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Deproteinization of Serum: Another Best Approach to
Eliminate All Forms of Bilirubin Interference on Serum
Creatinine by the Kinetic Jaffe Reaction
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The negative interference of conjugated,
unconjugated, and delta bilirubin on patient
serum creatinine determined by the kinetic
Jaffe reaction is the unresolved problem. We
compared bilirubin interference on thirty pa-
tients’ serum creatinine obtained from four
analyzers, with and without deprotenization
before the Jaffe reaction, to the Vitros dry
enzymatic method. We found significant
negative interference from bilirubin on serum
creatinine in all samples directly applied to

incorporated with serum blank rate. The
negative interferences linearly related to bi-
lirubin concentration. However, bilirubin did
not interfere on serum creatinine obtained
from all wet chemical methods incorporated
with deproteinization process before the re-
action. We conclude that deproteinized se-
rum before the reaction is the best approach
to eliminate all forms of bilirubin interference
on serum creatinine determined by the ki-
netic Jaffe reaction. J. Clin. Lab. Anal. 15:116—

four wet chemical methods, except the one 121, 2001. ©2001 Wiley-Liss, Inc.
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INTRODUCTION ference on serum creatinine by the kinetic method. Oxidation

Serum creatinine is a useful index of kidney function. Ifg_ b.ilir.ubin_t.o b?live.rdin us'ing potassium ferricyanid.e can
concentration reflects glomerular filtration rate (1). At presefinimize bilirubin’s interfering effect (7,8). Incorporation of
most discrete chemical analyzers use the direct kinetic J&fdiUm dodecyl sulfate promotes the release of bilirubin from
reaction to assay creatinine in patient serum because thefdddmin and allows full bilirubin oxidation to biliverdin by
no need to remove protein from the sample before the re@lkaline buffer (7,9). Preincubating samples with oxidant, to
tion (2). The kinetic method can correct interference frof¥xidize bilirubin completely to biliverdin before the Jaffe re-
slow-reacting non-creatinine chromogens such as glucddghon, is also efficient (7,10). These techniques work well
acetone, and ascorbic acid (2,3). However, fast-reacting spBcteric samples prepared by adding purified unconjugated

stances such as alpha-keto compounds and cephalospdlifPin in pooled serum (7). The preincubation technique

antibiotic give positive interference (4), while serum bilirydid Nt work uniformly on icteric patient sera containing con-

bin gives negative interference on creatinine results (1,5)]ugated, unconjugated, and delta bilirubin (7). Because the

Bilirubin interference with serum creatinine measuremer&eincubation technique can correct bilirubin interference in

is still a serious concern for clinical labs. The interference cah?? Of patient sera (7), removing bilirubin along with albu-

have clinical significance as we use the creatinine level to mdAin Py trichloroacetic acid beforehand was suggested as an
roach to correct the bilirubin interference (7).

tor the effect of nephrotoxic drugs and adjust the dose of drﬁ‘@? k ; ) e i
that excrete through the kidney such as aminoglycosides. It i¥Nconjugated, conjugated, ditaurobilirubin, and delta bi-
common to see bilirubin of 171-2ol/l (10-15 mg/dl) in lirubin do nqt interfere on serum creatinine de.tgrm!ned py
premature and newborn infants (6). Our previous study {#ff CRSC Vitros dry chemical analyzer (11). Bilirubin, pri-
showed that bilirubin at 17imol/l could significantly depress Marily protein bound, is not allowed to penetrate the spread-
an abnormal creatinine of @bnol/l (1.0 mg/dl) in infants and

small children to a normal creatinine value ofp4gol/l (0.5

mg/dl). This may mislead the clinician in prescribing the samgorrespondence to: Porntip H. Lolekha, Division of General Clinical Chem-

dose of the drugs. The overdose of aminoglycosides may castgeDepartment of Pathology, Faculty of Medicine, Ramathibodi Hospital,
permanent deafness in the patient. Mahidol University, Bangkok 10400, Thailand. E-mail: rapti@mahidol.ac.th

