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OR ALMOST 100 YEARS, CLINICIANS HAVE BEEN TRYING TO ASSESS ACID—

base disturbances accurately and to unravel the mechanisms involved.!?

Many schemes have been introduced to describe acid—base disorders. The
three most commonly used methods of quantifying these disorders are the physi-
ological approach, based on the renal and lung acid-base interaction?; the physico-
chemical approach (also called the Stewart method), based on strong ions and
pH-related changes in weak ions such as albumin and phosphorus*’; and the
base-excess approach, based on quantification of the change in metabolic acid—
base status as provided by the blood gas machine.®!* Standard base excess is one
of the most extensively studied prognostic markers used to evaluate patients with
trauma in the acute care setting.® Although standard base excess is provided
worldwide by most commercial blood gas analyzers,*°?!* many physicians are un-
aware of its relevance and how to make use of this marker. This review discusses
the value of standard base excess and includes several case vignettes that show the
benefit of the base-excess approach in clinical practice.

HISTORICAL PERSPECTIVE

To understand the development of standard base excess, one should be familiar
with the history of acid—base assessment in the 1950s and 1960s.1*** In 1952, a
devastating poliomyelitis epidemic struck Copenhagen. Approximately 3000 af-
fected patients were hospitalized over a period of 4 months; most were admitted
to the Blegdam Hospital, an infectious-disease hospital. About 345 of the patients
had bulbar poliomyelitis, which affected the respiratory and swallowing muscles.
Only one acid-base laboratory test was available when the epidemic began: the
total carbon dioxide concentration in blood. Because the partial pressure of car-
bon dioxide (Pco,) could not be determined, the high carbon dioxide — or bicar-
bonate — values were thought to indicate an alkalosis of unclear origin rather
than a chronic respiratory acidosis. Over a period of 1 month, at the height of the
epidemic, 27 of 31 patients with bulbar poliomyelitis died.

A meeting was held to discuss this disaster; among the attendees were Bjorn
Ibsen, an anesthesiologist, and Poul Astrup, chief of the hospital laboratory. Ibsen
realized that marked carbon dioxide retention triggered the high blood bicarbon-
ate levels and that these values did not indicate an alkalosis of unknown origin.
On the basis of Ibsen’s previous experience at Massachusetts General Hospital,
where a child with tetanus was treated with curare and ventilated manually
through a tracheostomy, he reasoned that artificial ventilation might help patients
with poliomyelitis. At Blegdam Hospital, Ibsen used manual bag ventilation to
treat a 12-year-old girl whose limbs were paralyzed and who was cyanotic and
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gasping for breath.”® She was ventilated success-
fully through a cuffed endotracheal tube after
undergoing a tracheotomy. Subsequently, 1500
medical and dental students were recruited to
provide ventilation for patients with poliomyeli-
tis at Blegdam Hospital, for a total of 165,000
hours of ventilatory support, and as a result, the
lives of about 100 patients were saved.

The selection of candidates for supportive
ventilation was largely based on the measure-
ment of Pco, in blood. A small pH meter was
provided by a local company, and by applying
the Henderson-Hasselbalch equation, using pH
and bicarbonate, Pco, could be extrapolated with
the use of a diagram, heralding a new clinical
acid-base era. In 1958, in an attempt to find a
simple method to assess the metabolic compo-
nent of acid-base status, Astrup and Siggaard-
Andersen, from Copenhagen, developed the con-
cept of base excess after examining the results
of human blood titrations.** Their thinking
evolved from the concept of whole-blood buffer
base, developed by Singer and Hastings in 1948
to describe the metabolic disturbances of acid—
base equilibrium.* The buffer base is considered
to be the sum of weak acid (buffer) anions in
plasma, including hemoglobin, plasma proteins,
phosphate, and bicarbonate.”?® Blood base ex-
cess was considered to be a measurement inde-
pendent of the respiratory component, as well as
a measurement that could replace plasma bicar-
bonate. Base excess is the amount of strong acid
(in millimoles per liter) that needs to be added
in vitro to 1 liter of fully oxygenated whole
blood to return the sample to standard condi-
tions (pH of 7.40, Pco, of 40 mm Hg, and tem-
perature of 37°C).”*% Under these standard
conditions, base excess will be 0 mmol per liter
by definition.

