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Abstract

Background: Early identification of sepsis and initiation of aggressive treatment saves lives. However,
the diagnosis of sepsis may be delayed in patients without overt deterioration. Clinical screening tools
and lactate levels may help identify sepsis patients at risk for adverse outcomes.

Objectives: The objective was to determine the diagnostic characteristics of a clinical screening tool in
combination with measuring early bedside point-of-care (POC) lactate levels in emergency department
(ED) patients with suspected sepsis.

Methods: This was a prospective, observational study set at a suburban academic ED with an annual
census of 90,000. A convenience sample of adult ED patients with suspected infection were screened with
a sepsis screening tool for the presence of at least one of the following: temperature greater than 38°C or
less than 36°C, heart rate greater than 90 beats/min, respiratory rate greater than 20 breaths/min, or
altered mental status. Patients meeting criteria had bedside POC lactate testing following triage, which
was immediately reported to the treating physician if >2.0 mmol/L. Demographic and clinical
information, including lactate levels, ED interventions, and final diagnosis, were recorded. Outcomes
included presence or absence of sepsis using the American College of Chest Physicians/Society of
Critical Care Medicine consensus conference definitions and intensive care unit (ICU) admissions, use of
vasopressors, and mortality. Diagnostic test characteristics were calculated using 2-by-2 tables with their
95% confidence intervals (CIs). The association between bedside lactate and ICU admissions, use of
vasopressors, and mortality was determined using logistic regression.

Results: A total of 258 patients were screened for sepsis. Their mean (+ standard deviation [SD]) age was
64 (+£19) years; 46% were female, and 82% were white. Lactate levels were 2.0 mmol/L or greater in 80
(31%) patients. Patients were confirmed to meet sepsis criteria in 208 patients (81%). The diagnostic
characteristics for sepsis of the combined clinical screening tool and bedside lactates were sensitivity
34% (95% CI = 28% to 41%), specificity 82% (95% CI = 69% to 90%), positive predictive value 89% (95%
CI = 80% to 94%), and negative predictive value 23% (95% CI = 17% to 30%). Bedside lactate levels were
associated with sepsis severity (p < 0.001), ICU admission (odds ratio [OR] = 2.01; 95% CI = 1.53 to 2.63),
and need for vasopressors (OR = 1.54; 95% CI = 1.13 to 2.12).

Conclusions: Use of a clinical screening tool in combination with early bedside POC lactates has
moderate to good specificity but low sensitivity in adult ED patients with suspected sepsis. Elevated
bedside lactate levels are associated with poor outcomes.
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854
ith over 750,000 cases a year in the United
States alone, sepsis is one of the most com-
mon causes of emergency department (ED)
visits.»”? Despite advances in the understanding and

care of sepsis, mortality remains as high as 25% to
50%.>* Given the high mortality of sepsis and the
importance of early and aggressive treatment strategies
such as goal-directed therapy, early recognition of sep-
sis is of paramount importance.’>” To improve early rec-
ognition of sepsis a number of clinical screening tools
and biomarkers have been investigated.

One of the most important biomarkers in sepsis is
serum lactate. Lactate is not only the end product of
anaerobic glycolysis, but is also increased during stress
and critical illness, as well as other mechanisms such as
increased bacterial load. Elevated levels of lactate are
common in sepsis. There is an association between
higher levels of lactate and increased mortality.>® The
clearance of lactate after aggressive therapy is associ-
ated with improved outcomes.’®'! In addition, elevated
levels of lactate may precede clinical evidence of hypop-
erfusion such as hypotension.’® As a result, early identi-
fication of elevated lactate levels may result in early
identification of patient at risk of adverse outcomes.

Because identification of hypoperfusion and cryptic
shock may be difficult or delayed, we hypothesized that
screening for elevated lactate levels in ED patients with
suspected sepsis would result in improved sensitivity
with reasonable specificity. We also hypothesized that
point-of-care (POC) bedside lactate levels would be
associated with intensive care unit (ICU) admission, use
of vasopressors, and mortality.

METHODS

Study Design

This was a prospective, observational study designed to
determine the diagnostic test characteristics of early
bedside lactate levels in ED patients with suspected sep-
sis. The study was approved by the institutional review
board and all patients or their legal representatives
gave written informed consent.

Study Setting and Population

We conducted the study at a tertiary care, suburban,
academic ED with an annual census of 90,000 patients.
The ED is also the site of an emergency medicine resi-
dency training program. The study institution partici-
pates in the Surviving Sepsis Campaign.

