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Predicting multiple organ failure in patients
with severe trauma

Zeljko Lausevic, MD, PhD;” Mirjana Lausevic, MSc;T Jasna Trbojevic-Stankovic, MSc;*
Slobodan Krstic, MSc;” Biljana Stojimirovic, MD, PhDT

Objective: Pathophysiological processes in the first days after trauma seem to be important for the de-
velopment and final outcome in cases of multiple organ failure (MOF). Our objective in this study was
to assess the kinetics of C-reactive protein (CRP), interleukin-6 (IL-6), interleukin-10 (IL-10) and
phospholipase A, group II (PLA,-II) as predictors of more severe forms of MOEF. As well, we sought to
assess the criteria for systemic inflammatory response syndrome (SIRS) and Simplified Acute Physiology
Score (SAPS II) values and to create predictive models of MOF development. Methods: This prospec-
tive study recruited a sample from 75 patients treated for severe injuries at surgical intensive care units at
the Clinical Center of Serbia. Of these patients, a total of 65 met the entry criteria, which included an
Injury Severity Score > 18 (severe injury), age range 16-65 years, admission to the hospital within the
first 24 hours after injury and survival longer then 48 hours. We excluded patients with primary injury
to the central nervous system. Results: When patients with and without MOF were compared, a statisti-
cally significant difference was noted in the average CRP and PLALII levels on all days. IL-6 and IL-10
concentrations were significantly different on all days of hospitalization. Conclusion: According to the
results of our study, it is possible to create predictive models with a high level of accuracy for the devel-
opment of organ failure in traumatized patients. The most important parameters of MOF development
are serum IL-6 concentration on the first day of hospitalization and the number of positive SIRS criteria
on the fourth day of hospitalization.

Objectif : Les phénomenes physiopathologiques qui surviennent au cours des premiers jours suivant un
traumatisme semblent importants pour 1’évolution et lissue finale dans les cas de défaillance d’organes
multiples (DOM). Cette étude visait a évaluer la cinétique de la protéine C-réactive (PCR), de
Pinterleukine-6 (IL-6), de 'interleukine-10 (IL-10) et de la phospholipase A, du groupe II (PLA,-II)
comme prédicteurs de formes plus séveres de DOM. Nous avons cherché aussi a évaluer les criteres du
syndrome de réponse inflammatoire systémique (SIRS) et les valeurs du score simplifi¢ de la physiologie
aigiie (SAPS II), ainsi que des modeles prédicteurs d’apparition de DOM. Méthodes : Pour cette étude
prospective, nous avons recruté un échantillon parmi 75 patients traités pour des traumatismes séveres
aux unités chirurgicales des soins intensifs du Centre clinique de la Serbie. Parmi ces patients, 65 au to-
tal satisfaisaient aux criteres d’admission, qui incluaient un score de gravité de la blessure de > 18 (trau-
matisme grave), une plage d’dge de 16 a 65 ans, ’hospitalisation dans les 24 heures suivant le trauma-
tisme et une survie de plus de 48 heures. Nous avons exclu les patients qui avaient un traumatisme
primaire au syst¢éme nerveux central. Résultats : Lorsqu’on a comparé les patients avec et sans DOM,
on a constaté une différence statistiquement significative au niveau des concentrations moyennes de
PCR et de PLA,-II tous les jours. Les concentrations d’IL-6 et d’IL-10 étaient significativement dif-
férentes tous les jours de ’hospitalisation. Conclusion : Les résultats de notre étude indiquent qu’il est
possible de créer des modeles prédicteurs tres précis de ’apparition de la défaillance d’organes chez les
patients traumatisés. Les parametres les plus importants de I’apparition de DOM sont la concentration
sérique d’IL-6 le premier jour de I’hospitalisation et le nombre de criteres positifs de SIRS le quatrieme
jour de I’hospitalisation.
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b 1 ultiple organ failure (MOF) is
the leading cause of late death

after trauma. The term defines an
“all-or-nothing” event and repre-
sents the extreme point of a continu-
ous dynamic process of organ func-
tion deterioration. There is no gold
standard for quantification of the
degree of organ damage. Several
scores are used, the most well-known
of which are the Multiple Organ
Dysfunction (MOD) score from
1995 and the Denver postinjury MOF
score."” Most studies have combined
2 or more scores to achieve higher
objectivity.” The outcome of MOF
after an injury has not improved in
the last decade.® Injury severity, late
or inadequate resuscitation, inade-
quate surgical intervention, persistent
inflammatory focus, previous organ
damage, chronic disease and age over
65 years may affect the presentation
and outcome of MOF. Its frequency
is directly related to advances in tech-
nology and supportive treatment in
intensive care units.

