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Abstract
Several prognostic indices have been employed to predict the outcome of surgical critically ill patients. Among them, acute
physiology and chronic health evaluation (APACHE) II, sequential organ failure assessment (SOFA) and simplified acute physiology
score (SAPS 3) are widely used. It seems that biological markers such as C-reactive protein (CRP), albumin, and blood lactate levels
correlate with the degree of inflammation during the immediate postoperative phase and could be used as independent predictors.
The objective of this study is to compare the different predictive values of prognostic indices and biological markers in the outcome of
847 surgical patients admitted to the intensive care unit (ICU) in the postoperative phase.
The patients were divided into survivors (n=765, 57.4%males, age 61, interquartile range 51–71) and nonsurvivors (n=82, 57.3%

males, age 70, interquartile range 58–79). APACHE II, APACHE II death probability (DP), SOFA, SAPS 3, SAPS 3 DP, CRP, albumin,
and lactate were recorded on ICU admission (first 24hours). The area under the ROC curve (AUROC) and 95% confidence interval
(95% CI) were used to measure the index accuracy to predict mortality.
The AUROC and 95%CI for APACHE II, APACHE II DP, SOFA, SAPS 3, SAPS 3DP, CRP/albumin ratio, CRP, albumin, and lactate

were 0.850 (0.824–0.873), 0.855 (0.829–0.878), 0.791 (0.762–0.818), 0.840 (0.813–0.864), 0.840 (0.813–0.864), 0.731 (0.700–
0.761), 0.708 (0.676–0.739), 0.697 (0.665–0.728), and 0.601 (0.567–0.634), respectively. The ICU and overall in-hospital mortality
were 6.6 and 9.7%, respectively. The APACHE II, APACHE II DP, SAPS 3, SAPS 3 DP, and SOFA scores showed a better
performance than CRP/albumin ratio, CRP, albumin, or lactate to predict in-hospital mortality of surgical critically ill patients.
Even thoughall indiceswereable todiscriminateseptic fromnonsepticpatients,onlyAPACHE II,APACHE IIDP,SOFAand toa lesserextent

SAPS 3, SAPS 3 DP, and blood lactate levels could predict in the first 24-hour ICU admission surgical patients who have survived sepsis.

Abbreviations: APACHE = acute physiology and chronic health evaluation, AUC = area under the ROC curve, CI = confidence
interval, CRP = C-reactive protein, ICUs = intensive care units, ROC = receiver operating characteristic, SAPS 3 = simplified acute
physiology score, SOFA = sequential organ failure assessment.
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1. Introduction

The treatment providedwithin a surgical intensive care unit (ICU)
should not be restricted to knowledge about procedures,
technology, and clinical protocols. Safety, cost-effectiveness
and the outcome of the surgical critically ill patient must also
be assessed since health costs arise progressively whilst there is
resource scarcity.[1,2]

Several classes of inflammation markers have been described:
cytokines/chemokines, acute phase proteins (C-reactive protein
[CRP] and serum amyloid A), reactive oxygen and nitrogen
species, prostaglandins and cyclooxygenase-related factors, and
mediators such as transcription factors and growth factors.
Among all these markers, the techniques currently available for
CRP is easy to perform and present low cost and high analytical
sensitivity.[3] The serum lactate level is considered a sensitive
marker for sepsis and septic shock and reflects cell-based
metabolism. The biological markers such as CRP, albumin,
CRP/albumin ratio, and blood lactate levels correlate with the
degree of inflammation during the immediate postoperative
phase and could be used as independent predictors.[4–7] However,
the use of markers of infection can show test results apparently
normal in sepsis, especially in patients with a depressed immune
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response. The prognostic indices can be used for the analysis of a
cohort or to a group of specific diseases and can guide health
strategies or allocation of resources. Among them, acute
physiology and chronic health evaluation (APACHE)[8] sequen-
tial organ failure assessment (SOFA),[9] and simplified acute
physiology score (SAPS)[10] have been widely used to predict the
outcome of the surgical critically ill patients. These scores are
more extensive, because of the use of multiple physiological
variables from different organic systems. In addition, the use of
prognostic indices can be used to not only to predict which
patients are likely to develop sepsis but also to predict which
patient can survive or not sepsis. The early recognition of patients
at risk of developing sepsis allows an appropriate approach
that would be started in ICU admission and this may improve
outcomes.
Therefore, investigators worldwide have been searching for a

paramount prognosticator of the surgical critically ill patient for
decades.[11] However, none of these indices have a 100%
sensitivity or 100% specificity. The objective of this study is to
compare the different predictive values of prognostic indices and
biological markers in the outcome of surgical patients admitted to
the ICU in the immediate postoperative phase.
2. Methods

