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ACUTE RESPIRATORY DISTRESS SYNDROME AMONG
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SUMMARY. Our aim was to investigate risk factors and outcome of Acute Respiratory Distress Syndrome (ARDS) in severe burn patients.
A descriptive study was carried out on 159 adult burn patients with burn extent > 20% total body surface area, treated at the Burn Intensive
Care Unit, National Institute of Burns. ARDS was defined according to the 2012 Berlin definition. Risk factors for developing ARDS and
outcome were recorded and analyzed. Results showed that 45 patients developed ARDS (28.3%). Severe ARDS was recorded in 30 of
these patients, accounting for 66.7%. Inhalation injury, burn surface area over 40% and full thickness burn area over 20% TBSA were de-
termined as risk factors for the development of ARDS. Mortality rate of patients with ARDS was extremely high (80%), especially for
severe ARDS patients (p < 0.01), and deaths were mostly due to multiple organ failure.
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RESUME. Notre de but était d’étudier les facteurs de risque de SDRA et le devenir des patients briilés en souffrant. Une étude descriptive
a été conduite sur 159 patients brilés sur plus de 20% SCT traités dans ['Unité de Réanimation pour Brilés de I'Institut National des
Briilés. La classification de Berlin 2012 a été utilisée pour définir le SDRA. Quarante cing (28,3%) patients ont développé un SDRA, classé
comme sévere pour les 2/3 d’entre eux. Une inhalation de fumée, une surface totale brilée > 40% et une atteinte profonde > 20% sont des
facteurs de risque. La mortalité de ces patients est majeure (80%), dans le cadre de défaillance multiviscérale, en particulier si le SDRA

est séevere (p<0,01).
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Introduction

Acute Respiratory Distress Syndrome (ARDS), which was
first described by Ashbaugh et al. in 1967, is a common syn-
drome in the intensive care unit and is characterized by severe
hypoxemia and non-hydrostatic pulmonary edema. In 1994, a
formal definition and classification of ARDS was reported by
the American-European Consensus Conference Committee on
ARDS (AECC). In 2012, a new definition of ARDS was intro-
duced at the Berlin meeting to overcome limitations of the
1994 AECC definition and to make diagnosis and classification
of ARDS easier.!”

Epidemiologic study indicated that there are about 190,000
cases of this clinical syndrome per year in the United States.
Despite advances, mortality from ARDS has been reported to
be as high as 60% in developed countries.* According to pre-
vious reports, the incidence of ARDS in burn patients is about
20 - 56% and is one of the leading causes of death among se-
vere burn patients.® To date, not many reports have mentioned

ARDS among burn patients in developing countries. In this
study we determined risk factors and outcome of ARDS among
adult severe burn patients treated at the National Institute of
Burns, Hanoi, Vietnam.

Material and methods

Patients and methods

Between April 2014 and October 2016, 159 adults with se-
vere burns were admitted to the Burn Intensive Care Unit
(BICU), National Institute of Burns, Hanoi. They were classi-
fied according to the following criteria: admission within 48
hours post burn; burn surface area > 20% of total body surface
area (TBSA). The Berlin definition was used to determine the
development of ARDS as well as the severity of hypoxemia
and oxygenation among patients with ARDS.?? In brief, ARDS
is characterized by the following criteria:
—  lung injury of acute onset, within 1 week of an apparent clin-

ical insult and with progression of respiratory symptoms;
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Table I - PEEP/FiO2 combinations for ventilation of patients with ARDS

FiO2 .30 40 40 .50 .50 .60 .70

.70 .70 .80 .90 .90 1.0 1.0

PEEP | 5 5 8 8 10 10 10

12 14 14 16 18 18 18 - 24

Source: NIH NHLBI ARDS Clinical Network’

— Dbilateral opacities on chest imaging not explained by
other lung pathology (e.g. pleural effusion, pneumothorax
or nodules):

— respiratory failure not explained by heart failure or volume
overload;

— severity classification of decreased arterial PaO2/FiO2
ratio:

- mild ARDS: ratio is 201 - 300 mmHg
- moderate ARDS: 101 - 200 mmHg
- severe ARDS: < 100 mmHg.

Inhalation injury was diagnosed by the circumstance of
burn injury (closed space), clinical manifestations (facial burn,
soot in mouth or pharynx, hoarseness and carbonaceous matter)
and confirmation by flexible bronchoscopy performed during
the first 3 days of admission.

