.001
96.0+0.35 97.63+0.25 <0.01 10.4
PI (%) 1.55+0.06 1.68+0.82 0,120 10 <0.001
1.32+0,07 2.49+0.09 <0.01 45
Lactate (mmol/L) 1.65+0.09 1.54+0.08 0.018 9.8 <0.001
1.79+0.10 1.380.09 <0.001 31.68
HR (bpm) 125.45*1.95 115.14+1.81 <0.01 7 =0.02
119.37%2.19 104.65+2.04 <0.01 13
SV (mL) 29.36+2.04 25.81+1.63 <0.01 42 <0.001
51.73+2.30 38.87+1.83 <0.001 29.7
CO (L/min) 3.51+0.25 321%021 <0,01 9.9 <0.001
6.08+0.28 4.8670.24 <0.01 24
SBP (mmHg) 91.19+1.25 96.63+1.29 <0.01 4.8 <0.05
103.40*1.40 106.18+1.45 <0.01 5.2
DBP (mmHg) 54.15+1.39 58.27+1.07 <0.01 3.5 <0.08
64.76+1.55" 66.60+1.20 =0.01 3.98

Bold indicates Group 2 data. Data are expressed as a mean = standard deviation. p values show the comparison of TO (initial) and T4 (end of the trans-
fusion) values for two groups. pt values show the comparisons of two groups” A% change. All p values < 0.0S considered as statistically significant. Hb:
hemoglobin; Hct: hematocrit; SPHb: noninvasive total hemoglobin; SPOC: noninvasive total oxygen content; SPO,: oxygen saturation; PI: perfusion
index; HR: heart rate; SV: stroke volume; CO: cardiac output; SBP: systolic blood pressure; DBP: diastolic blood pressure. A%: TO (beginning of the
transfusion) — T4 (end of the transfusion)/T0 (beginning of the transfusion).

Table 3. Correlations between A% PI and A%
cardiac output, A% lactate for Group 1 and

Group 2

Table 4. Correlations between A% SPOC and

A% SPHb, A% SPO, for Group 1 and Group 2

r

A% cardiac output

A% lactate

0.07
—0.401
—0.105
—0.172

Bold indicates Group 2 data. A%: TO (beginning of the transfusion) —
T4 (end of the transfusion)/TO (beginning of the transfusion).

r P
P Ao spHb 0.745 <0.001
0.537 0.689 <0.001
<0.001 A% SPO, 0.03 0.805
0328 0.023 0.847
0.152

Bold indicates Group 2 data. A%: TO (beginning of the transfusion) —
T4 (end of the transfusion)/T0 (beginning of the transfusion). p val-

ue < 0.05 considered as statistically significant. SPOC: noninvasive total
oxygen content; SPHb: noninvasive total hemoglobin; SPO,: oxygen

saturation.
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in patients with Hb <7 g/dL. Significant changes in
PI occurred by increasing CO by 24% at the end of
the transfusion. In Group 2, we considered that
blood flow velocity and viscosity may be attributed
to a higher A% of PI. To our knowledge, this is the
first study comparing the changes in hemodynamic
and laboratory parameters including PI for two spe-
cific transfusion regimens in critically ill children.

Richard et al. reported that the SPOC measure-
ment may provide an accurate measurement of the
oxygen content of arterial blood (Ca0O,) using SPHb
[26]. In our study, SPOC levels increased in both
groups compared with baseline values but % change
of SPOC values (17.3% in Group 1 and 22.09% in
Group 2, respectively) was significantly higher in
Group 2. Although there was no correlation between
A% SPOC and A% SPO, in the two groups, there
was good correlation between A% SPHb and A%
SPOC in the two groups. Considering these findings,
the CaO, is determined by hemoglobin, SaO, and
dissolved PaO, in blood, but the hemoglobin level
has a much greater influence on CaO, [27].

In anemic patients, one of the laboratory param-
eters that reflects adequacy of tissue perfusion is blood
lactate [27, 28]. The balance between oxygen delivery
and consumption affects the serum lactate level. A
study by Takahashi et al. reported that higher blood
lactate may indicate decreased tissue perfusion and lac-
tate clearance in anemic patients. According to the
aforementioned results, serial venous blood lactate
measurements may offer some valuable information to
determine the optimal time for transfusion [28]. At
the end of the transfusion, decreased serum lactate lev-
els were detected for both groups but they were more
prominent in Group 2. We also evaluated the relation-
ship between blood lactate, PI and CO. There was no
correlation between A% lactate and A% PI and/or be-
tween A% lactate and A% CO. Additionally, lactate is
a very sensitive marker, and liver failure, hypocapnia,
toxins, hyperglycemia and the use of catecholamines
may contribute to this result [29, 30].

