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Background: Accurate and precise measurements of total cholestero! (TC) and HDL-
cholesterol (HDL-C) are necessary for effective diagnosis and treatment of lipid disor-
ders. We studied the impact of TC certification and HDL-C evaluation in Japanese
clinical laboratories to standardize their measurements.

Methods: We selected 78 laboratories participated at least twice for TC and 46 labo-
ratories participated twice for HDL-C in the standardization protocols developed by
the Cholesterol Reference Method Laboratory Network (CRMLN). We compared the
initial and subsequent results using the performance guidelines established by US
National Cholesterol Education Program (NCEP).

Results: For TC, mean percentage bias of all participants was -0.93% and -0.49% for
the initial and second rounds, respectively. Mean within-sample CV was 0.72% and
0.69% for the initial and second rounds, respectively. For HDL-C, mean percentage
bias of all participants was -1.86% and -0.06% for the initial and second events,
respectively. Mean among-run CV was 1.56% and 1.58% for the initial and second
events, respectively.

Conclusions: TC accuracy in the second round than the initial round tended to im-
provement although statistically not significant, however in the five years follow-up,
mean absolute percentage bias was reduced over time. HDL-C accuracy was statisti-
cally improved in the second event than the initial event. The precision for both TC and
HDL-C did not change. This study shows CRMLN protocols contribute effectively to

improvement of TC and HDL-C performance.

J Athervscler Thromb, 2003; 10: 145-153.
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Introduction

Research for epidemiological studies and clinical trials
have demcnstrated that high TC and/or high LDL-cho-
testerol (LDL-C) are an important risk factor for coronary
heart disease (CHD) {1-5) and that low HDL-C is an in-
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dependent predictor of risk for CHD (6-8). According to
the recent studies LDL-lowering therapy robustly reduces
risk for CHD (9-13).

Guidelines for diagnosis and treatment of lipid disor-
ders were issuied in three reports from the US NCEP Adult
Treatment Panel (ATP) in 1988 for ATP-1, in 1993 for ATP-
Il and in 2001 for ATP-1{l (14). The European Atheroscle-
rosis Society (EAS) issued similar guideline in 1998 (15).
The Japan Atherosclerosis Society (JAS) issued the first
guideline in 1997 and updated it in 2002 (16). To identify
individuals at risk for CHD, the NCEP recommends initial
classification in ATP-ll using the medical decision points
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of 5.17 and 6.21 mmol/L {200 and 240 mg/dL) for TC
and of 1.03 mmol/L (40 mg/dL) for HDL-C, and the JAS
recommends initial classification in 2002 revision using
the medical cut points of 5.69 mmol/L (220 mg/dL) for
TC and of 1.03 mmol/L {40 mg/dL} for HDL-C. Any re-
cent guideline emphasizes the importance for measure-
ment of LDL-C rather than TC.

Accurate, reproducible, and comparable measurements
of TC and HDL-C are needed for effective application of
the guidelines. The NCEP recommendations indicate that
the performance goals for TC are accuracy, expressed
as percentage bias versus the accuracy base, of € + 3%
and imprecision, expressed as CV, of < 3% {17). The
performance goals for HDL-C are accuracy, expressed
as percentage bias versus the accuracy base, of <£5%
and imprecision, expressed as CV, of < 4% at HDL-C
concentrations > 1.09 mmol/L {42 mg/dL) and as stan-
dard deviation < 0.044 mmol/L {1.7 mg/dL) at HDL-C <
1.09 mmol/L {42 mg/dL) {18, 19).

In 1990, the CDC established the CRMLN {20,21) to
improve lipid and lipoprotein measurements by provid-
ing traceability to the accuracy bases for these analytes.
in addition to US-based laboratories, CDC, in its role as
a World Health Organization Collaborating Center for Ref-
erence and Research in Blood Lipids, extended the
CRMLN to include selected international laboratories.
The Osaka Medical Center for Health Science and Pro-
motion {OMC) has been a member of the CRMLN since
July 1992, The CRMLN developed a process by which
manufacturers and clinical laboratories can establish
traceability to the US National Reference System for Cho-
lesterol (NRS/CHOL), as recommended by NCEP. In
1995, this process was extended to manufacturers pro-
ducing preducts used to measure HDL-C (22).

Traceability for TC in a clinical laboratory is verified by
comparing the field method with the Abell, Levy, Brodie
and Kendall (AK) reférence method for TC (23, 24) in a
CRMLN laboratory. The comparisen is performed based
on the CRMLN's Certification Protocol for Clinical Labo-
ratories {25). For HDL-C, the CRMLN has not yet estab-
lished a specific protocol for certifying clinical laborato-
ries. We therefore applied the CRMLN protoco! for cer-
tifying manufacturers to Japanese clinical laboratories.
The protocol for manufacturers involves a comparison
between the field method and the designated compari-
son method (DCM) for HDL-C using a minimum of 40 to
50 fresh human specimens {26).

The impact of standardization in clinical laboratories has
not been well documented. We report here the results
for the effectiveness of the CRMLN's TC and HDL-C pro-
tocols toward improvement of Japanese clinical labora-
tory measurements. They participated in the certifica-
tion process on a voluntary basis. At the same time, to
know the effectiveness of long-term standardization, we

also report the resuits based on 5 years of follow-up com-
parisons for TC.

Materials and Methods

Reference methods

The AK reference method (23, 24) consists of saponifi-
cation of a 0.5-mL serum sample with alcoholic potas-
sium hydroxide, extraction with hexane, evaporation of
an aliquot of the extract, development of color with
Liebermann-Burchard reagent at 620 nm, and calibra-
tion by the NIST SRM 911b pure cholesterol material.
HDL-C DCM emgloys direct precipitation of the apo-B-
containing lipoproteins with dextran sulfate of 50 kDa
with magnesium, followed by measurement using the
reference method for TC (22).