2.1. Study design and setting

This retrospective study was conducted in a general 20-bed adult
ICU of Sao Francisco Hospital, Ribeirao Preto, Sao Paulo, Brazil.
This tertiary ICU admits critically ill adults such as clinical cases
or surgical patients. The study protocol was approved by the
Research Ethics Committee of Clinics Hospital of Ribeirao
Preto Medical School, University of Sao Paulo (Protocol 7076/
2016).
2.2. Patients and collected variables

Adult surgical patients (age >18 years old) admitted to ICU
during the immediate postoperative phase between 2015 and
2017 were analyzed. Only patients with a set of data (prognostic
indices and biological markers) were enrolled in the study. Data
concerning the diagnosis upon ICU arrival, comorbidities,
demographic profile were documented. The physiological
variables (biological markers) CRP (immunoluminometric assay,
reference range=0–10mg/L), albumin (colorimetric assay,
reference range=3.5–5.5g/dL), and serum blood lactate
(mmol/L) and prognostic indices such as APACHE II, APACHE
II death probability (DP) (derived from APACHE II score),
SOFA, SAPS 3DP (derived from SAPS 3 score) were recorded. All
data for calculation of the prognostic indices and physiological
variables were collected during the first 24hours after patient
admission. The diagnosis of sepsis was defined as life-threatening
organ dysfunction caused by a dysregulated host response to
infection, according to Sepsis-3 guidelines.[12–14] The calibration
of prognostic indices customized equations for South America
was provided by manufacturer’s software of data bank (Epimed
Monitor, Epimed Solutions, Rio de Janeiro, Brazil). However, in
this study APACHE II and SAPS 3 calibration were built to
improve the performance of the score and it was based upon the
comparison between predicted probabilities and observed results
which are the basis of Hosmer–Lemeshow goodness of fit test for
logistic regression.
2

2.3. Statistical analysis

Comparison of demographic and clinical data of the patients
(survivors and nonsurvivors) was accomplished by employing the
2-sample Wilcoxon rank-sum (Mann–Whitney) test for quanti-
tative variables and Fisher exact test for qualitative variables.
Data comparison of APACHE II, APACHE II DP, SOFA, SAPS 3,
SAPS 3DP, and CRP/albumin ratio, CRP, albumin, and lactate of
patients survivors and nonsurvivors were analyzed as the median
and interquartile range. The capability of each prognostic index
and biological markers, and serum blood lactate to predict
mortality was analyzed by receiver operating characteristic
(ROC) curve. The area under the ROC curve (AUC) and the
respective confidence interval (CI) were used as a measure of the
overall index accuracy. The comparison among these curves was
tested as proposed by DeLong et al.[15] A univariate linear
regression was performed adjusted to gender, age, emergency
surgery, prognostic indices, and biomarkers to detect which
variables were independently associated to the outcome. In order
to estimate and interpret survival the of ICU and in-hospital
survival time, it was performed a Kaplan–Meier curve for the 2
groups of patients (survivors and nonsurvivors). In order to
compare these 2 survival curves, nonparametric log-rank test was
used. The significance level was set at P< .05. Statistical analyses
were performed using the software Stata v.14.2 (StataCorp,
College Station, TX) and MedCalc v.14 (Ostend, Belgium).
3. Results

