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Abstract

Introduction: Percutaneous cryoablation (PCA) is increasingly recognized as a feasible minimally invasive, neph-
ron-sparing treatment for renal cell carcinomas, with comparable efficacy to nephrectomy. The development of ab-
dominal wall pseudohernia (AWP) is a rare complication of PCA for renal masses, which can negatively impact
patients’ quality of life.

Aim: To retrospectively evaluate the risk factors and prognosis for AWP after PCA and, based on these results, to
discuss strategies to lower the risk of AWP associated with image-guided PCA for renal masses.

Material and methods: We retrospectively studied 117 PCAs performed for renal masses in 92 patients, between
2016 and 2019, at our hospital. We compared the following clinical characteristics (age, sex, body mass index,
tumour diameter, RENAL nephrometry score, procedural details, transcatheter arterial embolization, dissection tech-
niques, number of cryoneedles used, location of needles, and location of ice ball) between those who developed AWP
and those who did not.

Results: Of the 117 PCAs (92 patients) included in our study group, AWP complications were observed in 6 (5.1%)
procedures. Puncture through the erector spinae muscle (p < 0.01) and non-use of hydro- or pneumo-dissection
(p = 0.01) were identified as risk factors for AWP.

Conclusions: Although PCA is relatively safe to perform and the occurrence of an associated AWP is a rare and infre-
quent complication, the risk for AWP could be further decreased by avoiding punctures through the erector spinae
muscle and using hydro- or pneumo-dissection.
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with multiple renal tumours or a single kidney [2].

Introduction Although PCA for RCCs is generally considered safe,

Percutaneous cryoablation (PCA) is increasingly
recognized as a feasible minimally invasive, neph-
ron-sparing treatment for renal cell carcinomas
(RCCs), with comparable efficacy to nephrectomy
[1]. PCA is suitable for patients who are at risk for
complications with open surgery, as well as for those

there have been reports of complications [3], in-
cluding incidental nerve injury, which can result in
abdominal wall pseudohernia (AWP), a well-known
complication of ablation procedures [4].

AWP is defined as a marked protrusion of the ab-
dominal muscle due to neuropathy or denervation.
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AWP can be diagnosed without any blood tests or
imaging by confirming a recent history of nerve in-
jury, bulging of the abdominal wall in the standing
position, and absence of an abdominal wall reflex at
the location of the nerve lesion. Of note, there are
generally no findings specific to AWP on computed
tomography (CT) or other types of imaging[5]. More-
over, although the protrusion with an AWP resem-
bles a hernia, there is no actual muscular disruption,
with all muscle and fascial layers remaining intact
[6]. As the use of renal cell carcinoma ablation con-
tinues to expand, the incidence of associated neuro-
logic complications, such as AWR is likely to increase.

Aim

This study aimed to retrospectively evaluate the
risk factors and prognosis for AWP after PCA and,
based on these results, discuss strategies to lower

the risk of AWP associated with image-guided PCA
for renal masses.

Material and methods
Statement of ethics

Ethics approval was obtained from our institu-
tional review board, with the requirement for patient
informed consent waived owing to the retrospective
design of the study and the use of anonymized data.
Our study adhered to the ethical guidelines of the
Helsinki Declaration of 1975, as revised in 2000.

Indications for PCA

PCA is indicated for patients who are poor candi-
dates for open surgery due to medical comorbidities,
as well as for those with a single kidney, those who
are likely to develop multifocal recurrent renal tu-
mours because of hereditary conditions such as Von
Hippel-Lindau syndrome, and those who refuse sur-
gical intervention. Transcatheter arterial embolization
(TAE) is performed prior to PCA for patients in whom
renal tumours were poorly visualized on non-contrast
CT because of their endophytic location or small size.

Study group

A search of our institutional renal tumour abla-
tion database identified 117 cases in 92 patients
who underwent PCA for the treatment of renal
masses between 2016 and 2019 in our hospital. Rel-
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evant patient demographics, tumour characteristics,
and procedural details are summarized in Table I.
The mean age of patients at the time of the pro-
cedure was 65 (range: 37-89) years, with the major-
ity being male (76%, 89/117). The mean body mass
index (BMI) of patients was 23.8 +4.0 (range: 14.7-
37.2) kg/m2. The mean tumour size recorded on CT
images was 26.5 +9 (range: 3-55) mm, with a mean
RENAL nephrometry score of 7.0 1.6 (range: 4-10).

