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Background: Complete blood count (CBC) results play an important role in peripheral
blood smear (PBS) examinations. Many descriptions in PBS reports may simply be trans-
lated from CBC parameters. We developed a computer program that automatically gener-
ates a PBS draft report based on CBC parameters and age- and sex-matched reference
ranges.

Methods: The Java programming language was used to develop a computer program that
supports a graphical user interface. Four hematology analyzers from three different labo-
ratories were tested: Sysmex XE-5000 (Sysmex, Kobe, Japan), Sysmex XN-9000 (Sys-
mex), DxH800 (Beckman Coulter, Brea, CA, USA), and ADVIA 2120i (Siemens Health-
care Diagnostics, Eschborn, Germany). Input data files containing 862 CBC results were
generated from hematology analyzers, middlewares, or laboratory information systems.
The draft reports were compared with the content of input data files.

Results: We developed a computer program that reads CBC results from a data file and
automatically writes a draft PBS report. Age- and sex-matched reference ranges can be
automatically applied. After examining PBS, users can modify the draft report based on
microscopic findings. Recommendations such as suggestions for further evaluations are
also provided based on morphological findings, and they can be modified by users. The
program was compatible with all four hematology analyzers tested.

Conclusions: Our program is expected to reduce the time required to manually incorpo-
rate CBC results into PBS reports. Systematic inclusion of CBC results could help improve
the reliability and sensitivity of PBS examinations.
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INTRODUCTION

The peripheral blood smear (PBS) examination has direct diag-
nostic utility for certain groups of hematological and infectious
diseases, such as leukemia, hemolytic anemia, and malaria,
while providing adjunctive information to complete blood count

512 www.annlabmed.org

(CBC) results. PBS examinations are usually requested by phy-
sicians in response to perceived clinical features or to abnor-
malities in the CBC results [1]. When examining a PBS, CBC re-
sults play an important role as an interpretation guide; currently,
sophisticated automated hematology analyzers provide various
parameters and flags based on multiple technologies, including
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flow cytometry [2]. In order to derive maximal information from
a PBS, these parameters should be considered and incorpo-
rated into PBS reports.

Many descriptions in PBS reports may have simply been in-
terpreted from the CBC parameters without actually examining
blood smears. For example, the description “microcytic hypo-
chromic anemia with anisocytosis” could be written prior to ex-
amining the blood smears, based on CBC parameters such as
hemoglobin, mean corpuscular volume (MCV), mean corpuscu-
lar hemoglobin (MCH), mean corpuscular hemoglobin concen-
tration (MCHC), and red blood cell distribution width (RDW).
Likewise, “mild leukocytosis with neutrophilia” or “mild throm-
bocytosis” can also be written based on instrument-generated
CBC parameters such as white blood cell (WBC) count, platelet
count, and the percentage of neutrophils. According to the In-
ternational Council for Standardization in Haematology (ICSH)
[31, for some red blood cell (RBC) abnormalities, interpretation
of the parameters produced by hematology analyzers may be
more accurate and less subjective than grading by examining
PBSs. Similarly, modern hematology analyzers provide accurate
WBC differentials, which should be reported for patients with
normal cell populations [3, 41.

In many clinical laboratories, hematopathologists spend a
considerable amount of time reviewing and summarizing all the
CBC parameters when preparing for PBS reports. For pediatric
patients, especially for neonates, this process takes more time
because their reference ranges are different from those of adults
[5-71.

We aimed to optimize this part of the process by developing a
computer program that automatically generates a PBS examina-
tion draft report based on CBC parameters. We also aimed to
make our program aware of age- and sex-matched reference
ranges and apply them when constructing the draft reports.

