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Abstract

Background. Percutaneous renal biopsy (PRB) is the gold standard for diagnosing nephropathies but, despite
being generally safe, it carries the risk of hemorrhagic complications, particularly perirenal hematomas (PHs).
Ultrasound, although commonly used, tends to underestimate hematoma volumes, whereas computed
tomography (CT) accurately measures volumes but poses radiation concerns and often requires contrast
media. Magnetic resonance imaging (MRI), free of these risks, offers high tissue resolution but remains
underutilized for PH evaluation post-PRB.

Objectives. To evaluate the utility of MRI-based segmentation techniques for accurately quantifying PH
volumes after PRB, as a complementary imaging modality to ultrasound and CT.

Materials and methods. We retrospectively analyzed MRI data from 85 patients who underwent PRB
between July 2020 and May 2024. MRI-derived PH volumes were measured using manual segmentation.
(linical data were extracted from patient records, and the results were compared with data from a previous
(T-based study.

Results. Perirenal hematoma was detected in 63 patients (74.1%) with a median volume of 26.2 mL (inter-
quartile range (IQR): 7.2—59.3 mL), slightly smaller than CT-derived volumes (median: 38 mL, IQR: 18-85 mL).
Using Spearman’s rank correlation coefficient (rs), we found that serum creatinine (Cr; rs=0.299, p = 0.039)
and systolic blood pressure (SBP; rs = 0.333, p=0.017) correlated positively with PH volume, while hemo-
globin levels showed a negative correlation (rs = —0.322, p = 0.021). Hemodialysis was associated with
larger PHs (odds ratio (OR) = 4.59, 95% confidence interval (95% CI): 1.20—17.58, p = 0.026); however, this
finding is based on a model with modest predictive performance and requires further validation.

Conclusions. Although its routine use may be limited, MRI could serve as a complementary tool for the de-
tailed evaluation of PHs, offering a radiation-free and contrast media-free alternative to T in clinical scenarios
where immediate decision-making is not critical.

Key words: image segmentation, perirenal hematoma, kidney magnetic resonance imaging, percutaneous
renal biopsy, post-hiopsy bleeding complications
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« This is the first study to use magnetic resonance imaging (MRI) to detect and quantify perirenal hematoma (PH)

+ MRIfindings were comparable to computed tomography (CT) results, while avoiding ionizing radiation and iodin-

+ Serum creatinine and systolic blood pressure were significantly associated with larger PHs, whereas pre-biopsy
hemoglobin showed a significant negative correlation.

» Hemodialysis status was linked to larger hematoma volumes, although the model demonstrated modest predictive

+ MRI may serve as a valuable complementary tool for detailed PH evaluation when immediate clinical decision-

Background

Percutaneous renal biopsy (PRB) is recognized as
the gold standard for diagnosing a wide range of renal
diseases and is generally considered a safe procedure.!~*
However, it is not without risks, including complications
such as macrohematuria, perirenal hematoma (PH), infec-
tion, the formation of arteriovenous fistulas, and, in rare
cases, severe outcomes such as nephrectomy, the need for
blood transfusions or interventional procedures, or even
death.*-6

Hemorrhagic complications are the most common ad-
verse events following PRB, PHs being the most frequently
reported.*®7 The reported incidence of PH varies widely,”
ranging from as low as 1.7%® to 11% in a large meta-anal-
ysis by Poggio et al.,* and up to 86.1% in studies that em-
ployed systematic imaging with more liberal diagnostic
criteria.>” Most studies rely on ultrasound imaging, but
there is significant heterogeneity in criteria for defining
and measuring PH size in ultrasound-based research,
typically measured as a PH thickness.>®1° This variability,
combined with the limitations of ultrasound in assessing
the size of irregularly shaped PHs — which it often struggles
to measure accurately®!12 — may contribute to the under-
diagnosis of PHs.*!2

Having researched the literature, we identified very
few studies using computed tomography (CT).1113-16
Four earlier attempts, particularly in the 1980s, reported
higher detection rates of PHs, with some studies noting
incidences as high as 90.9%.!3-1° The most recent study
by Chikamatsu et al.!! quantified PH volume using con-
trast-enhanced CT and correlated it with clinical factors.
Some authors argue that patients undergoing PRB should
be monitored clinically rather than subjected to system-
atic imaging for PH, as such screening may overestimate its
incidence.>>° This perspective likely explains the limited
use of cross-sectional imaging modalities in post-PRB PH
monitoring.

Given the above, the role of magnetic resonance imag-
ing (MRI) in assessing post-PRB complications remains

underexplored. With its high soft-tissue contrast,!>”
MRI has the potential to effectively evaluate PHs without
the need for contrast media. However, its clinical use has
been limited by availability and scan time.}217* We found
no studies in the available literature specifically examining
the use of MRI for the evaluation of PHs after PRB.

