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Abstract: The lactate/albumin ratio has been reported to be associated with mortality in pediatric
patients with sepsis. We aimed to evaluate the lactate/albumin ratio for its prognostic relevance in a larger
collective of critically ill (adult) patients admitted to an intensive care unit (ICU). A total of 348 medical
patients admitted to a German ICU for sepsis between 2004 and 2009 were included. Follow-up of
patients was performed retrospectively between May 2013 and November 2013. The association of the
lactate/albumin ratio (cut-off 0.15) and both in-hospital and post-discharge mortality was investigated.
An optimal cut-off was calculated by means of Youden’s index. The lactate/albumin ratio was
elevated in non-survivors (p < 0.001). Patients with an increased lactate/albumin ratio were of similar
age, but clinically in a poorer condition and had more pronounced laboratory signs of multi-organ
failure. An increased lactate/albumin ratio was associated with adverse in-hospital mortality.
An optimal cut-off of 0.15 was calculated and was associated with adverse long-term outcome even
after correction for APACHE2 and SAPS2. We matched 99 patients with a lactate/albumin ratio >0.15
to case-controls with a lactate/albumin ratio <0.15 corrected for APACHE2 scores: The group with
a lactate/albumin ratio >0.15 evidenced adverse in-hospital outcome in a paired analysis with a
difference of 27% (95%CI 10–43%; p < 0.01). Regarding long-term mortality, again, patients in
the group with a lactate/albumin ratio >0.15 showed adverse outcomes (p < 0.001). An increased
lactate/albumin ratio was significantly associated with an adverse outcome in critically ill patients
admitted to an ICU, even after correction for confounders. The lactate/albumin ratio might constitute
an independent, readily available, and important parameter for risk stratification in the critically ill.

Keywords: critically ill patients; lactate; albumin; lactate/albumin ratio; ICU; risk stratification;
risk score

1. Introduction

Even to the present day, sepsis, including severe sepsis and septic shock, represents a major health
care issue with concerning mortality rates [1–5]. Using certificated death data, sepsis was listed as a
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cause of death in at least 6% among the causes of in-hospital deaths, which may be estimated as the
lower limit [6]. The global trend even shows a rising incidence of sepsis and septic shock [7–9] despite
generally decreasing mortality rates [10,11], which correlates with the establishment of the Early Goal
Directed Therapy (EGDT) guideline [12,13] first published in 2001 [14]. The long-term benefit of EGDT,
however, remains still uncertain [15].

The prognosis of critical ill patients is central in clinical routine, especially in consideration of its high
relevance in determination of further therapy strategies and increased risk of death even after hospital
discharge [16,17]. Focusing on long-term prognosis, data have shown an up to 20% increased risk of death
in patients suffering from sepsis as well as an increased risk of developing further sepsis in the future [18].

Multiple predictive scoring systems were developed to objectively evaluate the prognosis and
mortality in septic patients; all have shown comparable results [19–21]. The scoring system APACHE
II reaches a specificity up to 98% but still has a sensitivity of only 85% [22]. We focused on evaluating a
new parameter for the prediction of mortality.

Septic patients suffer from low peripheral oxygenation leading to anaerobic glycolysis due to
insufficient oxygen delivery, which leads to lactate production [23]. Increased lactate levels were associated
with tissue hypoxia since Araki and Zillessen observed this phenomenon when they interrupted oxygen
supply to muscles in mammals and birds and noticed that lactic acid was formed in response [24].
In today’s clinical practice, lactate levels are usually used to detect tissue hypoxia; however, increased
lactate levels reflect more than just this aspect. The finding of hyperlactatemia in patients with normal
tissue perfusion and oxygen delivery additionally suggests that an overstimulation of the Na+-K+-ATPase
leads to an increased lactate production in septic patients similar to hypokalemia [25,26]. It has been
shown that activation of the skeletal muscle Na+-K+-ATPase pump is a relevant factor in lactate
production, as it has been observed that lactate is released from muscular tissue in septic shock
patients. Several studies have proven that lactate levels are a reliable parameter in diagnosis, therapy
evaluation, and prognosis in circulatory shock [27–29].

Albumin levels also reflect the severity of inflammation as albumin is a negative acute phase
protein. Studies have shown that albumin could serve as an additional parameter for mortality and
prognosis [30,31]. Considering that hypoalbuminemia is also a frequent finding in chronic disease,
data from predominantly community-acquired sepsis suggested that hypoalbuminemia is related to
infection and showed that albumin can serve as an independent risk parameter [32]. Analysis of serum
albumin levels after bacteremia and infection serum albumin levels showed an acute decrease as a
result of infection, again correlating with poor prognosis [33].