Cryoablation technique

All patients provided informed consent for the
procedures. Of the 117 cases, TAE had previously
been performed in 105 (89.7%) using a 5 : 2 mixture
of absolute ethanol and lipiodol. All PCA procedures
were performed in the CT suite at our hospital, with
the patient conscious. An 80-detector row CT scanner
(Aquilion™ PRIME, Toshiba Medical Systems, Tochi-
gi, Japan) was used for visual guidance. For all PCAs,
cryoablation was performed using the CryoHit sys-
tem (Galil Medical, Yokneam, Israel), with 17-gauge
cryoneedles (IceRod, Galil Medical, Yokneam, Israel).
Cryoneedles were inserted percutaneously, under lo-
cal anaesthesia, and directed to the target tumour
under CT fluoroscopy. The ablation cycle consisted of
15-min freezing, followed by a 5-min period of thaw-
ing, and a subsequent 15-min period of refreezing.
Monitoring for ice ball formation was performed by
CT at 5-min intervals during the ablation procedure.
When additional ablation was required, the position

Table I. Clinicopathological characteristics of the
study group (n =117 cases)

Characteristics Value
Age [years]* 65 +14
Male (n) 89
BMI [kg/m?]? 23.8 +4
Tumour size [mm]? 26.5+9
Renal nephrometry score® 7+1.6
Prior TAE (n) 105
Hydro- or pneumo-dissection (n) 58
Number of needles? 3.1+0.8
Median distance between each needle [mm]? 18.6 +13.4
Punctures through the erector spinae muscle (n) 15
Ice ball involvement of abdominal wall (n) 38
Ice ball involvement of a rib (n) 28

Mean + standard deviation, n — count, TAE — transcatheter arterial emboli-
zation, BMI — body mass index.
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of the cryoneedles was adjusted to the new target
location and additional freezing performed. Hydro-
or pneumo-dissection was performed in 58/117
(49.6%) PCA procedures to avoid freezing injury to
adjacent organs.

On average, 3.1 (range: 2-5) cryoneedles were
used, with a mean distance interval between each
needle of 18.6 £13.4 (range: 4-90) mm. The distance
between the needles was measured on CT in the
proper slices of the skin surface from 3 directions.
The median value was applied because of variation
in needle position between PCA cases. Punctures
were performed through the erector spinae muscle
in 15 PCA procedures and via a more ventral route in
the remaining 102 procedures.

All ice ball formations were evaluated using in-
traoperative CT to confirm whether the ice ball in-
cluded the abdominal wall and ribs after freezing.
Ice ball formation during cryotherapy was observed
in the abdominal wall in 32.5% (38/117) of cases
and involved a rib in 23.9% (28/117) of cases.

Post-procedure follow-up

Follow-up for the presence of an AWP was
performed the day after the procedure. AWP was
further assessed on subsequent follow-up out-
patient visits at 1, 3, 6, and 12 months after PCA
during the first year and every 6 months thereafter.
AWP was defined as a protrusion of the abdomi-
nal wall that a patient complained about or which
was identified by the physician by confirmation of
a bulging of the abdominal wall in the standing
position or absence of abdominal wall reflex at the
site of nerve lesion.

Statistical analysis

For analysis, patients were classified into the
AWP or non-AWP groups, with the following factors
compared between the 2 groups using a chi-squared
(x?) or Fisher’s exact tests for categorical variables
and the Wilcoxon rank sum test for continuous vari-
ables: age, sex, BMI, tumour size, RENAL nephrom-
etry score, prior TAE, use of hydro- or pneumo-dis-
section, number of cryoneedles used, the median
distance between each needle (measured from re-
construction of intraoperative multiplane CT imag-
es), the puncture site (dichotomized as through the
erector spinae muscle or via a more ventral route),
and extension of the ice ball into the abdominal wall
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or rib. Continuous factors were presented as mean
and standard deviation (SD) or median (range), as
appropriate for the data distribution, with categori-
cal variables reported as a count (%). Between-group
comparisons were evaluated using Student’s t-test
for continuous variables and Fisher’s exact test for
categorical variables.

Statistical analyses were performed using the
Statistical Package for Social Sciences (IBM SPSS
statistics 25.0 for Windows, SPSS Inc., Chicago, IL),
with a p-value < 0.05 indicating significance.