Base excess was assumed to be the first ac-
curate index of the nonrespiratory component of
acid-base balance. Nevertheless, the usefulness
of base excess was questioned by an American
group, headed by Schwartz and Relman, leading
to what was called “the great trans-Atlantic
acid-base debate.”?3 They argued that since, in
the body, plasma is in continuity with interstitial
fluid, which has limited buffer capacity, deriving
plasma base excess from blood samples in vitro
is inaccurate. Siggaard-Andersen answered this
challenge by estimating a hemoglobin concen-
tration of 50 g per liter for calculation, which

would reduce the apparent buffer capacity of a
blood sample in vitro. That maneuver provided
an assessed base excess now known as standard
base excess,'>?” which reflects the role of hemo-
globin as a buffer in the extracellular fluid. De-
pending on the algorithm used, standard base
excess is calculated as 30 to 50 g per liter, which
is essentially the estimated hemoglobin concen-
tration in the extracellular fluid (one third of the
blood hemoglobin concentration).” In contrast,
the American group offered six steps for calcu-
lating changes in the Pco, or bicarbonate level
for changes in, respectively, the bicarbonate
level or Pco, (Table 1) and supported the elimi-
nation of standard base excess from printouts.*
Nevertheless, standard base excess is still pro-
vided by most blood gas machines and is used
widely in clinical studies and in clinical practice
throughout the world.®*

BASE-EXCESS NOMENCLATURE
AND EQUATIONS

The nomenclature for base excess can be confus-
ing 17152273240 (Table 2; and Table S1 in the
Supplementary Appendix, available with the full
text of this article at NEJM.org). The term “base
excess” is used in clinical practice, but the avail-
able blood gas devices calculate either the stan-
dard base excess (SBE), also called the base ex-
cess of the extracellular fluid (BE,..), or the base
excess of blood (BE)). The printouts provide
BE,,, BE,, or both. Unfortunately, BE, . and BE,
results can vary substantially in severe acid—base
disturbances, and it may affect clinical practice
if a given institution uses two devices that differ
in the reporting of BE, . and BE,. Therefore, the
National Committee for Clinical Laboratory
Standards recommends using devices that cal-
culate standard base excess with a single algo-
rithm and cautions that standard base excess
should not be confused with base excess of
blood.® Another popular term in the literature
is base deficit,?”** which is the negative version
of base excess and is calculated as —1 x SBE or
—1xBE,.

The terms “base deficit” and “base excess”
are often used interchangeably, but one should
realize that in a patient with metabolic acidosis,
a base deficit of 6 mmol per liter is equal to a
standard base excess of —6 mmol per liter. Since
blood gas machines do not provide base deficit,
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(HCO;) Level.*

Table 1. Secondary (“Compensatory”) Responses in Acid—Base Disorders as Indicated by Standard Base Excess (SBE) or Bicarbonate

Condition

Acute respiratory acidosis (pH decreased,
Paco;, increased, SBE=0+2 mmol/liter)

Acute respiratory alkalosis (pH increased,
Paco, decreased, SBE=0+2 mmol/liter)

Chronic respiratory acidosis (pH decreased,
Paco, increased, SBE increased)

Chronic respiratory alkalosis (pH increased,
Paco, decreased, SBE decreased)

Metabolic acidosis (pH decreased, Paco,
decreased, SBE decreased)

Metabolic alkalosis (pH increased, Paco,
increased, SBE increased)

Paco, or SBE Secondary
Response

SBE=0+2 mmol/liter
SBE=0+2 mmol/liter
SBE=0.4x (Paco,-40)
SBE=0.4x (Paco,-40)
APaco,=SBE

APaco,=0.6x SBE

Paco, or HCO;~ Secondary Response

Increase of 1 mmol/liter in HCO3™ for each 10 mm Hg increase

in Paco, above 40 mm Hg

Decrease of 2 mmol/liter in HCO3™ for each 10 mm Hg decrease

in Paco, below 40 mm Hg

Increase of 4-5 mmol/liter in HCO3™ for each 10 mm Hg increase

in Paco, above 40 mm Hg

Decrease of 4-5 mmol/liter in HCO;™ for each 10 mm Hg
decrease in Paco, below 40 mm Hg

