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Abstract

This study was a literature review and meta-analysis assessing the clinical efficacy of
dysmorphic red blood cells (ARBCs) for use in diagnosing of glomerular hematuria. In methodo-
logy, publications conducted before 2022 were searched and enrolled from online accessible
database including PubMed®, ScienceDirect®, Scopus and Thai journal online, respectively.
Glomerular hematuria was confirmed using renal biopsy. A total of 285 articles published
locally and internationally were identified, 10 of which were found to meet the study objectives.
Based on the statistical analysis, the results revealed that counting of acanthocyte was more
effective to diagnose glomerular hematuria than counting of total d(RBCs. Moreover, comparison
of cut off value also demonstrated that the greater than or equal to 20% was the practical value
to be used in clinic, because this cut off showed the highest efficacy to distinguish glomerular
hematuria. In conclusion, these data indicated that improvement of the glomerular hematuria
diagnostic workup should focus on assessment of acanthocyte, which appears to be more efficient

and easier to identify than the determination of other dRBCs.
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Fig. 1 Preferred Reporting Items for Systematic Review and Meta-analyses (PRISMA) flow chart.
The number of studies involved in each systematic search and screening steps.
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Table 1 Characteristics of included studies

Authors (years) Country Sample size Diagnostics Types Technique Cut off Sensitivity Specificity Ref
Abdurrahman M. United state GH = 372 Renal biopsy dRBCs PCM >25%  68% 74% ©))
Hamadah (2018) Non GH = 110
Charoensappakit Thailand GH =29 Renal biopsy dRBCs CLM 240%  79.3% 82.8% (13)
Awirut (2021) Non GH = 29

Acanthocyte  CLM 215%  79.3% 82.8%
Daisuke Nagahama Japan GH = 45 Renal biopsy Acanthocyte  PCM NA 46% 99% (16)
(2005) Non GH = 303
Gyl Eanes Barros Brazil GH =20 Renal biopsy Acanthocyte  CLM >20%  95% 100% (7)
Silva (2010) Non GH = 20
Hans Kohler Germany GH =101 Renal biopsy Acanthocyte  PCM >10%  33% 99% (17)
(1991) Non GH = 187
Hyunjung Kim South Korea GH = 47 Renal biopsy dRBCs PCM 26.7% 74.5% 73.2% (18)
(2019) Non-GH = 56
K S Mohammad United GH =30 Renal biopsy Acanthocyte  CLM 220% 87% 85% (19
(1993) Kingdom Non GH = 17
Kyo Chul Koo South Korea GH = 48 Renal biopsy Acanthocyte ~ PCM >40%  58% 67% (20)
(2016) Non GH = 101
Meindert J. Crop Netherland ~ GH = 24 Renal biopsy ~ Acanthocyte ~ CLM 210%  96% 45% (21)
(2009) Non GH = 44
Zahur Zaman Belgium GH = 42 Renal biopsy dRBCs PCM >50%  60% 91% (22)
(2000) Non GH = 43

dRBCs; dysmorphic red blood cells, GH; glomerular hematuria, Non GH; non glomerular hematuria, NA; Not Applicable, CLM; conventional light microscope, PCM; phase contrast

microscope, Ref; references
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Acanthocyte

Non acanthocyte

Normal RBC
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Fig. 2 Classification of urinary dRBCs: acanthocyte, non-acanthocyte, and normal RBC. Acanthocytes

show an irregular ring-like shape with membrane protrusions or blebs. Non-acanthocyte show

an irregular doughnut-like shape without membrane protrusion. Normal RBCs show a doughnut-

like shape without membrane protrusion.
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A

Acanthocyte
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% Cl) Specificity (95% Cl)
Charoensappakit Awirut 2021 23 5 6 24 0.79 [0.60, 0.92] 0.83 [0.64, 0.94] —= -
Daisuke Nagahama 2005 19 2 22 260 0.46 [0.31, 0.63] 0.99 [0.97, 1.00] —a— L]
Gyl Eanes Barros Silva 2010 20 1 0 18 1.00 [0.83, 1.00] 0.95 [0.74, 1.00] —a —=
Hans Kohler 1991 33 1 68 186 0.33 [0.24, 0.43] 0.99 [0.97, 1.00] — u
K S Mohammad 1993 27 3 4 17 0.87[0.70, 0.96] 0.85 [0.62, 0.97] —a —
Kyo Chul Koo 2016 28 33 20 68 0.58[0.43, 0.72] 0.67 [0.57, 0.76] —— &
Meindert J. Crop 2009 23 24 1 20  0.96[0.79,1.00]  0.45[0.30, 0.61] gy a2 W L =
0020406081 0020406081
dRBC
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI)  Sensitivity (95% ClI) Specificity (95% CI)
Abdurrahman M. Hamadah 2018 72 106 34 300 0.68 [0.58, 0.77] 0.74 [0.69, 0.78] = -
Charoensappakit Awirut 2021 23 5 6 24 0.79 [0.60, 0.92] 0.83 [0.64, 0.94] — —i—
Hyunjung Kim 2019 10 9 4 24 0.71[0.42, 0.92] 0.73 [0.54, 0.87] — —
Zahur Zaman 2000 25 4 17 39 0.60 [0.43, 0.74] 0.91[0.78,097] ,_, ,—®— ., . . , =
0020406081 0020406081
AuC
Study or Subgroup AuC SE_Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Acanthocyte
Charoensappakit Awirut 2021 0.88 0.046 24.5% 0.88 [0.79, 0.97] -
Kyo Chul Koo 2016 0.65 0.046 24.5%  0.65[0.56, 0.74] —-
Meindert J. Crop 2010 0.84 0.031 27.8% 0.84 [0.78, 0.90] -
Zahur Zaman 2000 0.78 0.051 233%  0.78[0.68, 0.88] -
Subtotal (95% CI) 100.0%  0.79[0.69, 0.88] <>

1.3.2 dRBCs

Charoensappakit Awirut 2021
Hyunjung Kim 2019
Subtotal (95% CI)

]

Heterogeneity: Tau® = 0.01; Chi* = 15.48, df = 3 (P = 0.001); I’ = 81%
Test for overall effect: Z = 16.27 (P < 0.00001)

Abdurrahman M. Hamadah 2018  0.61 0.051 32.9%

Heterogeneity: Tau? = 0.01; Chi* = 11.54, df = 2 (P = 0.003); I’ = 83%
Test for overall effect: Z = 10.88 (P < 0.00001)

0.61[0.51, 0.71] . =
0.85 0.051 32.9% 0.85 [0.75, 0.95] -
0.77 0.046 34.1% 0.77 (0.68, 0.86] 2
100.0% 0.74 [0.61, 0.88] <>
1 0.5 0.5 1

Fig. 3 Forest plots showing sensitivity and specificity of acanthocytes and total dRBCs (A) and

summary receiver operating characteristic curve (SROC; red line = acanthocyte and black line

= total dRBCs) (B) for glomerular hematuria diagnosis. Forest plots of the AUC for glomerular

hematuria diagnosis (C).

AR (NMsAnE 3 atiy Aifimsnea
aanuh wazausImne 7 cut off q) lu
ﬂfjm}'ﬂwnn: glomerular hematuria 91UIU
72 au waznguitHen1Iz non-glomerular
hematuria $1191 92 Ay Taedien cut off 3AAT
wauhivSesas 10 Wmanuhiueniusevas
94.5 (95% CI = 86.6-98.5; random effects
model, p=0.182, I’ = Javaz 41.3) uazmanu
Funzsiinuiesas 44.6 (95% CI = 34.2-
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