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Multiple Organ Failure in Septic Patients

Multipleorgan failure (M OF) isthemain cause of death in 1 CUs, especially affecting septic
patients. It isstrongly related tonumber of systemswith failure, typeof system involved, risk
factor ssuch asage, previouschronic diseases, delayed or inadequater esuscitation, per sistent
infection, immunesuppression, and others. Theprognosesiswor sefor patientsrather thanin
electiveor emer gency surgical patients. Theabjectiveof thisarticleisto providedatafrom our
university teaching hospital | CU related totheincidence of septic patients, thedistribution of
MOF, and distribution of failureamong each of theor gans. Themortality rate, relationship
between mortality and age, and mortality and typesof or gansaffected wer eevaluated. Themain
bacterial causes of sepsiswere also identified. A retrospective evaluation was done of 249
patientsadmitted tothel CU in a4 month period during 1999. Fifty four patientshad sepsis
diagnosed by ACCSSCCM criteria. Therewere37 men and 17 women; 24 medical and 30 post-
surgical patients (9 after elective surgery and 21 emer gency patients). APACHE || scorewas
calculated on admission and M OF, measured for thefir < fivedays, wasdiagnosed usngMar shall
and Meakinscriteria. Thestatistical method used wasnon-parametric Mann-Whitney test,
p<0.05 was consider ed significant. Theincidence of sepsiswasrecorded in 54/249 patients
(22%). Thirty of these 54 patients (56% ) died. Death occurred in 2 of 11 pateintswith one
organ failure (18%), in 14/27 with 2 or 3 organ failures (52%), and 14/16 with 4 or more
organ failures(88%). Noneof thethree patients 15to 20 yearsold died, 17/32 (55%) pateints
age21-60years, and >61 years13/19(68%), died. Therewere23 patientswith positive bacterial
culture. Themost frequent bacteriafound wer e: Pseudomonasaeruginosa (5), multir esistant
Acinetobacter baumanii (3), Staphylococcus epidermidis (3), Enterobacter aerogenes (3),
Klebsiella pneumoniae (2) and multiresistant Staphylococcus aureus (2). The mean value £
SD of APACHE Il (mortality risk) for survivorswas21 + 18 and for non-survivors42 + 26
(p<0.001). We concludethat MOF dueto sepsisin an | CU isfrequent, with high mortality
related tothenumber of failing or gans, ageand high APACHE 1.
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Sepsis is a clinical syndrome of systemic
inflammatory responsedueto aninfectiousprocesswith
apresumed or known focus (by meansof culture) [1,
2,4, 8]. Multiple Organ Failure (MOF) isconsidered
the resulting process [2]. MOF can be due to an
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overwhelming inflammatory response secondary to
trauma, ischemiaor unclear sysemicinflammation[7].
MOFisthemain causeof deathin Intensive CareUnits
(ICU), especiadly affecting septic patients[ 1, 3,4, 7].
Although supportive assistanceto critically ill patients
hasimproved agreat deal, the mortality rates have
remained the sameinthelast 2 decades|[3, 8]. These
ratesaredirectly related to factors such asnumber of
organs affected [3, 6] and the different sources of
involved systems[4, 7]. Unfortunately, conflicting results
areseenin studieswhichtry to correlatethe different
systems. Thisfailureisattributed, by someauthors, to
thelimited pathophysiologic knowledge of MOF.
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Risk factors such as age [4], previous chronic
disease, inadequate/delayed resuscitation, and
pers stent inflammatory/infectiousfocus, increasethe
mortality and morbidity ratesin septic patients[3, 4].
A worseprognosisisseeninclinical patientsthanin
electiveor emergency surgical patients[2).

Althoughthereisagrest ded of researchinthisarea
related to different populations, it al pointstothesame
evolutionary pattern of MOF. It seems that, once the
processdats itfollowsagenerd patternof overwheming
responsethat can resultindeathin most cases.

There are no data related to incidence of sepsis,
digtribution of MOF, or didtribution of failurethet affects
organsindividualy in our university teaching hospital
ICU. It wasour aim to provide these datain order to
comparethemwith theliterature. Themortality rate,
relationship between mortaity and ageand mortdity and
typesof organsindividually affected wereevauated. The
main bacterid populaionswerea soidentified.

