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ABSTRACT 

Hematuria—either macroscopic hematuria or asymptomatic microscopic hematuria—is a clinical feature typical but not 
specific for immunoglobulin A nephropathy ( IgAN ) . The only biomarker supported by the Kidney Disease: Improving 
Global Outcomes group as a predictor of progression, identifying patients needing treatment, is proteinuria > 1 g/day 
persistent despite maximized supportive care. However, proteinuria can occur in the setting of active glomerulonephritis 
or secondary to sclerotic renal lesions. Microscopic hematuria is observed in experimental models of IgAN after IgA–IgG 

immunocomplex deposition, activation of inflammation and complement pathways. Oxidative damage, triggered by 
hemoglobin release, is thought to contribute to the development of proteinuria and progression. Despite being a clinical 
hallmark of IgAN and having a rational relationship with its pathophysiology, the value of microscopic hematuria in 

assessing activity and predicting outcomes in patients with IgAN is still debated. This was partly due to a lack of 
standardization and day-to-day variability of microhematuria, which discouraged the inclusion of microhematuria in 

large multicenter studies. More recently, several studies from Asia, Europe and the USA have highlighted the importance 
of microhematuria assessment over longitudinal follow-up, using a systematic approach with either experienced 
personnel or automated techniques. 
We report lights and shadows of microhematuria evaluation in IgAN, looking for evidence for a more consistent 
consensus on its value as a marker of clinical and histological activity, risk assessment and prediction of treatment 
response. We propose that hematuria should be included as part of the clinical decision-making process when 

considering when to use immunosuppressive therapy and as part of criteria for enrollment into clinical trials to test 
drugs targeting the inflammatory reaction elicited by immune pathway activation in IgAN. 
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or immunohistochemistry for immunoglobulins. The polymeric 
IgA1 subclass is prevalent in glomerular deposits [ 1 ]. However, 
the sophisticated diagnosis of IgAN is often anticipated in pa- 
tients by a simple and inexpensive investigation, available all 
over the word, the urinalysis. A recent noninvasive artificial 
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NTRODUCTION 

mmunoglobulin A nephropathy ( IgAN ) has the unique his- 
ological pattern of IgA deposits in glomeruli, dominant or 
odominant with respect to the other immunoglobulins, de- 

ected by second-level analysis, including immunofluorescence 
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eural network model that included hematuria and serum 

gA:C3 ratio was found to predict IgAN in the Chinese population 
ith a sensitivity of 82.7% and a specificity of 84.8% [ 2 ]. Despite 
he role of hematuria as a key clinical feature in IgAN—either 
s bouts of macroscopic hematuria coincident with acute mu- 
osal infections or clinically silent microscopic hematuria—the 
alue of this biomarker is still debated and not fully supported 
y international recommendations, including the recent Kidney 
isease: Improving Global Outcomes ( KDIGO ) 2021 edition [ 3 ]. 
Macroscopic hematuria was initially thought to be an 

cute and reversible event, characterizing children and young 
dults with nonprogressive IgAN [ 4 ]. This position was refuted 
onsidering the presence of gross hematuria in some rapidly 
rogressive and crescentic cases [ 5 ]. More recently, acute kidney 
njury with possible irreversible changes was demonstrated in 
ases of prolonged massive macroscopic hematuria, particularly 
n older subjects. This event was found to produce interstitial 
amage consequent to blood casts obstruction or hemoglobin 
nd heme pro-oxidant activity and chronic tissue damage with 
isease progression [ 6 ]. 
The most common clinical feature of IgAN at all ages is 

icroscopic hematuria, and this review specifically addresses 
his debated issue, which is potentially of great value for clini- 
ians. Although microscopic hematuria is not specific for IgAN,
bout half of glomerular diseases presenting with microscopic 
ematuria have a diagnosis of IgAN on renal biopsy [ 7 ]. Micro- 
copic hematuria is detected in ≈70–80% of patients with IgAN 

nrolled in large cohort studies [ 8 ] and it is generally considered 
n undisputable biomarker of IgAN, although with insufficient 
pecificity [ 9 ]. 