Expected Paco,=1.5x[HCO;7]+8+2 mm Hg

Expected Paco;=0.7 x ([HCO37]-24) +40+2 mm Hg

* For the partial pressure of arterial carbon dioxide (Paco,) or SBE secondary response and for the Paco, or HCO3™ secondary response, cer-
tain changes are expected in primary acid—base disorders according to the calculations shown. Mixed disturbances may be diagnosed if the
secondary response to the primary process is outside the expected range® (e.g., in cases of respiratory acidosis, superimposed metabolic
alkalosis or acidosis may be diagnosed if the calculated SBE or HCO3" is greater or less than predicted, respectively). The secondary re-
sponses for respiratory acidosis and respiratory alkalosis are metabolic, and the secondary responses for metabolic acidosis and metabolic
alkalosis are respiratory. To convert the values for Paco, from millimeters of mercury to kilopascals, divide by 7.5006. The delta symbol de-

notes “change in.”

Table 2. Nomenclature and Equations for Base Excess (BE).*

Term

Buffer base

Van Slyke equation

BEg, actual BE, or in vitro
measure

Actual HCO;3~

SBE, BE of the extracellular
fluid (BEgcg), or in vivo
BE

Base deficit BD=-1xSBE

Equation

Normal buffer base in mmol/liter=41.7 +0.42 x
Hb in g/100 ml

BE=(HCO; -24.4) + (2.3 x Hb +7.7) x (pH - 7.4)
(1-0.023 x Hb)
BEg=(1-0.014xctHb) x[(HCO;™ act-24.8) +
(7.7+ 1.43 xctHb) x (pH-7.40)]

HCO;™ act=0.0307 x Pco,x 10(PH-6.105)

SBE=HCO;™ act-24.8+[16.2x (pH-7.40)]

Comments

and HCO3~.2>3%0

on the Van Slyke equation.>**

In this equation, ctHb is the total concentration of Hb
(deoxyhemoglobin, oxyhemoglobin, carboxyhemo-

globin, and methemoglobin) in the blood.*

Arterial HCO3™ obtained from blood gas analyzers is cal-
culated according to complex formulas, including
correction factors for Hb and oxygen saturation.?

SBE is more representative in vivo than BEg; the value of
16.2 is an approximation of the nonbicarbonate buf-

fers in extracellular fluid.?%3234

Base deficit (the negative version of SBE) is not provided
by blood gas machines but is often used in the litera-

ture instead of SBE.®%32

The buffer base (reintroduced in 1983 by Stewart as strong
ion difference?) is the sum of weak acid (buffer) anions
in plasma, including Hb, plasma proteins, phosphate,

Arterial blood gas analyzers use algorithms mostly based

* Blood gas devices provide SBE, base excess of blood (BEg), or both. SBE and BEg can differ substantially.® The National Committee for
Clinical Laboratory Standards recommends using a standard equation for SBE — that is, SBE=HCO;™ act-24.8+16.2x (pH-7.40) — and
not confusing SBE with BEg.** BD denotes base deficit, ctHb total concentration of hemoglobin, Hb hemoglobin, HCO3™ act actual bicar-
bonate, and Pco, partial pressure of carbon dioxide.

the standard base excess is used in this review. gas analyzers use algorithms that differ slightly

To calculate standard base excess,

the com-

according to the manufacturer but are mostly

monly used commercially available arterial blood based on the Van Slyke equation (Table 2).2%
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Acidemia (pH <7.38)

Metabolic acidosis
(SBE <=2 mmol/liter)

Secondary (respiratory) response
APaco,=SBE

Paco, lower than expected: additional
respiratory alkalosis

Paco, higher than expected: additional
respiratory acidosis

AG: [Na*]-[CH-[HCO,]
(reference value is analyzer-specific)

Correct for albumin:
For every 1 g/dl albumin decrease,

Respiratory acidosis
(Paco, >42 mm Hg)

Secondary (metabolic) response
SBE=0+2 mmol/liter: acute respiratory
acidosis
SBE=0.4x (Paco,-40): “chronic”
respiratory acidosis