Objectives

Consequently, this study aimed to investigate the util-
ity of MRI for detecting post-PRB PHs. By integrating
image segmentation techniques to quantify PH volume,
we sought to provide precise and comprehensive insights
into post-PRB PHs. We also aimed to assess the potential
of MRI for these indications in comparison with CT.

Materials and methods

This retrospective study was conducted according
to the guidelines of the Declaration of Helsinki and was
approved by the Bioethical Committee of the Medical
University of Lodz, Poland (approval No. RNN/174/24/
KE issued on July 9, 2024).

Patient selection

All patients in this study were hospitalized in Norbert
Barlicki Memorial Teaching Hospital No. 1, Medical
University of Lodz, with PRBs and imaging performed
in the Radiology Department. While most had native kid-
neys, 10 were renal transplant recipients.

Patients were eligible for inclusion if they were hospital-
ized in our institution, underwent PRB and had a kidney
MRI performed within 36—48 h following the PRB, as,
according to many authors, most PRB complications oc-
cur within the first 24 h.3+811.20-23 However, a too short
observation period might lead to complications being
overlooked.*?? Exclusion criteria included lack of informed
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consent, incomplete documentation, unavailable or poor-
quality images, MRI performed outside the study protocol
(i.e., not on the day following PRB), and known preexisting
perirenal fluid collections. Based on these criteria, 85 sub-
jects were enrolled.

Renal biopsy

The PRBs were performed as a routine method for diag-
nosing nephropathy. Prior to the PRB assessment of vital
signs, a set of laboratory tests, including coagulation pa-
rameters, was performed. Antiplatelet agents (aspirin) and
direct oral anticoagulants were discontinued 5 days prior
to PRB, and low-molecular-weight heparin was stopped
24 h before the procedure, in accordance with our insti-
tutional practice. Patients undergoing hemodialysis (HD)
received dialysis 1 day before PRB, with heparin used dur-
ing the session. In cases of thrombocytopenia, fresh frozen
plasma was administered prior to the procedure. Written
informed consent was obtained from all participants, who
were fully informed about the procedure and cooperated
satisfactorily.

Between July 2020 and May 2024, a radiologist with
over 10 years of experience in ultrasound and ultrasound-
guided PRB performed all PRBs under ultrasound guid-
ance (GE Logiq 7 system; GE Healthcare, Milwaukee, USA;
convex 4C probe; standard biopsy attachment). A Bard
Magnum biopsy device (Bard, Covington, USA) equipped
with a 16-gauge cutting needle was used for every case.

The goal was to obtain 3 tissue samples from each pa-
tient, requiring 4 needle passes in most cases. If the sam-
ples were deemed insufficient based on the immediate
assessment by the performing radiologist, a 4™ puncture
was carried out. Importantly, no cases involved more than
4 needle passes in our practice.

Following the PRB, manual compression was applied,
and patients were instructed to maintain 24 h of bed rest,
including the first 4 h in the prone position. Clinical moni-
toring was conducted according to standard post-PRB care
practices. Laboratory tests were conducted later the same
day in the afternoon and were repeated 24 h after the PRB.

MRI images acquisition and analysis

Magnetic resonance imaging was performed within
36—48 h following the PRB using a 3T scanner (Sie-
mens Magnetom Vida; Siemens AG, Munich, Germany)
equipped with an 18-channel body coil. The protocol in-
cluded unenhanced sequences such as T2-weighted Half-
Fourier Acquisition Single-shot Turbo spin Echo imaging
with fat saturation (T2W HASTE ES) and T1-weighted
(T1W) Dixon imaging (in-phase, out-of-phase, fat-only,
and water-only images).

The MRI image analyses were conducted retrospec-
tively to quantify the PH volume. Manual segmentation
was performed using the Exhibeon3 DICOM viewer (Pixel
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Technology, £6dzZ, Poland), with the two-dimensional
smart brush tool applied to T1W Dixon water-only images
in the coronal plane. These images were chosen for their
superior ability to delineate fat tissue and blood products.
Fluid collections not consistent with blood were excluded.
All segmentations, as well as their assessment and clas-
sification, were independently performed by 2 radiologists
based on morphological characteristics and signal inten-
sities consistent with the expected appearance of blood
products in acute or early subacute stages on different MRI
sequences.'>!° In cases of disagreement, a 3'¢ experienced
radiologist reviewed the images to ensure consensus. Rep-
resentative examples are shown in Fig. 1 and Fig. 2.

