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Abstract: Acute tubulointerstitial nephritis (ATIN) is a common cause of acute kidney injury. Although
haematuria is a risk factor for the development of renal disease, no previous study has analyzed
the significance of haematuria in ATIN. Retrospective, observational analysis of 110 patients with
biopsy-proven ATIN was conducted. Results: Haematuria was present in 66 (60%) ATIN patients.
A higher percentage of ATIN patients with haematuria had proteinuria than patients without
haematuria (89.4% vs. 59.1%, p = 0.001) with significantly higher levels of proteinuria (median
(interquartile range) protein:creatinine ratio 902.70 (513–1492) vs. 341.00 (177–734) mg/g, p <0.001).
Moreover, those patients with more haematuria intensity had a higher urinary protein:creatinine
ratio (1352.65 (665–2292) vs. 849.60 (562–1155) mg/g, p = 0.02). Those patients with higher proteinuria
were more likely to need renal replacement therapy (22.7 vs. 0%, p = 0.03) and to suffer relapse (4 vs.
0%, p = 0.03). At the end of follow up, haematuric ATIN patients had higher serum creatinine levels
(3.19 ± 2.91 vs. 1.91 ± 1.17 mg/dL, p = 0.007), and a trend towards a higher need for acute dialysis
(7 vs. 1%, p = 0.09) and renal replacement therapy (12.1 vs. 2.3%, p = 0.12). Haematuria is common in
ATIN and it is associated with worse renal function outcomes.
Keywords: acute kidney injury; acute tubulointerstitial nephritis; haematuria; kidney biopsy;
outcomes; proteinuria; chronic kidney disease

1. Introduction
Acute tubulointerstitial nephritis (ATIN) is a common cause of acute kidney injury (AKI) [1],
representing 15–25% of cases [2,3] where the indication for renal biopsy was AKI. However, it is less
common than other causes of AKI such as hypoperfusion or sepsis [4].
Although the precise incidence of ATIN is not known, recent studies suggest that it is increasing,
especially in elderly patients [5]. The clinical presentation may include fever (36%), skin rash (22%)
and eosinophilia (35%) [5,6], but the simultaneous presence of these signs is observed in less than
10–15% of cases [7]. Other frequent clinical manifestations are non-nephrotic proteinuria, leucocyturia
and haematuria [5,6].
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Haematuria may be a manifestation of many renal diseases as well as ATIN. In the past, the
occurrence of haematuria was thought to be innocuous for the kidney but recent reports have propelled
haematuria to the forefront of clinical nephrology. Thus, the presence of isolated haematuria in young
individuals is associated with an increased risk of end-stage renal disease (ESRD) [8]. Moreover,
haematuria has been found to predict renal outcome in IgA nephropathy, being associated with an
increased risk of ESRD after 10 years of follow-up [9]. Disappearance of both haematuria and proteinuria
has recently been proposed to define clinical remission in IgA nephropathy [10,11]. Along the same
lines, we recently observed that up to 25% of IgA nephropathy patients with haematuria-associated
AKI do not recover baseline renal function, suggesting long term negative effects [12]. The deleterious
effects of haematuria include direct tubular damage by intratubular obstruction by red blood cell casts,
toxic effects of haemoglobin (Hb) and haem on kidney epithelial cells, and erythrophagocytosis by
renal tubular cells [13]. In tubular cells, Hb induces oxidative stress, cell death, and pro-inflammatory
and pro-fibrotic responses [13].
Few studies have analysed the presence of haematuria in ATIN and, therefore, the precise incidence
of haematuria is not well known. Some smaller reports (21–60 patients) have shown haematuria to be
present in 68–95% of ATIN patients [1,14–16], while a larger study (n = 130) found haematuria in 30%
of patients [16]. However, no previous reports have analysed the association of haematuria with renal
outcomes in ATIN. Thus, the aim of the present study was to assess the prevalence of haematuria in a
large cohort of ATIN patients and to report, for the first time, whether haematuria is associated with
kidney outcomes.
2. Experimental Section
2.1. Patients
We performed a retrospective, observational study of biopsy-proven ATIN cases between January
2010 and December 2018 using data available in the Glasgow Renal Biopsy Registry. All subjects gave
their informed consent for inclusion before they participated in the study. The Registry was conducted
in accordance with the Declaration of Helsinki and with institutional ethics committee approval,
which covered this study. It is the registry of the Glasgow Renal and Transplant Unit, a large tertiary
adult nephrology centre which serves a population of 1.5 million in the west of Scotland. A total of
174 patients had biopsy-proven ATIN. Specimens were examined by a specialist renal pathologist to
confirm the diagnosis of ATIN; cases with another primary renal diagnosis and co-existing interstitial
nephritis were excluded. Patients without dipstick data at ATIN diagnosis were also excluded from the
analysis (Figure 1), leaving 119 patients with haematuria information. An additional 9 patients were
excluded because of the coexistence of a pathological diagnosis of ATIN with a second pathological
diagnosis of a known cause of haematuria such as glomerulonephritis or vasculitis. This left 110
patients for the main analysis of potential differences between patients with and without haematuria
with respect to age, sex, comorbidities, renal function, aetiology and outcomes (development of CKD,
acute/chronic dialysis, kidney transplant, relapse). An analysis of histological findings in kidney
biopsies was also performed on the 104 samples in which these were available (Figure 1).
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displayed as median (interquartile range, IQR) and compared with the Mann–Whitney test. Qualitative
variables are shown as percentages and compared with the Chi-square or the Fisher’s test when
appropriate. Variables with a p < 0.05 were considered statistically significant. Statistical analysis was
performed using SPSS 19.0 statistical software (SPPS, Inc, Chicago, IL, USA).
3. Results