Mediators play an important role
in the development of MOF and may
therefore be used as predictors of
posttraumatic development and mor-
tality.* A dysfunctional systemic in-
flammatory response syndrome
(SIRS) is the central event in MOF
pathogenesis.” The Society of Critical
Care Medicine and the American
College of Chest Physicans defined
the following criteria for SIRS®”:
body temperature > 38°C or < 36°C,
heart rate > 90 beats/min, tachypnea
(a respiratory rate > 20 breaths/min
at room temperature or PaCO, <
4.3 kPa), white blood cell count
> 12 000/mm? or < 4000/mm® or
> 10% bands.

It is still not possible to identify
the risk group in time to undertake
efficient intervention. There is a tight
correlation between cytokine plasma
level, development of MOF and
mortality rate. Thus the development
of immunomonitoring would help in
the selection of patients at risk for
posttraumatic complications and also
in the choice of the most appropriate
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treatment protocols for severely in-
jured patients.®

The aim of this study was to assess
the kinetics of C-reactive protein
(CRP), interleukin-6 (IL-6), inter-
leukin-10 (IL-10) and phospholipase
A, group II (PLA,-II) as predictors of
MOF. As well, we sought to assess
criteria for SIRS and Simplified Acute
Physiology Score (SAPS II) values
and to create predictive models of
MOF development.

Methods

At its beginning, this prospective
study included 75 patients treated for
severe injuries at surgical intensive
care units in the Clinical Center of
Serbia. All subjects fulfilled the fol-
lowing criteria: Injury Severity Score
(ISS) = 18 (severe injury), age range
16-65 years and admission to the
hospital within the first 24 hours after
the injury. Patients with primary in-
jury to the central nervous system
were excluded.” An additional 10 pa-
tients were excluded owing to devel-
opment of MOF in the first 24 hours
after the injury and to lethal outcome
in the first 48 hours. The remaining
65 patients were followed for the
next 10 days. They were separated
into 2 groups: the first comprised 29
patients with severe trauma without
organ insufficiency, and the second
comprised 36 patients with severe
trauma and organ insufficiency.
Markers and mediators of inflamma-
tion were determined in all patients
within the first 24 hours and then on
the second, third, seventh and tenth
day of hospitalization. The reference
range for PLA,-II was 0-6 ng/mL, as
determined from 120 healthy people
with by means of enzyme-linked
immunoadsorbent assay (ELISA)
(Boehringer Mannheim GmbH,
Germany). Inter- and intra-assay co-
efficients of variation for normal, cle-
vated (19 ng/mL) and markedly
high (60 ng/mL) PLA,-II concentra-
tions of pooled patients’ sera were
less than 11% and 6%, respectively."
Concentration of CRP was determined

by immunonephelometry on the
“Behring” laser nephelometer, with
a normal value being < 9 mg/mL.
Interleukin concentration was mea-
sured with an Immunotech test
(Immunotech, Marseille, France)
based on “sandwich” enzyme im-
munodetermination. The reference
range for IL-6 was 0-8 pg/mL ,and
for IL-10, it was 0-10 pg/mL.

The SAPS II has 17 variables, 12
of which assess physiology, age and
type of treatment and 3 of which
identify the presence of chronic dis-
cases such as AIDS, metastatic can-
cer or hematologic malignancy. For
the 12 physiologic variables, the
poorest values in the first 24 hours
upon admission (those with the
highest number of points) are taken
into account.

We determined the Injury Severity
Score (ISS) from the formula (ISS =
Abbreviated Injury Score [AIS]? +
AIS? + AIS?) where AIS? represents
squared single highest scores from
3 regions of the body in the first
24 hours. We also applied the com-
bined MOF/MODS score that de-
fines organ damage according to the
presence of 1 or more variables."'"'?
Respiratory failure was deemed pre-
sent when mechanical ventilation was
necessary for at least 72 hours, when
Pa0O,/FO, < 37.3 kPa positive end-
expiratory pressure (PEEP) was over
8 cm H,O and when there was radi-
ographically confirmed acute respira-
tory distress syndrome or a respira-
tory rate < 5/min or = 49/min.
Hepatic failure was defined as biliru-
binemia over 51 wmol/L for at least
48 hours. Renal insufficiency was
defined as serum creatinine over
177 umol /L for at least 48 hours.
Heart failure was defined as cardiac
index < 3.0 x min™! x m™2, obliga-
tory application of inotropic therapy,
heart rate < 54 /min, present ventric-
ular tachicardy and/or fibrillation
and mean arterial pressure < 49 mm
Hg or pH < 7.24. Hematologic in-
sufficiency was defined as a platelet
count < 20 000 or a white blood cell
count < 1 x 107 /L. We analyzed



these parameters in all patients in-
cluded in our study, and the worst
results in the first 24 hours were
taken into account when we quali-
fied for the existence of organ insuffi-
ciency. The presence of at least 1 of
the mentioned criteria during hospi-
talisation defined existing organ
damage. MOF duration was not sig-
nificant because it represents an “all-
or-nothing” event.

