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Abstract: Acute renal failure (ARF) is a complex syndrome, frequently re-
ported with mortality in 20-80% of the patients. Infection, as a cause or a complication
of the syndrome, is a risk factor which unfavourably determines the outcome.

A prospective 4-year study was performed of 112 ARF patients in the intensive
care unit (ICU), with an evaluation of 68 clinical and laboratory parameters, as risk
factors, at admission to the ICU. The scoring system used was SOFA (Sepsis-related
Organ Failure Assessment).

The outcome was associated with 27 risk factors among which infection as an
acute ARF insult has shown a particularly strong correlation (p < 0.0001). There was no
association with infection as an intra-hospital complication. When divided according to
the outcome (survivors vs. non-survivors), platelets, hematocrit, total protein and mean
arterial pressure were significantly higher, while leucocytes and bilirubin significantly
lower in the surviving group of patients. The parameters of the SOFA scoring system,
such as the coagulation, liver and cardiovascular code, were statistically significant in
relation to the outcome, and also the SOFA score taken as an independent variable (p <
0.0001). The classification matrix of the analyzed SOFA scoring system was successful
in the classification of 91.95% of the surviving and 48.00% of the non-surviving pa-
tients with ARF and the odds ratio was 41.0.

Mortality rate in patients with ARF is 22.7%. Patients with ARF due to sepsis
have a worse prognosis than those with non-septic ARF. Coagulation disorder, liver and
cardiovascular dysfunction, as well as the SOFA score itself are independent variable in
the outcome prediction. The SOFA score, derived from easily obtained data, is useful
for judging survival prognosis in patients with ARF.
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Introduction

Outcome prediction is important both in clinical and administrative inten-
sive care unit (ICU) management [1]. Recently developed organ failure scores,
such as Sepsis-related Organ Failure Assessment (SOFA) [2] can help assess
organ dysfunction or failure and are useful in evaluating morbidity. Moreover,
the obvious relationship between organ dysfunction and mortality demonstrated
in several studies [3, 4], might be helpful in predicting the outcome. This is par-
ticularly important in ICU cases of acute renal failure (ARF) with sepsis asso-
ciated with high mortality and financial cost. Serious infection as a major cause
of ARF in hospital patients has been associated with poor patient outcome. Also, it
is still uncertain whether infection as a complication during ICU hospitalization
of the patients worsens their positive prognosis. The presence of serious infec-
tion in patients with ARF is often present as a clinical syndrome of sepsis, cha-
racterized by system inflammation, as well as various organ and functional
system damage vasodilatation, increased permeability of microcirculation, leu-
cocyte accumulation, etc.) [5-8].

The mechanism with which sepsis or endotoxaemia causes the syn-
drome of ARF has not yet been elucidated. According to some authors, there is
a higher mortality rate in patients with septic ARF (74.5%) than in those whose
renal failure did not result from sepsis (45.2%) [9].

The aim of our study was: i) to evaluate infection (presented through
various clinical and laboratory parameters) as an associated risk factor in the
mortality in ARF patients; ii) to assess the value of the SOFA scoring system as
an independent factor in outcome prediction.

Material and methods

We conducted a prospective, randomized clinical trial over a period of
four years, at the Department of Nephrology, Renal Intensive Care Unit, Me-
dical Faculty, Skopje. The patient inclusion criteria were: increasing metabolic
products: urea (s) and creatinine (s) above normal values (urea > 7.8 mmol/l and
creatinine > 109 pumol/l); decreased urine output; assessed morphology and di-
mension of the ARF kidney by ultrasound examination, and patients over 14
years of age. The exclusion criteria were: pre-existing renal disease, malignant
disease, immune deficient syndrome, transplantation, data for elevated meta-
bolic products prior to admission, previous haemodialysis or treatment with
other dialysis modalities and post surgical ARF.

