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Abstract. Objective: To determine admission characteris-
tics associated with the outcome of septicemia in critical-
ly ill patients and more specifically assess the prognostic
value of pre-existing co-morbidities.

Design: 5 year-retrospective cohort study.

Setting: Surgical Intensive Care Unit (ICU-20 beds) in a
1600 bed-tertiary care center.

Patients: Among 5457 patients admitted to the ICU be-
tween 1984 and 1988, 176 (3.2%) met prospectively-de-
fined criteria for blood culture-proven septicemia (8.77
per 1000 patient-days). Overall septicemic patients had a
5-fold increased risk of death compared to non-sep-
ticemic patients (relative risk 5.03, 95% confidence inter-
vals 4.17-6.07, p<0.0001), and this estimate persisted
after stratification according to age, sex, primary diagno-
sis and conditions of admission to the ICU (emergen-
cy/elective).

Results: Prognostic factors recorded on admission to ICU
that were associated with mortality from septicemia
among 173 patients were older age, higher admission
Apache 1II score, gastrointestinal surgery, ultimately and
rapidly fatal diseases and the number of co-morbidities in
addition to the principal diagnosis (active smoking, alco-
hol abuse, non-cured malignancy, diabetes mellitus,
splenectomy, recent antibiotic therapy, major surgery, or
major cardiac event). In the multivariate analysis with lo-
gistic regression procedures, Apache II and co-mor-
bidities were identified as the two independent predictors
of mortality.

Conclusions: Pre-existing co-morbidities assessed at the
admission to the ICU significantly improved the predic-
tion of mortality from septicemia compared to Apache 11
score alone.
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Infection is the main cause of multiple organ failure and
a major cause of death in patients admitted to the inten-

sive care unit (ICU) [1 —3]. Currently septicemia is a lead-
ing cause of death in the United States [4], and ICUs, by
design, are units where the most critical patients are man-
aged. Moreover, together with bone marrow transplant
units, ICUs are the hospital wards carrying the highest
rates of nosocomial bloodstream infection [3, 5, 6]. We
recently determined that the relative risk associated with
the acquisition of nosocomial bloodstream infections was
higher in surgical intensive care units than in other ICUs
[6], extending previous observations [3, 7—9].

In 1962, McCabe and Jackson proposed stratifying
patients according to underlying disease ~ fatal, ulti-
mately fatal or non fatal — in order to estimate the prog-
nosis of Gram-negative bacteremia [10]. Subsequent
studies by Freid and colleagues [11] confirmed that the
associated underlying disease was a major determinant of
fatality in patients with Gram-negative bacteremia. Im-
portantly, age stratification among the respective groups
also suggested that older patients carry a significantly
higher risk of death from the infection. Although
McCabe’s classification has been useful, it was not de-
signed to assess patients admitted to the ICU. The
Apache scoring system developed by Knaus and col-
leagues and commonly used in intensive care settings [12,
13], is based on a physiology score reflecting the degree
of acute illness and the patient’s preadmission health sta-
tus. It is reliable and has been prospectively validated
[12—16]. Apache II was used to stratify risk for decision
making and for randomized clinical trials [17—19]. More
recently, it was used to adjust for severity of underlying
disease in trials designed to evaluate the role of new thera-
pies for sepsis and Gram-negative bacteremia [20, 21].

Co-morbid conditions have been shown to predict the
length of stay and the number of infectious and non-in-
fectious complications independent of primary diagnosis
both in general hospital as well as in medical ICU popu-
lations [22—24]. Importantly, only severe co-morbidities
are accounted in the Apache II, since only severe organ
dysfunctions are scored. In the present investigation on
the prognosis of septicemia in critically ill patients, we
studied the impact of pre-existing co-morbidities com-
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monly recorded in the patients’ past medical history and
not objectively measured with the Apache II score.

Methods

Hospital setting

All patients admitted to the surgical intensive care unit (ICU) of the
University Hospital of Geneva, Switzerland, between January 1, 1984
and December 31, 1988 were included in the study. This hospital is a
1600-bed tertiary health care center, admitting approximately 35000 pa-
tients annually for a mean length of stay of 10 days. The surgical ICU
is a 20-bed referral unit admitting more than 1000 patients a year for
a mean length of stay of 4.3 days.

