
The newly available Beckman Coulter Synchron
LX20 (LX20; Beckman Coulter, Brea, CA) pre-
sented the opportunity for our clinical chemistry
laboratory to consolidate vendors and test
methodologies and to replace aging analyzers.
The LX20 analyzer offers random-access, stat,
and batch profile testing of more than 50 analytes,
including critical care tests, general chemistries,
therapeutic drug–monitoring assays, drugs-of-
abuse assays, thyroid tests, proteins, serologies,
urine, cerebrospinal fluid chemistries, and esoter-
ics such as alcohol, ammonia, cholinesterase,
hemoglobin A1C, creatine kinase-MB, lactate, and
salicylates. The system operates automatically and
uses several methodologies as described in Table
1. The system can perform a maximum of 1,440
tests per hour, including a balance of both slow
and fast tests. The LX20 offers the promise of
wide test selection, speed, stat testing, and a rela-
tively high throughput. The analytic characteris-
tics for 24 of the more commonly assayed
chemistry analytes are presented in this report.
These tests provide an adequate assessment of
the LX20 in terms of methodologies used and
performance characteristics.

MMaatteerriiaallss  aanndd  MMeetthhooddss
The LX20 is a microprocessor-controlled, ran-
dom-access clinical analyzer capable of processing
a wide variety of operator-selected chemistries in
a single run. It combines the versatility of random
access with the speed of parallel processing. The
optical system of the LX20 enables rate, endpoint,
and nonlinear analyses to be performed simulta-
neously. Some of the more commonly ordered,

higher-volume analytes are performed in parallel
by the LX20. Discrete cup modules located on the
left side of the system perform glucose, serum urea
nitrogen/urea, creatinine, phosphorus, albumin,
and total protein tests. Sodium, potassium, chlo-
ride, carbon dioxide, and total calcium analyses
are performed in a flow cell module by using ana-
lyte-specific electrodes. In addition to routine
samples, stat samples can be calibrated or added
while the system is running.

The samples placed on the system are priori-
tized and run based on the chemistries pro-
grammed. Within any single sample, programmed
chemistries are scheduled for optimal throughput;
that is, chemistries with the longest assay time are
run first. Calibration of endpoint and first-order
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Evaluation of the 
Beckman Coulter LX20 
Clinical Chemistry Analyzer

Our goal was to consolidate different
methodologies in the clinical chemistry laboratory and replace
aging analyzers; therefore, we evaluated the newly available
Beckman Coulter LX20 (Brea, CA). Results were obtained for
linearity, within- and between-day precision, correlation,
interference, and serum-vs-plasma studies. Satisfactory
precision results were obtained, with most assays
demonstrating within-day coefficients of variation less than
2% and between-day coefficients of variation less than 5%.
The linearity for all assays was acceptable over the range
tested. Correlation results were adequate. The major difference
in serum-vs-plasma studies was potassium. The only
significant interferences noted were that lipemia decreased uric
acid and bilirubin results, while hemolysis increased potassium
results. We conclude that the LX20 demonstrates good
performance capabilities, making this instrument suitable for a
medium- to high-volume laboratory.
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rate chemistries involves the use of a single-level
calibrator solution or a 2-level calibrator kit. For
most calibrated cartridge chemistries, the system
will set calibration factors based on 4 calibrator
replicates per calibrator level. The instrument will
determine and discard the highest and lowest of
the 4 replicates. The average of the remaining 2
values is used to determine the calibration factor.

Precision
Within-day precision was determined using Syn-
chron liquid chemistry controls (Beckman, Fuller-
ton, CA). These controls are made from stabilized
human serum. Three levels of 20 replicates each
were analyzed within a single run. Results for a
single representative level for within-day precision
are shown in Table 2. Also, for between-day preci-
sion we ran duplicate samples of a single control
for 8 to 10 days.
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Table 1.Test Methodologies for the LX20

Measurement  Measurement  Chemical  Sample 

Analyte Type Principle  Principle Volume (mmL)

Alanine amino- Timed rate Colorimetry Transamination of L-  23
transferase (ALT) alanine

Albumin Endpoint Colorimetry Bromcresol purple 5 

Alkaline phosphatase  Timed rate Colorimetry p-nitrophenyl-phosphate 5
(ALP)

Amylase Timed rate Colorimetry Hydrolysis of maltotetraose 12

Aspartate amino- Timed rate Colorimetry Transamination of L- 23
transferase (AST) aspartate 

