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A low or high BMI is a risk factor for renal hematoma
after extracorporeal shock wave lithotripsy for kidney stones
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Abstract The purpose of this study was to evaluate risk
factors for renal hematoma after extracorporeal shock wave
lithotripsy (SWL) for kidney stones in a matched case—con-
trol analysis of a subgroup of patients recruited from a pro-
spective randomized cohort. Between 06/2010 and 03/2013,
418 patients underwent SWL with the MODULITH®-SLX-
F2-lithotripter for kidney stones. In 39/418 patients (9 %),
ultrasound at post-treatment day 1 revealed renal hema-
tomas. For 37 of these patients, a matched group without
hematoma could be selected according to the following
matching criteria: age, gender, number and energy of shock
waves, stone burden and localization. Risk factors for renal
hematoma after SWL were compared between the two
groups. The rates of diabetes, stopped anticoagulant/anti-
platelet medications and arterial hypertension were not dif-
ferent between the two groups (p > 0.2). The skin—kidney
distance was virtually the same in both groups (p = 0.5). In
the hematoma group, significantly more patients had a high
(>30: n = 16) as well as a low (<21.5: n = 4) BMI when
compared to the control group (n = 4; n = 0; p < 0.001).
Importantly, all patients with BMI <21.5 developed renal
hematomas after SWL. Patients with a high (>30) or low
(<21.5) BMI had a higher risk for renal damage after SWL.
Therefore, alternative endoscopic treatment options should
be considered in these patients.

Keywords BMI - Extracorporeal shock wave lithotripsy -
Stones - Case—control analysis - Renal hematoma

P4 Roland Seiler
r_seiler@gmx.ch

! Department of Urology, University of Bern, Freiburgstrasse,

3010 Bern, Switzerland

Published online: 30 August 2016

Introduction

Since Chaussy et al. [1] described extracorporeal shock
wave lithotripsy (SWL) for kidney stones in the 1980s, this
technique has improved greatly and is a standard treatment
for kidney stones [2, 3]. Major complications after SWL are
obstruction of the ureter from stone fragments in approxi-
mately 7 % of patients, potentially accompanied with colic
and/or infection [4—6] and renal hematomas with the risk of
blood transfusion, potential loss of renal function and pos-
sibility of renal-mediated hypertension [7, 8]. The detection
rate of renal hematomas increases from 1 to 15 % if rou-
tine follow-up by CT scan or MRI is performed [9]. While
hypertension [10-14] and obesity [13] are known risk fac-
tors, our previously published prospective randomized trial
[15] indicated that also patients with a low BMI might be at
increased risk for renal hematomas. The aim of the present
study was to evaluate risk factors for renal hematomas in
a matched case—control analysis of a subgroup of patients
within this prospectively randomized cohort [15].

Methods
Patients, randomization and group matching

Between July 2010 and March 2013, 418 patients with
solitary or multiple unilateral kidney stones requiring
elective or emergency SWL with the MODULITH® SLX-
F2 lithotripter were randomized for either ramping-up
(n = 213) or fixed maximal energy (n = 205) [15]. The
study protocol was approved by the Ethics Committee of
Bern Canton, Switzerland (protocol number 089/10), and
all patients provided informed written consent. In 39/418
patients (9 %), renal ultrasound at post-interventional day
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1 revealed renal hematomas. A patient-by-patient control
group was selected of patients without hematoma (n = 379)
according to the following matching criteria: age, gender,
number and energy regimen of shock waves, stone burden
and stone localization. All parameters were used for match-
ing: gender, number and energy regimen of shock waves
were required to be identical; age within a range of 5 years
and stone burden within a range of 2 mm, respectively. For
two patients, matching was not successful and they were
excluded from further analysis.

SWL and follow-up

All SWL treatments were performed under general or
peridural anesthesia to eliminate pain as a limiting factor
and to keep respiratory movements regular as previously
described [16]. The same technician, under supervision and
guidance by a senior staff member and a specially trained
resident, treated all patients. The coupling protocol for the
MODULITH1 SLX-F2 lithotripter involved application of
oil (provided by Storz Medical AG) on the treatment head
and degassed water between the patient and the foil. Shock
wave delivery was heartbeat-triggered. Based on our previ-
ous prospective randomized trial [15] we used two different
treatment regimens that were equally balanced between the
cases and controls (Table 1) . The focal size was the same
in both groups (628 mm). In the group with fixed mode of
energy application, 2500 SWs at level 9 were administered.
In the other group, energy was ramped up during the SWL,
starting a series of 500 SWs at level 7 (corresponding to
14 kV) followed by 1000 SWs at level 8 (16 kV) and 1000
SWs at level 9 (18 kV), respectively.

