=y

Lab Med Online
Vol. 3, No. 1: 6-14, January 2013
http://dx.doi.org/10.3343/lm0.2013.3.1.6

Image Analysis SoftwareZS 0|

bl

e [IMIO)

S} tqédxiéd_—rL éygn:él 7HHE+

Ol L-_O 12

Development of a Poikilocyte Measuring Method Using Image Analysis Software
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Background: To achieve consistency in poikilocytes grading in peripheral blood cell examinations, we made an image-based differential count
(IDC) software to measure the degree of abnormalities in individual red blood cells (RBCs) and relative fractions of poikilocytes.

Methods: Thirty peripheral blood samples were analyzed. Smear slides were examined on a microscope with charge-coupled device (CCD) cam-
era.To verify this program, we compared the IDC results with the results of manual differential counting (MDC). Relative fractions of schistocytes,
echinocytes, and elliptocytes were measured by IDC and MDC. The error rate of IDC was measured by confirming the final processed images of
IDC. Correlations of IDC and MDC results were compared using linear regression analysis and the time required for each test was measured. For
presentation of the mathematical decision criteria of poikilocytes, IDC algorithms for recognizing schistocytes, echinocytes, and elliptocytes were

made using simple geometrical or mathematical formulas.

Results: The error rate of IDC was 2.8%. For analysis of 1,000 RBCs, MDC took 7.3 minutes and IDC took 2.7 minutes. Linear regression coeffi-
cients were 0.776 (P<0.001) for schistocytes, 0.895 (P <0.001) for echinocytes, and 1.001 (P < 0.001) for elliptocytes.
Conclusions: It was possible to define poikilocytes with geometrical or mathematical formulas using image analysis programs. The IDC pro-

gram would be helpful for consistent grading of poikilocytes.
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Fig. 1. The main algorithm of red cell morphology analysis (Wright stain, x400). (A) Original image of peripheral blood smear. (B) Color adjusted
image. (C) Background separated image. (D) Cell boundary recognition and cell separation. (E) Morphology data collection. (F) Poikilocytes recogni-

tion.
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Fig. 2. The echinocyte recognizing algorithm (Wright
stain, x400). (A) Background separated image. (B) Echi-
nocyte recognition. Acute angles of AOB, BOC, COD,
DOE, EOF, FOG are 10°. ¢1=B0-CO. c2=C0-DO. If c1xc2
is smaller than 0 and absolute value of ¢2 is 1.2 or
more than the point C is a pike. If total number of
pikes is 5 or more, then the RBC is recognized as an
echinocyte.
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Fig. 3. The schistocyte recognizing algorithm (Wright stain, x400). (A) Original image. (B) Color adjusted image. (C) Background separated image.

(D) A bead (yellow circle) is moving from left to right. (E) Pixels of a RBC (red color) were erased by the bead. (F) The remaining area of this RBC

(purple color) is the schistocyte value. If schistocyte value is larger than 70, then the RBC is recognized as a schistocyte.
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Table 1. Recognition errors in image-based differential counting

Error type Original cell Recognized cell  Number (%)
Cell type recognition Platelet Normal RBC 9 (90.0)
error (N=10) Small lymphocyte  Normal RBC 1 (10.0)
Poikilocyte type Echinocyte Schistocyte 81 (4.3)
recognition error Elliptocyte Schistocyte 45 (2.4)
(N=1,884) Normal RBC/other*  Schistocyte 248* (13.2)
Schistocyte Echinocyte 34 (1.8)
Elliptocyte Echinocyte 12 (0.6)
Normal RBC Echinocyte 729 (38.7)
Schistocyte Elliptocyte 8 (0.4)
Echinocyte Elliptocyte 46 (2.4)
Normal RBC Elliptocyte 339 (18.0)
Schistocyte Normal RBC 77 (4.1)
Echinocyte Normal RBC 253 (13.4)
Elliptocyte Normal RBC 12 (0.6)

*This category included 32 cases of error which were originated from other types
of poikilocytes (19 cases, recognized target cells as schistocytes; 8 cases, recognized
stomatocytes as schistocytes; 5 cases, recoghized tear drop cells as schistocytes).