Among the 174 ATIN patients initially identified, 119 (68.4%) had urinary dipstick data; of these,
110 patients had a pathological diagnosis of AKI alone and were included in the analysis. As reported
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in Table 1, 66 patients (60%) had haematuria at diagnosis of AKI whereas 44 did not. No significant
differences in age, sex, comorbidities or baseline renal function were observed between haematuric
and non-haematuric patients.
Table 1. Baseline patient characteristics.
Variables

No Haematuria
(n = 44)

Haematuria
(n = 66)

p-Value

Gender, male (%)
Age at diagnosis (years)
Cardiovascular disease n (%)
Hypertension, n (%)
Diabetes mellitus, n (%)
Dyslipidaemia, n (%)
CKD, n (%)
Gout, n (%)
Stroke, n (%)
Ischemic heart disease, n (%)
Atrial fibrillation, n (%)
Respiratory disease, n (%)
Asthma, n (%)
COPD, n (%)
Autoimmune disease, n (%)
Hypothyroidism, n (%)
Rheumatoid arthritis, n (%)
Sjogren syndrome, n (%)
Crohn’s disease, n (%)
Polymyalgia rheumatica, n (%)
Primary biliary cirrhosis, n (%)
Sarcoidosis, n (%)
Coeliac disease, n (%)
Psoriasis, n (%)
Haematological disease, n (%)
MGUS, n (%)
Infectious disease, n (%)
Tuberculosis, n (%)
Oncological disease, n (%)
Prostate, n (%)
Breast, n (%)
Eye disease, n (%)
Serum Cr (mg/dL)
eGFR CKD-EPI (ml/min/1.73 m2 )
UPCR (mg/g)

23 (52.3)
60.2 ± 14.1
23 (52.3)
14 (31.8)
11 (25)
0
30 (68.2)
0
1 (2.3)
1 (2.3)
3 (6.8)
4 (9.1)
3 (6.8)
1 (2.3)
17 (38.6)
1 (2.3)
2 (4.5)
4 (9.1)
1 (2.3)
2 (4.5)
1 (2.3)
2 (4.5)
3 (6.8)
2 (4.5)
2 (4.5)
2 (4.5)
0 (0)
0 (0)
2 (4.5)
0 (0)
2 (4.5)
1 (2.3)
1.10 ± 0.25
65.06 ± 16.40
292 (123–734)

36 (54.5)
55.2 ± 18.5
37 (56.1)
27 (40.9)
17 (25.7)
3 (4.5)
41 (62.1)
4 (6.1)
3 (4.5)
5 (7.6)
2 (3)
5 (7.6)
2 (3)
1 (1.5)
16 (24.2)
4 (6.1)
1 (1.5)
3 (4.5)
1 (1.5)
2 (3)
1 (1.5)
1 (1.5)
1 (1.5)
2 (3)
4 (6.1)
1 (1.5)
2 (3)
2 (3)
10 (15.1)
3 (4.5)
2 (3)
4 (6.1)
1.21 ± 0.69
66.84 ± 24.77
457 (177–887)

0.68
0.14
0.37
0.19
0.77
0.14
0.30
0.08
0.49
0.20
0.39
0.85
0.39
0.81
0.14
0.31
0.37
0.36
0.81
0.73
0.81
0.37
0.16
0.73
0.67
0.37
0.23
0.23
0.06
0.14
0.68
0.34
0.36
0.70
0.51

CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; eGFR CKD-EPI: estimated
glomerular filtration rate using the equation CKD-EPI (Chronic Kidney Disease-Epidemiology Collaboration);
MGUS: monoclonal gammopathy of uncertain significance; UPCR: urinary protein:creatinine ratio.

