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ORIGINAL ARTICLE

Lactate on emergency department arrival as a predictor
of mortality and site-of-care in pneumonia patients:

a cohort study
Yun-Xia Chen, Chun-Sheng Li

ABSTRACT

Objective To investigate the predictive performance of
lactate, CURB-65, and a combination of lactate and
CURB-65 (LAC-CURB-65) for mortality, hospitalisation
and intensive care unit (ICU) admission in pneumonia
patients in the emergency department (ED).

Methods Consecutive adult patients with pneumonia
presenting from January 2012 to May 2014 were
divided into low-, moderate- and high-risk groups
according to lactate (<2.0, 2.0-4.0, >4.0 mmol/l),
CURB-65 (<1, 2, >3) and LAC-CURB-65 (patients with
two low risks, any moderate risk, any high risk) values.
Mortality, hospitalisation and ICU admission rates were
compared between risk classes.

Results Of 1641 patients, 861 (53%) were
hospitalised (38% to a general ward, 15% to the ICU)
while the remaining 780 (47%) were treated as
outpatients or observed in the ED. 547/1641 (33%)
patients died within 28 days. Lactate and CURB-65 were
higher in patients who died, were hospitalised or were
admitted to the ICU compared with patients who were
not (p<0.001). Lactate and CURB-65 independently
predicted outcomes. The performance of lactate in
predicting 28-day mortality, hospitalisation and ICU
admission was higher than that of CURB-65 (p<0.01).
For LAC-CURB-65, patients at low or moderate risk had
mortality rates of 2% and 14%, respectively, and
hospitalisation rates of 15% and 40%, respectively,
while none were admitted to ICU. Patients at high risk
had the highest mortality (52%), hospitalisation (70%)
and ICU admission rates (27%).

Conclusions Lactate is superior to CURB-65 in
predicting mortality, hospitalisation and ICU admission in
pneumonia patients in the ED. LAC-CURB-65
significantly improved the predictive value of CURB-65.

INTRODUCTION

Pneumonia is the leading cause of sepsis, which can
progress to severe sepsis, septic shock and death.
Pneumonia independently predicts 28-day in-hospital
mortality in septic patients admitted to the intensive
care unit (ICU).! A previous study showed that pneu-
monia was the primary cause of unplanned ICU
transfer within 24 h of ward arrival from the emer-
gency department (ED). The mortality rate for
unplanned ICU transfer patients was higher than that
of direct ICU admissions.> Another study found that
late but not early (on the same day as ED presenta-
tion) admission to the ICU is associated with a higher
28-day mortality rate for patients hospitalised with

What is the key question?

» How do lactate, CURB-65 and both combined
(LAC-CURB-65) perform in predicting mortality,
hospitalisation and intensive care unit (ICU)
admission in pneumonia patients who visited
our emergency department (ED)?

What is the bottom line?

» Lactate is superior to CURB-65 in predicting
mortality and determining site-of-care for
pneumonia patients in the ED.

Why read on?

» As a new risk classification system,
LAC-CURB-65 provided superior performance in
predicting mortality, hospitalisation and ICU
admission in pneumonia patients in the ED.

