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IINNTTRROODDUUCCTTIIOONN

Assessment and treatment of shock pose
a great challenge to emergency physicians due
to atypical clinical presentations and difficulty
of accurate evaluation during the course of
shock. In the emergency department (ED),
evaluation and therapy of shock is commonly

guided by physiological variables, such as
mean arterial pressure, central venous
pressure, heart rate and urine output.
However, several clinical studies have shown
that normalization of these hemodynamic
variables does not improve the mortality rate
in shock patients [1,2].

Lactic acidosis most frequently results
from systemic hypoperfusion and tissue
hypoxia. Abnormal lactate metabolism is
frequently encountered among shock patients.
Blood lactate levels which are supposed to

BBaacckkggrroouunndd.. Lactic acidosis is frequently caused by systemic hypoperfusion, tissue hypoxia

and the severity of shock. The purpose of this study was to investigate whether blood lactate

concentration is a useful prognostic parameter in patients with shock in the emergency

department (ED). 

MMeetthhooddss.. The criteria for patient selection were 1) arrival at ED with shock syndrome, 2) blood

lactate (BLC1) > 19.6 mg/dL prior to resuscitation. All patients were monitored of blood lactate

(BLC2) after resuscitation over a period of four hours prior to being sent to the operation room,

intensive care unit or ordinary ward. 

RReessuullttss.. Seventy-five shock patients had abnormal blood lactate levels (BLC1 > 19.6 mg/dL)

before resuscitation.  Patients who died (mortality group) had significantly higher BLC2 levels

(74.4 72.1 vs 27.0 11.1 mg/dL, p < 0.0001) than patients who survived (survival group). In

addition, there was a significantly higher mortality rate in patients with blood lactate

concentrations (BLC1) > 100 mg/dL than patients with blood lactate concentrations (BLC2) ≤ 100

mg/dL (87% vs 43%, p < 0.005). Patients with blood lactate concentrations (BLC2) > 50 mg/dL had

a higher mortality rate than patients with blood lactate concentrations (BLC2) ≤ 50 mg/dL (100%

vs 36%, p < 0.0001). Patients with changes in blood lactate levels (BLC2-BLC1) > 20 mg/dL had a

higher rate of mortality than those with a change of ≤ 20 mg/dL (n = 66) (100% vs 47%, p < 0.005). 

CCoonncclluussiioonnss.. Blood lactate and its clearance may help emergency physicians predict the

prognosis of shock patients in the ED. The detection of the changes in blood lactate

concentrations after resuscitation is more valuable than before resuscitation. ( Mid Taiwan J Med

2001;6:133-8)
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directly reflect the magnitude of anaerobic
metabolism related to cellular hypoxia, have
been correlated to survival from various forms
of acute circulatory failure. The severity of
lactic acidosis in critically ill patients correlates
with patients' survival [3,4]. In this respect, the
duration of lactic acidosis is more important
than the initial lactate value. Therefore, in this
study we investigated whether lactate, or the
clearance of lactate, helped to predict the
prognosis of patients with shock in the ED.  

MMEETTHHOODDSS  AANNDD  MMEETTEERRIIAALLSS

This was a prospective study. The
patients' criteria for participation in this study
were 1) arrival at ED with shock syndrome,
such as tachycardia, hypotension, tachypnea,
fever or conscious disturbance, requiring
management and treatment in the
resuscitation room; 2) blood lactate (BLC1) >
19.6 mg/dL prior to resuscitation. Lactate was
measured with an enzymatic assay (Beckman,
America). Blood lactate concentrations (BLC2)
were measured again 4 hours after
resuscitation, prior to being sent to the
operation room, ordinary ward or intensive
care unit (ICU). Shock patients who had
terminal cancer, were dead on arrival, or who
died within an hour after resuscitation in the
ED were excluded from this study. 

The clinical management was under the
sole direction of ED attending physicians who
had received training in advanced cardiac life
support (ACLS), advanced trauma life support
(ATLS) or had taken an emergency trauma
training course (ETTC). Patients were
resuscitated according to ACLS and ATLS
guidelines.  Patients' vital signs, including
blood pressure, heart beat and pulse oximetry
were monitored in the resuscitation room. 

Shock type was classified as
hypovolemic shock, cardiogenic shock,
distributive shock or obstructive shock,
according to the diagnosis in the ED. 

All quantitative data are expressed as

mean SD. The differences between the
patient groups were analyzed by an unpaired
t test. The Chi-square test with Yates'
correction or the Fisher's exact test was used
for non-parametric data. The difference
between BLC1 and BLC2 was analyzed by
paired t test. A p value of < 0.05 was
considered statistically significant.