Comparison protocol for TC

Those laboratories standardizing TC methods followed
the CRMLN's certification protocol for clinica! laborato-
ries. The protocol required the laboratory to collect a set
of six fresh individual serum specimens, however they
could combine serum up to two individual donors to obtain
the necessary volume or concentrations. The following
guidelines for collection were provided to the laborato-
ries: 1) Collect two samples in each of three congentra-
tion regions: 2.59-5.17 mmoal/L (100-200 mg/dL), 5.17-
6.21 mmol/L (200-240 mg/dL), and > 6.21 mmol/L
{ > 240 mg/dL}); 2} make sure the range of concentration
between the lowest and the highest is at least 2.59 mmol/
L (100 mg/dL); and 3) make sure at least 0.52 mmol/L
(20 mg/dL) difference exist between the concentrations
of samples in each of the three regions.

All participants used commercially prepared enzymatic
reagents and human serum-based calibrators. The as-
say principle of all reagents is the cholesterol ester hy-
drolase-cholesterol oxidase-peroxidase chromogenic
method. Specimens were analyzed in duplicate on three
separate days for a total of six replicate measurements
per sample. After these measurements were completed,
frozen aliquots were shipped on dry ice by overnight ex-
press delivery to OMC.

Selection of laboratories for TC

Of the 291 Japanese clinical laboratories, 78 laborato-
ries were selected for this study because they partici-
pated two or more times. Scme of these laboratories
were involved in an epidemiological study for the Japan
Public Health Center-based prospective Study en can-
cer and cardiovascular diseases (JPHC Study) (27) and
a clinical trial for the Pravastatin Anti-atherosclerosis Trial
in the Elderly (PATE) (12, 28).

Initially, we compared the results of clinical laborato-
ries that participated twice, and subsequently, we com-
pared the results of laboratories that participated more
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than twice during a 5-year period. During the 5 years of
the study, 10 standardization rounds were conducted.
Of the 78 laboratories that participated in the first two
rounds, the number declined over 5 years so that only 9
of the original laboratories remained in the 10th round.

Data analysis for TC

The analysis spreadsheet calculated average percent-
age bias, average absolute percentage bias, average
within-sample CV, within- and between-method outliers,
and linear regression statistics. The regression statis-
tics were used to calcutate the bias at the medical deci-
sion points of 5.17 and 6.21 mmol/L (200 and 240 mg/
dL). Laboratories meeting the following criteria were
qualified to receive "Certificate of Traceability”: average
absolute percentage bias < 3%, percentage bias at 5.17
and 6.21 mmol/L € 3%, CV < 3%, correlation coefficient
{r)) = 0.975, and no within- or between-method cutliers.
The certificate is valid for 6 months,

Comparison protocol for HDL-C

Those laboratories standardizing HDL-C methods fol-
lowed the CRMLN's evaluation protocol for manufactur-
ers (26). The sample comparison is based upon the US
National Committee for Clinical Laboratory Standards
protocol “Method comparison and bias estimation using
patient samples; approved guideline” (29). The protocol
requires analysis of a minimum of 40-50 fresh patient
specimens. Samples were selected with the range of
MDL-C concentrations, 0.52-1.81 mmol/L (20-70 mg/dL).
To achieve this goal, a minimum of five samples were
collected in each of the following concentration regions:
0.52-0.75 mmol/L (20-29 mg/dL), 0.78-1.01 mmol/L (30-
39 mg/dL}, 1.03-1.27 mmoV/L (40-49 mg/dL), 1.29-1.53
mmol/L (50-59 mg/dL), and 1.55-1.78 mmol/L {60-69
ma/dL). The remaining samples, a minimum of 15, were
spread over the entire concentration range. All samples
had triglyceride concentration < 2.26 mmol/L (200 mg/
duL).

All participants used commercially prepared reagent kits
and human serum-based calibrators. Ail of these meth-
ods are the “direct” methods. Not all laboratories used
the same kit, but the products used were from three Japa-
nese manufacturers: Kyowa Medex Co., Ltd., Tokyo (30);
Daiichi Pure Chemicals Co., Ltd., Tokyo (31); and Wako
Pure Chemical Industries, Ltd. , Osaka (32).

The fresh-frozen serum samples were prepared at OMC
from fasting donors including patients and volunteers.
Serum was dispensed into separate vials and frozen at -
60°C or below within 8 hours after separation. The fro-
zen samples after check of lipoprotein electrophoresis
were shipped to each participant on dry ice by overnight
express delivery within 3 days of sample collection.

Clinical laboratories analyzed each sample in duplicate
in one run. The total number of samples was divided

among five analytical runs. Between analytical runs the
samples were stored at - 60°C or below. Each labora-
tory analyzed its own quality control (QC) sample with
HDL-C concentration of 0.78 to 1.55 mmol/L {30 to 60
mg/dL). Each laboratory used either a commercial QC
product or prepared its own sample from pooled human
serum. Single measurements from 20 recent analytical
runs, including the runs where comparison samples were
analyzed, were used to estimate among-run CV.

Selection of laboratories for HDL-C

Of the 200 Japanese clinical laboratories, 46 laborato-
ries were selected for this study because they partici-
pated twice.

Data analysis for HDL-C

The analysis spreadsheet calculated average percent-
age bias, average absolute percentage bias, average
within-sample within-run CV, within- and between-
method outliers, and linear regression statistics. The re-
gression statistics were used to calculate the bias at the
medical decision points of 0.91 and 1.55 mmol/L (35 and
60 mg/dL). Among-run CV was also calculated from the
single QC measurements with the field method. All labo-
ratories abtained "Document of Comparison” stating that
the specific analytical system had been compared with
the DCM for HDL-C and listing the specific statistical pa-
rameters observed for the system. The document was
valid for 2 years. For this study, the laboratories meeting
the following criteria were considered to be standard-
ized: average percentage bias < 5%, percentage bias at
the medical decision points of 0.91 and 1.55 mmol/L <
5%, among-run CV < 4%, r 2 0.975, no more than one
within-method outlier, and no between-method outliets.