community-acquired pneumonia (CAP).> Timely and
effective initial assessment, decisions on care setting,
and management are crucial to improving outcomes.
The CURB-65* (Confusion, Urea >7 mmol/L,
Respiratory  rate  >30/min, Blood pressure
<90 mm Hg systolic and/or <60 mm Hg diastolic,
and age >65 years) score has been widely used in CAP
patients. It was primarily designed to predict mortality
and identify low-risk patients potentially suitable for
ambulatory management. The simplicity of calculation
made it superior to other more complex score systems
used in a crowded ED. A meta-analysis including 23
studies in 22 753 participants found that CURB-65
was effective for identifying patients with CAP at low
risk of death.” However, for most high-risk patients
sent to an ED, including those with CAP and
healthcare-associated pneumonia (HCAP) whose
mortality rate was higher,® 7 identification of the high-
risk cohort was of more importance. Another meta-
analysis reported that the area under the ROC
(receiver operating characteristic) curve (AUC) of
CURB-65 in predicting ICU admission was 0.69.%
CURB-65 is a robust prognostic indicator, but has
been recommended for use in conjunction with clin-
ical judgement.” Additionally, CURB-65 was derived
and validated in CAP patients. Thus, its predictive per-
formance for mortality and site-of-care was not clear
in patients with HCAP or unselected pneumonia.
Lactate has been used for many years in the
assessment of perfusion status and as a measure of
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illness. Elevated lactate was shown to be independently asso-
ciated with mortality rate in critically ill patients.'® Even inter-
mediate initial serum lactate was an indicator of mortality
independent of clinically apparent organ dysfunction and shock
in severe sepsis patients in the ED.'! In hospitalised patients,
increased lactate indicated high mortality, mechanical ventila-
tion, vasopressor requirement, and a high incidence of ICU
admission.’”™® Lactate performed well in risk assessment
studies in septic patients; the cut-off values (2 and 4 mmol/L)
were quite similar in different reports.’> * ** Even in children
with pneumonia, the risk classification performance of lactate
was still reasonably accurate.'® Previous studies have proved the
usefulness of lactate in prognosis and risk stratification, but few
have investigated its performance in site-of-care decisions in
adult pneumonia patients in the ED.

The present study aimed to investigate the prognostic value,
and more importantly, the site-of-care decision-making perform-
ance of lactate, CURB-65 and a combination of lactate and
CURB-65 (LAC-CURB-65) in unselected pneumonia patients in
the ED.

PATIENTS AND METHODS

Setting and design of the study

This was a prospective observational clinical study carried out
in the ED of Beijing Chao-Yang Hospital, a teaching hospital
of Capital Medical University with approximately 250 000
ED visits per year. The study was approved by the Beijing
Chao-Yang Hospital ethics committee, and written informed
consent was obtained from patients or their relatives. Enrolled
patients were managed according to international and local
guidelines for the management of adults with pneumonia.® ® 17
Hospitalisation decisions were made by physicians who were
blinded to the study. Patients with high CURB-65 values,
more comorbidities, and a tendency toward deterioration
were hospitalised. Haemodynamically unstable patients who
required vasopressors, haemodynamic monitoring, and organ
replacement therapy (invasive mechanical ventilation and/or
continuous renal replacement therapy) were admitted to
the ICU.

Study cohort

Consecutive patients who visited the ED with suspected pneu-
monia were screened from January 2012 to May 2014. The
inclusion criteria were age >18 years, new infiltrates on chest
radiograph, and two or more symptoms consistent with pneu-
monia including cough, dyspnoea, fever, sputum production,
breathlessness and/or pleuritic chest pain. Patients with pul-
monary embolism (PE) or oedema on CT pulmonary angio-
gram were excluded. Patients positive for HIV or chronically
immunosuppressed (including those with solid organ trans-
plants, splenectomy or active tumour, or receiving corticoster-
oids or other immunosuppressive agents) were also excluded.
The enrolled patients included participants with CAP and
HCAPR®

Data collection

General information on enrolled patients collected on ED
arrival included demographic characteristics, telephone number,
medical ID, comorbid conditions, vital signs, results of labora-
tory tests and imaging examinations. Arterial lactate concentra-
tion was measured using a Stat Profile pHOx analyser (Nova
Biomedical, Waltham, Massachusetts, USA) within 1 h after ED
arrival. The CURB-65 score was calculated in every patient
using data collected on ED arrival.

Definition of comorbidities

Chronic obstructive pulmonary disease (COPD) was defined as
a diagnosis of COPD in the past. Cardiovascular disease was
defined as coronary artery disease (angina or old myocardial
infarction) and/or congestive heart failure (any New York Heart
Association class). Stroke was defined as ischaemic and/or haem-
orrhagic. Tumour was defined as a neoplasm of any type. Renal
disease was mainly defined as chronic renal failure and included
patients on dialysis. Liver disease referred to cirrhosis of any
severity. Diabetes mellitus included both insulin-dependent and
non-insulin-dependent disease.