Recent studies suggest that microscopic hematuria in IgAN 

s the result of the glomerular damage of inflammation elicited 
y the pathogenetic events leading to full expression of the 
isease [ 10 , 11 ]. It is hypothesized that abnormal production 
f galactose-deficient IgA1 ( Gd-IgA1 ) induces the formation of 
nique antiglycan IgG antibodies, resulting in the circulation 
nd renal accumulation of immune complexes [ 12 ]. Inflam- 
atory mechanisms are locally activated with the release 
f cytokines and initiation of complement pathways. This 
roinflammatory milieu corresponds to the manifestation of 
icroscopic hematuria [ 10 ]. Moreover, the release of hemoglobin 

nduces oxidative damage, not only at a tubular level, but also on 
odocytes, triggering apoptosis [ 13 ]. Hence persistent heavy mi- 
roscopic hematuria in IgAN is likely to be not only a biomarker 
f active glomerular damage, but also a factor contributing to 
he development of proteinuria and disease progression [ 14 ]. 

Despite being a clinical hallmark of IgAN and having a 
elationship with the pathophysiology of this disease, the 
alue of microscopic hematuria in assessing activity of IgAN 

nd predicting outcomes or in selecting patients to be treated 
ith immunomodulating or suppressive drugs has not been 
niversally established. A scientific approach to investigating 
he above unsolved issue has not been completed, partly due to 
 lack of standardization and day-to-day variability of microhe- 
aturia. The variability among different centers in performing 
rinalysis, and even in the same subject, was considered too 
igh to include detection and quantification of microscopic 
ematuria in renal biopsy registries and large international 
ollaborative databases, including the Oxford classification and 
alidation Study of the Oxford Classification for IgA Nephropa- 
hy cohorts [ 15 ]. Moreover, in the period 1980–2000, much of 
he interest was diverted towards proteinuria, which was found 
o be a major driver of IgAN progression [ 16 ], overshadowing 
he interest in microhematuria, which was thought to be just 
n unspecific manifestation of glomerular barrier damage. The 
alue of proteinuria reduction as a surrogate marker for renal 
rotection [ 17 ] has further consolidated proteinuria as the only 
iomarker to select patients at risk who need to be treated and 
o monitor disease progression. However, these studies did not 
onsider differentiating proteinuria derived from disease not 
ssociated with glomerular inflammation, such as membranous 
ephropathy or primary focal segmental glomerulosclerosis,
ersus disease associated with inflammation, such as IgAN,
here a clear glomerulonephritic component may be involved.
nd in that sense, they failed to evaluate the inflammatory 
omponent of the pathogenic process. The fact that hematuria 
s usually associated with proteinuria in IgAN ( e.g. it was present 
n 75% of the patients in the STOP-IgAN study ) may explain why 
revious studies found proteinuria as a driver of progression 
n IgAN, as the data were not adjusted for the impact of hema-
uria ( its presence or its degree ) when evaluating the effect of 
roteinuria on progression of the kidney disease. As such, the 
ole of proteinuria alone ( without hematuria ) as a risk factor for 
rogression of kidney disease was not evaluated. In other words,
he studies failed in distinguishing proteinuria as a marker of 
hronic damage ( i.e. scar ) versus proteinuria associated with 
ctive glomerular inflammation when assessing the risk of 
idney disease progression. 

In the new millennium, several reports, initially from Asia 
nd more recently from Europe and the USA, highlighted the rel- 
vant information provided by measurement of microhematuria 
sing a more rational and systematic approach [ 11 , 18 ]. This in-
luded longitudinal follow-up hematuria assessments and ex- 
erienced personnel or reproducible automated techniques. The 
alue of microscopic hematuria has been rescued by several 
tudies without reaching a full and universal appreciation. 

In this review, we will reason that the presence of micro- 
copic hematuria is crucial in most patients with IgAN ( Fig. 1 )
nd will review lights and shadows of microhematuria evalua- 
ion in IgAN, trying to find the evidence for a more consistent
onsensus on its value as a marker of clinical and histological 
ctivity, risk assessment and prediction of treatment response. 

icroscopic hematuria origin in IgAN: insights from 

xperimental models 

n the first attempts to reproduce IgAN in experimental ani- 
als, the injection of aggregated polymeric IgA failed to show 

ersistent IgA deposits and hematuria. Unphysiologically large 
mounts of antigen and specific antibody induced only tran- 
ient and variable urinary abnormalities [ 19 ]. A mouse strain—
dY mice—producing high levels of circulating polymeric IgA 

ere found to develop spontaneous IgA mesangial deposits 
ith variable glomerular injury depending on the genetic back- 
round. However, these mice presented variable proteinuria but 
ot hematuria [ 20 ]. 
A growing number of studies have shown in murine mod- 

ls of IgAN that for microhematuria to develop, complement 
ctivation is required ( Fig. 2 ) . In the active model of oral im-
unization in BALB/c mice, mesangial deposits containing IgA 

ere noted, but no hematuria was detected [ 21 ]. Hematuria 
eveloped only after intravenous challenge with the same oral 
ntigen when co-deposition of IgG/IgM and C3 were detected 
 22 ]. To further assess the role of complement activation in
he pathogenesis of hematuria, a passive model of IgAN was 
nduced by administration of immune complexes of mono- 
lonal IgA/IgG antibodies with different complement-fixing 
ctivity. Despite comparable mesangial deposits of IgA, IgG 
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IgA nephropathy 