Statistics

For every survey and each laboratory (e.g., first round
versus second round), we calculated mean percentage
bias, mean absolute percentage bias, and CV. To com-
pare overall group mean biases and CVs on the initial
and second rounds, we used the studentis t-test. We
also calculated a t-statistic and p-value for each labora-
tory separately and evaluated these 78 p-values (33). A
significance level of @ = 0.05 was used throughout this
study.

In addition, for TC, we tested for reduction of bias over 10
surveys. To do this, we performed a linear weighed regres-
sion for each laboratory where the number of surveys {first
to 10th) in which a laboratory participated was the inde-
pendent variable and the percentage bias was the depen-
dent variable. Weights corresponded to the inverse vari-
ances of the percentage biases obtained for each survey.
Cases where the intercept is negative and the slope is posi-
tive, or vice versa, generally indicate improvement in the
bias for the laboratory as more surveys are completed. We
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plotted the intercepts versus the slopes for all 78 laborato-
ries in a scatter plot. This procedure has the advantage of
using all available data, rather than comparing only the first
1o the last surveys, for example.,

Results

Standardization of TC in clinical laboratories

The average time between the first and second rounds
for the 78 participating laborataries was 13 months; the
median time difference was 7 maonths.

The performance of 78 clinical laboratories participat-
ing in the first and second rounds is presented in Table
1. Seventy-one (91.0%) and 72 (92.3%) laboratories met
the performance criteria and received “Certificate of
Traceability” in the first and second rounds, respectively.
Overall, the pass rate in the second round did not im-
prove significantly from the initial round.

The mean percentage bias for alt laboratories improved
by 0.44% between the first and second rounds, which
was not statistically significant at the 95% level, but it
suggests an actual difference. The mean absolute per-
centage bias improved by 0.20%, which did not reach
statistically significance too. The mean average within-
sample CV for the group of laboratories did not change.

In another evaluation of the data, we calculated the
mean difference for each laboratory and formed a f-value
for each laboratory on the basis of five degrees of free-
dom (from six sample means). Thus, 78 p-values are
obtained. The median p-value for 78 laboratories was
0.024. Sixty-three of 78 {80.8%) were < 0.05 and statis-
tically significant at the 95% probability level. Eighty

Mean %Bias vs Osaka Abell-Kendall
o

d & 4L b

350 400
Total cholesterot (Osaka Abell-Kendalt) (me/dLy

Fig. 1. Mean % Bias Plots for TC. Bias plots of 78 Japanese
clinical laboratories that participated in the first and second TC
certification round. Mean percentage bias is plotted versus the TC
concentration (mg/dL} as determined by the AK reference method
at Osaka. Horizontal dotted lines mark the NCEP bias guidelines
at + 3%. Data for all participants is presented together in this one
plot. The regression line was y = 0.0010x~1.1715{(n=78, r=
0.0284} for the initial round (X} and y = - 0.0018 x
- 0.0626 (n=78, r=-0.0538) for the second round (D).

percent of the laboratories showed significant improve-
ment in their bias.

The bias of all participants in the initial and second
rounds is shown in Fig. 1. This plot includes the bias of
all individual samples analyzed by all 78 participants.
Fewer samples had bias greater than + 3% in the sec-
ond round.

Table 1. Performance of participants in total cholesterol certification program

Accuracy% bias PrecisionCV

Round & p-value

Participants Mean % bias Mean absolute % bias Mean within-sample CV
{Mean x SD) {Mean + SD) (Mean + SD)
Initial All Labs 78 -093+1.77% 1.61+1.27% 0.72 + 0.33%
Certified® 71 -0.56 +1.31% 1.30+£0.72% 0.70 £ 0.34%
Second All Labs 78 ~0.49 £1.75% 141 +£1.20% 0.69 + 0.30%
Certifieda 72 ~-0.24 £1.22% 1.14 + 0.60% 0.69 + 0.30%
p-value® All Labs 78 0.1 0.31 0.65
Certified 0.13 0.15 0.79

*: Only laboratories that met CRMLN performance criteria: Average percentage bias < = = 3%, percentage bias at 5.17 and 6.21
mmol/L < = + 3%, CV < = 3%, correlation coefficient (F) < = 0.875, and no within- or between-method outiers.
b: p-value for comparison of initial and second rounds

Table 2. Number of participants failing to meet specific CRMLN performance criteria for total cholesterol

Round Accuracy Precision Outliers

Mean absolute% biast 3% Mean within -sample CV< = 3% Within-method outliers Between-method outliers
Initial 7 0 1 0
Second 5 0 1 0]
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In the first round of standardization, a total of seven
laboratories failed to meet the criteria to obtain “Certifi-
cate of Traceablity”. In the second round, a total of five
laboratories failed. Table 2 summarizes the reasons that
laboratories did not pass certification for both rounds of
the protocol. No laboratories failed certification because
of imprecision. The most common reason for failure was
inaccuracy. Some laboratories failed on multiple crite-
ria. Only cne laboratory failed both rounds; this labora-
tory failed the first time because of inaccuracy and the
second time because of within-method outliers. |n a third
round, this laboratory met all of the criteria.