Outcome variables

All patients were followed up for to 28 days through medical
records or by telephone, and 28-day all-cause mortality was the
primary outcome. The secondary outcomes included hospitalisa-
tion (admission to a general ward or the ICU) and ICU admission.

Statistical analysis

All data were analysed by SPSS V.16.0 (SPSS, Chicago, Illinois,
USA). Data with a skewed distribution were expressed as medians
and quartiles and were analysed by the Mann—Whitney U test. The
x> test was used for comparison of frequencies. Any variable
(comorbidities, important laboratory and imaging results) with a
p value of <0.05 between patients with different outcomes (non-
survivors and survivors, hospitalised and non-hospitalised, ICU
and non-ICU admission, respectively) was eligible for inclusion in
a binary logistic regression, which identified the independent pre-
dictors of outcomes at a level of p<0.05. Next, a stepwise binary
logistic regression was performed, with a separate model for each
outcome (mortality, hospitalised and ICU admission), to yield
three final models of significant predictors. As vital signs are
included in CURB-65, they were not analysed separately again.
ROC curves were constructed and the AUCs were determined to
assess predictive value. For comparison of the AUCs,

Z = (A; — A)/4/SE] + SE3 was used, the test values being

Z0.0s=1.96 and Z;y;=2.58. Based on thresholds determined
according to ROC curve analysis, prognostic parameters including
positive and negative predictive values and positive and negative
likelihood ratios were also calculated. Lactate and CURB-65 were
defined as two independent risk factors with each containing three
risk classes: low-, moderate- and high-risk. The CURB-65 risk cat-
egory thresholds matched those proposed in the original study:
low- (CURB-65<1), moderate-(CURB-65=2) and high-risk
(CURB-65>3).* Lactate risk classes were defined as follows: low
risk (lactate <2 mmol/L), moderate risk (24 mmol/L) and high
risk (>4 mmol/L). The lactate thresholds were determined from
studies in septic patients."! 2 '* 15 18 The cohort was then sepa-
rated into three risk groups according to the combination of
lactate and CURB-65 (LAC-CURB-65): patients with two low
risks, patients with any moderate risk, and those with a high risk.
The 28-day mortality, hospitalisation and ICU admission were
compared among the three groups. All statistical tests were two-
tailed, and p<0.05 was considered statistically significant.

RESULTS

Characteristics of the study cohort

A total of 1769 patients were evaluated at recruitment, and 104
were excluded because the final diagnosis was not pneumonia.
Twenty-four patients were lost to follow-up. The study ultim-
ately enrolled 1641 pneumonia patients. The baseline character-
istics of patients are listed in table 1. The median time to
admission to ICU was 1 (range 1-2) day (1 day indicated the

Chen Y-X, et al. Thorax 2015;70:404-410. doi:10.1136/thoraxjnl-2014-206461

405

"yBuAdoo Aq paloalold 1sanb Aq 20z ‘g Iudy Uo jwodfwg xeloyy//:dny woiy papeojumod "STOZ Areniga €2 Uo T9y902-7T0Z-ulXeloyyosTT 0T Se paysignd 1siy) :xeloy L


