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Abstract
Background

The purpose of this article was to explore the safety and e�cacy of laparoscopic resection combined
with aspiration in a selected cohort of 17 patients with central renal angiomyolipoma(RAML).

Methods

17 patients diagnosed with central RAML by the pathological report and CT/MRI were enrolled in our
center from August 2015 to November 2019. The indication for surgery was tumor size more than 4cm or
symptomatic tumor such as hemorrhage, backache or hematuria. The main endpoint included operative
time, warm ischemia time(WIT), intraoperative blood loss, postoperative hospital time, complications and
renal function.

Results

The average age was 45.3±4.8 years, 12 patients were women, 5 patients were men. Of all cases 10
underwent peritoneal laparoscopic resection and 7 underwent retroperitoneal surgery. All operations were
performed successfully without conversion to open surgery. One patient experienced collecting system
injury managed by 3-0 barbed self-retaining suture. The average size of the tumors was (6.9±2.3)cm. The
average operation time blood loss, WIT, and postoperative hospital time were (105.3±19.5)min,
(145.8±35.7)ml, (25.6±4.2)min and 5-7 days, respectively. No complications happened in the
postoperative period, and there were no local recurrence and distant metastases at a 28.5 month follow-
up period. Pre-operative and post-operative serum creatinine(SCr) were (67.6±15.8)μmol/L and
(65.4±16.8)μmol/L, indicating no signi�cant renal function drop was found. Similarly, no signi�cant
difference was found in terms of preoperative and postoperative diseased renal glomerular �ltration rate
GFR value. The main limitation included the sample size and short follow-up time.

Conclusions

The results of this study supported that laparoscopic resection combined with aspiration was a feasible,
safe and effective procedure in the treatment of RAML, especially for the large central RAML which is
closely related to the collection system and renal blood vessels.

Background
RAML is a benign tumor composed of abnormally proliferating blood vessels, smooth muscles, and
adipose tissue. It can be de�ned as central RAML if the tumor located close to the renal hilum. RAML with
diameter more than 4cm may rupture and hemorrhage[1]. Therefore, surgery is recommended for these
patients[1]. It is known that partial nephrectomy(PN) and selective arterial embolization(SAE) are
considered superior methods for 4cm or symptomatic RAML[2]. However, for central RAML, there is an
intimated connection between tumor and collection system as well as renal blood vessels, which is
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associated with increased operational complications such as bleeding and urine leakage[3]. In addition,
SAE is more suitable for acute hemorrhage and is limited due to high postoperative embolism syndrome
and the probability for retreatment rate[4]. Thus, it is necessary for us to make an improvement to
complete satisfactory oncologic control, preserve renal function and decrease operative complications.

Preliminary reports have shown that aspiration for central RAML was feasible and safe[5]. Aspiration
showed potential advantages in the safety and low recurrence rates compared with PN in the treatment
of RAML, with data from Xu et al.[6].To provide more data, further studies are still necessary. This study
was performed to explore the complications, renal function change, and oncologic outcomes of
laparoscopic resection combined with aspiration in the treatment of central RAML.

Methods
Patients

After ethics committee approval, data were collected from our department of urology & nephrology and
showed 17 patients with central RAML who underwent laparoscopic resection combined with aspiration
between August 2015 and November 2019. All patients signed informed consent. Central RAML was
de�ned as a tumor close to the hilar vessels or collecting system by imaging. All patients were evaluated
with CTU or MRI before surgery about tumor type, size, and location. Patients were included if the
imaging con�rmed the central RAML was maximal fat component(CT attenuation less than − 10HU)
(Fig. 1A-B). The exclusion criteria were as follows: tumor was minimal fat component(CT attenuation
more than − 10HU); tumor with necrosis or calci�cation or cystic or hemorrhage; suspicious of renal cell
cancer. Of these patients(12 women and 5 men), 10 were treated with peritoneal laparoscopic resection
and 7 were treated with retroperitoneal surgery. The main endpoint included operative time, WIT,
intraoperative blood loss, postoperative hospital time, complications and renal function. The average age,
BMI and tumor size were 45.3 ± 4.8 years, 24.1 ± 1.4 kg/m2 and 6.9 ± 2.3 cm, respectively. All patients
had normal SCr and GFR based on preoperative examination.