As each of the two parameters independently predicts mortality, a combination of both was meant
to further increase the predictive value. We found two studies investigating this field. One focused on
pediatric patients and the other on multiple-organ dysfunction syndrome (MODS) and mortality in
54 patients with severe sepsis and septic shock. Both studies show a significant association between
the serum lactate/albumin ratio and mortality [34,35]. This current study was designed to evaluate
the prognostic value of the serum lactate/albumin ratio in septic patients regarding all-cause mortality
in a larger patient cohort (compared to previous studies).

2. Results

2.1. Study Population

Compared to survivors, non-survivors were of slightly older age (67.7 vs. 63.7 years, p < 0.01).
Logically, non-survivors evidenced higher SAPS2 and APACHE2 scores (58.6 vs. 46.4 and 27.8 vs. 24.5,
p < 0.001 and p = 0.001). Non-survivors had more pronounced laboratory signs of multi-organ failure
showing higher liver and kidney parameters (see Table 1). As expected, non-survivors also evidenced
higher lactate levels (3.8 vs. 2.2 mmol/L, p < 0.01) and lower albumin levels (18.0 vs. 20.0 mg/L,
p = 0.01). An interesting fact was that procalcitonin, leucocyte, and hemoglobin levels did not differ
between survivors and non-survivors.
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Table 1. Laboratory and clinical baseline characteristics; survivors vs. non-survivors.

Clinical Characteristics
Survivors Non-Survivors Overall Cohort p-Value

Mean SEM Mean SEM Mean SEM

age 63.67 14.71 67.67 12.02 64.97 14.00 0.01
BMI (kg/m2) 27.06 4.80 27.63 7.83 27.24 5.95 0.47
SAPS2 (pts) 46.43 16.70 58.57 19.37 50.58 18.55 <0.001

APACHE2 (pts) 24.50 7.81 27.84 8.44 25.64 8.17 0.001

Median Min. Max. Median Min. Max. Median Min. Max. p-Value

lactate (mmol/L) 2.19 0.50 20.58 3.77 0.70 22.90 2.50 0.50 22.90 <0.001
PCT (mmol/L) 8.82 0.08 417.00 7.82 0.07 194.00 8.18 0.07 417.00 0.98

glucose (mmol/L) 9.9 3.9 30.0 10.4 3.8 39.4 10.1 3.8 30.0 0.11
hemoglobin (mmol/L) 6.60 2.50 10.30 6.60 4.80 8.90 6.60 2.5 10.30 0.35

ASAT (µmol/L·s) 0.85 0.20 222.27 1.07 0.20 154.50 0.89 0.20 222.27 0.02
ALAT (µmol/L·s) 0.58 0.08 41.81 0.73 0.10 71.70 0.63 0.08 71.70 0.03

γ-GT (µmol) 1.24 0.10 15.22 1.44 0.14 14.68 1.31 0.10 15.22 0.14
bilirubin (µmol) 17.0 1.8 405.0 19.0 3.0 551.0 18.0 1.8 551.0 0.28
leucocytes (G/L) 14.2 0.1 195.1 14.9 0.2 70.9 14.5 0.1 195.1 0.83

BUN (mg/dL) 12.8 1.9 59.6 19.5 0.5 80.2 14.4 0.5 80.2 <0.001
creatinine (mg/dL) 15.0 30.0 1609.0 212.5 23.0 952.0 175.0 23.0 1609.0 <0.001
sodium (mmol/L) 140 119 154 142 131 151 140 119 154 0.02

potassium (mmol/L) 4.1 2.5 9.3 4.5 3.1 10.8 4.2 2.5 10.8 <0.001
albumin (mg/L) 20.00 10.00 57.00 18.00 10.00 27.00 19.00 10.00 57.00 0.01

lactate/albumin ratio 0.09 0.02 0.15 0.31 0.15 2.00 0.14 0.02 2.00 <0.001

Using Youden’s index, we calculated an ideal cut-off for the lactate/albumin ratio of 0.15 for
the prediction of mortality. Patients with an increased lactate/albumin ratio were of similar age but
clinically more ill as expressed by both higher SAPS2 (46.4 vs. 58.6, p < 0.001) and APACHE2 (24.5 vs.
27.8, p = 0.001) scores. Patients with an increased lactate/albumin ratio had more pronounced laboratory
signs of organ dysfunction with elevated liver parameters (Table 2). Interestingly, parameters of kidney
function did not differ significantly between patients with a lactate/albumin ratio below or above
0.15. However, when dividing our patient cohort into these two subgroups, procalcitonin levels were
significantly higher in patients with a lactate/albumin ratio >0.15.

Table 2. Laboratory and clinical baseline characteristics; lactate/albumin >0.15 vs. lactate/albumin <0.15.

