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Methods for the measurement of hemoglobin (Hb) 

were first developed well over a century ago, so that 

hemoglobin was among the first diagnostic blood tests 

available to clinicians during the first decades of the 20th 

century when laboratory medicine was in its infancy. 

Today it is the most frequently requested blood test and 

is performed not only in the hospital laboratory but in a 

variety of healthcare settings, by a range of healthcare 

personnel, using technology of diverse sophistication. 

In an intensive care and emergency room setting, for 

example, hemoglobin is measured by nursing staff using 

technology incorporated into blood gas analyzers. 

The focus of this article is methods currently used to 

measure the blood concentration of hemoglobin (ctHb) 

both in the laboratory and beyond, but it begins with 

a brief consideration of the structure and function of 

hemoglobin and the clinical utility of ctHb measurement.

Normal cell function depends on a continuous supply of 

oxygen. As oxygen is consumed during cell metabolism, 

carbon dioxide is produced. 

A principle function of blood is the delivery of oxygen 

(O2), present in inspired air, from the lungs to every 

cell in the body and delivery of carbon dioxide (CO2) 

from cells to the lungs, for elimination from the body 

in expired air. 

These vital gas transport functions are dependent on 

the protein hemoglobin contained in erythrocytes (red 

blood cells). Each of the 5 × 1010 erythrocytes normally 

present in 1 mL of blood contains around 280 million 

hemoglobin molecules.
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1. Hemoglobin structure and function

The hemoglobin (Hb) molecule is roughly spherical and 

comprises two pairs of dissimilar subunits (Figure 1). 

Each of the subunits is a folded polypeptide chain 

(the globin portion) with a heme group (derived from 

porphyrin) attached. 

At the center of each heme group is a single atom of iron in 

the ferrous (Fe2+) state. Thus heme is a metallo-porphyrin, 

incidentally responsible for the red color of blood.

The oxygen-binding site of Hb is the heme pocket present 

in each of the four polypeptide chains; a single atom of 

oxygen forms a reversible bond with the ferrous iron 

at each of these sites, so a molecule of Hb binds four 

oxygen molecules; the product is oxyhemoglobin (O2Hb). 

The oxygen delivery function of Hb, that is its ability 

to “pick up” oxygen at the lungs and “release” it to 

tissue cells is made possible by minute conformational 

changes in quaternary structure that occur in the 

hemoglobin molecule and which alter the affinity of 

the heme pocket for oxygen. Hb has two quaternary 

structural states: the deoxy state (low oxygen affinity) 

and the oxy state (high oxygen affinity). 

A range of environmental factors determine the quaternary 

state of Hb and therefore its relative oxygen affinity. The 

microenvironment in the lungs favors the oxy-quaternary 

state, and thus Hb has high affinity for oxygen here. 

By contrast, the microenvironment of the tissues 

induces the conformational change in Hb structure that 

reduces its affinity for oxygen, thus allowing oxygen to 

be released to tissue cells. 

1.1. Hemoglobin and carbon dioxide 
elimination

A small amount (up to 20 %) of CO2 is transported 

from the tissues to the lungs loosely bound to the 

N-terminal amino acid of the four globin polypeptide 

units of hemoglobin; the product of this combination 

is carbaminohemoglobin. However, most CO2 is 

transported as bicarbonate in blood plasma. 

The erythrocyte conversion of CO2 to bicarbonate, 

necessary for this mode of CO2 transport, results in the 

production of hydrogen ions (H+). These hydrogen ions 

are buffered by deoxygenated hemoglobin.

The role of hemoglobin in transport of oxygen and 

carbon dioxide is summarized in Figures 2a and 2b.

In capillary blood flowing through the tissues oxygen is 

released from hemoglobin and passes into tissue cells. 

Carbon dioxide diffuses out of tissue cells into erythrocytes, 

where the red-cell enzyme carbonic anhydrase enables its 

reaction with water to form carbonic acid. 

The carbonic acid dissociates to bicarbonate (which 

passes into the blood plasma) and hydrogen ions, which 

combine with the now deoxygenated hemoglobin. The 

blood flows to the lungs, and in the capillaries of the lung 

alveoli the above pathways are reversed. Bicarbonate 

enters erythrocytes and here combine with hydrogen 

ions, released from hemoglobin, to form carbonic acid. 