We used %2, Student’s ¢ test and
the Mann-Whitney U test for inter-
group comparisons. A logistic regres-
sion coefficient was used to investi-
gate the correlation between the
number of SIRS criteria per hospital
days and the development of MOF.
Values of p < 0.05 or p < 0.01 were
considered significant. Each variable
was assessed individually with uni-
variate analysis as a resulting variable
for MOF. Parameters that were
found to be statistically significant
predictors with univariate analysis
were then included in a multivariate
model.

Results

The MOF patients’ average age was
47 (standard deviation [SD] 15)
years. Most patients had blunt in-
juries (51 patients, 78.1%), whereas
14 (21.9%) had open wounds. Most
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patients had triple (41.7%), double
(33.3%) or single (16.7%) organ in-
sufficiency. Only 8.3% of patients had
4 or more insufficient organs. The
male:female ratio was 52:13, which
is common for traumatic injuries.
The average ISS score was 30.48
(SD 0.73), and the average SAPS II
score was 39.62 (SD 13.05).

Early MOF appearing in the first
72 hours after the injury, was present
in 20 patients (56%), whereas 16 pa-
tients (44%) had late MOF appearing
72 hours after the injury (Fig. 1).

Table 1 shows the patients’ distri-
bution according to MOF presence
in relation to sex, surgical treatment,

Table 1

General data on patient group

duration of hospitalization, fre-
quency of sepsis, ISS and SAPS II
scores and survival. A highly statisti-
cally significant difference was noted
in survival between groups with and
without MOF.

The number of SIRS variables was
significantly different between the
patient groups with and without
MOF on day 5 of hospitalization, as
shown in Figure 2. Further, a signifi-
cant correlation was found between
SIRS determinants and the appear-
ance and progression of MOF in the
first 5 of 7 observed days.

Average CRP (mg/L), IL-6 (pg/mL),
IL-10 (pg/mL) and PLA,-IT (ng/L)

Patient group; %*

Variable No MOF With MOF p value
Men 72.4 86.1 >0.05
Women 27.6 13.9

Average age 39.5 47.3 > 0.05
Operations 62.06 69.44 >0.05
Duration of hospitalization, 22.25 (4.6) 26.25 (3.8) <0.05
mean (and SD) d

Sepsis 48.2 72.2 <0.05
ISS, mean (and SD) 26.8 (1.04) 33.4 (0.86) <0.01
SAPS II, mean (and SD) 30.8 (1.6) 465 (1.9) <0.05
Survived, no. 23/29 9/36 <0.01

ISS = Injury Severity Score; MOF = multiple organ failure; SAPS = Simplified Acute Physiology Score;

SD = standard deviation.
*Unless otherwise indicated.
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FIG. 1. Time of multiple organ failure onset in patients with

severe trauma.

FIG. 2. Number of positive SIRS variables per hospital days in
patients with and without MOF. MOF = multiple organ failure;
SIRS = systemic inflalmmatory response syndrome; white star =

p < 0.05; black star = p < 0.01.
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on the first, second, third, seventh
and tenth day after the injury are
shown in Figure 3. During the entire
follow-up period, a statistically signifi-
cant difference in average CRP and
PLA,-II levels was noted between pa-
tients with and without MOEF. Con-
centrations of IL-6 and IL-10 were
significantly different on all days of
hospitalization.

We used a multivariate logistic re-
gression model to further investigate
interactions between all statistically
significant factors contributing to
MOFE, as perceived with univariate
analysis. This approach led to the
conclusion that the most significant
predictors of MOF are the combined
results of SIRS on the fourth day and
IL-6 on the first day of hospitaliza-
tion (SIRS 4 and IL-6.1). This
model has predictive value of
89.66%.

Table 2 shows the average CRP
(mg/L), IL6 (pg/mL), IL-10
(pg/mL) and PLA,-II (ng/L) levels
on the first, second, third, seventh and

Table 2

tenth day following the injury, depend-
ing on the number of damaged organs.