Results

Postoperatively, AWP developed in 6/117 (5.1%)
cases. Among these, 5 resolved spontaneously with-
in 6 months of the procedure, with the AWP per-
sisting in 1 case. Between-group comparisons of
measured factors are reported in Table Il. Among
the factors measured, punctures through the erector
spinae muscle (p < 0.01) and use of hydro- or pneu-
mo-dissection (p = 0.01) were significantly different
between the 2 groups. Of the 15 cases for which PCA
was performed using a puncture through the erector
spinae muscle, AWP developed in 3. There was no
incidence of AWP among the 58 PCAs in which hy-
dro- or pneumo-dissection was used.

Ice ball involvement was not significantly differ-
ent between the 2 groups. Involvement of the ab-
dominal wall was observed in 3 cases in the AWP
group and 35 cases in the non-AWP group (p = 0.35).
Ice ball involvement of the ribs was also not signifi-
cantly different. Involvement of the rib was observed
in 3 patients in the AWP group and in 25 cases in the
non-AWP group (p = 0.12).

Discussion

AWP development is a well-recognized complica-
tion of abdominal surgery, herpes zoster infection, di-
abetes mellitus, and iatrogenic trauma [6—13]. Knowl-
edge of the anatomical course of the intercostal
nerves can lower the risk for AWP during laparoscopic
surgery [14]. The management of AWP generally in-
cludes pain relief, mechanical support using a corset,
and physiotherapy. Recovery of intercostal nerve func-
tion usually leads to resolution of the pseudohernia.
In our study, among the 6 patients who developed an
AWP after PCA, the AWP resolved in 5, and the AWP
persisted in the other patient due to irreversible nerve
damage. AWR as a permanent complication of PCA
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Table II. Results of the 117 percutaneous cryoablation procedures

Parameter AWP (+) AWP (-) P-value
Number of cases 6 111
Age [years]? 65 (60-75) 67 (55-77) 0.99
Male, n (%) 5(83.3) 84 (75.7) 0.67
BMI [kg/m?)? 23.6 (20.8-27.1) 23.3(20.9-26.7) 0.43
Tumour size [mm]? 23 (15.8-30.0) 25 (20-32) 0.07
RENAL score, n (%): 0.58

4 0 8(7.2)

5 2(333) 10 (9.0)

6 1(16.7) 28 (25.2)

7 3 (50.0) 25 (22.5)

8 0 14 (12.6)

9 0 19 (17.))

10 0 7(6.3)
Prior TAE, n (%) 5 (83.3) 100 (90.1) 0.6
Hydro- or pneumo-dissection, n (%) 0(0.0%) 58 (52.3) 0.01
Number of needles, n (%): 0.85

2 2(333) 29 (26.1)

3 3 (50.0) 44 (39.6)

4 1(16.7) 36 (32.4)

5 0 2 (1.8)
Median distance between each needle [mm]? 12 (8.5-13.5) 15 (11-21.5) 0.89
Punctures through the erector spinae muscle, n (%) 3 (50.0) 12 (10.8) < 0.01
Ice ball involvement, n (%):

Abdominal wall involvement 3 (50.0) 35 (31.5) 0.35

Rib involvement 3 (50.0) 25 (22.5) 0.12

“Mean (range), BMI — body mass index, TAE — transcatheter arterial embolization, AWP — abdominal wall pseudohernia.

due to irreversible nerve damage, can adversely affect
an individual’s quality of life.

With PCA for renal masses, the risk of nerve inju-
ry is higher for radio-frequency ablation (RFA) (3.5%)
than for PCA (0.6%) [3, 15]. Although neurological
deficits have been reported after PCA [3, 16], to our
knowledge, the development of an AWP after PCA
has not previously been described. Moreover, al-
though the sequalae of nerve injury secondary to
RFA tend to be permanent, those resulting from PCA
tend to be temporary, resolving within 6 months in
most patients 3, 17].

