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Abstract
Background/Aims: Bleeding is the most common complication after renal biopsy. Although
numerous predictors of bleeding have been reported, it remains unclear whether arterial
stiffness affects bleeding complications. Method: We performed an observational study of the
renal biopsies performed in our division over an approximately 6-year period (May 2010 to May
2016). The clinical and laboratory factors were analyzed to reveal the risk factors associated
with bleeding, with a focus on anemia (defined as a ≥10% decrease in hemoglobin [Hb] after
biopsy). The brachial-ankle pulse wave velocity (baPWV) was measured to evaluate arterial
stiffness. Results: This study included 462 patients (male, n=244; female, n=218). Anemia
(defined above) was observed in 54 patients (11.7%). The risk of anemia was higher in women,
older patients, and patients with lower serum albumin, lower eGFR and lower diastolic blood
pressure after biopsy. We then performed a further analysis of 187 patients whose baPWV
data were available. Multivariate analysis revealed that a higher baPWV was an independent
risk factor for anemia. ROC analysis for predicting anemia found that a baPWV value of 1839
cm/s had the best performance (AUC 0.689). Conclusion: An increased baPWV may be a more
valuable predictor of bleeding than any of the other reported risk factors.
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Introduction

Kidney biopsies are essential for the diagnosis and management of many diseases.
Since the 1950s, renal biopsy techniques have improved and the incidence of complications
has been minimized [1]. Bleeding is the most frequent complication of percutaneous renal
biopsy. Previous studies have revealed a number of predictors of bleeding complications.
Multivariate analyses in prospective studies of kidney biopsies, have revealed that female
gender, older age, hypertension, anemia, an elevated partial thromboplastin time (PTT),
an elevated bleeding time (BT) and elevated serum creatinine levels are independent risk
factors for bleeding complications [1-4]. Anatomic characteristics, such as small kidneys
with thin cortices, cysts in the lower renal pole, or horseshoe kidney, may contraindicate
a biopsy in some patients. Patients with kidney atrophy, which usually occurs due to
glomerular sclerosis, should not undergo biopsy due to the high possibility of bleeding
and less diagnostic value. Although the atherosclerosis is widely believed as an important
factor for bleeding complications, few studies have investigated the correlation between the
intensity of atherosclerosis and the risk of bleeding after biopsy.
Atherosclerosis has two components of thickening (atherosis) and stiffening (sclerosis)
of the arterial wall [5]. The intima-media thickness (IMT) of the arteries has been used as
a noninvasive index of atherosis, whereas the pulse wave velocity (PWV) is an established
marker of arterial stiffness. Aortic PWV is known to be associated with left ventricular
hypertrophy and an increased pulse pressure; it was previously shown to be an independent
risk factor for stroke and cardiovascular mortality [6-8]. An increase in large artery stiffness
results in an increased cardiac workload, the transmission of arterial pressure oscillation
to the microcirculation and organ damage, including brain and kidney damage. In a
cross-sectional population study, an increased brachial–ankle PWV (baPWV) affected the
microcirculation of the brain and kidneys in a manner that led to silent cerebral microbleeds
[9] and renal albuminuria [10], respectively. An increased PWV should influence the
possibility of bleeding complication after renal biopsy.
The objective of this study was to investigate the association between arterial stiffness,
estimated by the baPWV and the incidence of bleeding, with a focus on the change in the
hemoglobin (Hb) values after biopsy.
Subjects and Methods

Ethical statement and Informed consent
All of the procedures in the present study were carried out in accordance with the institutional and
national ethical guidelines for human studies, and the guidelines proposed in the Declaration of Helsinki.
The study was approved by the Ethical Committee of the Okayama University Graduate School of Medicine,
Dentistry and Pharmaceutical Sciences (KEN1608-501, 2016). The patients were informed about the
research protocol by the Internet homepage of our institution and posters on the notice board for outpatients.