Additional metabolic acidosis
or alkalosis if SBE is respectively
lower or higher than expected

AG: [Na*]-[CI-[HCO;]
(reference value is analyzer-specific)

Correct for albumin:

increase calculated AG by 2.5 mmol/liter

For every 1 g/dl albumin decrease,
increase calculated AG by 2.5 mmol/liter

Normal-AG metabolic acidosis:
evaluate differential diagnosis

High-AG metabolic acidosis:
evaluate differential diagnosis

AG not increased:
generally, no further evaluation necessary

1 mm Hg=0.133 kPa

Consider mixed acid—base disorders:
compare increase in AG with
decrease in bicarbonate:
AAG-Abicarbonate

Consider toxic alcohols: evaluate
osmolal gap
(measured-calculated osmolality)

1 kPa=7.5006 mm Hg

AG denotes anion gap, the delta symbo

Figure 1. Algorithm for Evaluating Patients with Acidemia.

|«

change in,” Paco, partial pressure of arterial carbon dioxide, and SBE standard base excess.

1422

USE OF BASE EXCESS

To diagnose an acid-base disorder, a three-step
approach is feasible with the base-excess meth-
od. The first step is to evaluate standard base
excess in relation to pH and Pco, (Figs. 1 and 2
and Table 1). For the purposes of this review, the

reference values are 7.40 for pH, 40 mm Hg for
the partial pressure of arterial carbon dioxide
(Paco,), and 0£2 mmol per liter for standard
base excess. These baseline measures may be
different for an individual patient.

The next step is to determine the secondary
response (Figs. 1 and 2 and Table 1).>3!3% The
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Alkalemia (pH >7.42)

Metabolic alkalosis: (SBE >2 mmol/liter)

Respiratory alkalosis: Paco,<38 mm Hg

(pH increased, Paco, increased, SBE increased) (pH increased, Paco, decreased)

Secondary (respiratory) response
APaco,=0.6xSBE

Paco, lower than expected: additional respiratory alkalosis
Paco, higher than expected: additional respiratory acidosis SBE <0.4x (Paco,-40): additional metabolic acidosis

Secondary (metabolic) response
SBE=0+2 mmol/liter: acute respiratory alkalosis
SBE=0.4x (Paco,-40): chronic respiratory alkalosis

SBE >2 mmol/liter: additional metabolic alkalosis

APaco,=value below or above 40 mm Hg

Evaluate metabolic alkalosis

AG corrected for albumin
>15-20 mmol/liter: consider additional
high-AG metabolic acidosis

Most often vomiting, diuretic use, hypo-
kalemia, or increased aldosterone activity.
Rare cases include hypercalcemia,
milk-alkali syndrome, Gitelman’s syndrome
and Bartters’ syndrome

Figure 2. Algorithm for Evaluating Patients with Alkalemia.

four primary acid-base disorders (respiratory
acidosis, respiratory alkalosis, metabolic acidosis,
and metabolic alkalosis) are shown in Table 1.
In the presence of an acid-base disorder that
alters pH, physiological processes occur that
tend to restore pH to normal. These changes are
considered compensatory. For instance, a meta-
bolic acidosis causes immediate hyperventilation,
and a new steady-state Paco, is reached within
hours. When respiratory abnormalities persist,
metabolic compensation occurs slowly, and it
takes 2 to 5 days for the plasma bicarbonate
level or standard base excess to reach a new
steady-state level. A respiratory change is labeled
as “acute” or “chronic” on the basis of whether
a secondary change in standard base excess meets
specific criteria (Table 1 and Figs. 1 and 2).>313
Mixed acid-base disorders are those in which
the secondary response differs from that which
would be expected.> As an example, a patient
with diabetic ketoacidosis and severe vomiting
has a mixed metabolic acidosis and alkalosis.

Respiratory disorders should be differentiat-
ed as acute, chronic, or mixed disorders. The
patient’s history is particularly important in this
respect (e.g., a pregnant woman should have a
chronic respiratory alkalosis), but often a spe-
cific time frame cannot be determined from the
patient’s description. In such cases, we assume
that calculations will help determine the dura-
tion of the respiratory disorder, although these
calculations may not always be correct.?