Table 3 shows the results of 10 rounds of the TC certi-
fication protocol with the 78 laboratories that began with
the initial standardization. The number of laboratories
that remained in the program for all 10 rounds decreased
over the 5 years of the study. However, the pass rate
increased by the sixth round. Although the mean per-
centage bias did not appear to change significantly, the
mean absolute percentage bias was reduced over time.
A weighed regression of the mean absolute bias over

the course of the 10 rounds {mean absolute percentage
bias versus the number of surveys) had a slope of -0.050,
an intercept of 1.340, and a p-value of 0.0008. This shows
that the mean absolute percentage bias has been re-
duced significantly over the 10 surveys for these labora-
tories.

Standardization of HDL-C in clinical laboratories

The average period between the first and second events
in the 46 participants was 20 months.

The initial and second performances of HDL-C by all
participants is presented in Table 4. As a group, these
laboratoriest performance improved between the first and
second events. For mean percentage bias and mean
absolute percentage bias, differences between the ini-
tial and second events were statistically significant (p =
0.003 and p = 0.00002, respectively). Differences in the
mean among-run CV between the first and second events
were not statistically significant (o = 0.88). The percentage
bias of all participants is shown in Fig. 2A and Fig. 2B for
the first and second events, respectively.

Table 3. Trends in total cholesterol performance of certified laboratories

. Accuracy % bias Precision CV
Round (rerﬁgg;r?épggtss(f"/o)) Paé/so)rate Mean % bias Mean absolute % bias Mean within-sample CV
{Mean = SD) (Mean = SD) {Mean + SD)
1 78 91.00% -056+1.31% 1.30 £ 0.72% 0.70 + 0.34%
2 78 (100.0%) 92.30% ~0.24 +1.22% 1.14 £ 0.60% 0.69 + 0.30%
3 47 { 60.3%) 100.00% 0.00 + 1.28% 1.20 £ 0.569% 0.63 + 0.30%
4 36 ( 46.2%) 94.40% -0.221+1.25% 1.09 £ 0.69% 0.67 + 0.34%
5 34 ( 43.6%) 91.20% 0.07 + 1.34% 1.23 + 0.60% 061+0.27%
6 29 ( 37.2%) 100.00% -0.11 £1.15% 1.04 £ 0.54% 0.64 + 0.25%
7 26 ( 33.3%) 100.00% ~0.02£1.27% 1.12 + 0.65% 0.63 £ 0.27%
8 22( 28.2%) 95.50% -0.28 + 0.89% 0.90 + 0.43% 0.67 £ 0.23%
9 18 { 23.1%) 100.00% -0.26 + 1.05% 0.93 + 0.59% 0.61 £ 0.35%
10 9{ 11.5%) 100.00% -0.20+0.78% 0.66 £ 0.51% 0.68 £ 0.29%
Table 4. Performance of participants in HDL-cholesterol evaluation program
Accuracy% bias PrecisionCV

Event and p-value

Mean % bias{Mean £ SD}

Mean absolute % bias{Mean x SD}

Among-run CV(Mean + SD)

Initial -1.86+3.01% 4.22 £ 1.52%
Second -0.06+2.71% 288 +£1.29%
p-value* 0.003 0.00002

1.56 £ 0.76%
1.58 £ 0.77%
0.88

*: p-value for comparison of initial and second events.

Table 5. Number of participants failing to meet specific CRMLN performance criteria for HDL-cholesterol

Accuracy Precision
Event Absolute% biasz 5% RunCV< = 4% Within-method outliers Between-method outliers
Initial 16 0 2 0
Second 2 1 3 ¢
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Fig. 2. Mean % Bias Plots for HDL-C. Bias plots of 46 Japanese clinical laboratories that participated in two evaluations of
HDL-C performance. Mean percentage bias is plotted versus the HDL-C concentration (mg/dL) as determined by the desig-
nated comparison method at Osaka. Horizontal dotted lines mark the NCEP bias guidelines at + 5%. Data for all participants
is presented together in each plot. Figure 2 A: The regression line was y = - 0.1295x + 4.2998 (n = 46, r= - 0.4549} for the initial
event(x). Figure 2 B: The regression line was y = - 0.0324x + 1.4207 (n = 46, r= - 0.1380) for the second event{).

Table 5 summarizes the problems that some of these
laboratories had in meeting the performance criteria. Pre-
cision was not a common problem. However, a number
of laboratories had accuracy problems, particularly in the
first event. The accuracy problems improved consider-
ably in the second event of evaluations.

Discussion

Achieving accuracy within a laboratory and compara-
bility between laboratories requires traceability to a de-
fined common accuracy base. The most practical ap-
proach to achieve traceability is to ensure that manufac-
turers properly calibrate diagnostic products. This has
been the primary focus of the CRMLN since its incep-
tion. Another approach to achieve comparability is to
require that all clinical {aboratories use the same method;
however, this is neither practical or possible.

In Japan, no homogeneous systems exist where instru-
ment, calibrators, and reagents are marketed by a single
manufacturer. More commonly, heterogeneous systems
are used whete an instrument is purchased from one manu-
facturer, and calibrators and reagents are purchased from
another manufacturer. A laboratory using a heterogeneous
analytical system must assume primary respensibility for
documenting performance and establishing traceability to
the accuracy base. For this reason, many Japanese labo-
ratories have chosen to participate in the CRMLN trace-
ability programs. This offered us a unique opportunity to
evaluate the impact of TC standardization and HDL-C evalu-
ation by comparison of the initial and subsequent perfor-
mances by clinical laboratories using all heterogeneous
analytical systems.

Japanese manufacturers set accurate values on cali-
brators in three ways: 1) by performing a fresh sample
comparison with OMC; this approach has been used for
both TC and HDL-C; 2) by sending the calibrator to OMC
for value-assignment; this approach has been used for
HDL-C; and 3) OMC certifying enzymatic methods
through the manufactureris certification protocol; the
manufacturers then use the enzymatic methods to as-
sign calibrator values in-house.