Calcium Endpoint Indirect  Calcium ionophore 62*
potentiometry

Carbon dioxide Timed rate Conductivity pH 62*

Chloride Endpoint Indirect AgCl electrode 62*
potentiometry

Cholesterol Endpoint Colorimetry Cholesterol oxidase 3

Creatine kinase Timed rate Colorimetry ATP/NADH 13

Creatinine Timed rate Colorimetry Alkaline picrate (Jaffé) 16.5

Glucose Timed rate Conductivity Glucose oxidase 10 

Gamma glutamyl Timed rate Colorimetry p-nitroaniline 13
transferase (GGT)

Iron Endpoint Colorimetry  Iron to ferrous iron 25

Lipase Timed rate Colorimetry Methylresorufin ester 4

Magnesium Timed rate Colorimetry Calmagite 3

Phosphorus Timed rate Colorimetry Phosphomolybdate 8

Potassium Endpoint Conductivity ISE (Valinomycin) 62*

Sodium Endpoint Conductivity ISE (silicate glass) 62* 

Total bilirubin Endpoint Colorimetry Diazo method 8 

Total protein Timed rate Colorimetry Alkaline copper 8

Triglycerides Endpoint Colorimetry Glycerokinase 3

Urea nitrogen Timed rate Conductivity Urease 10 

Uric acid Endpoint Colorimetry Uricase 6 

The LX20 is manufactured by Beckman Coulter (Brea, CA). ATP, adenosine triphosphate; ISE, ion-selective electrode; NADH, reduced
form of nicotinamide adenine dinucleotide.
* A total 62-µL sample volume permits analysis of calcium, chloride, carbon dioxide, potassium, and sodium. The machine samples 62
mL for these tests even if only 1 test is ordered.
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Interference Studies 
Interference studies were performed using 3
serum pools spiked with increasing amounts of
bilirubin (Sigma, St Louis), hemoglobin from a
hemolysate prepared with osmotically shocked
heparinized blood, or triglycerides from Liposyn
(Abbott, Abbott Park, IL), a commercial fat emul-
sion. Analytes were compared with the original
serum pool plus vehicle, and the percentage
change was calculated for each concentration.
Four to 6 concentrations each of bilirubin, hemo-
globin, and triglycerides were tested at concentra-
tions ranging from 0.6 to 30.0 mg/dL (10-513
µmol/L), 50 to 500 mg/dL (0.5-5 g/L), and 31 to
1,000 mg/dL (0.35-11.29 mmol/L), respectively.

Linearity
Linearity studies were performed using a Serum
Multi-Analyte Calibration Verification Test Set
(Casco Standards, Yarmouth, ME). Six levels were
used for each analyte, covering the ranges listed in
Table 3. For the recovery calculations, each value
obtained (which was the average of 3-4 replicates)
was subtracted from the theoretical value and the
difference presented as a percentage recovery.
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Table 2. Precision