Sixty-eight clinical and laboratory parameters, considered as risk fac-

tors were collected and analyzed in 112 patients (m = 69, mean age 45.5, SD +
17.5 years), at their admission to the hospital or within the next 24 hours. The
SOFA (Sepsis-related Organ Failure Assessment) score was assessed for each
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of the patients at admission to the hospital according to already established cri-
teria (2) (Table 1). Sepsis was defined in the presence of infection and > 2 of the
following parameters: temperature > 38° C or < 36°C; heart rate > 90 beats/min;
respiratory rate > 20 breaths/min; partial pressure of carbon dioxide (PaCO,) <
32 mmHg, and white blood cells (WBC) > 12 K/uL or < 4 K/uL or > 10% im-
mature forms [5, 6]. All laboratory and clinical data were registered at admis-
sion or within a period of 24 hours.

A university analysis was performed for the analysis of the relationship
between various variables and the outcome of ARF. To establish the individual
risk factors that might be associated with the outcome in ARF patients a multi-
variate analysis was performed. P value (p < 0.05) was considered significant at
a two-tailed level. Low p value in the multivariate analysis was assumed as
greater certainty that that particular risk factor was important for the model of
discrimination. STATISTICA 5 statistical soft-ware was used for the statistical
analysis of the data.

Table 1 — Tabena 1

The SOFA (Sepsis-related Organ Failure Assessment) score
CO®DA cucitiem 3a ipouerka (ApoyeHa Ha CUCitiemMcka caabocilli 60 0OHOC Ha ceiica)

SOFA score 1 2 3 4
Breathing
PaO2/Fi02 mmHg <400 <300 <200 <100
-With respiratory support -
Coagulation
Platelets x10%/mm? <150 <100 <50 <20
Liver
Bilirubin 1,2-1,9 2.0-5.9 6.0-11.9 >12
mg/dl(umol/l) (20-32) (33-101) (102-204) (> 204)
Cardiovascular
Hypotension MAP < 70 mmHg Dopamine<5or Dopamine >5 or Dopamine > 15 Or
dobutamine (any epinephrine < 0.1 epihephrine > 0.1 or
dose)* or norepinephrine norepinephrine 0.1
<01
Central nervous system
Glasgow Coma 13-14 10-12 6-9 <6
Score(GCS)
Renal
Creatine, mg/dl 1.2-1.9 2.0-3.4 3.5-4.9 >5.0
(umol/l) or urine 110-170 171-299 300-440 > 440
output or < 500ml/day < 200 ml/day

* Adrenergic agents administered for at least 1h (doses given are in pg/kg/min).
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Results

Sepsis/infection was the most frequently present individual acute insult
in 90/112 (80%) of patients with ARF, followed by volume depletion, i.e. dehy-
dratation, in 80/112 patients (71%) (Figure 1). When related to the outcome, a
significant correlation was shown in the patients with ARF influenced by sepsis
(p = 0.004) and toxicity (p = 0.003). The mortality rate in patients with ARF
was assessed at as much as 22.7%.

DISTRIBUTION OF ACUTE INSULTS IN Pts WITH ARF

Hypotension

Git disease

.. . an
Sepsis/infection

Liver

Toxicity
Dehidratation

Piament toxicitv

coagulation
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Figure 1- Distribution of acute insults
Duzypa I — 3aciiaileHOCill HA AKYIUHU UHCYATUU 000EAHO

When divided according to the outcome (survivors vs. non-survivors),
there were no significant differences in gender, but the surviving group of pati-
ents was significantly younger (p < 0.01). However, platelets, hematocrit (Htc),
total protein and mean arterial pressure (MAP) were significantly higher, while
WBC and bilirubin significantly lower in the surviving group of patients. All
these parameters were included in the multiple regression analysis as indepen-
dent variables influencing the outcome of ARF (Figure 2-5), while some of the
parameters did not show any statistical significance, such as RENAL_SOFA
code, i.e. serum creatinine values (Figure 6). Some of them (except WBC and
Htc) were also included as a parameter for measurement in the SOFA score as
an independent variable (Figure 7).
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Figure 6 — Mean values of Renal code SOFA score with 95% Confidence Interval
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Figure 7 — Mean values of the SOFA Scoring System with a 95% Confidence Interval
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Classification matrix of analyzed SOFA scoring system determined with
probability function (logistic regression) was successful in the classification of
91.95% of the surviving and 48.00% of the non-surviving patients with ARF and
the odds ratio was 41.0 (Table 2).