This dissociates to carbon dioxide and water. The 

carbon dioxide diffuses from the blood into the alveoli 

of the lungs and is eliminated in expired air. Meanwhile, 

oxygen diffuses from the alveoli to capillary blood and 

combines with hemoglobin. 
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FIGURE 1: Schematic of oxygenated hemoglobin (HbA) structure
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1.2. Hemoglobin that cannot bind oxygen

Although normally present in only trace amounts, there 

are three species of hemoglobin: methemoglobin (MetHb 

or Hi), sulfhemoglobin (SHb) and carboxyhemoglobin 

(COHb) which cannot bind oxygen. 

They are thus functionally deficient, and increased 

amounts of any of these hemoglobin species, usually 

the result of exposure to specific drugs or environmental 

toxins, can seriously compromise oxygen delivery.

A comprehensive account of hemoglobin structure and 

function is provided in reference [1].

ctHb, the total hemoglobin concentration is typically 

defined as the sum of oxygenated hemoglobin, 

deoxygenated hemoglobin, carboxyhemoglobin and 

methemoglobin.
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2. Clinical utility of ctHb measurement

2.1. Anemia

The principle reason for measuring ctHb is detection of 

anemia and assessment of its severity. 

Anemia can be defined as a reduction in the oxygen-

carrying capacity of blood due to a reduction in 

erythrocyte numbers and/or a reduction in ctHb, so that 

anemia is established if ctHb is below the lower limit 

of reference (normal) range [2] (Table I). The lower the 

ctHb, the more severe is the anemia.

Anemia is not a disease entity, rather a consequence or 

sign of disease. The reason why ctHb is such a frequently 

requested blood test is that anemia is a feature of a 

range of pathologies, many of which are relatively 

common (Table II). 

Common symptoms, most of which are non-specific, 

include: pallor, tiredness and lethargy, shortness of 

breath – particularly on exertion, dizziness and fainting, 

headaches, constipation and increased pulse rate, 

palpitations, tachycardia.

The absence of these symptoms does not preclude anemia; 

many mildly anemic individuals remain asymptomatic, 

particularly if anemia has developed slowly. 

2.2. Polycythemia

Whilst anemia is characterized by reduced ctHb, a raised 

ctHb indicates polycythemia. Polycythemia arises as a 

response to any physiological or pathological condition 

in which blood contains less oxygen than normal 

(hypoxemia). 

The body’s response to hypoxemia includes increased 

erythrocyte production to increase oxygen delivery, and 

as a consequence ctHb is raised. This so-called secondary 

polycythemia is part of the physiological adaptation to 

high altitude and may be a feature of chronic lung disease.

Primary polycythemia is a much less common malignancy 

of the bone marrow called polycythemia vera, which is 

characterized by uncontrolled production of all blood cells, 

including erythrocytes. Polycythemia, whether secondary 

or primary, is generally much less common than anemia.

3. Measurement of ctHb

3.1. Historical perspective

The first clinical test of Hb measurement devised more 

than a century ago [3] involved adding drops of distilled 

water to a measured volume of blood until its color 

matched that of an artificial colored standard. 

A later modification [4] involved first saturating 
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Blood concentration hemoglobin (ctHb g/L)

Adult Male                                              13.5 - 17.5

Adult Female                                          11.5 - 15.5

Child (1 year to puberty)                         11.0 - 13.5

Baby (3 month)                                         9.5 - 12.5

Newborn                                                15.0 - 21.0

TABLE I: ctHb reference ranges (Ref 2)

Blood Loss (Acute) e.g. trauma or surgery

Blood Loss (Chronic) e.g. gastrointestinal bleed, increased menstrual flow

Nutritional deficiencies of Iron, Vitamin B12, folate

Cancer (all solid malignant tumours - irrespective of site)

Chronic inflammatory disease e.g. rheumatoid arthritis, Crohn’s disease

Chronic infection e.g. tuberculosis HIV

Haematological malignancy e.g. leukaemias 

Endocrine disease (e.g. hypothyroidism) 

Inherited defects in hemoglobin structure e.g. sickle cell anemia

Inherited defects in erythrocyte structure or function e.g. glucose 6P dehydrogenase deficiency

TABLE II: Some of the clinical conditions associated with anemia
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blood with coal gas (carbon monoxide) to convert 

hemoglobin to the more stable carboxyhemoglobin. 

Modern hemoglobinometry dates from the 1950s, 

following development of spectrophotometry and the 

hemiglobincyanide (cynamethemoglobin) method. 

Adaptation of this method and others for use in 

automated hematology analyzers followed. Over 

the past two decades advances have focused on 

development of methods which allow point-of-care 

testing (POCT) of hemoglobin. 