Clinical data

Clinical data, laboratory test results from the day before
and the day after the PRB, as well as histological diagno-
ses, were retrieved from patient records. The estimated
glomerular filtration rate (eGFR) was calculated using
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula.?* Nadler’s formula®® was used to cal-
culate estimated circulating blood volume (ECBV):

ECBV = [mL] = 366.9 x height [m]?
+ 32.19 x weight [kg] + 604.1 for males

and

ECBV = [mL] =356.1 x height [m]?
+ 33.08 x weight [kg] + 183.3 for females.

Comparison to CT

To enhance our analysis and provide a comparative per-
spective, the data from Chikamatsu et al.!* was used for
evaluating CT against MRI in this context. This allowed
for a comparison of the 2 imaging modalities in assess-
ing post-PRB complications, particularly the quantifica-
tion of PHs volumes. Comprehensive literature research
revealed no other contemporary studies analyzing CT
as a method for quantification of post-PRB PHs.

Statistical analyses

After analyzing the baseline characteristics, the study
cohort was divided into 2 subgroups: patients with PHs and
those without. These groups were compared; however, only
the subgroup with PHs was included in the subsequent
statistical analyses. The 3™ tertile of PH volume — repre-
senting large bleeding volumes — was determined accord-
ing to the methodology described by Chikamatsu et al.,!!
and this definition of “large PH” was used in the further
evaluation.

The Shapiro—Wilk test was used to assess the normal-
ity of data distribution. Normally distributed data were
presented as mean * standard deviation (SD), while non-
parametric data were reported as median and quartile
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Fig. 1. Images of perirenal hematomas (marked with red arrows)

in different patients on different magnetic resonance imaging (MRI)
sequences showing differences in signal and restricted diffusion.
A. T2-weighted (T2W) HASTE FS; B. T1-weighted (T1W) Dixon opp.
phase; C. TIW Dixon in phase; D. TTW Dixon fat only; E. TTW Dixon
water only
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Fig. 2. Examples of perirenal hematomas in different patients. A,B. Perirenal hematomas segmentation in 2D coronal in different patients plane
on T1-weighted (T1W) Dixon water only image; C,D. Volume rendered reconstructions of perirenal hematomas in these patients

red — hematoma; green — left kidney.

range (IQR). Comparisons between groups were performed
using the two-tailed Student’s t-test for parametric data and
the Mann—Whitney U test for nonparametric data. Due
to the small sample sizes in most subgroups, Fisher’s exact
test was employed to compare categorical variables. Krus-
kal-Wallis test was used to compare PH volumes in mL
across different histologic types of renal diseases.

Pearson’s and Spearman’s correlation coefficients
(r and r,, respectively) were calculated for normally and
non-normally distributed data.

Multivariate logistic regression analysis was conducted
to evaluate predictors associated with PH volume, specifi-
cally aiming to identify factors contributing to large PHs,
defined as values in the upper tertile. The model included
both continuous and categorical predictors. Continuous
variables were standardized prior to model fitting. As-
sumptions of logistic regression were assessed: linearity
between continuous predictors and the logit was tested
using the Box-Tidwell test, and appropriate transforma-
tions were applied when this assumption was violated.
Multicollinearity was evaluated using variance inflation
factors (VIF) and tolerance values. Influential observations
were identified by examining Cook’s distances; cases ex-
ceeding the 4/n (with the sample size of 4) threshold were
considered highly influential.

Statistical significance was set at p < 0.05, and missing
data were handled by omission. All statistical analyses
were performed using IBM SPSS v. 27 (IBM Corp., Ar-
monk, USA).

Results

The study cohort comprised 85 white adult subjects
(47 males (55.3%) and 38 females (44.7%); median age
57 years; IQR: 42—64; minimum 19; maximum 82). Of these,
75 had native kidneys and 10 had renal transplants. Mag-
netic resonance imaging detected PH in 63 (74.1%; 56 na-
tives, 7 transplants) and no PH in 22 (25.9%) subjects.
Characteristics of the study cohort against the CT data!!
are presented in Table 1. Comparison between subgroups
with and without PH is shown in Table 2.

The median PH volume was 26.2 mL (IQR: 7.2-59.3),
n =5 (8%) exceeded 100 mL; outliers reached 690 mL, and
the smallest observed PH was 0.7 mL. Figure 3 and Fig. 4
depict the PH volume distribution (non-normal, p < 0.001).