There are several techniques to overcome bilirubin int@&eceived 28 July 2000; Accepted 5 December 2000
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ing membrane layer to react with enzymatic creatinine r&@s System Group, Brea, CA). We kept the samples 8C-20
agent layers. There is good correlation of serum creatinungil use.

values obtained from the Vitros CRSC to the reference HPLCWe precipitated protein in each serum with 0.55 mol/l
creatinine in icteric samples (12). Some consider Vitros CR8@hloroacetic acid (Merck, Darmstadt, Germany) at the ra-
the method of choice for creatinine analysis because it is ftigeof 2:1 (sample volume: reagent volume). We mixed and
from bilirubin interference (13). Therefore, the separation aflowed to stand for 10 min, then centrifuged at Tf00 10
bilirubin along with albumin—either through the membranein. The supernatant of each sample was removed and sub-
layer before the enzymatic reaction (11-13) or by manual ajgdted to creatinine analysis.

deproteinization (7,14)—before the kinetic reaction seems taCreatinine measurements in each serum and supernatant
be the best approach to correct bilirubin interference on sesre performed on three analyzers: the Synchron CX5, the
rum creatinine. Technicon AXON (Miles Inc., Diagnostic Divisionafiry-

The objective of this study is to prove that use oftawn, NY), and the Merck Vitalab Selectra (E. Merck Di-
deproteinization process before the kinetic reaction by trichkgnostica, Frankfurter, Germany). Creatinine obtained from
roacetic acid is one excellent approach to correct all formssefra (Nppt) and supernatants (ppt2) from the three analyzers
bilirubin interferences on serum creatinine. Bilirubin intemwere compared to those obtained from the CRSC method (the
ferences on creatinine in patient sera obtained from five kinétitros DT60 Il with DTSC Il module, Ortho Clinical Diag-
wet chemical methods, with and without deproteinization, amestics, Rochester, NY). Details of all methods were described
compared to the Vitros dry enzymatic method. GuidelinesitoTable 1. To obtain the actual value of creatinine in the su-
the use of the correcting techniques in clinical labs are afsrnatant, we multiplied each creatinine result by 1.5 corre-
suggested. sponding to the dilution. Data were compared and analyzed
by the Friedman two-way ANOVA nonparametric statistical
method (21).

We pooled normal-appearing sera to obtain three samples
We obtained thirty sera from pediatric and adult patientsth low, middle, and high serum creatinine levels. We
with low, middle, and high bilirubin and creatinine from oudeproteinized each pooled serum (20 replicates) using trichlo-
clinical chemistry lab. Total (56—8&8nol/l or 3.2-50.1 mg/ roacetic acid, 0.36 mol/l (sample-to-reagent ratio of 1:1), and
dl) and direct (39—714umol/l or 2.3-41.4 mg/dl) bilirubin 0.55 mol/l (sample-to-reagent ratio of 2:1). We measured crea-
were determined by the Jendrassik & Grof methods (15) timine in the serum samples and in the supernatants on the

the Beckman Synchron CX5 (Beckman Instrument, Diagn8X5, the AXON and the Selectrihe standard deviations

MATERIALS AND METHODS

TABLE 1. Description of creatinine methods in various chemical analyzers

Instrument Vitros DTSC Beckman CX5 Technicon Axon Vitalab Selectra
method CRSC (16) CREA (17) CR-T (18) CREAT (19) CRE (19) CREA (20)
Reaction type Enzymatic Jaffe reaction Jaffe reaction Jaffe reaction Jaffe reaction Jaffe reaction
Rate Rate Rate Twopoint Rate Twopoint
Wavelength (nm) 680 520/560 520/560 505/575 505/575 505
Sample volumep() 10 20 20 18 18 30
Reagent volumeu() Slide 219 250 350 350° 220
(175 + 44§ (200 + 50

Volume fraction of serum 0.083 0.074 0.049 0.049 0.120
Sample blank No No Yes No No No