There were no statistically significant differences between haematuric and non-haematuric
patients in onset, time of biopsy or peak serum creatinine (Table 2). However, at time of biopsy,
patients with haematuria had a higher urinary protein:creatinine ratio (UPCR) (902.70 (513.3–1492)
vs. 341.00 (177–734) mg/g, p < 0.001) (Table 2). At this time-point, a higher percentage of ATIN
patients with haematuria had proteinuria than patients without haematuria (89.4 vs. 59.1%, p = 0.001)
(Table 2). There were no differences in other blood parameters, including eosinophilia or CRP, or in
clinical manifestations (fever, skin rash, hypertension or development of nephrotic syndrome). At
the end of follow-up, ATIN patients with haematuria had higher serum creatinine levels (3.19 ± 2.91
vs. 1.91 ± 1.17 mg/dL, p = 0.007). There was a non-significant trend towards a higher need for acute
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dialysis (7 vs. 1%, p = 0.09) and chronic renal replacement therapy at the end of follow-up in haematuric
rather than in non-haematuric ATIN patients (12.1 vs. 2.3%; p = 0.12) (Table 3).
Table 2. Acute kidney injury secondary to ATIN according to the presence of haematuria.
Variables

No Haematuria (n = 44)

Haematuria (n = 66)

p-Value

Onset serum Cr (mg/dL)
Peak serum Cr (mg/dL)
Biopsy serum Cr (mg/dL)
Biopsy UPCR (mg/g)
End of follow-up serum Cr (mg/dL)
Other characteristics
Eosinophilia n (%)
Eosinophil number (×103 /µL)
CRP (µg/L)
Asymptomatic, n (%)
Proteinuria, n (%)
Nephrotic syndrome n, (%)
Hypertension, n (%)
AKI, n (%)
Acute dialysis, n (%)

3.29 ± 2.60
4.28 ± 3.03
3.17 ± 2.47
341.00 (177–734)
1.91 ± 1.17

3.91 ± 3.85
5.55 ± 4.25
3.82 ± 2.66
902.70 (513–1492)
3.19 ± 2.91

0.36
0.08
0.20
0.001
0.007

12 (27.3)
0.34 ± 0.26
40.0 ± 82.1
2 (4.5)
26 (59.1)
0
23 (52.3)
43 (97.7)
1 (2.3)

20 (30.3)
0.34 ± 0.21
51.8 ± 63.9
2 (3.03)
59 (89.4)
2 (2.8)
35 (53.0)
62 (93.9)
7 (10.6)

0.77
0.98
0.41
0.98
0.001
0.25
0.60
0.57
0.09

UPCR: urinary protein:creatinine ratio; CRP: C reactive protein, AKI: acute kidney injury, ATIN: acute
tubulointerstitial nephritis.

Table 3. Outcomes according to the presence of haematuria.
Variables

No Haematuria (n = 44)

Haematuria (n = 66)

p-Value

Renal replacement therapy, n (%)
Recovered kidney function n (%)
Time to recovery of renal function, days
Relapse, n (%)

1 (2.3)
17 (38.6)
60 (30–362)
3 (6.8)

8 (12.1)
23 (34.8)
60 (27–120)
4 (6.1)

0.12
0.80
0.32
0.52

There were no differences in other blood parameters, including eosinophilia or CRP, or in clinical
manifestations (fever, skin rash, hypertension or development of nephrotic syndrome) (Table 2),
or cause of ATIN (Table 4) between haematuric and non-haematuric ATIN patients. However, it is
observed that ATIN caused by non-steroidal anti-inflammatory drugs (NSAIDs) is more frequent
in patients with haematuria (13.6 vs. 4.5%. p = 0.08). Regarding histological features, interstitial
inflammatory cell infiltration was the most common finding, frequently occupying more than 50% of
the tissue section in both groups. Eosinophils, lymphoplasmacytic cells and macrophages were the
most common cells observed in renal biopsies. The only significant difference between groups was the
more frequent presence of red blood cell casts (10.6 vs. 2.3%, p = 0.006) in patients with haematuria
(Table 5), which was in line with urinary findings.
Table 4. Causes of ATIN according to presence of haematuria.
Variables

No Haematuria (n = 44)

Haematuria (n = 66)

p-Value

1 cause, n (%)
2 or more causes, n (%)
Drugs, n (%)
Antibiotic, n (%)
NSAID, n (%)
PPI, n (%)
ASA, n (%)
Other drugs, n (%)
Infection, n (%)
Systemic disease, n (%)

26 (59.1)
6 (13.6)
27 (61.4)
5 (11.4)
2 (4.5)
18 (40.9)
2 (4.5)
4 (9.1)
1 (2.3)
7 (15.9)

28 (42.4)
9 (13.6)
32 (48.5)
6 (9.1)
9 (13.6)
17 (25.7)
1 (1.5)
4 (6.1)
0
9 (13.6)