Patient selection

The charts of all ICU patients with positive blood cultures were re-
viewed by two of the authors (BT. and D.P.). Patients presenting with
septicemia during their hospitalization in the ICU and those admitted
for the treatment of septicemia or its complications such as septic shock
or organ failure were included in the investigation. Only the first epi-
sode of septicemia in each patient was considered in this analysis.

Septicemia was defined as a clinical condition associated with one
or more positive blood cultures for a commonly accepted pathogen or
two or more positive blood cultures for less usuat pathogens (coagulase
negative staphylococci and Candida spp) and either signs of severe in-
fection or evidence of systemic response to severe infection. Signs of se-
vere infection required at least three of the following: 1) rectal or core
temperature >39°C or <36.5°C; 2) total leucocyte count > 12x10°
or <4x10%/]; 3) more than 20% band forms on the differential count;
4) a known or strongly suspected source of infection with a positive bac-
terial culture for a pathogen; 5) gross pus in a closed space. Any of the
following was accepted as evidence of systemic response to severe infec-
tion: unexplained systemic arterial hypotension, i.e. systolic blood
pressure less than 90 mmHg for more than 2 h when hypovolemia has
been ruled out; systemic vascular resistance of less than 800
dynes/s/cm‘s; unexplained metabolic acidosis i.e. base deficit
> 5 mmol/], when other causes had been excluded, the intravascular
volume estimated as being normal and arterial oxygenation adequate.
In other words, in order to be considered as having septicemia, all pa-
tients must have bacteremia and at least meet the definition of sepsis re-
cently proposed by the American College of Chest Physicians/Society
of Critical Care Medicine Consensus Conference [25].

Objective and design of the study

The objective of the study was to determine patients’ characteristics and
prognostic factors associated with the outcome of septicemia in critical-
ly ill patients at admission to the ICU. This investigation was a retro-
spective analysis of all ICU patients who met prospectively-defined cri-
teria of septicemia over a 5 year period.

All study variables were available at admission to the ICU and in-
cluded demographic data (age, sex, reason for admission to ICU, prima-
ry diagnosis); Apache II score [13], chronic organ insufficiencies, as
defined in part C Apache II score by Knaus et al. [13]; McCabe-Jackson
classification [10], and Injury Severity Score (ISS) for multiple trauma
patients, calculated as proposed by Baker et al. [26], from the Abbrevi-
ated Injury Scale [27] at admission to ICU.

“Active Pre-existing Co-morbidities score” (APC), a currently un-
validated scoring system, accounts for co-morbidities not usually re-
corded in other severity of illness scores, including Apache II. Gross
and colleagues [24] defined a co-morbidity as a pre-existing disease or
condition in addition to the disease or condition designated as the prin-
cipal diagnosis, and which is considered as an active problem. We elect-
ed to restrict the number of co-morbidities to nine conditions in an at-
tempt to standardize this factor. APC simply sums up the number of ac-
tive pre-existing co-morbidities at admission to the ICU among the nine
following conditions: smoking habit (active smoking of >10 ciga-
rettes/day with =10 UPY-unit pack years); alcoholism defined as a reg-

ular intake of more than 80 g of alcohol per day or one or more of the
conditions described by Pine [28]; non-cured malignancy; diabetes
mellitus requiring treatment; splenectomy before admission to ICU;
major surgery ' within 2 months prior to admission; previous antibiotic
therapy within 2 months prior to admission and for at least 2 weeks;
previous cardiogenic shock or cardiopulmonary resuscitation before ad-
mission to the ICU. These co-morbidities were defined in advance —
predetermined — and recorded as categorical variables ~ present or ab-
sent — in the case report form.

A random sample of 43 charts (25%) was examined independently
by two investigators to assess reproducibility in recording co-morbidi-
ties; observed agreement ranged 93—100% depending on the variable
considered. Corresponding kappa coefficients — defined as (observed
agreement-expected agreement)/(1-expected agreement) ~ ranged
0.83—1.00. Additional independent validation was performed by a re-
search nurse unaware of the study question. Inter-observer reliability as-
sessed by kappa coefficients which corrected expected agreement for
chance was excellent (all kappa coefficients > 0.80).

In-hospital mortality was the outcome measure in most of the ana-
lyses reported. However, when indicated in the text, we also conducted
the analysis using life status at 21 days following the day of bacteremia
as one outcome variable.

