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BACKGROUND: In the setting of severe sepsis and septic shock, mortality increases when lactate 
levels are ≥ 4 mmol/L. However, the consequences of lower lactate levels in this population are not well 
understood. The study aimed to determine the in-hospital mortality associated with severe sepsis and 
septic shock when initial lactate levels are < 4 mmol/L.

METHODS: This is a retrospective cohort study of septic patients admitted over a 40-month 
period. Totally 338 patients were divided into three groups based on initial lactate values. Group 1 
had lactate levels < 2 mmol/L; group 2: 2–4 mmol/L; and group 3: ≥ 4 mmol/L. The primary outcome 
was in-hospital mortality.

RESULTS: There were 111 patients in group 1, 96 patients in group 2, and 131 in group 3. The 
mortality rates were 21.6%, 35.4%, and 51.9% respectively. Univariate analysis revealed the mortality 
differences to be statistically signifi cant. Multivariate logistic regression demonstrated higher odds of 
death with higher lactate tier group, however the fi ndings did not reach statistical signifi cance.

CONCLUSION: This study found that only assignment to group 3, initial lactic acid level of 
≥ 4 mmol/L, was independently associated with increased mortality after correcting for underlying 
severity of illness and organ dysfunction. However, rising lactate levels in the other two groups were 
associated with increased severity of illness and were inversely proportional to prognosis. 
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Outcomes of severe sepsis and septic shock patients 

after stratifi cation by initial lactate value

INTRODUCTION
Sepsis remains a substantial source of mortality and 

health care costs worldwide. In the US, the incidence of 

sepsis has steadily risen at a rate of 13% annually over 

the past decade and is estimated to carry a significant 

burden of healthcare in the future.
[1–4]

 Sepsis-related 

mortality is reported to be as high as 29.9%.
[3,5]

 From a cost 

perspective, sepsis is associated with over $24 billion 

annually in the United States alone.
[1–3]

 Worldwide, the 

incidence and mortality associated with sepsis continues 

to climb.
[2,6]

The focus of sepsis management has been on 

early recognition and timely initiation of therapies. 

Historically, severity of illness was evaluated as a 

continuum composed of systemic infl ammatory response 

syndrome (SIRS), severe sepsis, and septic shock. 

Beginning with SIRS, sepsis was defined based on 

meeting SIRS criteria and having a suspected source of 

infection. This stage of sepsis carried a 28-day mortality 

rate of 10%. Severe sepsis suggested a more grave illness 

and was characterized by organ dysfunction. Septic 

shock identifi ed the highest risk patients who experience 
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hypotension after adequate volume resuscitation. 

Mortality associated with severe sepsis and septic shock 

was 35% and 50%, respectively.
[5,6]

 In 2016, the third 

international consensus definitions for sepsis and septic 

shock redefi ned these terms.
[4]

 Our study was conducted 

prior to the release and adoption of the new defi nitions of 

sepsis. Therefore, all analysis was performed using the 

previously accepted definitions of sepsis, severe sepsis, 

and septic shock. 

Early investigations into sepsis revealed that a serum 

lactate level ≥ 4 mmol/L correlated with poor prognosis 

in critically ill patients.
[5–7]

 This eventually led to a 4 

mmol/L lactate threshold as inclusion criteria for patients 

in many randomized controlled trials evaluating sepsis.
[7–10] 

However, some studies have revealed that lactate values 

of ≥ 2 mmol/L are associated with increased mortality.
[11–14] 

At present, the risk of mortality associated with lactate 

values between 2 and 4 mmol/L is not well understood. 

Further investigation into this group of patients may 

improve our ability to stratify risk in the setting of sepsis. 

This study’s aim was to evaluate outcomes in patients 

with severe sepsis and septic shock categorized into three 

cohorts based on presenting serum lactate levels of < 2 

mmol/L, 2–4 mmol/L, and ≥ 4 mmol/L.

METHODS
This retrospective cohort study was approved for 

waiver of consent by the McGovern Medical School, 

UTHealth institutional review board. The study was 

conducted in an urban, academic tertiary care center with 

60,000 annual ED visits.

