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Purpose: To investigate feasibility, repeatability and usefulness of contrast-enhanced ultraso-
nography (CEUS) in the assessment of kidney wound recovery after laparoscopic nephron-
sparing surgery (LNSS) or robot-assisted nephron-sparing surgery (RANSS) and preliminarily
research the clinical factors associated with the length of extravasation (LOE).

Patients and Methods: From April 2019 to January 2020, 130 patients that underwent LNSS
or RANSS in our hospital were included, and 90 patients (90/130) received CEUS examinations
each one day from the postoperative day 1. The discovery of the cessation of contrast medium
extravasation from the renal wound was the primary endpoint named “ultrasonic healing”, and
LOE ranged from the day of surgery to “ultrasonic healing”. Patient, tumor, perioperative factors
and LOE were collected. Univariate analysis and multivariate linear regression analysis were
applied for the determination of factors associated with LOE.

Results: The average postoperative LOE was 1.76 days (standard deviation, 1.115; 95%
confidence interval: 1.52—1.99). Ultrasonic healing within three days was observed in 95.6%
patients (86/90). Univariable and multivariable analyses showed that R and A components in
R.EN.A.L. nephrometry score were associated with LOE. Anterior location and
R component score of 2 (tumor size>4cm) were related to longer LOE than posterior location
and R score of 1 (tumor size<4cm). The incidence of complications in patients with LOE
over one day was higher than those with LOE of one day.

Conclusion: CEUS was feasible, repeatable and useful in the assessment of kidney wound
recovery. Tumor size and location were related to LOE after minimally invasive nephron-sparing
surgery (MINSS). Length of stay after MINSS within three days might be relatively safe.
Keywords: nephron-sparing surgery, minimally invasive, CEUS, wound healing

Introduction
During recent decades, the incidence of kidney cancer is increasing steadily, reach-
ing an estimate of 403,262 new cases worldwide in 2018." The recommended
standard treatment for T1 stage renal tumor has been nephron-sparing surgery
(NSS).>? The length of stay (LOS) after NSS in the early learning curve usually
ranged from five to ten days.*’

The application of robotic and laparoscopic technology has decreased LOS
compared with open nephron-sparing surgery. Enhanced recovery after surgery
(ERAS) protocols were associated with a considerable reduction in LOS and
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hospital costs.® Furthermore, in several centers,
postoperative day 1 (POD1) discharge protocols without
an increase in post-discharge complications were success-
fully utilized for many patients after minimally invasive
nephron-sparing surgery (MINSS).””® But the critical fac-
tor associated with the recovery of NSS such as kidney
wound healing was mostly unexplored. Although multi-
detector CT is applied to diagnose the complications about
kidney wound such as hemorrhage and urine leaks,'”"'" the
continuous observation of kidney wound in the early post-
operative stage of NSS has not been reported, so we aimed
at seeking for an image examination method to reflect the
process of kidney wound healing.

In theory, kidney wound after PN gets similar phy-
siopathologic and morphologic changes to trauma;
meanwhile, the difference is the wound after PN should
be much more stable due to the suture. Hemodynamic
stability was a vital factor for severity assessment and

: 12,1
management 1n trauma, = 3

and CEUS was proved fea-
sible to evaluate active hemorrhage around the injuries
of solid

sensitivity.'*'® Moreover, Xu et al'” have successfully

organ with significant specificity and
applied real-time 3-dimensional CEUS to detect hemor-
rhage in blunt renal trauma of New Zealand white
rabbits, and Lin et al'® have found CEUS sensitive in
evaluating hemorrhagic renal lesions in shock or differ-
ent status of hemodynamic instability in a canine model,
which pushed us to consider CEUS as a new approach
to display the possible bleeding or exudation from the
wound which might be a probable indicator to wound
healing.

The ultrasonic contrast median comprises gas micro-
bubbles similar in size to red blood cells. Each of micro-
bubbles is covered outwardly by a protein, lipid, or
polymer coating shell. The gas contained in the microbub-
bles is excreted by the lungs, and the coating shell is
metabolized by the liver. The kidneys have no role in the
excretion of the microbubble,'® so it is a pure intravascular
medium and not contraindicated in patients with renal
insufficiency.