Retroperitoneal surgery

Surgery was performed under general anesthesia in healthy lateral decubitus position. First, 10 mm, 5
mm, and 12 mm trocar were established on the cross point of the line 2 cm above the iliac crest, anterior
line axillary and posterior axillary line below the costal margin, respectively. Second, pneumoperitoneum
was established at 13mmHg, separation of the Gerota’s fascia and fat resulted in a completely exposed
renal. Third, renal pedicle was freely dissected for further clamping. Based on the preoperative imaging, if
the tumor was totally endogenous, intraoperative ultrasonography should be used to detect the location,
size, �ow signal, and the shortest distance between cortex and RAML(Fig. 2C). Then the shortest distance
between cortex and RAML was marked by ultrasonic knife on the kidney surface. After making a hole in
the marked renal cortex, tumor tissue was aspirated as much as possible by the suction device(0.06-
0.08MPa). Clamp the renal artery in case bleeding affected the surgery vision and the residual tumor was
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aspirated to dryness. On the contrary, if the tumor was exogenous, the renal artery was clamped �rst, then
removed the section of the exogenous tumor with scissor and the remaining basal tumor was aspirated
totally by the aspirator(Fig. 2A-B). In addition, if the tumor was abutting the hilar vessels, the tumor
should be aspirated by suction device to prevent doctors injurying the renal vessels. Finally, renal
collecting system was sewed by 3 − 0 barbed self-retaining suture and renal parenchyma was sewed by 2 
− 0 barbed self-retaining suture. If the wound was too wide and could not be directly sutured, the
hemostatic materials were used to �ll the cavity and one layer renal parenchyma suture was
performed(Fig. 2D). The operation was terminated with drainage tube placed and the skin closed.
Cytological examination of tumor tissue was performed in all patients.

Peritoneal surgery

Surgery was performed under general anesthesia in 70°lateral decubitus position. First, a 2cm incision
was performed on the anterior axillary. Pneumoperitoneum was established at 13mmHg and a 10-mm
trocar was inserted. Then a 12-cm trocar was established on costal margin and beside the navel. It may
sometimes be necessary to take another 5-mm trocar on the posterior axillary. The renal vessels were
carefully isolated. The remaining procedure was similar to the former.

Follow-Up

Amount and colour of urine and �uid from drainage bag were observed postoperatively. All patients
underwent routine blood test and biochemical examination at 1 day postoperatively. CT scan was
performed to observe the operative region at 4–5 days postoperatively. Then it was decided whether to
pull out the drainage tube according to the CT result. CT, routine blood test, biochemical examination,
GFR were checked again at 1 month postoperatively. Follow up was made by CT and biochemical
examination every 6 months in the �rst year, followed by every year after the �rst year.

Statistical Analysis
STATA soft(version 12.1; StataCorp LP, College Station, TX, USA) was used to analyze the data. Student’s
t-test was used for continuous variable. P 0.05 was considered statistically signi�cant.

Results
Characteristics of 17 patients included age, sex, tumor location, BMI, tumor size, SCr, and GFR are listed in
Table 1. The average age was (45.3 ± 4.8) years, 12 patients were women, 5 patients were men. Of all
cases,10 underwent peritoneal laparoscopic resection and 7 underwent retroperitoneal surgery. 8 patients
were managed by suction and 9 patients were managed by suction combined with resection. All
operations were performed successfully without conversion to open surgery. The operative and
postoperative characteristics are illustrated in Table 2. There was one patient experienced collecting
system injury managed by 3 − 0 barbed self-retaining suture. The average operation time blood loss, WIT,
and postoperative hospital time were (105.3 ± 19.5)min, (145.8 ± 35.7)ml, (25.6 ± 4.2)min and 5–7 days,
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respectively. The pathologic report all showed classical RAML. No complications such as transfusion and
urinary �stula happened in the postoperative period. Preoperative and postoperative 1-month SCr were
(67.6 ± 15.8)µmol/L and (65.4 ± 16.8) µmol/L, respectively, which indicated no signi�cant renal function
drop was found(P = 0.38). Similarly, pre-operative and post-operative diseased renal GFR were (45.2 ± 
3.8)ml/min and (43.1 ± 4.2)ml/min. This was not a signi�cant change with P = 0.068(Table 3). There
were no local recurrence and distant metastases at 28.5 month follow-up period.