Severe sepsis was defi ned as acute organ dysfunction 

secondary to infection. Septic shock was defined as severe 

sepsis plus hypotension (systolic blood pressure < 90) that 

was not reversed by adequate fluid resuscitation.
[9,15,16]

 The 

criteria for organ dysfunction were as follows: (1) acute 

respiratory failure: (PaO2/FiO2) < 300; (2) acute renal 

failure: urine output less than 0.5 mL/(kg·hour) or a 

creatinine increase > 0.5 mg/dL; (3) acute liver injury: 

INR > 1.5; alanine aminotransferase (ALT) or aspartate 

aminotransferase (AST) greater than three times the 

normal value (120 IU/L); or (4) thrombocytopenia with 

platelets < 100,000/microL.

The study was limited to patients with severe sepsis 

or septic shock so that the study population would match 

the populations found in many large sepsis trials. In 

addition, restricting the focus to the infected patients with 

the highest expected mortality rates was an advantage 

during data analysis when comparing mortality as an 

outcome of interest. 

Once identified, septic patients were divided 

into three tiers based on initial lactate level. Group 1 

presented with serum lactate levels < 2 mmol/L; group 

2 had initial levels 2–4 mmol/L; and group 3 had levels 

≥ 4 mmol/L. Data were collected on age, gender, race, 

comorbidities, infection source, SIRS criteria, organ 

dysfunction, Acute Physiology and Chronic Health 

Evaluation (APACHE) II score, serum lactate levels, 

ICU length of stay (ICU LOS), hospital length of stay 

(HLOS), and in-hospital mortality. 

An electronic query of the medical records of all 

patients hospitalized between October 1, 2010 and 

December 31, 2013 was performed to identify patients 

with a discharge diagnosis consistent with an infection- 

or sepsis-related ICD-9 billing code. The charts of the 

1,004 patients identifi ed by the query were reviewed for 

study eligibility. Patients ≥ 18 years old with an infection, 

two SIRS criteria and evidence of organ dysfunction 

were included if they had a serum lactate level obtained 

within 24 hours of admission. Pediatric patients and 

those admitted for trauma, out-of-hospital cardiac arrest, 

or cardiogenic shock were excluded from the study. The 

primary outcome of interest was in-hospital mortality. 

Length of stay in the ICU and hospital were evaluated as 

secondary outcomes. 

Demographic continuous variables were summarized 

by their  median and interquart i le  range (IQR). 

Categorical variables were described as counts and 

percentages. Differences in continuous variables, 

stratified by lactate group, were assessed using the 

Wilcoxon Rank Sum test, while Chi-square tests were 

used to analyze the categorical variables. The association 

between in-hospital mortality and lactate group was 

assessed using a multivariable logistic regression 

adjusting for gender, age, white race, pneumonia 

infection, comorbid End-Stage-Renal-Disease (ESRD), 

and Apache II score. Similarly for log-transformed 

hospital LOS and ICU LOS, multivariable regression 

models were generated and included the same covariate 

adjustments used for in-hospital mortality. A False 

Discovery Rate (FDR) multiple testing correction was 

applied using a 5% signifi cance level. Statistical analyses 

were carried out in SAS 9.4 (SAS Institute, Inc., Cary, NC).

RESULTS
Of the 1,004 patients screened for this study, 360 

adult patients met criteria for severe sepsis or septic 

shock that was not caused by another primary process. Of 



www.wjem.org

115World J Emerg Med, Vol 9, No 2, 2018

these, 22 patients did not have an initial lactate measured 

and were excluded from the study. As a result, a total 

of 338 patients were included in the analysis. Figure 1 

shows the enrollment distribution and stratifi cation of all 

patients evaluated in this study. 

Patients were divided into groups based on lactate 

level. Group 1 was composed of 111 (32.8%) patients  

with a serum lactate concentration of < 2 mmol/L. Group 

2 had 96 (28.4%) patients with serum lactate values 2–4 

mmol/L. Group 3 consisted of 131 (38.8%) patients with 

an initial lactate ≥ 4 mmol/L. Baseline characteristics, 

APACHE II Score, pneumonia infection, ESRD, 

and outcomes for the groups are shown in Table 1. 

