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The (r)evolution of ESR: 
Photometric rheology
By Richa Bedi, PhD, MHA, MS, MLT(ASCP); Carrie V. Vause, MS; Jane M. Caldwell, PhD

Patients suspected of having an 
acute or chronic inflammatory 
condition are often tested for 

inflammatory markers.1 Erythrocyte 
sedimentation rate (ESR), frequently 
referred to as a “sickness indicator,” is 
an established, widely used test and can 
be used as a general marker of inflam-
mation2 both in acute diagnosis and 
monitoring of treatment and severity 
of chronic conditions.3 Measurement 
of erythrocyte sedimentation provides 
clinically valuable information about 
a patient’s condition not provided by 
C-reactive protein (CRP) alone. CRP is 
typically associated more with acute 
inflammation and less with cancer and 
chronic or diffused inflammatory con-
ditions. While ESR should not be used 
alone to diagnose a medical condition, 
it can help determine severity of an 
established condition or as a measure 
to lead to a diagnosis in combination 
with other tests or procedures. ESR is 
commonly performed when there is a 

suspicion of any number of inflamma-
tory conditions — including subclinical, 
acute, and chronic conditions — and 
can be elevated in systemic infections, 
orthopedic infections, bronchiolitis, 
giant cell arteritis, kidney, coronary, 
and autoimmune diseases, vasculitis, 
and certain cancers, among other con-
ditions (see Table 1).2-4

Traditional ESR methods 
and limitations
Erythrocyte sedimentation was origi-
nally observed by Polish physician Dr. 
Edmund Faustyn Biernacki in 1897 and 
further studied by Swedish hematolo-
gists and internists Dr. Robert Fahraeus 
and Dr. Alf Vilhelm Albertsson Wester-
gren in the early 1900s.2,5 The presence 
of acute-phase plasma proteins causes 
an increase in RBC aggregation, and 
increased RBC aggregation is propor-
tional to increased RBC sedimentation 
(see Figure 1). Historically, ESR has been 
measured with the standard Westergren 

test developed by Dr. Westergren in 
1921. This technique relies on placing 
diluted blood in a narrow, vertical 
tube and measuring the gravitational 

Be
tk

a8
2 

/ i
St

oc
k 

/ G
et

ty
 Im

ag
es

 P
lu

s 
/ G

et
ty

 Im
ag

es

Tabe 1: Conditions Causing 
ESR Variability

Anemia Polymyalgia 
rheumatica

Coronary artery 
disease

Pregnancy

Diabetes Red blood cell 
abnormalities

Infections (including 
bone and joint)

Rheumatoid 
arthritis

Inflammation Systemic vasculitis

Kidney disease Thyroid disease

Low serum albumen Tissue damage

Lupus Waldenstrom 
macroglobulinemia

Lymphoma, myeloma 
and other cancers

Additional plasma 
protein factors
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sedimentation of RBCs over 60 minutes. 
Although the term sedimentation rate 
is used, RBCs do not fall at a constant 
rate; sedimentation occurs in three 
phases (Figure 1). The Westergren test 
has a 60-minute incubation to allow for 
full sample sedimentation and thus is 
subject to many environmental and op-
erational variables, including ambient 
temperature fluctuations, tube angle (± 
3°), operator technique, and interference 
from bench vibration, among others. The 
sample age and transport conditions 
prior to testing are important; CLSI and 
ICSH guidelines specify that Westergren 
ESR samples should be tested within 4 
hours if stored at room temperature or 
24 hours if refrigerated.6,7 A relatively 
short four-hour window of sample sta-
bility can be challenging for a routine 
lab test, especially when collection sites 
are widely dispersed. The Westergren 
method also requires significant hands-
on time, exposes laboratory personnel 
to biohazards, and generates consider-
able disposable waste. Even modified 
Westergren methods that utilize au-
tomation to shorten testing time often 
retain these limitations.

Newer techniques 
and advantages
As clinical laboratory staffing challenges 
persist, it can be difficult to devote 
hands-on time to manual Westergren 
tests. In response, photometric rheology 
has emerged as an alternative method of 
ESR to improve efficiency by minimizing 
operator intervention, reducing turn-
around time, extending sample stability, 
and removing subjectivity associated 
with Westergren. It is faster because it 
does not measure the final amount of 
sedimented RBCs but measures rou-
leaux formation — which represents the 
preliminary aggregation of RBCs in the 
earliest stage of sedimentation. Photo-
metric rheology offers a direct measure-
ment of initial RBC aggregation in the 
lag phase of sedimentation thus is less 
affected by variables such as sample age, 
hematocrit, vibration, or room tempera-
ture. By utilizing micro-flow cell tech-
nology, modern photometric rheology 
analyzers maintain a highly controlled 
testing environment while maintaining 
temperature at 37°C, reducing variabil-
ity from outside sources. The extended 
sample stability that is afforded by 
photometric rheology has a multitude 
of practical benefits — including greater 
flexibility in sample transport logistics 
and reduced redraws — and ultimately 
helps ensure result reliability. 