The degree of stone disintegration, dilatation of the col-
lecting system (absent/present), colic pain (absent/present),
and presence of a renal hematoma (perirenal or subcapsu-
lar liquid rim) were evaluated by kidney, ureter and blad-
der (KUB) X-ray and renal ultrasound after 1 day, and
3 months after SWL. CT scans were only used if deemed
necessary, to reduce the exposure to ionizing radiation. No
routine CT scans were performed in case of renal hema-
toma. Symptoms related to the hematoma such as pain and

impaired bowel movement as well as the number of sec-
ondary interventions (including repeat SWL, JJ stent place-
ment, percutaneous nephrolithotomy, and ureteroscopy)
within 3 months of SWL was recorded.

Determination of the investigated parameters

For all patients of both groups, history of diabetes, antico-
agulant/antiplatelet medications (all stopped at least 5 days
before treatment), arterial hypertension in patients’ his-
tory and BMI (<21.5/21.5-25/25.1-30/>30) were noted.
Additionally, the distance from the skin to the capsule of
the kidney within the SWL pathway was measured on pre-
treatment CT scan (skin—kidney distance). Furthermore, the
extent of the kidney parenchyma within the SWL pathway
was determined (parenchyma distance) (Fig. 1). In cases of
multiple stones, the shortest skin—kidney distance was used
for further analyses.

Statistical analysis

Parameters between the two groups were compared with
nonparametric tests by using a two-sided Wilcoxon rank-
sum test (for continuous data) and Fisher’s exact test (for
categorical data). For analysis between more groups,
Kruskal-Wallis test was applied for continuous data. A
significance level of 0.05 was used for all tests. Statistical
analyses were conducted using R Software Package, ver-
sion 3.0.3. Of all parameters used for matching, propensity
scores of cases and controls were calculated using Matchlt
package, version 2.4-21.

Results

Patient characteristics of the two groups

The baseline characteristics used for matching did not dif-
fer between the two groups (Table 1) and the propensity

scores were virtually the same between cases (median 0.52,
range 0.28) and controls (median 0.5, range 0.28).

Table 1 Baseline
characteristics of the two groups

Cases (n = 37) Controls (n = 37)

used for matching Age (median, range); (years)

Female/male (n)
Shock wave number (median)

Mode of energy application (fix/ramping up) (n)

Stone size (median, range) (mm)
Secondary intervention (n)
Repeat SWL

JJ stent placement

54 (24-79) 57 (23-75)
11/26 11/26
2500 2500
22/15 22/15

9 (3-31) 8 (4-31)

1 3

1 2

1
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Fig. 1 Pretreatment CT scan
on kidney level indicating the
measurement of the anatomi-
cal assessed parameters. In all
patients, the distance from the
skin to the capsule of the kid-
ney, within the SWL pathway,
was measured (skin—kidney dis-
tance) and at the same localiza-
tion, the distance of the kidney
parenchyma was determined
(parenchyma distance)

Parenchyma distance

Skin-Kidney distance

Table 2 Investigated
parameters of patients with and

without perirenal hematoma

Cases (n = 37) Controls (n = 37) p
Diabetes mellitus (n) 6 (16 %) 2(5 %) 0.3
Anticoagulant medications () 10 (27 %) 6 (16 %) 0.4
Hypertension (n) 14 (38 %) 8 (22 %) 0.2
Skin—kidney distance (median, range) (cm) 7.0 (3.2-14.0) 7.5 (4.7-11.6) 0.5
Parenchyma distance (median, range) (cm) 2.7(1.6-5.5) 2.7(0.8-6.4) 0.8

Symptoms, treatment and outcome of patients
with renal hematoma

A third of the patients was asymptomatic (11/39, 28 %).
The remaining 28 patients had non-colic flank and 2/28
(7 %) patients presented impaired bowel peristalsis. A third
of the patients did not require treatment (13/39, 33 %). The
remaining patients received analgesics (26/39, 66 %) and
the two patients with impaired bowel peristalsis received
prokinetic drugs. At 3 months after SWL, the majority of
the patients were asymptomatic and showed no signs of
residual hematoma (37/39, 95 %). Two patients showed a
residual renal hematoma in ultrasound without symptoms.
The size of the hematoma was not related to symptoms or
treatment. None of the patients required a surgical interven-
tion or blood transfusion. One patient required secondary
intervention and was treated by repeat SWL after the hema-
toma was resolved.

Investigated parameters of patients with and
without perirenal hematoma

In both groups, the rate of diabetes and stopped antico-
agulant/antiplatelet medications was effectively the same
(p > 0.2, Table 2). Although statistically not significant,
more patients in the hematoma group had a history of

hypertension (14/37, 38 %) compared to the control group
(8/37,22 %; p = 0.2). The skin—kidney and the parenchyma
distance did not differ between the two groups (p > 0.5).

Distribution of BMI between the two groups was dif-
ferent. In the hematoma group, significantly more patients
had a high (>30) as well as a low (<21.5) BMI (p < 0.001,
Fig. 2). Importantly, all patients with BMI <21.5 (n = 4)
had renal hematomas.