Start (sec) 96

End (sec) 144
Reaction read

Start (sec) 240 16 16 52.5/67.5 45 32

End (sec) 360 64 64 127.5/142.5 120 168
Reagent concentration

Picric acid (mmol/l) 8.1 8.1 9.5 9.5 38

NaOH (mmol/l) f f 193.5 193.5 137.7
Linearity (umol/l) 1459 2210 2210 1768 1768 1591

®Separated bottle of NaOH and picric acid. Mix 1rsf NaOH witih 44pl of picric acid before sample addition.
bSeparated bottle of NaOH and picric acid. Preincubate serum withl 28800H before addition of 50l picric acid.
°Prepare reagent as working alkaline picrate solution.

“Times after the addition of sample and alkaline solution.

Times after the addition of sample and all reagent components.

fcommercial liquid reagent provided only the value of Ph >13.3.
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and the coefficient of variations (CV, %) of creatinine olence from bilirubin on creatinine in all methods. For the CX5
tained from serum and from supernatant were calculated &®IT, the deprotenization process before the reaction elimi-

compared. nated the positive bilirubin bias from +14 topfhol/l (+0.16
to —0.01 mg/dl) of serum creatinine. Figure 1 shows the se-
RESULTS rum creatinine difference between each direct and depro-

- - . .teinized serum creatinine by the kinetic Jaffe reaction and the
Table 2 compares the within-run precisions of creatmuvle

. 0s enzymatic slide method plotted against bilirubin con-
obtained from serum (Nppt) and from supernatant (pptl a<?eérr1tration. The slopes of —0.165, 0.179, —0.160, and —0.267
ppt2) measured by various kinetic methods. The Selecira

CREA gave the best precision (CV, % of 1.0-2.1), while thSéjggested the negative interference of bilirubin on the direct

CX5 CREA (CV, % of 1.3-25.0) and the CR-T (CV, % 1.8~neti¢ serum creatinine (Fig. 18, 1C, 1D, and 1E). An in-
crease in bilirubin concentration increased the negative bi-

19.2) gave the least precision, especially at low CreatiniIri]r%bin interference on serum creatinine (Fig. 1B, 1C, 1D

levels. The precision of creatinine determination obtained from o T
serum (CV, % of 0.4—12.6) i better than those obtained frg%d 1E). The negative interference correlated with bilirubin
! g X g\oncentration (r =-0.8370, —0.8498, —0.8422, and —0.7550,

0 8 . ) .
the supernatant (CV, % of 0.7—25). Deproteinzation with TCr?spectively). The direct CX5 CR-T was unaffected by nega-

0.55 mol/l at the ratio of 2:1 gave better precision (CV, % . T ]
; Ive interference from bilirubin (Fig. 1A); however, we found
1.0-19) than those obtained from TCA, 0.36 mol/l at the ra- "~ ... g . -
. ’ significant positive bias as shown by the positive slope of
tio of 1:1 (CV, % of 0.7-25). ) . o . . L
: S 0.021 (Fig. 1A). This positive bias did not correlate to biliru-
Figure 1 shows the nature of bilirubin interference on pa- ; _ .
. - : in concentration (r = 0.2823). For the methods incorporated
tient serum creatinine obtained from all methods. We foun o : L
- . o - ..~ With deproteinization, we found patient serum creatinine re-
significant negative bilirubin interference on creatinine in the .
Its obtained from all methods accumulated near the zero

direct kinetic methods (Fig. 1B, 1C, 1D, and 1E). The C !