Table 2 - Tabena 2

Classification matrix of analyzed scoring system determined with probability function
(logistic regression)

Kaacugukayuona mamipuya Ha AHAAUSUPAHUOIL CUCTIEM 3A HPOUEHA OlpedeneHd
co yHKYUja Ha 8epojatliHOCHL (A0ZUCTHUYKA peZpecuja)

Scoring Determined Predictive situation Successful in Odds
system situation . classification ratio
Survivors Non-

) (%0)
survivors
Survivors
sora UV 80 7 91,95
Non-survivors
13 12 48,00 41
Discussion

Our study results confirmed previously reported findings of sepsis and
toxicity as the most frequent individual acute insult in patients with ARF.
Indeed, these two mechanisms in reality have a strong influence on the outcome
of the disease. It was shown that patients with ARF conditioned with sepsis
have a much worse outcome than those with non-septic ARF [2, 10, 11]. In fact,
this observation is in line with the statistically significant influence of sep-
sis/infection as an acute insult on the patients' mortality.

We found a number of statistically determined significant risk factors
that correlate with the outcome of ARF: hematocrit, leukocytes, platelets, bili-
rubin, total protein, liver and coagulation disorders as acute insults causing ARF. In
addition, these basic laboratory findings can easily be assessed immediately after
the admission of patients to the ICU. On the other hand, a group of selected sig-
nificant risk factors was used for the determination of the existing system of
prediction; such are the SOFA score, the coagulation code, liver code and car-
diovascular code. The SOFA coagulation code of was presented by coded va-
lues of platelets, the liver code by coded values of bilirubin and the cardiovas-
cular code by coded values of mean arterial pressure and a dose of Dopamine
treatment. Importantly, each of them is very easily measured and assessed in
routine clinical practice. Although included in the model of the SOFA scoring
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system, the renal code, represented by serum creatinine values, has appeared to
be a more than poor prognostic risk factor in the outcome of patients with ARF,
a result that differs from the other findings [6].

In contrast to previous reports [12], our study data did not show intra-
hospital infection to be an independent risk factor in the outcome of patients with
ARF, but sepsis as a significant prognostic index on admission to the ICU was.

Finally, we have shown that the SOFA score (with its basic parameters)
might have been an independent variable in the outcome prediction. Hence, the
application of this scoring system might also help the predictability of patients
with post-surgical ARF.

Conclusions

The mortality rate in patients with ARF was 22.7 %. According to the
mechanism and origin in this group of patients haemodynamic and septic ARF
is more frequent. Patients with ARF due to sepsis have a worse prognosis than
those with non-septic ARF. Lower platelets, hematocrit, total protein and mean
arterial pressure as well as higher WBC and bilirubin are associated with a poor
outcome of patients with ARF. The most important risk factors for mortality in
ARF patients are often present on admission to the ICU. Coagulation disorder,
liver and cardiovascular dysfunction, as well as the SOFA score itself are indepen-
dent variables in the outcome prediction. The SOFA score, derived from easily
obtained data, is useful for judging the survival prognosis in patients with ARF.
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Pe3zume

MHOEKITUJATA KAKO PU3UK ®AKTOP BO UCXOJOT
HA ITAITMEHTH CO AKYTHA BYBPEXHA CIIABOCT OIIEHETHU
CO COPA-CUCTEMOT 3A ITPOLIEHKA

JI. To3mja, 3. ArToBa, K. HYakanapocku, M. Ilonerakosuk u I'. CacoBckm

Knanka 3a regppo.tornja, Kinnamakn qearap, MegniiuHcKa (hakyITeT,
Yuupepsurer ,,Cs. Kupun u Meroguj*, Ckonje, P. Makejgoruja

AxyTHaTa 6y6peskHa cnaboct (ABC) e KOMIUIeKCeH CHHJIPOM, MHOTY
yecTo co cMpTeH ucxof kKaj 20—-80%. I[locToewe Ha nH(peKurjaTa, KaKO NPUYNHA WA
KOMIUTMKAIja 3a TEKOT Ha CHHAPOMOT, € PU3UK (paKTOp KOj TO OfpefyBa Hemo-
BOJIHHOT HCXO[.