Spearman correlation coefficients are presented in
Table 3, indicating that the predictors with significant
positive correlations were the pre-PRB serum creatinine
level (Cr; rs = 0.299, p = 0.039) and systolic blood pres-
sure (SBP) (r; = 0.333, p = 0.017). The only predictor with
a significant negative correlation was pre-PRB hemoglobin
(Hb) level (rs = —0.322, p = 0.021)

Volumes >41.8 mL (n = 21) constituted the 3™ tertile,
whereas others (n = 42) were in the first 2 tertiles. Table 4
summarizes the bleeding complications observed in both
the study cohort and the CT data.!! Table 5 compares
3 tertiles from this study and from Chikamatsu et al.!!

No significant differences were observed across histo-
logical types with respect to the presence (H (11, 85) = 7.43,
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Table 1. Characteristics of the study cohort and from Chikamatsu et al."!

Selected values

Characteristic s\:ig;ci;?:rrt from Chika”matsu
etal.
Number of patients 85 252
Age [years] 57 (42-64) 62 +17
Male sex, n (%) 47 (55) 153 (61)
Renal graft, n (%) 10(12) 0(0)
BMI [kg/m?] 28 +4.8 24.8 +4.2
ECBV [mL] 4988 +1016 3840 £745
SBP [mm Hg] 133+18 139 £25
DBP [mm Hg] 78 £12 78 £14
HR [bpm] 74 +£7.6 71 £12
Creatinine [mg/dL] 1.7 (1.1-4.3) no data
eGFR [mL/min/1.73 m?] 38 (12-65) 44 (25-60)
HD, n (%) 18 (21) no data
Hb before PRB [g/dL] 116422 123+24
PLT [10%/uL] 242 (176-299) 241 (190-300)
INR 1.01 £0.09 no data
APTT [s] 315439 30 (27-34)
Antiplatelet therapy, n (%) 2(2) 41 (16)
Anticoagulant therapy, n (%) 34 (40) 26 (10)
Number of punctures 3(3-3) 3(3-4)
Histological types, n (%)
FSGS 18 (21) 24 (10)
IgA nephropathy 11(13) 35(14)
Membranous nephropathy 9(11) 114)
Tubulointerstitial nephritis 8(9) 15 (6)
Crescentic GN 8(9) 15(6)
ESKD 5(6) 0(0)
Diabetic nephropathy 4(5) 41 (16)
Minimal change 34 15(6)
Lupus nephritis 4 (5) 2(1)
Pauci immune 2(2) 0(0)
Hypertensive nephrosclerosis 0(0) 49 (19)
Membranoproliferative GN 1(1) 6(2)
xce;a_rggl&atlypg;hferatlve GN 000 50)
Purpura nephritis 0(0) 2(1)
Endocapillary GN 0(0) 1(0)
Amyloidosis 0(0) 1(0)
Others 13(15) 30(12)

Blood pressure and laboratory results obtained before biopsy. Data are
presented as mean + standard deviation (SD), number (percentage,
rounded to the nearest whole percent) or median (25175 percentile);
BMI - body mass index; ECBV — estimated circulating blood volume;

HR — heart rate; SBP - systolic blood pressure; DBP - diastolic blood
pressure; eGFR — estimated glomerular filtration rate; HD — hemodialysis;
Hb — hemoglobin; PRB — percutaneous renal biopsy; PT — pro-thrombin
time; APTT - activated partial thromboplastin time; PLT - platelet count;

FSGS - focal and segmental glomerulosclerosis; IgA — immunoglobulin A;

GN - glomerulonephritis; ESKD — end-stage kidney disease.

P. Biatek et al. MRI in post-renal biopsy perirenal hematomas

Fig. 3. Histogram illustrating the perirenal hematomas (PHs) volumes
distribution in the study cohort (blue) and data from Chikamatsu et al.'" (red)

Fig. 4. Distribution of perirenal hematoma (PH) volumes in study cohort
(blue) and data from Chikamatsu et al." (red) presented as cumulative
distribution curves

p = 0.764) or volume in mL (H (10, 63) = 13.50, p = 0.262)
of PH.

Due to the nonlinear relationship between eGFR and
the logit (Supplementary Table 1), eGFR was modeled
as a second-order polynomial (¢GFR and eGFR?); alterna-
tive transformations (e.g., logarithmic, square root) were
tested, but the quadratic model provided the best fit. No is-
sues with multicollinearity were observed, as confirmed
by VIF and tolerance values in Supplementary Table 2.
A small number of influential cases with Cook’s distance
values exceeding the 4/n threshold (where n denotes
the sample size) were identified and temporarily excluded
from analysis; however, their removal did not significantly
alter the model estimates, and they were therefore retained
in the final models (Supplementary Table 3).