CR-T method with serum blank rate gave significant positi\/ler:les (Fig. 1F, 1G, 1H, 1I, and 1J).

bl!lr_ubm mte_rference (Fl_g. 1A). The process of de_p.rqf)ISCUSSION

teinization prior to analysis could completely correct biliru-

bin interference in the kinetic Jaffe reactions (Fig. 1F, 1G,We select the Vitros CRSC multilayer enzymatic reaction

1H, 11, and 1J). as the reference method according to literature data (11-13).
Table 3 shows the means as well as the range differentaisle 3 confirms the negative bilirubin interference on serum

of serum creatinine obtained between each kinetic Jaffe anelatinine in four direct kinetic methods. The Merck Selectra

Vitros dry enzymatic method. The Selectra CREA Nppt ga@REA method gives the highest degree of the negative inter-

the greatest negative bilirubin interference, followed by tlierence, followed by the Axon CREAT and CRE, and CX5

Axon CREAT Nppt, Axon CRE Nppt, and CX5 CREA NpptCREA methods. Bilirubin interferes with serum creatinine of

respectively. When deproteinization was introduced befdiee twopoint kinetic method (Selectra CRBAd Axon

the reaction (ppt2), we found insignificant negative interfeEREAT) more than the rate kinetic method (Axon CRE and

TABLE 2. Precision of serum creatinine measured by various methods on the Synchron CX5, Technicon Axon, and Vitalab
Selectra

Apparent creatinine concentratiqungol/l)

Samples Synchron CX5 Axon Setea

Within-run CR-T? CREA CREAT CRE’ CREA

(n=20) Nppt  pptl  pptZ? Nppt pptl  ppt2 Nppt  pptl  pp2 Nppt  pptl  ppt2 Nppt  pptl  ppt2

P1 Mean 61.0 29.5 36.4 436 206 27.2 57.3 20.1 294 527 19.1 249 62.7 240 313
SD 7.7 5.7 5.9 4.7 5.2 5.2 2.7 2.3 1.0 1.5 2.3 1.3 1.3 0.5 0.6
CV (%) 12.6 19.2 16.3 10.8 25.0 19.0 47 115 3.8 28 121 5.2 2.1 2.1 2.0

P2 Mean 122.7 62.2 76.3 106.4 52.7 719 126.1 552 71.0 1171 52.1 695 1069 56.8 74.6
SD 5.8 6.1 5.9 5.6 5.2 4.9 2.5 1.7 2.2 2.3 2.7 3.7 2.1 0.7 0.8
CV (%) 4.7 9.7 7.8 5.2 9.8 6.8 2.0 3.1 3.1 2.0 5.1 5.3 1.9 1.2 1.0

P3 Mean 531.7 2705 365.9 536.4 286.7 383.0 524.4 281.7 371.2 529.2 280.8 370.8 508.6 2949 361.8
SD 9.4 7.4 7.3 7.6 5.9 5.0 2.3 2.0 3.6 4.2 2.8 4.6 4.8 4.9 7.3
CV (%) 1.8 2.8 2.0 1.4 2.1 1.3 0.4 0.7 1.0 0.8 1.0 1.2 1.0 1.7 2.0

#inetic Jaffee with serum blank rate.

PKinetic Jaffee without serum blank rate.

‘Nppt, sample without acid precipitation.

dpptl, sample deproteinized with TCA, 0. 36 mol/L (serum:TCA as 1:1 vol/vol).
°ppt2, sample deproteinized with TCA, 0.55 mol/L (serum:TCA as 2:1 vol/vol).
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Fig. 1. The difference of patient serum creatinine between the Vitros CRSC enzymatic method and other auto-
mated methods treated with+J) and without A—E) deproteinization process prior to the kinetic Jaffe reaction.
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TABLE 3. Comparison of creatinine mean and range differences among 30 icteric patient sera between the Vitros DTSC
(CRSC) and the Kinetic Jaffee methods on the Beckman CX5 (CREA, CR-T), Technicon Axon (CREAT, CRE), and Selectra
(CREA) with and without deproteinization