Materialsand Methods

This was a retrospective study of 249 patients
admitted to our hospital ICU. They wereadmittedina
4-month period during 1999. Fifty four patientswere
selected based upon ACCS'SCCM criteriadescribed
below [7] (at least 2 of thefollowing must be present):
temperature >38°C or <36°C; heart rate >90 beats/
min; respiratory rate >20 bresths'min; whiteblood cell
count >12,000 cells/mm?, <4000 cells'mm?d or >10%
immaturecdls andidentifiedinfectionfocusor postive
culture. Diagnosesof the septic patientswere: peritonitis
9, pancreetitis4, pneumonia 10, politraumall, urinary
infection 1, burns 1, ischemic stroke 2, Stevens-
Johnson syndrome 1, cardiac surgery 7, gasirointestinal
surgery 3, upper gastrointestinal bleeding 2, vascular
surgery 1, cholangitis 1, and thoracic surgery 1 patient.

Therewere 37 menand 17 women; 24 clinical and
30surgica patients(9dectiveand 21 emergency surgical
patients). APACHE I (mortality risk) wascalculated
on admission and MOF, measured for thefirst 5 days
diagnosed by Marshadl and Meskinscriteria(Table 1).
Thedtatistical method used was non-parametric Mann-
Whitney test, p vaue<0.05wascong dered significant.

Results

Thefrequency of sepsisin our ICU was 22% and
mortality rateamong septic patientswas 56% (30 of 54
patients). Thenumber of systemfailuresand mortality
are seen in Table 2. Types of systemsin failure and
mortdity areseenin Table 3. Ageand mortdity areseen
inTable4. Multipleorganfailureaffected moresystems
innon-survivorsthaninsurvivors thedifferencebetween
them reached Setigtical Sgnificanceeachday (Tableb).

Themainbacterid populationsfoundfrom 23 positive
cultures(43%of thepatientshed at least 1 positiveculture)
were: Pseudomonas aeruginosa (5 cultures),
multiresistant Acinetobacter baumanii (3 cultures),
Saphylococcusepidermidis(3 cultures), Enterobacter
aerogenes (3 cultures), Klebsiella pneumoniae (2
cultures), multiresistant Staphylococcus aureus (2
cultures). The mean value = SD of APACHE Il for
survivorswas 21 + 18 and for non-survivors 42 + 26
(p<0.001), theMann-Whitney test had ava ueof -3.20.

Discussion

Although support for criticaly ill patients has
significantly improved during the past 50 years, and
knowledge about pathophysiology of conditionssuch
as shock, acute renal failure, and acute respiratory
falurehasdsoimproved, patientshavelonger survivd,
but mortality remainshigh. Patients started dying due
to complications of their diseases, rather than the
diseasesthemsalves|[8, 9]. For thefirst time, physicians
faced an overwhe minginflammeatory response, leading
toaprogressvedeterioration of patients organ function
with mortality ratesup to 50% (2, 9]. Actualy, MOF
became the main cause of death in ICUs, and, since
thefirst studieswhich described thisentity during the
1970s, mortality remainsa most the same, in spite of
all theresearchinlaboratoriesand ICUs|[2, 4, 6, 8].

Themortdity of ICU septic patientsrangesfrom 20%
t0 60% [4, 6, 9, 19]. Poole, et al. [8] observed a 66%
mortdity, whileinour gudy it was56%. Mortdity related
tofailureof 1 sysemwas18%; 2 or 3sysems52%; 4 or
moresystems88%. Our study presented highmortality
ratescorrelated to thenumber of systemsaffected.

www.infecto.org.br/bjid.ntm
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Figurel. Mortality related to the number of systemswith failure (MOF)
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Tablel. Marshall and Meakinscriteriafor organ dysfunction

System/Organ Dysfunction

1. Respiratory lunginjury score=1

2.Kidney serum creatinine>1.8 mg/dL (160 umol/L)

3. Hepatic tota bilirubin>2.5mg/dL (40 umol/L) and elevation of transaminase

or akaline phosphatase morethan 2 timesnormal
4. Cardiovascular PCWP>16 mmHg and requirement for dopamine, dobutamine,
epinephrineand/or norepinephrineto maintain pressure >80 mmHg

5. CNS Glagow comascale <10in the abscence of sedation

6. Coagulation platelet count <60,000 and el evation of the prothrombin or partial
thromboplastintime>1.5 timesthe control valuein absence of
anticoagulation