The science behind 
photometric rheology
Photometric rheology utilizes a measure 
of light transmission to directly detect 
rouleaux formation, which occurs during 
the earliest stage of the sedimentation 
process and ultimately determines the 
amount of RBC sedimentation. Within 
photometric rheology–based ESR ana-
lyzers, a whole blood sample is mixed, 
then 100 μl of sample is aspirated and 
pumped into a flow cell that disaggre-
gates the RBCs. When the pump stops, 
light transmission through the sample 
is monitored as the RBCs begin to re-
aggregate (see Figure 2). Initially, light 
transmission through the disaggregated 
sample is low due to impact of the 
surface area of many individual RBCs 
blocking light. As RBCs begin to re-ag-
gregate in the rouleaux formation (akin 
to a “stack of coins”), the overall surface 
area of the RBCs is reduced, and there-
fore more light is transmitted through 
the sample. Rouleaux formation begins 
within seconds of the pump stopping, 
and photometric rheology ESR analyzers 
can provide results in 15–20 seconds after 
sample mixing. In the context of inflam-
mation, increased rouleaux formation 
due to plasma fibrinogen and globulins 
will cause increases in light transmission 

that reflect changes in these acute-phase 
proteins associated with many inflam-
matory conditions. Photometric rheol-
ogy ESR analyzers generate results in 
units of mm/hr and are correlated to the 
Westergren method.

Real-world stability: Evolving 
technology for the changing lab
Most clinical laboratories in the United 
States face critical staffing and funding 
shortages, particularly in the hematol-
ogy department. Approximately 12,000 
new graduates are needed yearly to 
meet demand, but only about 5,000 
individuals complete their training 
programs.8 On top of this, only 12% of 
medical technologists plan on staying in 
laboratory medicine long term.9 There 
is 15% turnover of medical technolo-
gists, one of the highest turnover rates 
of all hospital employees.10 Within this 
group, there is already a vacancy rate 
for hematology laboratory staff of 16.6% 
with another 16.7% planning to retire in 
the next 5 years.11 Many labs are turning 
to relatively untrained new hires to fill 
staffing gaps. With staffing shortages 
at an all-time high, reduced hands-on 
times, quicker assay turnaround times, 
and shorter training requirements are 
paramount to laboratory efficiencies. By 

Figure 1. A) Three phases of red blood cell sedimentation. B) Shift in sigmoid ESR curve to the 
left in the presence of inflammatory proteins, increasing the rate of sedimentation.

Figure 2. RBCs in a photometric rheology analyzer flow cell. A) Disaggregated RBCs. B) 
Aggregated RBCs.

A) B)

A) Phases of red blood cell sedimentation B) ESR in Inflammatory Conditions
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2017, 72% of labs had adopted modified or alternative ESR 
methods.7 Modified ESR, while having a shorter turn-around-
time, still has many of the same environmental limitations 
as the Westergren method. Almost 1 in 3 testing facilities 
still rely on traditional techniques prone to environmental 
variability and limited sample stability. In 2025, there are 
a variety of automated ESR analyzers on the market that 
utilize photometric rheology, modified Westergren, and other 
alternate ESR methods (see Table 2).

The use of photometric rheology offers a compelling and 
easily adoptable solution to the required hands-on time and 
limited stability of Westergren and modified Westergren 
assays. These assays are correlated to the standard Westergren 
reference method but are engineered to improve labora-
tory efficiency by reducing hands-on time to seconds and 
turnaround time to minutes. Photometric rheology ESR 
analyzers are fully automated and less reliant on a techni-
cian’s skill and experience in performing the test. Therefore, 
there is less variability between users and shorter training 
times needed to successfully run the assay. The user-friendly 
automated workflow results in best-in-class precision and 
reproducibility between different operators and different 
labs. Longer sample stability — up to 28 hours at room 

temperature and 48 hours refrigerated — exceeds traditional 
recommendations for Westergren and modified Westergren 
assays. As lab testing becomes more consolidated and vacancy 
rates increase, greater flexibility in transport logistics and 
testing start times help maintain result quality. Addition-
ally, photometric rheology ESR analyzers help reduce waste 
and lower risk of biohazard exposure. They utilize easily 
available capped EDTA tubes and not per-test disposables 
specific to older ESR test methods. Photometric rheology 
analyzers do not require any special sample preparation or 
uncapping of sample tubes; in addition, the no hands-on 
transfers of biological fluids help users avoid unnecessary 
biohazard exposure. These features of photometric rheology 
ESR analyzers can reduce manual workload and accelerate 
result delivery thereby addressing key pain points in today’s 
strained laboratory environments.

