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Background: Common causes of acute respiratory distress syndrome (ARDS) include pneumonia,
aspiration, non-pulmonary sepsis and trauma. Little is known about pulmonary mechanics and gas exchange
in less-common etiologies of ARDS, which comprises 12-23% of cases. Our hospital’s ARDS quality assurance
database contained a substantial number of these cases. This descriptive study examines the pulmonary
mechanics, and gas exchange characteristics of this diverse cohort of ARDS subjects.

Methods: Between March 2010 and April 2017 we identified 94 subjects with less common etiologies
of ARDS who had dead space fraction (V,/Vr) and respiratory system compliance (Cgs) measured within
24 hours of ARDS onset; 86 of whom did not have sepsis as a co-diagnosis. There were 18 identifiable
sources of ARDS. For descriptive purposes these were subsumed under 10 etiologic categories: pancreatitis
(n=16), hemorrhagic shock/reperfusion injury (n=9), transfusion-associated acute lung injury (TRALI) (n=3),
drug overdose (n=13), inhalation injury (n=10), idiopathic (n=10), neurogenic (n=8), pulmonary toxicity
(n=3), hyper-immune response (n=4), hepatic failure (n=7), and 3 other cases: 2 cutaneous burns and one
case of malaria. Vp/Vy was measured using the Enghoff-Bohr equation. Arterial blood gases were drawn
simultaneously with mixed expired CO, using volumetric capnography and standard pulmonary mechanics
measurements. Data are expressed as median (IQR). Comparisons between groups used Kruskal-Wallis and
Dunn’s post-tests, Mann-Whitney tests or Fisher exact tests.

Results: The majority of less common ARDS were from indirect sources (79%) with 9% attributed to
direct causes and 11% idiopathic. Because of the small sample sizes, there were no differences in pulmonary
mechanics or gas exchange between subgroups classified as indirect, direct and idiopathic, or between
subgroups sharing common lung injury mechanisms. Nevertheless, salient trends were apparent particularly
in Cgg and V,/V. Cyg was most severely reduced in the toxicity subgroup and least impaired in the idiopathic
subgroup [18 (11 to 22), and 40 (30 to 43) mL/cmH,O respectively]. V,/V was extraordinarily high in the
hepatic failure subgroup and lowest in pancreatitis [0.78 (0.57 to 0.79) and 0.54 (0.47 to 0.65) respectively].
There was less distinction in oxygenation as median values for all subgroups met moderate ARDS criteria.
For the entire cohort, only V,/V1 was statistically different between non-survivors and survivors: 0.66 (0.57
t0 0.78) zs. 0.59 (0.51 to 0.68), P=0.012.

Conclusions: Within a diverse cohort having less common presentations of ARDS, there was apparent
variability in the distribution of Cgs, Vp/Vy compared to differences oxygenation dysfunction. Elevated
pulmonary dead space still identified patients with higher mortality, as is the case with more common causes
of ARDS.
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Introduction

Acute respiratory distress syndrome (ARDS) can be
triggered by a multitude of direct and indirect insults to
the lungs. The most common triggers are pneumonia,
aspiration, non-pulmonary sepsis and trauma (1). Although
these etiologies are well described in the literature,
relatively less attention has focused on uncommon causes
of ARDS such as pancreatitis, hepatic failure, transfusion-
associated acute lung injury (TRALI), reperfusion lung
injury, and inhalational injury. These diverse causes of acute
lung injury account for 12-23% of cases (2-4), thus making
it difficult to accumulate enough information to conduct a
meaningful description of the pathophysiology.

Recently, we reported less common etiologies were
distinguished from trauma-associated ARDS by having
higher physiologic dead-space fraction (V/Vy) and
oxygenation index (OI), along with lower respiratory system
compliance (Cgs) and arterial oxygen tension-to-inspired
oxygen fraction (PaO,/FiO,) (4). Less common etiologies
also were distinguished by having lower V,/V; than those
with aspiration-associated ARDS and higher OI than those
with non-pulmonary sepsis (4).