Clinical Characteristics
Lactate/Albumin <0.15 Lactate/Albumin >0.15 p-Value

Mean SEM Mean SEM

age 63.70 14.75 66.23 12.69 0.09
BMI (kg/m2) 27.33 5.12 27.14 4.82 0.77
SAPS2 (pts) 47.81 18.03 59.01 20.82 <0.001

APACHE2 (pts) 25.07 8.38 27.98 8.24 <0.001

Laboratory Parameters Median Min. Max. Median Min. Max. p-Value

lactate (mmol/L) 1.7 0.5 5.9 5.9 1.8 26.0 <0.001
procalcitonin (mmol/L) 6.5 0.1 161.9 10.1 0.2 188.6 <0.001

glucose (mmol/L) 9.9 5.3 25.3 9.7 3.9 30.0 0.95
hemoglobin (mmol/L) 6.6 2.5 9.3 6.7 4.9 9.8 0.36

ASAT (µmol/L·s) 0.75 0.20 106.95 1.44 0.20 154.50 <0.001
ALAT (µmol/L·s) 0.61 0.13 78.76 0.77 0.10 71.7 <0.001

γ-GT (µmol) 1.29 0.1 15.22 1.3 0.14 20.33 0.92
bilirubin (µmol) 17.0 1.8 390.0 24.0 2.0 551.0 <0.001
leucocytes (G/L) 12.9 0.1 50.5 15.4 0.1 96.8 0.06

BUN (mg/dL) 15.0 0.5 80.2 15.8 1.9 75.4 0.34
creatinine (mg/dL) 174 30 870 192 52 1332 0.34
sodium (mmol/L) 139 124 158 142 126 158 0.02

potassium (mmol/L) 4.2 2.9 7.1 4.5 2.8 12.4 0.01
albumin (mg/L) 21 10 60 17 10 30 <0.001
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2.2. Survival Data

We performed ROC-analysis (AUC 0.70; 95%CI 0.64–0.76) and evaluated the lactate/albumin ratio
for the prediction of in-hospital mortality, and an optimal cut-off was calculated at 0.15 by means of
Youden’s index (Table 3). This cut-off was associated with significantly increased in-hospital mortality
(54% vs. 18%; p < 0.001). A lactate/albumin ratio >0.15 was associated with adverse long-term mortality
(Figure 1, HR 2.50 95%CI 1.85–3.37; p < 0.001). The association of a lactate/albumin ratio >0.15 with
long-term mortality remained significant even after correction for APACHE2 (HR 1.56; 95%CI 1.28–1.91;
p < 0.001) and SAPS2 (HR 1.47; 95%CI 1.20–1.80; p < 0.001) (Table 4).

Table 3. An increased lactate/albumin ratio is associated with adverse in-hospital outcome.

Parameter HR 95%CI p-Value Non-Survivors
Lactat/Albumin >0.15 vs. Non-Survivors

Lactat/Albumin <0.15

lactate/albumin >0.15 4.27 2.42–7.52 <0.001 54% vs. 18%

Table 4. A lactate/albumin ratio >0.15 is associated with long-term mortality after correction for several
confounders in a multivariate analysis.

Multivariate Analysis Univariate Multivariate

Model #1 HR 95%CI p-Value HR 95%CI p-Value

lactate/albumin >0.15 2.5 1.85–3.37 <0.001 1.65 1.20–2.29 0.002
APACHE2 1.05 1.03–1.07 <0.001 1.05 1.03–1.07 <0.001

Model #2

lactate/albumin >0.15 2.5 1.85-3.37 <0.001 1.44 1.03–2.00 0.03
SAPS2 1.03 1.02–1.04 <0.001 1.03 1.02–1.04 <0.001

Model #3

lactate/albumin >0.15 2.5 1.85–3.37 <0.001 2.94 2.39–3.60 <0.001
glucose (mmol/L) 1.01 0.99–1.03 0.41
leucocytes (G/L) 1.003 0.993–1.013 0.55
heart rate (bpm) 1.009 1.005–1.012 <0.001

ASAT (µmol/L·s) 1.004 0.995–1.013 0.41
ALAT (µmol/L·s) 1.00 0.980–1.019 0.97

BUN (mg/dL) 1.034 1.025–1.044 <0.001
creatinine (mg/dL) 0.999 0.998–0.999 <0.001
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AUC analysis was performed (AUC 0.755 for albumin alone, AUC 0.804 for lactate alone, and
AUC 0.814 for the lactate/albumin ratio), and we found that, in the short-term analysis, albumin alone
is inferior (p = 0.0001) to the lactate/albumin ratio for the prediction of mortality; lactate analysis was
found to be equal (p = 0.47 vs. lactate albumin ratio). However, in the long-term analysis, both albumin
(AUC 0.717, p = 0.043) and lactate levels (AUC 0.719, p = 0.035) are inferior to the lactate/albumin
ratio (AUC 0.745); the lactate/albumin ratio can add prognostic value for long-term outcome, as it
combines a volatile parameter (lactate) that reflects acute disease severity and albumin, which reflects
more long-term characteristics such as nutritional status.

