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48.1	� Introduction

Transfusion related acute lung injury (TRALI), one of the most common complica-
tions of blood and blood product transfusions, is a clinical syndrome with non-
cardiogenic pulmonary edema and hypoxemia occurring during or after transfusion. 
TRALI was first described by Bernard in 1951 [1]. A standardized definition was 
made at the Canadian Consensus Conference (CCC) in 2004, and standardization 
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was achieved in the diagnosis of the disease and in research with the determined 
diagnostic criteria. [2]. In the conference, it was divided into TRALI and possible 
TRALI (pTRALI) according to whether there is a risk factor for ARDS. The CCC 
criteria were reviewed in 2019 by an international expert panel and new diagnostic 
criteria were published [3]. In the final criteria, the term “possible TRALI” was 
removed and instead divided into TRALI type 1 (without ARDS risk factor) and 
TRALI type 2 (with ARDS risk factor or diagnosis).

48.2	� Pathogenesis of TRALI

TRALI is mainly caused by the accumulation of neutrophils in the pulmonary vas-
cular bed and their migration to the interstitium. Normally, the passage of neutro-
phils through the lung capillary network takes place within a certain period of time, 
as the cells change shape and compress themselves, making their size suitable for 
passage. Neutrophils must be activated to slow their passage through the lung capil-
laries and to be sequestered. Activated neutrophils lose their ability to change their 
shape for passage and become bound to capillary endothelium. However, they can 
also be activated by stimulated endothelium and subsequently attached to the endo-
thelium. As a result, the attachment of neutrophils to the lung capillary endothelium 
initiates the development of TRALI. Triggers that activate neutrophils and endothe-
lial cells are human leucocyte antigen (HLA) antibodies, human neutrophil antigen 
(HNA) antibodies, bioactive lipids, chemokines/cytokines, and neutrophil binding 
antibodies in the donor blood. Their presence and amount are directly proportional 
to the probability of TRALI development. However, inflammatory processes that 
may exist in the patient due to various reasons (such as surgery, infection) signifi-
cantly increase the likelihood of TRALI development [4, 5].

48.3	� Risk Factors

48.3.1	� Conditions Associated with TRALI [3]

Sepsis, noncardiogenic shock, massive transfusion, cardiac surgery, increased pre-
transfusion plasma IL-8, mechanical ventilation with peak airway pressure 
>30 cmH2O, chronic alcohol abuse, current smoker, positive fluid balance, higher 
APACHE II score, increased age, end-stage liver disease, postpartum hemorrhage, 
liver transplantation surgery, thrombotic microangiopathy, surgery requiring multi-
ple transfusions, and hematologic malignancy.

48.3.2	� Transfusion Risk Factors for TRALI [3]

Cognate HLA Class II antibody, cognate HNA antibody, granulocyte antibody posi-
tive by granulocyte immunofluorescence test (GIFT), cognate anti-HLA Class I that 

O. Kayhan and O. Demirkiran



515

activates cells as shown (for example, by granulocyte aggregation in vitro or at least 
by a positive by GIFT result), higher volume of female plasma.

48.4	� Diagnosis and Clinical Manifestations

TRALI remained a clinical diagnosis in the last definition [3]. The 2019 diagnostic 
criteria, for which the term pTRALI has been abandoned and replaced by the terms 
type 1 and type 2 TRALI, are given in Table  48.1. Accordingly, type 1 TRALI 
defines patients without ARDS risk factors, while type 2 TRALI defines TRALI 
cases in patients with ARDS risk factors or a diagnosis of mild ARDS. Patients with 
acute onset of hypoxemia (P/F ≤ 300 or SpO2 < 90% on room air) and bilateral 
pulmonary infiltrates during or within 6  h of transfusion, no signs of left atrial 
hypertension (even if present, not the main factor) and no temporal relationship with 
other ARDS risk factors are diagnosed with TRALI type 1. In the presence of respi-
ratory distress and bilateral lung infiltrates (not of cardiac origin) that are stable for 
12 h before transfusion and worsen in the next 6 h, TRALI type 2 is diagnosed in 
cases with ARDS risk factors but without ARDS or in cases with mild ARDS.

Table 48.1  New consensus TRALI definition [3]

TRALI Type I
Patients who have no risk factors for ARDS and meet the following criteria:

 �� 1. i.	 Acute onset

 ��   ii.	 Hypoxemia (P/F ≤ 300a or SpO2 < 90% on room air)

 ��   iii.	 �Clear evidence of bilateral pulmonary edema on imaging (e.g., chest radiograph, 
chest CT, or ultrasound) iv. No evidence of LAHb or, if LAH is present, it is judged 
to not be the main contributor to the hypoxemia