3.1. Study patients and clinical presentation

Eight hundred forty-seven surgical patients admitted to the ICU
of a tertiary care Hospital in the immediate postoperative phase
were retrospectively studied. Demographic data and incidence of
complications by comparison of groups of patients designated
survivors (n=765; 57.4% males, age of 62 [51–77] years) and
nonsurvivors (n=82; 57.3% males, age of 70 [58–79] years) are
reported in Table 1. The ICU and overall in-hospital mortality
were 6.6 and 9.7%, respectively. In this study, the Hosmer–
Lemeshow test for APACHE II and SAPS 3 were P= .4045 and
P= .3897, respectively. These results confirmed a proper
calibration and an acceptable discriminatory power for both
models. In the general population of the study (n=847) the
median and interquartile range, the AUC and 95% CI and P
values for APACHE II, APACHE II DP, SAPS 3, SAPS 3 DP,
SOFA, CRP/albumin ratio, CRP, albumin, and lactate for
survivors and nonsurvivors are visualized in Figure 1 and
Table 2. The pairwise comparison among all predictors is shown
in Table 3. The univariate logistic regression showed the
following results: gender – Odds ratio (OR) (95% CI)=
0.7380 (0.4184–1.3018) (P= .2941); age – OR (95% CI)=
0.9831 (0.9645–1.0020) (P= .0794); emergency surgery – OR
(95% CI)=1.0382 (0.4951–2.177) (P= .9209); APACHE
II – OR (95% CI)=0.8925 (0.8375–0.9512) (P= .0005); SAPS
3 –OR (95%CI)=0.9620 (0.9352–0.9896) (P= .0073); SOFA –

OR (95%CI)=0.9293 (0.8227–1.0497) (P= .2379); CRP/albu-
min – OR (95% CI)=0.9873 (0.9789–0.9959) (P= .0037);
lactate – OR (95% CI)=0.7995 (0.7030–0.9092) (P= .0007).
The comparison of the 2 survival curves, a log-rank test was
conducted to determine the occurrence of differences in
distribution of survival for both types of patients (survivors
and nonsurvivors). The distribution of survival time for these
patients, considering the ICU LOS and hospital LOS, were



Table 1

Demographic and clinical characteristics of surgical critically ill
patients survivors and nonsurvivors.

Patients (n=847)
Survivors
(n=765)

Nonsurvivors
(n=82) P value

Gender M (%)/F 439 (57.4)/326 47 (57.3)/35 .5400
Age, yr

∗
61.0 [51.0–72.0] 70.0 [58.0–79] <.0010

ICU length of stay, d
∗

2.0 [1.0–2.0] 4.0 [2.0–8.0] <.0010
Hospital length of stay, d

∗
7.0 [4.0–11.0] 14.0 [5.0–27.0] <.0010

Elective/emergency
Surgery n (%)

∗
630 (82.3)/
135 (17.7)

45 (54.9)/
37 (45.1)

<.0001

Cardiovascular n (%)† 295 (38.6) 17 (20.7) .0010
Digestive system n (%) 107 (14.0) 21 (25.6) .0060
Neurological n (%) 110 (14.4) 14 (17.1) .3000
Vascular n (%) 90 (11.8) 11 (13.4) .3800
Orthopedic n (%) 67 (8.8) 4 (4.9) .1600
Others n (%) 96 (12.4) 15 (18.3) .1100
Mechanical Ventilation n (%) 413 (54.0) 68 (83.4) <.0001
Tracheostomy n (%) 12 (1.6) 13 (15.9) <.0001
Vasopressors n (%) 387 (50.6) 62 (75.8) <.0001
Renal replacement therapy n (%) 19 (2.5) 68 (83.4) <.0001
Blood transfusions n (%) 171 (22.3) 49 (59.8) <.0001
Sepsis n (%) 48 (6.3) 35 (42.7) <.0001

ICU= intensive care unit.
∗
Values expressed as median [interquartile range].

† Type of surgery.

Figure 1. Comparison of ROC curves of APACHE II, APACHE II death
probability, SAPS 3, SAPS 3 death probability, SOFA, CRP/albumin ratio, CRP,
albumin and lactate of surgical patients. APACHE=acute physiology and
chronic health evaluation, CRP=C-reactive protein, ROC= receiver operating
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statistically different (P< .0001). The values (in days) for the ICU
LOS of mean survival± standard error and 95% CI were 2.63±
0.13 (2.370–2.893) for survivors and 12.32±2.16 (8.082–
16.559) for nonsurvivors. For the in-hospital LOS these
values were 11.27±0.72 (9.857–12.686) and 31.49±3.18
(25.258–37.773) for survivors versus nonsurvivors, respectively
(Fig. 2).