METHODS

The study was approved by the institutional review board of Ko-

Table 1. Hematology analyzers tested

ANN
LAB
MED

rea University Medical Center (KUMC; IRB number 2018GR
0119), Seoul, Korea. Initially, we used Sysmex XE-5000 (Sys-
mex, Kobe, Japan) as the hematology analyzer. As CBC results
from Sysmex hematology analyzers can be saved into a Micro-
soft Excel file or comma-separated values (csv) file, we used that
file as the input for our program. Once the initial version of our
program had been implemented and tested, we modified our
program to support other types of hematology analyzers. Our
program was developed between December 2016 and June
2017. During this period, we tested four hematology analyzers—
Sysmex XE-5000, Sysmex XN-9000 (Sysmex), DxH800 (Beck-
man Coulter, Brea, CA, USA), and ADVIA 2120i (Siemens
Healthcare Diagnostics, Eschborn, Germany)—from three differ-
ent hospitals: KUMC Guro Hospital (Seoul), KUMC Ansan Hos-
pital (Ansan), and Inha University Hospital (Incheon; Table 1).

Data files could be generated directly by hematology analyz-
ers, as well as by middlewares or laboratory information systems
(LIS) depending on the information system architecture of the
laboratories. For DxH800 installed at KUMC Guro Hospital,
HemLink, which is a middleware provided by Beckman Coulter,
was used to generate data files. HemLink can communicate
with the DxH800 through a local network and can generate data
files containing CBC results. We installed our program on a
computer already equipped with HemLink, so that users could
generate a data file from HemlLink and open it instantly on the
same computer without the need for a file transfer. For ADVIA
2120i, data files could not be directly generated from the hema-
tology analyzer or middleware. Instead, the CBC parameters
and flags were first uploaded into the LIS and then downloaded
from the LIS as an Excel file.

To develop a graphical user interface (GUI)-based computer
program, we used the Java programming language (Version 1.8)
and its Swing components. Eclipse with WindowBuilder was
used as the integrated development environment.

The draft report generated by our program was validated by
comparing it manually with the content of input excel files. The
number of cases utilized for testing was 460, 150, 153, and 99

Model Manufacturer Data file type Data file generation Location
XE-5000 Sysmex, Kobe, Japan XIsx Instrument KUMC Guro Hospital
XE-5000 Sysmex, Kobe, Japan csV Instrument KUMC Ansan Hospital
XN-9000 Sysmex, Kobe, Japan XIsx Instrument KUMC Ansan Hospital
DxH800 Beckman Coulter, Brea, CA, USA Xls Middleware (HemLink) KUMC Guro Hospital
ADVIA 2120i Siemens Healthcare Diagnostics, Eschborn, Germany XIsx LIS Inha University Hospital