http://thorax.bmj.com/

90v

L9¥90Z-710Z-|UXBIO/9E L L 0L 0P "OLY—F0V:0L'SLOT Xeloy] *[e 1 "X-A UBYD

Table 1 Baseline characteristics of the study cohort

Entire cohort Non-survivors Survivors p Value Hospitalised Non-hospitalised p Value ICU admission Non-ICU admission p Value
N 1641 547 1094 861 780 246 1395
Age (years) 73 (62-79) 75 (66-81) 73 (60-78) <0.001 74 (65-80) 72 (59-78) <0.001 75 (68-81) 73 (61-79) <0.001
Male (%) 59 58 59 0.48 57 61 0.12 57 59 0.61
Comorbidities
COPD (%) 34 36 32 0.10 36 31 0.01 43 32 0.001
CVD (%) 28 30 26 0.07 30 26 0.13 30 27 0.33
Stroke (%) 12 14 11 0.08 12 12 0.79 13 12 0.66
Tumour (%) 9 11 8 0.04 10 8 0.16 11 9 0.32
Renal (%) 5 6 4 0.08 6 4 0.22 7 5 0.26
Liver (%) 8 9 8 0.25 8 8 0.62 10 8 0.19
DM (%) 15 13 16 0.13 17 14 0.06 17 15 0.38
Vital signs
MAP (mm Hg) 80 (67-93) 70 (54-83) 84 (73-97) <0.001 77 (60-90) 83 (71-97) <0.001 67 (50-82) 82 (70-95) <0.001
Respiratory rate (bpm) 27 (24-32) 28 (24-32) 26 (24-32) 0.01 28 (24-32) 26 (24-32) 0.09 30 (24-32) 26 (24-32) 0.003
Temperature (°C) 36.8 (36.2-38.2) 36.8 (36.2-38.2) 36.8 (36.2-38.1) 0.83 36.8 (36.2-38.2) 36.8 (36.2-38.1) 0.65 37 (36.2-38.2) 36.8 (36.2-38.1) 0.62
Heart rate (bpm) 110 (98-126) 110 (99-126) 110 (97-125) 0.20 110 (98-128) 110 (98-124) 0.22 110 (98-126) 110 (98-126) 0.99
Mental confusion (%) 28 46 20 <0.001 37 19 <0.001 66 22 <0.001
Laboratory results
WBC (x10%/L) 11.2 (7.7-15.6) 11.0 (7.6-15.1) 11.2 (7.8-15.6) 0.48 11.2 (7.7-15.5) 11.3 (7.7-15.7) 0.75 11.4 (7.6-16) 11.2 (7.7-15.5) 0.71
PCT (ng/mL) 1.1 (0.9-3.4) 1.3 (0.9-9.4) 1.1 (0.9-3.4) <0.001 1.1 (0.9-3.4) 1.1 (0.9-3.4) 0.50 1.2 (0.9-3.7) 1.1 (0.9-3.4) 0.15
Pa0, (mm Hg) 75 (59-94) 71 (57-89) 77 (60-96) <0.001 74 (59-92) 76 (59-96) 0.28 69 (55-86) 77 (60-95) <0.001
Platelets (x10%/L) 184 (135-243) 185 (136-243) 183 (134-244) 0.91 186 (136-243) 183 (134-243) 0.81 188 (142-246) 183 (134-242) 0.73
Creatinine (umol/L) 100 (75-148) 106 (78-170) 98 (74-136) <0.001 102 (77-157) 98 (73-136) 0.02 134 (98-228) 96 (72-134) <0.001
Bilirubin (umol/L) 12.3 (8.3-18.6) 13.1 (8.1-19.3) 12.0 (8.1-18.3) 0.04 12.2 (8.2-19) 12.5 (8.3-18.3) 0.94 12.2 (8.2-18.7) 12.3 (8.3-18.5) 0.63
Positive sputum 378/1132 (33%) 143/394 (36%) 235/738 (32%) 0.13 209/583 (36%) 169/549 (31%) 0.07 73/187 (39%) 305/945 (32%) 0.07
Lactate (mmol/L) 2.6 (1.0-5.1) 5.4 (3.1-8.1) 1.6 (0.8-3.3) <0.001 4.4 (2.5-7.0) 1.2 (0.6-2.5) <0.001 8.5 (6.6-11.7) 2.1 (0.9-4.0) <0.001
3.6+3.4 6.1+4.0 2.3+2.0 5.1£3.7 1.8+1.8 9.0+4.0 2.6+2.1
Multilobar opacities (%) 40 47 37 <0.001 42 38 0.07 53 38 <0.001
CURB-65 2 (1-3) 3 (2-3) 2 (1-3) <0.001 2 (2-3) 2 (1-3) <0.001 3 (2-4) 2 (1-3) <0.001
28-Day mortality (%) 33 = = = 54 11 <0.001 85 24 <0.001