M1 E0 S1 T1 C0
Histology

MESTC score

M1 E1 S1 T1 C1

Urine studies

Proteinuria: 1.5 g/24 hour
Hematuria: absent 
Hemoglobinuria: absent*

Proteinuria: 1.5 g/24 hour
Hematuria: present 
Hemoglobinuria: present

Despite the same degree of proteinuria, these patients have different risk of progression,
and it is unlikely that immunosuppressive therapy will be beneficial in patient 1

Patient 1 Patient 2

45 y.o. male 45 y.o. male

* Absence of hematuria in the presence of significant hemoglobinuria may suggest
that the urine microscopy is incorrect and repeat evaluation is needed

Figure 1: Proposed evaluation of patients with IgAN. 

Figure 2: Pathogenesis of IgAN and ensuing hematuria. Presence production of Gd-IgA1 results in generation of IgG anti-Gd-IgA1, which subsequently results in the 
formation of immune complexes that then get deposited in the kidney. The following inflammation due to the release of cytokines, chemokines, and activation of the 
complement cascade, results in damage to the glomerular capillary, passage of RBCs into the urinary space, and development of hematuria. 
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nd antigen, only mice given immune complexes containing 
he complement-fixing IgG had glomerular C3 and hematuria.
urthermore, in mice previously depleted of serum comple- 
ent via cobra venom factor, no glomerular complement 
as observed and no hematuria ensued. The conclusion of 
his early seminal work was that complement activation by 
eposited IgA/IgG complexes is required for glomerular injury 
o occur that then manifests as microscopic hematuria. Also,
he antigen composition was found to contribute to the sever-
ty of histopathologic lesions of hematuria manifestation in
n experimental passive model of IgAN [ 23 ]. Mice developed
evere diffuse mesangial proliferation, segmental necrosis and 
hrombotic microangiopathy when injected with pneumococcal 
 ( PC ) polysaccharide in addition to IgA/IgA immune complexes
ormed by dinitrophenyl-conjugated IgA antiphosphorylcholine,
he latter functioning as PC-capturing antigen. Recent more



ii22 L. Zand et al .

s
a
m  

w
a
I
C
h
t
h
b
h
a  

h

i
a
t
I  

I
y
l
p
a
i
o
c
I
w
w
l
c
I
t
p
b
w
e

D
a

R
s
t
d
t
t
p
h
l
U
p
5
R  

%
c
%
R
m

t
r
c

4  

w
t
e  

c
t
d
R  

w
o
p
r

p
h
o  

h
t
t
l
m
o  

m  

o
t

C
f
h

S
c
n
e
t
p
t
O
i
l  

A
h
c
1  

w
q
a
C  

N
h

p
s
t
t
t
t  

1
t
c
w
d
s

ophisticated experimental models of IgAN also confirm that 
 reduction in C3 deposition is associated with a decrease in 
icrohematuria. In the α1KI-CD89Tg mouse model of IgAN,
hich is a humanized mouse model that expresses human IgA1 
nd human IgA Fc receptor ( CD89 ) and spontaneously develops 
gAN, mesangial deposits of IgA1-CD89 were associated with 
3 deposition and kidney inflammation that manifest with 
ematuria and proteinuria. Oral antigen challenge was found 
o modulate the intensity of IgA immune deposits as well as 
ematuria [ 24 ]. In this murine model, administration of recom- 
inant IgA1 protease ( a bacterial protein that selectively cleaves 
uman IgA1 ) induced a marked decrease in IgA1 deposits as well 
s C3 deposition and inflammatory infiltrating cells. Notably,
ematuria consistently decreased after this treatment [ 24 , 25 ]. 
After the identification of the four-hit model, most of the 