Downloaded by:
Okayama University
150.46.205.21 - 8/25/2017 4:12:02 AM

Patients
This retrospective study included 462 patients who underwent renal biopsy over an approximately
6-year period (May 2010 to May 2016) in the Renal Unit of Okayama University Hospital. All patients
underwent percutaneous ultrasound-guided biopsies of the native kidney. All of the procedures in the
present study were carried out in accordance with the institutional and national ethical guidelines for
human studies, and the guidelines proposed in the Declaration of Helsinki. The study was approved by the
Ethical Committee of the Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences (KEN1608-501, 2016). The patients were informed about the research protocol by the Internet
homepage of our institution and posters on the notice board for outpatients. This study was registered
with the Clinical Trial Registry of the University Hospital Medical Information Network (registration No.
UMIN000026270).
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The percutaneous renal biopsy procedure
Written informed consent was obtained from the patients prior to biopsy. The complete blood count
(CBC), the international normalized ratio of prothrombin time (PT-INR), activated partial thromboplastin
time (APTT), renal function and the size of the kidneys (especially the thickness of cortex) were checked
routinely. Medications that were associated with an increased risk of bleeding, such as anticoagulants and
antiplatelet agents were discontinued or switched to intravenous heparin within an appropriate amount
of time before the procedure. The biopsy was performed by a nephrologist or a doctor-in-training with
3 years of experience under the supervision of a nephrologist. The patients with uncontrolled blood
pressure (especially values of >160 mmHg) were continuously administered with intravenous Nicardipine
Hydrochloride throughout the procedure. Disposable, semi-automated devices with 18- or 16-gauge
needles (MONOPTY; BARD, Tempe, USA) were used under the real-time ultrasonographic guidance. The
kidney was punctured to obtain about two or three samples, which were adequate for determining a
diagnosis. Immediately after the biopsy, the puncture site was pressed firmly for approximately 15 min, and
then a pressure dressing was applied; the patient was kept in a supine position on an ice pack. The patient’s
vital signs were checked regularly, and the hematoma size on ultrasonography was checked every three
hours from just after the biopsy until the night. The next morning (approximately 20 hours after biopsy),
the patient’s vital signs, CBC and hematoma size on ultrasonography were checked again. If there were no
problems, the pressure dressing was removed and the patient was allowed to get out of bed.
Data collection
The information collected from the medical records included the age, gender and the body mass index
on hospital admission. Two blood pressure measurements were taken on admission and at the night after
biopsy. All of the patients had a CBC and laboratory blood test, the PT-INR, APTT, the serum levels of total
protein, albumin and creatinine, and urinary protein were evaluated. The cyanmethaemoglobin method was
adopted for haemoglobin determination in our facility. The eGFR was calculated using the simplified version
of the MDRD (Modification of Diet in Renal Disease) formula [11]. The patient’s metabolic parameters (the
HbA1c percentage and serum total-cholesterol level), usage of antihypertensive medication and diabetic
mellitus status were also recorded. In the present study, we did not estimate the size of the punctured
vessels in the biopsy specimens.
The assessment of bleeding complications
According to previous reports, the severity of complications was categorized as minor or major. Minor
complications were defined as those that spontaneously resolved without the need for further intervention,
such as gross hematuria and/or perinephric hematoma. Major complications were those that necessitated
intervention, such as a transfusion of blood products or an invasive procedure (radiographic or surgical), and
those resulting in acute renal obstruction or failure, septicemia, or death. We experienced only two major
complications (blood transfusion was required in both cases). Most of the complications were minor. We set
the changes in Hb values as the primary outcome, and the perirenal hematoma size, macroscopic hematuria
and vasovagal reflex as the secondary outcomes. The decrease in Hb was expressed as a percentage, not an
absolute difference, based on the study of Ishikawa et al. [12]. The anemia group was defined by a ≥10%
decrease in the Hb level after biopsy. The size of a perirenal hematoma was defined as the product of the
longest and the shortest diameters on two-dimensional ultrasonographic pictures.

