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Abstract

Introduction: This study investigated if there was an association between Fresh Frozen Plasma (FFP)
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Introduction

Transfusion Related Acute Lung Injury (TRALI) is a rare event,
estimated at an incidence of 1 in 5000 blood component transfusions
[1] and 1 in 7,900 units of Fresh Frozen Plasma (FFP) transfused [2].
An attempt to de ne the incidence in pediatric populations found one
case of TRALI in a population of 305 Pediatric Intensive Care Unit
(PICU) patients who received a total of 2509 transfusions [3]. Despite
the reported low incidence of TRALI, studies in adult Intensive Care
Units (ICU) show a signi cant association between Acute Lung Injury
(ALI) and transfusion with FFP [4,5]. In the pediatric population, a
study of patients with pre-existing ALI showed an association between
FFP transfusion and increased mortality [6].  ese associations have
led some to conclude that milder forms of TRALI may exist and
transfusion with plasma containing blood products, especially FFP,
may result in impairment of lung function in a larger proportion of
patients than previously appreciated [7].

e oxygenation index (Ol = mean airway pressure x FiO, x 100 /
PaQ,) has been used in the pediatric literature as a means of quantifying
the degree of lung injury. e Ol can be used to compare patients
exposed to di erent strategies and modes of mechanical ventilation by
including the mean airway pressure in its calculation. In a comparison
with the more traditional measure of gas exchange, the PaO,/FiO,
ratio, the Ol has been shown to be a superior predictor of mortality
and duration of mechanical ventilation in the pediatric age group [8].

Our study investigates if there is an association between transfusion
with FFP and worsening lung function in PICU patients requiring
mechanical ventilation. For the purpose of the study, severity of lung
injury was measured by the Ol.

Materials and Methods

is is a retrospective cohort study of PICU patients at the
Children’s Hospital of Wisconsin, a free standing tertiary care
children’s hospital, between January 2004 and November 2006. A er

institutional review board approval, charts of all patients who received
FFP or had an International Normalized Ratio (INR) of greater than or
equal to 1.5, and had data available to calculate an Ol were reviewed.
Patients who did not receive FFP were assigned to the control group.
Patients who were on cardiopulmonary bypass or extracorporeal
membrane oxygenation and patients with an intra-cardiac shunt were
excluded as the Ol may not be an accurate measure of lung function in
these patients.

e Ol was calculated at time 0 (prior to transfusion or at time of
peak INR in controls), as well as 6, 24, and 48 hours later. e change
in Ol was de ned as the di erence between the value at time 0 and
subsequent data points. Age, underlying diagnosis, volume of FFP
transfusion, types of other blood products transfused, Pediatric Risk
of Mortality 111 Risk of Mortality scores (PRISM 3 ROM), and central
venous pressures (CVP) as an indication of circulatory overload were
collected as possible confounding variables.

e transfused and control groups were compared using the
Mann Whitney test for continuous data and the chi-square test for
proportions. To examine the interrelationship between variables,
regression tree and stepwise linear regression were used. For the linear
regression, interactions were not considered. No adjustment was made
for multiple comparisons. e unadjusted p-value is given. In order
to compare the change in Ol over time within the transfused group
the Mann Whitney test for continuous data and the chi-square test for
proportions was used with the time 0 data point used for comparison.
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Multivariate analysis of this data was accomplished with a CART
analysis. SPSS and SPlus so ware were used.

e

~esults

A total of 376 patients had data available to calculate the Ol and
either received FFP or had an INR greater than 1.5 during the study
period 198 patients were excluded. Patients were excluded because
of cardiopulmonary bypass (27), ECMO support (30), and residual
intra-cardiac shunt (141) on post-operative echocardiogram. e nal
study cohort consisted of 178 patients, of which 166 patients received
FFP and 12 patients who did not were used as controls. Demographic
information and baseline characteristics of the study patients are
shown in (Table 1).

e Ol was calculated in all patients at times 0 and 6 hours. In the
transfused group, 25 patients at 24 hours and 56 patients at 48 hours
did not have su cient data to calculate the Ol. Data was not available
secondary to death (5 at 24 hours, 14 at 48 hours), extubation (17 at 24
hours, and 39 at 48 hours), no arterial blood gas (3 at 24 hours, 2 at 48
hours), and placement on to ECMO (1 at 48 hours). Due to extubation,
4 and 6 patients in the control group did not have data available to
calculate the Ol at 24 and 48 hours respectively.