7. Metabolic insulinrequirements>5U/h

8.Gut nasogastric drainage>300 mL/d and anileus (not dueto gut surgery)
upper gut bleeding

Table2. Number of systemsin MOF and mortality

MOF N° patients Died Mortality %
1 1 2 18
2-3 27 14 52
>4 16 14 88
Total 54 30 56

www.infecto.org.br/bjid.htm
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Figure2. Mortaity (%) related to thetype of systemfailure
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Table3. Typesof systemsaffected and mortality

System failure N° patientswith Died Mortality %
each organ type
(n=54)
Respiratory 51 33/51 64
Rend 27 21/27 78
Hepatic 18 13/18 72
Cardiovascular 38 30/38 79
CNS 3 3/3 100
Coagulation 12 10/12 83
Gadirointestind 12 8/12 67
Metabolic 5 3/5 60

Table4. Ageand mortality

Age N° patients Died Mortality %
15-20 3 0 0
21-60 32 17 55

> 61 19 13 68
Total 54 30 56

www.infecto.org.br/bjid.htm
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Figure3. Mortality related totheage
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Table5. Multipleorgan failurein septic patientsduring thefirst 5 days of stay inthe | CU

Days Group Number of MOF (MV)* SD** p-value
MOF1 Urvivors 1.96 1.10

NON-SUNvivors 2.96 1.48 0.008
MOF2 Urvivors 1.96 1.34

NON-SUNvivors 3.18 144 0.003
MOF3 Urvivors 1.88 1.33

NON-SUNvivors 3.12 1.15 0.001
MOF4 Urvivors 1.79 1.35

NON-SUNvivors 3.32 1.46 0.001
MOF5 wrvivors 1.65 1.23

NON-SUNvivors 3.35 1.50 0.003

* MV —mean value.

** SD — standard deviation.

Other studies show diversity of resultswith rates
varying from 14% to 40% with 1 system failure;
20% to 76% with 2 system failures; 30% to 90%
with 3 systemfailures[2, 3, 5, 6, 8, 9]; themgjority
of studies showed mortality of 100% for 4 or more
systemfailures.

Hebert, et al. [3] found astrong linear correlation
between the number of system failuresand 30 day
hospital mortality. Worse prognoses are seen in

patientswith MOF at onset of the sepsis syndrome.
Mortality ranged from 10% for patients who had
no organ system failure, to 100% in patients who
had 5 or more organ system failures. The number
of samplesin thisstudy related to 5 and 6 organ
system failures was small and did not permit
generalization, although we observed the same
trend inwholeintheliterature (with larger samples)
[2,3,5,6,8,9, 13].

www.infecto.org.br/bjid.htm
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Ageisanimportant comorbid factor, increasing
therisk of death dueto MOF(2). Worse prognoses
are seenin patientswho are older than 65 years[2, 3,
13, 17]. Goris, et al. [6], did not find any clear
relationship between age and MOF in their septic
group, but they found apositiverelationship between
age and increased mortality in thetraumagroup. Our
datashow morethan 55% mortaity inall agegroups
older than 20 years. Based on our data, we could
see that almost all patients (51/54) presented
pulmonary failure, athoughwe could not confirm that
thiswasthevery first system affected.

Gullo and Berlot [13] described apredictableand
uniform clinical course of MOF. The first organ
involved waslung, with almost all of their patients
having thisfailure. Severa other studiesagreewith
their observation [6], relating lung dysfunction with
high mortality (>50%). These data are comparable
withthemortality observedin ARDSalone. It could
be explained by the fact that infection isthe most
common cause of ARDS[14]. Itisprobably dueto
thefact that lungswork as*“first filters’, activating
cellssuch as neutrophils, lymphocytes, cytokines,
lots of mediators|eading to an increased capillary
permeability, and fibrin-platel et aggregation dueto
activation of PAF and other septic mediators[14].

Thereisno consensusin theliterature about the
incidenceand mortality of other systemfailures. This
isprobably dueto the poor knowledge about sepsis
and development of M OF, different parameters used
for measuring insufficiency, and failure of systems
and different follow up timesfor patients.

Cardiovascular system (CVS) failureisrelated
to both high incidence and mortality [3, 6, 12]. In
our study, 38/54 pateints had cardiovascular failure
and 30 of them died. There are some doubts about
when CVS failure appears. Regel, et al. [12],
observed that CV Stendstofail late. Even with an
abnormally high cardiac output associated with low
systemic vascular resistance, clinical and biochemical
alterationstend to occur in advanced phasesonly.