nterest was focused on Gd-IgA1, but the injection of Gd-gA1 
lone did not induce microscopic hematuria, as antiglycan an- 
ibodies and complement activation are needed for the full 
gAN pathology features to develop. However, in human IgAN,
gG co-deposition is not always detected and subclass anal- 
sis has mostly revealed IgG2, which in normal subjects has 
imited complement-activating properties. The role of IgG de- 
osits and complement activation was recently addressed in 
n elegant experimental model where IgG and Gd-IgA1 were 
solated from sera of IgAN patients and injected individually 
r in combination with immune complexes in immunodefi- 
ient mice [ 26 ]. While comparison animals injected with IgG or 
gA from healthy subjects failed to develop IgAN, mice injected 
ith Gd-IgA1 mixed with IgG autoantibodies from patients 
ith IgAN displayed IgA, IgG and complement C3 glomeru- 

ar deposits, with hematuria and proteinuria [ 26 ]. Confocal mi- 
roscopy with IgG-specific nanobody confirmed the presence of 
gG in all IgAN biopsies, including those without IgG by rou- 
ine immunofluorescence microscopy [ 26 ]. These findings sup- 
ort the role of complement activation—selectively triggered 
y Gd-IgA1 and specific antiglycan IgG produced in patients 
ith IgAN—in the development of microscopic hematuria in 
xperimental IgAN. 

etection and quantification of microscopic hematuria: 
utomated assays 

eview of urine sediment by a trained nephrologist has been 
hown to yield higher accuracy compared with laboratory hospi- 
al staff [ 27 ]. However, review of urine sediment is increasingly 
one by laboratory staff, partly due to its time-consuming na- 
ure. Automated assays have been developed that help detect 
he presence of red blood cells ( RBCs ) via an automated urine 
article analyzer ( UF-5000, Sysmex, Lincolnshire, IL, USA ) that 
as been shown to have sensitivity of 94.1% [ 28 ]. This may al- 
ow for more rapid detection of hematuria in the clinic. The 
F-5000 uses fluorescent flow cytometry that fractionates urine 
articles and can express the quantity of hematuria [ 28 ]. The UF- 
000 is able to recognize urine particles and further characterize 
BCs based on their morphological appearance. Two subtypes,
 small RBC ( %sRBC ) and lysed RBC have been shown to highly 
orrelate with glomerular hematuria as seen in IgAN [ 28 ]. The 
sRBC was highly correlated with the presence of dysmorphic 
BCs and thus could be used as a clinical tool in place of manual 
icroscopy [ 28 ]. 
Quantification of microscopic hematuria is assessed on cen- 

rifuged ( 2000 g ) urine specimens resuspended after supernatant 
emoval and examined microscopically at 400 ×. Degrees of mi- 
rohematuria are mostly reported as 0, < 3, 3–10, 11–20, 21–30, 31–
0, 41–50, 51–100 or > 100 RBC/HPF [ 11 ]. There is no consensus on
hat is considered ‘significant’ or ‘clinically meaningful’ hema- 
uria and different studies have used different cutoffs. In gen- 
ral, mild microscopic hematuria is considered as 3–10 RBC/HPF,
orresponding to 1 + on dipstick grading [ 29 ]; moderate hema- 
uria is considered as 11–20 RBC/HPF, corresponding to 2–3 + on 
ipstick grading; and significant hematuria is considered as > 21 
BC/HPF by some [ 11 ] or > 28 RBC/HPF [ 30 ] or > 31 RBC/HPF [ 31 ],
hile others have considered hematuria above the second tertile 
f the cohort as significant. We summarized in Table 1 our pro- 
osed classification of severity of hematuria based on literature 
eview on standard microscopy and new automated methods. 

As will be discussed below, when assessing hematuria in 
atients with IgAN, a one-time urinalysis and microscopy may 
ave less value in predicting outcome than repeated evaluation 
f urine over time. As a result, the concept of time averaged ( TA )
ematuria has been developed to account for changes in hema- 
uria over time in patients with IgAN. TA hematuria calculates 
he degree of hematuria over time. In some studies it is calcu- 
ated as the area under the curve from microscopic measure- 
ents of RBCs ( RBC/μl ) during follow-up divided by the months 
f follow-up [ 30 ] and other studies have used the average of the
ean RBC/HPF every 6 months [ 18 , 32 ]. Either way, the presence
f microhematuria over time is likely of more value than hema- 
uria noted at one time point regardless of its severity. 