Statistical analysis

The strength of the association between the demographic/prognostic
variables and the outcome (mortality) was determined using relative
risks (RR) and their corresponding 95% confidence intervals (Clgs).
For continuous variables, mean values have been compared using two
sample r-tests for independent samples after correction for equality of
variance (F-test). Differences in proportions were compared using the
%2 test (or Fisher’s exact test for expected cell frequencies less than 5).
Yates correction has been used when applicable. As a result, variables
predicting mortality in the univariate analysis have been identified. P
values less than 0.05 were considered as statistically significant. All tests
of significance were two-tailed.

Stepwise multiple logistic regression was used to estimate the inde-
pendent effect of each prognostic variable on outcome after controlling
for the other variables. Candidate variables tested for inclusion in the
regression model were selected according to their significance levels in
the univariate analysis or to their presumed clinical relevance. The sig-
nificance level for entry into the model was set at 0.10. All statistical
analyses were carried out using LOGIT procedure in the Statistical
Analysis System (SAS) version 6.

Results

During the 5 year study, 5457 patients were admitted to
the ICU. Emergency admissions (# = 1190) represented
22%. Of the patients 43% were cardiovascular post-oper-
ative patients, 18.3% post-operative gastrointestinal pa-
tients, 13.1% multiple trauma patients and 25.4% among
other surgical diagnostic categories (neurosurgery, tho-
racic surgery, orthopedic, ENT, gynecology and obstetric,
urology). There were 18 heart transplant and 17 hepatic
transplant recipients. ‘

Patients’ characteristics, morbidity
and mortality from septicemia

A total of 176 patients (3.23 per 100) experienced 225 epi-
sodes of septicemia during the study period. Thus, the
overall incidence of septicemia among ICU patients was

! Major surgery defines surgical procedures performed under general
anesthesia and excludes arthroscopic procedures
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Table 1. Patients’ characteristics associated with septicemia in a surgical intensive care unit®

Characteristic Septicemia Total Relative risk? 95% CI P valued
No. of patients (%)
Age (years)

=65 37 (3.1) 1198 1.00

<65 139 (3.3) 4259 1.06 0.74-—-1.51 0.83
Sex

Male 118 (3.0) 3937 1.00

Female 58 (3.8) 1520 1.27 0.93-1.73 0.15
Type of admission to SICU

Elective 25 (5.9) 4267 1.00

Emergency 151 (13) 1190 21.7 14.3-32.9 <0.0001
Surgical diagnostic category

Cardiovascular 26 (1.1) 2360 1.00

Multiple trauma 50 (7.0) 717 6.33 3.97-10.10 <0.0001

Gastrointestinal 66 (6.6) 999 6.00 3.83-9.38 < 0.0001

Others® 34 (2.5) 1381 2.23 1.35-3.71 0.0023
All patients 176 (3.2) 5457

2 Only the first episodes of septicemia were considered

b For surgical diagnostic categories, the relative risk for developing a septicemia has been expressed as a function of the cardiovascular category
¢ Neurosurgery, thoracic surgery, orthopedic, ENT, gynecology, urology, others

4 Univariate analysis

8.77 episodes per 1000 patient-days. A total of 173/176
(98%) charts was available and analyzed. The three re-
maining patients were not included in the final analysis
(Tables 3 and 4).

Characteristics of septicemic patients (n = 176) were
compared with those of non-septicemic patients
(n = 5281; Table 1). Age and sex did not correlate with a
significant risk of septicemia in ICU patients. Patients
seen after emergency admission had a 20-fold higher rela-
tive risk of septicemia than elective ICU patients
(RR =217, Clys 14.3—-32.9, p<0.0001). Among the dif-
ferent surgical diagnostics, gastrointestinal and multiple

trauma patients were the higher risk categories, with a
6-fold increased risk of developing a septicemia when
compared with cardiovascular patients (RR = 6.00 and
6.33, respectively, p<0.0001).

Importantly, the mean total length of ICU stay of sep-
ticemic patients was almost 4-fold longer than that of
non-septicemic patients (17.6 days versus 4.3 days). The
length of ICU stay after the first episode of septicemia
averaged 11.8 days; thus the extra length of stay in the
unit attributable to septicemia could be estimated at 7.5
days. Assuming average direct costs of $ 2000 per day in
our ICU, the excess length of stay of septicemic patients

Table 2. Patients’ characteristics associated with mortality in 5457 ICU patients?