Skewed distributed data are expressed as medians and quartiles.
COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; DM, diabetes mellitus; ICU, intensive care unit; MAP, mean arterial pressure; PaO,, arterial oxygen pressure; PCT, procalcitonin; WBC, white blood cells.
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day of ED arrival). The median length of admission to a general
ward was 4 (range 2-5) days.

Lactate and CURB-65 levels

Lactate and CURB-65 were significantly higher in non-survivors
than in survivors, in hospitalised than in non-hospitalised
patients, and in ICU than in non-ICU admission patients
(p<0.001) (table 1).

Although lactate increased in line with CURB-65 values, the
differences between groups were not statistically significant.
However, lactate level significantly differed between CURB-65
risk classes (table 2).

Independent predictors of mortality and site-of-care
Lactate and CURB-65 were independent predictors of mortality,
hospitalisation and ICU admission (table 3).

Performance of lactate and CURB-65 in risk classification
and site-of-care decisions
The ROC curves for lactate and CURB-65 are shown in
figure 1. The AUCs for lactate in predicting all three outcomes
were much larger than those of CURB-65. LAC-CURB-635 sig-
nificantly improved the predictive value of CURB-65, but not of
lactate, for mortality and hospitalisation. LAC-CURB-65
improved the performance of both lactate and CURB-65 in pre-
dicting ICU admission. The cut-off values are listed in table 4.
The 28-day mortality and hospitalisation increased in line
with lactate risk class (figure 2). LAC-CURB-65 further high-
lighted the differences in mortality, hospitalisation and ICU
admission between the different risk classes (figure 2C).

Distribution of risk classes of lactate and CURB-65

in patients with different outcomes

As shown in figure 3, the proportion of high-risk patients by
lactate was much higher in non-survivors than in survivors, in
hospitalised than in non-hospitalised patients, and in ICU
admission than in non-ICU admission patients. A similar trend
was found regarding CURB-65 risk classes, but the difference
was not as significant. LAC-CURB-65 further increased the pro-
portion of high-risk patients who were non-survivors, hospita-
lised or ICU admitted, especially in patients admitted to ICU,
where all patients were high risk.

DISCUSSION

The present study revealed that lactate is a better predictor than
CURB-65 of mortality, hospitalisation and ICU admission in
pneumonia patients in the ED. LAC-CURB-65 provided the best
predictive performance.

Table 2 Lactate levels according to CURB-65

CURB-65 Lactate (mmol/L) CURB-65 Lactate (mmol/L)
0 (n=95) 1.5 (0.5-4.2) <1 (n=493) 1.8 (0.9-4.2)***
1 (n=398) 1.9 (0.9-4.2) 2 (n=535) 2.4 (0.9-4.5**

2 (n=535) 2.4 (0.9-4.5) >3 (n=613) 3.6 (1.4-6.0)

3 (n=393) 3.2 (1.3-5.8)

4 (n=176) 3.9 (1.5-6.3)

5 (n=44) 4.4 (3.0-6.6)

Skewed distributed data were expressed as medians and quartiles; compare to
CURB-65 >3.
*p<0.05, compared to CURB-65=2; **p<0.01.