In agreement with the literature, the most com-
mon reason for transfusion in our study was low
hemoglobin [1]. The baseline hemoglobin level for
the PRBC transfusion was 7.38 * 0.98 g/dL, which
is just above the recommended level of 7 g/dL for all

Liberal and Restrictive Transfusion Strategies « 123

patients. When we analyzed the patients according
to admission diagnosis and transfusion strategy
groups, the most common problem was hematologic
disease for the liberal transfusion strategy group and
respiratory disease for the restrictive transfusion
strategy group. However, 82 patients received PRBC
during mechanical ventilation. Mean hemoglobin
levels were higher in mechanically ventilated groups.
It may be hypothesized that the improvement in oxy-
gen delivery via PRBC transfusion may facilitate
weaning from mechanical ventilation. Conversely,
Hebert et al. showed that there is no evidence to sup-
port a decrease in mechanical ventilation days in the
liberal strategy group [31]. Similar to these findings,
mechanical ventilation days were longer in the liberal
transfusion group in our study.

We also evaluated the relationship mortality and
transfusion strategy. Nineteen patients died on fol-
low-up. Thirteen of these patients were in the liberal
transfusion strategy group and six patients were in
the restrictive transfusion strategy group. There was
no relationship between mortality and transfusion
groups. Similar to our study, Holst et al. reported
that when they compared the restrictive transfusion
strategy with the liberal transfusion strategy, they
found no differences with regard to the factors affect-
ing overall morbidity [32].

Our study has some limitations. We compared
the effects of the two transfusion regimens on hemo-
dynamic and laboratory values during transfusion. As
treatment is a dynamic process, we usually had to
interfere with the management of the patients, such
as vasoinotropic drugs, fluid management, mechan-
ical ventilation settings and FiO,, so it was not pos-
sible to assess longer-term monitoring and obtain
detailed information regarding the two transfusion
regimens for critically ill children.

This study supports our hypothesis that the re-
strictive transfusion strategy is better than the liberal
transfusion strategy with regard to hemodynamic
and laboratory parameters in the early period. To as-
sess long-term outcomes of this strategy, further
studies with larger groups of patients and prolonged
monitoring are warranted. The PI also provides valu-
able information regarding the efficiency of PRBC
transfusion in clinical practice.

€20 UDJBIN G| UO Josn ISaYISIaAIuN ZIuapxy Aq 90¥8S8E/81 L/Z/v9/alome/fadou/wiod dno olwapeoe)/:sdiy wolj papeojumod



124 . Liberal and Restrictive Transfusion Strategies

ACKNOWLEDGEMENTS

The authors thank all participants for their contributions. The
authors declare that they have no conflict of interests. The
funding sources played no role in the design and conduct of
the study; collection, management, analysis and interpretation
of the data; or preparation, review or approval of the
manuscript.

FUNDING

REFERENCES

1. Bateman ST, Lacroix J, Boven K, ef al. Anemia, blood loss,
and blood transfusions in North American children in the
intensive care unit. Am J Respir Crit Care Med 2008;
178:26-33.

2. Lacroix J, Hebert PC, Hutchison JS, et al. Transfusion
strategies for patients in pediatric intensive care units. N
Eng J Med 2007;356:1609-19.

3. Armano R, Gauvin F, Ducruet T, et al. Determinants of
red blood cell transfusions in a pediatric critical care unit: a
prospective, descriptive epidemiological study. Crit Care
Med 2005;33:2637-44.

4. Tyrrell CT, Bateman ST. Critically ill children: to transfuse
or not to transfuse packed red blood cells, that is the ques-
tion. Pediatr Crit Care Med 2012;13:204-9.

S. Morris KP, Naqvi N, Davies P, et al. A new formula for
blood transfusion volume in the critically ill. Arch Dis
Child 2005;90:724-8.

6. Valentine SL, Lightdale JR, Tran CM, et al. Assessment of
hemoglobin threshold for packed RBC transfusion in a
medical-surgical PICU. Pediatr Crit Care Med 2014;
15:e89-94.

7. Karam O, Tucci M, Bateman ST, et al. Association be-
tween length of storage of red blood cell units and out-
come of critically ill children: a prospective observational
study. Crit Care 2010;14:RS7.

8. Gauvin F, Spinella PC, Lacroix J, et al. Association between
length of storage of transfused red blood cells and multiple
organ dysfunction syndrome in pediatric intensive care pa-
tients. Transfusion 2010;50:1902-13.

9. Carson JL, Carless PA, Hebert PC. Transfusion thresholds
and other strategies for guiding allogeneic red blood
cell transfusion. Cochrane Database Syst Rev 2012;
10:CD002042.

10. Carson JL, Brooks MM, Abbott JD, et al. Liberal versus re-
strictive transfusion thresholds for patients with symptom-
atic coronary artery disease. Am Heart J 2013;165:964-71.