Characteristics With septicemia Without septicemia Relative risk® 95% CI p value
No. of deaths/total no. of patients (%)
Age (years)
<65 47/139 (34) 30874120 (7.5) 4.52 3.50-5.84 <0.0001
=65 31/37 (84) 157/1161 (14) 6.20 5.06-7.59 <0.0001
Sex
Male 54/118 (46) 321/3819 (8.4) 5.44 4.36 —6.80 < 0.0001
Female 24/58 (41) 144/1462 (9.8) 4.20 2.98-5.92 < 0.0001
Type of admission to ICU
Elective 10/25 (40) 113/4242 (2.7) 15.0 8.99-25.1 <0.0001
Emergency 68/151 (45) 352/1039 (34) 1.33 1.09~1.62 <0.001
Surgical diagnostic category
Cardiovascular 11/26 (42) 57/2334 (2.4) 17.3 10.3-29.0 <0.0001
Gastrointestinal 35/66 (53) 96/933 (10) 5.15 3.83-6.93 <0.0001
Others® 31/84 (38) 31272014 (8.8) 2.46 1.84--3.29 <0.0001
All patients 78/176 (44) 465/5281 (8.8) 5.03 4.17-6.07 <0.0001

® For the analysis of the outcome, the hospital mortality of the first episodes of septicemia was considered
Y For each characteristic, the relative risk for dying has been expressed as a function of the group of patients who did not develop septicemia

(RR = 1.00)

¢ Multiple trauma (717 patients), neurosurgery, thoracic surgery, orthopedic, ENT, gynecology, urology, others
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Table 3. Risk factors associated with mortality of septicemia in 173
ICU patients — univariate analysis®

Risk factor Non- Survivors Rela- 95% CI  p value
survivors tive
risk®
No. of patients (%)
Age (years) 53.7+18.4 47.2+7.5 — — 0.02
<65 46 (33) 92 1.00
=65 29 (83) 6 6.32 2.76—14.5 <0.0001
Sex
Male 53 (45 64 1.00
Female 22 (39 34 0.87 0.59-1.27 0.56
Type of admission
Elective 10 (40) 15 1.00
Emergency 65 (44) 83 1.10 0.66—-1.83 0.71
Surgery®
No 14 (41) 20 1.00
Yes 61 (44) 78 1.07 0.68—1.66 0.77
Diagnosis
Multiple trauma 18 (36) 32 1.00
Cardiovascular? 11 (42) 15 1.18 0.66—2.10  0.79
Gastrointestinal® 33 (52) 31 1.43 0.92-2.22 0.01
Othersf 13 (39 20 1.09 0.62-1.92 0.75
McCabe-Jackson
Non fatal 50 (38) 83 1.00
Ultimately fatal 19 (61) 12 1.64 1.14-2.33  0.02
Rapidly fatal 6 (67) 3 1.78 1.06—2.94 0.15
Chronic organ insufficiencies®
Liver 6 (75) 2 2.37 0.69-7.78  0.078
Cardiovascular 0 0 - - -
Respiratory 1 1 1.13 0.28—4.56 1.0
Renal 3 (100) 0 4.60 0.34—61.8 0.08
Immuno- 9 (69) 4 1.91 0.83-4.36 0.078
compromised
Active preexisting comorbidities™
Smoker 27 (49) 28 1.16 0.86—1.57 0.29
Alcohol abuse 21 (57) 16 1.39 0.94-2.06 0.095
Malignancy 12 (71) 5 2.02 0.96—4.28 0.033
Diabetes mellitus 5 (46) 6 1.04 0.59-1.81 1.0
Splenectomy 5 (36) 9 0.87 0.57-1.31 0.54
Major surgery 55 (49) 58 1.31 0.97-2.19 0.076
Antibiotic 19 (64) 11 1.65 1.01-2.70  0.026
therapy
Cardiac arrest 12 (71 5 2.02 0.96—-4.28 0.033
Shock 21 (64) 12 1.69 1.05-2.70 0.015
Number of comorbidities
— APC score — 24x1.7 15+15 — - 0.0005
=2 40 (34 77 1.00
>2 35 (63) 21 1.83 1.32—2.53  0.0008
ISS score! 33.6+14 27.8x10 - - 0.65
Apache 11 scorel  22.0+8 15.8+7 - — <0.0001
<20 29 (30) 68 1.00
=20 46 (61) 30 2.02 1.42-2.89 <0.0001

in the ICU represented overall extra costs of at least
$ 500000 per year.