The third step is to partition (divide up) stan-
dard base excess or evaluate the anion gap, in
order to consider mixed metabolic acid-base
disorders (Figs. 1 and 2 and Table 3).19314-44 The
partitioning approach is illustrated in the case
vignette that accompanies Table 3. An easier
diagnostic approach, which can replace the com-
prehensive partitioning calculations, is to evalu-
ate the anion gap. Mixed acid—base disturbances
occur frequently, and one should therefore al-
ways rule out mixed metabolic acid—base distur-
bances if the anion gap is increased.*3*
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Table 3. Partitioning of SBE.*

SBE Partition Equation Comments

SBE due to free water Free water effect (based on sodium) =

(SBEfw) 0.3 (Na-140)
SBE due to chloride Chloride effect corrected for sodium= Sodium and chloride change in tandem
(SBE¢) 104 - (Clx 140+ Na) according to the water content of

plasma; therefore, an adjustment for
chloride is made when the sodium
content is changed.

SBE due to albumin
(SBEa)

An albumin level of 40 g/liter is used as a
normal level.

Albumin effect (mmol/liter) =
(0.148 x pH-0.818) x (40-albumin in g/liter)

Unmeasured anion effect=
SBE—SBEfw—SBEq - SBE,,

SBE due to unmeasured
anions

* SBE can be partitioned into its four distinct components in order to determine the combined acid-base disorders.!®*%
In the partitioning equations, one assumes that the patient initially had a sodium level of 140 mmol per liter, a chloride
level of 104 mmol per liter, and an albumin level of 40 g per liter. The partitioning approach is illustrated by the follow-
ing case vignette. A 48-year-old man with type 1 diabetes was admitted with vomiting. The plasma sodium level was
144 mmol per liter, and the chloride level was 93 mmol per liter. Arterial blood gas values were as follows: pH, 7.53;
Pacoy, 32 mm Hg; HCO3™, 27 mmol per liter; and SBE, 4.7 mmol per liter. Other plasma values included a glucose
level of 448 mg per deciliter (24.9 mmol per liter) and an albumin level of 30 g per liter. The value for urinary ketones
exceeded 80 mg per deciliter. The anion gap (Na*-Cl"-~HCOj3"), corrected for albumin, was 26.5 mmol per liter. The in-
creased pH and SBE suggest a metabolic alkalosis. However, the high anion gap reveals an additional metabolic acido-
sis, despite a pH above 7.4. In this case, two metabolic disorders coexist: diabetic ketoacidosis and metabolic alkalosis
due to vomiting. Because of the predominant alkalotic component, the pH exceeded 7.4, indicating ketoalkalosis.**

In this patient, the components of SBE are as follows: SBEgy=0.3 x (Na-140) =0.3 x (144-140) =1.2; SBE¢|=104-
(CIx140+Na)=104- (93 x 140+ 144) =13.6; SBE,,=0.296 x (40-albumin in grams per liter) =0.296 x (40-30) =2.96;
SBE due to unmeasured anions=4.7-1.2-13.6-2.96=-13.06 mmol per liter. The large negative value indicates a high
level of anions, suggesting metabolic acidosis in addition to metabolic alkalosis, despite a pH above 7.4 and a positive
SBE. Evaluation of the anion gap can be substituted for these comprehensive calculations. The anion gap corrected for
albumin is 26.5 mmol per liter. If the initial anion gap in the patient was approximately 12 mmol per liter, there was an
increase of 14.5 mmol per liter (which is close to the -13.06 mmol per liter calculated above for SBE due to unmeasured

anions); the increase was most likely due to an increase in the beta-hydroxybutyrate level in diabetic ketoacidosis.

TWO CASE EXAMPLES

Patient 1, a 54-year-old man with cirrhosis of the
liver, was admitted to the hospital for drainage
of ascites. The plasma sodium level was 129
mmol per liter, chloride 101 mmol per liter, and
albumin 3.0 g per deciliter. The arterial blood
pH was 7.44, and the Paco, was 30 mm Hg. The
bicarbonate level was 19.7 mmol per liter, and the
standard base excess was —3.8 mmol per liter,
with a partial pressure of arterial oxygen (Pao,)
of 80 mm Hg.