Differences of serum creatinine value

Mean difference Range difference

Serum creatinine umol/l mg/dl umol/l mg/dl

Without deproteinization
CR-T Nppf (CX5) vs. CRSE (Vitros) +14 +0.16 -15 to +42 -0.17 to +0.48
CREA Nppt (CX5) vs. CRSC (Vitros) -36 -0.41 -120 to +7 -1.36 to +0.08
CREAT Nppt (Axon) vs. CRSC (Vitros) -81 —-0.58 -135to0 +1 -1.53 to +0.12
CRE Nppt (Axon) vs. CRSC (Vitros) -46 -0.52 -132 to +15 -1.49 to +0.17
CREA Nppt (Selectra) vs. CRSC (Vitros) 479 -0.89 -222t0 -3 -2.51t0 -0.03

With deproteinization
CR-T pptZ (CX5) vs. CRSC (Vitros) -1 -0.01 —27 to +23 -0.31to +0.26
CREA ppt2 (CX5) vs. CRSC (Vitros) -1 —-0.01 —22 to +81 —0.25 to +0.92
CREAT ppt2 (Axon) vs. CRSC (Vitros) -10 -0.11 —40 to +10 -0.45to +0.11
CRE ppt2 (Axon) vs. CRSC (Vitros) -9 -0.10 -33to +26 —-0.37 to +0.29
CREA ppt2 (Selectra) vs. CRSC (Vitros) +0 +0 -13to +33 —-0.15 to +0.37

*Nppt, sample without acid precipitation.

PCRSC, dry chemistry method assayed by Vitros DTSC single-slide creatinine method.
‘Significant positive bias, no correlation with bilirubin concentrati®r (0.05).

dsignificant negative bias, correlated with bilirubin concentrativs 0.05).

°ppt2, sample deproteinized with TCA, 0.55 mol/l (serum:TCA = 2:1 vol/vol).

Synchron CREA) does. According to Table 1, reaction tinmannot penetrate the spreading membrane layer to react with
in the twopoint kinetic method (Selectra CRBAd Axon enzymatic reagent layer. We found an insignificant difference
CREAT) is longer than the rate kinetic method (Axon CR& creatinine results between all kinetic methods, incorpo-
and Synchron CREA). The longer the reaction time, the moeted with deproteinization to the Vitros CRSC enzymatic
the bilirubin molecule is oxidized by NaOH to biliverdin (5)method (Table 3).
Moreover, the Selectra CREA uses large sample volume (30he Synchron CREA and the Selectra CREA cannot pro-
pl) which increases the bilirubin molecules. Oxidation of bifide negative creatinine results, while the Technicon Axon
lirubin to biliverdin causes a decrease in absorbance thatas. If absorbance detected by the Synchron CREA or the
opposed to the absorbance increase due to creatinine pickalectra CREA method is lower than the lower limit set by
complex at 520 nm. the manufacturer, results are flagged with a suppress (S) or
Bilirubin does not negatively interfere with creatinine rereject (R) sign. It is our responsibility to find an appropriate
sults obtained from the Synchron CR-T incorporated witfolution to report any serum creatinine with a flagged sign.
serum blank rate (Table 3 and Fig. 1A). The CR-T methdde used the direct acidification method (9,22) to correct the
preincubates serum with NaOH and bilirubin is oxidized fmoblem on the Labsystems analyzer (Laboratory OY, Re-
biliverdin before picric acid addition. Biliverdin gives maxi-search Laboratories, Helsinki, Finland) during 1990-1991.
mum absorbance at 630 nm, while creatinine picrate coBeproteinization by trichloroacetic acid was used during
plex gives maximum absorbance at 520 nm. Therefof€91-1993 then we switched from the Synchron CREA to
biliverdin does not interfere with serum creatinine determinéite Synchron CR-T method during 1993-1995. At present,
by the kinetic Jaffe reaction. However, we find significante reanalyze serum creatinine that has total bilirubin of 171
positive interference from serum bilirubin on creatinine reamol/l (10 mg/dl) or greater using the method on the Vitros
sults derived from the Synchron CR-T method. False-podiry chemical analyzer.
tive interference is due to the process of sample blankAlthough the time to complete deproteinization is around
correction in the Synchron CR-T method. 20-30 min, the process is simple and is applicable to all sizes
We propose deproteinization of icteric serum before sulif- clinical labs. However, we must carefully dilute patient
jecting it to the kinetic Jaffe reaction. The process can elinsamples with the precipitant using the accurate and precise
nate all forms of bilirubin interference on creatinine in patieatitomatic pipette, such as the SMI pipette (Scientific Manu-
serum. Deproteinization can eliminate both the positive afatturing Industries, Emeryville, CA). Tricholoacetic acid
negative bilirubin interferences on creatinine obtained frofiCA) is the precipitant of choice; it is a simple reagent avail-
all kinetic Jaffe methods. Because bilirubin is precipitateble in all labs (7). We use serum to TCA (0.55 mol/l) at the
with precipitant, it does not interfere with the reaction of creeatio of 2:1, then multiply the result by 1.5. TCA at this con-
tinine with alkaline picrate. In the Vitros CRSC, bilirubircentration used at the ratio of 2:1 can eliminate bilirubin inter-
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ference and give better creatinine precision than can using thaerference of bilirubin on serum creatinine determined by the kinetic