Within-Day Precision Between-Day Precision Precision Goals

Test Mean               CV Mean                 CV CV  

ALT (U/L) 17.7 4.4 34.5 2.9 5.0 

Albumin, g/dL (g/L) 3.6 (36) 0.8 3.7 (37) 1.5 2.4 

ALP (U/L) 38.6 3.5 56.6 4.6 7.5 

Amylase (U/L) 51 2.3 63.8 2.8 7.5 

AST (U/L) 25.2 2.7 30.9 2.6 5.0  

Calcium,  mg/dL (mmol/L) 7.6 (1.9) 0.3 8.0 (2.0) 1.4 3.2 

Carbon dioxide, mEq/L (mmol/L) 30 (30) 0.8 30 (30) 8.7 NA 

Chloride, mEq/L (mmol/L) 98 (98) 0.3 99 (99) 2.2 1.3 

Cholesterol, mg/dL (mmol/L) 247 (6.4) 1.4 263 (6.8) 1.3 2.5 

Creatine kinase (U/L) 372.4 0.6 164.2 1.2 7.5 

Creatinine  (µmol/L) 53 2.5 132.6 4.6 7.5 

Glucose,  mg/dL  (mmol/L) 39 (2.17) 1.3 90 (5.0) 4.3 2.0 

GGT (U/L) 12 7.3 24.6 6.4 NA 

Iron, µg/dL  (µmol/L) 290 (52) 1.5 223 (44.1) 1.0 5 

Lipase, mIU/mL (U/L) 20 (20) 7.7 27 (27) 7.4 NA 

Magnesium,  mg/dL  (mmol/L) 2.7 (1.1) 1.6 2.2 (0.9) 3.4 6.3 

Phosphorus,  mg/dL (mmol/L) 1.8 (0.6) 1.7 2.8 (0.9) 3.8 NA 

Potassium, mEq/L  (mmol/L) 5.1 (5.1) 0.9 3.9 (3.9) 3.5 4.8 

Sodium, mEq/L  (mmol/L) 144 (144) 0.4 141 (141) 1.2 1.4 

Total bilirubin, mg/dL (µmol/L) 0.9 (15) 8.9 0.9 (15) 9.8 9 

Total protein, g/dL (g/L) 5.8 (58) 1.4 6.5 (65) 2.0 2.5 

Triglycerides,  mg/dL (mmol/L) 186 (2.1) 1.9 212 (2.4) 1.4 6.3 

Urea nitrogen, mg/dL (mmol urea/L) 11 (4.1) 2.0 15 (5.4) 5.1 2.3 

Uric acid,  mg/dL (mmol/L) 2.2 (0.13) 1.1 3.5 (0.21) 2.6 4.3  

Within-day and between-day precision were calculated as described in the “Methods” section. The precision goals are calculated
based on Clinical Laboratory Improvement Amendments performance recommendations1 as described previously.2 Between-day and
within-day sample analyte concentrations may differ depending on the test. CV, coefficient of variation; NA, not applicable; other
abbreviations are explained in Table 1.
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Serum vs Plasma
Healthy hospital employees fasted overnight
before donating blood. The number of samples
compared for each test was 144, except for glucose
(142), creatine kinase (132), and triglycerides and
iron (143). Approximately 56% of the samples
were from females; 44% were from males.

Method Comparison and Statistics
Correlation studies done using from 31 to 104 patient
samples, depending on the test, were performed
between the LX20 and the Hitachi 747 (Roche
Diagnostics, Indianapolis, IN) except as noted in
Table 4. Statistical values were calculated using the
EP Evaluator 3.12a (DG Rhoads Associates, Ken-
nett Square, PA).

RReessuullttss
Precision Study 
The results of the within-day and between-day
precision studies of the LX20 are summarized in
Table 2. Precision goals set by the Clinical Labora-
tory Improvement Amendments1 (CLIA) were
easily met with most assays, the exceptions being
chloride and serum urea nitrogen.

Linearity
Table 3 indicates the high and low values of 6 con-
centrations used for each analyte to determine lin-
earity. R2 values ranged from 0.995 to 1.000
between expected and observed values (data not
shown). Most recoveries were between 95% and
110%; however, they ranged from 84% to 140%.

Table 3. Linearity

Test Expected Found % Recovery  

ALT 0 - 615 2 - 656 97 - 132 

Albumin  8 - 61 10 - 59 98 - 132  

ALP 0 - 852 0.5 - 843.0 98 - 106  

Amylase  0 - 1,366 0.5 - 1,390.0 84 -102  

AST 0 - 639 1 - 654 99 - 108  

Calcium 0.63 - 3.75 0.75 - 4.00 107 - 120  

Carbon dioxide  5.4 - 40.5 5.4 - 40.5 100 - 104  

Chloride 48 - 145 48 - 146 100 - 101  

Cholesterol   2.85 - 14.27 2.80 - 14.09 98 - 101  

Creatine kinase  0 - 2,345 1.5 - 2,424 98 - 103  

Creatinine  26.52 - 2,210.00 26.52 - 2,219.00 90 - 102

Glucose   0 - 33.3 0.13 - 31.6 99 - 100  

GGT 0 - 1,830 1.5 - 1,878 99 - 103

Iron   0.90 - 89.5 0.81 - 89.6 90 - 100  

Lipase  93 - 561 90 - 555 97 - 112 

Magnesium   0.08 - 2.51 0.08 - 2.47 100 - 102

Phosphorus  0.32 - 3.65 0.32 - 3.59 99.5 - 100   

Potassium   1.0 - 10.0 1.0 - 10.5 95 -101

Sodium  100 - 200 102 - 208 99 - 101  

Total bilirubin 0.0 - 398.4 1.7 - 456.6 85 - 115

Total protein 26 - 103 26 - 102 98 - 101 

Triglycerides  0.28 - 11.36 0.24 - 10.86 84 - 100  

Urea nitrogen 0.00 - 53.55 0.71 -50.69 95 - 135 

Uric acid  0.03 - 1.18 0.04 - 1.19 100 - 140

Linearity was performed as described in the “Methods” section. Six concentrations were used for the expected or calculated and
the found or measured ranges listed. The percentage recovery column lists the highest and lowest recoveries calculated from the
6 concentrations used. For explanation of abbreviations, see Table 1.
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Method Comparison
The statistical parameters for the correlation
between the Hitachi 747 and Beckman Coulter
LX20 for the analysis of the routine chemistries
are reported in Table 4. All R values were greater
than or equal to 0.94, and most were greater than
or equal to 0.99. Differences in methodology likely
account for the rather large standard error of the
estimate noted with amylase (Sy,x = 35.94) and
creatine kinase (Sy,x = 16.93).