3.2. Study population of septic and nonseptic patients

All patients (n=847) in the postoperative period were studied.
Demographic data, prognostic indices, and biological markers
were collected on admission to ICU and the patients were
designated as nonseptic (n=764; 57.4 males, age 62 [51–77]
years) and septic (n=83; 56.6 males, age 62 [51–73] years). The
comparison of data concerning demographic, prognostic indices
and biological markers and its respective P values for septic and
nonseptic patients are shown in Table 4.
characteristic, SAPS=simplified acute physiology score.
3.3. Study population of patients who survived or not
sepsis

All patients (n=83) with sepsis in the postoperative period were
studied. Demographic data, prognostic indices, and biological
markers were collected on admission to ICU and the patients
were designated as sepsis survivors (n=35; 34.3 males, age 57.0
[47.5–66.5] years) and sepsis nonsurvivors (n=48; 60.4 males,
age 70.0 [56.2–82.5] years). The comparison of data of
demographic, prognostic indices, and biological markers for
patients septics who have survived or not sepsis are summarized
in Table 5. APACHE II (P= .0004), APACHE II DP (P= .0084),
SOFA (P= .0001) and to a lesser extent SAPS 3 (P= .0117), SAPS
3 DP (P= .0117), and blood lactate levels (P= .0355) could
predict the surgical patients who have survived sepsis.
3

4. Discussion

Although the purpose of an ICU is to provide the best treatment
possible so that patients will have a more satisfactory prognosis,
it must be economically feasible. This is because healthcare
resources worldwide are becoming scarce over time. In this
context, a number of studies have stated that the optimization of
the treatment delivered to patients admitted to an ICU should not
be restricted to procedures and clinical protocols. ICU programs
such as risk management, performance, and early outcome
prediction, preferably in the first 24hours of patient’s admission,
should be also considered. Some of these systems employed for
the management of ICU complications after major surgery and

http://www.md-journal.com


Table 2

APACHE II, APACHE II death probability (DP), SAPS 3, SAPS 3 death probability, SOFA, C-reactive protein (CPR)/albumin ratio, CRP,
albumin, and lactate area under the curve (AUC) of receiver-operating characteristic curve (ROC), and respective confidence interval (CI)
values.

Patients (n=847) Survivors (n=765) Nonsurvivors (n=82) P value AUC CI

APACHE II 12.0 [10.0–16.0] 21.0 [17.0–26.0] <.0001 0.850 0.824–0.873
APACHE II DP 5.5 [3.6–10.6] 31.5 [11.5–51.7] <.0001 0.855 0.829–0.878
SAPS 3 35.0 [29.0–43.0] 55.0 [44.0–70.0] <.0001 0.840 0.813–0.864
SAPS 3 DP 5.3 [2.5–12.8] 35.5 [14.1–70.9] <.0001 0.840 0.813–0.864
SOFA 4.0 [3.0–6.0] 9.0 [6.0–11.0] <.0001 0.791 0.762–0.818
CRP/albumin ratio 0.9 [0.0–7.1] 11.5 [2.3–60] <.0001 0.731 0.700–0.761
CRP, mg/L 3.1 [0.1–22.1] 38.9 [6.7–129.1] <.0001 0.708 0.676–0.739
Albumin, g/dL 3.3 [2.9–3.7] 2.7 [2.1–2.3] <.0001 0.697 0.665–0.728
Lactate, mmol/L 2.4 [1.6–3.5] 2.9 [1.9–4.4] .0059 0.601 0.567–0.634

AUC= area under the curve of receiver-operating characteristic curve (ROC), CI=confidence interval, DP=death probability, SOFA= sequential organ failure assessment.

Table 3

Pairwise comparison of ROC curves for the different variables studied[15].