For TC, accuracy by the certified laboratories tended
to improvement in the second standardization compared
to the initial standardization, however the improvement
was not statistically significant. Although the mean bias
for all laboratories was reduced by half between the ini-
tial and second performances, the difference is not sta-
tistically significant because of the relatively high varia-
tion between laborateries for this parameter. The p-value
(0.11) observed for the t-test of the mean performance
for the entire group of laboratories was not significant at
the 95% level, but suggested a real difference. Although
bias still exists, the smaller bias than in the initial stan-
dardization indicates that the laboratories improved their
accuracy, namely the change in bias was in the desir-
able direction. The variability used to test this reflects
among-laboratory variation that reduces the likelihood
of finding a significant result.

The statistical tests to evaluate individual laboratoriesi
performance between the first and second rounds con-
firm the suggestion of improvement in performance. This
second approach avoids integrating the among-labora-
tory variability and is more powerful and confirms a trend
for laboratories to improve between the first and second
rounds.
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The mean overall precision for this group of laborato-
ries stayed very nearly the same between the initial and
second performances. This is consistent with the fact
that precision is not a problem with TC measurements.
In fact, none of the laboratories failed to be certified be-
cause they did not meet the precision criterion.

When a laboratory faited to meet the criteria, OMC con-
sulted with the laboratory to assist in determining the
sources of and resolving the problem. The consultation
would consist of a telephone call and/or a visit to CMC
from laboratory personnel. If the source of the problem
was determined to be with the calibrators or reagents,
OMC consulted with the manufacturer to assist in re-
solving the problem. After the source of the problem
was resolved, the laboratory had the opportunity to im-
mediately participate in the certification protocol again.
This consultation and certification procedure was fol-
lowed until the laboratory could verify that it met the per-
formance criteria.

Accuracy failure occurred in 11 laboratories during the
first two rounds. The accuracy problem was resolved by
changing the calibrator lot (two laboratories), changing
of calibrator supply source {five laboratories), or stabiliz-
ing an unstable instrument (one laboratory). However,
the cause in inaccuracy was not resolved in three labo-
ratories.

The mean absolute percentage bias had a significant
trend to lower values as laboratories continued partici-
pation in the certification program. We believe that this
emphasizes the importance of regular participation with
six months interval for TC over at least three years. We
observed that, in general, Jaboratories that met the certi-
fication criteria in the first round continued to improve
their bias the longer they patrticipated in the program.

For HDL-C, accuracy was significantly improved in the
second evaluation over the initial evaluation (34). Precision
did not markedly improve. In the HDL-C evaluations, pre-
cision failure was resolved by maintenance of an unstable
instrument. The accuracy problems that occurred in nine
laboratories were resolved by reconstitution of the calibra-
tor in five laboratories and a change of calibrator lot in three
laboratories. The cause of inaccuracy was not resolved in
one laboratory. Failure because of within-method outliers
was resolved by readjustment of an unstable instrument in
three laboratories and by a change in technologist in one
laboratory. The cause of within-method outliers remained
unresolved in one laboratory.

We understand that it will be desirable for using fresh-
non-frozen samples for HDL-C measurement. However,
in this study the fresh-frozen serum samples stocked at
—60°C or below were used because first the HDL-C mea-
surement should be divided among five analytical runs,
namely five weeks as one run in a week and because
second the reports are available for HDL-C can be de-
termined accurately after storage at - 70°C for up 1 month

to 1 or 2 years (19,35). Any changs in the samples was
not found in the check of lipoprotein electrophoresis.

Commercial available kits for HDL-C measurement are
developed based on various methodological principles
{34). For this reasons the differences sometimes pro-
duce serious discrepancy among them for the patient
samples that may have specific lipoprotein abnormality.
This problem has not clearly been sorted and reported.
Therefore, the manufacturers reagent kits should be fur-
thermore focused to improvement for measurement of
patient samples with lipid disorders.

In conclusion, accuracy for TC tended to improvement
although not significantly, but for HDL-C improved be-
tween the initial and subsequent events. Precision was
not significantly changed for either TG or HDL-C between
the initial and subsequent rounds. Sustained participa-
tion in the TC certification program for 5 years demon-
strated improved performance the longer a laboratory
remained in the program, even while mesting the CRMLN
performance criteria. We believe that continuous par-
ticipation in the international standardization program
from every clinical laboratory in Japan is a very essential
part not only of the ¢linical or epidemiological study and
practice for the risk management treatment but also of
overseas publication of results in medical research in-
volving Japanese peoples. The results of this study dem-
onstrate that, at the outset of participation in the certifi-
cation program, inaccuracy in TC and HDL-C testing was
more of a problem than imprecision. CRMLN certifica-
tion protocols will contribute effectively to improved ac-
curacy for TC and HDL-C measurements.
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Independent predictors of recurrence of chronic subdural
hematoma: results of multivariate analysis performed using
a logistic regression model

HiromiCHI YAMAMOTO, M.D., YUTAKA HiRASHIMA, M.D., HIDEO HAMADA, M.D,,
NAKAMASA HayAsHI, M.D., HDEKI ORriGAsA, PH.D., AND SHUNRO ENDO, M.D.

Department of Neurosurgery and Division of Biostaotistics, Toyama Medical and Pharmaceutical
University, Tovama, Japan

Object. The authors attempted to determine independent predictors that contribute to the recurrence of chronic sub-
dural hematoma (CSDH).

Merhods. A 1ol of 105 consecutive patients who underwent surgery for CSDH were included in this study. Eleven
patients underwent a repeated operation because the CSDH recurred. Univariate and multivariate analyses were per-
formed 10 assess the relationships among various variables and CSDH recurrence. Finally, four variubles were found
to be independently associated with the recurrence of CSDH: 1) absence of 2 multiplicity of hematoma cavities on
CT scans; 2) presence of a history of scizure; 3) width of the hematoma; and 4) absence of 2 history of diabetes mel-
Titus (DM).