Table 1
Patient demographics and preoperative clinical characteristics

Variable Value

No. of patients 17

Age(years), mean ± SD 45.3 ± 4.8

Gender  

Male/Female 5/12

BMI(kg/m2), 24.1 ± 1.4

Tumor location  

Right/Left 11/6

Tumor size(cm), mean ± SD 6.9 ± 2.3

Preoperative Scr(µmol/L), mean ± SD 67.6 ± 15,8

Preoperative diseased renal GFR(ml/min), mean ± SD 45.2 ± 3.8

BMI, body mass index; SCr, serum creatinine; GFR, glomerular �ltration rate; SD, standard deviation.
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Table 2
Intraoperative and postoperative �ndings

Variable Value

Operative time(min), mean ± SD 105.3 ± 19.5

Blood loss(ml), mean ± SD 145.8 ± 35.7

WIT(min), mean ± SD 25.6 ± 4.2

Injury of renal pedicle vascular 0

Injury of renal collecting system 1

Conversion to open surgery 0

Postoperative complications 0

Hospitalization days(range) 5–7

Postoperative Scr(µmol/L), mean ± SD 65.4 ± 16.8

Postoperative diseased renal GFR(ml/min), mean ± SD 43.1 ± 4.2

Recurrence 0

SD, standard deviation; SCr, serum creatinine; WIT, warm ischemia time; GFR, glomerular �ltration rate.

Table 3
Renal function details

Variable preoperative postoperative t P

Scr(µmol/L), mean ± SD 67.6 ± 15.8 65.4 ± 16.8 0.53 0.38

Diseased renal GFR(ml/min), mean ± SD 45.2 ± 3.8 43.1 ± 4.2 1.53 0.068

SD, standard deviation; SCr, serum creatinine; GFR, glomerular �ltration rate.

Discussion
RAML is a benign tumor composed of abnormally proliferating blood vessels, smooth muscles, and
adipose tissue. With the development of imaging technology, tumor is discovered early. Active
surveillance is a rational method for tumor with a diameter 4cm[1]. While other situations such as
tumor 4cm or symptomatic RAML without regard to size, active and aggressive therapy is a primary
curative method[1]. Because it seems that the risk of rupture and hemorrhage is remarkable increased
when tumor 4cm. SAE and PN are the main invasive methods. SAE is an interventional operation with the
merit of less bleeding and shorter hospital stay, which is appropriate for acute bleeding and intolerant of
surgical patients[7]. While points that can’t be ignored are the incidence of 11–40% recurrence rate and
14–80% postoperative complications such as renal failure and hypertention[4]. In addition, European
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Association of Urology guidelines state that there is strong evidence to support the PN in the treatment of
T1 renal tumor. Yet, PN also increases the risk of bleeding and urine leakage if the tumor closes to the
vessels and collecting system[3]. To avoid complications, it is possible to identify anatomy carefully,
which in turn, leads to prolong WIT and increases the renal function damage. On the other hand, in some
cases, there is no obvious capsule boundary between the tumor and surrounding renal tissue, which
increases the di�culty in removing the tumor.

During the past few years, we have explored the laparoscopic resection combined with aspiration in the
treatment of central RAML. The technique was initially successfully applied to renal cysts. Similarly,
adipose tissue in the RAML can be aspirated just like the liquid in the cyst[8]. Xu et al. reported that this
method was safe and effective[5]. Of 10 patients, 1 patient occurred urine leakage recovered by
conservative treatment �nally. No other complications happened and no recurrence at a 7.7 month follow-
up period. The mean operative time, WIT, and bleeding were 92.1min, 27.5min, and 53.5ml, respectively.
Dong et al. performed an off-clamp tumor evacuation for sporadic RAML with high renal nephrometry
scores, and their results were encouraging. The GFR did not change signi�cantly at 12 month follow-up
period and local recurrence and distant metastases did not occurred at 48 month follow-up period[9]. In a
review of another article[6], compared with PN, aspiration for RAML had a similar renal function change
and tumor recurrence rates. However, patients treated with aspiration had signi�cant fewer complication
rates, operative time, ischemia time, and blood loss than those underwent PN. In our study, all operations
were performed successfully without conversion to open surgery. One patient experienced collecting
system injury managed by 3 − 0 barbed self-retaining suture. No other complications happened in the
postoperative period. No signi�cant renal function drop was found. There were no local recurrence and
distant metastases at a mean follow-up of 28.5 months. Sooriakumaran et al. reported that the incidence
of surgical complications was 5–23% in the treatment of renal tumor by PN[10–12]. In another study[13],
including 53 central RAML patients who underwent PN, postoperative complications occurred in 5
cases(9.4%), 4 of whom had delayed bleeding and 1 had urinary �stula. Therefore, compared with the PN,
it was clear that our study completed satisfactory oncologic control, preserves renal function and
decreases operative complications preferably.