Because we have recorded a relatively large number of
subjects with less-common ARDS etiologies, we inquired
whether similar patterns in pulmonary mechanics and gas
exchange might be apparent within this catchall category.
We hypothesized that, consistent with the main findings of
our previous study, direct causes of lung injury would likely
produce higher V/V compared to indirect causes. We did
not speculate whether Cyg or oxygenation indices might
differ between direct vs. indirect injury, nor between various
etiologic subgroupings.

Methods

Briefly, as previously described (4), data were obtained from
our hospital’s quality assurance ARDS management database
used to monitor our adoption of the National Institutes of
Health’s ARDS Clinical Trial’s Network (ARDSNet) lung-
protective ventilation protocol (5). Acute lung injury criteria
based on the American-European Consensus Conference
definition was used prospectively for entering subjects into
the database (6). Because of the subsequent development
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of the Berlin definition all subjects were re-evaluated and
redefined according to the newer ARDS definition (7). Use
of our quality assurance data for research purposes was
approved by the University of California, San Francisco’s
institutional review board for human subject protection
with waiver of consent granted (IRB#16-19189).

Routine V/V measurements began in 2010 as part
of implementing the ARDSNet protocol. Measurements
were made within 12 h of protocol initiation with 94% of
all measurements in the current study done on the day of
ARDS onset, 4% within 24 h after ARDS onset and 2%
within 96h. Vp/V1 was measured using the Enghoff-Bohr
equation [Vp/Vy= (PaCO, - PeCO,) + PaCO,] whereby
PaCO, and PeCO, are respectively the arterial and mixed
expired carbon dioxide tensions (8). An arterial blood
gas was drawn simultaneously with mixed expired CO,
measured by volumetric capnography (NICO monitor,
Philips/Respironics, Wallingford, CT) as previously
described (9).

Dead-space measurements coincided with a ventilator-
systems check including expired tidal volume (V) both in
mL and relative to predicted body weight according to the
ARDSNet protocol (5), end-inspiratory plateau pressure
(Pplat) and positive end-expiratory pressure (PEEP).
Consistent with our previous studies (4,9) assessments were
made only when patients were observed to be calm and
synchronous with the ventilator, in the absence of nursing
care activities, and unless contraindicated, studied in the
semi-recumbent position.

Cgs was calculated as tidal volume (V) + (Pplat-PEEP) (10).
Measures of oxygenation function included the PaO,/
FiO, ratio and OI which was calculated as the product of
mean airway pressure and the percent of inspired oxygen
divided by PaO, (11). In addition, Lung Injury Score
(LIS) (12), Simplified Acute Physiology Score II
(SAPS 1I) (13) and Acute Physiology and Chronic Health
Evaluation II (APACHE II) score (14) were calculated on
the day of ARDS onset.

Of the 94 subjects identified with uncommon ARDS
etiologies, 8 were excluded from the analysis because sepsis
was a co-diagnosis. The 86 remaining subjects had 18
distinct etiologies, wherein only a minority of whom could
be classified as direct (9%), versus indirect injury (79%) while

J Thorac Dis 2018;10(8):5030-5038



5032

Kallet et al. Characteristics of uncommon ARDS etiologies

Table 1 Classification grouping and etiologies of uncommon presentations of acute respiratory distress syndrome

Classification Groupings Primary etiology N
Direct Inhalation injury Smoke inhalation, near-drowning 8,2
Indirect Drug overdose Drug overdose 13
Hepatic failure End-stage liver disease 7
Pancreatic Pancreatitis 16
Neurogenic Non-traumatic acute brain injury 8
Perfusion-related Hemorrhagic shock, reperfusion injury 8,1
Transfusion-related Multiple transfusions 3
Toxicity-related Acute bleomycin toxicity, radiation exposure 2,1
Hyper-immune response ~ Tumor lysis syndrome, dye reaction, Steven-Johnson syndrome, IRIS-HAART 1,1,1,1
Burns 2nd/3rd degree =30% BSA 2
Malaria Malaria 1
UNK Idiopathic Idiopathic 10

BSA, body surface area; IRIS-HAART, immune reconstitution inflammatory syndrome-highly active anti-retroviral therapy.