This section deals first with consideration of some of the 

methods currently used in the laboratory and then with 

those POCT methods used outside the laboratory. 

3.2. Hemiglobincyanide - a 
spectrophotometric method

Nearly 40 years after it was first adopted as the reference 

method for measuring hemoglobin by the International 

Committee for Standardization in Hematology (ICSH) 

[5], the hemiglobincyanide (HiCN) test remains the 

recommended method of the ICSH [6] against which all 

new ctHb methods are judged and standardized. 

The detailed consideration that follows reflects its 

continued significance both as a reference and routine 

laboratory method. 

3.2.1. Test principle

Blood is diluted in a solution containing potassium 

ferricyanide and potassium cyanide. Potassium 

ferricyanide oxidizes the iron in heme to the ferric 

state to form methemoglobin, which is converted to 

hemiglobincyanide (HiCN) by potassium cyanide. 

HiCN is a stable colored product, which in solution 

has an absorbance maximum at 540 nm and strictly 

obeys Beer-Lambert’s law. Absorbance of the diluted 

sample at 540 nm is compared with absorbance at 

the same wavelength of a standard HiCN solution 

whose equivalent hemoglobin concentration is 

known.  Most hemoglobin derivatives (oxyhemoglobin, 

methemoglobin and carboxyhemoglobin, but not 

sulfhemoglobin) are converted to HiCN and therefore 

measured by this method.    

3.2.1.1. Reagent diluent (modified Drabkin 
solution) [7]

Potassium ferricyanide (K3Fe(CN)6)	                200 mg

Potassium cyanide (KCN)	                                 50 mg

Dihydrogen potassium phosphate (KH2 PO4)	  140 mg

Non-ionic detergent (e.g. Triton X-100)	      1 mL

Above diluted to 1000 mL in distilled water	

3.2.1.2. Manual method

25 µl of blood is added to 5.0 mL reagent, mixed and 

left for 3 minutes. Absorbance is read at 540 nm against 

a reagent blank. The absorbance of HiCN standard is 

measured in the same way. 

3.2.1.3. ICSH HiCN standard

The major advantage of this method is that there is a 

standard HiCN solution manufactured and assigned a 

concentration value according to very precise criteria 

laid down and reviewed periodically by the International 

Council for Standardization in Hematology (ICSH) [6]. 

This international standard solution is the primary 

calibrant for the commercial standard solutions used 

in clinical laboratories around the world. Thus all those 

using HiCN standardization are effectively using the 

same standard, whose value has been scrupulously 

validated.

3.2.1.4. Interference

Turbidity due to proteins, lipids and cellular matter is a 

potential problem with spectrophotometric estimation 

of any blood constituent, including hemoglobin. 

The large dilution (1:251) of sample largely eliminates 

the problem, but falsely raised ctHb results can occur 

in patients whose plasma protein concentration is 

particularly high [8, 9, 10]. 
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Heavily lipemic samples and those containing very high 

numbers of white cells (leucocytes) can also artefactually 

raise ctHb by a similar mechanism [11].

3.2.1.5. Advantages of HiCN

•	 International standard – accurate

•	 Easily adapted to automated hematology analyzers; 

thus reproducible (low SD and CV – within batch 

CV typically < 0.5 %)

•	 Well established and thoroughly investigated – 

ICSH recommended

•	 Inexpensive reagent

3.2.1.6. Disadvantages of HiCN

•	 Manual method requires accurate pipetting and 

spectrophotometer

•	 Reagent (cyanide) hazardous

•	 The above limit its use outside the laboratory

•	 Subject to interference from raised lipids, plasma 

proteins and leucocyte numbers

•	 Does not distinguish those hemoglobin derivatives 

which have no oxygen-carrying capacity (MetHb, 

COHb, SHb). Thus may overestimate the oxygen-

carrying capacity of blood if these are present in 

abnormal (more than trace) amounts.

3.3. Alternative (cyanide-free) laboratory 
methods

3.3.1. Sodium Lauryl Sulphate method

Sodium Lauryl Sulphate (SLS) is a surfactant which both 

lyses erythrocytes and rapidly forms a complex with the 

released hemoglobin. The product SLS-MetHb is stable 

for a few hours and has a characteristic spectrum with 

maximum absorbance at 539 nm [12]. 

The complex obeys Beer-Lambert’s law so there is 

precise linear correlation between Hb concentration and 

absorbance of SLS-MetHb.