Statistical Analyses
The results are expressed as the mean ± SD or the median and interquartile range (IQR) for continuous
data, and as integers, frequencies, and percentages for categorical data. P values of <0.05 were considered
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The measurement of the baPWV
The measurement of the baPWV was conducted using an automatic device (form PWV/ABI BP203RPE II; Colin, Komaki, Japan) after the patient had rested in a supine position for more than five minutes
[13]. This device simultaneously records the PWV and the brachial and ankle blood pressures on both sides,
in addition to an electrocardiogram and heart sounds. The baPWV was measured before the day of renal
biopsy to evaluate the vascular complications for the diagnosis for renal disease.
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to indicate stati- Table 1. The baseline characteristics of 462 patients and 187 patients whose baPWV
stical significance. data were available
Differences
between groups were
analyzed
using
Student’s t-test and
the Mann-Whitney
U-test for continuous data, and the
chi-squared
test
and Fisher’s exact
test for categorical data. Multiple
logistic regression
was conducted to
determine the baseline factors that
were
significant
independent predictors of anemia
after renal biopsy.
This multivariate
model was built
using pre-specified
variables including
age, gender, serum
albumin, eGFR, diastolic blood pressure after biopsy
and the baPWV. Risk estimates were presented as the unadjusted odds ratio (OR, adjusted odds ratio (AOR)
and the 95% confidence interval (CI). Receiver-operating characteristic (ROC) curves were constructed to
determine the optimal sensitivity and specificity, and the area under the curve (AUC) was calculated. The
statistical analyses were performed using the JMP software program (version 11, SAS Institute Inc., Cary,
NC, USA).

This study included 462 patients (male, n=244; female, n=218), with a mean age of
50.4 ± 18.2 years (range 15-90 years). The baseline characteristics are summarized in Table
1. The most common clinical diagnosis was chronic glomerulonephritis (n=268, 58.1%),
followed by nephrotic syndrome (n=118, 25.5%). The distribution of the patients with each
clinical diagnosis was similar to the large dataset (7,034 biopsies in 94 facilities) of the Japan
Renal Biopsy Registry (J-RBR) from 2009 and 2010 [14]. The exact pathological diagnosis is
indicated (Table 2).
The complications related to renal biopsy are as follows; two patients (0.43%) required
a blood transfusion after biopsy. No patients required invasive procedures due to continuous
bleeding. The mean decrease in the Hb level on the morning after biopsy was 0.33 ± 0.87 g/dl
(2.5 ± 7.4%). A ≥1.0 g/dl decline in Hb was observed in 88 patients (19.1%), while a decline
of ≥10% was observed in 54 patients (11.7%). Macroscopic hematuria occurred in 5 patients
(1.0%), and perirenal hematoma was observed on ultrasonography in 386 patients (85.0%).
The median hematoma size was 1.50 cm2 (0.99-2.2). Transient hypotension developed in 35
patients (7.5%) due to the vasovagal response.
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We divided patients into two Table 2. The pathological diagnosis of all patients
groups: those with an Hb decrease
of ≥10% (anemia group) and
those with an Hb decrease <10%
(control group). Table 3 shows
the statistical differences in the
clinical factors of the two groups.
The patients in the anemia group
tended to be women, of older
age and to have a lower serum
albumin level, a lower eGFR and
a lower diastolic blood pressure
after biopsy, in comparison to the
patients in the control group. No
differences were found between
the two groups, regarding the
blood pressure on admission, the
serum level of total cholesterol,
the HbA1c percentage, the
proportion of patients with
diabetic mellitus or the proportion
of patients who were treated with
antihypertensive
medications.
The median values of the
hematoma size the next morning
were indistinguishable between
the two groups, but the mean value in the anemia group was significantly higher than that in
the control group. There was a significant liner correlation between the hematoma size the
next morning and the decrease in the Hb level after the biopsy (R=0.19, P<0.0001*).