11% had idiopathic causes (Table 1). When distinct etiologies
shared what we believed were similar injury mechanisms
we subsumed these into a larger group to analyze their
mechanical and gas exchange characteristics. For example,
near-drowning and inhalation injury were grouped together;
as were those with apparent secondary lung injury from a
hyperimmune response (e.g., tumor lysis syndrome, Steven-
Johnson Syndrome) In six of the 10 groups with eight or
more subjects (inhalation injury, drug overdose, pancreatitis,
hemorrhagic shock-reperfusion injury, neurologic injury and
idiopathic) we also compared Cgs, Vp/Vy, PaO,/FiO, and OI
between survivors and non-survivors. Only the two cases of
cutaneous burns and the single case of malaria could not be
placed into a larger grouping.

Statistical analysis was done using PRISM (Graphpad
Software, La Jolla CA). Given the small sample size and
non-normal distribution, data are reported as median and
interquartile range. Comparisons across groups were made
using Kruskal-Wallis and Dunn’s post-test. Comparisons
between groups (i.e., non-survivors vs. survivors; indirect
vs. direct injury) were made using Mann-Whitney tests.
Categorical variables were assessed by Fisher Exact tests.
Alpha was set at 0.05.

Results

Because of the small sample size and wide dispersion of
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data our results were not statistically significant, the only
exceptions were higher APACHE 1II score in subjects with
ARDS associated with drug overdose versus pancreatitis
(Table 2). When classified as either direct versus indirect lung
injury no differences were found in Cgs [33 (23 to 34) vs. 29
(21 to 38) mL/cmH,O respectively, P=0.24], V,/V [0.66
(0.57 to 0.73) ws. 0.63 (0.53 to 0.70) respectively, P=0.39],
Pa0,/FiO, [115 (83 to 123) vs. 113 (91 to 158) mmIIg
respectively, P=0.96], OI [14.8 (11.5 to 18.2) vs. 14.1 (9.3 to
21.4) respectively, P=0.51], pH [7.29 (7.25 to 7.33) vs. 7.34
(7.27 to 7.41) respectively, P=0.14] or Base Deficit [-6.0 (-7.9
to -5.4) vs. -3.7 (8.2 to -0.2) mEq/dL respectively, P=0.33].

Analysis of subgroups based on similar injury mechanisms
only produced apparent trends in terms of pulmonary
mechanics and dead-space ventlation. The median Cgg of our
subjects ranged from 18 to 40 mL/cmH,O (Table 3). Using
the reported average Cgg for ARDS (30-34 cmH,0) (10), six
groups fell below this range whereas 3 groups were above.
The lowest Cgs was observed in toxicity, hyper-immune
response and hepatic failure whereas the highest Cyg was
found in neurologic injury, drug overdose and idiopathic
subgroups (Figure 1).

Vp/V, was extraordinarily high in ARDS associated with
hepatic failure and lowest in pancreatitis (Table 4, Figure 2).
All subgroups met moderate ARDS criteria based on
median PaO,/FiO, wherein eight of 10 groups had a median
Pa0O,/FiO, of 103 to 120 mmHg. The hyper-immune
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Table 2 Subject characteristics at onset of acute respiratory distress syndrome