As far as we know, CEUS has not been utilized to
assess the recovery of the renal wound. So, the present
research aimed at investigating the feasibility, repeatability
and usefulness of CEUS in the assessment of kidney
wound recovery after LNSS or RANSS and preliminarily
analyzing the clinical factors associated with the length of
extravasation (LOE).

Patients and Methods
Ethics Approval

This study was conducted according to the principles of
the Declaration of Helsinki. Approval was granted by the
Ethics Committee of The First Affiliated Hospital of
Anhui Medical University (PJ2019-17-19). All partici-
pants provided written informed consent.

Patient Population

From April 2019 to January 2020, all patients who were
diagnosed with T1 stage renal masses by contrast-
enhanced CT or MRI and underwent LNSS or RANSS in
the First Affiliated Hospital of Anhui Medical University
were included. They were assessed according to inclusion
and exclusion criteria. R.E.N.A.L. nephrometry score sys-
tem was used to assess the anatomy characteristics of each
tumor?® (Supplementary Table 1).

Inclusion and Exclusion Criteria

Inclusion criteria included patients who could cooperate
with CEUS procedure and sign an informed consent form.
Exclusion criteria included age <18 or >80; a known his-
tory of allergies to food, medications, albumin, and other
blood products; congenital heart disease with intracardiac
shunt; severe pulmonary hypertension; asthma; respiratory
failure; a lack of cooperation and patients who declined to
participate in the study.

Surgical Technique

All RANSSs were conducted using the Da Vinci Si
Surgical System (Intuitive, Sunnyvale, CA) through retro-
peritoneal or transperitoneal approach. Vascular bulldog
clamps were used to clamp the main or branch renal artery.
Excision of the tumor along with a rim of normal healthy
parenchyma (5mm) was performed using cold cut scissors.
3-0 V-Loc 180 sutures on V-20 needles (Covidien,
Mansfield, MA) with anchoring Hem-o-Lok clips in the
loop of the sutures were utilized for renorrhaphy.?' One or
two layers of suture depended on the depth of tumor
excision bed. Drainage tube was routinely placed for
every patients. The surgical technique of LNSSs was the
same as that of RANSS:s.

CEUS Examination

US examinations were performed using a Mindray Resona
7 ultrasound system (Mindray Medical, Shenzhen, China)
and an SC-5-1U probe with a frequency of 3-5MHz. The
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mechanical index was 0.082 for CEUS, and perfluoropro-

pane-albumin microsphere injection (Kangrun

Pharmaceutical Co, Yueyang, China) was used as
a contrast agent. Preoperative US examinations including
B-mode and color Doppler ultrasound were performed for
every patient to obtain the masses’ size and location.
Preoperative ultrasonography and postoperative CEUS
were performed by a US specialist with five years of
experience in CEUS and a urology specialist experienced
in RPN.

During the examination of CEUS, all patients were
required to maintain slow shallow breathing in lateral or
spine position. The ultrasonic probe was placed near the
posterior axillary line to acquire the coronal US images of
kidneys. Firstly, conventional US was performed to eval-
uate the surgical lesion on the surface of the kidney. Then,
an intravenous bolus of 2.5-3 mL followed by a 5 mL
saline flush was injected through a 20G peripheral intra-
venous cannula. The video recorder and timer were imme-
diately started after the injection. The CEUS examination
lasted about 3 minutes. All images and video clips were
stored to confirm the existence of contrast agent extravasa-
tion from the lesion. After CEUS, patients’ clinical symp-
toms and vital signs were monitored to guarantee the
safety of patients.

CEUS was performed on the first day after surgery and
repeated every 24 hours until the primary endpoint named
“ultrasonic healing” of the kidney wound. The “ultrasonic
healing” was defined as the cessation of contrast medium
extravasation from the renal wound, and LOE ranging
from the day of surgery to “ultrasonic healing” of every
patient was recorded.