Abbreviations: csv, comma separated values; KUMC, Korea University Medical Center; LIS, laboratory information system.
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Sample List Instrument Data Microscopic Findings Draft Report (Editable)
No. Date Time Sample ID <RBC parameters> <RBC Findings> [
1 2016-12-26 16-36-08 2160324162 || Hab 10.6 Roukeaux Formation [T5] RBC
2 2016-12-26 16-18-18 2160924183 Het 30.5 - - - - ;
3 2016-12-26 16-14-51 3160274391 | | | [RBC 3.3 Agglutination EI=l Nl HIErocyElc:/Nonmchioals
4 2016-12-26 16-14-26 3160274376 ngx ;I?BO Poikil el Grading gui ] Polki locytosis N
5 2016-12-26 15-23-44 2160921540 Y o . = Polyehironsali =
6 2016-12-26 15-28-21 1160848278 poch 68 B - 1> Routbate forastion <
7 2016-12-26 15-27-46 1160848282 : Agglutination -
NRBCY 0.0 oval I+l cells [ [v]
8 2016-12-25 15-14-58 1160848152 i 19 : B = Inclusi -
9 2016-12-26 15-14-26 1160848221 Echinocytes [I¥] Targetcells [[v] Others
10 2016-12-26 14-43-17 2160924081 <UBC parameters> Sickle cells 1= 1=
11 2016-12-26 14-45-36 2160923570 = 1083 ) — veC
12 2016-12-26 14-43-58 1160847896 . - - I : i
Mi h Number Mild leukocytosis
e R e ety = IR
il B Segmentat ion Normal
15 2016-12-26 14-24-01 1160847566 EE;UX gg <Inclusions> Proportion Lymphocytosis, monocytosis
16 2016-12-26 13-59-24 1160847807 NEUT# 2240 Howell-Jolly Body [~ [+] g«;uration Normal
17 2016-12-26 13-49-33 1160847601 LYMPHE 6620 ) thers
18 2016-12-26 13-32-50 1160847593 MONDH 1490 LI o |roowscs ——
19 2016-12-26 13-08-35 1160847250 EO# 420 00 L he’e
BASO# 60 :
20 2016-12-26 13-08-10 1160847384 T Nunber/Size Increased, slightly / Normal
21 2016-12-26 13-05-06 3160274219 Platelet porsmeters> <WBC Findings> ety i
22 2016-12-26 12-53-56 2160923144 Others
PLT 78000 Neutro Lympho Mono
23 2016-12-26 12-47-43 1160847262 oy b i8[206 | GER 138 |
24 2016-12-26 12-39-39 3160274211 WPV 10.2 L3 9 EestiNios e
S dllo-| oo Je-Xh loeRigl bl &0 Blast P Myelo ;?g’:zgzt?c&ngmighgz‘iﬂén:z;mia with anisocytosis
-12-26 12-32- PCT 0.5 s o
2 2016-12-26 12-32-36 2145561321 \PF 2.8 Lo il 20 Mild leukocytosis with Iymphocytosis, monocytosis
27 2016-12-26 12-26-43 2160921819 . Meta [op | Band [op | i i
28 2016-12-26 12-24-23 2160921554 et o} Pl threatocstesls
23 2016-12-26 12-23-15 2160921968 sHlag> s ReactivelLC o0 Update Diff Count <Recomnendat ions>
Atypical Lympho?
30 2016-12-26 12-19-09 1160847054 Abnormal LIC 5|
31 2016-12-26 12-18-43 1160847045 -
32 2016-12-26 12-15-14 4160056139 Taic =) T =
33 2016-12-26 12-06-56 1160846862 ;i -
34 2016-12-26 12-05-37 1160846995 Neutrophil Segmentation
35 2016-12-26 11-43-42 1160846828 Al Eitiiees
36 2016-12-26 11-41-39 2160922273 i anC e
37 2016-12-26 11-40-33 2160921056 | | Clumping  [Tv]
38 2016-12-26 11-33-16 216092176 ~ GiantForm [~ [v]

Fig. 1. Draft report: one sample is selected from the Sample List (left, shaded), and instantly, the Instrument Data panel is auto populated
with complete blood count parameters. A draft report is prepared in the Draft Report panel. The Microscopic Findings panel remains in its
initial state at this point. Age- and sex-matched reference ranges can be applied, if age and sex are manually selected (at the top of the
screen). In this example, the Excel data file was generated from Sysmex XE-5000 (Sysmex, Kobe, Japan).

for Sysmex XE-5000, Sysmex XN-9000, DxH800, and ADVIA
2120i, respectively. Whenever an erroneous interpretation was
found, our program was modified to correct that error. This pro-
cess was repeated until all cases were interpreted correctly.

RESULTS

Our program consists of four separate panels: Sample List, In-
strument Data, Microscopic Findings, and Draft Report (Fig. 1).
Users can open a data file using the File tab on the menu bar.
When the data file is initially loaded, all sample I1Ds contained in
the data file are listed in the Sample List panel. When one of the
samples from the Sample List is selected, CBC parameters and
flags for that sample are listed in the Instrument Data panel,
and at the same time, a draft report is automatically prepared in
the Draft Report panel. Fig. 1 presents a snapshot of our pro-
gram at this point. In this example, patient information such as
age and sex is not stored in the data file. However, age- and
sex-matched reference ranges can be applied when writing the
draft report if age and sex are manually selected (Fig. 1).