CrynujaTa npeTcTaByBa MPOCIEKTUBHO, YETUPUTOAUIITHO KIIMHAYKO HCTpa-
KyBame Kaj 112 manueHTH o offiesIOT 3a HHTEeH3WBHA Hera co cuHapoM Ha ABC.
Amnanmn3upanu Oea 68 KIMHUYKM U Ja00paTOPUCKH apaMeTpH, HACIOBEHH KaKo
pu3MK (PaKTOPH, IPU IPUEMOT BO MHCTUTYIHjaTa. YTOTpeOeH Oellle CUCTEMOT 3a
npouena COPA (omeHa Ha opraHckaTa cliabocT BO OJHOC Ha Cercara).

HcxopoT Gemie acoumpan co 27 pu3uk akTopu, Mery Kou nHpekImjaTa
KakKoO aKyTeH WHCYJIT Oerre co HajcmwiHa kopenanuja (p < 0.0001). Madekuujata
Mak Kako MHTPAxOCNHUTalHAa KOMIUIMKAalWja HeMmalle CTaTHCTUYKa 3HAa4ajHOCT.
IIpu mopenGara copey UCXOAOT (MPEKUBEAHH VS. IOUXHATH ), TPOMOOIIUTHTE, XeMa-
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TOKPHUTOT, BKYIIHUTE NMPOTEUHU U CPEJHUOT apTEPUCKU NMPUTUCOK Oea CUrHUDH-
KaHTHO MOBHUCOKH, a JIEYKOLUTUTE U OUAUPYOUHOT CUTHU(DUKAHTHO MOHUCKU Kaj
rpynaTa Ha IpekuBeaHu nanueHTH. OfjeTHUTe napaMeTpy BKIY4eHH BO CUCTeE-
MoT 3a npoueHa COPA, kako Kof 3a KoaryJjauyja, HpHOAPOOHa U KapauoBac-
KyJlapHa IpoleHa, 6ea CTaTUCTUIKY 3HAYajHU BO OJHOC HAa MCXOMOT, KaKO U CAMUOT
cucteM 3a mpornena CODA, 3emeH Kako moeguHeuHa Bapujadma (p < 0.0001).
Knacucpukaumonara mMatpuna Ha aHanu3upanata nporeHa co COPA OGeme
ycrelHa Bo kiacucgukanyjata 91,95 npexxuseanu u 48 % MOYNHATH NAIUEHTU CO
ABC, co "odds ratio" wm nHEEKC Ha pu3uK of 41.

MopramureroT Ha nanueHtute co ABC e 22,7%. Ilanuenture co cenca
kako npuunHuTel 3a ABC uMaat nosonia Nporuo3a off OHUE KOU HeMaart celica u
ABC. HapymyBamata BO KoaryJjanujaTa, IpHOApoOHaTa 1 KapAuoBacKylapHaTa
pucyskmja, kako 1 COPA-cucTeMOT 3a NPOIEHA KaKo IeNINHa ce He3aBUCHU
Bapujabiu Kou ro npeasuayBaat ucxofoT. IIponenara co COPA, koja ce gobusa
IpeKy JECHO f00MBabe Ha MOJaTOLM, € KOPUCHA BO IPOrHO3aTa 3a NPEKUBYBAbE
Ha narueHTute co ABC.

Knyunu 360poBu: akyTHa 6yGpexHa crnaboct, HH(peKIHnja, cernca, CUCTeM 3a Ipo-
nena — COPA.
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