A convenience sample of adult ED patients with sus-
pected infection were screened with a sepsis screening
tool for the presence of at least one of the following:
temperature greater than 38°C or less than 36°C, heart
rate greater than 90 beats/min, respiratory rate greater
than 20 breaths/min, or altered mental status.'® At the
time of triage, the ED triage nurse indicated whether
infection was suspected on a specific field in the elec-
tronic triage form. If this box was checked and the
patient had at least two of the criteria for systemic
inflammatory response syndrome (SIRS) as indicated
above, an electronic message was sent to the research
staff who then approached the patient and verified
study criteria. Informed consent was then requested
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from either the patient or the legal representative. The
research staff were present in the ED Monday through
Friday from 8 a.m. to 8 p.m.

Study Protocol
Patients meeting inclusion criteria had a bedside POC
lactate (i-STAT System, Abbott Point Of Care, Princeton,
NJ) performed after triage on room assignment by a
trained research staff member. If the lactate level was
2.0 mmol/L or higher, the results were immediately
reported to the treating attending physician, regardless
of whether the patient had already been seen by any
nurse or physician. All further interventions and treat-
ment were at the discretion of the attending physician.
Demographic and clinical information including com-
orbidities, final diagnosis, and lactate levels were col-
lected on all study patients. The main outcome was the
diagnosis of sepsis, severe sepsis, or septic shock, based
on the American College of Chest Physicians/Society
for Critical Care Medicine consensus conference defini-
tions.’ Sepsis was defined as suspected or confirmed
infection together with at least two SIRS criteria. Severe
sepsis was defined as sepsis together with evidence of
end organ failure. Septic shock was defined as the pres-
ence of sepsis together with hypotension after adequate
fluid resuscitation. Verification of the final diagnosis
was based on the assessment of two study personnel,
one of whom was an attending physician, and included
the entire hospital course. The final clinical diagnosis
was abstracted, and the agreement between the hospital
discharge diagnosis and the investigator-determined
diagnosis was determined. Secondary outcomes were
ICU admission, use of vasopressors in the ED, and in-
hospital mortality. We also determined whether there
was an association between the severity of sepsis and
both lactate levels and the time to intravenous (IV) anti-
biotics. The time of initiation of IV antibiotics was
recorded by research staff who were present in the
patient’s room when the antibiotics were actually given.

Data Analysis

We used descriptive statistics to summarize the data.
The diagnostic test characteristics of various cutoff lev-
els of lactate were calculated using 2-by-2 tables
together with calculation of their 95% confidence inter-
vals (CIs). Lactate cutoffs studied were 2 mmol/L or
greater and 4 mmol/L or greater. Diagnostic test char-
acteristics were calculated for all categories of sepsis
and for sepsis, severe sepsis, and septic shock individu-
ally. Assuming conservatively that half of the patients
who screened positive had sepsis, then 250 patients
provides sufficient power to obtain Cls of +10% for
sensitivity and specificity. Nonparametric test of medi-
ans was used to determine the association between
severity of sepsis and time to IV antibiotics. The associa-
tions of comorbidities with sepsis severity and lactate
level were evaluated using chi-square tests and median
tests, respectively. Finally, we used logistic regression
to assess the association between lactate levels and the
secondary outcomes of ICU admission, use of vasopres-
sors in the ED, and mortality. Multivariate analyses
were not performed on the secondary outcomes
because most had too few outcomes to provide
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unbiased estimates based on the 10 outcome per model
parameter convention. All comparisons used a p-value
of 0.05 as the level of significance. Data analyses were
conducted with SPSS for Windows, version 22.0.

RESULTS

During the study period, 258 ED patients met the study
inclusion criteria and were included. Their mean (+stan-
dard deviation [SD]) age was 64 (+19) years, 54% were
male, and 82% were white. Sepsis was confirmed in 208
patients (81.6%). The numbers of patients in each cate-
gory of the sepsis spectrum were sepsis 99, severe sep-
sis 79, and septic shock 30. Underlying infections
included pneumonia (n = 84), urinary tract infection
(n = 74), and skin and soft tissue infections (n = 7).