2.3. Matched-Control Analysis

We matched 99 patients with a lactate/albumin ratio >0.15 to case-controls with a lactate/albumin
ratio <0.15 corrected for APACHE2 scores: the group with a lactate/albumin ratio >0.15 evidenced
an adverse in-hospital outcome in a paired analysis with the difference being 27% (95%CI 10–43%;
p < 0.01). Regarding long-term mortality, again, adverse outcomes were observed in patients with a
lactate/albumin ratio > 0.15 (Figure 2: log-rank< 0.001).
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3. Discussion

With the success of initial resuscitation treatments and decreasing death rates for severe sepsis or
septic shock, research focus has moved to the later prognosis of this patient population. Our study
shows that the lactate/albumin ratio at admission can be used as an independent predictor of mortality
in patients with severe sepsis or septic shock.

To our knowledge, only one small study (n = 54, Wang et al.) has evaluated the prognostic
significance of the lactate/albumin ratio in septic adults [34]. Most previous studies have investigated
the use of single inflammatory markers, such as CRP, procalcitonin, and pro-BNP to predict mortality in
critically ill patients. In another clinical study, Choi et al. investigated a lactate/albumin ratio in pediatric
patients with sepsis (n = 90) [35]. Our current study with 348 enrolled patients represents the largest
collective that has been analyzed for the prognostic relevance of the lactate/albumin ratio to date.

Our study suggests that the lactate/albumin ratio is independently associated with the mortality
of these patients. An increased lactate/albumin ratio was associated with the development of organ
failure. With a cutoff value of 0.15, the lactate/albumin ratio offered good diagnostic sensitivity,
specificity, and positive and negative predictive value for multi-organ dysfunction and mortality in
these patients. Consistent with previous studies, malnutrition, inflammation, and hypo-perfusion
were common in patients with severe sepsis. Hyperlactatemia has been shown to be an independent
predictor of mortality in critically ill patients [25,36].
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Owing to the mechanisms responsible for lactate accumulation in severe sepsis and septic shock,
lactate remains a robust surrogate marker for the development of multi-organ dysfunction in septic
patients and poor outcome [25,29]. A recurring theme in previous studies was that inflammatory
response plays a crucial mechanistic intermediate between lactate clearance and the development of
multi-organ dysfunction. Albumin levels could be a reliable indicator of frailty, high susceptibility to
stressors, and unstable homeostasis and were also associated with prognosis after critical illness [36].

As lactate and albumin levels evidence a divergent course as the development of sepsis progresses,
a ratio between the two could serve as a novel and maybe better indicator for the prognosis of the
patient. Taken together with these markers, the lactate/albumin ratio at admission can be used as a
novel predictor to stratify patients according to the severity of disease, even after the patients have
been discharged from hospital.

4. Methods

4.1. Study Subjects

A total of 348 patients that were treated for sepsis or septic shock at an ICU at the University
Hospital Jena between January 2004 and December 2009 were enrolled in this study. Inclusion criteria
were admission to the medical ICU at University Hospital Jena, and available data on the admission
lactate/albumin ratio. The study was approved by the local ethics committee at the University
Hospital Jena (#2762-02/10). Standard laboratory values, patient’s medical history, and clinical data
were documented. All laboratory values were obtained from the first blood withdrawal once the
patient was admitted to our ICU and were analyzed at the Department for Laboratory Medicine at
the University Hospital Jena. Follow-up of patients was performed retrospectively between May
2013 and November 2013. Sepsis was defined as systemic inflammatory response syndrome (SIRS) in
response to an infection with signs of bacteremia and/or sepsis-induced tissue hypoperfusion or organ
dysfunction [37] warranting intensive care treatment. Diagnostic and therapeutic decisions were made
by trained physicians in intensive care medicine. The primary endpoint of the study was all-cause
mortality. Mortality data were collected by review of medical records in our COPRA patient data
management system (COPRA System GmbH, Berlin, Germany) and/or patient contact for mortality
analysis of up to 7 years.

4.2. Statistical Analysis

Normally distributed data points are expressed as mean ± standard error of the mean. Differences
between independent groups were calculated using ANOVA. Categorical data are expressed as
numbers (percentage). A chi-square test was applied to calculate differences between groups. Survival
rates were calculated using a chi-square test for analysis of intra-ICU mortality and both univariate
and multivariate Cox regression analysis to adjust for confounding factors for long-term mortality.
For the multivariate regression model, confounders with a p-value <0.10 in the univariate analysis
were included, and a backward variable elimination was then performed. Elimination criterion was a
p-value of more than 0.10. Moreover, a matched case–control analysis was performed by matching
99 patients with a lactate/albumin ratio >0.15 to case-controls evidencing a lactate/albumin ratio <0.15
corrected for APACHE2 scores. ROC analysis was performed, and area under the curve (AUC) was
calculated. A p-value of <0.05 was considered statistically significant.