514 www.annlabmed.org

The draft report is plain text that is editable at any time. It can
be manually edited after examining the PBS; however, for rou-
tinely used expressions, tools are provided on the Microscopic
Findings panel. Fig. 2 shows a snapshot of our program after
applying the microscopic findings to the Microscopic Findings
panel. Drop-down lists for describing rouleaux formation, agglu-
tination, and poikilocytosis have been prepared. These are de-
signed according to the ICSH guidelines, which recommend a
two-tier reporting system (i.e., ++ and +++) to report only clini-
cally significant results [3]. For example, in Fig. 2, the grading
scale for elliptocytes includes only -, ++, and +++. According to
the guidelines, the use of +/- and + is reserved only for describ-
ing schistocytes, whose observation has clinical significance
even at small numbers [3]. To aid users in grading poikilocyto-
sis, the Morphology Grading Table from the ICSH guidelines [3]
is linked to the “Grading guideline” button.

Textfields for manual differential counts are also provided. Ini-
tially, they contain the instrument-generated differential counts
(Fig. 1) and can be modified after a manual differential count, if
required. In our example, the “Atypical Lympho?” flag sug-

https://doi.org/10.3343/alm.2018.38.6.512
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|£) PB smear draft report generator for Sysmex XES000 LEIM
File Sex: @ Male O Female Age:
Sample List Instrument Data Microscopic Findings Draft Report (Editable)
No. Date Time Sample ID <RBC parameters> <RBC Findings> [
1 2016-12-26 16-36-08 2160924162 |4 Hab 10.6 ) RBC
2 2016-12-26 16-18-18 2160924183 Het 30.5 Rouloatx Fonation [ Ly, - s . . ;
3 2016-12-26 16-14-51 3160274391 1 RBC 313 Agglutination 1= ir"fzéztt'g::g"v NIErRE # Nl
imezzeumiomes (e B potocnass [_Gaampisie ] || ot
g g || MCHE 3.8 o elliptocytes (++)
6 2016-12-26 15-28-21 1160848278 o o Elliptocytes Potychrosssia -
7 2016-12-26 15-27-46 1160848282 NRBCY 0.0 oval Rouleaux formation -
8 2016-12-26 15-14-58 1160848152 RETY 13 Agglutination -
9 2016-12-26 15-14-26 1160848221 Echinocytes Inclusion =
10 2016-12-26 14-43-17 2160924081 <UBC parameters> SIcKIG Colls Others
11 2016-12-26 14-45-36 2160923570 UBC 10830 ) =
12 2016-12-26 14-43-58 1160847896 NEUTS 20.6 oty -__Lv] Spherocy -1
13 2016-12-26 14-43-26 3160274324 i Ll R ) Stomatocyles. ET] Hinbar Mild leukocytosis
14 2016-12-26 14-29-26 1160847835 oy 39 ) Toxic granule/vacuoles g,
15 2016-12-26 14-24-01 1160847866 BASOY 06 <Inclusions> Segnentat ion Normal
16 2016-12-26 13-53-24 1160847807 NEUTZ 2240 Howell-Jolly Body [~ [v] argpor:!on hymph?cvtosis
17 2016-12-26 13-43-33 1160847601 LYMPHE 6620 . laturat ion orna
18 2016-12-26 13-32-50 1160847593 Emnmr lgusn ek o |f100iEHES Others
19 2016-12-26 13-08-35 1160847250 0% 4
20 2016-12-26 13-08-10 1160847384 BASO 60 00 ek [gmiee
g gg:g':g’gg :g‘gg’g: g:%g’gﬂi <Platelet parameters> <MBC Findings> Nunber/Size Increased, slightly / Normal
12— 53! Clumping =
23 2016-12-26 12-47-43 1160847262 N i S s e | Others
24 2016-12-26 12-39-39 3160274211 WY 10.2 Eosino |4 Baso |[p
25 2016-12-26 12-36-58 2160921819 P-LCR 2.8 - . _— Comments & Other findings>
gs gg:g::g:gg :g:%jg g:;ggg:gﬂ T,E; 385 g 0—, OJ Microcytic normghromic_unemia with anisocytosis
Meta |o Band | Poikilocytosis with elliptocytes (++)
28 2016-12-26 12-24-23 2160321554 <Flags> Reactive LIC Mild leukocytosis with Iymphocytosis
29 2016-12-26 12-23-15 2160921968 e Lyacha? eactive LIC  [17 React ive Lynphocytes © 17.0%
30 2016-12-26 12-19-09 1160847054 Abnormal LIC [0— Mild thrombocytosis
31 2016-12-26 12-18-43 1160847045 " ot s
10 15~ - = \ecommen
§§ gg::_:g,gg :g_ég_;; ?:ﬁgiggg Toxic = x| Toxic - . w/u for viral infection such as EBY and CMY
34 2016-12-26 12-05-37 1160846395 Neatiophll Ssomestation
35 2016-12-26 11-43-42 1160846828 PlataletiFindinass
36 2016-12-26 11-41-39 2160922273 )
37 2016-12-26 11-40-33 2160921056 | | Cumping  [Tv]
38 2016-12-26 11-33-16 2160921176 ~ GiantForm [~ [¥]