0.15
0.84
0.34
0.82
0.08
0.16
0.57
0.71
0.42
0.90
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Table 4. Cont.
Variables

No Haematuria (n = 44)

Haematuria (n = 66)

p-Value

Crohn’s, n (%)
Sjogren, n (%)
Sarcoidosis, n (%)
Granulomatous, n (%)
Other, n (%)
Unknown, n (%)
TINU, n (%)

0
2 (4.5)
1 (2.3)
2 (4.5)
2 (4.5)
3 (6.8)
0

1 (1.5)
2 (3.0)
3 (4.5)
1 (1.5)
2 (3.0)
7 (10.6)
1 (1.5)

1.00
1.00
0.64
0.57
1.00
0.51
1.00

NSAID: non-steroidal anti-inflammatory drug; PPI: proton pump inhibitor; ASA: aminosalicylic acid (aspirin);
TINU: tubulointerstitial nephritis and uveitis.

Table 5. Histological findings.
Variables

No Haematuria (n = 44)

Haematuria (n = 66)

p-Value

Interstitial eosinophils, n (%)
>50% of the tissue, n (%)
Neutrophils, n (%)
Lymphoplasmacytoid cells, n (%)
Macrophages, n (%)
Non-caseating granulomas, n (%)
Interstitial fibrosis, n (%)
>50% of the tissue, n (%)
Tubular atrophy, n (%)
>50%, n (%)
Tubulitis, n (%)
Hyaline casts, n (%)
Granular casts, n (%)
Red blood cell casts, n (%)
Glomerular sclerosis, n (%)
>50% of the tissue, n (%)
Periglomerular fibrosis, n (%)
Arteriosclerosis, n (%)

29 (65.9)
17 (38.6)
6 (13.6)
21 (47.7)
26 (59.1)
8 (18.2)
20 (45.4)
2 (4.5)
28 (63.6)
3 (6.8)
24 (54.5)
14 (32.7)
10 (22.7)
1 (2.3)
22 (50)
3 (6.8)
12 (27.3)
25 (56.8)

44 (66.7)
31 (47)
13 (19.7)
35 (53)
40 (60.6)
17 (25.7)
38 (57.6)
4 (6.1)
41 (62.1)
8 (12.1)
34 (51.5)
25 (37.5)
10 (15.1)
7 (10.6)
32 (48.5)
2 (3)
16 (24.2)
41 (62.1)

0.82
0.30
0.36
0.18
0.09
0.56
0.56
1.00
0.98
0.50
0.10
0.07
0.73
0.006
0.48
0.39
1.00
1.00

Stratification of patients according to severity of haematuria reported that those patients with
more haematuria intensity had a higher urinary protein:creatinine ratio (UPCR) (1352.65 (665–2292)
vs. 849.60 (562–1155) mg/g, p = 0.02). Additionally, these patients also had higher C reactive protein
(CRP) (77.51 ± 91.07 vs. 41.25 ± 48.91 µg/L, p = 0.05) and a lower number of eosinophils in their blood
(0.26 ± 0.16 vs. 0.39 ± 0.23 p = 0.04) (Table 6).
Table 6. Acute kidney injury secondary to ATIN according to haematuria severity.
Variables

Haematuria +++ (n = 18)

Haematuria +/++(n = 41)

p-Value

Onset serum Cr (mg/dL)
Peak serum Cr (mg/dL)
Biopsy serum Cr (mg/dL)
Biopsy UPCR (mg/g)
End of follow-up serum Cr (mg/dL)
Characteristics
Eosinophilia, n (%)
Number (×103 /µL)
CRP (µg/L)
Asymptomatic, n (%)
Proteinuria, n (%)
Nephrotic syndrome, n (%)
Hypertension, n (%)
AKI, n (%)
Acute dialysis, n (%)

3.53 ± 4.45
5.99 ± 4.64
3.89 ± 2.21
1352.65 (665–2292)
3.14 ± 3.11

4.20 ± 3.89
5.50 ± 4.37
3.91 ± 2.97
849.60 (592–1155)
3.25 ± 2.98

0.57
0.69
0.98
0.02
0.90

3 (16.6)

15 (36.6)

0.21

0.26 ± 0.16
77.51 ± 91.07
1 (5.5)
17 (94.4)
1 (5.5)
11 (61.1)
18 (100)
2 (11.1)

0.39 ± 0.23
41.25 ± 48.91
1 (2.4)
37 (90.2)
1 (2.4)
19 (46.3)
37 (90.2)
5 (12.2)