orrelations between microhematuria and pathology 
eatures in IgAN, focus on crescents and endocapillary 
ypercellularity 

everal studies have evaluated the association between mi- 
roscopic hematuria and the histological findings of the kid- 
ey biopsy ( Table 2 ) . Most early studies considered the urinary 
valuation available at renal biopsy while others considered 
he TA hematuria in association with active lesions. Not sur- 
risingly, the results have repeatedly shown an association be- 
ween hematuria and inflammatory lesions [according to the 
xford classification mesangial hypercellularity ( M1 ) , endocap- 
llary hypercellularity ( E1 ) and crescents ( C1 and C ) ]. Crescentic 
esions have most consistently been associated with hematuria.
 Japanese study showed that patients with IgAN with severe 
ematuria ( defined as ≥30 RBC/HPF ) were more likely to have 
rescents {odds ratio [OR] 4.3 [95% confidence interval ( CI ) 1.7–
0.9]} [ 31 ]. In the study by our group from the Mayo Clinic in
hich we evaluated 125 patients with IgAN who had an ade- 
uate biopsy sample, hematuria at the time of biopsy ( defined 
s ≥21 RBC/HPF ) was associated with the presence of M1, E1 and 
1/2 lesions but had no association with the S or T score [ 11 ].
otably, all patients who had an endocapillary hypercellularity 
ad hematuria at baseline [ 11 ]. 
Another approach has been to consider the association of 

ersistent TA microscopic hematuria and crescents. A Chinese 
tudy retrospectively evaluating 152 patients with IgAN showed 
hat patients with persistent hematuria ( defined as TA hema- 
uria ≥28 RBC/HPF ) were more likely to have crescents at the 
ime of biopsy compared with those without persistent hema- 
uria [ 30 ]. Another Chinese study [ 33 ] investigated a cohort of
69 patients with IgAN and crescents, matched by sex, age, es- 
imated glomerular filtration rate ( eGFR ) and proteinuria, and 
ompared them with IgAN patients without crescents. Crescents 
ere found to be an independent predictor of outcome [50% 

ecline in GFR or end-stage kidney disease ( ESKD ) ]. Notably, per- 
istent hematuria ( as well as E1 and T1–2, TA proteinuria ) was 
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Table 1: Hematuria severity based on detection method 

Hematuria severity Detection method Automated urine particle analyzer 
Standard microscopy Automated assay ( for the detection method ) 

Minimal ( 1 ) < 5 Negative < 20 RBC/microliter
Mild ( 2 ) 5 ≤ 25 1 + 201–00 RBC/microliter 
Moderate ( 3 ) 25 ≤ 50 2 + > 100 RBC/microliter 
Severe ( 4 ) > 50 3 + > 100 RBC/microliter

Standard microscopy: centrifuged ( 2000X ) urine specimen resuspended after supernatant removal and examined at microscopy at x400 high power microscopic field 
( RBC/HPMF ) ; Automated assay: dipstick + Automated urine particle analyzer ( UF-5000 ) a third generation automated flow cytometry analyzer for urine sediment 
analysis [ 34 ]. 

Table 2: Microhematuria in predicting the risk of kidney disease progression 

Study 
Hematuria 
assessment 

Definition of significant 
hematuria Renal outcome 

Risk of progression, HR 
( 95% CI ) 

Goto et al. [ 38 ] At biopsy 1–29 RBC/HPF ESKD 2.83 ( 1.89–4.25 ) 
Iwasaki et al. [ 40 ] At biopsy Every 20 RBC/HPF increase ESKD 0.75 ( 0.55–1.00 ) 
Tanaka et al. [ 41 ] At biopsy ≥20 RBC/HPF ESKD 1.06 ( 0.80–1.36 ) 
Ebbestad et al. [ 29 ] At biopsy > 10 RBC/HPF or 2–3 + on 

dipstick 
50% reduction in eGFR or ESKD 26% versus 6.3% 

Yu et al. [ 32 ] TA hematuria > 5 RBC/HPF ( manual ) or 
> 28 RBC/μl ( automated ) 

50% reduction in eGFR or ESKD OR 1.14 ( 95% CI 
1.13–1.87 ) 

Bobart et al. [ 11 ] TA hematuria ≥21 RBC/HPF Decline in eGFR −3.99 ml/min/1.73 m 

2 

( −6.94–1.04 ) 
Sevillano et al. [ 18 ] TA hematuria > 5 RBC/HPF ESKD 2.84 ( 1.06–7.3 ) 
Huang et al. [ 34 ] TA hematuria Higher than the second tertile 

of the whole cohort 
ESKD 3.93 ( 1.33–11.6 ) 

Weng et al. [ 30 ] TA hematuria > 28 RBC/μl ESKD 0.004 ( 0.001–0.008 ) 