In this patient, the high pH, the low Paco,
and a standard base excess below —2 mmol per
liter suggest a chronic respiratory alkalosis (Ta-
ble 1). The anion gap corrected for albumin was
10.8 mmol per liter. These results probably indi-
cate a chronic respiratory alkalosis because the
anion gap was normal and an expected standard
base excess of —4 mmol per liter, calculated as
0.4 x (Paco,—40), was close to the measured

standard base excess of —3.8 mmol per liter. The
chronic hyperventilation was probably the effect
of reduced metabolism of progesterone by the
liver, with activated progesterone receptors in
the central nervous system leading to increased
ventilation.*# The hypoxemia may have been
caused by a hepatopulmonary syndrome, espe-
cially if symptoms of positional dyspnea and
hypoxemia occurred when the patient was up-
right and resolved with recumbency (platypnea
and orthodeoxia, respectively).”

Patient 2, an 86-year-old woman, was admitted
with respiratory failure due to a stroke. The pH
was 7.33, the Paco, was 86 mm Hg, and the bi-
carbonate level was 43.3 mmol per liter. The
standard base excess was 16.6 mmol per liter.
The plasma sodium level was 146 mmol per liter,
and the chloride level was 96 mmol per liter.

The low pH, the high Paco,, and a standard
base excess above 2 mmol per liter suggest a
chronic respiratory acidosis (Table 1). One thus
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expects the standard base excess, calculated as
0.4 x (Paco,—40), to be 0.4 x (86—40), or 18.4 mmol
per liter. The patient’s standard base excess of
16.6 mmol per liter is close to this value, but a
lower-than-expected standard base excess may
be the result of an additional metabolic acidosis.

BASE EXCESS IN THE ACUTE CARE
SETTING

Early recognition of hypovolemic shock in pa-
tients with trauma is one of the most challeng-
ing tasks in the acute care setting. During shock,
anaerobic metabolism is reflected by the serum
lactate level. In contrast, the standard base ex-
cess is a calculated value, which is influenced
not only by lactic acidosis but also by other fac-
tors, such as minute ventilation and various
therapies, including the administration of sodi-
um bicarbonate and intravenous fluids.*® The
blood lactate level and standard base excess are
the most commonly used circulating markers of
systemic metabolic acidosis after an injury. There
is still a debate about which measure is more
useful in the acute care setting,”'>** but that
may be less important for patient care, because
blood gas machines often provide both mea-
sures so they can be evaluated concurrently.
There is an abundance of literature on the
value of standard base excess as one of the most
important tools in determining the severity of
illness in the acute care setting.**** One study,
involving more than 16,000 patients, compared
standard base excess with the Advanced Trauma
Life Support (ATLS) hypovolemic-shock classifi-
cation, which combines heart rate, systolic blood
pressure, and score on the Glasgow Coma
Scale.”® Standard base excess was found to be
superior for detecting hypovolemic shock and
stratifying patients in hemorrhagic shock with
respect to the need for early transfusion of blood
products. Moreover, in patients with trauma,
standard base excess predicts the risk of death
significantly better than either vital signs or
shock index.”* The use of standard base excess
also appears to be superior to measurement of
vital signs for rapid physiological assessment of
patients with penetrating trauma.”® These find-
ings suggest that the value for standard base
excess may be an indicator of hypoperfusion and
a potentially unstable condition in patients who

do not have hypotension on admission; further-
more, it may be an independent predictor of the
need for multiple transfusions in patients with
major blunt trauma.>?

In a recent systematic review of trauma stud-
ies that were conducted over a period of 25 years,
a negative value for arterial standard base excess
was consistently associated with clinically im-
portant injuries, major complications, and in-
creased mortality.® The odds ratio for the risk of
death during hospitalization increased by 8 to
14% for each unit decrease in the value for arte-
rial standard base excess. Despite advances in
trauma care over the past 20 years, the arterial
standard base excess remains useful in patients
with trauma.® Furthermore, in such patients, a
standard base excess that is negative or becom-
ing increasingly negative is considered to be pre-
dictive of transfusion requirements,>>>* as well
as of numerous shock-related complications, in-
cluding a prolonged stay in the intensive care
unit, renal failure, the acute respiratory distress
syndrome, multiorgan failure, and acute lung
injury.”>**® In the acute setting, standard base
excess may also be correlated with the risk of
potentially fatal coagulation disturbances in pa-
tients with trauma.”® Measurement of standard
base excess in patients with multiple sources of
trauma has become common practice in emer-
gency rooms, since many trauma specialists see
it as predictive and crucial for guiding resuscita-
tion efforts.® In patients with burns, standard
base excess may be useful both prognostically
and in determining the end point of resuscita-
tion efforts.””®! Key to the use of standard base
excess is an assessment of the metabolic compo-
nent of acid-base abnormalities through the
estimation of the level of metabolic acidosis. A
negative value below —6 mmol per liter indicates
severe metabolic acidosis.**"%*