Protective ventilation strategy with low tidal volume as
guided by ARDS network was applied for patients who devel-
oped ARDS.%7 Accordingly, an initial tidal volume of 6 mL/kg
of ideal body weight was titrated to keep plateau pressures
(alveolar pressure at the end of a paused inspiration) lower than
30 cmH5O. Positive end expiratory pressure (PEEP) value and
FiO, value were adjusted as guided (7able I).

Burn management

All patients received initial fluid resuscitation using intra-
venous Ringer’s lactate solution, according to the Parkland for-
mula (4ml x kg x %TBSA), with additional fluids given as
necessary to obtain a minimum urine output of 0.5 ml/kg/h. In-
tubation and/or mechanical ventilation was provided if patients
had compromised upper airway at admission due to deep burn
injury on the face, inhalation injury or loss of consciousness.
Early enteral nutrition was supplied through oral or enteral
feeding. Burn wounds were dressed once a day using topical
antimicrobials such as silver sulfadiazine. Surgical excision of
burn eschar and early coverage of excised burn wounds with
autografts and allografts were performed during the first 7 days
from burn injury. Porcine dermis was used for temporary
wound coverage in most cases.

Assessment criteria included rate and severity of ARDS
according to the Berlin definition, relationship between demo-
graphic criteria, burn severity, inhalation injury and develop-
ment of ARDS. Mortality rate, and the relationship between
ARDS and death rate were also recorded.

Data analysis

Collected data were sub-classified as age, gender, burn sur-
face area, full thickness area, inhalation injury, admission time
from burn occurrence: change in assessment criteria was as-
sessed using Chi square and Ttest with Stata intercool 11.0
software. P value <.05 was seen as a significant level.

Ethical issues

Ethical clearance was granted by the Committee of
Human Research Ethics of the National Institute of Burns,
Hanoi, Vietnam.
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Table II - Demographic criteria of patients (n = 159)

Characteristics Mean value Min - Max
Age (year) 344+ 11.7 16 -59
Burn surface area (%) 49.1 £20.1 20-95
Full thickness burn area (%) 20+ 18.1 0-90
Time from burn to admission (h) 7.5+39 3-48
Inhalation injury (n, %) 40 (25.1)
Male/female 126/33

ARDS (n, %) 45 (28.3)

ARDS onset (day) 72441 | 4-22
ARDS = acute respiratory distress syndrome

Table III - Severity classification of ARDS according to the Berlin defi-
nition (n = 45)

ARDS severity n. %
Mild 0 0
Moderate 15 333
Severe 30 66.7

Table IV - Distribution of ARDS by gender, age and inhalation injury

ARDS Non-ARDS P

Criteria n. (%) n. (%)
Gender Male 33 (26.2) 93 (73.8) 35
Female | 12 (36.4) 21 (63.6)
Age 16-40 | 25(23.1) 83 (76.9) 07

41-60 | 20(39.2) | 31(60.8)
Yes | 22(54.9) | 18(45.1) 003
No 23(19.3) | 96(80.7) | OR=42

ARDS = acute respiratory distress syndrome; Non-ARDS = no acute respiratory
distress syndrome; OR = odds ratio

Inhalation injury

Results

Table II summarizes the characteristics of the studied pa-
tients. Males were predominant with 126 patients, and mean
age was 34. Mean total burn surface area was 49.1% TBSA
with 20% full-thickness area. Inhalation injury was diagnosed
in 40 patients (25.1%) and the mean time from burn occurrence
to admission to the National Institute of Burns was around 7h.
ARDS developed in 45 of the 159 patients, accounting for
28.3%. The time to onset of ARDS from admission was 7 days,
ranging from the 4" to the 22" day post burn.

Table 111 shows ARDS severity according to the Berlin def-
inition (value of PaO5/FiO5): 15 patients (33.3%) were defined
as moderate; the remaining 30 patients (66.7%) were classified
as having severe ARDS.

Distribution of ARDS by gender, age group and burn
severity is described in 7able IV. As can be seen, there was no
significant difference between ARDS incidence in males and
females. ARDS rate was higher in patients over 40 years of
age, but the difference was not significant (39.2% vs. 23.1%
respectively; p =.07). A higher incidence of ARDS developed



Table V - Distribution of ARDS by burn extent

Criteria ARDS Non-ARDS P
n. (%) n. (%)

Burn surface area | 20 — 40% 5(7.8) 59 (92.2)
(% TBSA) 41-60% | 23 (31.5) 50 (69.5) .006

> 60% 17 (73.9) 6 (26.1)

Mean (%) | 58.6 £19.6 | 38.4 +13.7 .003

Full thickness 0-20% | 10(15.2) 56 (84.8)
burn area 21 -40% | 19 (26.8) 52(73.2) .007
(% TBSA) > 40% 16 (72.7) 6(27.3)