Conclusions. As previously reported, the width of the hematoma is related to the incidence of CSDH recurrence. In
this study, the lack of a multiplicity of hematoma cavities was the faverite predictor of CSDH recurrence. In addition.
histories of seizure and no past DM are closely related 1o the incidence of CSDH recurrence.

KEYy Worps + chronic subdural hematoma +  disease recurrence =  multivariate analysis

HRONIC subdural hematoma is one of the most com-

mon types of intracranial hemorrhage, and often oc-

curs in older patients.2%14192% Sypejeal treatment
has been widely accepted as the most efficacious way to
deal with CSDH;*2*2* however, some patients experience
recurrence, at rates reported to range from 9.2 to 26.5%.1
192 The clinical entity of CSDH has been established, but its
clinical features and correlating factors are still controver-
sial. Numerous factors potentially associated with the recur-
rence of CSDH have been reported in the Titeratupe 244915
4161925 We evaluated predictors associated with the recur-
rence of CSDH in 105 patients who underwent surgery for
CSDH in our department.

Clinical Material and Methods

We studied 105 consecutive patients with CSDH (73
men and 32 women ranging in age from 40 to 97 years [me-
dian age 71.2 years]} who were admitted to the Department
of Neurosurgery, Toyama Medical and Pharmaceutical Uni-
versity, where they underwent surgical procedures for the
hematoma between June 1991 and April 2000. Three addi-

Abbreviations used in this paper: CSDH = chronic subdural he-
matoma; CT = computenzed tomography: DM = diabetes meilitus;
JCS = Japan Coma Scale.
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tional patients were excluded because their need for the cra-
niotomy was due to the organization of the CSDH or be-
cause the hematoma was accompanied by another condition
such as an arachnoid cyst or tumor. -

The clinical datz for these 105 patients with CSDH are
summarized in Table 1. The initial surgical procedure in-
cluded irrigation of the hematoma, which was performed
using one burr hole in 103 patients and two burr holes in
two patients. Subdural blood was evacuated and washed out
with warm physiological saline solution. All patients under-
went closed-system drainage, performed with the aid of a
silicone tube, for 1 to 5 days (mean 1.7 days). Operations
were performed with neuroleptanalgesia and local anesthe-
sia in al] patients. '

The criterion for recurrence was an increase in hematoma
thickness and a change in hematoma density on follow-up
CT scans within 3 months postoperatively.'® Reappearance
of symptoms such as dementia, hemiparesis, and aphasia
also indicated the recurrence of hematoma. In principle
follow-up CT scanning was performed 1 day, 1 week, 1
month, 3 months, and 6 months postoperatively.

Variables considered in the analysis of factors associated
with recurrence of CSDH included the following: patient
sex and age; history of trauma; JCS™ score on admission to
the hospital (0-3 or > 3); symptomatic or nonsymptomatic
hematoma; site of the hematoma (ipsilateral or bilateral);
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TABLE |

Demographic characteristics and clinical findings
in 103 patients with CSDH*

Nao. of Patiems (%)

Factr " RG NRG Total p Value
no. of patients It 94 105
sex
male 9(81.8) 64 (68.1) 73 0.349
female 2(18.2) 3L, 32
age (yrsH 7i4296 714 %105 T4 =10 0.99%
triunma
present 9 (81.8) 69(734) T8 0.546
absenl 2(18.2) 25 (26.6) 17
initial JCS score
0-3 $(81.8) 90 (95.7) 95 0.060
=3 2({18.2) 4(4.2) 6
symploms
present 11 {100} 91 (98.9) 14 0.731
ahsent 0{0) (LD |

* NRG = nonrecurrence group; RO = recurrence group.
t Values are expressed as means = standard deviations.

layering of the hematoma; multiplicity of hematoma cav-
ities; development of a hematoma capsule; presence of a
midlipe shift on CT scans; interval between symptoms and
surgery; presence of intracranial air 7 days after surgery;
position of the drainage system; history of scizure, smok-
ing, DM, cercbrovascular discase, heart discase, liver dis-

TABLE 2

Summary of initial CT and clinical findings, and perioperative
findings in 105 patients with CSDH

No. of Patients (%)

H. Yamamoto, et al.

TABLE 3
Summary of risk factors in 105 patients with CSDH

No. of Patients (%}

Finding RG NRG Varl'uc
no. of patieats ] 94
hematoma site
ipsilat B (72.7) T4(78.T) 0.649
bilat I3 2 (21.3)
layering of hematoni
present 4(364) 46(489r 0430
absent 7 (63.6) 48(51.0)
multiplicity of hematoma cavity
present (0 27 (28.7) 0.039
absent 11 (100} 67 (71.3)
development of capsule
present 4(36.4) 1HOLhH 0.027
absent 7 (63.6) B3 (88.3)
midline shift
present 9(81.8) 80(83.1) 0.774
absent 2(18.2; 14(149)

2342557 224558 0568
183270 208 * 269 0.770

hematoma width (mm)*
inerval from symploms (0 surgery

{days)*

intracranizl air (7 days postop)
present 15 ¢100) 77 (RS 0.123
absent om 17 (18.1;

position of drainape
fromal 10 (9.9} 84(R9.4) 0.874
other 19.1) 10 (10.6)

* Values arc expressed as means % standard deviations.
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Risk Factor RG NROG \i'.l'l,uc
no. of paticnts 1 94
medical history
seizure
yes 1(27.3) 31332 00011
ne K(72.7) 91 (96.8)
smoking
yes 3213 3133, 0702
no B2 63 (670
hypertension
yes 321y 33(35.1) 0605
no £(72.7) 61 (4.9
DM
yes 109.1) 18(19.1y 0412
no 10(90.9) 76 {(80.9)
cerebrovascular discase
yes 4(36.4) 18(19.1) 0184
ne 7 (61.6) 76 (80.9)
heart disease
yes 1 (9.1 Ny a7
no 10(90.9) 83 (338.3)
liver diseave
yes (9.1} 6 (6.4) 0.733
no 10 {90.9) 88 (91.6)
alechol abuse
yes 6(54.5) 35(37.2)  0.266
na 5(45.%) 59 (62.8)
antiptatelet or antivoagulation drugs
yes (Y 4(4.3) 0.485
nor (10 90 (95.7)

ease, or alcohol abuse; and the use of antiplatelet and anti-
coagulant drugs.