The median lactate level for the entire study group
was 1.5 mmol/L (interquartile range [IQR]= 1 to
2.2 mmol/L). Lactate levels were 2.0 mmol/L or greater
in 80 (31%) patients and 4.0 mmol/L. or greater in 15
(6%) patients. Patients with confirmed sepsis had higher
median lactate levels (1.48 mmol/L, IQR = 1.06 to 2.32
vs. 1.35 mmol/L, IQR = 0.81 to 1.89; p = 0.05), but were
similar in age (64 years vs. 62 years, p = 0.36) to
patients in whom sepsis was not confirmed. Lactate lev-
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Figure 1. Association between lactate levels and sepsis severity.
* denotes outliers.
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els were associated with sepsis severity with increasing
lactate levels in the more severe categories (p < 0.001,
Figure 1).

A summary of the diagnostic tests characteristics of
various cutoffs for lactate levels by the severity of sepsis
is presented in Table 1. The areas under the receiver
operating characteristic curves levels for detecting the
main outcomes were sepsis, 0.59 (95% CI=0.51 to
0.68); severe sepsis plus septic shock, 0.81 (95%
CI = 0.75 to 0.87); and septic shock, 0.66 (95% CI = 0.54
to 0.78).

Comorbidities which were examined included diabe-
tes mellitus, chronic obstructive pulmonary disease
(COPD), congestive heart failure, coronary artery dis-
ease, HIV, end-stage renal disease, active malignancy,
organ transplant, indwelling vascular line, and resident
of a nursing home. All of the comorbidities except HIV,
organ transplant, and indwelling vascular line showed
significantly increased prevalence with increased sepsis
severity (data not shown). Patients with diabetes or
COPD had significantly higher levels of lactate com-
pared to those without those comorbidities.

Of 258 patients in the study, 212 (82%) received anti-
biotics while in the ED. Median time from triage to anti-
biotics was 109 minutes (IQR = 71 to 200 minutes). The
percentage of patients receiving IV antibiotics while still
in the ED was associated with sepsis severity (Table 2).
The median time from triage to IV antibiotics among
the various categories of sepsis varied significantly, with
increasingly shorter times with increased severity of
sepsis (p = 0.04; Table 2 and Figure 2).

Comparison of outcomes across the various catego-
ries of sepsis demonstrated that increasing severity was
associated with use of vasopressors, hospital admission,
ICU admission, and in-hospital mortality (Table 3).
Increasing levels of bedside lactate were associated with
increased likelihood of ICU admission and use of vaso-
pressors (Table 4).

DISCUSSION

An elevated lactate in patients with sepsis is associated
with increased mortality®® and if rapidly cleared it is
associated with better outcome.’®!! Because not all
patients with sepsis appear very ill, lactate is an increas-
ingly well utilized means to screen for occult severe sep-
sis (also known as cryptic shock) when the patient’s

Table 1
Diagnostic Test Characteristics of Lactate
Characteristic Sensitivity (95% Cl) Specificity (95% Cl) PPV (95% Cl) NPV (95% ClI)
Lactate > 2 mmol/L
All sepsis 34 (28-41) 82 (69-90) 89 (80-94) 23 (17-30)
Severe sepsis + septic shock 64 (56-73) 94 (89-97) 89 (80-94) 79 (72-84)
Septic shock 53 (36-70) 72 (66-77) 20 (13-30) 92 (87-95)
Lactate > 4 mmol/L
All sepsis 7 (4-11) 98 (90-99) 93 (70-99) 20 (16-26)
Severe sepsis + septic shock 13 (8-20) 99 (96-99) 93 (70-99) 61 (565-67)
Septic shock 27 (14-44) 97 (94-99) 53 (30-75) 91 (87-94)
NPV = negative predictive value; PPV = positive predictive value.
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Table 2
Antibiotic Administration by Sepsis Severity
% Receiving Median Time to
Antibiotics Antibiotics
Severity in ED* (n/N) (min)¥ 1QR
No sepsis 42 (21/50) 180 91-357
Sepsis 89 (88/89) 130 79-232
Severe sepsis 94 (74/79) 90 63-168
Septic shock 97 (29/30) 86 50-183
*p < 0.001.
tp = 0.04.
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Figure 2. Association between sepsis severity and time from
triage to IV antibiotics.