Analyses of anatomical measurements and patient
characteristics

The skin—kidney and parenchyma distances were analyzed
between patients with different BMI (Fig. 3). The paren-
chyma distance was effectively the same between different
BMI (p = 0.65). Whereas, in regards to skin—kidney dis-
tance, patients with BMI <21.5 had a shorter distance and
those with BMI >30 a longer distance when compared to
patients with BMI 21.5-30 (p < 0.001).

Discussion
According to the AUA guidelines, SWL is the stand-

ard treatment for kidney stones <1 cm [17]. Still, SWL
is not without biological effects when the shock waves
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Fig. 2 Bar plots indicating the distribution of BMI between both
groups. In the group with hematomas, significantly more patients had
a low (<21.5) and a high (>30) BMI, respectively, when compared to
the control group (p = 0.001)
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Fig. 3 Line plot indicating the skin—kidney distance (solid line) and
parenchyma distance (dashed line) in dependence of BMI. While the
parenchyma distance was virtually the same between different BMI
(p = 0.65), the skin—kidney distance depends on the BMI. Error bars
indicate the 95 % confidence intervals

pass through the tissue. Various post-treatment laboratory
changes may indicate these effects in the liver [11], skeletal
muscle [11] and pancreas [18]. In the kidney itself, a rare
but potentially significant complication is renal hematoma
[7, 8, 11]. Various studies investigated patients’ BMI as a
possible predisposing factor for this complication [7, 13,
14]. While Lee et al. [13] identified a high BMI as a sig-
nificant risk factor for renal hematomas, the others did not
[7, 14]. In this matched prospective case—control analysis,
SWL was performed according to a standardized protocol
(focal size, energy level and number of shock waves), irre-
spective of patients’ BMI. We were able to show that obese
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patients (BMI >30) had a higher risk for renal hematomas
after SWL for kidney stones. This relationship is still not
fully understood. Lee et al. [13] argued that the skin—stone
distance in obese patients might exceed the focal length
of the lithotripter, which might result in more surround-
ing tissue damage [19]. In our study, the skin—kidney dis-
tance but not the parenchyma within the SWL pathway was
increased in obese patients. However, the sum of both did
not exceed the lithotripter’s focal length. Consequently,
Lee’s [13] argumentation might not be valid for our find-
ings. On the other hand, obesity (high BMI) is part of the
metabolic syndrome which again seems to be associated
with altered coagulative and fibrinolytic proteins [20] and
increased vascular vulnerability due to endothelial dysfunc-
tion [21]. This might increase the risk of vascular damage
during SWL treatment. However, this is purely specula-
tion and the reason for a higher rate of renal hematomas in
obese patients remains unclear. Taken together, SWL is less
effective in obese patients [22, 23] and they are at higher
risk for renal hematomas. Therefore, energy and number of
shock waves should not be increased without limit in obese
patients.

Interestingly, all four patients with BMI <21.5 had renal
hematomas. While SWL is less effective due to stronger
damping of shock waves in obese patients [23], in slim
patients the energy levels of the shock waves are still high
when passing the kidney. This might result in increased
parenchyma damage and thus a higher risk for renal hema-
tomas. Another possible explanation is that patients with
a low BMI tend to be malnourished, which again influ-
ences coagulation properties [24]. Even if the low number
of patients with BMI <21.5 does not allow for definitive
judgment, reduction of number and energy of shock waves
in SWL for kidney stones should be considered in slim
patients.

Hypertension has been discussed as risk factor for renal
hematomas after SWL for kidney stones [7, 10-14, 25].
In the Cleveland series [7], hypertension was not a signifi-
cant risk factor while others [10-14, 25] found a relation
between hypertension and renal hematomas. Our data are
in line with the latter findings; more patients with renal
hematomas had hypertension when compared to the control
group. However, this trend was not significant, most likely
due to a too small cohort scale. Therefore, the present data
and previous findings of others [7, 10-14, 25], do not allow
for a definitive conclusion.

Besides the low number of patients, a major drawback
might be the imaging technique we used to evaluate renal
hematomas. Ultrasound is less accurate than CT scan or
MRI [9] most of all because of its lower resolution and its
investigator dependency. However, we do not think that this
had a great impact on our results. Our incidence of perire-
nal hematomas of 9 % is in the same range with the 15 %
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after CT scan or MRI [9] and much higher than the reported
1 % in other series [7, 8, 11]. This is most likely due to
the fact that renal hematomas were systematically searched
for post-SWL and that specially trained doctors performed
the ultrasound. Furthermore, the clinical relevance of very
small hematomas not seen by ultrasound remains ques-
tionable. Additionally, limitations in comparing series that
evaluate risk factors for renal hematomas are variabilities in
cohort selection, scale, study design and type of lithotripter.
Although, the patients for this subgroup analysis were
selected from a prospective randomized study [15], various
restrictions prevent generalizations of our data.

In conclusion, patients with a high (>30) or low (<21.5)
BMI are at increased risk for renal damage post-SWL.
Therefore, alternative endoscopic treatment options should
be considered in these patients.
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