The patient’s medical histoey and initial JCS score on ad-
mission were collected from medical records written by the
treating physicians. A history of seizure, hyperiension, and
DM, and the use of antiplatelet and anticoagulation drugs
were determined and treatment was based on these findings
until the diagnosis of CSDH ¢ould be obtained.

The width of the hematoma, a muliiplicity of hematoma
cavities, the site of the hematoma (untlateral or bilateral),
the development of a hematoma capsule, the existence of
intracranial air on CT scans 7 days postoperatively, the
presence of the midline shift on CT scans on admission, and
the presence of layering of the hematoma were evaluated
independently by three observers who were blinded to the
patients” medical charts and CT scans. “Layering of the he-
matoma” was defined as a hematoma containing two com-
ponents of different densities with a clear boundary lying
between them." A “multiplicity of heinatoma cavitics™ was
defined as a hematoma with inhomogeneous contents and a
high-density septum running between inner and outer mem-
branes.'

We performed a univariate analysis to assess the relation-
ships between each variable and the recurrence of CSDH by
applying the Student t-test, the Mann-Whitney U-test, and
the chi-square test. We also perfonined a multivariate statis-
tical analysis of factors related to the recurrence of CSDH
by using a logistic regression model, Varables in the final
madel were selected according o a stepwise method and

J. Neurosurg. / Volume 98 / June, 2003
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Predictors of recurrence of chronic subdural hematoma

TABLE 4 TABLE 5
Univariate analysis of variables related ta the Results of a multivariate analysis of variables related to
recurrence of CSDH * the recurrence of CSDH

Vartable Unit Univanate OR (95% Cl} Variable Enit OR(95%C) p Value
multiplicity of hematoma cavities yes 0.25 (0.01-1.39) multiplicity of hematoma cavities yes .03 (0.001-0.49)  0L.00596
seizure yes 11.40(1.85-71.2) suizure yes  2340(¢1.83-775) 00146
width of hematoma I mm 1.03 (0.92-1.15) width of hematoma § mm 1.22{1.01-§47) 0029
DM yus 042 (0.02-242) DM yes 0.06 ¢0.001-0.99) 0.049
site of hematoma bifat 1.39 (0.28-5.31) site of hematoma bilat 4.6310.66-373) 0121
development of capsule yes 431 (1.00-169) development of capsule yes 1.16{0.66-265) 0125
initial JCS score 1 point 1.44 (0.90-2.32) inilial JC§ score Epoint 156 (0.82-2.98) 0.175
cercbrovascular disease yes 241 (0.58-8.92) cercbrovascular disease yes 2.91 {0.26-278) 0350
intractanial air 3t 1 wk posiop yes 2.21(0.38-4t9) intracranial air at 1 wk postop yes 1.06 (0.10-31.5) 0965

* L = confidence interval, OR = odds ratio.

those deemed to have ¢linical importance were included. To
determine the independent factors affecting recurrence of
CSDH, odds ratios were evaluated after adjustment for oth-
er factors.

Results

Eleven patients (10.5%) experienced recurrence, where-
as 94 patients (89.5%) did not. Demographic variables such
as patient sex and age were found not to be related to the
recurrence of CSDH on the univariate analysis (Table 1).
No significant differences in the incidence of head injury,
initial JSC score on admission, and symptoms on admission
were observed between the two groups (Table 1). Among
the initial CT scanning, clinical, and perioperative find-
ings, absence of a multiplicity of hematoma cavities and de-
velopment of a capsule were significantly associated with
recurrence of CSDH (Table 2). Interobserver agreement
on the quality of the method was estimated vsing the over-
all k coefficient. The overall « coefficient was defined as
the mean of the simple or weighted & coefticients between
two observers, The indices of agreement were (.86, 0.939,
0.584, 0.911, and 0.344 for layering of the hematoma, pres-
ence of intracranial air 7 days after surgery, multiplicity of
hematoma cavities, presence of a midline shift, and the de-
velopment of a hematoma capsule, respectively. For width
of the hematoma, we estimated Spearman rank cormelation
coefficients. The correlation coefficients were very high
(two of three comelation cocfficients were > 0.93). When
we evaluated relationships by performing a univariale anal-
ysis between the recurrence of CSDH and each risk factor,
a history of seizure was found to occur surprisingly more
frequently in the recurrence group than in the nonrecur-
rence group (Table 3},

After eliminating variables that were closcly related to
others, the following items were adopted as cofounders in
the logistic regression model for the multivariate analysis:
multiplicity of hematoma cavities {yes), history of seizure
(yes), width of the hematoma (1 mm), DM (yes), site of the
hematoma (bilateral), development of a capsule {yes), ini-
tial JCS score (I point), history of cercbrovascular disease
{yes), and intracranial air 7 days after surgery (yes). The
odds ratios for these variables after univariate analysis are
shown in Table 4. The analysis revealed that the absence
of a multiplicity of hematoma cavitics, presence of a histo-
ry of seizure, width of the hematoma, and absence of a his-
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tory of DM were significantly associated with recurrence of
CSDH after adjustment for other cofactors (Table 5).