Table 3: Association of microhematuria and renal histology 

Study Hematuria assessment Renal histology Risk of association 

Nagai et al. [ 31 ] Pretreatment C lesion OR 4.3 ( 95% CI 1.7–10.9 ) 
Bobart et al. [ 11 ] At biopsy C lesion 

E lesion 
M lesion 

86.6% versus 64.3% ( P = .007 ) 
30.9% versus 0% ( P = .001 ) 
32% versus 10.7% ( P = .03 ) 

Weng et al. [ 30 ] TA hematuria C lesion 44.8% versus 19.6% ( P = .002 ) 
Huang et al. [ 34 ] TA hematuria C lesion 65.4% versus 51.3% ( P = .003 ) 
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n independent risk factor for combined events in patients with
rescents. In a Chinese cohort of 684 IgAN subjects, persistent
ematuria ( > 24 RBC/ μl ) was assessed by an automated method
 35 ]. Patients with high values of microscopic hematuria had a
igher proportion of crescents ( P = .003 ) and the degree of hema-
uria was a significant risk for progression when crescents were
resent but not when crescents were absent [ 35 ]. 
Taken together, the data suggest that relevant microscopic 

ematuria at baseline or persistently over time characterizes pa- 
ients with IgAN with histological lesions that are typically as-
ociated with inflammation. Hematuria was more frequent in 
ases with severe destruction of the glomerular capillary base- 
ent membrane, which is thought to favor crescent formation 

 36 , 37 ]. 

alue of microhematuria at biopsy and over time to 
redict progression 

hen it comes to assessing the value of microhematuria in pre-
icting renal outcomes and progression to ESKD, there has been
onflicting data over the years ( Table 3 ) . This has been partly due
o a lack of standardized measurement when assessing hema-
uria with different threshold values for clinically meaningful
icrohematuria and to the concern regarding day-to-day vari-
bility. For example, in the recent international IgA prediction
ool supported by the KDIGO 2021 guidelines, microscopic hema-
uria was not considered because hematuria data were not avail-
ble, which reflects how little attention major centers pay in
valuating and documenting the presence of hematuria [ 3 ]. 

Some of the earlier studies focused on assessing the value
f microhematuria at the time of biopsy, whereas more recent
tudies have looked at the value of persistent hematuria or
A hematuria in assessing the risk of progression to ESKD. A
ingle-center study of 437 cases of IgAN followed for a mean of
07 months indicated the value of microscopic hematuria in the
bsence of recurrent macroscopic hematuria as a predictor of
idney failure [ 38 ]. 

One of the earliest studies that looked at the value of mi-
rohematuria was from Japan, which showed that patients with
ven mild microscopic hematuria ( defined as 1–29 RBC/HPF ) at
he time of renal biopsy had an increased risk of kidney fail-
re within 10 years of follow-up [ 39 ]. This was confirmed even
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hen focusing on patients with isolated microhematuria and 
reserved eGFR ( > 60 ml/min/1.73 m 

2 ) [ 40 ]. Conversely, other 
tudies failed to show an association between hematuria from 

he time of biopsy and long-term renal prognosis [ 41 , 42 ]. These 
ata were possibly affected by the use of a single urinary assess- 
ent at renal biopsy and the lack of quantification of the RBC 

ount in urine to distinguish minimal from heavy microscopic 
ematuria. A Spanish national collaborative study showed ex- 
ellent outcomes in patients with microhematuria who had 
inimal or no proteinuria, but again the degree of hematuria 
as not quantified [ 43 ]. 
Other studies that have quantified the degree of hematuria 

rom the time of renal biopsy have shown that a higher de- 
ree of hematuria is indeed associated with worse renal out- 
ome. Among the 95 Swedish patients followed for a median of 
1 years, those with a high degree microscopic hematuria ( > 10 
BC or urine dipstick grade 2–3 ) had a higher predicted 5-year 
isk by the IgAN risk prediction tool ( 8.8% versus 5.6% ) compared 
ith patients with a lower degree of hematuria [ 29 ]. The com- 
osite outcome of a 50% reduction in eGFR or renal failure was 
etected in 26% of high-degree microhematuria versus 6.3% in 
ow-microhematuria [ 29 ]. These differences did not reach statis- 
ical significance, possibly due to the limited number of patients 
 29 ]. 