Comparision (n=847) Difference between areas SE 95%CI P value

APACHE II – SAPS 3 0.0101 0.0205 �0.0301–0.0503 .6218
APACHE II – SOFA 0.0590 0.0210 0.0179–0.1000 .0049
APACHE II – CRP/albumin ratio 0.1190 0.0344 0.0513–0.1860 .0006
APACHE II – CRP 0.1420 0.0363 0.0707–0.2130 .0001
APACHE II – Albumin 0.1530 0.0374 0.0795–0.2260 <.0001
APACE II – Lactate 0.2490 0.0373 0.1760–0.3220 <.0001
APACHE II – APACHE II DP 0.0048 0.0124 �0.0194–0.0291 .6951
SAPS 3 – SOFA 0.0489 0.0260 �0.0020–0.0999 .0600
SAPS 3 – CRP/albumin ratio 0.1090 0.0317 0.0464–0.1710 .0006
SAPS 3 – CRP 0.1320 0.0334 0.0662–0.1970 .0001
SAPS 3 – Albumin 0.1430 0.0348 0.0745–0.2110 <.0001
SAPS 3 – Lactate 0.2390 0.0416 0.1570–0.3210 <.0001
SAPS 3 – SAPS 3 DPx 0.0001 <0.0001 <0.0001 .2046
SOFA – CRP/albumin 0.0596 0.0398 �0.0184–0.1380 .1340
SOFA – CRP 0.0828 0.0417 0.0011–0.1640 .0470
SOFA – Albumin 0.0938 0.0408 0.0139–0.1740 .0214
SOFA – Lactate 0.1900 0.0402 0.1110–0.2690 <.0001
CRP – Lactate 0.1070 0.0530 0.0032–0.2110 .7668
CRP/albumin – Lactate 0.1300 0.0511 0.0302–0.2310 .0108

APACHE=acute physiology and chronic health evaluation, CI= confidence interval, CRP=C-reactive protein, DP=death probability, ROC= receiver operating characteristic, SAPS= simplified acute physiology
score, SE= standard error, SOFA= sequential organ failure assessment.

Figure 2. Survival analysis for the ICU outcome and in-Hospital outcome for survivors and nonsurvivors patients. ICU= intensive care unit.
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Table 4

Characteristics of surgical critically ill septic and nonseptic patients.

Patients (n=847) Nonseptic (n=764) Septic (n=83) P value

Gender (M/F) 439/326 47/36 .1100
Age, yr 62.0 [51.0–77.0]

∗
62.0 [51.0–73.0] .6170

Hospital length of stay, d 7.0 [4.0–11.0] 15.0 [7.0–29.0] .0001
APACHE II 13.0 [10.0–16.0] 19.0 [14.0–23.0] .0001
APACHE II DP 5.47 [3.6–10.6] 27.7 [11.6–48.4] .0001
SAPS 3 35.0 [29.0–43.0] 52.0 [40.0–67.0] .0001
SAPS 3 DP 5.3 [2.5–12.7] 28.5 [9.3–64.6] .0001
SOFA 4.0 [1.0–6.0] 7.0 [5.0–10.0] .0001
CRP/albumin ratio 9.0 [0.0–63.2] 42.5 [54.5–87.3] .0001
CRP, mg/L 28.0 [0.0–201.0] 118.8 [13.6–189.9] .0001
Albumin, g/dL 3.3 [2.8–3.7] 2.6 [2.1–3.1] .0001
Lactate, mmol/L 2.4 [1.6–3.5] 2.6 [1.7–4.2] .0962

APACHE= acute physiology and chronic health evaluation, CRP=C-reactive protein, SAPS= simplified acute physiology score, SOFA= sequential organ failure assessment.
∗
Values expressed as median [interquartile range].
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mortality prediction are APACHE II, SAPS 3, and SOFA
prognostic indices. Therefore, it seems, theoretically, that these
scores could predict better the outcome than 1 variable alone
since these indices include several physiologic parameters in their
equations. Thus, it should be considered the simplicity of SOFA.
This score has only 6 variables, whereas APACHE II and SAPS 3
have 14 and 20 variables, respectively. However, some other
physiological variables, that is, biological markers (CRP,
albumin, and lactate) could play a significant role as independent
factors to predict mortality in surgical critically ill patients. In this
sense, all scores could be usually used as predictors of clinical
deterioration and/or for the diagnosis of surgical complications.
CRP is the variable most available to detect postoperative

inflammation and the most used biomarker of infection in ICU
patients.[16,17] Indeed, the fate of CRP acting as a biological
biomarker following operation is already known. CRP was first
described in 1930 by William Tillett and Thomas Francis.[18]