Statistical Analysis

IBM SPSS Statistics, Version 20.0 (IBM, Armonk, NY,
USA) was used for data analysis. Categorical variables
were presented as number and percentage, and continuous
variables were presented as meantstandard deviation. The
t test, one-way analysis of variance (ANOVA) followed by
Fisher LSD (Least Significant Difference) Post hoc test
and Pearson correlation analysis were used for binary,
polytomous categorical and continuous variables, respec-
tively. Kruskal-Wallis test and Mann—Whitney U-test were
applied for continuous variables with non-normal distribu-
tion. Predictors of LOE were determined by multivariable
linear regression analysis. Univariate analysis was applied
to determine the relationship between LOE and Clavien-

Dindo Classification. P<0.05 was considered statistically
significant.

Results

Baseline Patient Characteristics
Before surgery, 130 patients received US scanning and 25
patients were excluded because of a known history of
allergy (n=15), over 80 years old (n=2) and a lack of
cooperation (n=8). After surgery, 105 patients received
US scanning, and ten patients with subcutaneous emphy-
sema over the kidney wound and five patients allergic to
antibiotics after surgery were excluded, so 90 of 130
patients received CEUS examinations. No adverse reac-
tions nor complications related to CEUS were found.
These 90 patients underwent surgeries by three surgeons
with different seniority. Baseline patient and tumor charac-
teristics, surgical and postoperative factors are presented in
Tables 1 and 2. Categorical variables are listed in Table 1
and continuous variables are summarized in Table 2.

Features of US and CEUS

In conventional US, with reference to preoperative loca-
lization, the renal wound was presented as a region of
local heterogeneous echo with unclear irregular border
(Figures 1A and B, 2A and B). The renal capsule of the
wound was rugged; meanwhile, the severity depended on
the method of suture ligation. Free fluid as hypoecho or
anecho around the capsule is displayed in all cases;
however, the volume could not be exactly measured
because of the irregular distribution. Major resection
range may result in more renal units lost which displayed
a hollow on the surface, even worse conspicuous par-
enchyma lost in the images. During the medullary phase,
CEUS represented the continuous extravasation of the
contrast agent as a drip or a band-like spot with a low
velocity out of the sutured capsule (Figures 1C and 2C).
With the healing of kidney wound, contrast agent extra-
vasation gradually stopped (Figures 1D and 2D).

Constituent Ratio of LOE

The average postoperative LOE was 1.76 days (standard
deviation, 1.115; 95% confidence interval: 1.52—1.99). The
median (interquartile range) LOE was 1 (1-2) days. 49
patients (54.4%), 24 patients (26.7%) and 13 patients
(14.4%) achieved ultrasonic healing on the first, second
and third day after surgery, respectively. There were 73
patients (81.1%) with LOE within two days and 86
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Table | Univariate Analysis of Categorical Variables with LOE

Item Group Number (%) LOE (xts) P value

Patient and tumor characteristics

Gender Male 47(52.2) 1.68£1.105 0.509
Female 43(47.8) 1.84£1.132

Side Left 45(50) 1.84+1.205 0.453
Right 45(50) 1.67£1.022

Rank of Low (4-6) 40(44.4) 1.65£1.122 0.382

R.EN.A.L. score* Middle (7-9) 43(47.8) 1.77£1.109
High (10-12) 7(7.8) 2.29+1.113

R component | 71(78.9) 1.62+1.033 0.025
2 19(21.1) 2.26+1.284

E component | 41(45.6) 1.73+1.285 0.610
2 40(44.4) 1.85£1.001
3 9(10) 1.44+0.726

N component [ 30(33.3) 1.60£1.221 0.394
2 28(31.1) 1.68+0.723
3 32(35.6) 1.97£1.282

A component A 29(32.2) 2.14£1.432 0.04
P 33(36.7) 1.42+0.708
X 28(31.1) 1.7541.041

L component | 32(35.6) 1.79+1.29 0.568
2 29(32.2) 1.52+0.73
3 29(32.2) 1.96+1.34

Hypertension Yes 23(25.6) 1.48+0.665 0.168
No 67(74.4) 1.85£1.222

Diabetes Yes 4(4.4) 1.25+0.6 0.356
No 86(95.6) 1.78+1.131

ASA class Grade | 55(61.1) 1.89£1.1 0.150
Grade Il 35(38.9) 1.54£1.12

Surgical and post operative factors

Surgical method RANSS 76(84.4) 1.72£1.053 0.53
LNSS 14(15.6) 1.93£1.439

Surgical approach Retroperitoneal 64(71.1) 1.77£1.035 0.894
Transperitoneal 26(28.9) 1.73£1.313

Seniority of Junior 43(47.8) 1.86£1.187 0.699

surgeon™®* Middle 35(38.9) 1.66+0.873
Senior 12(13.3) 1.67£1.497

Artery clamping Main 85(94.4) 1.76x1.130 0.750
Branch 5(5.6) 1.6+0.894

Suture method Continuous 87(96.7) 1.77+1.128 0.508
Lock stitch 3(3.3) 1.33+£0.577

(Continued)
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Table | (Continued).