Due to the limited size of the study cohort, we opted for
2-variable models. Estimated glomerular filtration rate was
included as a core variable in all models due to its estab-
lished clinical relevance as a marker of renal function.?*
The only multivariate logistic regression model to identify
a statistically significant predictor of large PH included both
eGFR and HD, with HD emerging as significant (odds ratio
(OR) =4.59, 95% confidence interval (95% CI): 1.20-17.58,
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Table 2. Comparison between subgroups with and without PH in the study cohort

Value in subgroup

Value in subgroup

Characteristic with PH without PH Statistical test used Statistical test value p-value
Number of patients (%) 63 (74) 22 (26) - - -
Age [years] 58 (41-63.5) 53135 Mann-Whitney U test U=683 0.924
Male sex, n (%) 33(51) 14 (64) Fisher's exact test - 0.626
Renal graft, n (%) 7(11) 3(14) Fisher’s exact test - 0.714
BMI [kg/m?] 28.5 +5 27 £35 Student’s t-test t(53)=1.015 0315
ECBV [mL] 5090 £1085 5038 £1049 Student’s t-test t(47) =0.564 0.576
SBP [mm Hg] 1345 £16.5 132£22 Student’s t-test t(78) = 0.539 0.592
DBP [mm Hg] 78 £11 775+13 Student’s t-test £(78) = 0.229 0.819
HR [bpm] 72 £85 75 (70-78) Mann-Whitney U test U =591 0.308
Creatinine [mg/dL] 1.75(1.1-4.5) 1.39(1.08-4.29) Mann-Whitney U test U=736 0429
eGFR [mL/min/1.73 m?] 37 (12-62) 58 (13-66) Mann-Whitney U test U=731 0379
HD, n (%) 15 (24) 3(14) Fisher's exact test - 0.380
Hb before PRB [g/dL] 11.8 422 11.5422 Student’s t-test t(77) = 0.882 0.381
PLT [10%/uL] 244 (184-298) 247 £101 Mann-Whitney U test U=768 0.755
INR 1.00 £0.09 1.01 £0.09 Student’s t-test t(76) = —0.375 0.709
APTT [s] 31.6 +4.1 310435 Student’s t-test t(76) = 0.630 0.531
Antiplatelet therapy, n (%) 23 0 (0) Fisher's exact test - >0.999
Anticoagulant therapy, n (%) 23(37) 11 (50) Fisher's exact test - 0.560
Number of punctures >3 9(14) 7 (32) Fisher’s exact test - 0.112

Blood pressure and laboratory results obtained before biopsy. Data are presented as mean + standard deviation (SD), number (percentage, rounded
to the nearest whole percent) or median (251"-75™ percentile); PH — perirenal hematoma; BMI — body mass index; ECBV — estimated circulating blood
volume; SBP - systolic blood pressure; DBP — diastolic blood pressure; HR — heart rate; eGFR — estimated glomerular filtration rate; HD — hemodialysis;
Hb — hemoglobin; PRB — percutaneous renal biopsy; PLT - platelet count; INR - International Normalized Ratio; APTT — activated partial thromboplastin time.

Table 3. Correlation coefficient of clinical parameters, laboratory test
results and PH volume in the study cohort

Variable Corre!ajcion

coefficient
Age —0.099 0.488
Mass -0.010 0.943
Creatinine 0.299 0.039
eGFR 0273 0.052
SBP 0333 0.017
DBP 0.253 0.073
INR 0.036 0.798
APTT —-0.036 0.799
PLT —0.008 0.952
Pre-biopsy Hb -0.322 0.021
Needle passes -0.215 0.129

SBP - systolic blood pressure; DBP — diastolic blood pressure;
eGFR - estimated glomerular filtration rate; HD — hemodialysis;
PLT - platelet count; INR — International Normalized Ratio;

APTT - activated partial thromboplastin time; Ho — hemoglobin.

p = 0.026). The model yielded an area under the receiver
operating characteristic (ROC) curve (AUC) of 0.634 and
a Nagelkerke pseudo-R? of 0.155. Further model details
are provided in Table 6. Five additional 2-variable mod-
els, each including eGFR and 1 other predictor (age, sex,

Table 4. Bleeding complications in subgroup with PHs and subjects from
Chikamatsu et al."

Value in PH Values from
Bleeding complication Chikamatsu
subgroup 0
etal.
PH volume [mL] 26.2 (7.2-59.3) 38 (18-85)
ECBV/PH volume (%) 0.5(0.1-1.1) 1.1(04-2.2)
Change of Hb [g/dL] —0.05+09 -04+09
Macrohematuria, n (%) 12 (19) 36 (14.3)
Blood transfusion, n (%) 23) 22 (8.7)
Transient hypotension, n (%) no data 12(4.7)
Bladder obstruction, n (%) 0(0) 4(1.6)
Intervention, n (%) 0(0) 2(0.8)

Both ECBV and PH volumes are measured in mL; therefore,

in the ECBV/PH volume ratio the units cancel out, and the variable

is expressed as percentage (%). Data are presented as mean + standard
deviation (SD), number (percentage, rounded to the nearest whole
percent) or median (251"-75™ percentile); PH — perirenal hematoma;
ECBV - estimated circulating blood volume; Hb — hemoglobin;

PRB — percutaneous renal biopsy.