These authors isolated a third serologic “fraction C” from
patients infected with pneumococcus that was distinct from
previously known capsular polysaccharide and nucleoprotein
fractions detectable by specific antibody response. CRP is an
acute phase protein synthesized by the liver, which levels rise in
response to inflammation. CRP is relevant not only as a
Table 5

Characteristics of surgical critically ill patients with sepsis survivors

Patients (n=83) Sepsis survivors (n=35)

Gender (M/F) 12/23
Age, yr 57.0 [47.5–66.5]

∗

ICU length of stay, d 2.5 [2.0–5.5]
Hospital length of stay, d 19.5 [9.0–30.5]
APACHE II 15.5 [12.0–21.0]
APACHE II DP 18.3 [10.0–34.3]
SAPS 3 49.5 [38.5–58.5]
SAPS 3 DP 23.3 [7.4–44.1]
SOFA 6.0 [4.0–8.5]
CRP/albumin ratio 46.5 [6.5–84.5]
CRP, mg/L 129.9 [14.9–190.6]
Albumin, g/dL 2.6 [2.2–3.0]
Lactate, mmol/L 2.3 [1.5–3.4]

APACHE= acute physiology and chronic health evaluation, CRP=C-reactive protein, SAPS= simplified
∗
Values expressed as median [interquartile range].

5

parameter of clinical deterioration and decision making in the
diagnosis or intervention procedures strategies but also in the
early detection of inflammation and infection after major
abdominal surgery of patients admitted to ICU. The CRP
normal level (0–8mg/L) is known to rise in response to the initial
surgical stress due to tissue damage, reaching a peak in 48 to 72
hours in the postoperative phase and decreasing soon after.[19,20]

However, its levels could remain high if complications persist.
Several studies have tried to target the cutoff point to CRP for
postoperative complications or even sepsis.[21–23] A systematic
review including 1427 patients in 7 studies was performed to
evaluate the predictive power of CRP levels at D3 in the
postoperative period of major abdominal surgeries. It was
concluded that 20% of patients had postoperative infection
complications after major abdominal surgeries.[2] In another
similar investigation, Gans et al[24] observed in 2215 patients of
16 studies that infections complications after major abdominal
surgery are very unlikely in patients with a CRP below 159mg/L
on D3. These findings could be helpful to select patients for safe
and early hospital discharge and prevent the overuse of imaging.
Conversely, early clinical complications may be indistinguishable
of the postoperative inflammatory response to the surgical
traumatic procedure.[25] In fact, CRP tends to normalize in
and nonsurvivors.

Sepsis nonsurvivors (n=48) P value

29/19 .0200
70.0 [56.2–82.5] .0074
5.0 [2.2–13] .0357

13.0 [5.2–20.5] .1622
22.0 [17.0–26.7] .0004
37.3 [17.8–55.3] .0084
62.0 [45.0–71.5] .0117
52.9 [15.5–73.6] .0117
10.0 [6.5–12.0] .0001
40.0 [4.0–94.2] .7087
79.2 [11.4–174.0] .2528
2.4 [1.7–3.1] .5397
3.0 [2.2–4.8] .0355

acute physiology score, SOFA= sequential organ failure assessment.
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patients without postoperative complications because of its half-
life of 19hours.[26]

Nevertheless, some data are controversial. Meyer et al[27]

stated that an increase in CRP is a poor parameter for early
detection of complications in critically ill surgical patients (OR=
0.983, 95% CI=0.932–1.036). These authors have still found
that CRP had not a satisfactory performance as a predictor of
survival in the ICU during the early course of admission, neither
has CRP a significant relationship between increased levels and
surgical complications. In order to corroborate these findings,
Castelli et al[28] could not be able to demonstrate increased levels
of CRP in patients with trauma when septic complications were
diagnosed.
Serum albumin is a negative acute phase maintenance protein

that is rapidly downregulated by inflammatory signals.[5,29]