0.04
0.05
0.53
1.00
0.53
0.36
0.48
1.00

UPCR: urinary protein:creatinine ratio; CRP: C reactive protein. +, mild, ++, moderate, +++, severe.
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Most patients (n = 90/110, 81.8%) were treated with steroids, usually after renal biopsy. There were
no differences in haematuria prevalence between patients treated or not treated with steroids (55/90,
61.1% vs. 11/20, 55%, p = 0.62). Moreover, there were no significant differences in initial serum creatinine
or disease course between patients treated or not treated with steroids, although the percentage of
patients who recovered their previous renal function was higher in the steroid group (41.1 vs. 15%,
p = 0.12) (Supplementary Tables S1 and S2).
According to proteinuria levels, those patients with higher proteinuria showed a significantly
higher need of chronic renal replacement therapy (22.7 vs. 0%, p = 0.03) and relapse (4 vs. 0%, p = 0.03)
(Supplementary Table S3).
4. Discussion
Although haematuria is a common finding in patients with ATIN, our results suggest that clinicians
pay little attention to haematuria in this condition as haematuria data were recorded in 60% of ATIN
patients. Importantly, we found haematuria in biopsy-proven ATIN to be associated with proteinuria
during the AKI episode and worse renal function outcomes.
Haematuria may cause tubular cell injury contributing to AKI and CKD [8,9,12]. Epidemiological
studies have associated the presence of haematuria with an increased risk of developing ESRD. In Israeli
youths, the presence of isolated microhaematuria was associated with an increased risk of ESRD after
22 years of follow-up [8]. Other studies have shown an association of microhaematuria with faster
CKD progression [17]. Findings from the Chronic Renal Insufficiency Cohort (CRIC) study and the
Evaluating Prevention of Progression in Chronic Kidney Disease (EPICC) trial, suggest an increased risk
or ESRD after two years of follow-up in patients with baseline haematuria [18]. We now present the first
study analysing the association of haematuria with disease severity and outcomes in a large population
of biopsy-proven ATIN patients. In our study, haematuria was a frequent finding in ATIN (60% of
cases), in line with prior findings in smaller studies by Praga et al. (67% of cases) [7] and Fogazzi et al.
(48% of cases) [1], but higher than in a larger study (33% of cases) [5]. Together, these and the present
study indicate that haematuria is a relatively frequent finding in ATIN. However, no previous study
has analysed the significance of haematuria in ATIN. We observed that the presence of haematuria was
associated with the presence and magnitude of proteinuria as well as with higher serum creatinine at
last follow-up. Moreover, we observed a close relationship between the haematuria and proteinuria,
it seems that those patients with more haematuria intensity were those with higher proteinuria levels.
In line with these findings, there was a numerically higher need for renal replacement therapy at
the end of follow-up among haematuric patients, although the overall number of events was low
(n = 9) and the difference was not statistically significant (p = 0.12). In this regard, a key and serious
consequence of ATIN is fibrosis, with a consequent increased risk of developing CKD [19]. Incomplete
recovery of renal function has been associated with fibrosis in ATIN patients [15].
Data on the severity of haematuria were available for a subset of patients. These data did not
show an association between severity of haematuria and other features of disease severity or renal
function outcomes. The limited number of patients with this information makes it difficult to interpret
the renal function results.
Detailed histological information was available for a majority of patients. A key finding was the
higher frequency of red blood cell casts in patients with haematuria. Red blood cell casts are usually
considered to represent glomerular haematuria. Together with the higher proteinuria in patients
with haematuria, this may be interpreted as evidence of glomerular involvement in certain cases
of ATIN and the association of glomerular involvement with more severe outcomes. While certain
causes of ATIN such as nephrotic syndrome induced by NSAIDs have been classically associated with
glomerular involvement [20], no association of haematuria with specific causes of ATIN were observed
in our study. An alternative explanation for the association of haematuria with proteinuria and ATIN
outcomes would be an underlying glomerulopathy. However, cases identified as such by kidney biopsy