Group N Age LIS APACHE i SAPS II
INH 10 37 [28, 50] 3.0 [2.5, 3.5] 25 [22, 36] 52 [41, 63]
DOD 13 35 [24, 59 2.5[2.3,3.3] 33 [29, 39]* 65 [52, 77]
HEP 7 56 [45, 60] 3.0 3.0, 3.0] 37 [20, 38] 64 [41, 68
PAN 16 4338, 53] 2.8[2.5,3.3] 2114, 27 3731, 57
NEU 8 52 [37, 69] 2.6 (2.3, 3.0] 28 [26, 33] 57 [46, 70]
PERF 9 54 [45, 71] 3.5[2.6, 3.8] 30 [26, 37] 64 [55, 79]
TRALI 3 42 [38, 51] 3.3[2.0, 3.8] 14 [12, 17] 3126, 33]
TOX 3 49 [26, 59] 2.81[2.8,3.3] 29 [28, 31] 42 [42, 47)
H-IM 4 5133, 67] 3.1[2.6, 3.3] 25 [22, 31] 46 [37, 65]
IDIOP 10 55 [53, 61] 2.6[2.4,3.3] 2319, 33] 55 [36, 74]
P (K-W) 0.11 0.39 0.005 0.09

Data reported as median [25-75% interquartile range]. K-W, Kruskal-Wallis test (Dunn’s post-tests for P<0.05). *, P=0.03 vs. pancreatitis.
INH, inhalation injury; DOD, drug overdose; HEP, hepatic failure; PAN, pancreatitis; NEU, non-traumatic acute brain injury; PERF, perfusion-
related; TRALI, transfusion related acute lung injury; TOX, toxicity; H-IM, hyper-immune response; IDIO, idiopathic.

Table 3 Pulmonary mechanics at onset of acute respiratory distress syndrome

Group Pplat (cmH20) PEEP (cmH=0) V1 (mL/Kg) Crs (mL/cmH:0)
INH 24 [22, 28] 11[10, 15] 6.2[6.1,7.1] 33 [25, 41]
DOD 22 [20, 27] 10 [8, 14] 7.416.3,8.2] 38 [29, 45]
HEP 23 [22, 29] 10 [8, 10] 6.2 5.9, 6.5] 23 [19, 29]
PAN 28 [25, 30] 816, 15] 6.4 [6.0, 7.8] 29 [18, 35]
NEU 23 [20, 28] 11 [6, 16] 6.2 [5.8, 81] 37 [29, 42]
PERF 28 [24, 33] 138, 16] 6.2 5.6, 7.8] 25 [19, 29]
TRALI 27 [26, 29] 12 [5, 16] 6.2 5.8, 8.4] 26 [23, 29]
TOX 30 [25, 35] 815, 12] 6.0 [5.9, 6.1] 18[11, 22]
H-IM 28 [21, 33] 12 [10, 14] 6.9 [5.1, 10.9] 22 [21, 36]
IDIOP 24 [22, 25] 12 [10, 15] 6.2 [5.8, 6.4] 40 [30, 43]
P (K-W) 0.10 0.67 0.66 0.005

Data reported as median [25-75% interquartile range]. K-W, Kruskal-Wallis test; INH, inhalation injury; DOD, drug overdose; HEP, hepatic
failure; PAN, pancreatitis; NEU, non-traumatic acute brain injury; PERF, perfusion-related; TRALI, transfusion related acute lung injury;

TOX, toxicity; H-IM, hyper-immune response; IDIO, idiopathic.

response and TRALI groups had median values of 154 and
163 mmHg respectively. Acidosis was most pronounced in
those with hepatic failure and hyper-immune response.

For the entire cohort, only Vp/V was statistically
different between non-survivors and survivors: 0.66 (0.57
to 0.78) vs. 0.59 (0.51 to 0.68), P=0.012. Moreover, in the
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six subgroups with an n>8 subjects no consistent pattern
emerged regarding differences between survivors and non-
survivors for Cgs PaO,/FiO, OI, pH or BD (data not
shown) Only Vp/V demonstrated a consistent pattern of
higher values among non-survivors (Figure 3).