Data has been more consistent when evaluating the role of 
ersistent hematuria or TA hematuria on renal outcomes. In one 
f the largest cohorts from China in which 1333 patients with 
gAN were evaluated and hematuria was assessed using both 
utomated and manual methods, persistent hematuria was sig- 
ificantly associated with an increased risk of kidney failure [af- 
er adjusting for sex, blood pressure, eGFR, MEST-C score and 
he use of immunosuppressive therapy; OR using an automated 
ethod 1.46 ( 95% CI 1.13–1.87 ) , P = .003]. Results were the same 
hen urinalysis was completed manually [ 32 ]. Similar results 
ere noted in the cohort from the Mayo Clinic, in which each 

ncrease in the degree of hematuria during follow-up was associ- 
ted with a significant decrease in eGFR of −0.81 ml/min/1.73 m 

2 

fter adjusting for proteinuria and T score [ 11 ]. The results did 
ot change after accounting for treatment and follow-up time 
 11 ]. The decrease in eGFR was most pronounced in those with 
ematuria ≥21 RBC/HPF [ 11 ]. Results were confirmed in a cohort 
f patients from Spain in which 112 patients with biopsy-proven 
gAN were studied. After a mean follow-up of 14 years, the pro- 
ortion of patients reaching renal failure was higher among 
hose with persistent hematuria compared with those with no or 
inimal hematuria ( 30% versus 11% ) [ 18 ]. TA hematuria was an 

ndependent predictor of progression to ESKD in the multivari- 
ble model [hazard ratio ( HR ) 2.84 ( 95% CI 1.06–7.3 ) , P = .04] [ 18 ]. A
ecent meta-analysis of 5660 patients with IgAN concluded that 
ersistent microscopic hematuria was associated with a signif- 
cant 87% increase in the risk of kidney failure in the long term 

 44 ]. 
More recently, in another large study from China in which 

 600 patients with IgAN were studied, high-degree hematuria 
 defined as those with hematuria at baseline greater than the 
econd tertile of the entire cohort ) had a higher risk of progres- 
ion to ESKD compared with those with low-degree hematuria 
fter matching the groups based on age, sex, eGFR and follow- 
p time [HR 3.93 ( 95% CI 1.33–11.6 ) ] [ 35 ]. RBC count was per-
ormed by automated urine analyzers at least three times in 
 months and TA hematuria was calculated for each 6-month 
eriod [ 35 ]. In another study, also from China, in which the au- 
omated method to measure urinary RBC was adopted, among 
52 patients, 62% had persistent hematuria ( > 28 RBC/μl ) lasting 
hrough the end of follow-up [ 30 ]. TA hematuria was indepen- 
ently associated with an increased risk of progression [ 30 ]. 
Despite the differences noted in the above studies, one theme 

oes emerge when looking at all studies combined: the higher 
he degree of hematuria and the more persistent the hematuria,
he higher the likelihood of kidney disease progression and the 
ate of ESKD over time, even after adjustment for baseline eGFR,
roteinuria, age, sex and histology, suggesting that hematuria is 
 key biomarker in patients with IgAN and should be monitored 
ver time. 

alue of microhematuria remission 

 few studies have looked at the value of hematuria remission 
n predicting renal outcome and have shown consistent results 
hat improvement in hematuria is indeed associated with bet- 
er renal outcome. The first was the study by Sevillano et al. [ 18 ]
hat looked at a Spanish cohort of 112 patients. As discussed 
bove, the study showed that persistent hematuria and protein- 
ria were associated with poor renal outcome, but they also 
howed that disappearance of hematuria slows the rate of de- 
line of renal function. Hematuria disappearance was defined 
s either an absence of RBCs or < 5 RBC/HPF in all the urine sed-
ment examinations performed during at least 3 years before 
he last outpatient visit. Of 112 patients, 52 had disappearance 
f hematuria. The rate of renal function decline in those who 
ad hematuria disappearance significantly slowed from a rate 
f −6.45 ± 14.66 to −0.18 ±2.56 ml/min/1.73 m 

2 . In patients who
ere treated with immunosuppression, hematuria disappeared 
aster than in those who were not treated. Note that is this study,
he presence of proteinuria alone, without hematuria, was asso- 
iated with a low risk for progression. 