Change in the Ol at 6, 24, and 48 hours in the two groups is
depicted in (Figure 1). No signi cant di erence (p > 0.05) was found
comparing the two groups at any time point. Multivariate analysis
failed to show any correlation between FFP transfusion and change in
the Ol. e Ol values over time for the transfused group are depicted
in (Figure 2). No signi cantdi erence (p > 0.05) was found comparing
the 6, 24, and 48 hour data points to time 0. In the sub-group analysis,
the Ol in the transfused patients with sepsis increased by an average
of 1.6 from time 0 to 6 hours (p = 0.046). No other sub-group showed
any signi cant change in the Ol from time 0 values. Regression tree
and CART analysis failed to nd FFP transfusion or volume of FFP
transfusion to be signi cant factors in determining a change in the Ol
over time.

Discussion

Reports in adult ICU populations have associated FFP transfusion
with lung injury [4,5]. In pediatric patients with pre-existing ALI an
increase in mortality was found in patients receiving a transfusion of

FFP [6]. ese studies have led to conclusions that FFP transfusions
Transfused Group Control Group p-
(n =166) (n=12) value
Age in years, median 5 5.93) 1.0 (0-14) 0.12
(range)
CT Surgery (67) CT Surgery (9) 0.03
Neurosurgery (41)*** x+* 0.04
Diagnosis (n) Trauma (47)*** 0.04
Sepsis (15)%* *+* 0.60
Other (27) Other (3) 0.43

PRISM 3 ROM, median
(range)

CVP (mmHg), mean
+/- SD

Ol (cmH,0/mmHg) at
time 0, median (range)

0.08 (0.002-0.969) 0.05 (0.004-0.947) 0.32

10.1 +/-5.5 9.8 +/-5.5 0.65

2.67 (1.0-42.2) 2.69(1.6-27.8)  0.99

*29 patients with traumatic brain injury included in neurosurgery and trauma groups
**] patient with traumatic brain injury and pneumonia included in all three groups
**+] patient with meningitis requiring neurosurgical intervention included in trauma
and sepsis groups

Table 1: Demographic information for transfused and control groups.
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Figure 1: Change in oxygenation index (Ol) from baseline: Ol at entry — Ol at
6, 24, and 48 hours. Values depicted are mean +/- standard deviation.
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Figure 2: Ol over time in transfused group. Box and whisker plot represents
median, quartiles, and range with units of cmH,0/mmHg

may lead to some degree of lung injury in a large proportion of patients,
and not just in patients who meet the de nition for TRALI.

Our data shows no change in the severity of lung injury as measured
by Ol following transfusion with FFP. While some patients did worsen
as evidenced by an increase in the Ol, an equal number improved
resulting in no signi cant change in the sample overall. While prior
studies examining this topic have been designed to nd an association

between lung injury (outcomes of patients with lung injury) and FFP
transfusion, our study is designed to more speci cally answer whether
a measure of lung injury worsens following FFP transfusion. Each
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patient in the transfused group functioned as their own control and no
di erence was seen following FFP administration.

Potential limitations of our study include the retrospective design,
limited numbers in the control group, and the use of the Ol. e
retrospective design resulted in missing data at 24 and 48 hours for
a signi cant number of patients. It is unclear whether data out to 48
hours on the entire cohort would have changed our results. However,
the current accepted TRALI de nition requires the onset of ALI
within 6 hours of the start of a transfusion [9], and our data showed
no evidence of worsening lung injury in the entire cohort at 6 hours.
In addition, a majority of the patients with missing data at 24 and 48
hours were getting better (extubated or no arterial blood gas available).

e Ol data in these patients at 24 and 48 hours would likely have
shown continued improvement which would have strengthened our
overall conclusions.

e number of patients in our control group was small. s is
likely secondary to our clinical practice of transfusing FFP for even
minor coagulopathies in critically ill patients. A larger control group
may have shown improvement in their Ol over time, making the
relative constant Ol in the transfused group a worse outcome. As the
other published studies [4-6] on this topic showed a worse outcome
in the transfused group our results are still contrary to these reports
within our cohort of 166 transfused patients.

e use of the Ol as a marker of lung injury resulted in a cohort of
intubated patients with arterial lines in situ.  is resulted in a relatively
ill population which may limit the applicability of our results to a
general PICU population. e nding that a “sicker” cohort did not
worsen following FFP transfusion is reassuring for the safety of FFP
transfusion in PICU populations. Using Ol as a marker of lung injury
also resulted in a reduction of our cohort size. However, our sample
size of 166 transfused patients is comparable to the number of patients
studied in other published reports [4-6].

In conclusion, transfusion of FFP did not correlate with a change
in the severity of lung injury as measured by the Ol in this cohort of
patients in the PICU.
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