Statistically significant differences between the cohorts 

were noted in relation to APACHE II score, ESRD, and 

mortality. The APACHE II score was highest in the third 

group. ESRD prevalence was highest in the first tier 

group. The in-hospital mortality rose from group 1 to 

group 3, with rates of 21.6% for the first group, 35.4% for 

the second, and 51.9% for the third. These differences were 

statistically signifi cant on univariate analysis.

Since there were differences in baseline characteristics 

between the groups, multivariable logistic regression was 

performed to adjust for these variations. No statistically 

significant association between mortality and tiered 

lactate group was identified after the false discovery 

rate (FDR) correction, P=0.087. However, there was a 

statistically signifi cant increased odds of death in group 

3 when compared to group 1 (OR=2.05, 95% CI=1.08 

to 3.89). Similarly, group 2 demonstrated a trend toward 

significance for increased mortality compared to group 

1 (OR=1.68, 95% CI=0.87 to 3.28, P=0.087). The 

APACHE II score remained independently associated 

with mortality (OR=1.10, 95% CI=1.16 to 1.13, P< 

0.001) as shown in Table 2. 

Additionally, we generated other multivariable 

regression models of log-transformed hospital LOS 

and ICU LOS. Lactate tier group was not found to have 

a statistically significant correlation with hospital or 

ICU LOS. The APACHE II score, however, remained 

statistically significant in the model for HLOS, but not 

ICU LOS, after the FDR correction (P-value=0.001 and 

P-value=0.762 respectively).

DISCUSSION
In this study, an intermediate elevation in lactate 

level, 2–4 mmol/L, was not independently associated 

with increased mortality as compared to those with 

lactate < 2 mmol/L. Group 2 did have increased severity 

of illness and increased mortality as compared to septic 

patients in group 1. This adds further to the conflicting 

fi ndings previously reported in septic patients with lactate 

levels < 4 mmol/L.
[11–14 ]

An important finding of our study is that the 

mortality rates within each of these groups of patients 

with severe sepsis and septic shock was high. The overall 

mortality for this cohort of patients with severe sepsis 

and septic shock was 37%, with mortality increasing 

Table 1. Summary statistics of demographic and outcome variables by lactate tier groups

Variables Group 1 lactate <2 (n=111) Group 2 2 ≤ lactate <4 (n=96) Group 3 lactate ≥ 4 (n=131) P-value

Age, median (IQR) 62 (54–73) 67 (51–80) 61 (51–73) 0.190
Male gender, n (%) 63 (56.8) 50 (52.1) 69 (52.7) 0.752
Caucasian race, n (%) 49 (44.1) 45 (46.9) 57 (43.5) 0.873
APACHE II Score, median (IQR) 21 (14–27) 23 (18–30) 29 (21–37) <0.001
Comorbid ESRD, n (%) 29 (26.1) 14 (14.6) 16 (12.2) 0.012
Pneumonia infection, n (%) 65 (58.6) 59 (61.5) 63 (48.1) 0.095
Mortality, n (%) 24 (21.6) 34 (35.4) 68 (51.9) <0.001
HLOS, median (IQR)   9.8 (5.8–16.7) 10.6 (5.3–16.2)   7.7 (3.4–15.9) 0.121

ICU LOS, median (IQR)   6.8 (3.2–12.6)   4.7 (2.0–10.0)   5.6 (2.3–11.0) 0.205

Table 2. Mortality by gender, age, white race, pneumonia infection, 
comorbid ESRD, APACHE II score, and tier groups

Characteristics Odds ratio 95% CI P-value
Gender (female vs. male) 1.47 0.90, 2.42 0.126
Age 1.00 0.98, 1.01 0.674
White race (Non-White vs.
   White)

1.22 0.74, 2.02 0.438

Pneumonia infection 0.62 0.38, 1.02 0.062
Comorbid ESRD 0.85 0.44, 1.65 0.637
APACHE II Score 1.10 1.07, 1.14 <0.001
Tier group 0.087
 Group 2 vs. Group 1 1.68 0.87, 3.28
 Group 3 vs. Group 1 2.06 1.08, 3.89Figure 1. Enrollment and stratifi cation of all patients. 