Mean |[29.5+18.5| 10.6+2.8 .002
ARDS = acute respiratory distress syndrome; Non-ARDS = no acute respirator
distress syndrome; TBSA = total body surface area

Table VI - Relationship between ARDS development and other criteria

Criteria ARDS

Admission plasma glucose
level (mmol/1)

Transfused RBC volume (ml) | 1317.9 £277.7| 713.6 £ 100.9 | .04
Transfused FFP volume (ml) 2447 +£272.7 |1672.1 +149.8 |.007

ARDS = acute respiratory distress syndrome; Non-ARDS = no acute respiratory]|
distress syndrome; RBC = red blood cells; FFP = fresh frozen plasma

Non-ARDS p

8.8+£3.2 7.8+3.2 .06

Table VII - Mortality rate of patients with and without ARDS

Criteria Subgroup lll)e(?,z)h) S;:r:;/\; ())r P

All patients ARDS 36 (80.0) | 09 (20.0) |.001
Non-ARDS 8(7.0) [106 (93.0)
Total 44 (27.7) | 115 (72.3)

ARDS patients | Moderate ARDS (n = 15)| 10 (66.7) | 05 (33.3)
Severe ARDS (n = 30) 26 (86.7) | 04 (13.3) |.016

among patients with inhalation injury (54.9% vs. 19.3% re-
spectively; p: .003; OR: 4.2).

The incidence of ARDS increased along with burn surface
area and full thickness burn area (7able V). Frequency of
ARDS increased significantly from 7.8% to 31.5% then 73.9%
when the burn surface area increased from 40% to 60% TBSA
and over. Furthermore, ARDS incidence increased markedly
from 15.2% to 26.8% then 72.7% when full thickness burn area
increased from 20% to 40% TBSA and over.

Table VI shows that there was no significant relationship be-
tween ARDS development and admission plasma glucose con-
centration (8.8 = 3.2 mmol/l and 7.8 + 3.2 mmol/l respectively;
p>.05). Meanwhile, patients who developed ARDS were trans-
fused a remarkable amount of fresh frozen plasma (FFP) and red
blood cells (RBC) compared to the non-ARDS group.

Analysis of the relationship between number of absolute
risk factors, including burn surface area > 40% TBSA, full
thickness burn area > 20%, and presence of inhalation injury,
and the development of ARDS showed that ARDS incidence
significantly increased along with the number of risk factors.
ARDS incidence was 2.22% with no risk factors, 15.54% and
20.49% with one and two risk factors respectively, and up to
51.17% when three risk factors presented (Fig. 7).

Table VII indicates that the overall mortality rate was 27.7%
(44 patients). Only 9 of the 45 patients who developed ARDS
survived, accounting for 20%. ARDS patients with severe oxy-
genation disorder had a mortality rate of 86.7%, which was sig-
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Fig. 1 - Relationship between number of risk factors and ARDS devel-
opment.

nificantly higher than the rate for those with moderate hypoxemia
(66.7%), where P < 0.05. MOF contributed to 22 (61.1%) of the
36 deaths among the ARDS patients (data not shown).

Discussion

The term “Acute Respiratory Distress Syndrome” was first
used in 1967 to describe a distinct clinical entity characterized
by acute abnormality of both lungs. In 1994, the AECC estab-
lished criteria for the diagnosis of ARDS.! The AECC defini-
tion was widely adopted by clinical researchers and clinicians,
and has advanced the knowledge of ARDS and led to improve-
ments in the quality of care for ARDS patients. The Berlin Def-
inition addresses some of the limitations of the AECC
definition, including clarification of the exclusion of hydro-
static edema and adding minimum ventilator settings, and pro-
vides slight improvement in predictive validity.> Despite
substantial progress in understanding ARDS pathophysiology,
ARDS remains a major clinical problem and mortality is still
high. Our work is one of a number of studies to apply the
Berlin definition to burn patients.

Over the last few decades, the outcome of burn patients
has improved as a result of better management of burn shock,
more effective topical antimicrobials, better systemic antibi-
otics, earlier excision, and alternative measures for wound clo-
sure. However, it has recently been claimed that ARDS is
important in respiratory dysfunction in burns, and studies have
indicated that ARDS is still one of the leading complications
causing death among burn patients. According to previous re-
ports, the incidence of ARDS in burn patients is about 20 - 56%
depending on burn severity.> A prospective study on ARDS
characteristics in burned military casualties using the Berlin
definition showed that the prevalence of ARDS was 32.6% of
total patients.® Recently, results from studies on mechanically
ventilated burn patients revealed that the incidence of ARDS
was 43% and 38.6% of total cases.>!° Most studies agree that
the onset of ARDS was around 6 to 7 days post burn.>*!! In
our study, the prevalence of ARDS was 28.3% and the time
point of ARDS was around the 7 day post burn.