were carefully excluded before analysis. Finally, both proteinuria and haematuria may cause kidney
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injury, so mechanistic studies would be required to dissect the specific contribution of each factor
or the potential interaction between them to worse outcomes [12,21]. However, several sensitivity
analyses failed to find any association between higher levels of proteinuria and worse kidney outcomes.
Thus, it appears that haematuria itself, independently of proteinuria action, was associated with a
worse renal outcome.
The clinical characteristics of the present series of patients is in line with prior reports. Thus, the
severity of AKI was similar to previous studies, with a serum creatinine peak around 5.55 mg/dL [5,15],
and proteinuria was below the nephrotic range [5,7]. Moreover, the main cause of ATIN was drug
toxicity, in agreement with previous studies in developed countries [22].
Since the main cause of ATIN is drug-induced, rapidly stopping the drug thought to be responsible
may be the best therapeutic option. However, this is complicated in patients on multiple medications,
explaining why the decision may be delayed, and why 30–70% of patients do not recover their baseline
renal function [23–29]. Due to the key role of the immune system in human ATIN, steroids are often
used as treatment but this remains controversial due to the lack of prospective, randomised and
controlled clinical trials. Some reviews recommend prescribing steroids in drug-associated ATIN only
when renal function does not recover by 7–15 days after drug withdrawal [23]. However, a recent study
suggested that an interval greater than 7 days between drug withdrawal and steroid initiation, and the
severity of interstitial fibrosis are key factors associated with an increased risk of incomplete recovery
of renal function [19]. Steroid treatment has been associated with a better renal function outcome and
less need for dialysis [16,30], but these findings have not been universal [6]. In our study, most patients
received steroids. However, there was a time lag of several weeks between ATIN onset, as defined by
the time at onset serum creatinine assessment and renal biopsy, and steroids were generally initiated
after renal biopsy results. No association of steroids with outcomes was observed.
Some limitations of our study should be acknowledged. There was no information on the use of
oral anticoagulants. These have been associated with haematuria-induced kidney injury [12,31,32].
However, there were no differences in the prevalence of diseases usually associated with anticoagulant
prescription (e.g., ischemic heart disease, stroke or atrial fibrillation) between patients with or without
haematuria. Furthermore, data concerning clotting factors and other haemostatic markers, either
haemorrhagic or thrombotic, were not available.
Information on the presence or severity of haematuria was absent in a significant percentage of
patients, illustrating the attitude of nephrologists towards haematuria in ATIN and further supporting
the need to make public the present data in order to encourage further research on the issue. Additionally,
baseline haematuria data were not available for most patients. Thus, we cannot definitely exclude that
haematuria in some patients may have been associated with a pre-existent condition. However, this
does not detract from the observed association of haematuria with outcomes.
5. Conclusions
Our results show that haematuria is a frequent finding in patients with ATIN and is associated
with parameters of disease severity and worse outcomes. However, it is necessary to validate this
observation in further studies involving patients from different backgrounds and ethnicities. Moreover,
experimental studies are needed to determine if haematuria is a consequence of the severity of ATIN
or a pathogenic factor which aggravates kidney damage and, therefore, might be susceptible to
therapeutic intervention.
Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/7/2135/s1,
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Author Contributions: B.M., R.E., J.G.F. and C.C.G. collaborated in the acquisition of data. R.E., J.G.F., C.C.G.,
B.M., A.O. and J.A.M. performed the analysis and interpretation of the results. R.E., A.O. and J.A.M. contributed
to the writing of the manuscript. J.G.F., C.C.G. and B.M. provided critical reviews. All authors have read and
agreed to the published version of the manuscript. A.O. and J.A.M. contributed to the design of the manuscript.