TCA (0.36 mmol/l) at the ratio of 1:1 (Table 2), as suggested Jaffe reaction. J Clin Lab Anal 1994;8:391-399. ,
8. Van der Heiden DA, Neervoort WH. Een kinetische bepaling van

in the pre\_/lous_study (7) AIthOUgh deprqtelnlzatlon b_y TCA kreatinine via de Jaffe reactie, welke niet gesteroord wordt door

manually is tedious and cumbersome, it is the most viable So-jjirubine. Tojschr NVKC 1984:9:81-85.

lution for labs that do not have the Vitros dry chemical ana- Heinegard D, Tiderstrom G. Determination of serum creatinine by a

lyzer. In our lab (600—700 patient samples per day), we found direct colorimetric method. Clin Chim Acta 1973;43:305-310.

that between 1 and 9 samples a day (an average of 3) hé@ gaplan, LA, Miller JS, Stein EA. Kinetic serum creatinine and bilirubin
- . .. . interference: possible mechanism and solution. Clin Chem 1979;25: 1069.

FOtal bilirubin O_f 173umol/land greater_. This mfr?quent flnd'11. Ilhara H, Nakamura H, Yoshida M, Wu TW. Effect of bilirubin covalently

ing does not disrupt the flow of work in the clinical labs. attached to albumin on measurement of serum creatinine. Clin Chem

1992;38:321-322.

12. Boot S, LaRoche N, Legg EF. Elimination of bilirubin interference in
CONCLUSION creatinine assays by routine technique: comparisons with a high per-
It is advisable to screen creatinine samples for abnormally flcgglasf‘lc;'éq;g’sChfomatogfaphy method. Ann Clin Biochem
hlgh bllIrUb_m' If total bilirubin concentration is ,]'pmov,l (10 13. Hardeman D, Backer ET. Ultrafiltration of serum to eliminate bilirubin
mg/dl) or h'gher’ we must repeat serum creatinine with the aP-interference in the kinetic Jaffe determination of creatinine. Clin Chem

propriate method available in each lab. We suggest the use 0fig91:37:2010-2011.

the creatinine method on the Vitros dry chemical analyzerigs Knapp ML, Mayne MD. Development of an automated kinetic Jaffe

the first choice. If the instrument dose is not available, method designed to minimise bilirubin interference in plasma creati-
P : - s nine assays. Clin Chem Acta 1987;168:239-246.

depmtemlzatlon.Of the icteric serum before SUbJeCtmg SUpergg_ Beckmany Instruction 015-247306A, 015-247515A TBIL, DBIL

tant to the reaction is the next best approach. The process Ca@ynchron CX 4/5 Clinical CX Systems, Chemistry Information Manual.

correct all forms of bilirubin interferences on serum creatinine. Beckman Instrument, Inc. Diagnostic Systems Group, Brea, CA.
16. Vitros Methodology Sheet. Creatinine (Single-Slide Method)/CRSC.
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