Table 3 Independent predictors of outcomes
95% CI for OR
Independent
Outcomes predictors p Value OR 5% 95%

28-Day mortality Lactate (mmol/L) <0.001 1.584 1.503 1.670

CURB-65 <0.001 1.798 1.603 2.018
Hospitalisation Lactate (mmol/L) <0.001 1.688 1.589 1.793
CURB-65 <0.001 1273 1149 1410
ICU admission Lactate (mmol/L) <0.001 2.189 1.982 2.418
CURB-65 <0.001 2430  2.006  2.945

The results are adjusted for arterial oxygen pressure, creatinine and multilobar
opacities. The odds ratio is the change in odds of transfusion for each increasing unit
of lactate or CURB-65.

ICU, intensive care unit.

Lactate at ED arrival as a prognostic indicator

in pneumonia patients

The present study demonstrated that lactate is significantly ele-
vated in non-survivors of pneumonia, and independently pre-
dicts 28-day mortality. The AUC of lactate in predicting 28-day
mortality was 0.823, which was more accurate than that of
CURB-65 (0.692). Several studies have demonstrated that an
elevated lactate at admission is an independent predictor of
in-hospital mortality in infectious or septic patients.!' 1821
Even normal lactate concentrations (<2.3 mmol/L) can be a
useful prognostic indicator in septic shock.?’ In a study con-
ducted in an infectious cohort in the ED, patients with serum
lactate of 4 mmol/L or greater had a 3-day mortality rate of
22.4% compared with 1.5% in patients with a serum lactate of
2.4 mmol/L or less."” A recent study showed that lactate was a
robust predictor of death in children with CAR'® However,
studies in adult pneumonia patients are still rare. The result of
our study provided some evidence that mortality rate could be
predicted by measuring lactate on ED arrival in adult patients
with relatively severe pneumonia.

The prognostic ability of lactate was proved independent of
organ failure and shock in severe sepsis patients.'! Previous
studies demonstrated that lactate can be used as an early marker
of organ failure and occult shock before any detectable changes
occur in a patient’s vital signs.**> Three of the five variables of
CURB-65 are vital signs and are indirect and late indicators of
circulation dysfunction. This may be the reason why CURB-65
was not as good in predicting mortality in our study. The prog-
nostic ability of lactate independent of organ dysfunction and
shock made lactate an earlier and better indicator of death than
CURB-65.

Ability of lactate to classify risk

Mortality was the most widely used outcome in risk classifica-
tion. The risk class based on lactate in the present study accur-
ately distinguished those patients at high risk of death from
those at moderate or low risk. The 28-day mortality rate was as
high as 65% in the high-risk group and 28% in the moderate
group. The large difference in mortality between the two
groups showed that lactate can accurately stratify risk. Similar
results were reported in critically ill patients including those
with sepsis, trauma and shock.!’ 2! 23 The illness severity of
the enrolled cohort in these studies varied widely and
in-hospital mortality ranged from 4.9% to 22.9%. However, the
cut-off values of lactate used in these studies were quite similar.
The level of lactate was stratified as low (<2.0 mmol/L),
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A — Lactate B — Lactate C — Lactate
AUC=0.823, 95% CI: 0.801t0 0.844 AUC=0.821, 95% CI: 0.801 to 0.841 AUC=0.922, 95% Cl: 0.900 to 0.943
- CURB-65** - CURB-65** - CURB-65**

AUC=0.692, 95% CI: 0.665 t0 0.719

AUC=0.851, 95% CI: 0.832 t0 0.870

Siginificance (**p<0.01) was relative to lactate

AUC=0.613, 95% CI: 0.586 to 0.640
—- Lactate + CURB-65 —- Lactate + CURB-65
AUC=0.828, 95% CI: 0.808 t0 0.848

Siginificance (**p<0.01) was relative to lactate

AUC=0.710, 95% CI: 0.674 to 0.745
—- Lactate + CURB-65*
AUC=0.955, 95% CI: 0.944 to 0.966

Siginificance (**p<0.01, *p<0.05) was relative to lactate

Sensitivity
Sensitivity

,<URB-65

Lactate + CURB-65_ -~~~
-
-

Sensitivity

,/CURB-65

T r T y oo v
00 02 04 06 08 10 00 02 04
1- Specificity

28-day mortality

Figure 1
admission. *p<0.05, **p<0.01 vs lactate. ICU, intensive care unit.

intermediate (2.0-4.0 mmol/L) or high (>4.0 mmol/L). This
stratification performed well in predicting mortality in patients
with varying severities of illness. The fact that lactate increased
directly with CURB-65 scores in the present study provided
further evidence for the ability of lactate to stratify risk. The
ability of CURB-65 to stratify risk was also good in our study,
but the differences in mortality between risk groups were not as
significant as for lactate.