Postoperative decreases of serum albumin can be used as a
marker of the surgical stress response and early predictor in the
clinical outcome after major surgery. Early identification of
patients at risk may improve the outcome. The mechanisms of
early postoperative albumin decrease are caused by altered
metabolism, blood loss/dilution, and redistribution in the third
space due to capillary leakage. Nevertheless, these alterations
appear to be related to the extent of systemic inflammatory
response.[30] Labgaa et al[31] demonstrated in a cohort of 138
patients after major abdominal surgery, the logistic regression of
univariate, and multivariate analysis for predictors of postoper-
ative complications that a serum albumin drop greater than 10g/
L in the first postoperative day has an OR of 6.89 [95% CI=
2.96–16.14].
The CRP to albumin ratio is being used as a prognostic score to

assess outcomes in patients with cancer, inflammation, and
sepsis. More recently, this ratio has been employed to predict
postoperative complications of abdominal surgeries.[32] The
authors of this investigation evaluated the prognostic value of
CRP/albumin on day 3 in 214 patients submitted to abdominal
surgeries and showed that 33.6% of these patients had
postoperative complications and patients with a CRP/albumin
ratio >2.0 suffered more (49.3 vs 22.1%, P<0.05). Thus, the
surgical site infections were 21.1 versus 4.85% of the patients
(P<0.001). It was concluded that the bigger the CRP/albumin
ratio, the higher is the probability of postoperative complications.
Ranzani et al[22] studied the capabilities of CRP/albumin to
predict 90-day mortality in 334 patients. The AUROC of CRP,
albumin, and CRP/albumin in admission were 0.50, 0.621, and
0.612, respectively. These authors showed that CRP/albumin
ratio >2 presented the highest sensibility and sensitivity in the
prediction of 90-day mortality in patients with sepsis/septic
shock. The use of a ratio between CRP and albumin would
provide a variable capable of merging the information provided
by CRP and albumin into an index that correlated positively with
infection, that is, a higher ratio indicates higher inflammation.[33]

Lactate has the classic status to be an independent predictor of
the outcome of surgical critically ill patients.[34,35] However,
Meyer et al[36] have concluded that lactate levels seem to be a
poor marker for the diagnosis of complications in surgical ICU
patients. Likewise, Filho et al[37] conducted a retrospective cohort
study including 443 patients admitted to an ICU with severe
sepsis or septic shock from the emergency department. These
authors pointed out that the initial blood lactate level of more
than 2.5mmol/L was the best threshold to predict 28-day
mortality among these patients. In our study, we did not find
significant statistical differences in the lactate level between
6

survivors and nonsurvivors. Nonetheless, lactate was statistically
different between patients who have survived or not sepsis.
Although several studies have shown increasing CRP levels

indicating inflammation in the general ICU population as we
described previously, our study compared and evaluated the
performance of different prognostic indices such as APACHE II,
APACHE II DP, SAPS 3, SAPPS 3DP, SOFA, CRP/albumin ratio,
and lactate in surgical patients in the immediate postoperative
phase. Our date was not able to demonstrate whether or not the
biomarkers studied are suitable for use as prognostic indices. On
the other hand, the prognostic indices could predict better the
outcome of surgical critically ill patients, with special attention to
APACHE II, APACHE II DP, SOFA, SAPS 3, and SAPS 3 DP that
could distinguish patients who have survived or not sepsis.
This study has some limitations. It is a study carried out in a

single center, which limits the extent of the results to other
populations and the protocol design was observational and
retrospective. In addition, there is a lack of information on the
amount of blood and albumin administered or the perioperative
phase. However, through this study, we would like to deliver a
message to anesthesiologists, intensivists, and surgeons, about the
use of APACHE II and SOFA as prognostic index to explore not
only outcome of surgical critically ill patient used in the
traditional postoperative approach but also their use to predict
patients who have survived sepsis at ICU admission.
5. Conclusions

The data presented in this study pointed out a good performance
of all prognostic indices in predicting septic and nonseptic
surgical critically ill patients, and therefore APACHE II,
APACHE II DP, and SOFA collected in the first 24hours of
ICU admission predicted better and to a lesser extent SAPS 3,
SAPS 3 DP, and lactate the patients who have survived sepsis. In
contrast, CRP, albumin, CRP/albumin ratio, and lactate
performances at ICU admission were modest, which limits their
use as sole markers of outcome. The present study gives some
insight into this issue. Further studies ideally multicentric and
prospective with a larger cohort will be needed to corroborate
these findings.
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