Serum-vs-Plasma Comparison 
The results from the serum-vs-plasma compari-
son studies are shown in Table 5. Close correlation
between 2 methods was observed with all analytes.

Error was small, with the largest Sy,x of 5.80 for
glucose and most values less than or equal to 2.
Most R values were greater than or equal to 0.95,
with potassium being a notable exception.

Interference Studies
Bilirubin had no significant effect on analytes
tested. Lipemia decreased uric acid and bilirubin
results when greater than or equal to 360 mg/dL
(4.06 mmol/L). Hemolysis increased potassium
values even when slight (0-0.5 g/L range).
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Table 4. Method Comparison*

Test Slope Y-Intercept R Sy,x  

ALT 0.72 2.04 0.99 2.25

Albumin  0.93 0.15 0.98 0.16 

ALP 0.78 0.20 0.94 4.38  

Amylase† 1.34 8.86 0.96 35.94  

AST 1.02 4.08 0.98 3.35  

Calcium† 0.98 0.35 0.99 0.14  

Carbon dioxide† 1.03 –1.58 0.94 1.54  

Chloride 1.01 –3.24 0.97 1.81  

Cholesterol   1.02 –0.73 0.99 7.72  

Creatine kinase  1.09 –9.26 1.00 16.93  

Creatinine  1.03   0.07 1.00 0.18  

Glucose   0.99 –2.40 1.00 3.85  

GGT 0.84 –3.06 1.00 10.49 

Iron   1.03 0.91 0.98 10.92 

Lipase† 0.21 3.14 0.99 9.52

Magnesium   1.01 –0.06 0.99 0.08  

Phosphorus  1.01 0.04 0.99 0.13  

Potassium   1.03 –0.13 0.99 0.07  

Sodium  0.98 3.63 0.96 1.61 

Total bilirubin 0.85 0.09 1.00 0.38 

Total protein 0.98 –2.10 0.98 0.21  

Triglycerides  1.05 0.00 1.00 11.52  

Urea nitrogen 0.97 0.43 0.99 3.57  

Uric acid  0.98 0.25 0.99 0.45

Sy,x indicates standard error of the estimate. For explanations of other abbreviations, see Table 1.

*The Beckman Coulter LX 20 (Brea, CA) was compared with the Boehringer Mannheim (Roche Diagnostics, Indianapolis, IN)
Hitachi 747. 
†Test that compared the LX20 with a Vitros 700 (Johnson & Johnson, Raritan, NJ). From 31 to 104 patient samples were
compared as described in the “Methods” section. 
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DDiissccuussssiioonn
Generally the LX20 performed well; nevertheless,
some results merit discussion. Chloride and
serum urea nitrogen between-day precision
results are above the CLIA-recommended goals
for precision; however, they are within the recom-
mended precision goals of Barnett.3 Although the
CLIA-recommended precision goals for carbon
dioxide and phosphorus testing are not available,
results obtained with the LX20 were within the
goals proposed by Barnett.3 Furthermore, with
continued use of the LX20, we found that CLIA
precision goals were being met for each of these
tests according to our external quality control
evaluations (data not shown).

The linearity of all assays tested was quite
good, demonstrating generally acceptable recov-
eries, except for the high recovery values reported
for alanine aminotransferase, albumin, serum
urea nitrogen, and uric acid. These high recover-
ies were uniformly found at the lowest concentra-
tion above zero tested for each analyte. At all
other concentrations for these 4 tests, the worst
recoveries were 95% to 110%. Similarly, amylase,
total bilirubin, and triglycerides demonstrated
low recovery numbers at a single low concentra-
tion while demonstrating from 92% to 115%
recovery at all other points.