SPSS version 22.0 (Chicago, IL, USA) and MedCaLC24 version 17.4.4 (MedCaLC24 Software,
Ostend, Belgium) were used for all statistical analyses.

4.3. Calculation of SAPS2 and APACHE score

Initial Simplified Acute Physiology Score II (SAPS2) and Acute Physiology And Chronic Health
Evaluation (APACHE) scores were calculated by the treating physician within 24 h after admission as
previously reported [38].
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5. Limitations

There were several limitations to our study. First, as this was a retrospective study, a selection
bias was possible. Second, the variables were collected from a single center, making generalization of
these results to other institutions difficult. Moreover, we do not have data on albumin replacement,
the start of antibiotic treatment, or the total amount of fluids administered. Additional prospective
studies with larger populations involving multiple centers are necessary to accurately evaluate the
CRP/albumin ratio as a predictor of mortality.

6. Conclusions

An increased lactate/albumin ratio correctly identifies patients who were clinically in a poorer
condition, suffered from more concomitant diseases, and evidenced more pronounced laboratory signs
of multi-organ failure. The lactate/albumin ratio was robustly associated with both in-hospital and
post-discharge mortality in our study cohort. As this remained true both after correction for several
relevant confounders in a multivariate analysis as well as in matched-control analysis, we believe
that the lactate/albumin ratio might constitute an independent risk parameter, with additive value to
established and complex scores for risk stratification. The lactate/albumin ratio is very easy to obtain
and might therefore be very useful for risk stratification in critically ill patients.

Acknowledgments: We would like to thank Katharina Bannier and Julian Gonschorrek for their support in
collecting the patients’ follow-up and Kristen Kopp and Vera Paar for proof reading.

Author Contributions: Michael Lichtenauer, Bernhard Wernly and Bernhard Ohnewein prepared the manuscript,
Bernhard Wernly and Bjoern Kabisch performed statistical analysis, Marcus Franz, Johanna Muessig,
Maryna Masyuk and Alexander Lauten compiled data and revised the manuscript, Paul Christian Schulze,
Uta C. Hoppe and Malte Kelm provided infrastructure and revised the analytical design and the manuscript,
Christian Jung designed the study and revised the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Angus, D.C.; Linde-Zwirble, W.T.; Lidicker, J.; Clermont, G.; Carcillo, J.; Pinsky, M.R. Epidemiology of severe
sepsis in the united states: Analysis of incidence, outcome, and associated costs of care. Crit. Care Med. 2001,
29, 1303–1310. [CrossRef] [PubMed]

2. Osborn, T.M.; Nguyen, H.B.; Rivers, E.P. Emergency medicine and the surviving sepsis campaign: An
international approach to managing severe sepsis and septic shock. Ann. Emerg. Med. 2005, 46, 228–231.
[CrossRef] [PubMed]

3. Vincent, J.L.; Rello, J.; Marshall, J.; Silva, E.; Anzueto, A.; Martin, C.D.; Moreno, R.; Lipman, J.; Gomersall, C.;
Sakr, Y.; et al. International study of the prevalence and outcomes of infection in intensive care units. JAMA
2009, 302, 2323–2329. [CrossRef] [PubMed]

4. Levy, M.M.; Dellinger, R.P.; Townsend, S.R.; Linde-Zwirble, W.T.; Marshall, J.C.; Bion, J.; Schorr, C.; Artigas, A.;
Ramsay, G.; Beale, R.; et al. The surviving sepsis campaign: Results of an international guideline-based
performance improvement program targeting severe sepsis. Crit. Care Med. 2010, 38, 367–374. [CrossRef]
[PubMed]

5. Kumar, G.; Kumar, N.; Taneja, A.; Kaleekal, T.; Tarima, S.; McGinley, E.; Jimenez, E.; Mohan, A.; Khan, R.A.;
Whittle, J.; et al. Nationwide trends of severe sepsis in the 21st century (2000–2007). Chest 2011, 140, 1223–1231.
[CrossRef] [PubMed]

6. Epstein, L.; Dantes, R.; Magill, S.; Fiore, A. Varying estimates of sepsis mortality using death certificates
and administrative codes—United States, 1999–2014. MMWR Morb. Mortal. Wkly. Rep. 2016, 65, 342–345.
[CrossRef] [PubMed]

7. Walkey, A.J.; Wiener, R.S.; Lindenauer, P.K. Utilization patterns and outcomes associated with central venous
catheter in septic shock: A population-based study. Crit. Care Med. 2013, 41, 1450–1457. [CrossRef] [PubMed]