RREESSUULLTTSS

Differences Between the Survival and

Mortality Groups

From September 1998 to February 2000,
we collected data from 75 patients  admitted

Basic data Mortality group (%)Survival group (%) 

39

25 (54.6%)
14 (46.7%)
61.8 17.9

9 (60%)
5 (45%)

25 (51%)
101 34 
99 45

1.02 0.23
80.2 59.1
74.4 72.1
12.4 15.8

Patient number
Sex  

male 
female

Age (years)
Shock type  

hypovolemic
cardiogenic
distributive 

HR* at arrived (/min)
SBP at arrived (mm/Hg)
Shock index 
BLC1 (mg/dL)
BLC2 (mg/dL)
Days in hospital

NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
<0.005
<0.0001
NS

p value

TTaabbllee  11..  PPaattiieennttss  cchhaarraacctteerriissttiiccss  aanndd  llaaccttaattee  lleevveellss  iinn  tthhee  mmoorrttaalliittyy  ggrroouupp  aanndd  ssuurrvviivvaall  ggrroouupp

60.5 20.0

94 25
98 42

0.96 0.18 
48.7 33.3
27.0 11.1
18.2 15.8

36

20 (44.4%)
16 (53.3%)

6 (40%)
6 (55%)

24 (49%)

*HR = heart rate; Excluding the patients who died in the emergency department. SBP = systolic
blood pressure; BLC1 = blood lactate concentration on arrival; BLC2 = blood lactate concentration
after resuscitation; NS = not significant.
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to our ED with shock and abnormal blood
lactate prior to resuscitation. Thirty-six (45%)
patients survived and 39 (55%) died after
resuscitation or admission.

The basic patient characteristics and
blood lactate levels of the survival and
mortality groups are shown in Table 1. There
were no significant differences between the
two groups with regard to age, sex, vital signs
on arrival, shock index, days in hospital or

types of shock. However, the blood lactate
concentrations prior to resuscitation (BLC1)
and after resuscitation were higher in the
mortality group than in the survival group.
The relationship between blood lactate
clearance and prognosis before and after
resuscitation is shown in Table 2. After
resuscitation, blood lactate concentrations
were significantly lower in the survival group
(p < 0.0005). However, in the mortality group,
there was no significant difference between
blood lactate concentrations before and after
resuscitation. 

Lactate Level and Mortality in Shock Patients

The correlations between blood lactate
concentrations before resuscitation and their
prognoses are shown in Fig. 1. For the patients

with BLC1 ≤ 100 mg/dL (n = 60), 34 (57%)

survived and 26 (43%) died. There was a
significantly higher mortality rate for patients
with BLC1 > 100 mg/dL (n = 15): only 2 (13%)
patients survived and 13 (87%) died (p < 0.005).
Patients with BLC2 < 50 mg/dL (n = 58), 36
(64%) survived and 22 (36%) died (Fig. 2). In

BLC1 (mg/dL) BLC2 (mg/dL)

Survival group
Mortality group

< 0.0005
NS

27.0 11.1
74.4 72.1

p value

TTaabbllee  22..    TThhee  rreellaattiioonnsshhiipp  bbeettwweeeenn  bblloooodd  llaaccttaattee  aanndd  pprrooggnnoossiiss

48.7 33.3
80.2 59.1

BLC1= blood lactate concentration prior to resuscitation, BLC2 = blood lactate concentration after
resuscitation or prior to admission. 

Fig. 1 The prognosis related to blood lactate concentrations
prior to resuscitation (BLC1). Patients with blood lactate
concentrations > 100 mg/dL had a higher mortality rate

than patients with blood lactate concentrations ≤ 100

mg/dL (87% vs 43%, p < 0.005).  

Fig. 2 The prognosis related to blood lactate concentrations
after resuscitation (BLC2). Patients with blood lactate
concentrations > 50 mg/dL had a higher mortality rate

than patients with blood lactate concentrations ≤ 50 mg/dL

(100% vs 36%, p < 0.0001). 

Fig. 3 The prognosis related to blood lactate concentration
changes. Patients whose blood lactate levels increased to
(BLC2-BLC1) > 20 mg/dL had a higher mortality rate than

those ≤ 20 mg/dL (100% vs 47%, p < 0.005). 

pp  <<  00..000055 pp  <<  00..00000011

pp  <<  00..000055
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contrast, there was 100% mortality (n = 17)
with BLC2 > 50 mg/dL, which was signifi-

cantly higher than patients with BLC2 ≤ 50

mg/dL (p < 0.0001). The relationship between
BLC and their prognoses is shown in Fig. 3.
There was a significant difference between
blood lactate levels before resuscitation (BLC1)
and after resuscitation (BLC2). All patients (n =
9) whose BLC had increased by more than 20
mg/dL after resuscitation died (BLC2-BLC1 >
20 mg/dL). However, of patients (n = 66) with
blood lactate levels which increased by less
than 20 mg/dL after resuscitation (BLC2-BLC1

≤ 20 mg/dL) (p < 0.005), only 30 patients (47%)

died. 