 �� 2. Onset during or within 6 h of transfusionc

 �� 3. No temporal relationship to an alternative risk factor for ARDS
TRALI Type II
Patients who have risk factors for ARDS (but who have not been diagnosed with ARDS) or 
who have existing mild ARDS (P/F of 200–300) (but whose respiratory status deterioratesd and 
is judged to be due to transfusion based on):
 �� (a) Findings as described in categories a and b of TRALI Type I, and
 �� (b) Stable respiratory status in the 12 h before transfusion

a If altitude is higher than 1000  m, the correction factor should be calculated as follows: 
[(P/F) × (barometric pressure/760)]
b Use objective evaluation when LAH is suspected (imaging, e.g., echocardiography, or invasive 
measurement using, e.g., pulmonary artery catheter)
c Onset of pulmonary symptoms (e.g., hypoxemia—lower P/F ratio or SpO2) should be within 6 h 
of end of transfusion. The additional findings needed to diagnose TRALI (pulmonary edema on a 
lung imaging study and determination of lack of substantial LAH) would ideally be available at the 
same time but could be documented up to 24 h after TRALI onset
d Use P/F ratio deterioration along with other respiratory parameters and clinical judgment to deter-
mine progression from mild to moderate or severe ARDS. See conversion table in Appendix S2 to 
convert nasal O2 supplementation to FiO2
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It is important to make the differential diagnosis of respiratory distress develop-
ing after transfusion. Before TRALI is diagnosed, other causes of post-transfusion 
respiratory distress (transfusion-associated circulatory overload (TACO), 
transfusion-associated dyspnea (TAD), transfusion-related bacterial sepsis, and 
severe allergic reactions) should be excluded.

48.5	� Management

TRALI treatment mainly consists of supportive treatments. Hypoxemia, which is 
the cause of respiratory distress, should be eliminated with oxygen support, nasal 
high-flow oxygen therapy, noninvasive ventilation and invasive mechanical ventila-
tion when necessary. However, to prevent secondary damage due to mechanical 
ventilation, treatment should be arranged in accordance with lung protective venti-
lation rules. Ventilation should be managed so that the plateau pressure does not 
exceed 30 cmH2O.

48.6	� Physiological Basis for Noninvasive Ventilation in TRALI

As TRALI causes acute hypoxemic respiratory failure, respiratory support can be 
provided with noninvasive mechanical ventilation as in other causes of respiratory 
failure. With the application of noninvasive mechanical ventilation, respiratory 
effort and work of breathing decrease, lung compliance and tidal volume increase, 
and alveolocapillary gas exchange and arterial blood oxygen content can improve.

48.7	� Evidence for NIV Use in TRALI

Specific clinical studies investigating the effect of NIV use in TRALI are lacking.
Patel et al. [6] investigated the effect of NIV applications (face mask vs. helmet) 

on intubation rates in ARDS patients. The randomized controlled trial, which was 
planned to include 206 patients, was terminated early when 83 patients were 
reached, as it was found that patients who received NIV with a helmet significantly 
reduced intubation rates compared to patients who used a face mask. Patients with 
helmets had better results in terms of number of ventilator free days, length of stay 
in intensive care unit, hospital and 90-day mortality. The 1-year results of these 
patients were published in a separate article by the same group [7]. In the face mask 
group, higher rates of ICU acquired weakness and lower rates of functional inde-
pendence were found at discharge from the hospital. One-year mortality was found 
to be higher in the face mask group. In the first year, it was determined that the 
patients in the helmet group had better functional independence and the number of 
days away from the hospital.

In a prospective, randomized, controlled, multicenter study conducted by He 
et al. [8], NIV administration in patients with early mild ARDS was compared with 
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conventional oxygen therapy and the need for invasive ventilation was investigated. 
In the study in which 21 centers participated and 200 patients were included, no 
significant difference was found between the groups in terms of invasive ventilation 
requirement. There was no difference between the groups in terms of intensive care 
mortality.

Xu et al. [9] reviewed studies comparing noninvasive ventilation and standard 
oxygen therapy in patients diagnosed with acute lung injury. A total of 1886 patients 
were evaluated in the meta-analysis, which included 17 studies published between 
2000 and 2015. In the studies, noninvasive ventilation modes were applied as CPAP 
or BiPAP. After the analysis, it was concluded that NIV reduces intubation rates, 
shortens the length of intensive care stay, and decreases intensive care and hospital 
mortality.

Coudroy et al. [10] investigated the effect of the difference between NIV admin-
istration protocols on the outcome in patients with respiratory failure. Seven hun-
dred fifty patients from 14 studies were analyzed, and they concluded that longer 
NIV duration did not make a difference in intubation rates. It was concluded that the 
ventilator type did not improve intubation rates; however, lower intubation rates 
were obtained in cases with high PEEP compared to low PEEP.

In the multicenter randomized controlled study conducted by Zhan et al. [11], a 
total of 40 patients from 10 centers were randomized. The effect of NIV and con-
ventional oxygen therapy on intubation rates in early stage ARDS patients was 
investigated. Intubation rates and organ failure were found to be lower in the 
NIV group.

48.8	� Conclusions

The ICU management of a critically ill patient with TRALI should include a lung 
protective strategy. Noninvasive ventilation is safe for selected patients with acute 
lung injury and might have potential beneficial effects by reducing the incidence of 
organ failure. Early identification, timely NIV approach, and careful hemodynamic 
monitoring should be warranted in complicated cases.
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