For the three other cases, ARDS associated with
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Figure 1 Differences in respiratory system compliance
between different lung injury groupings. TOX, toxicity; H-IM,
hyperimmune response; HEP, hepatic failure; PERF, perfusion-
related; TRALI, transfusion-associated acute lung injury; PAN,
pancreatitis; INH, inhalation injury; NEU, neurologic injury;
DOD, drug overdose; IDIO, idiopathic; CRS, respiratory system

compliance.

Table 4 Gas exchange and acid-base characteristics

Kallet et al. Characteristics of uncommon ARDS etiologies

cutaneous burns (without inhalation injury) had the lowest
Vp/Vr (0.39) and highest PaO,/FiO, (242 mmHg) along
with a mid-range Cgs (34 mL/cmH,0) compared to the
entire cohort. In contrast, the malaria case was characterized
by both severely impaired gas exchange and chest mechanics
(Vp/Vr: 0.68, PaO,/FiO,: 73 mmHg, Cgg: 25 mL/cmH,0
measured on PEEP of 14 mL./cmH,O and FiO, of 1).

Discussion

Our main finding was that subjects with uncommon ARDS
etiologies are characterized primarily by indirect injury
mechanisms; however, differences between these categories
were not significant in regards to either chest mechanics
or gas exchange. Yet, when the entire cohort was analyzed
V,/V1 was the only pulmonary-specific variable associated
with mortality.

Our main hypothesis that uncommon etiologies of ARDS
from direct causes would have higher V,/V; was not borne
out by the data which demonstrated substantial diversity
in the severity of carbon dioxide excretion dysfunction. In
part this may have resulted from an imbalance between the
two groups. However, our results suggest that even within
the classification of indirect lung injury there appears to be
marked variability greater than would be anticipated by its
underlying mechanism (i.e., primary endothelial injury). For
example, hepatic failure was associated with inordinately high

Group VoVt Pa02/FiOz (mmHg) ol pH BD (mEq/dL)
INH 0.66 [0.55, 0.75] 116 [79, 146] 14.4 [11.4, 29.8] 7.31[7.26, 7.35] -6.0[-7.7, -2.6]
DOD 0.64 [0.56, 0.75] 120 [63, 170] 11.4[9.3, 21.3] 7.32[7.25, 7.41] -6.5[-11.3,0.8]
HEP 0.78 [0.57, 0.79] 103 [82, 142] 1310, 21.4] 7.27 [7.18,7.38)] -8.7[-11.3, -2.6]
PAN 0.54 [0.47, 0.65] 109 [82, 138] 15.4 [10.1, 22.7] 7.34[7.27,7.43] —2.7[-7.4,0.7]
NEU 0.68 [0.47, 0.73] 109 [98, 147] 15.6 [8.4, 20.4] 7.34[7.19, 7.43] -2.6[-8.0, 0.5]
PERF 0.63 [0.49, 0.66] 103 [70, 146] 20.5 9.4, 36] 7.39[7.32, 7.46) -5.6[-7.3,2.2]
TRALI 0.65 [0.43, 0.65] 163 [68, 181] 12.2[8.8, 33.9] 7.41[7.40, 7.41] -1.1[-1.3,5.2]
TOX 0.66 [0.63, 0.70] 104 [58, 104] 18.2[16.3, 31.0] 7.35[7.23, 7.45] -1.3[-11.3,8.7]
H-IM 0.64 [0.55, 0.79] 154 [111, 194] 12.9[8.7, 13.8] 7.28(7.17,7.28) -6.3[-7.4, -2.3]
IDIO 0.61 [0.48, 0.69] 11876, 175] 16.1[6.9, 26.1] 7.36[7.32, 7.41] -5.1[-8.9, 3.3]
P (K-W) 0.15 0.82 0.95 0.24 0.58

Data reported as median [25-75% interquartile range]. K-W, Kruskal-Wallis test; INH, inhalation injury; DOD, drug overdose; HEP, hepatic
failure; PAN, pancreatitis; NEU, non-traumatic acute brain injury; PERF, perfusion-related; TRALI, transfusion related acute lung injury;

TOX, toxicity; H-IM, hyper-immune response; IDIO, idiopathic.
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Figure 2 Dead-space fraction between and lung injury groupings.
PAN, pancreatitis; IDIO, idiopathic; PERF, perfusion-related;
DOD, drug overdose; H-IM, hyperimmune response; TRALI,
transfusion-associated acute lung injury; TOX, toxicity; INH,
inhalation injury; NEU, neurologic injury; HEP, hepatic failure.