Discussion

The high average ISS score in our
group of patients reflects the organi-
zation of our health system, in which
our hospital is responsible for the
most severely injured patients. A sig-
nificant number of these patients de-
velop MOE. Experience suggests
that MOF appears in 2 forms: early
and late. Most studies consider the
period within 72 hours of admission
to be the upper limit for diagnosis of
early MOE. MOF appearing after
72 hours is diagnosed as late. In our
study, out of 36 patients with MOEF,
55.6% had the carly form. These data
only refer to presentation of signs of
failure of the first damaged organ or
system, since a certain number of or-
gan failures were identified even after
the tenth day of hospitalization.
Respiratory insufficiency is almost
always the first to appear, followed by

Average serum levels in patients with different numbers of organs damaged

following severe trauma

Days  Organs  CRP; mg/L IL-6; pg/mL IL-10; pg/mL PLA AL ng/L
1 1 139.9 (66.7) 721.8 (649.1) 377.3 (431.9) 51.7 (43.8)
2 209.9 (80.9) 542.9 (362.3) 336.1 (439.5) 68.9 (62.6)*
3 207.7 (116.1) 974.2 (489.2) 290.1 (292.8)  151.1 (106.1)*
4 242.8 (185.5) 1160.3 (156.2) 249.3 (71.7) 178.6 (261.5)
2 1 156.8 (116.2) 389.3 (482.7) 79.8 (83.9) 81.3 (64.7)
2 238.9 (122.0) 417.8 (231.7)*  246.6 (487.6) 84.7 (69.7)
3 261.2 (122.7) 790.1 (441.2)* 2435 (215.6)  163.9 (114.2)
4 297.7 (185.9)  1003.0 (439.4) 3057 (189.0)  104.5 (126.9)
3 1 171.9 (113.3)* 148.8 (159.7)* 68.8 (76.3)* 88.9 (64.9)
2 202.3 (79.7) 270.3 (165.9) 126.5 (74.5)1 77.6 (69.3)
3 297.1 (104.8)* 6612 (443.9* 1345 (98.5)*  161.2 (117.5)
4 203.2 (142.6) 228.5 (48.8) 640.0 (820.0)*  120.8 (154.5)
7 1 164.8 (95.2)* 230.0 (32.5) 70.0 (28.5) 74.8 (70.9)
2 227.5 (93.1)* 239.4 (159.7) 169.8 (132.0) 79.4 (55.6)*
3 296.5 (90.1)T 494.4 (504.5) 154.9 (242.7) 145.3 (144.6)*
4 321.0 (62.3) 209.0 (196.6) 182.5 (152.0) 274.5 (313.3)
10 1 222.4 (132.7) 235.0 (162.6) 75.0 (63.6) 181.0 (113.6)
2 217.0 (72.9) 105.0 (72.1) 40.0 (14.1) 92.6 (47.2)
3 284.7 (80.8) 151.5 (174.7) 30.0 (32.5) 88.5 (42.9)

o

367.5 (163.4)

198.5 (125.2)

190.5 (170.4) 303.0 (288.5)

CRP = C-reactive protein; IL- 6 = inferleukin-6; IL-10 = interleukin-10; PLA-Il = phospholipase A,.

*p <0.05.
tp<0.01.
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cardiovascular decompensation. For-
merly, renal insufficiency was the sec-
ond most frequent failure. Hepatic
failure is usually a late manifestation
of MOF. The mortality rate follows
the increase in the number of affected
organs. It varies from 11% in patients
with single organ system failure to
62% in patients with failure of 2 sys-
tems, as reported by some authors.'*"*
Insufficiency of 3 or more organs al-
most always results in a lethal out-
come, even with the best conditions
for treatment.” Apart from the order
in which failures appear, their combi-
nation is also important. In a study of
1171 patients, lethal outcome after
combined cardiac-respiratory failure
occurred in 66.7% patients, after
respiratory-hepatic failure, it occurred
in 53.9%, and after hepatic-respira-
tory insufficiency, it occurred in
33.3%." In our study, 89% of patients
with MOF had signs of respiratory
failure, 28% had signs of renal failure
and 32% had signs of cardiovascular
decompensation, which is accompa-
nied by an especially high mortality
rate. Hepatic failure was also present
in a significant number (34%), but it
usually appeared later and resolved
more quickly. In 83% of patients in
our study, respiratory insufficiency
appeared first, which is consistent
with the findings of other authors.'
A smaller number of patients had re-
nal failure (9%), cardiovascular insufhi-
ciency (5%) and cerebrovascular
insufficiency (3%) as the first manifes-
tation of MOF. Most of our patients
had failure of 3 (41.7%), 2 (33.3%) or
1 (16.7%) organ system, and only
8.3% had 4 or more insufficient or-
gans. The most frequent combina-
tion of organ failure in our patients
was respiratory-renal failure and
respiratory-hepatic failure. In patients
with 3 or more affected organs, the
most frequent combination was respi-
ratory-renal-cardiovascular insuffi-
ciency, followed by respiratory-renal-
hepatic failure.