8. Fleischmann, C.; Scherag, A.; Adhikari, N.K.; Hartog, C.S.; Tsaganos, T.; Schlattmann, P.; Angus, D.C.;
Reinhart, K. Assessment of global incidence and mortality of hospital-treated sepsis. Current estimates and
limitations. Am. J. Respir. Crit. Care Med. 2016, 193, 259–272. [CrossRef] [PubMed]

http://dx.doi.org/10.1097/00003246-200107000-00002
http://www.ncbi.nlm.nih.gov/pubmed/11445675
http://dx.doi.org/10.1016/j.annemergmed.2005.04.007
http://www.ncbi.nlm.nih.gov/pubmed/16126131
http://dx.doi.org/10.1001/jama.2009.1754
http://www.ncbi.nlm.nih.gov/pubmed/19952319
http://dx.doi.org/10.1097/CCM.0b013e3181cb0cdc
http://www.ncbi.nlm.nih.gov/pubmed/20035219
http://dx.doi.org/10.1378/chest.11-0352
http://www.ncbi.nlm.nih.gov/pubmed/21852297
http://dx.doi.org/10.15585/mmwr.mm6513a2
http://www.ncbi.nlm.nih.gov/pubmed/27054476
http://dx.doi.org/10.1097/CCM.0b013e31827caa89
http://www.ncbi.nlm.nih.gov/pubmed/23507718
http://dx.doi.org/10.1164/rccm.201504-0781OC
http://www.ncbi.nlm.nih.gov/pubmed/26414292


Int. J. Mol. Sci. 2017, 18, 1893 8 of 9

9. Kadri, S.S.; Rhee, C.; Strich, J.R.; Morales, M.K.; Hohmann, S.; Menchaca, J.; Suffredini, A.F.; Danner, R.L.;
Klompas, M. Estimating ten-year trends in septic shock incidence and mortality in united states academic
medical centers using clinical data. Chest 2017, 151, 278–285. [CrossRef] [PubMed]

10. Martin, G.S.; Mannino, D.M.; Eaton, S.; Moss, M. The epidemiology of sepsis in the united states from 1979
through 2000. N. Engl. J. Med. 2003, 348, 1546–1554. [CrossRef] [PubMed]

11. Kaukonen, K.M.; Bailey, M.; Suzuki, S.; Pilcher, D.; Bellomo, R. Mortality related to severe sepsis and septic
shock among critically ill patients in australia and new zealand, 2000–2012. JAMA 2014, 311, 1308–1316.
[CrossRef] [PubMed]

12. Lagu, T.; Rothberg, M.B.; Shieh, M.S.; Pekow, P.S.; Steingrub, J.S.; Lindenauer, P.K. Hospitalizations, costs,
and outcomes of severe sepsis in the united states 2003 to 2007. Crit. Care Med. 2012, 40, 754–761. [CrossRef]
[PubMed]

13. Miller, R.R., III; Dong, L.; Nelson, N.C.; Brown, S.M.; Kuttler, K.G.; Probst, D.R.; Allen, T.L.; Clemmer, T.P.
Multicenter implementation of a severe sepsis and septic shock treatment bundle. Am. J. Respir. Crit. Care Med.
2013, 188, 77–82. [CrossRef] [PubMed]

14. Rivers, E.; Nguyen, B.; Havstad, S.; Ressler, J.; Muzzin, A.; Knoblich, B.; Peterson, E.; Tomlanovich, M. Early
goal-directed therapy in the treatment of severe sepsis and septic shock. N. Engl. J. Med. 2001, 345, 1368–1377.
[CrossRef] [PubMed]

15. Xu, J.Y.; Chen, Q.H.; Liu, S.Q.; Pan, C.; Xu, X.P.; Han, J.B.; Xie, J.F.; Huang, Y.Z.; Guo, F.M.; Yang, Y.;
et al. The effect of early goal-directed therapy on outcome in adult severe sepsis and septic shock patients:
A meta-analysis of randomized clinical trials. Anesth. Analg. 2016, 123, 371–381. [CrossRef] [PubMed]

16. Kaplan, V.; Angus, D.C. Surviving intensive care. Crit. Care Med. 2002, 30, 703–705. [CrossRef] [PubMed]
17. Hofhuis, J.G.; Spronk, P.E.; van Stel, H.F.; Schrijvers, A.J.; Rommes, J.H.; Bakker, J. The impact of severe

sepsis on health-related quality of life: A long-term follow-up study. Anesth. Analg. 2008, 107, 1957–1964.
[CrossRef] [PubMed]

18. Prescott, H.C.; Osterholzer, J.J.; Langa, K.M.; Angus, D.C.; Iwashyna, T.J. Late mortality after sepsis:
Propensity matched cohort study. BMJ 2016, 353, i2375. [CrossRef] [PubMed]