A multivariate analysis was performed to determine the baseline features that predicted
anemia after biopsy. The risk of post-biopsy anemia increased independently with female
gender (AOR 2.25; 95%CI 1.23-4.21; p=0.008). In addition, the risk of post-biopsy anemia
decreased significantly with the serum albumin level (AOR 0.68; 95%CI 0.48-0.95; p=0.026,
for every 1 mg/dl increase of serum albumin), and the diastolic blood pressure after biopsy
(AOR 0.72; 95%CI 0.57-0.90; p=0.006, for every 10mmHg increase of blood pressure) (Table
4).
Subsequently, we performed a further analysis of the 187 patients whose baPWV
data were available. We recognized a few significant differences of the clinical background
between the group of all patients and patients with data on baPWV (Table 1). A higher baPWV
value was found to be a risk factor for anemia (Table 3). A multivariate logistic regression
analysis was performed to evaluate the impact of the baPWV on bleeding complications.
There was a significant association between the baPWV and post-biopsy anemia (AOR
1.15; 95% CI 1.01-1.32; p=0.036) (Table 5). The baPWV was an independent risk factor for
bleeding complications. The AUC for the ROC curve when baPWV was used to detect anemia
after biopsy was 0.689. A baPWV value of 1839 cm/s, which showed the best performance,
had a sensitivity of 63%, and a specificity of 77% for predicting anemia (Fig. 1). The ROCs of
the other parameters showed that the eGFR, proteinuria, serum albumin and diastolic blood
pressure after biopsy were not superior to the baPWV for predicting anemia.
Bleeding is the most common clinically relevant complication after renal biopsy. It is
difficult to clearly state the general bleeding rates because of how bleeding is defined and
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Table 3. The clinical characteristics of the anemia and control groups
diagnosed is different
among
studies. In a meta-analysis
of
9,474 biopsies
in 34 studies,
the overall rate
of erythrocyte
transfusion was
0.9% (95%CI;
0.4%-1.5%),
while that of
macroscopic
hematuria was
3.5% (95%CI;
2.2-5.1%) [15].
We
observed
that 0.43% of
the patients required
blood
transfusion and
1.0% of the patients experienced macroscopic
hematuria. The
bleeding rates
of hematoma on
CT ranged from
57% to 91%
(versus
70%
on ultrasound)
in studies from
the 1970s and
1980s,
which
used older scanners,
biopsy
techniques, and
needles [1]. We observed perirenal hematoma in 85% of the cases on ultrasonography, including tiny 1×1 square millimeter hematomas; the findings depended on the evaluations of
several operators. Overall, the frequencies of major and minor complications were lower in
our hospital. A decrease in the Hb level after biopsy is very common and there is little varia-
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bility in the estimates of bleeding among
physicians. We set a decrease in the Hb
level as the primary outcome.
There has been numerous previous
reports on the predictors of bleeding
complications; a review about the risk
factors for bleeding complications was
published in 2016 [1]. As reported
previously, aging, female gender and
renal dysfunction were associated with
bleeding complications. We hypothesized
that because aging and renal dysfunction
were strongly correlated with arterial
stiffness, they were not independent risk
factors. Women generally have higher risk
of complications in the biopsy of various
organs [16]. A possible explanation of
the relationship between female gender
and post-biopsy bleeding may be that the Fig. 1. The ROC curve of the baPWV for predicting anebiopsy needle penetrates deeper into the mia (≥10% decrease in Hb after biopsy). The AUC for
renal parenchyma, potentially injuring the ROC curve where the baPWV was used to detect
more renal blood vessels, due to the anemia was 0.689. A baPWV value of 1839 cm/s had a
smaller kidney size in women [15]. The sensitivity of 63%, and a specificity of 77%.
lower amount of visceral fat in women
could mean that pressing around the
punctured site has less effect. A lower level of serum albumin and a diastolic blood pressure
after biopsy were revealed as predictors of anemia in this study; neither has been reported
previously.