Vp/V. while pancreatitis had the lowest V,/V.; similar to
that in trauma-associated ARDS (4). This variability likely
represents complex contributing mechanisms, as well as
ambiguity in clinical presentation that are discussed below.
The tendency towards inordinately high V,/Vy in
hepatic failure (compared to our subjects with direct
lung injury) probably reflects the contribution of three
factors: first, pulmonary arteriovenous shunting from the
vasodilatory effects of elevated ammonia (15); second,
the contribution of “shunt dead-space” (from ascites-
induced compression of dorsocaudal lung regions) (16);
third, endothelial injury from disseminated intravascular
coagulation documented in three cases (17). These subjects
also had particularly low Cyg in part from ascites, while the
extraordinarily high mortality (86%) is consistent with the
established literature (15,18). Although it is particularly
difficult to exclude sepsis in those with hepatic failure, we
noted that V/V in our subjects (0.78) was substantially
higher than that reported in non-pulmonary sepsis (0.61) (4).
Likewise, acute pulmonary toxicity was characterized
by higher V,/V; similar to that reported in direct lung
injury from inhalation injuries as well as pneumonia and
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Figure 3 Differences in dead-space fraction among survivors(S)
and non-survivors (NS) in the six largest acute lung injury
subgroups. INH, inhalation injury; NEU, neurologic injury;
DOD, drug overdose; PAN, pancreatitis; IDIO, idiopathic; PERE,

perfusion-related.

aspiration (4), albeit from what appears to be indirect
mechanisms. Bleomycin toxicity is an established model
used in preclinical studies (19) that initially results in both
microvascular endothelial injury and diffuse interstitial
edema (that eventually injures the alveolar epithelium)
(19,20). The progressive cellular damage and resulting
fibrosis from bleomycin toxicity is considered dissimilar
from other forms of acute lung injury. Radiation-associated
ARDS is similar to hyperoxic acute lung injury as it results
in the generation of radical oxygen species that overwhelms
the body’s antioxidant defense mechanisms (21)

Our naming a hyper-immune associated ARDS subgroup
was based upon other’s hypotheses that this form of lung
injury is caused by a proinflammatory mediator burst
both during tumor lysis syndrome (22) and immune
reconstitution inflammatory syndrome (23), whereas
hypersensitivity or cell-mediated immune response may
play a role in toxic epidermal necrolysis (24). Yet, in
these presentations of ARDS, other occult mechanisms
may be present. For example, toxic epidermal necrolysis
often involves upper airway and bronchial mucosa injury
increasing the possibility of aspiration or pneumonia.

Likewise, V,/V in non-traumatic neurologic injury
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was similar to that recently reported in aspiration (0.68)
compared to subjects with isolated traumatic brain injury
(0.55) (4). Therefore, the fact that aspiration was not
witnessed in these subjects (nor suggested by inspection of
tracheal aspirates following intubation) does not exclude the
possibility that it might have occurred.

ARDS associated with acute pancreatitis was noteworthy
for its similarity with trauma-associated ARDS, namely
a tendency towards lower Vp/V, and mortality (0.54
and 19% respectively in our subjects). Acute lung injury
in pancreatitis is believed to be caused by a two-hit
mechanism: an initial pronounced systemic inflammatory
response, followed by secondary injury from the systemic
release of digestive enzymes that causes cell necrosis and
damages pulmonary surfactant (25,26).