The relative risk of death for ICU septicemic patients
was compared to that of non-septicemic patients (Ta-
ble 2). Whereas the overall mortality rate of non-sep-
ticemic was 8.8/100, that of septicemic patients was
44.3/100, Thus, septicemic patients had a 5-fold in-
creased risk of dying when compared with non-sep-
ticemic patients (RR = 5.03, Clys 4.17—6.07, p <0.0001).
Importantly, this estimate persisted when ICU patients
were stratified according to age, sex, type of admission to
ICU (elective versus emergency) and primary diagnosis.
Septicemia most significantly affected the prognosis of
patients admitted after elective surgery (RR = 15.0, Clgs
8.99-25.1, p<0.0001), particularly cardiovascular sur-
gery (RR = 17.3, Clgs 10.3—-29.0, p<0.0001).

Prognostic factors of septicemia in ICU patients

Among 176 patients with septicemia, 78 died; the crude
hospital mortality rate of ICU septicemic patients was
thus 44.3 per 100 (Table 2). A total of 125 infections were
nosocomial (71%) and mortality rates were similar
among community- and hospital-acquired infections
(42% versus 44%, respectively). The average length of
stay from admission to the day of septicemia was not sig-
nificantly different between patients who died and those
who survived septicemia (mean 6.5 and 5.0 days, respec-
tively, p = 0.28) and median lengths of stay were similar
(3 days for both groups).

We analyzed the prognostic factors associated with
mortality among 173 septicemic patients (Table 3). Pa-
tients 65 years and older had a significantly higher risk
of death than patients under 65 (p < 0.0001). On the other
hand, sex, type of admission, surgery and primary diag-
nosis, with the exception of conditions following gastro-
intestinal surgery, were not associated with a significantly
higher risk of death. Diseases classified as rapidly or ulti-
mately fatal according to McCabe and Jackson were as-
sociated with higher risk of death from septicemia
(p = 0.02).

Chronic organ insufficiencies, as defined by Knaus
and colleagues (Apache II score, part C), have also been
considered separately (Table 3). Although the death rates
of immunocompromised patients and those with chronic
liver and renal insufficiencies were high, their relative risk
of death did not reach statistical significance in our pop-
ulation. None of the chronic organ insufficiencies was as-
sociated with a statistically significant increase in the risk
of death from septicemia.

2 For the analysis of the outcome, the in-hospital mortality of the first
episodes of septicemia was considered. Plus-minus values are
means + SD

b For diagnosis, the relative risk (RR) has been expressed as a function
of the multiple trauma patient’s group, and for chronic organ insuffi-
ciencies and active pre-existing co-morbidities (APC), the relative risk
has been expressed as a function of the patient’s group without the risk
factor considered

¢ Surgical procedures before admission to ICU: digestive (80 patients),
cardiovascular (22), orthopedic (11), neurosurgery (13), thoracic
surgery (5), others (5)

4 Coronary (14), vascular (4), valvular (8)

® Pancreatitis (18), peritonitis (22), liver surgery (7), others (14)

f Orthopedic surgery (5), neurosurgery (7), thoracic surgery (8), ENT
surgery (1), gynecology (5), urology (2), burned (2), others (3)

g As defined by Knaus et al. in Apache 1I score

h Not included in the Apache II score (see Methods for definitions)
1 Ag defined by Baker et al. [26]

i Calculated at admission to ICU
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Fig. 1. Death rates from septicemia according to the number of co-mor-
bidities in 173 ICU patients. Patients are stratified according to the
number of pre-existing co-morbidities recorded on admission to the
ICU (co-morbidities are defined in the methods section). Death rates
have been calculated from hospital mortality. A close correlation be-
tween number of co-morbidities and fatality rates was observed
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Among co-morbidities recorded at admission to ICU,
non-cured malignancy, previous antibiotic therapy, previ-
ous cardiopulmonary resuscitation and cardiogenic
shock were associated with a significantly higher risk of
death from septicemia. In contrast, smoking status, alco-
hol abuse, diabetes mellitus, previous splenectomy or ma-
jor surgery did not reach statistical significance. In order
to account for pre-existing comorbidities in the overall
prognosis of septicemia, we measured the total sum of all
to record as an “active pre-existing co-morbidities’ score”
(APC). The mean APC scores were higher in non-survi-
vors than in survivors (2.4+1.7 vs. 1.5+ 1.5), and the dif-
ference was highly statistically significant (p = 0.0005).
ICU septicemic patients with more than two pre-existing
co-morbidities showed a significantly higher risk of death
(RR = 1.83, Clys 1.32-2.53, p = 0.0008).