Lactate on ED arrival as an indicator for site-of-care

decisions in pneumonia patients

The performance of lactate in predicting hospitalisation and ICU
admission was considerably better than that of CURB-65 in our
study. The decision on site-of-care for patients was made on the
basis of clinical judgment by ED physicians who were blinded to
the study. CURB-65 was one of the assessment variables, while
lactate was not routinely used in deciding site-of-care. The results
revealed that lactate was more in line with the ED physician’s
clinical judgment than CURB-65. The AUCs of lactate in predict-
ing hospitalisation and ICU admission were larger than those of
CURB-65. The incidence of hospitalisation in our enrolled
patients increased directly with lactate risk class, and the differ-
ences between groups were significant. However, the

Table 4 Predictive performance of independent indicators

1 - Specificity

Hospitalisation

T T T r v
06 08 10 00 02 04 06 o8 10
1- Specificity

ICU admission

Receiver operating characteristic curves of lactate and CURB-65 in predicting outcomes. (A) 28-Day mortality. (B) Hospitalisation. (C) ICU

performance of CURB-65 in predicting hospitalisation was not
as good as that of lactate. Overall, 37% of patients with a
CURB-65 <1 were hospitalised. This result shows that CURB-65
did not effectively identify the low-risk patients in the present
study. This may be partly owing to the fact that the enrolled
cohort was older, had more comorbidities, and had more
unstable health that tended to deteriorate after ED arrival. The
performance of CURB-65 in predicting ICU admission was
similar to that found in other reports. The AUC of CURB-6S5 in
our study was 0.71, which is similar to the results of two large
meta-analyses.® 8

The rate of ICU admission rapidly increased to 39% in
patients with lactate above 4 mmol/L, which was a significantly
higher admission rate than in patients with a lower lactate level.
This result demonstrated that lactate above 4 mmol/L is a strong
indicator of ICU admission in pneumonia patients in the ED. A
previous study revealed that circulating lactate concentrations
greater than 4 mmol/L had a specificity of 98.2% in predicting
the need for hospital admission in patients presenting to the
ED.'* A recent study in suspected infectious paediatric patients
in the ED demonstrated that venous lactate was predictive of
hospital admission and increased length of stay.”* For adult
pneumonia patients in the ED, the knowledge of lactate predict-
ing hospitalisation or ICU admission was limited.

Outcomes Predictors Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR+ LR—
Mortality Lactate (mmol/L) 4 68 82 65 83 3.7 0.4
CURB-65 2 57 73 51 77 2.1 0.6
Hospitalisation Lactate (mmol/L) 3 68 82 80 70 3.7 0.4
CURB-65 1 79 40 59 64 1.3 0.5
ICU admission Lactate (mmol/L) [3 81 92 63 96 9.7 0.2
CURB-65 3 33 90 36 88 33 0.8

ICU, intensive care unit; LR—, negative likelihood ratio; LR+, positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.
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Figure 2 Risk classification of pneumonia patients according to lactate levels and CURB-65. (A) Risk class based on lactate. (B) Risk class based
on CURB-65. (C) Risk class based on combined lactate and CURB-65. ICU, intensive care unit.