The role of age as risk factor for ARDS development is
still controversial. Works by Johnston and colleagues con-
cluded that increased age was associated with rising ARDS
prevalence among trauma patients.!? A report by Dancey et al.
showed that among 126 burn patients, ARDS significantly de-
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veloped in the group of older patients (50.2 £ 16.9 vs. 43.2 +
18.4 years old, respectively; p=0.03).> In addition, Steinvall
and colleagues reported that most of the ARDS complications
developed in patients over 60 years old.!* Meanwhile, the re-
sults of a study by Liffner et al. on 91 burn patients with aver-
age burn surface area of 31% and average age of 41.1 years
old showed that there was no relationship between age and
ARDS development (p = 0.14).!* In this study, the age of the
patients ranged from 16 to 60 years old, and we found that
higher ARDS incidence developed among those aged over 40
compared to the under 40s (39.2% vs. 23.1% respectively), but
the difference was not significant.

It is accepted world-wide that increased burn extent is one
of the risk factors for post burn complications, including
ARDS.3#%? Our results indicate that ARDS development in-
creased along with the presence of risk factors including surface
area > 40% TBSA and full thickness burn area > 20% TBSA.

The contribution of inhalation injury to the development
of ARDS was also investigated. Results from our study showed
that inhalation injury increased the odds of ARDS development
by more than fourfold (54.9% vs. 19.3%; OR = 4.2). Results
from Silva et al.!® also confirm inhalation injury to be a risk
factor for ARDS (OR =9.75; p <.001). However, work by Car-
totto et al. in 2016 did not find a relationship between inhala-
tion injury and ARDS development among burn patients.’

Transfusion-related acute lung injury/ARDS (TRALI) was
first introduced in 1983 and seen as a risk factor for ARDS in
the intensive care unit. To date, there are not many reports on
this complication in burn patients. In 2007, Higgins and col-
leagues reported worsening chest X ray and PaO2/FiO2 ratio
within 6 hours after six transfusions among burn patients with
ARDS." In this study, we found that ARDS patients were given
a significant amount of RBC and FFP compared to non-ARDS
patients, but no patient in our study was transfused more than
3 units per day during the treatment period. It is necessary to
conduct more research on TRALI for burn patients.

A study by Bhadade and colleagues in 2011 revealed a
mortality rate for ARDS of 57%, and up to 88% when ARDS
was combined with severe sepsis.!! Recently, Villar et al. re-

viewed ARDS studies from the year 2000 for all patient cate-
gories, and concluded that despite the use of lung protective
ventilation, the mortality rate for ARDS is still greater than
40%.'® For burn patients, work by Dancey et al. in 1999 indi-
cated mortality among burn patients with ARDS to be 41.8%.°
Recently, Belenkiy et al. reported that nearly one third of pa-
tients with ARDS did not survive. Moderate and severe ARDS
increased the odds of death more than fourfold and ninefold,
respectively.® A report by Cartotto and colleagues indicated that
the mortality rate of severe ARDS according to the Berlin def-
inition was 50% of total cases.” Like other reports, our study
showed that mortality rate among ARDS burn patients in Viet-
nam was still high (80%) and our results also indicated that
ARDS patients with severe oxygenation disorder had a mor-
tality rate of 86.7%, significantly higher than those with mod-
erate hypoxemia (66.7%).

To date, the leading cause of death among patients with
ARDS is multiple organ failure (MOF). According to Stapleton
et al., 50% of ARDS patients died due to MOF."” Villar et al.
reported that MOF contributed to the highest number of deaths
among ARDS patients.'® Bhadade and colleagues concluded
that mortality increased with the number of organs that failed.!!
Most studies indicated that the main cause of death among burn
patients with ARDS was MOF rather than lung disorder.®® In
this study, MOF contributed to 22 of the 36 patient deaths, ac-
counting for 61.1%. The higher mortality rate in our study may
be explained by the severity of the patients’ burns and the high
rate of inhalation injury, as well as limitations in the facility’s
burn care and therapy, like in other developing countries.

Conclusion

We have shown that ARDS incidence was 28.3% among
severe burn patients. Incidence of ARDS increased along with
the presence of risk factors, including surface area > 40%
TBSA, full thickness burn area > 20% and inhalation injury.
Overall mortality was 80% and significantly increased with
ARDS severity. MOF was the leading cause of death among
patients with ARDS.
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