The method simply involves mixing 25 µL of blood with 

5.0 mL of a 2.08-mmol/L solution of SLS (buffered to 

pH of 7.2), and reading absorbance at 539 nm. The 

results of ctHb by the SLS-Hb method have been shown 

to correlate very closely (r = 0.998) with the reference 

HiCN method [13]. 

The method has been adapted for automated 

hematology analyzers and is as reliable in terms of both 

accuracy and precision as automated HiCN methods 

[13, 14, 15]. A major advantage is that the reagent is 

non-toxic. It is also less prone to interference by lipemia 

and increased concentration of leukocytes [13]. 

The long-term instability of SDS-MetHb precludes its 

use as a standard so the method must be calibrated 

with blood whose ctHb has been determined using the 

reference HiCN method.

3.3.2. Azide-methemoglobin method

This method is based on conversion of hemoglobin to a 

stable colored product azide-methemoglobin which has an 

almost identical absorbance spectrum to that of HiCN [16]. 

The reagent used in this method is very similar to that 

used in the HiCN reference method with substitution 

of sodium azide for the more toxic potassium cyanide. 

As in the HiCN method, hemoglobin is converted to 

methemoglobin by potassium ferricyanide; azide then 

forms a complex with methemoglobin.

ctHb results by this method are comparable to results 

obtained by reference HiCN method; this is an acceptable 

alternative manual method. The explosive potential of 

sodium azide, however, prevents its use on automated 

hematology analyzers [17]. The azide-MetHb reaction 

has been adapted for POCT hemoglobinometers.

3.4. Measuring ctHb outside the laboratory

The POCT methods considered here are:

•	 Portable hemoglobinometers

•	 CO-oximetry – a method utilized in POCT blood gas 

analyzers

•	 WHO color scale
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3.4.1. Portable hemoglobinometers

Portable hemoglobinometers like the HemoCue-B 

allow accurate determination of hemoglobin at the 

bedside. They are essentially photometers which allow 

measurement of color intensity of solutions. 

The disposable microcuvette in which these measurements 

are made also acts as reaction vessel. The reagents 

necessary for both release of Hb from erythrocytes and 

conversion of Hb to a stable colored product are present 

in dried form on the walls of the cuvette. 

All that is required is introduction of a small sample 

(typically 10 µL) of capillary, venous or arterial blood to 

the microcuvette and insertion of the microcuvette into 

the instrument. 

The instrument is factory precalibrated using HiCN 

standard, and absorbance of the test solution is 

automatically converted to ctHb. Result is displayed in 

less than a minute.

3.4.1.1. Advantages of modern 
hemoglobinometers include

•	 Portability

•	 Battery or mains operated, can be used anywhere

•	 Small sample volume (10 µL) obtained by finger 

prick

•	 Fast (result in 60 seconds)

•	 Ease of use – no pipetting

•	 Minimal training required by non-laboratory staff

•	 Standardized against HiCN – results comparable to 

those obtained in laboratory

•	 Correction for turbidity. In this respect portable 

hemoglobinometers superior to most ctHb 

methods [18].  

This technology has been extensively evaluated in 

a range of settings and most studies [18-24] have 

confirmed acceptable accuracy and precision when 

compared with laboratory methods.

3.4.1.2. Disadvantages

Some studies [23, 25], however, have raised concern 

that in the hands of non-laboratory staff results may 

be less satisfactory. Despite the simplicity of operation 

these instruments are not immune from operator error, 

and effective training is essential. 

There is evidence to suggest that results derived from 

capillary (finger prick) samples are less precise than 

those derived from well-mixed capillary or venous 

samples collected into EDTA bottles [25].

3.4.2. CO-oximetry

A CO-oximeter is a specialized spectrophotometer, the 

name reflecting the original application, which was to 

measure COHb and MetHb. 

Many modern blood gas analyzers have an incorporated 

CO-oximeter, allowing the simultaneous estimation of 

ctHb during blood gas analysis.

The measurement of ctHb by CO-oximetry is based 

on the fact that hemoglobin and all its derivatives 

are colored proteins which absorb light at specific 

wavelengths and thus have a characteristic absorbance 

spectrum (Figure 3). 

Beer-Lambert’s law dictates that absorbance of a single 

compound is proportional to the concentration of that 

compound. If the spectral characteristic of each absorbing 

substance in a solution is known, absorbance readings 

of the solution at multiple wavelengths can be used to 

calculate the concentration of each absorbing substance.
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In the CO-oximeter absorbance measurements of a 

hemolyzed blood sample at multiple wavelengths across 

the range that hemoglobin species absorb light (520-

620 nm) are used by the installed software to calculate 

the concentration of each of the hemoglobin derivatives 

(HHb, O2Hb, MetHb and COHb). ctHb is the calculated 

sum of these derivatives.