The main result of our study was that increased baPWV was independently associated
with the risk of bleeding complications. To best of our knowledge, there have been no reports
on this association. The baPWV is a noninvasive measure of arterial stiffness; in particular, it
reflects the stiffness of aorta and peripheral arteries, which are located between the brachial
and ankle artery [17]. The increased risk of bleeding may be derived from a change in the
microcirculation in the kidney. What are the mechanisms linking the reduced compliance in
the large arteries and the hemodynamic changes in small vessels?
Some studies have shown a relationship between PWV elevation and microalbuminuria
[10]. The mechanism underlying the relationship between arterial stiffness and microvascular
damage remains unknown [18]. The aortic wall, which contains a high proportion of
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Table 5. The unadjusted and adjusted estimated risk of post-biopsy anemia in 187 biopsies in which the
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elastin fibers, predominantly work as cushions. Whereas, the more-distal arteries have a
higher proportion of collagen fibers, which makes them less distensible [19]. As the artery
progressively stiffens, the pulse pressure generally increases. The pulsations are not
completely absorbed and are enhanced as they extend to the microcirculation of organs such
as the brain and kidney [20, 21]. The increased pulsatile stress damages small arteries and
tears their endothelial and smooth muscle cells with the disruption of the vessel [10, 22, 23],
which was shown in the small arteries of kidneys in a rat model of hypertension [24]. With
regard to the brain, an increased PWV was significantly associated with carotid intraplaque
hemorrhage, and silent microbleeds on cerebral MR [19, 25]. In the renal microcirculation,
less distensible vessels and increases in the pulsation of the blood flow and pressure may be
the main causes of the high rate of bleeding complications.
Arterial stiffness can represent a consequence of a number of disease states, including
hypertension, diabetes, hypercholesterolemia, atherosclerosis, and chronic renal compromise
[26]. The endothelial damages, seen in the brain and kidneys of patients with hypertensive
disease, were largely reversible when disrupting forces were reduced [22]. Antihypertensive
medications such as angiotensin converting-enzyme inhibitors, angiotensin II receptor
blockers, calcium channel blockers, and nitrates can reduce wave reflection and pulse
pressure, and thereby have a beneficial effect on the microvascular function [22]. Statins
and other cholesterol-reducing agents have been shown to have beneficial effects on arterial
stiffening. In diabetes, advanced glycation end products may be a therapeutic target in efforts
to prevent the progression of arterial stiffening [19]. Treatments that can reverse arterial
stiffness may reduce the possibility of bleeding complications after renal biopsy.
The present study is associated with several limitations. First, because it was performed
in a single center, it is unknown whether the results can be generalized to other medical
facilities. Furthermore, the retrospective nature of the study means that some complications
may be underestimated and that some confounders may not have been considered. We
need to investigate the relationship between the baPWV and bleeding complications in a
multicenter prospective study. Second, we only estimated the arterial stiffness by baPWV,
and did not investigate other vascular parameters, such as endothelial dysfunction, the
intima-media thickness and arterial calcification. It remains unknown whether the baPWV
is superior to other parameters of vascular dysfunction in predicting the possibility of
bleeding complications. The baPWV is measured easily and non-invasively in comparison to
the other parameters. Third, although anemia (defined as a ≥10% decrease in the Hb value)
was set as the primary outcome in this study, the value of this outcome in predicting serious
bleeding complications is not clear. In this study, there were few cases of severe bleeding
complications; thus, the relationship between anemia and severe complications was difficult
to estimate. According to previous reports [27, 28], a post-biopsy decrease in the Hb level
of up to 1 g/dl might be observed in almost half of cases, due to hemodilution as a result
of saline infusion, and pain causing elevated vasopressin levels, thereby leading to water
retention. A ≥10% decrease in the haematocrit or Hb was chosen to indicate true bleeding
in the several reports [12, 29]. We concluded that the outcome was valuable for predicting
bleeding and it was superior as an objective measurement.
An increased baPWV was found to be independently associated with anemia after
biopsy. It may therefore be a more valuable predictor of bleeding complications than any
of the other previously reported risk factors. Future prospective studies should explore the
development of a novel risk score including PWV to predict and prevent anemia after a renal
biopsy.
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