11.Karam O, Tucci M, Ducruet T, et al. Red blood cell trans-
fusion thresholds in pediatric patients with sepsis. Pediatr
Crit Care Med 2011;12:512-18.

12.Lackritz EM, Hightower AW, Zucker JR, et al
Longitudinal evaluation of severely anemic children in
Kenya: the effect of transfusion on mortality and hemato-
logic recovery. AIDS 1997;11:1487-94.

13. Spahn DR, Spahn GH, Stein P. Evidence base for restrict-
ive transfusion triggers in high-risk patients. Transfus Med
Hemother 2015;42:110-14.

14.Hebert PC, Carson JL. Transfusion threshold of 7g per
deciliter—the new normal. N Eng J Med 2014;371:1459-61.

15. Walsh TS, Boyd JA, Watson D, et al. Restrictive versus lib-
eral transfusion strategies for older mechanically ventilated
critically ill patients: a randomized pilot trial. Crit Care
Med 2013;41:2354-63.

16. Villanueva C, Colomo A, Bosch A, et al. Transfusion strat-
egies for acute upper gastrointestinal bleeding. N Eng J
Med 2013;368:11-21.

17. Chan AW, de Gara CJ. An evidence-based approach to red
blood cell transfusions in asymptomatically anaemic pa-
tients. Ann R Coll Surg Engl 2015;97:556-62.

18.Saugel B, Klein M, Hapfelmeier A, et al. Effects of red
blood cell transfusion on hemodynamic parameters: a pro-
spective study in intensive care unit Patients. Scand J
Trauma Resusc Emerg Med 2013;21:21.

19. Hudson I, Cooke A, Holland B, et al. Red cell volume and
cardiac output in anaemic preterm infants. Arch Dis Child
1990;65:672-5.

20. Moller JC, Schwarz U, Schaible TF, et al. Do cardiac output
and serum lactate levels indicate blood transfusion requirements
in anemia of prematurity? Intensive Care Med 1996;22:472-6.

21.Fredrickson LK, Bell EF, Cress GA, et al. Acute physio-
logical effects of packed red blood cell transfusion in pre-
term infants with different degrees of anaemia. Arch Dis
Child Fetal Neonatal Ed 2011;96:F249-53.

22. Phillips SJ, Whisnant JP. Hypertension and stroke. In: Laragh
JH, Brenner BM (eds). Hypertension: Pathophysiology,
Diagnosis and Management. 2nd edn. New York, NY: Raven
Press, 1995, 465-78.

23.McLellan SA, Walsh TS. Oxygen delivery and haemoglo-
bin. Crit Care Pain 2004;4:123-6.

24.Kanmaz HG, Sarikabadayi YU, Canpolat E, et al. Effects of
red cell transfusion on cardiac output and perfusion index
in preterm infants. Early Hum Dev 2013;89:683-6.

25.Lima AP, Beelen P, Bakker J. Use of a peripheral perfusion
index derived from the pulse oximetry signal as a noninvasive
indicator of perfusion. Crit Care Med 2002;30:1210-13.

26.Richard KM, Novak MR, Dodds TM. Non-Invasive
Measurement of Oxygen Delivery Index: Is This the
Future of Goal Directed Therapy? San Diego, CA: Annual
meeting of the ASA, 2010.

27.Marino P. ICU Book. 4th edn. Philadelphia: Lippincott
Williams & Wilkins, 2014.

€20 UDJBIN G| UO Josn ISaYISIaAIuN ZIuapxy Aq 90¥8S8E/81 L/Z/v9/alome/fadou/wiod dno olwapeoe)/:sdiy wolj papeojumod



28. Takahashi D, Matsui M, Shigematsu R, et al. Effect of
transfusion on the venous blood lactate level in very low-
birthweight infants. Pediatr Int 2009;51:321-5.

29.Elbadri AA, Alshaari AA, Sheriff DS. A perspective on
serum lactic acid, lactic acidosis in a critical care unit. Int J
Biomed 2013;3:129-31.

30.Bellomo R. Bench-to-bedside review: lactate and the kid-
ney. Crit Care 2002;6:322-6.

Liberal and Restrictive Transfusion Strategies « 125

31.Hebert PC, Blajchman MA, Cook DJ, et al. Do blood
transfusions improve outcomes related to mechanical ven-
tilation? Chest 2001;119:1850-7.

32.Holst LB, Petersen MW, Haase N, et al. Restrictive
versus liberal transfusion strategy for red blood cell
transfusion: systematic review of randomised trials with
meta-analysis and trial sequential analysis. BM]J
2015;350:h1354.

€20 UDIBIN G| UO Josn ISaYISIaAIUN ZIuapxy Aq 90¥8S8E/81 L/Z/y9/aI0e/fadou/wod dnoolwapeoe)/:sdiy woly papeojumod



	fmx037-TF1
	fmx037-TF2
	fmx037-TF3
	fmx037-TF4