Unfortunately, the studies of standard base
excess in patients with trauma have several
limitations. First, randomized, controlled trials
have not been performed; thus, evidence is avail-
able solely from observational studies.® Second,
most studies have had a substantial selection
bias; for example, arterial standard base excess
was often measured in less than 30% of pa-
tients.>®3% In addition, standard base excess
values are influenced by hyperchloremic acidosis
after the administration of isotonic saline, as
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well as by renal failure, diabetic ketoacidosis,
and prolonged carbon dioxide retention.>* In pa-
tients who have undergone fluid resuscitation
in an ambulance and in those with preexisting
renal failure, chronic respiratory disorders, or
mixed acid—base disturbances, standard base
excess values are easy to misinterpret. As an ex-
ample, a patient with chronic respiratory acido-
sis will have a standard base excess of 4 mmol
per liter when the Paco, has been increased by
10 mm Hg for a few days. If shock and addi-
tional metabolic acidosis develop, the standard
base excess may become about 0 mmol per liter,
suggesting the absence of a metabolic acid—base
problem. In such cases, an increased anion gap
may direct the clinician to diagnose a high-
anion-gap metabolic acidosis in combination
with the respiratory acidosis. Therefore, if the
acid-base disorder is carefully evaluated in in-
dividual cases, studies regarding standard base
excess and trauma may be helpful in guiding
clinical decision making.

The use of standard base excess has also been
studied extensively in neonates and children,
including neonates with asphyxia-related enceph-
alopathy® and children with trauma.*°%% Addi-
tional remarks about standard base excess in the
pediatric setting are beyond the scope of this
review.

In summary, standard base excess continues
to be among the most commonly used markers
in critical care units, both to diagnose meta-
bolic acidosis and to guide resuscitation or
therapy.”’ In trauma care, standard base excess
is rapidly obtainable, has been well studied, and
seems to be superior to vital signs or pH as a
resuscitation end point; however, any single
acid-base value alone cannot be used as an end
point. With the increased availability of blood
gas analysis in point-of-care settings, standard
base excess can be assessed simply and within

minutes after a patient has been admitted to the
emergency department.’>>' Measurement of stan-
dard base excess usually requires arterial blood,
which may be difficult to obtain in the acute
care setting. Venous blood can be obtained more
easily and more rapidly, and values for venous
standard base excess generally correlate well
with arterial values.!*% The reason for this close
correlation is that the arterial bicarbonate level
is only slightly lower than the venous bicarbon-
ate level and the difference between arterial and
venous pH is too small to cause substantial
changes in standard base excess.

CONCLUSIONS

The standard base excess is a useful construct
for evaluating acid-base disorders. Standard base
excess is readily available from most blood gas
printouts, and the four calculations of Paco, and
standard base excess that are used to evaluate
the secondary response in acid—base disorders
are easier to remember and perform than the
calculations in the physiological method. The
usefulness of the standard base excess method
in acid-base evaluation is improved when com-
bined with the anion gap. Standard base excess
may have a role in the initial assessment of and
prognosis for acutely ill patients. The terminol-
ogy surrounding base excess may be confusing,
but with some background knowledge, the con-
cept is easy to apply in clinical practice. Clini-
cians should remember that standard base ex-
cess calculations are accurate, but manufacturers
of blood gas devices should standardize the
standard base excess equation and use only the
standard base excess calculation recommended
by the National Committee for Clinical Labora-
tory Standards.>

Disclosure forms provided by the author are available with the
full text of this article at NEJM.org.
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