All that is required from the operator is injection of a 

well-mixed arterial blood sample into the blood gas 

analyzer/CO-oximeter. 

The sample, or a portion of it, is automatically pumped 

to the measuring cuvette of the CO-oximeter, where – 

by either chemical or physical action – erythrocytes are 

lysed to release hemoglobin, which is spectroscopically 

scanned as described above. 

Results are displayed along with blood gas results within 

a minute or two.

Several studies [26, 27, 28] have confirmed that ctHb 

results obtained by CO-oximetry are not clinically 

significantly different from those derived from 

reference laboratory methods. CO-oximetry provides 

an acceptable means of urgent estimation of ctHb in a 

critical care setting.

3.4.2.1. The particular advantages of ctHb 
by CO-oximetry include

•	 Speed of analysis

•	 Ease of analysis

•	 Small sample volume

•	 No capital or consumable cost beyond that required 

for blood gas analysis

•	 Additional parameters (MetHb, COHb, O2Hb) 

measured

•	 Not affected by high white-cell count [29]

3.4.3. WHO hemoglobin color scale (HCS)

Developed for the World Health Organization (WHO), 

this low-technology test has limited application in 

developed countries but has huge significance for the 

economically deprived countries of the developing 

world, where anemia is most prevalent. 

In areas where there are no laboratory facilities and 

insufficient resources to fund more sophisticated POCT 

hemoglobinometers, it is virtually the only means of 

determining ctHb.

The HCS test is based on the simple principle that the 

color of blood is a function of ctHb. A drop of blood 

is absorbed onto paper and its color compared with 

a chart of six shades of red, each shade representing 

an equivalent ctHb: the lightest 40 g/L and the darkest 

140 g/L. Although in principle very simple, considerable 

research and technology was used in development to 

ensure maximum possible accuracy and precision [30]. 

For example, extensive trials of different papers informed 

the final choice of paper for the test strip matrix, and 

spectrophotometric analysis of blood and dye mixtures 

were employed to arrive at the closest possible match 

between chart color and the color of blood at each 

reference ctHb.

3.4.3.1. Advantages of the HCS test

•	 Is easy to use – requires only 30 minutes training

•	 Requires no equipment or power

•	 Is fast – result within 1 minute

•	 Requires only a finger prick (capillary) sample

•	 Is very cheap (around USD 0.12 per test)

3.4.3.2. Disadvantages of the HCS test

Reliable results depend on strict adherence to test 

instructions [31].

Common errors include:

•	 Inadequate or excessive blood on the test strip

•	 Reading result too late (beyond 2 minutes) or too 

soon (less than 30 seconds)

•	 Reading the result under poor lighting conditions 

The HSC test clearly has inherent limitations [32]. At best 
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it can determine that the ctHb of a patient sample lies 

within one of six concentration ranges: 30-50 g/L, 50-

70 g/L, 70-90 g/L, 90-110 g/L, 110-130 g/L or 130-150 

g/L. Still this is theoretically sufficient to identify all but 

the most mildly anemic patients and give an indication 

of severity.

An early study [30] demonstrated the test’s ability to 

identify anemia (defined as ctHb < 120 g/L) in 1213 

samples with a sensitivity of 91 % and specificity of 

86 %. Subsequent trials [31, 33] have confirmed that 

it is an acceptable clinical tool to screen for anemia 

in the absence of more sophisticated technology and 

is significantly more sensitive and more specific than 

clinical examination.

4. Summary

ctHb is one of two parameters routinely used to assess 

the oxygen-carrying capacity of blood and thereby 

establish a diagnosis of anemia and polycythemia. 

The alternative test, called the hematocrit (Hct) or 

Packed Cell Volume (PCV), was the subject of a previous 

companion article, where the relationship between ctHb 

and Hct was discussed [34]. The focus of this article has 

been measurement of ctHb. 

Numerous methods have been devised, the majority based 

on measuring the color of hemoglobin or a derivative 

of hemoglobin. For this short review it has inevitably 

been necessary to be selective. The methods chosen for 

discussion are among the most commonly used today. 

In making the selection an attempt has been made to 

convey the range of technologies that are currently 

employed and how these are applied to satisfy the 

clinical demand for ctHb in settings that range from 

impoverished areas of the developing world, where 

medical care barely has a foothold, to the high-tech 

world of the modern intensive care unit.
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