J. Clin. Med. 2020, 9, 2135

9 of 10

Funding: Supported by FIS/FEDER PI17/00130 and PI19/00815, Spanish Ministry of Science and Innovation
(RYC-2017-22369 and DTS18/00032), Sociedad Española de Nefrología, Fundacion Renal Iñigo Álvarez de
Toledo (FRIAT), ISCIII-RETIC REDinREN RD016/0009 Fondos FEDER, Comunidad de Madrid B2017/BMD-3686
CIFRA2-CM, ERA-PerMed-JTC2018 (KIDNEY ATTACK AC18/00064 and PERSTIGAN AC18/00071). No other
relevant affiliations or financial involvement exist with any organization or entity with a financial interest in or
financial conflict with the subject matter or materials discussed in the manuscript. This includes employment,
consultancies, honoraria, stock ownership or options, expert testimony, grants or patents received or pending,
or royalties.
Acknowledgments: We would like to thank Helena Martínez Lozano for her support in statistical analysis.
Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References
1.
2.
3.
4.

5.
6.

7.
8.

9.

10.

11.

12.

13.

14.
15.

Fogazzi, G.B.; Ferrari, B.; Garigali, G.; Simonini, P.; Consonni, D. Urinary sediment findings in acute
interstitial nephritis. Am. J. Kidney Dis. 2012, 60, 330–332. [CrossRef] [PubMed]
Farrington, K.; Levison, D.A.; Greenwood, R.N.; Cattell, W.R.; Baker, L.R. Renal biopsy in patients with
unexplained renal impairment and normal kidney size. QJM Int. J. Med. 1989, 70, 221–233.
Haas, M.; Spargo, B.H.; Wit, E.J.; Meehan, S.M. Etiologies and outcome of acute renal insufficiency in older
adults: A renal biopsy study of 259 cases. Am. J. Kidney Dis. 2000, 35, 433–447. [CrossRef]
Goswami, S.; Raju, B.M.; Purohit, A.; Pahwa, N. Clinical spectrum of community-acquired acute kidney
injury: A prospective study from central India. Saudi J. Kidney Dis. Transpl. 2020, 31, 224–234. [CrossRef]
[PubMed]
Goicoechea, M.; Rivera, F.; López-Gómez, J.M. Spanish Registry of Glomerulonephritis. Increased prevalence
of acute tubulointerstitial nephritis. Nephrol. Dial. Transplant. 2013, 28, 112–115. [CrossRef]
Clarkson, M.R.; Giblin, L.; O’Connell, F.P.; O’Kelly, P.; Walshe, J.J.; Colon, P.; O’Meara, Y.; Dormon, A.;
Campbell, E.; Donohoe, J. Acute interstitial nephritis: Clinical features and response to corticosteroid therapy.
Nephrol. Dial. Transplant. 2004, 19, 2778–2783. [CrossRef]
Praga, M.; González, E. Acute interstitial nephritis. Kidney Int. 2010, 77, 956–961. [CrossRef]
Vivante, A.; Afek, A.; Frenkel-Nir, Y.; Tzur, D.; Farfel, A.; Golan, E.; Chaiter, Y.; Shohat, T.; Skorecki, K.;
Calderon-Margalit, R. Persistent asymptomatic isolated microscopic hematuria in Israeli adolescents and
young adults and risk for end-stage renal disease. JAMA 2011, 306, 729–736. [CrossRef]
Goto, M.; Wakai, K.; Kawamura, T.; Ando, M.; Endoh, M.; Tomino, Y. A scoring system to predict renal
outcome in IgA nephropathy: A nationwide 10-year prospective cohort study. Nephrol. Dial. Transplant.
2009, 24, 3068–3074. [CrossRef]
Sevillano, A.M.; Gutiérrez, E.; Yuste, C.; Cavero, T.; Mérida, E.; Rodríguez, P.; García, A.; Morales, E.;
Fernández, C.; Martínez, M.A.; et al. Remission of Hematuria Improves Renal Survival in IgA Nephropathy.
J. Am. Soc. Nephrol. 2017, 28, 3089–3099. [CrossRef]
Hirano, K.; Kawamura, T.; Tsuboi, N.; Okonogi, H.; Miyazaki, Y.; Ikeda, M.; Matsushima, M.; Hanaoka, K.;
Ogura, M.; Utsunomiya, Y.; et al. The predictive value of attenuated proteinuria at 1 year after steroid
therapy for renal survival in patients with IgA nephropathy. Clin. Exp. Nephrol. 2013, 17, 555–562. [CrossRef]
[PubMed]
Moreno, J.A.; Martín-Cleary, C.; Gutiérrez, E.; Toldos, O.; Blanco-Colio, L.M.; Praga, M.; Ortiz, A.; Egido, J.
Aki associated with macroscopic glomerular hematuria: Clinical and pathophysiologic consequences. Clin. J.
Am. Soc. Nephrol. 2012, 7, 175–184. [CrossRef]
Moreno, J.A.; Sevillano, Á.; Gutiérrez, E.; Guerrero-Hue, M.; Vázquez-Carballo, C.; Yuste, C.; Herencia, C.;
García-Caballero, C.; Praga, M.; Egido, J. Glomerular Hematuria: Cause or Consequence of Renal
Inflammation? Int. J. Mol. Sci. 2019, 20, 2205. [CrossRef]
Valluri, A.; Hetherington, L.; Mcquarrie, E.; Fleming, S.; Kipgen, D.; Geddes, C.C.; Mackinnon, B.; Bell, S.
Acute tubulointerstitial nephritis in Scotland. QJM Int. J. Med. 2015, 108, 527–532. [CrossRef] [PubMed]
González, E.; Gutiérrez, E.; Galeano, C.; Chevia, C.; de Sequera, P.; Bernis, C.; Parra, E.G.; Delgado, R.;
Sanz, M.; Ortiz, M.; et al. Early steroid treatment improves the recovery of renal function in patients with
drug-induced acute interstitial nephritis. Kidney Int. Nat. Publ. Group 2008, 73, 940–946. [CrossRef] [PubMed]

J. Clin. Med. 2020, 9, 2135

16.

17.

18.

19.

20.
21.
22.

23.
24.
25.

26.

27.

28.
29.
30.

31.
32.