Patients screened
n=1,004

Severe sepsis/
Septic shock

n=338

Excluded, n=666
  349 failed to meet criteria for severe sepsis
  129 primary trauma patients
  70 post-cardiac arrest
  55 cardiogenic shock
  41 less than 18 years of age
  22 intial lactate not measured

Lactate < 2
n=111

2 ≤ Lactate < 4
n=96

Lactate ≥ 4
n=131
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from 21.6% in group 1 to 51.9% in group 3. This 

represents the mortality of sepsis in the real world setting 

of a high acuity center, which is different than what has 

been reported in recent clinical trials where the mortality 

for the entire group was approximately 20% in the 

ProCESS trial and 15% in the ARISE trial.
[17,18] 

This can 

partially be explained by the differences in the severity 

of illness between the groups in our study versus the 

severity of illness scores in the aforementioned clinical 

trials. In addition, as a tertiary care center, we have high 

risk patient populations, including transplant patients, 

patients with end-stage liver and renal disease, advanced 

heart failure, and malignancies. Many of them have 

relatively or iatrogenically suppressed immune systems.

The fact that patients who meet the criteria for severe 

sepsis or septic shock have a substantial mortality risk 

despite normal or intermediate range lactate values is of 

consequence. This finding draws focus to the need for 

early identification and aggressive therapy in patients 

with severe sepsis or septic shock who have lactate 

values of < 4 mmol/L. This study is not alone in this 

finding. Emerging evidence suggests that patients who 

meet criteria for severe sepsis and have lactate values < 4 

mmol/L still carry a signifi cant mortality burden and may 

benefi t from vasopressors and aggressive support.
[19,20]

Risk-stratifying patients in regard to sepsis is an 

evolving process. Traditionally when lactate is used 

as a surrogate marker for end-organ perfusion, it is a 

binary stratification in which values ≥ 4 mmol/L are 

considered to require early and aggressive resuscitation 

whereas values <4 mmol/L are associated with patients 

who do not require the typical interventions in the early 

management of sepsis. Our study suggests this is not 

the case. It is more apparent that just as the systemic 

response to infection varies by individual, so does lactate 

expression in sepsis. Rising lactate levels correlate 

with increasing severity of illness and the associated 

mortality. Ultimately, patients with normal to mildly 

elevated lactate in the setting of severe sepsis are still at 

substantial risk. Lactate values are useful tools in sepsis 

but should not be used in isolation for risk stratifi cation. 

As described in our study and previous trials, it is 

possible to have a grave response to infection in the 

absence of lactate elevation.
[19,20]

Limitations

This study has several limitations. First and foremost, 

it was a retrospective review of medical records. As such, 

septic patients who did not have an infection-related 

discharge diagnosis might not have been included. Also, 

patient management was not standardized. Therefore, 

practice variation among providers may have contributed 

to mortality differences. Information regarding the timing 

of antibiotic administration, volume of fl uid resuscitation, 

and other interventions were not easily extractable from 

the charts. As a result, variability in care and possible 

delays in therapy may have contributed to morbidity 

and mortality. To minimize mistakes in assessing 

eligibility and data collection, two study investigators 

independently reviewed each medical record.

In addition, patients were not followed after 

discharge. Hence, the study may have underestimated the 

overall sepsis-related mortality. A recent review article 

reported that severe sepsis patients who survived to 

hospital discharge had a 51.4% mortality rate at 1 year 

and 74.2% at 5 years.
[3]

 Our study was not designed to 

follow mortality trends after discharge. Lastly, this study 

was conducted at an academic tertiary care center, and 

the results may not be widely generalizable to patients 

presenting to other medical facilities.

CONCLUSIONS
This study demonstrated that patients with severe sepsis 

and septic shock who had higher initial lactate levels were 

likely to have a worse prognosis. Although, an intermediate 

elevation in lactate was not independently associated with 

mortality, this study found that normal and intermediate 

lactate tier groups had a high mortality burden. Further study 

is needed to determine optimal therapeutic strategies to 

improve the outcomes of these groups of patients. 
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