In our experience, a deliberate intraoperative plan should be performed based on imaging. If the tumor is
totally endogenous, resection of tumor is challenging for surgeons because of the inde�nite boundary.
Intraoperative ultrasonography, which can detect the location, size, �ow signal, and the shortest distance
between cortex and RAML is considered as a feasible tool for intraoperative tumor identi�cation. Surgical
aspiration is planned and the shortest distance between cortex and RAML is marked by ultrasonic knife
on the kidney surface. After making a hole in the marked renal cortex, tumor is aspirated as much as
possible by the suction device(0.06-0.08MPa) without clamping the renal artery. Clamp the renal artery
until bleeding affected the surgery vision and the residual tumor is aspirated to dryness. Compared with
PN, it can shorten WIT during the surgery, reduce the probability of renal pedicle and collecting system
injury, and preserve nephrons. On the contrary, if the tumor is exogenous, the renal artery is clamped �rst,
then removes the section of exogenous tumor with scissor and the remaining basal tumor is aspirated
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totally by the aspirator. In addition, if the tumor was abutting the hilar vessels, the tumor should be
aspirated by suction device to prevent doctors injurying the renal vessels. Furthermore, in order to shorten
WIT and operative time, it is necessary for us to prepare two aspirators. Because the suction device is
often blocked by adipose tissue during the tumor aspiration. On the other hand, based on the preoperative
imaging, ureteral catheter should be placed if the tumor closes to the collecting system. After the tumor is
aspirated totally, retrograde inject diluted methylene blue into the pelvis via ureteral catheter, if methylene
is found to ooze, the cavity that communicates with the collecting system should be sewed by 3 − 0
barbed self-retaining suture. Additionally, it should pay attention to the sewing depth when suture the
renal medulla to avoid injury of renal pedicle vessels. Three-dimension imaging is an advanced
technology in the medical �elds. It has the advantage of understanding the relationship between the
tumor with renal pedicle and collecting system[14]. Thus, in some cases, we used this technology to
understand tumor characteristics and make the surgical plan to shorter the WIT and decrease the
complications.

There is a rare subtype in RAML—epithelioid angiomyolipoma(eAML), which is considered a malignant
variant of RAML based on the classi�cation of tumors by the World Health Organization in 2004. The
eAML presented with mononuclear or multinuclear epithelioid cells belongs to mesenchymal tumor[15].
Previous studies revealed that eAML may occur tumor thrombus formation and distant metastasis[16, 17].
Thus, laparoscopic resection combined with aspiration for eAML is not an appropriate method due to its
potential malignant feature. Radiologically, eAML often presents as mass with poor or no adipose
tissue[18, 19], eAML is hyperattenuating on unenhanced CT( 45HU) and non-uniformed enhancement on
enhanced CT[20]. In our study, patients were included if the imaging con�rmed the central RAML was
maximal fat component(CT attenuation less than − 10HU), which is able to differentiate from eAML. A
review reported that it is considered appropriate to diagnose an AML with con�dence when a non-
calci�ed, fat-containing renal mass is encountered in an adult[8]. It should be noted that 17 pathological
outcomes are all typical RAML. Therefore, doctors should distinguish eAML from classic RAML to avoid
misdiagnose and mistreatment according to preoperative imaging.

Some limitations should be mentioned in our study. First, our study is a single institutional retrospective
design. Second, the sample size is relatively small, which might in�uence the clinical outcomes.
Therefore, a large prospective and multicenter trial is still needed to con�rm the safety and e�cacy of
laparoscopic resection combined with aspiration for central RAML.

Conclusions
During the follow-up 28.5 months, the central RAML patients treated with laparoscopic resection
combined with aspiration appears feasible, and the complications are low. Because this method can
achieve satisfactory oncologic control, preserve renal function and decrease operative complications.
However, considering our limited sample and short follow-up time may affect results, long-term outcomes
should be assessed by multi-center randomized trials.
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Figure 1

(A-B) Preoperative imaging con�rmed the central RAML was maximal fat component(white arrow)
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Figure 2

(A-D) Intraoperative photographs of laparoscopic resection combined with aspiration for central RAML.
(A) Typical central RAML full of maximal fat component. (B) A deep cavity after the tumor aspired. (C)
Intraoperative ultrasonography was used to detect the location, size, �ow signal, and the shortest
distance between cortex and RAML. (D) the hemostatic materials were used to �ll the cavity.