Fig. 2. Final report: A manual differential count was performed, and the results are typed into the Microscopic Findings panel (red box). All
changes made in the Microscopic Findings (in this case, differential counts and poikilocytosis) are automatically reflected in the Draft Re-
port. Work-up (w/u) for Epstein-Barr virus (EBV) and cytomegalovirus (CMV) markers is recommended, owing to the increased reactive
lymphocyte count (arrow). The grading scale for poikilocytosis follows the International Council for Standardization in Haematology guide-
lines (red circle, -, ++, and +++ for elliptocytes) [3]. In this example, the Excel data file was generated from Sysmex XE-5000 (Sysmex,

Kobe, Japan).

Table 2. Recommendations automatically generated according to

morphological findings

Finding

Recommendation

Schistocytes, spherocytes

Rouleaux formation
Blast

Abnormal lymphocytes

Reactive lymphocytes (>10%)

Platelet clumping

Work-up for hemolysis (LDH, DAT, haptoglobin,
plasma Hb, etc.).

Serum and urine PEP/IFE, if clinically indicated.

CBC & PBS follow up, BM examination if
clinically indicated.

CBC & PBS follow up, BM examination if
clinically indicated.

Work-up for viral infection such as EBV and
CMV.

Rule out EDTA-induced
pseudothrombocytopenia.

Resampling using Heparin or Citrate tube is
recommended.

Abbreviations: LDH, lactose dehydrogenase; DAT, direct antiglobulin test;
PEP, protein electrophoresis; CBC, complete blood count; PBS, peripheral
blood smear; IFE, immunofixation electrophoresis; BM, bone marrow; EBV,
Epstein-Barr virus; CMV, cytomegalovirus; EDTA, ethylenediaminetetraacetic
acid.

https://doi.org/10.3343/alm.2018.38.6.512

gested morphological abnormalities in the lymphocytes, and the
consequent manual differential count revealed 17% reactive
lymphocytes. In Fig. 2, results of the manual differential count
were typed into the textfields, and the draft report was modified
automatically to reflect the new differential counts. To describe
morphological abnormalities in lymphocytes, we followed the
ICSH guidelines [3], which recommend using the term “reactive
lymphocyte” to describe lymphocytes with a benign etiology and
“abnormal lymphocyte” for those with a suspected malignant or
clonal etiology.

All changes made in the Microscopic Findings panel are in-
stantly reflected in the report. In our example, a work-up for viral
markers is recommended because of the increased reactive
lymphocyte count. Other recommendations provided according
to the morphological findings are listed in Table 2. These are
only suggestions, and users can take the final decision on whether
to include them in the report.