Figure 1 relates the mortality rates among the 173 sep-
ticemic patients stratified according to the number of
pre-existing co-morbidities recorded at admission to ICU.
The number of co-morbidities showed a highly signifi-
cant correlation with hospital mortality by simple linear
regression analysis (r2 = 0.92).

Admission ISS and Apache II scores were used to as-
sess the severity of underlying disease. ISS of multiple
trauma patients, averaged 27.8+10 in survivors (# = 32)
and 33.6+14 in nonsurvivors (n = 18, p = 0.65, Table 3).
Thus, ISS did not predict higher death rate from septice-
mia in multiple trauma patients. In contrast, mean
Apache II scores recorded at admission to the ICU signif-
icantly differed between the populations of patients who
survived septicemia and those who did not (15.8+7 vs.
22.0+8, p<0.0001). The patients with an Apache II
score =20 had a two-fold higher risk of death than those
who scored less than 20 (RR =2.02, Clys 1.42-2.89,
2 <0.0001).
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Independent predictors of mortality

A model predicting mortality from septicemia in ICU pa-
tients was derived using stepwise logistic regression proce-
dures. Variables entered into the model were age, sex, type
of admission, high risk surgical diagnostic category (de-
fined as gastrointestinal surgery versus cardiovascular,
multiple trauma and other diagnostics), ultimately and
rapidly fatal diseases, Active Pre-existing Co~morbidities’
and Apache II scores. The two single independent predic-
tors of mortality from septicemia identified by this analy-
sis were the admission ApacheIl score (x°= 17.08,
p<0.0001) and the Active Pre-existing Co-morbidities’
score (x2=17.32, p=0.0068, Table4). The calculated
odds ratios for dying from septicemia were 1.10 (Clg;s
1.05—-1.15) per point in the admission ApacheII score
and 1.16 (Clgs 1.04—1.28) per pre-existing co-morbidity
present at the admission to the ICU. The logistic equation
derived from the regression model (Table 4) provided the
probability for death from septicemia in ICU patients.

Since it might be expected that co-morbidities may af-
fect long term more than short term survival, we also per-
formed the analysis using life status at 21 days as the out-
come variable. Of the 173 septicemic patients 56 (32%)
died in this time period. Interestingly, both Apache Il
(x* = 15.44, p = 0.0001) and pre-existing co-morbidities
(x*=7.01, p=0.0081) were selected as independent
predictors of mortality within the first 21 days after septi-
cemia by the logistic regression procedure.

Apache Il reflects both acute imbalance in physio-
logic parameters and chronic organ disturbances. We thus
performed a subsequent logistic procedure without con-
sidering variables collected in part A of the Apache II
scoring system [13]. In a separate analysis, we thus con-
sidered only the chronic organ insufficiencies accounted
in Apache II (part C of the scoring system, see also Ta-
ble 3) together with the other variables. By logistic regres-

Table 4. Independent factors predicting mortality from septicemia in
patients at the time of admission to ICU (stepwise logistic regression
model)

Parameter  s.e. Odds  Clg; p value
estimate ratio

Intercept —3.5055 0.7028

Apache 11 0.0976 0.0236 1.10 1.05-1.15 <0.0001

Pre-existing 0.1457 0.0538 1.16 1.04—1.28  0.0068

co-morbidities

Variables entered into the model have been cited in the text
Parameter estimates as well as calculated odds ratios for Apache 11
score and pre-existing co-morbidities correspond to values for one unit
of these variables, one point in the Apache 1T and one co-morbidity
listed in the method section, respectively

The logistic equation derived from this model which allows to deter-
mine the probability of dying from septicemia while in the ICU is the
following:

Prob (1/1~P) = —3.5055 +0.0976 x Apache II+0.1457 x APC

where Apache II score is the score defined by Knaus and colleagues [13]
and APC score is the active pre-existing co-morbidities’ score which
gives the number of co-morbidities recorded at admission to the ICU
(see Methods)
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sion, the three independent predictors for septicemia
mortality were age (y* = 4.46; p = 0.034), chronic organ
insufficiencies (x* = 9.06, p = 0.002) and pre-existing co-
morbidities (x> = 11.51, p<0.001). When chronic organ
insufficiencies were analyzed separately, only im-
munocompromised state reached statistical significance
(x? = 4.40, p = 0.036). Thus, in the absence of the physi-
ological disturbances expressed by the acute points
(part A) of the Apache II score, the number of pre-exist-
ing co-morbidities was the strongest independent predic-
tor of mortality from septicemia in our population.