SBP, anticoagulation status, or more than 3 needle passes),
are presented in Supplementary Tables 4—8; none of them
showed statistically significant associations.

Major clinical complications were limited to red blood
cell transfusions, which occurred in 3 patients (3.5%) within
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Table 5. Comparison of the 3" tertile of PH volume of the study cohort
and the 3" tertile of the subjects from Chikamatsu et al."!

Value Selected values
in the 3 tertile

in the 3" tertile

Girlee il from Chikamatsu

of subgroup with

PH etal."
Number of patients 21 84
Age [years] 524165 61 +17
Male sex, n (%) 12 (57) 48 (57)
Renal graft, n (%) 1(5) 0(0)
BMI [kg/m?] 284 +6.4 254 +4.1
SBP [mm Hg] 139£13 140 £29
DBP [mm Hg] 81 11 8013
HR [bpm] 7148 71413
Creatinine [mg/dL] 34(1.25-6.7) no data
eGFR [mL/min/1.73 m?] 21 (8-61) 38 (25-62)
HD, n (%) 8 (38) no data
Hb before PRB [g/dL] 113418 124426
PLT [10%/uL] 235 +86 242 (179-303)
INR 0.98 £0.09 no data
APTT [s] 30.7 +34 no data
Antiplatelet therapy, n (%) 0(0) 17 (20)
Anticoagulant therapy, n (%) 10 (48) 11(13)
Number of punctures 3.0(3.0-3.0) 3.0 (3.0-4.0)
PH volume [mL] 726 (61.2-99.3) 126 (85-203)
Change of Hb [g/dL] -0.1+1.0 -09£1.0
Macrohematuria, n (%) 4(19) 12(14)
Blood transfusion, n (%) 15 8(10)

Vital signs and laboratory results obtained before biopsy. Data are
presented as mean + standard deviation (SD), number (percentage,
rounded to the nearest whole percent) or median (25175 percentile);
PH — perirenal hematoma; BMI — body mass index; SBP - systolic blood
pressure; DBP — diastolic blood pressure; HR — heart rate; eGFR — estimated
glomerular filtration rate; HD — hemodialysis; Hb — hemoglobin;

PRB — percutaneous renal biopsy; PLT - platelet count; INR — International
Normalized Ratio; APTT — activated partial thromboplastin time.

the 1%t 24 h after PRB: 2 patients (3.2%) in the subgroup
with PH and 1 patient (0.5%) in the subgroup without
PH. We also observed gross hematuria in 12 subjects. No
other major complications were noted. Outlier cases gen-
erally showed markedly elevated Cr and reduced eGFR.
The largest PH (690 mL) was observed in a 70-year-old
male with membranous nephropathy and kidney failure

P. Biatek et al. MRI in post-renal biopsy perirenal hematomas

(Cr 5.1 mg/dL, eGFR 12 mL/min/1.73 m?, pre-PRB Hb
8.5 g/dL decreasing to 7.3 g/dL). No additional risk factors
were identified in this case, which was managed with red
blood cell transfusion. However, another subject transfused
within 24 h had a comparatively small PH volume of 18 mL.

Discussion

Our study revealed a PH prevalence of 74.1%, aligning
with findings from the past CT-based studies!*'¢ and ex-
ceeding the rates reported in ultrasound-based studies,
such as the 11% observed in a large meta-analysis by Pog-
gio et al.® Remarkably, we found no significant differences
in demographic or clinical data between subjects with
and without PH. We hypothesize that this may stem from
the superior sensitivity of MRI in detecting very small
PHs (e.g., 0.7 mL).

Our findings showed notable similarities to those
of Chikamatsu et al.,'! particularly regarding PH volumes,
though our results indicated slightly smaller values. Spe-
cifically, the median PH volume in our study was 26.2 mL
(IQR: 7.2-59.3), compared to 38 mL (IQR: 18—-85) in their
analysis. It is plausible that the slightly smaller PH vol-
umes observed in our study may be attributed not only
to different imaging modality of PH detection, but also
to the absence of cases involving more than 4 punctures,
a factor identified by Chikamatsu et al. as a significant pre-
dictor of larger PH volumes.!! Notably, our cohort included
only subjects with 3 or 4 punctures, and none exceed-
ing 4. Consequently, our multivariate logistic regression
analysis found no significant association between needle
passes and PH volume (p = 0.161), which is consistent with
those of some other studies.>?%2627 Additionally, we ob-
served less pronounced changes in Hb levels following PRB
(0.05 +0.9 vs 0.4 £0.9) and fewer complications, including
lower blood transfusion rates and no need for interven-
tions. These smaller changes in Hb levels may partly reflect
the ECBV in our cohort, potentially linked to demographic
differences between the study populations.