In a more recent study from a Japanese group that did a sim-
lar analysis, in 74 patients with IgAN, none of the patients who
chieved hematuria remission ( defined as a negative dipstick or 
 5 RBC/HPF ) reached the primary outcome of a 50% decrease in
enal function [ 45 ]. Patients with persistent hematuria and pro- 
einuria had worse renal outcomes. 

alue of microhematuria on treatment response 

he Japanese nephrologists were among the first to consider 
ematuria remission as a benefit associated with therapy, as 
hey reported that the most common therapy used in Japan for 
atients with IgAN—tonsillectomy in association with steroid 
ulses—was found to be effective for achieving hematuria 
emission in 67% of patients [ 46 ]. The repetition of steroid
ulses induced remission of hematuria in 57% of the initial 
onresponders. The presence of severe microscopic hematuria 
 often associated with crescents ) was predictive for benefits of 
ethylprednisolone pulses, as the eGFR trajectory after methyl- 
rednisolone pulses improved only in patients with severe pre- 
reatment hematuria or C2 scores ( P for interaction with time 
 .001 ) [ 31 ]. 
An international collaborative study enrolling patients from 

pain and Argentina reported on the beneficial effects of cor- 
icosteroids and mycophenolic acid analogues in patients with 
rogressive IgAN [ 47 ]. Patients were identified by a decrease in
GFR ≥10 ml/min/1.73 m 

2 in the last 12 months, proteinuria 
0.75 g/24 h despite optimized renin–angiotensin system ( RAS ) 
nhibitor supportive care and persistent hematuria. The 25 pa- 
ients included in the study had significant benefits from the 
ombined immunosuppressive therapy on the rate of eGFR de- 
line, with a decrease in proteinuria from 1.8 to 0.6 g/day at the



Microscopic hematuria as a risk factor for IgAN progression ii25 

e  

i

h
e  

t
c

C

T  

a
t
s
b
m
t
o
e  

i  

o
 

a
c
h  

t  

n  

f  

t  

r

a
w  

t
a
p  

e
g
t  

w  

b  

w
 

e  

t
s  

f  

i
i

F
T  

b  

I

A
F  

J
i  

G  

T

a  

r
R
l  

v
v
a  

a

D
N  

s

C
N

R

1  

2  

 

 

3
 

 

4  

 

5

 

6  

 

7  

 

8  

 

 

9
 

 

1  

 

 

 

1  
nd of a 2-year treatment ( P = .01 ) and hematuria disappeared
n 40% of patients. 

One study enrolled 110 IgAN patients with persistent micro- 
ematuria and undetectable proteinuria to investigate the ben- 
fits of RAS blockade in the prevention of proteinuria [ 48 ]. This
reatment decreased the risk of proteinuria development and in- 
reased the remission of hematuria. 

ONCLUSIONS 

he only biomarker validated and supported by the KDIGO as
 predictor of progression, thus identifying patients needing 
reatment, is proteinuria > 1 g/day persistent after maximized 
upportive care. However, this parameter cannot distinguish 
etween active and sclerotic renal lesions, which can equally 
anifest with persistent proteinuria. Microscopic hema- 

uria in repeated observations, detected by a well-trained 
bserver or by an automated urine particle analyzer, has 
merged as a biomarker of activity in patients with IgAN,
ndependent of proteinuria, but even more so in the presence
f proteinuria. 

Microscopic hematuria at the time of biopsy and over time is
ssociated with inflammatory glomerular lesions such as cres- 
ents and endocapillary hypercellularity. We showed that the 
igher the degree of hematuria and the more persistent over
ime ( i.e. persistence of inflammation ) , the higher the rate of kid-
ey function loss and progression to ESKD, even after adjusting
or the degree of proteinuria, age, sex and baseline kidney func-
ion. Remission of hematuria portends a better outcome and cor-
elates with treatment response. 

In patients with membranous nephropathy, the discovery of 
nti-PLA2R antibodies, among others, has revolutionized how 

e diagnose and treat these patients. It is no longer possible
o discuss membranous nephropathy without referring to these 
utoantibodies. Similarly, the discovery of antineutrophil cyto- 
lasmic antibodies ( ANCA ) in the 1980s showed us that it is not
nough to provide a diagnosis of a pauci-immune crescentic 
lomerulonephritis without stating if the patient is ANCA posi- 
ive or negative. We do not have such a biomarker in IgAN, but
e do have hematuria. As such, it is important to distinguish
etween a patient who has IgAN and proteinuria alone or IgAN
ith proteinuria AND hematuria. 
Taken together, it is time to incorporate this cheap and

asy test in our routine assessment of patients with IgAN and
o consider it when deciding on initiation of immunosuppres- 
ion in a specific patient. Hematuria should also be included
or enrollment into clinical trials to test drugs targeting the
nflammatory reaction elicited by immune pathway activation 
n IgAN. 
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