DDIISSCCUUSSSSIIOONN

Emergency physicians usually use the
patient's vital signs and clinical presentations
to determine whether or not the patient is in
shock before resuscitation. However, our
results revealed that there was no correlation
between vital signs and prognosis, which
suggests that the severity of shock can not be
determined by the patients' vital signs alone.
Our results are consistent with Radys' report
in that the shock index was superior to vital
signs, such as heart rate or blood pressure, as a
parameter for estimating patients' shock status
[5]. The symptoms of shock are manifold and
may affect the patient's vital signs in different
ways. Also, the time of onset of shock varies,
so it is often difficult for the physician to
respond immediately. Because the
determination of shock may be affected by
the assessment skills of the physician, the use
of the shock index has its limitations. 

Blood lactate concentrations, as a specific
quantitative indicator of the perfusion deficit,
can be provided quickly by most hospital
laboratories. Some papers have challenged the
concept that increased blood lactate levels
reflect tissue hypoperfusion [6,7]. James et al
postulated that increased blood lactate levels
often reflect increased aerobic glycolysis in
skeletal muscle secondary to epinephrine-

stimulated Na+, K+-ATPase activity and not

anaerobic glycolysis due to hypoperfusion [8].
Increased blood lactate levels related to either
increased pyruvate or epinephrine indicate
that there are increased demands of energy
and perfusion in tissue. In our study, blood
lactate levels before and after resuscitation
were highly correlated and BLC was found to
be a good prognostic tool for shock. This
finding was consistent with other studies
which showed that lactate levels correlated
strongly with severity of shock insult and
mortality [9-11] . In contrast, Parker et al
reported that the initial blood lactate
concentration did not differ between survivors
and non-survivors in patients with septic
shock [12]. In our study, the concentrations of
blood lactate after resuscitation was more
accurate in predicting a patient's outcome than
blood lactate levels before resuscitation. This
difference suggests that the sensitivity of
initial blood lactate sampling in predicting the
prognosis of shock still has some limitations.
The initial lactate concentration might be
more weakly correlated with prognoses when
tissue hypoperfusion has occurred or
deteriorated during observation or treatment
in the emergency room. 

Falk et al monitored sequential lactate
concentrations over a period of time in 24
patients with circulatory shock [13]. A delayed
lactate clearance rate was observed in the non-
survival group. Patients who survived the
study period had progressive clearing of
lactate. In our study, the clearance percentage
was 45% in the survival group compared to
7% in the mortality group. Our results showed
that when the clearance amount (BLC2-BLC1)
was less than 20 mg/dL, no patients survived.
This may have been due to either irreversible
shock or inadequate resuscitation. Jeng et al
reported that serum lactate may be one of the
parameters of inadequate resuscitation of
patients [14]. A greater reduction of lactate
during therapy was noted in the survivors
relative to non-survivors [12]. Similarly, Vincent
et al noted that patients in circulatory shock
who experienced a reduction in lactate > 5%
of the initial value during the first hour of
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treatment had a better prognosis than patients
who did not [15] . When patients are
resuscitated to the clinician's satisfaction, serial
lactate concentrations should be monitored
over time. If lactate levels are high, more
aggressive resuscitation may be required,
which may include mechanical ventilation
support, fluid supplement or medication to
improve cardiac output.  If resuscitation is
delayed or inadequate, patient mortality rates
may be higher. Serial blood lactate
measurements every 8 hours have been used
to predict patients' prognoses [16,17]. Patients in
these studies were in intensive care units, not
in the emergency department. For emergency
physicians, the efficiency of resuscitation is
more important than the prognosis after
admission. Emergency physicians need more
information to decide on a strategy during
resuscitation and can not depend solely on the
patients' vital signs. Lactate is a good indicator
of the efficiency of resuscitation but the
optimum time for rechecking the blood lactate
during the period of resuscitation requires
further study. 

In conclusion, blood lactate concen-
tration is a good parameter for predicting
patient outcome in the emergency room.
Changes in lactate levels after resuscitation can
also provide a useful reference for prognoses. 
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>19.6 mg/dL 4

75 19.6 mg/dL

(74.4 72.1 vs 27.0 11.1 mg/dL p

< 0.0001) 100 mg/dL 100

mg/dL (87% vs 43% p < 0.005) 50 mg/dL

50 mg/dL (100% vs 36% p < 0.0001)

20 mg/dL 20 mg/dL (100%

vs 47% p < 0.005)
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