Combination of lactate and CURB-65 has a better predictive
ability than CURB-65 alone

In the present study, LAC-CURB-65 was significantly better at
predicting mortality, hospitalisation and ICU admission. The
AUCs of LAC-CURB-65 in predicting all three outcomes were
larger than those of CURB-65 alone. For clinical convenience,
we did not add lactate to CURB-65 but considered lactate and
CURB-65 as two independent risk factors, but also created
LAC-CURB-6S. This risk classification method effectively distin-
guished the high-risk patients from low-risk patients. The
28-day mortality, hospitalisation and ICU admission rates were
much lower in LAC-CURB-65 low-risk patients than in high-risk
patients.

Application of the results

According the LAC-CURB-65 risk classes, low-risk patients
could be observed at home or in the ED for a period,
moderate-risk patients should be admitted to a general ward,
and high-risk patients should be monitored more closely, treated
more aggressively, and admitted to the ICU earlier.

Limitations of the study
Our study has some limitations. First, this was a single-centre
study. Hospitalisation and ICU admission decisions taken on the
basis of institutional or departmental guidelines may have
played a role in site-of-care decisions. Multicentre prospective
studies may decrease this influence.

Second, the high mortality in the study cohort may limit the
generalisability of our results to some extent. The reasons for
the high mortality were as follows: (1) the advanced age of the

A B

120% 120%
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WCURB-6623 (n=613) @CURB-66=2(n=535) OCURB-6551(n=493)

0% i . 3
21%
4%
0%

rvivors  Hospitalised  Non-hospitalised ICU admission
61 (n=780) (n=245)

study cohort; (2) pneumonia patients with cormobidities tended
to also develop multiple organ dysfunction syndrome; (3) as a
large tertiary teaching hospital, we received numerous severe
pneumonia patients transferred from smaller hospitals and
primary healthcare institutions; before being transferred to our
ED, these patients were hospitalised, treated with more than
one antibiotic, and perhaps intubated and ventilated mechanic-
ally, but the intervention was not effective; (4) almost all
patients at high risk of death are sent to an ED for initial assess-
ment in our country, while many patients with less severe illness
visit specialist clinics directly and are not evaluated in an ED;
(5) the patients admitted to ICU were those who had already
developed multiple organ dysfunction, were intubated and
mechanically ventilated, and needed dynamic monitoring or
continuous renal replacement therapy; and (6) bedridden
patients with repeated pneumonias and nursing-home resident
patients were included. All these factors tended to result in
higher mortality.

Third, information on microorganisms was incomplete, as it
is difficult to obtain good samples in the ED. The influence of
microorganisms on mortality was controversial in different
studies. In the present study, the sputum culture was not differ-
ent between patients with different outcomes.

Fourth, most patients requiring invasive mechanical ventila-
tion, vasopressors or continuous renal replacement therapy were
admitted to an ICU in our study, and an accurate record of life
support care was not available.

Although our study had these limitations, it confirmed the
prognostic and site-of-care deciding value of CURB-65 in a rela-
tively high-risk population. Also, our study demonstrated that

C
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OBoth low risk (n = 258) Lactate < 2mmollL and CURB-65 1

28%
19%
on-ICU Survivors Hospitalised Non-ICU
(n=1094)

N lon-I¢
(n=780) (n=246) admission (n=547) (n=861) (n=780) (n=245) admission
(n=1395) (n=1395)
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Figure 3 Risk class distribution for lactate, CURB-65 and the combination of lactate and CURB-65. (A) Distribution of lactate risk class in patients
with different outcomes. (B) Distribution of CURB-65 risk class in patients with different outcomes. (C) Distribution of combination lactate and
CURB-65 risk class in patients with different outcomes. ICU, intensive care unit.
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Biomarkers of disease

lactate was superior to CURB-65 and improved the predictive
ability of CURB-65 in an unselected pneumonia population dif-
ferent from CAP cohorts.

CONCLUSIONS

Lactate is a valuable biomarker in predicting mortality and asses-
sing level of care in pneumonia patients in the ED. The
LAC-CURB-65 system is much better than CURB-65 alone for
prognosis and risk classification.
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