Table 5. Serum-vs-Plasma Correlation Results*

Test Slope Y-Intercept R Sy,x  

ALT 1.00 0.10 0.99 1.00

Albumin  1.00  –0.20 0.96 0.08   

ALP 0.96 0.20 0.99 2.30   

Amylase  1.00 –0.50 1.00 2.10    

AST 1.00  0.90 0.97 1.60     

Calcium 0.94 0.37 0.87 0.16    

Carbon dioxide  1.05 –1.60 0.78 1.70   

Chloride 1.02 –2.50 0.76 1.60    

Cholesterol   1.00 –2.30 0.99 5.60    

Creatine kinase  0.99 –1.70 1.00 3.10    

Creatinine  1.05  –0.02 0.96 0.06    

Glucose   1.02 –2.40 0.95 5.80    

GGT 0.99 0.60 0.99 1.90  

Iron 0.96 2.50 0.99 3.90   

Magnesium  0.97 0.05 0.95 0.05  

Phosphorus  1.01  –0.27  0.99 0.09    

Potassium 0.71 0.86  0.63 0.25   

Sodium  1.00 0.10 0.76 1.20    

Total bilirubin 0.97 0.00  0.90 0.12  

Total protein 1.06 –0.19 0.93 0.18   

Triglycerides  0.98 2.90 1.00 4.00    

Urea nitrogen 1.00 0.01 0.97 0.90    

Uric acid  1.00  –0.09 1.00 0.09  

Sy,x indicates standard error of the estimate. For explanations of other abbreviations, see Table 1.

*Correlation results are presented for serum values compared with plasma values obtained on the LX20 (Beckman Coulter, Brea,
CA). Lipase was not tested.
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Correlation was very good, with all correla-
tion coefficients greater than or equal to 0.94 and
most greater than or equal to 0.99. The standard
error of the estimate was generally good, with
higher than expected values for amylase and cre-
atine kinase. This is most likely due to the differ-
ent methodologies used. Amylase was measured
on the Vitros 700 (Johnson & Johnson, Raritan,
NJ) analyzer, which uses a different technology—
the hydrolysis of dye linked to amylopectin—
while the LX20 measures the formation of
maltose from maltotetraose through the use of 3
coupled reactions that result in the production of
the reduced form of nicotinamide adenine dinu-
cleotide, or NADH from nicotinamide adenine
dinucleotide, or NAD. Creatine kinase is mea-
sured by the same general reactions with both
instruments; however, the LX20 assay contains
the activator monothioglycerol.

Most values for the slope of the best-fit line
were quite good; however, lipase had a very low
slope. Once again, this was due to different
methodologies. The Vitros lipase method utilizes
colipase and a diacetinase to convert water-insolu-
ble triacetylglycerol esters to glycerol. Through 3
coupled reactions, glycerol produces hydrogen
peroxide, which reacts with a dye to produce a
color change. The LX20 measures methylresorufin
liberated from 1,2-o-dilauryl-rac-glycero-3-glu-
taric acid (6´-methylresorufin)-ester. This change
in methodologies required a change in reference
values for lipase.

Serum values compared well with plasma val-
ues, except for potassium. Serum potassium values
are known to be higher than plasma values owing
to platelet rupture in the coagulation process.4,5

The poor correlation observed with potassium is
likely due to the variation in platelet counts
between individuals. Lipemia, bilirubin, and
hemolysis caused very few interferences. As an
additional option, Beckman offers a serum index
function (SIF) for the LX20, which is intended for
the semiquantitative determination of sample
condition in terms of icterus (bilirubin), hemoly-
sis (hemoglobin), and lipemia in serum or plasma.
SIF is determined as follows: A precise volume of

sample (14 µL) is injected into a cuvette contain-
ing 200 µL of buffer. The system monitors the
absorbance at 340, 410, 470, 670, and 700 nm and
solves a set of equations to determine the response
for each index. The response is directly proportional
to the sample condition in terms of icterus, hemol-
ysis, and lipemia. After the system has determined
the level of a specific interfering substance, based on
the appropriate absorbance reading, it is applied to
a predetermined table to derive the appropriate
index value that corresponds to approximate biliru-
bin, hemolysis, and lipemia level.

The LX20 does not send patient results until all
ordered tests on that patient are completed. There-
fore if a glucose level, which takes less than a minute,
and a uric acid level, which is one of the longest tests
at approximately 17 minutes to complete, are
ordered together, the results will take approximately
17 minutes to be sent. However, the glucose value is
accessible on the instrument screen as soon as it is
completed and may be called if necessary.

Overall, the evaluation of the LX20 was posi-
tive, and implementing the new analyzer in our
laboratory has provided several benefits. Vendors
and large analyzers were consolidated from 3 pri-
mary vendors and 6 analyzers to a single vendor
with 3 analyzers. Efficiency was increased due to
improved automation, training on fewer instru-
ments, consolidation of workstations, less reagent
preparation, and simplified instrument mainte-
nance. Test management was also simplified
owing to less duplication of test methods, fewer
contracts, and simplified inventory of reagents,
parts, and supplies. This consolidation and
increased efficiency have resulted in significant
cost savings. In conclusion, the LX20 has demon-
strated acceptable performance, and we have
implemented it in our laboratory.l
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