We observed agreat number of patientswho had
renal failure (27/54). In other studies, however, we
did not see the same trend. The kidney isavery

important organ within the M OF context, probably
predisposing to other failures. A 10-foldincreasein
mortdity in patientswith acute rend failure hasbeen
observed associated with other system failures[17].
Mortality dueto acuterenal failure alone decreased
duringthelast 20 years. Acuterena failure secondary
to sepsis, however, maintained the samelevels (21 of
27 patientswithrenal failurein our study group died).
During the past 20 years, the only observed change
isthat, now, the patients are older and with more
underlying conditions. The mean total APACHE 11
hasremained the same[18]. APACHE Il washigher
in non-survivors compared with survivors (21% and
42%, respectively).

Although we observed high mortality ratesin
coagulaionfailure(10/12), thefrequency tothisorgan
systemfailing wasrelatively low (12/54 patients). It
isprobablethat thislow frequency wasartificial, in
that we only classified patients with severe
coagulopathy (<60,000 plateletsymm?®). What is
observed during the MOF process is microscopic
coagulopathy affecting only microvasculature, leading
to athrombotic process[11].

There are some indirect ways to diagnose
disseminated intravascular coagulation (DIC) suchas:
acuterend failure, thrombosisand hemorrhageinthe
lungs, and liver failure[11]. Anadlysisof variableslike
fibrinogen concentration, factor 11, factor V, platelet
count, prothrombin time, and activated partial
thromboplagtintime, permitsadiagnossof DICinmore
than 70% of septic patients[ 10, 19] with highmortality
rates [10, 11, 19]. The parameter adopted was
responsiblefor alow number of patientswith CNS
fallureaswell (3/54). We adopted the Glasgow coma
scale score but, because a great number of 1ICU
patientswere sedated, we could not andyzethem. This
fact could explain thelow incidence observed. High
mortality isobserved in other studiesand incidence
variesfrom 9% to 71% of septic patients[20].

We adopted an insulin requirement higher than 5U
per hour ascriteriafor metabolicfailure. Five of 54
septic patients presented thisfailure. The metabolic
response during MOF is characterized as “auto
cannabalism”, awidespread catabolic responsethat

www.infecto.org.br/bjid.ntm
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alters carbohydrate, protein, fat, and mineral
metabolism. Thistype of ateration leadsto increased
production of glucose with increased circulating
glucose levels, accelerated proteolysis producing
amino acidssuch asglutamineand alanine, which are
theprincipa substratesfor hepatic glucose production
and accelerated lipolysis[21].

Another alteration (perhaps one of thefirst) is
related to alterations in oxidative metabolism of
mitochondria, that isconsidered avital componentin
theevolution of sepsis[15]. Thereisan overwheming
production of freeradicals (including NO), first by
activated leukocytes, complement activation or
initiation of ischemia-reperfusion mechanism, after this
mitochondrion becomesthe principal sourceof large
amounts of free radicals [15]. There is aso an
increased amount of hormones stimulated by the
infection, such as: epinephrine, norepinephrine,
ACTH, cortisol, growth hormone, and glucagon.
Insulin levels are often high, probably due to
production of avery important mediator: TNF-apha.
This mediator is also responsible for induction of
hyperglycemia[16]. Insulinlevel isagood parameter
to measure metabolic failure. It reflectsnot only a
primary stimulation, but asoinsulinresistance. Atthis
stage, we observed severe M OF with high mortality
rates (60%).

Inour study, we observed 42% (23/54) of patients
with positive cultures. Themost frequent bacteriawere
Pseudomonas aeruginosa, Enterobacter aerogenes,
Acinetobacter baumanii, and Staphylococcus
epidermidis. Weanayzed APACHE || score(mortality
risk) and it proved to beagood predictor of mortality
and MOF: APACHE Il insurvivorswas21 + 18 and
innon-survivors42 + 26.

Concluson

Thefreguency of sepsisin our ICU was22% and
mortality 56%. We observed a correl ation between
mortality and number of systemswithfailure, aswell
as between mortality and age. Therewassignificant
differenceinAPACHE |1 valuesbetween survivorsand
NON-SUrVivors.
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