Fig. 3 shows how sex- and age-matched reference ranges are
automatically applied into draft reports when the input file con-

www.annlabmed.org 515



ANNALS OF

LABORATORY im Y6, et al
MEDICINE Automated draft report generator for PBS
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Fle Sox:[ © e @ romate  age: [ s months tyear ] |
Sample List Instrument Data Microscopic Findings Draft Report (Editable)
No. Name 1D Sample ID Sex Age <RBC parameters> <RBC Findings> [
1 2170461563 M 83.0 (=] HGB 1.5 i i
2 1170413661 F 24.0 HCT 3.6 LB [ ; — . .
3 1170413723 F 57.0 RBC 4.4 Agglutination = ilge/ch:omgmty Normocytic / Normochromic
MCY 7.3 = — nisocytosis -
g :::;g:::;g z ggg WCH %.1 Poikil i [ Grading ] SOIkI’:UCVtOSIS -
L - 'olychromasia =
6 1170415317 F 81.0 i B El —T] oy = Rouleaus formation -
7 1170416270 F 45.0 NRBCE = oval 1= cells [ [+¥] Agglutination =
8 1170416506 F 64.0 RET - | -
g 1170416460 F 78.0 |— Echinocytes [~ Iw] Targetcels [ [v] Others
10 2170463442 M 86.0 <IBC parameters> Sickle cells | 2| | 2|
1 1170416524 F 18.0 o a0 : o : lvl o
12 2170463624 M 68.0 i o X = =
£ Microspherocytes, Number Normal
[13] 1170417365 F 1.0 %m;‘x 2?32 ( pherocytss) Stomatocytes [~ |v] Toxic granule/vacuoles -/ -
14 2170463937 M 77.0 E0Y 7.3 ) Segmentat ion Normal
15 3170130431 F 67.0 BASOY 0.7 <Inclusions> Proportion Norma |
16 3170130467 M 26.0 NEUT# 2967 Howell-Jolly Body [~ [w] gath:rution Normal
17 2170464211 M 32.0 [ LYMPHE 4489 thers
18 3170130531 M 89,0 MOND# R 0 |{UGeCS e
19 2170465577 M 44.0 EO# 00 ol BLed!
2 ZIZMEE"GA 37.0 Gl o WBC Findings> Nunber/Size Normal / Small
2 oo n @ | | | [Bietete sormatars> | ez ] Moro ] i ]
' PLT 224000 utro ympho lono
% 2170465457 F 39.0 pd 1.1 e =A =
2 1170418500 ¥ 76.0 WPy 7.5 Foel7s [MNEs=eillo7 | i
%5 2170466015 M 89.0 P-LCR - <Commen§s.& Uﬁhel" findings>
2% 2170466075 F 89.0 PCT - Blast g9 Pro 0.0 Myelo [g ¢ No specific findings for age
bad 1170419596 M 9.0 IPF - Meta Band ” "
R dat ions>
28 1170419753 F 40.0 Flagss oo 00 | R
||| =
11704 1M 14, Abnormal LIC
31 1170420361 F 23.0 M
® Jimizem £ 1.0 Toric oranees E_T] Touevacickes [_T)
M 1170420773 F 45.0 Neutrophil Segmentation
332 ;:Zgjgggzg E sgg <Platelet Findings>
Ed 1170420361 F 23.0 | | Clumping  [Tv]
3 1170420271 M 14.0 |~ Giantform [ [v]

Fig. 3. In this example, the input data file contains patient information, such as sex and age, enabling automatic adjustment of sex and age
options of the program (red box). In this case, the patient is one year old. The hemoglobin, mean corpuscular volume (MCV), and white
blood cell (WBC) differential counts would have indicated microcytic anemia and relative lymphocytosis had adult reference ranges been
applied. However, they are interpreted as normal, following the age-specific reference ranges. In this example, the Excel data file was gen-
erated from HemLink, a middleware for Beckman Coulter hematology analyzers.

tains the age and sex of the patients. The age is selected as
adult by default when the age is not contained in the input data
file. As of writing this article, our program, installed at KUMC
Guro Hospital, is being utilized in every PBS examination to-
gether with a DxH800 and its middleware HemLink.