We demonstrated a positive correlation between Cr and
PH (rs = 0.299, p = 0.039), consistent with findings reported
by other authors.2>232829 A positive correlation was also
observed between SBP and PH (r; = 0.333, p = 0.017),
also in line with prior literature.?®282° Conversely,

Table 6. Multivariate logistic regression model including eGFR and HD as predictors of large post-biopsy PHs

wane | 5 | | e ontver [ oneme | e
Intercept —1.084 —1.775 —0.393 0.353 -3.075 6.406 0.338 0.169 0.675 0.002
eGFR 0.868 —0.637 2373 0.768 1.131 9458 2.382 0.529 10.724 0.258
HD 1.524 0.181 2.867 0.685 2224 1.278 4.590 1.198 17.582 0.026

AUC = 0.634; Nagelkerke pseudo-R? = 0.155; AIC = 75.276; BIC = 81.559. B — regression coefficient; SE - standard error; z - z-statistic; Wald — Wald x?
statistic; OR — odds ratio; 95% Cl — 95% confidence interval; eGFR — estimated glomerular filtration rate; HD — hemodialysis AUC — area under the curve;
AIC - Akaike Information Criterion; BIC — Bayesian Information Criterion.
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a significant negative correlation was found between Hb
and PH (r, = —0.322, p = 0.021). This observation is sup-
ported by the findings of both Lim et al. and Palsson et al.,
who independently identified low Hb levels prior to PRB
as a significant predictor of major bleeding complications
and the need for transfusion following renal biopsy.3%:3!

Furthermore, our analysis underscored that HD treat-
ment may be associated with an elevated risk of larger PH
volume (OR = 4.59, 95% CI: 1.20-17.58, p = 0.026). However,
the relatively small number of HD patients (n = 18) may have
limited both the precision of the estimate and the overall
discriminatory ability of the model, which demonstrated
a modest AUC of 0.634 and very low explanatory power,
as indicated by a Nagelkerke pseudo-R? of 0.155. This value
of the Nagelkerke pseudo-R? indicates that the model ex-
plained approx. 15.5% of the variance in PH volume, sug-
gesting that additional relevant variables likely contrib-
ute to the outcome and were not captured in the current
analysis. Nevertheless, the observed association aligns
with the general understanding of impaired renal function
as a predictor of post-PRB bleeding complications,>**28 yet
studies explicitly examining the direct link between HD
and PH risk remain limited. For instance, Simard-Meilleur
et al. also identified HD as a significant risk factor of PH,
while, similarly to our findings, they did not find eGFR
to be an independent predictor.?’ In our study, a potential
contributing factor in this context may be the use of heparin
during the HD session performed 1 day prior to the PRB.
Altogether, these findings highlight the need for further
research to clarify the role of HD in post-PRB hemorrhagic
risk, particularly in larger patient cohorts to improve the ro-
bustness and generalizability of the findings.

Similar to CT-based study,!! we observed no significant
differences in hemorrhage volumes across histologic types.
This finding contrasts with some reports,2®?’ yet aligns
with others,?! reflecting the variability present in the lit-
erature. Several demographic and clinical predictors have
been proposed by different authors, including age — either
younger2”32 or older?® — and female gender.?”*2 However,
the significance of these factors has varied across studies,
likely due to differences in methodology, patient popula-
tions and clinical settings. In our analysis, none of these
variables reached statistical significance.

Despite its advantages, MRI has several limitations
as an imaging modality. It is not only less widely available
than CT,'»33 but its use is also restricted in patients with
certain metallic implants or devices, such as pacemak-
ers.!? Additionally, MRI requires significantly more time
for image acquisition.'>!7-!° In our study, the average MRI
scan duration was approx. 19 min — much longer than
a CT scan, which takes only seconds for a single phase.1
While CT in the context of acute renal hemorrhage should
be multiphasic,'>3* it is still much faster than MRI, which
is also more prone to motion artifacts due to the extended
acquisition time. In cases of active bleeding MRI can de-
lay patient management,'? which is critical when urgent
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interventional treatment may be required.>* Another sig-
nificant limitation of MRI in this context is the variable
appearance of blood products depending on their age, po-
tentially leading to ambiguous findings,'>!° which require
time and expertise to interpret accurately.