blood pressure and mental status are good, but the
patient is still at high risk of death. In the trial by Rivers
et al,>'? almost one-fifth of the patients with severe
sepsis had completely normal blood pressures (mean
arterial pressure over 100 mm Hg), and almost one-half
of the patients did not have systolic blood pressures
below 90 mm Hg when their lactate was discovered to
be high. Using traditional central laboratory testing, the
results of serum lactate may be delayed, leading to an
increased time to the recognition of cryptic shock and
initiation of necessary early goal-directed therapies. A
recent study by Goyal et al.’® demonstrated that the
time to lactate results was significantly reduced with
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Table 4
Association Between Initial Bedside Lactate and Outcomes
(n = 258)

N With
Outcome Odds
Outcome (Sample Size) Ratio 95% ClI p-value
Vasopressor 18 (213) 1.54 1.13-2.12 0.007
ICU admission 48 (258) 2.01 1.53-2.63 <0.001
Died 10 (246) 1.47  0.99-2.19 0.06

POC testing compared with central laboratory testing
(21 minutes vs. 172 minutes), with a median difference
of 2.5 hours. This led us to introduce bedside POC lac-
tate measurements as early as possible in patient care,
preferably immediately after triage.

The results of our current study demonstrate that
early measurement of bedside POC lactate in ED
patients with suspected sepsis has low sensitivity to
identify all stages of sepsis, even using a cutoff as low
as 2 mmol/L. In contrast, an elevated lactate level, espe-
cially when greater than 4 mmol/L, has high to very
high specificity. The clinical take-home point of our
study is that a normal lactate should not be used to
exclude sepsis (even severe sepsis), while an elevated
lactate level, especially when greater than 4 mmol/L, is
highly specific for any and all stages of the sepsis spec-
trum. Indeed, several study patients presented in septic
shock unresponsive to fluid resuscitation despite normal
initial lactate levels. It is possible that in these patients
lactate levels were measured very early on in the dis-
ease process and therefore tissue hypoperfusion had
not been present long enough for lactate levels to rise
significantly. On the other hand, elevated initial bedside
lactate levels were clearly associated with poor out-
comes including ICU admission and need for vasopres-
sors. The clinical sepsis screening tool is of value
because it helps identify those patients that require POC
lactate testing.

The utility of early measurement of lactate in patients
with suspected sepsis was recently studied in a prospec-
tive observational study of 239 children presenting to
the ED with SIRS.'® Among all study patients, 18 had
serum lactates greater than 4 mmol/L. Patients with
high lactate levels had a greater than fivefold increased
risk of developing organ dysfunction within the first
24 hours of admission. In contrast to our study, the
treating physicians were masked to the results of the
POC lactate. It is also unclear how early in the course of
the ED visits the lactate levels were obtained. Of note,

Table 3
Comparison of Outcomes

Outcomes No Sepsis Sepsis Severe Sepsis Septic Shock p-value
Admissions 73 (35/48) 71 (67/95) 97 (75/76) 100 (29/29) <0.001
ICU admissions 6 (3/50) 7 (7/99) 20 (16/79) 73 (22/30) <0.001
Vasopressors 2 (2/42) 0 (0/86) 0 (3/75) 50 (14/28) <0.001
Mortality 2.1 (1/49) 0 (0/91) 2.5 (2/29) 25 (7/28) <0.001

Data are reported as % (n/N).
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the sensitivity and specificity of a lactate greater than
4 mmol/L for identifying severe sepsis with organ dys-
function in the pediatric study were 31% (95% CI = 13%
to 58%) and 94% (95% CI=90% to 96%), which are
somewhat similar to our reported results. Finally, not
surprisingly, the time from triage to initiation of IV anti-
biotics was associated with severity of sepsis, with
shorter time delays in more severe cases.

LIMITATIONS

The sample size was relatively small, with few patients
in the septic shock group. As a result the 95% ClIs
around the point estimates are rather wide. Second, our
study is limited to a single academic medical center that
may not be representative of other settings. Third, the
study patients represent a convenience sample when an
investigator was present, mostly during traditional busi-
ness hours. It is possible that patients who present dur-
ing other times of the day may differ in some way.

CONCLUSIONS

Our study demonstrates relatively low sensitivity for
early measurement of bedside point-of-care lactate lev-
els in ED patients presenting with suspected sepsis.
Specificity increased and was very high in patients with
the most severe forms of sepsis, especially using a
higher cutoff of a lactate level greater than 4 mmol/L.
When elevated, lactate levels were associated with poor
outcomes such as intensive care unit admission and
need for vasopressors. While early measurement of
bedside point-of-care lactate may be helpful in some
patients, clinical recognition of the spectrum of sepsis
remains the mainstay of diagnosis.
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