DISCUSSION

With advances in information technology, many pathology report
generation tools have been developed. Synoptic reporting sys-
tems for bone marrow samples and lymphoid samples were de-
veloped and described by Murari et al [8] and Mohanty et al [9],
respectively. A Web-based synoptic reporting program for PBS
examinations has been described by Jaso et al [10]; however,
the automatic incorporation of CBC parameters was not consid-
ered. These synoptic reporting systems improve efficiency, re-
duce turnaround time, and decrease reporting errors; the re-
ports they generate enable quicker access to desired informa-
tion and improved communication [8, 9]. We expect that our

516 www.annlabmed.org

program will afford the same advantages, as we also provide a
structured way of generating reports using predefined con-
structs.

Despite the ICSH recommendations, various formats are used
for writing PBS reports, and efforts have been made to create a
standard format [3, 11]. Currently, the report generated by our
program is based on the format used in KUMC Guro Hospital.
Should a standardized reporting format be established in the fu-
ture, even if it is not a global standard, our program can be eas-
ily modified to comply with it and can be used to facilitate the
application of the new standard.

We expect that integration of our program with middlewares
of hematology analyzers or with an LIS can further simplify the
process. The cost of integration would vary depending on the
target system; however, the fact that our program is written in
Java, which is a platform-independent programming language,
offers a definite advantage in case of integration.

Our program is best suited for laboratories that use hematol-
ogy analyzer middleware. If our program is installed on the per-

https://doi.org/10.3343/alm.2018.38.6.512
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sonal computer on which the middleware is installed, the data
file for our program can be generated from the middleware and
can then be instantly opened in our program without the need
for a file transfer. Moreover, the histograms and scattergrams
that cannot be viewed from our program can be viewed on the
same computer if the middleware is installed.

In many laboratories that do not use hematology analyzer
middlewares, CBC results are printed out on paper and deliv-
ered to hematopathologists for PBS examinations. These print-
outs can be replaced by a data file if our program is used. Our
program can still benefit the process because transferring a
data file should be easier than printing, and the efforts involved
in file transfer are compensated by an automated, systematic
summary of the CBC results.

When patient information, such as age and sex, are available
in the data files, age- and sex-matched reference ranges can be
conveniently applied. Age-matched reference ranges can be ob-
tained from multiple sources [6, 7, 12, 13], and their values do
not differ significantly. We mainly followed the Mayo Medical
Laboratories [7] values for building age- and sex-matched refer-
ence ranges, as well as Proytcheva [6] and Nathan and Oski
[12].

One limitation of our work is that the histograms and scatter-
grams cannot be saved in data files and thus cannot be viewed
from our program directly. The histograms and scattergrams
can be viewed directly from the hematology analyzers or from
middlewares or result printouts. However, the examination of
histograms and scattergrams is not necessary for all PBS cases,
and the existence of abnormalities in histograms or scatter-
grams can be identified by flags. CBC result printouts can be
requested for cases, in which an examination of the histograms
or scattergrams is deemed necessary. To view the histograms
and scattergrams directly from our program, some level of inte-
gration between our program and the hematology analyzers or
middlewares is necessary. Another limitation of our study is that
we did not measure the time saved from manually incorporating
CBS parameters into PBS reports.

In conclusion, our program is compatible with four different
hematology analyzers from three different laboratories. It is ex-
pected to reduce the time required for manually incorporating
CBC parameters into PBS reports while following age- and sex-
matched reference ranges. Systematic inclusion of CBC param-
eters will help improve the reliability and sensitivity of PBS ex-
aminations.
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