19. Kuzniewicz, M.W.; Vasilevskis, E.E.; Lane, R.; Dean, M.L.; Trivedi, N.G.; Rennie, D.J.; Clay, T.; Kotler, P.L.;
Dudley, R.A. Variation in icu risk-adjusted mortality: Impact of methods of assessment and potential
confounders. Chest 2008, 133, 1319–1327. [CrossRef] [PubMed]

20. Minne, L.; Abu-Hanna, A.; de Jonge, E. Evaluation of sofa-based models for predicting mortality in the icu:
A systematic review. Crit. Care 2008, 12, R161. [CrossRef] [PubMed]

21. Vincent, J.L.; Moreno, R. Clinical review: Scoring systems in the critically ill. Crit. Care 2010, 14, 207. [CrossRef]
[PubMed]

22. Knaus, W.A.; Wagner, D.P. Selection bias and the relationship between apache ii and mortality. Crit. Care Med.
1990, 18, 793–795. [PubMed]

23. Gibot, S. On the origins of lactate during sepsis. Crit. Care 2012, 16, 151. [CrossRef] [PubMed]
24. Bakker, J.; Nijsten, M.W.; Jansen, T.C. Clinical use of lactate monitoring in critically ill patients.

Ann. Intensive Care 2013, 3, 12. [CrossRef] [PubMed]
25. James, J.H.; Luchette, F.A.; McCarter, F.D.; Fischer, J.E. Lactate is an unreliable indicator of tissue hypoxia in

injury or sepsis. Lancet 1999, 354, 505–508. [CrossRef]
26. McCarter, F.D.; Nierman, S.R.; James, J.H.; Wang, L.; King, J.K.; Friend, L.A.; Fischer, J.E. Role of skeletal

muscle Na+-K+ ATPase activity in increased lactate production in sub-acute sepsis. Life Sci. 2002, 70, 1875–1888.
[CrossRef]

27. Peretz, D.I.; Scott, H.M.; Duff, J.; Dossetor, J.B.; MacLean, L.D.; McGregor, M. The significance of
lacticacidemia in the shock syndrome. Ann. NY Acad. Sci. 1965, 119, 1133–1141. [CrossRef] [PubMed]

28. Weil, M.H.; Afifi, A.A. Experimental and clinical studies on lactate and pyruvate as indicators of the severity
of acute circulatory failure (shock). Circulation 1970, 41, 989–1001. [CrossRef] [PubMed]

29. Mikkelsen, M.E.; Miltiades, A.N.; Gaieski, D.F.; Goyal, M.; Fuchs, B.D.; Shah, C.V.; Bellamy, S.L.; Christie, J.D.
Serum lactate is associated with mortality in severe sepsis independent of organ failure and shock.
Crit. Care Med. 2009, 37, 1670–1677. [CrossRef] [PubMed]

30. Dominguez de Villota, E.; Mosquera, J.M.; Rubio, J.J.; Galdos, P.; Diez Balda, V.; de la Serna, J.L.; Tomas, M.I.
Association of a low serum albumin with infection and increased mortality in critically ill patients.
Intensive Care Med. 1980, 7, 19–22. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.chest.2016.07.010
http://www.ncbi.nlm.nih.gov/pubmed/27452768
http://dx.doi.org/10.1056/NEJMoa022139
http://www.ncbi.nlm.nih.gov/pubmed/12700374
http://dx.doi.org/10.1001/jama.2014.2637
http://www.ncbi.nlm.nih.gov/pubmed/24638143
http://dx.doi.org/10.1097/CCM.0b013e318232db65
http://www.ncbi.nlm.nih.gov/pubmed/21963582
http://dx.doi.org/10.1164/rccm.201212-2199OC
http://www.ncbi.nlm.nih.gov/pubmed/23631750
http://dx.doi.org/10.1056/NEJMoa010307
http://www.ncbi.nlm.nih.gov/pubmed/11794169
http://dx.doi.org/10.1213/ANE.0000000000001278
http://www.ncbi.nlm.nih.gov/pubmed/27049857
http://dx.doi.org/10.1097/00003246-200203000-00037
http://www.ncbi.nlm.nih.gov/pubmed/11990940
http://dx.doi.org/10.1213/ane.0b013e318187bbd8
http://www.ncbi.nlm.nih.gov/pubmed/19020144
http://dx.doi.org/10.1136/bmj.i2375
http://www.ncbi.nlm.nih.gov/pubmed/27189000
http://dx.doi.org/10.1378/chest.07-3061
http://www.ncbi.nlm.nih.gov/pubmed/18403657
http://dx.doi.org/10.1186/cc7160
http://www.ncbi.nlm.nih.gov/pubmed/19091120
http://dx.doi.org/10.1186/cc8204
http://www.ncbi.nlm.nih.gov/pubmed/20392287
http://www.ncbi.nlm.nih.gov/pubmed/2364730
http://dx.doi.org/10.1186/cc11472
http://www.ncbi.nlm.nih.gov/pubmed/22979942
http://dx.doi.org/10.1186/2110-5820-3-12
http://www.ncbi.nlm.nih.gov/pubmed/23663301
http://dx.doi.org/10.1016/S0140-6736(98)91132-1
http://dx.doi.org/10.1016/S0024-3205(02)01475-3
http://dx.doi.org/10.1111/j.1749-6632.1965.tb47467.x
http://www.ncbi.nlm.nih.gov/pubmed/5216444
http://dx.doi.org/10.1161/01.CIR.41.6.989
http://www.ncbi.nlm.nih.gov/pubmed/5482913
http://dx.doi.org/10.1097/CCM.0b013e31819fcf68
http://www.ncbi.nlm.nih.gov/pubmed/19325467
http://dx.doi.org/10.1007/BF01692917
http://www.ncbi.nlm.nih.gov/pubmed/7451716