Many authors?*>¢ emphasize that patients post-PRB
should be primarily monitored through clinical obser-
vation, including vital signs, presence of hematuria and
laboratory parameters such as Hb levels. Although clinical
observation remains the cornerstone of post-PRB moni-
toring, several studies have demonstrated that it may fail
to detect subclinical PHs, which can be identified only
through imaging.162123 The stability of the hemodynamic
status of the patient is a key determinant in selecting the ap-
propriate imaging modality and further management.!%3°
Ultrasound should serve as the first-line imaging modality
for the rapid initial detection of potential hemorrhage,3*
although it has limited sensitivity for identifying hemor-
rhage in the retroperitoneal space.!?3* If active bleeding
is suspected, contrast-enhanced CT should be employed
as the imaging modality of choice!? to confirm the diagno-
sis and guide further interventional planning.!234

From this perspective, although its routine use may be
limited,3* MRI may serve as a valuable complementary
tool for comprehensive assessment in appropriate clini-
cal scenarios. Magnetic resonance imaging may be better
suited for detailed evaluation in subacute circumstances,
particularly when prior imaging yields inconclusive re-
sults,'2!® for distinguishing between acute and chronic
blood deposits!?! or for detection of potential underlying
hemorrhage causes such as neoplasms.'? In contrast, CT re-
mains the preferred modality when rapid decision-making
is essential.!>343> Based on these considerations, a step-
wise diagnostic strategy can be proposed that prioritizes
modality selection according to clinical urgency, stability
and information yield. As outlined in Table 7, this practi-
cal algorithm begins with clinical observation, followed
by ultrasound as the first-line imaging tool. Computed to-
mography is employed when active bleeding is suspected
and rapid interventional planning is required. Magnetic
resonance imaging is reserved for stable patients requiring
detailed characterization of PHs or when other modalities
provide inconclusive results, particularly where avoiding
contrast media or radiation is preferred.

Limitations of the study

Several limitations of our study should be noted. It was
conducted retrospectively, and the cohort was relatively
small and heterogeneous, encompassing both native kid-
neys and renal grafts. Importantly, there was no direct
comparison of imaging methods; instead, our findings
were compared to literature data from the only similar
study,!! which inherently limits the generalizability of our
conclusions. This comparison is further complicated
by cohort heterogeneity and demographic differences,
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Table 7. Proposed sequential diagnostic algorithm for the assessment of PHs following PRB

Step | Indications and advantages

Step 1: Clinical

H 2,356
observation hemoglobin levels) after PRB

Step 2: Ultrasound | - Widely available, bedside-capable

- Radiation-free

- Widely available'®??
- Indicated when active bleeding is suspected'?

« Precise PH volume quantification

underlying causes'*!?

« Monitor vital signs, hematuria and laboratory findings (e.g.,
- Critical in determining the need for and type of imaging'>*

- First-line imaging for rapid detection of hemorrhage

Step 3: CT - High diagnostic value'?
- Suitable for interventional planning'?
- Shorter scan time than MRI'®
- Offers excellent soft tissue contrast even without contrast
media'>!”
) - Radiation-free
Adjunct: MRI

« Useful for characterizing PH age or detecting potential

| Limitations

- May miss subclinical bleeding'®?'%
- No imaging data provided

- Limited sensitivity in the retroperitoneum; may fail to detect some
PHSWZ,M

- Cannot reliably determine whether bleeding is active'?

- Not reliable for accurate volume estimation or irregular shapes®'!1?

+ lonizing radiation

- Not always feasible in patients with contrast allergy or poor renal
function

- Worse soft tissue contrast than MRI

- Limited availability'?*?

- Sometimes difficult interpretation'?'®

- Not recommended in acute bleeding'?

- Longer scan time, motion artifacts'®

- Contraindicated with some metallic implants or devices'?

PRB — percutaneous renal biopsy; Hb — hemoglobin; PH — perirenal hematoma; CT - computed tomography; MRI - magnetic resonance imaging.

affecting generalizability. The limited existing literature
on cross-sectional imaging for the detection of PHs after
PRB underscores the exploratory nature of our research,
which we consider a pilot study. Additionally, interobserver
variability in manual segmentation was not formally as-
sessed, though all segmentations were reviewed and agreed
upon by experienced radiologists to ensure reliability.

Conclusions

Our study highlights the potential of MRI in the as-
sessment of PHs following PRB, offering precise vol-
ume quantification comparable to CT while avoiding
the risks of ionizing radiation and contrast media. Al-
though its routine use may be limited, MRI can serve
as a complementary tool for detailed evaluation of PHs
in clinical scenarios when immediate decision-making
is not critical.
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