10 of 10

Muriithi, A.K.; Leung, N.; Valeri, A.M.; Cornell, L.D.; Sethi, S.; Fidler, M.E.; Nasr, S.H. Clinical characteristics,
causes and outcomes of acute interstitial nephritis in the elderly. Kidney Int. Nat. Publ. Group 2015, 87,
458–464. [CrossRef] [PubMed]
Yuste, C.; Rubio-Navarro, A.; Barraca, D.; Aragoncillo, I.; Vega, A.; Abad, S.; Santos, A.; Macias, N.; Mahillo, I.;
Gutiérrez, E.; et al. Haematuria increases progression of advanced proteinuric kidney disease. PLoS ONE
2015, 10, e0128575. [CrossRef]
Schulman, G.; Berl, T.; Beck, G.J.; Remuzzi, G.; Ritz, E.; Shimizu, M.; Kikuchi, M.; Shobu, Y. Risk factors
for progression of chronic kidney disease in the eppic trials and the effect of AST-120. Clin. Exp. Nephrol.
Springer Tokyo 2018, 22, 299–308. [CrossRef] [PubMed]
Fernandez-Juarez, G.; Perez, J.V.; Caravaca-Fontán, F.; Quintana, L.; Shabaka, A.; Rodriguez, E.; Gadola, L.;
de Lorenzo, A.; Angeles Cobo, M.; Oliet, A.; et al. Duration of treatment with corticosteroids and recovery of
kidney function in acute interstitial nephritis. Clin. J. Am. Soc. Nephrol. 2018, 13, 1851–1858. [CrossRef]
Kleinknecht, D. Interstitial nephritis, the nephrotic syndrome, and chronic renal failure secondary to
nonsteroidal anti-inflammatory drugs. Semin. Nephrol. 1995, 15, 228–235.
Moreno, J.A.; Martín-Cleary, C.; Gutiérrez, E.; Rubio-Navarro, A.; Ortiz, A.; Praga, M.; Egido, J. Haematuria:
The forgotten CKD factor? Nephrol. Dial. Transplant. 2012, 27, 28–34. [CrossRef] [PubMed]
Praga, M.; Sevillano, A.; Auñón, P.; González, E. Changes in the aetiology, clinical presentation and
management of acute interstitial nephritis, an increasingly common cause of acute kidney injury.
Nephrol. Dial. Transplant. 2015, 30, 1472–1479. [CrossRef]
Rossert, J. Drug-induced acute interstitial nephritis. Kidney Int. 2001, 60, 804–817. [CrossRef] [PubMed]
Buysen, J.G.; Houthoff, H.J.; Krediet, R.T.; Arisz, L. Acute interstitial nephritis: A clinical and morphological
study in 27 patients. Nephrol. Dial. Transplant. 1990, 5, 94–99. [CrossRef] [PubMed]
Pusey, C.D.; Saltissi, D.; Bloodworth, L.; Rainford, D.J.; Christie, J.L. Drug associated acute interstitial
nephritis: Clinical and pathological features and the response to high dose steroid therapy. QJM Int. J. Med.
1983, 52, 194–211.
Galpin, J.E.; Shinaberger, J.H.; Stanley, T.M.; Blumenkrantz, M.J.; Bayer, A.S.; Friedman, G.S.;
Montgomerie, J.Z.; Guze, L.B.; Coburn, J.W.; Glassock, R.J. Acute interstitial nephritis due to methicillin.
Am. J. Med. 1978, 65, 756–765. [CrossRef]
Bhaumik, S.K.; Kher, V.; Arora, P.; Rai, P.K.; Singhal, M.; Gupta, A.; Pandey, R.; Sharma, R.K. Evaluation of
clinical and histological prognostic markers in drug-induced acute interstitial nephritis. Ren. Fail. 1996, 18,
97–104. [CrossRef]
Laberke, H.G.; Bohle, A. Acute interstitial nephritis: Correlations between clinical and morphological
findings. Clin. Nephrol. 1980, 14, 263–273.
Kida, H.; Abe, T.; Tomosugi, N.; Yokoyama, H.; Hattori, N. Prediction of the long-term outcome in acute
interstitial nephritis. Clin. Nephrol. 1984, 22, 55–60.
Prendecki, M.; Tanna, A.; Salama, A.D.; Tam, F.W.K.; Cairns, T.; Taube, D.; Cook, H.T.; Ashby, D.;
Duncan, N.D.; Pusey, C.D. Long-term outcome in biopsy-proven acute interstitial nephritis treated with
steroids. Clin. Kidney. J. 2017, 10, 233–239. [CrossRef]
Escoli, R.; Santos, P.; Andrade, S.; Carvalho, F. Dabigatran-Related Nephropathy in a Patient with Undiagnosed
IgA Nephropathy. Case Rep. Nephrol. 2015, 2015, 298261. [CrossRef] [PubMed]
Brodsky, S.V.; Mhaskar, N.S.; Thiruveedi, S.; Dhingra, R.; Reuben, S.C.; Calomeni, E.; Ivanov, I.; Satoskar, A.;
Hemminger, J.; Nadasdy, Y.; et al. Acute kidney injury aggravated by treatment initiation with apixaban:
Another twist of anticoagulant-related nephropathy. Kidney Res. Clin. Pract. Korean Soc. Nephrol. 2017, 36,
387–392. [CrossRef] [PubMed]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