Int. J. Mol. Sci. 2017, 18, 1893 9 of 9

31. Goldwasser, P.; Feldman, J. Association of serum albumin and mortality risk. J. Clin. Epidemiol. 1997, 50,
693–703. [CrossRef]

32. Artero, A.; Zaragoza, R.; Camarena, J.J.; Sancho, S.; Gonzalez, R.; Nogueira, J.M. Prognostic factors of
mortality in patients with community-acquired bloodstream infection with severe sepsis and septic shock.
J. Crit. Care 2010, 25, 276–281. [CrossRef] [PubMed]

33. Magnussen, B.; Oren Gradel, K.; Gorm Jensen, T.; Kolmos, H.J.; Pedersen, C.; Just Vinholt, P.; Touborg
Lassen, A. Association between hypoalbuminaemia and mortality in patients with community-acquired
bacteraemia is primarily related to acute disorders. PLoS ONE 2016, 11, e0160466. [CrossRef] [PubMed]

34. Wang, B.; Chen, G.; Cao, Y.; Xue, J.; Li, J.; Wu, Y. Correlation of lactate/albumin ratio level to organ failure
and mortality in severe sepsis and septic shock. J. Crit. Care 2015, 30, 271–275. [CrossRef] [PubMed]

35. Choi, S.J.; Ha, E.J.; Jhang, W.K.; Park, S.J. Association between the lactate/albumin ratio and mortality in
pediatric septic shock patients with underlying chronic disease: Retrospective pilot study. Minerva Pediatr.
2016. [PubMed]

36. Van Hemelrijck, M.; Harari, D.; Garmo, H.; Hammar, N.; Walldius, G.; Lambe, M.; Jungner, I.; Holmberg, L.
Biomarker-based score to predict mortality in persons aged 50 years and older: A new approach in the
swedish amoris study. Int. J. Mol. Epidemiol. Genet. 2012, 3, 66–76. [PubMed]

37. Dellinger, R.P.; Levy, M.M.; Rhodes, A.; Annane, D.; Gerlach, H.; Opal, S.M.; Sevransky, J.E.; Sprung, C.L.;
Douglas, I.S.; Jaeschke, R.; et al. Surviving sepsis campaign: International guidelines for management of
severe sepsis and septic shock: 2012. Crit. Care Med. 2013, 41, 580–637. [CrossRef] [PubMed]

38. Jansen, T.C.; van Bommel, J.; Schoonderbeek, F.J.; Sleeswijk Visser, S.J.; van der Klooster, J.M.; Lima, A.P.;
Willemsen, S.P.; Bakker, J. Early lactate-guided therapy in intensive care unit patients: A multicenter,
open-label, randomized controlled trial. Am. J. Respir. Crit. Care Med. 2010, 182, 752–761. [CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/S0895-4356(97)00015-2
http://dx.doi.org/10.1016/j.jcrc.2009.12.004
http://www.ncbi.nlm.nih.gov/pubmed/20149587
http://dx.doi.org/10.1371/journal.pone.0160466
http://www.ncbi.nlm.nih.gov/pubmed/27611431
http://dx.doi.org/10.1016/j.jcrc.2014.10.030
http://www.ncbi.nlm.nih.gov/pubmed/25537574
http://www.ncbi.nlm.nih.gov/pubmed/27405903
http://www.ncbi.nlm.nih.gov/pubmed/22493753
http://dx.doi.org/10.1097/CCM.0b013e31827e83af
http://www.ncbi.nlm.nih.gov/pubmed/23353941
http://dx.doi.org/10.1164/rccm.200912-1918OC
http://www.ncbi.nlm.nih.gov/pubmed/20463176
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Study Population 
	Survival Data 
	Matched-Control Analysis 

	Discussion 
	Methods 
	Study Subjects 
	Statistical Analysis 
	Calculation of SAPS2 and APACHE score 

	Limitations 
	Conclusions 