Conclusion
ESR tests are one of the most common routine lab tests, yet 
they still face considerable limitations. Photometric rheology 
represents a significant advancement in ESR testing. By mini-
mizing environmental interference, reducing hands-on time 
and turnaround time, reducing user exposure to biological 

Table 2. Selection of automated ESR analyzers available in the U.S.

Instrument Manufacturer Technology Footprint 
(inches)

Test Throughput Run Time Sample 
Volume

Tube 
Type

Sample 
Stability

iSED PRO ALCOR 
Scientific

Photometric 
Rheology

20 x 22 
x 27

191 tests/hour (12 
hematology racks 
/120 samples 
capacity)

< 20 seconds 500 μl (100 
μl aspirated)

EDTA RT: 28 hours 
4-8°C: 48 hours

iSED ELITE ALCOR 
Scientific

Photometric 
Rheology

14.17 x 
10.63 x 
13.78

180 tests/hour (20 
sample capacity)

< 20 seconds 500 μl (100 
μl aspirated)

EDTA RT: 28 hours 
4-8°C: 48 hours

miniiSED ALCOR 
Scientific

Photometric 
Rheology

9.5 x 7.1  
x 10.4

180 tests/hour (1 
sample capacity)

15 seconds 500 μl (100 
μl aspirated)

EDTA RT: 28 hours 
4-8°C: 48 hours

CUBE 30 
Touch

Diesse 
(distributed by 
Streck)

Modified 
Westergren

12 x 17 
x 27

90 tests/hour (30 
sample capacity)

20 minutes 1.5-4.0 mL EDTA RT: 4 hours 
4-8°C: 24 hours

MINI-CUBE Diesse 
(distributed by 
Streck)

Modified 
Westergren

7.5 x 5.3 
x 5

12 tests/hour (4 
sample capacity)

20 minutes 2.0-4.0 mL 
mL

EDTA RT: 4 hours 
4-8°C: 24 hours

Excyte 20 ELITech Group Modified 
Westergren

7 7/8 x 13  
x 12.25

80 tests/hour (20 
sample capacity)

15-30 
minutes

1 mL Excyte 
ESR tubes

RT: 4 hours 
4-8°C: 24 hours

Excyte Mini ELITech Group Modified 
Westergren

6 in x 8 in 
x 4

40 tests/hour (10 
sample capacity)

15-30 
minutes

1 mL Excyte 
ESR tubes

RT: 4 hours 
4-8°C: 24 hours

Starrsed 
NSTA

RR 
Mechatronics

Modified 
Westergren

13 x 18 
x 29

18-36 tests/
hour (10 sample 
capacity)

30-60 
minutes

1.3 mL EDTA RT: 4 hours 
4-8°C: 24 hours

Roller 20PN Alifax Capillary 
photometry

9.4 x 15.4  
x 18.1

120 tests/hour (20 
sample capacity)

< 20 seconds 800 ul (175 
μl aspirated)

EDTA RT: 4 hours 
4-8°C: 24 hours

Test 1 2.0 Alifax Capillary 
photometry

30 x 29 
x 34

180-195 tests/
hour (120 samples 
capacity)

< 20 seconds 800 μl (175 
μl aspirated)

EDTA RT: 4 hours 
4-8°C: 24 hours

Sedimat 15 Polymedco Modified 
Westergren

n/a 32 tests/hour 
(8 sample 
capacity)

15 minutes 0.8 mL Sediplast 
Wester-
gren tube

RT: 4 hours 
4-8°C: 24 hours

STAT 6 Hema 
Technologies

Centrifugation 10 x 11 
x 15

72 tests/hour (6 
sample capacity)

5 minutes 25 ul EDTA RT: 4 hours 
4-8°C: 24 hours
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samples, and extending sample stability, it enhances labora-
tory efficiency and safety. As labs continue to face staffing 
shortages and increased testing demand, adopting such 
technologies may offer a practical path forward for ESR tests. 
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