Perfusion associated acute lung injury from hemorrhagic
shock is complicated as all cases required initiation of our
mass transfusion protocol These subjects likely suffered
ischemia-reperfusion injury as well. Early studies of ARDS
following hemorrhagic shock implicated coagulopathy as
the primary mechanism (27) with fibrinogen degradation
products such as fragment D directly implicated in the
pathogenesis (28,29). Additional pulmonary insults are
associated with the sequelae of shock: most notably systemic
inflammatory response due to macrophage activation from
bacterial translocation occurring in the gut (30).

In addition, ischemia-reperfusion produces radical
oxygen and nitrogen species causing injury both in directly
affected organs as well as distant organs (31). The primary
mechanism in TRALI appears to be neutrophil-mediated,
along with a postulated “two-hit model” (i.e., a baseline
proinflammatory state that activates the pulmonary
endothelium followed by blood products that induce
neutrophil activation (32). Interestingly, when comparing
our subjects with hemorrhagic shock/reperfusion injury
to the three cases of isolated TRALI both median Cgg (25
vs. 26 mL/cmH,O respectively) and V,/V (0.63 and 0.65)
were similar.

Despite considerable differences in pathophysiology
between smoke inhalation and near drowning, there
was very little difference in Cyg (34 vs. 32 mL/cmH,O
respectively) and V,/V; (0.65 vs. 0.63 respectively) between
injury mechanisms. Smoke inhalation involves both thermal
injury to the bronchial mucosa and toxic gas-induced
injury to the alveolar capillary membrane, in addition to
peripheral airway obstruction from fibrin clots. Pronounced
increases in bronchial blood flow (approximately 8-fold)
increases anatomic shunting and vascular engorgement
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(through bronchopulmonary anastomoses), whereas loss of
barrier integrity causes hyperpermeability and surfactant
deactivation (33). Our two cases of near-drowning involved
both seawater and fresh water aspiration. In the former,
hyperosmolarity, low temperature and high pathogen
content of the aspirated fluid results in both an osmotic
gradient across a damaged alveolar-capillary membrane
and surfactant inactivation (34,35). Freshwater aspiration is
distinguished by less severe inflammatory mediator release
and milder lung injury (36).

The obvious limitation of this study is that diverse,
less common ARDS etiologies restricts the number of
cases available for analysis. In consequence the ability to
construct statistically meaningful, descriptions that advance
our knowledge is stymied. In addition, from a pragmatic
standpoint the infrequent occurrences make studying
these etiologies impractical. Thus, our understanding of
uncommon ARDS etiologies will remain speculative. This
study was an initial attempt to explore this catch-all ARDS
category and begin describing the apparent multiplicity of
pulmonary mechanics and gas exchange derangements.

A further limitation is inter-observer variability and
physiologic confounders that can affect measurement
consistency when using data generated during routine
clinical practice. For example, Cgg is affected by the level
of PEEP, V| size and fluid balance, none of which are
controlled in a retrospective observational study such as
ours. However, we found no correlation between V1 and
Cys (r=-0.07; P=0.56) and only a weak correlation between
PEEP and Cgg (r=0.17; P=0.12). Moreover, previous
studies have shown a remarkable consistently in repeated
measurements of Vp/V1 and Cgs over the first 3 days of
ARDS with mean variability of approximately 0.02 and
1-2 mL/cmH,O respectively (37-39).

Conclusions

In summary, this diverse sample of 86 subjects with
less common presentations of ARDS exhibited marked
variability in the distribution of Cggand Vp/V between
different etiologies. The relative rarity of these cases limited
our findings to describing apparent differences between
individual etiologies. In many instances this was made
more ambiguous given the possibility of other mechanisms
contributing to derangements in both pulmonary mechanics
and gas exchange. Despite these limitations, elevated V,/Vy
was statistically higher in non-survivors compared to
survivors.
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