St A2 tHTable 1)
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Table 2. Results of manual differential counting and image-based differential counting on same ideal zones of peripheral blood smear slides

Slide Schistocytes Echinocytes Elliptocytes

number MDC (%%, grade) IDC (%, grade) MDC (%, grade) IDC (%%, grade) MDC (9%, grade) IDC (%, grade)
1 13 1+ 0.6 +/- 0.0 +/- 0.0 +/- 9.8 1+ 10.7 1+
2 24 1+ 19 1+ 00 +- 0.2 +- 6.7 1+ 75 1+
3 0.4 +/- 0.6 +/- 24 +- 46 +- 19 +- 1.7 +-
4 1.6 1+ 13 1+ 00 +/- 0.6 +/- 29 +/- 28 +/-
5 08 +/- 05 +/- 13 +[- 1.0 +[- 38 +/- 24 +/-
6 21 1+ 28 1+ 22 +- 18 +- 50 +/- 68 1+
7 15 1+ 1.2 1+ 1.2 +- 1.1 +/- 15 +/- 1.3 +-
8 25 1+ 30 2+ 22 +- 1.7 +/- 37 +- 45 +-
9 1.0 1+ 1.4 1+ 1.5 +- 18 +/- 95 1+ 79 1+
10 19 1+ 20 1+ 15 +- 43 +- 3.0 +- 48 +-
11 13 1+ 19 1+ 1.1 +/- 2.2 +/- 48 +/- 8.2 1+
12 06 +/- 11 1+ 00 +- 18 +- 7.0 1+ 7.7 1+
13 0.0 +/- 0.0 +/- 0.0 +/- 0.6 +[- 1.7 +/- 17 +/-
14 0.2 +/- 0.4 +/- 0.1 +- 0.8 +- 43 +- 40 +-
15 09 +/- 13 1+ 50.2 3+ 459 2+ 6.2 1+ 7.8 1+
16 1.7 1+ 19 1+ 18.2 1+ 18.0 1+ 1.1 +- 33 +-
17 1.0 1+ 1.1 1+ 8.2 +/- 70 +/- 7.2 1+ 53 +/-
18 1.7 1+ 1.8 1+ 10.2 1+ 11.0 1+ 55 +/- 6.5 1+
19 0.8 +/- 0.8 +/- 33 +/- 37 +/- 29 +/- 28 +/-
20 15 1+ 13 1+ 09 +- 04 +- 57 +/- 6.5 1+
21 0.1 +/- 0.1 +/- 0.0 +- 03 +/- 6.0 1+ 59 +/-
22 2.4 1+ 1.6 1+ 24 +/- 20 +/- 40 +/- 3.6 +/-
23 18 1+ 25 1+ 33.7 2+ 305 2+ 27 +- 20 +-
24 1.6 1+ 30 2+ 48.1 2+ 416 2+ 47 +/- 42 -
25 4.8 2+ 4.7 2+ 2.1 +/- 3.8 +/- 6.3 1+ 7.3 1+
26 09 +/- 13 1+ 715 3+ 65.4 3+ 14 +/- 11 +f-
27 145 44 13 3+ 59 +f- 32 +f- 13 +/- 12 +f-
28 1.1 1+ 1.0 1+ 03 +- 0.2 +/- 7.6 1+ 7.3 1+
29 03 +/- 0.2 +/- 2.7 +- 2.7 +/- 33 +- 3.1 +-
30 15 1+ 15 1+ 0.0 +/- 0.6 +/- 33.1 2+ 339 2+

Schistocyte grading system: +/- <19%, 1% <1+ <30, 3% <2+ < 6%, 6% <3+ < 129, 4+ >120%. Echinocyte grading system: +/- < 10%, 10% <1+ < 2500, 25%
<2+ <500, 500% <3+ < 75%, 4+ >75%. Elliptocyte grading system: +/- < 6%, 6% < 1+ < 200, 20% <2+ < 50%, 50% <3+ < 75%, 4+ >75%.

Abbreviations: MDC, manual differential counting; IDC, image-based differential counting.
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Fig. 4. Correlations of manual differential counting (MDC) and image-based differential counting (IDC) for schistocytes, echinocytes, and ellipto-
cytes (all P-values were <0.001).
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Fig. 5. Errors of image-based differential counting (Wright stain, x400). (A) Recognizing an
echinocyte as a schistocyte. (B) Recognizing echinocytes as normal red blood cells. The poor fo-
cusing makes protrusions of echinocytes smaller. (C) Recognizing a normal red blood cell as an
echinocyte. Poor background image separations transform normal red blood cells into echino-
cytes. (D) Recognizing two normal red blood cells as an elliptocyte. Cell-to-cell image separa-
tion failures increase the fraction of elliptocytes (X, schistocyte; m, echinocyte; -, elliptocyte; +,
normal red blood cell; yellow line, outline of blood cells; black line, separating line of attached
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