Nerve injuries resulting from PCA procedures are
rare [18, 19]. In their report of 139 patients who un-
derwent PCA, Blute et al. [18] did not identify a case
of nerve injury. Similarly, Okhunov et al. [19] did not
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report any nerve injury in their 190 cases of PCA.In
their report of 171 tumours in 147 patients who un-
derwent PCA, Faiz et al. [20] reported 1 case of par-
aesthesia which was considered as a nerve injury.
In their case series of 311 PCA procedures, Atwell
et al. [3] reported 2 cases of nerve injury due to mo-
tor nerve injury (or unknown cause of paralysis). Of
these, very few cases of AWP have been reported.
Although rare, the possibility of AWP should be
carefully evaluated after PCA, including assessment
with the patient in the upright position because the
AWP may be unnoticeable in the supine position.
Diagnosis of an AWP is important because the mus-
cles of the anterior abdominal wall are responsible
for maintaining optimal intra-abdominal pressure
and supporting the abdominal viscera. These mus-
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cles are innervated by the intercostal nerves and by
the iliohypogastric and ilioinguinal nerves, with AWP
resulting from injury to these nerves. These nerves
emanate from their spinal roots and travel through
the abdominal wall [4]. In our study, we noticed that
punctures located more dorsally (namely, punctures
through the erector spinae muscle) were associat-
ed with a greater risk for AWP and for nerve injury
than punctures located in a more ventral position
(p < 0.01). This is an interesting point to consider
within the context of research on abdominal nerve
blocks for thoracic and abdominal surgery, which in-
cludes various approaches, such as transversus ab-
dominis plane (TAP), intercostal, rectus sheath (RS),
pararectus and ilioinguinal/iliohypogastric, quadra-
tus lumborum, and paravertebral blocks. This body
of research demonstrates that a posterior TAP block
(PTAP) is more effective than a lateral TAP block
(LTAP), with both TAP and LTAP blocks being more
effective than RS, pararectus, and ilioinguinal/ilio-
hypogastric blocks [20, 21]. These findings indicate
that a more dorsal nerve block might provide a more
effective anaesthesia. This differential effectiveness
is reflected in the anatomy of the cutaneous branch-
es of the intercostal, subcostal, and lumbar nerves.
At the trunk, the dorsal branch of thoracic nerves
gives off an outer cutaneous branch, which runs in
a median direction to the ventral trunk, penetrating
the rectus sheath and rectus abdominis to become
the anterior cutaneous branch. The anterior cuta-
neous branch principally innervates the central re-
gion of the trunk, with the outer cutaneous branch
innervating the dorsal lateral portion of the trunk,
including the anterior abdominal wall [22]. Owing to
this anatomy, PTAP can provide a greater anaesthet-
ic effect than LTAP but carries a higher risk for iatro-
genic injury. This would explain the identification of
a puncture through the erector spinae muscle as an
increased risk factor for AWP.

We also identified the use of water/air dissec-
tion as a factor that lowered the risk of AWP. Hydro-
or pneumo-dissection was performed to maintain
a distance between the target RCC and adjacent or-
gans, such as the intestinal tract and iliopsoas mus-
cle. As a secondary outcome, hydro- or pneumo-dis-
section may have also protected nerves traveling in
the abdominal wall from the effects of cryotherapy,
thus reducing the risk of AWP. Of note, the exten-
sion of the ice balls, either in the abdominal wall
(p = 0.35) or rib cage (p = 0.12), did not increase
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the risk of AWP. A previous study indicated that the
lethal perimeter was < 1 cm from the leading edge
of an ice ball for all cryoprobe configurations [23],
which would explain the absence of an association
between ice ball formation and AWP in our study.
Furthermore, the introduction of fluid/air into the
peri- and paranephric fat may further insulate the
cutaneous nerves of the abdominal wall from the
target tumour [24]. This would explain the lower risk
of AWP with the use of water/air dissection.

Careful pre-ablation planning is required to avoid
AWR including optimal patient positioning, avoiding
punctures through the erector spinae muscle, and
the targeted positioning of the cryoablation device.
Additional care should be taken if a dorsal approach
for the cryoneedle is required. When possible, hydro-
or pneumo-dissection should be used to lower the
risk of the effect of freezing on the intercostal, sub-
costal, and lumbar nerves.

This study is primarily limited by its retrospective
design and small sample size. The true incidence of
AWP requires larger studies and a future meta-anal-
ysis to be accurately quantified.

Conclusions

Although PCAis relatively safe and the occurrence
of associated AWP is a rare and infrequent complica-
tion, the risk of AWP could be further decreased by
avoiding punctures through the erector spinae mus-
cle and using hydro- or pneumo-dissection.
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