Discussion

In previous studies, many risk factors for recurrence
of CSDH have been reported. 34453141024 Advanced age,
bleeding tendency, brain atrophy, alcohol abuse, and bilat-
eral CSDHs have commonly been reported as risk fac-
tors for recurrence M7914193% Rick factors, however, should
change with advances in medical care and changes in envi-
ronmental factors (for example, social and economic status,
culture, and educational system). We therefore attempted
1o confinn the risk factors for recurrence of CSDH in our
serics by performing a multivariate analysis with the aid
of a logistic regression model. Finally, the recurrence of
CSDH was correlated with the following variables in the
present study: 1) absence of a multiplicity of hematoma
cavities; 2) presence of a history of seizuee; 3) width of the
hematoma; and 4) absence of a history of DM.

Mudtiplicity of Hematoma Cavities

In previous studies, inultiplicity was posttively correlated
with the recurrence of CSDH.5* In those studics, howev-
cr, the authors defined “multiplicity” as multiple CSDHs,
whereas we define multiplicity of hematoma cavities as the
involvement of multiple cavities. It corresponds to the tra-
becular type of a hematoma described in a previous report.™

The pathogenesis of the formation and development of
CSDH is still a matter of discussion. The findings of recent
experimental studies have revealed that blood in the sub-
dural space evokes an inflammatory reaction, resulting in
deposition of fibrin, which is followed by the orpanization
and formation of subdural neomembranes with ingrowth of
neocapillaries.? Then, the plasminogen in the hematoma is
transformed into plasmin by tissuc plasminogen activator,
which is extremely abundant in the outer membrane. Se-
quentially, both the breaking down of fibrin and fibrino-
gen and the production of an extraordinarily large antount
of fibrin and fibrinogen degeneration products occur. These
phenomena result in the liquefaction of blood clots, an in-
crease in the permeability of capillary vessels, and interfer-
ence with the mechanism, development, and progressive
enlargement of the CSDHL" According to their description
of hemostasis, Tanikawa and colleagues® believe that a he-
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matoma with a farge amount of intrahematomal membranes
has a high rate of recumrence and that resection of the in-
trahematomal membrane, establishment of a connection
with all other hematomna compartments, and evacuation and
drainage of the hematoma fluid may result in promotion of
subdural fluid reabsorption and, consequently, rebleeding
and fibrinolysis can be prevented.

Irigation with one burr hole, however, is usually suffi-
cient o wash out the hematoma in multiple cavities. In most
cases, multiplicity does not mecan multiple closed cavities.
We believe that all cavities arc continuous with relative-
ly wide routes of connection in many cases. If imgation is
perforined completely, residual structures (intrahematomal
membranes) should shrink and adhere to each other. El-
Kadi, et al. ¢ demonstrated that the larger the CSDH, the
lower its surface/volume ratio. The surface of the hemato-
ma is the site at which both bleeding and reabsorption oc-
cur. Therefore, once centain critical ratios are passed, the he-
matoma will grow or decrease in size. Conversely, a CSDH
with a multiplicity of hematoma cavitics has a greater sur-
face/volume ratio. Therefore, the finding that the presence
of a multiplicity of hematoma cavities was a negative fac-
tor for the recurrence of CSDH is compatible and is coinci-
dent with the results of a previous repoct.™ Nonetheless,
completely closed cavities sometimes exist. In such cases,
none of these isolated cavities should be left untreated.

Histary of Seizure

It is said that the common factors predisposing 1o the
development of a CSDH are alcoholism, anticoagulation
therapy and coagulopathies, scizure disorders, and cerebro-
spinal fluid shunts24334317% These factors are frequently
associated with brain atrophy, decreased blood homeosta-
sis, and head trauma, In this study, a history of seizure was
one independent predictor of recurrence of CSDH; patient
age was not found to be a predictor of recurrence. An addi-
tional factor other than brain atrophy, such as coagulepathy
due to the direct effect of anticonvulsant agents'* or an in-
direct effect by way of liver dysfunction.! may contribute to
the recurrence of CSDH.

Width of the Hematoma

The width of 2 hematoma is usually determined at the
level of its maximum thickness and has been reported to
be comrelated with patient age.” This result is attributed to
the brain atrophy associated with aging, which provides the
hematoma with space in which to grow. In the same fash-
ion, we speculate that larger hematomas have a greater ten-
dency 1o recur because postoperatively the subdural space
is larger than that found afier removal of a small lesion.

Diabetes Mellitus

Diabetes mellitus is a well-known sk factor for coro-
nary heart disease and stroke.** Hyperglycemia is associ-
ated with arterdal occlusive disease because it induces hy-
perviscosity of the blood and promotes atherosclerosis.”
Platclet aggregation™ and coagulation are activated." and
the osmotic pressure of the blood is increased in such a con-
dition. Suznki and associates’ reported that osmotherapy
performed using 20% mannitol is effective in stopping re-
peated bleeding of a CSDH. In the same way. the blood of
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patients with DM has a high osmotic pressure and increased
platelet aggregation. The blood sugar level is elevated dur-
ing the perioperative period and afier every meal. This sug-
gests that DM may play a role in decreasing the rebleeding
tendency of a CSDH. Diabetes mellitus may contribute o
attenuating the recurrence of CSDH.

The present study was a retrospective, cohort study, and
thus is potentially subject 1o sources of bias and variation.
Nonetheless, the imaging data were collected prospeetive-
Iy by using serial CT scans. The sample size of the present
study was not large, and further investigation is required o
assess not only the independent predictors revealed in this
study, but also those reported previousty.

Conclusions

Absence of a multiplicity of hematoma cavities. pres-
ence of a history of seizure, width of the hematoma, and ab-
sence of a history of DM are independent predictors for the
recurrence of CSDH.
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