Figure 2 illustrates the predicted impact of pre-exist-
ing co-morbidities on the mortality predicted by the
Apache II score only, based on the model generated in
our study. As shown, there is a considerable overlap be-
tween mortality rates predicted by Apache II scores when
the co-morbidities are considered.

Discussion

In the present study the number of pre-existing co-mor-
bidities before admission to the ICU showed a positive
correlation with mortality from septicemia, constituting
an independent predictor of fatality. Weinstein and col-
leagues previously showed the influence of pre-disposing
factors, in particular cirrhosis, neoplasms and combina-
tions of co-morbid or coexistent conditions on the overall
outcome of bacteremia of fungemia [29], extending previ-
ous observations suggesting that underlying disease se-
verity may affect the prognosis of bacteremia, in particu-
lar due to Gram-negative organisms [10, 11, 30, 31]. In
our series, co-morbidities influence the outcome of sep-
ticemic ICU patients independently to Apache IT score.
Importantly, the co-morbidities selected proved to be
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Fig. 2. Impact of pre-existing co-morbidities on the mortality predicted
by Apache II score. Predicted death rates (vertical axis) have been cal-
culated using the logistic equation derived from the model described in
Table 4, taking into account Apache II scores on admission to the ICU
(horizontal axis) in patients without ((J) or with 1 (&), 2 (A), 4 (@),
or 6 (O) pre-existing co-morbidities (defined in the methods section).
The figure illustrates the influence of pre-existing co-morbidities on
mortality rates predicted by Apache II scores

more powerful indicators of mortality than chronic organ
insufficiencies recorded in the Apachell score. As ex-
pected in the latter analysis which was performed after
removing Apache Il score from the logistic regression
procedure, age, usually weighted in the Apache IT score,
was an additional independent predictor of fatality.

Our study demonstrates that the risk of septicemia is
20-fold higher following emergency than following elec-
tive admission. In addition, patients who carried the
highest risk of septicemia were those admitted after sur-
gery of the digestive tract or after multiple trauma.

Septicemia is associated with high morbidity and
mortality in ICU. Overall, the mortality of septicemic
ICU patients proved to be 5-fold higher than that of non-
septicemic patients over the 5 years of the study, and this
figure persisted even when possible confounders were
considered such as age, sex, type of admission, and pri-
mary diagnosis. Considering only the excess length of
stay in the ICU, the estimated extra ICU costs attributed
to septicemia approximated $ 500000 per year at our in-
stitution. Importantly, this estimate does not include in-
direct costs and is not adjusted for additional confound-
ing factors. Appropriate measurements require specifical-
ly designed studies [23].

The crude hospital mortality was 44% in patients
with septicemia. Higher mortality rates (50%) were re-
ported among ICU patients with Gram-negative septic
shock [32]; in the later study, only 6% of deaths were at-
tributed to the underlying disease. In our series, 38 pa-
tients (22%) died in the first week after the diagnosis. Im-
portantly, 19/75 (25%) of the patients who died were still
alive 21 days after the day the first positive blood culture
was drawn, suggesting that a substantial part of the crude
mortality was attributable to the underlying disease or to
the intricate complications from both primary infection
and co-morbidities. Roberts and colleagues reported the
results of the analysis of 1242 episodes of bacteremia over
a 3-year period (1984 —1987) at the Vancouver General
Hospital [33]. Their data demonstrated that the influence
of bacteremia on patient survival extended well beyond
seven days, up to at least 30 days for most infections.

Although useful in many studies [10, 11, 21, 30-32],
categorizing patient’s underlying disease according to
McCabe and Jackson was not selected as an independent
predictor for mortality from septicemia in our popula-
tion. This classification system was neither designed nor
validated for use in ICU patients, and there is no study
comparing it to Apache II or another prognostic index in
patients with septicemia. Although our study findings
need further confirmation, accounting for co-morbidities
was a stronger predictor of mortality from septicemia
than the McCabe and Jackson categorization in this se-
ries.