The mortality rate in patients with
MOF was high (75%). The average
ISS value in our study was higher



than reported by other authors in
studies with similar mortality rates.
In patients with failure of 2 organs,
several studies reported a mortality
rate of 42%,' while another study re-
ported a mortality rate of 35%." The
mortality rate in patients with 2 in-
sufficient organs was higher in our
study (83%) than that reported by
other authors. However, all patients
with single organ failure survived.

In critically ill patients, serial mea-
surements of CRP concentrations
may help to identify those who re-
quire more aggressive interventions
to avoid complications.' All our pa-
tients with MOF had significantly
higher CRP levels, compared with
patients without MOF, indicating
that CRP levels are a good early
marker of morbidity in intensive care
unit patients.

Lipolytic enzyme PLA,-II plays a
significant role in the synthesis of
lipid mediators, which, together with
cytokines, are most important in the
host response to infection or other
insult such as trauma."” It is impor-
tant for a clinician to identify the pa-
tients with increased levels of PLA,-II
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and to observe whether these values
are predictive of complications and
outcome.””" Studies on the role of
PLA,-II in different settings (multi-
ple injury, acute pancreatitis, sepsis)
indicated that phospholipase levels
correlate well with disease severity
and survival,'"* Increased secretory
PLA,-II activity is associated with the
development of postinjury MOE.*
Most studies report that in the first
24 hours after trauma there is no sig-
nificant increase of this enzyme.”
This is somewhat different from our
findings, although in our study aver-
age levels of PLA, for the first day of
hospitalization were lower than for
the following days. It should be em-
phasized, however, that most pa-
tients from remote regions of our
country were admitted to the hospi-
tal after more time had elapsed, al-
though always within 24 hours of
the injury.

The plasma IL-6 level may be a
marker of cytokine cascade and may
reflect a complex inflammatory host
response and the severity of disease (or
injury).”* The ratio of IL-6 to IL-10
may be a predictive factor in SIRS.*
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FIG. 3. Average CRP (mg/L), IL-6 (pg/mL), IL-10 (pg/mL) and PLA.-ll (ng/L) in pa-
tients with and without MOF following severe trauma (Mann-Whitney U test).
CRP = C-reactive protein; IL = interleukin; MOF = multiple organ failure; PLA,-Il =

phospholipase A,.

Some authors always include cy-
tokine status when distributing in-
jured patients according to severity
of the injury and expected out-
come.”* According to these models,
cytokine concentrations are classified
in 4 groups with adequate prognos-
tic significance (number of points).”
Almost one-half of the patients in
our study (45%) belonged to the
third (IL-6 > 250 pg/L) and fourth
(IL-6 > 500 pg/L) group, suggest-
ing a bad prognosis. There are re-
ports that IL-6 level on days 2 and 4
were significantly higher in MOF pa-
tients than in those without MOEF.*
Some authors describe significant
IL-6 increase on the first or even sec-
ond day; however, most state that
the window closes after 3 days, indi-
cating that IL-6 levels have no prog-
nostic value after that point.”

In vitro experiments show that
human monocytes produce IL-10 af-
ter lipopolysaccharide stimulation
but later than IL-6. The presence of
anti-IL-10 antibodies in cell culture
results in its increased production,
thus implying the regulatory role of
IL-10.*" Our study confirms dissa-
pointing findings on its protective
role. Its concentration has similar ki-
netics to IL-6 concentration kinetics,
and average IL-6 and IL-10 serum
concentrations were significantly dif-
ferent between groups on all days of
hospitalization (Fig. 3).

Conclusions

IL-6 kinetics in the first days of hos-
pitalization may suggest the develop-
ment of MOF, even before clear clin-
ical symptoms develop.

Average levels of IL-10 after the
injury, even in the first 24 hours, in-
dicate the development of MOF.

Average daily concentrations of
PLA,-II can determine with signifi-
cant confidence which patients will
aquire MOF.

The kinetics of CRP concentra-
tion differ significantly between
groups, depending on MOF devel-
opment, especially from the second
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to the seventh day of hospitalization.

On the basis of our study re-
sults, it is possible to design predic-
tive models for the development of
organ failure. The most important
parameters are serum IL-6 concen-
tration on the first day of hospital-
ization and the number of positive
SIRS criteria on the fourth day of
hospitalization.
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