Critical care units, by design, serve patients with
severe underlying diseases that compromise host defens-
es. BEach patient must be assessed individually to deter-
mine how the underlying processes affect the defense
mechanisms. The Apache II score has been prospectively
validated and provides reliable estimates of patient out-
comes; it accurately predicted mortality despite impor-
tant differences in therapeutic modalities [13—15, 18, 19,



34] and may aillow outcome comparisons among ICUs
from different hospitals [16]. In the study by Knaus et al.
[13] hospital mortality correlated with Apachell
scores = 10 in patients with septic shock. There were only
6 patients with ApachelIl<10 in their study. In our
study, admission Apache II was the strongest indepen-
dent predictor of mortality from septicemia. The mortali-
ty rates of patients with Apache Il in the 0-9, 10-19,
20-29, and =30 ranges were 23%, 33%, 54%, and 83 %,
respectively. These figures correspond closely to those ob-
served by Knaus et al. in patients with septic shock (33 %,
26%, 55%, and 80%, respectively) [13].

Reviewing the hospital stay of 2647 surgical patients,
Munoz and colleagues clearly demonstrated a relation-
ship between the number of co-morbidities and increased
morbidities, hospital costs, and mortality [22]. In partic-
ular, they observed that ICU utilization increased with
the number of diagnoses, with 47% of patients with over
5 diagnoses treated in the ICU. Furthermore, even after
stratification by surgical Diagnostic-Related Groups
(DRG], patients with more co-morbidities had a higher
mortality.

Gross and colleagues quantified the number of co-
morbidities in 148 patients admitted to a combined medi-
cal ICU-coronary care unit who stayed in the unit at least
three days and found that this index was directly correlat-
ed with increased length of ICU stay and the development
of infectious and non-infectious complications [24]. In
their study, the length of ICU stay increased by 0.72 days
for each additional co-morbidity. Similarly, pre-existing
co-morbidities showed a significant relationship with the
subsequent development of complications. The authors
did not report death rates.

The data presented here strongly suggest the need to
record and score co-existing conditions that may affect
the overall prognosis of patients admitted to critical care
units. Accounting for co-morbidities improved predic-
tions available from the Apache IT alone. ApacheII re-
corded at the onset of septicemia ~ ie. the day of
bacteremia — takes into account changes in physiology
that occur between admission to the ICU and the time of
sepsis; we recently suggested that onset-of-sepsis
Apache I could be a better predictor of mortality from
septicemia than admission Apache IT score [35]. In this
series, accounting for co-morbidities improves mortality
predictions available from onset-of-sepsis Apache II
similar to the way it improves mortality predictions from
admission Apache II. Apache III is presently under inves-
tigation and is available [36, 37]. It does include co-mor-
bidities and more chronic health measures and disease
categorizations than Apache II. It remains to be seen if
Apache I1I predicts mortality from septicemia better than
ApacheII.

Although pre-determined, the choice of nine pre-exist-
ing co-morbidities in this study was somewhat arbitrary; it
was based mainly on clinical judgement. Not all co-mor-
bidities were univariately associated with higher mortality
from septicemia in this study, and additional co-morbid
conditions may affect the prognosis. The reason behind
using a co-morbidity score was to standardize the way co-
morbidities were recorded; our intention was not to pro-
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pose a new scoring system. We hope to promote new inves-
tigations to validate and refine our study findings.

We recognize that our study constitutes an explorato-
ry analysis that needs independent replications and cross
validation among other institutions before definitive con-
clusions could be drawn. Although our study design does
not allow generalization to all critical care units, we hy-
pothesize that accounting for co-morbidities may im-
prove Apache II outcome prediction in medical ICU pop-
ulation as well as it does in our surgical population. Med-
ical patients frequently present with numerous underly-
ing conditions which may have an impact on prognosis.
Case fatality rates for critically ill patients with cancer or
respiratory failure have been shown to be extremely high
[38, 39]. It is also tempting to speculate that in instances
where clinical judgement has been shown to predict out-
come more appropriately than the Apache Il score in
medical ICU patients [40, 41], accounting for co-morbid-
ities could improve the performance of the ApacheII
score.
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