Item Group Number (%) LOE (xts) P value

Layers One 14(15.6) 1.43+0.756 0.234
Two 76(84.4) 1.82+1.163

Pathology Malignant tumor 60(66.7) 1.83+1.251 0.642
Benign tumor 24(26.7) 1.58+0.776
Else 6(6.7) 1.67+0.816

Notes: * Rank of R.E.N.A.L. score, low-risk, 46 points, middle-risk, 7-9 points, high-risk, 10—12 points; ** Seniority of surgeon, junior, <3 years of experience, middle, 3-5

years, senior, >5 years.

Abbreviations: LOE, length of extravasation; R, radius; E, exophytic/endophytic properties; N, nearness of tumor to collecting system or sinus; A, anterior; P, posterior; X,
unknown A or P; L, location relative to polar lines; ASA class, American Society of Anesthesiologists Classification; RANSS, robot-assisted nephron-sparing surgery; LNSS,

laparoscopic nephron-sparing surgery.

Table 2 Univariate Analysis of Continuous Variables with LOE

Item MeanzSD R value | P value
Patient and tumor characteristics

Age, years 53.5+12.024 0.014 0.894
Height, m 1.65+0.075 —0.152 0.057
Weight, kg 66.19+12.688 —0.111 0.299
BMI, kg/m? 24.316%3.775 —0.051 0.631
Maximum diameter 3.112%1.214 0.191 0.072
of tumor, cm

R.E.N.A.L. score

Baseline eGFR, 6.87+1.743 0.093 0.384
mL/min/1.73m? 103.98+15.445 0.053 0.623
Baseline Cr, umol/L 67.13£14.909 -0.135 0.205
Baseline Hb, g/L 132.67+13.805 -0.111 0.297
Surgical and post operative factors

Operative time, min 156.06+33.272 —0.119 0.265
WIT, min 18.93+6.412 0.087 0413
EBL, mL 98.33£92.241 —-0.07 0515
Decrease of eGFR (%) * | 14.279%%14.055% | 0.024 0.824
Decrease of Hb (%) 22.615%+21.107% | 0.013 0.903
Increase of Cr (%) 11.971%+6.444% —0.06 0.577
LOS, day 7.029+1.765 0.066 0.592

Notes: * Decrease of Hb (%) meant the decrease of Hb on postoperative day |
compared with Hb before surgery. It was the same with the change of eGFR and Cr.
Abbreviations: LOE, length of extravasation; SD, standard deviation; eGFR, esti-
mated glomerular filtration rate; Hb, hemoglobin; Cr, creatinine; WIT, warm ische-
mia time; EBL, estimated blood loss; LOS, length of stay.

patients (95.6%) within three days. LOE longer than three
days was observed in only four patients (4.4%).

Univariate Analysis of Factors with LOE

In univariate analysis. Patient, surgical and postoperative
factors were not associated with LOE. Only R and
A components in R.E.N.A.L. score were found associated
with LOE (Table 1, P<0.05). We noted a significant

increase in mean LOE in patients (19/90, 21.1%) with
R component score of 2 compared with patients (71/90,
78.9%) with R score of 1 (2.25 days vs 1.62 days,
P=0.025). Fisher LSD Post hoc test showed the mean
LOE in patients (29/90, 32.2%) with anterior masses was
2.14 days, which was significantly longer than that of 1.42
days in patients (33/90, 36.7%) with posterior masses
(P=0.012). No difference was found between “A” and
“X” and between “P” and “X”.

Multivariate Analysis of Factors with LOE
In multivariate linear regression analysis, the only factors
that remained significant were R and A components in R.
E.N.A.L. score. Patients with R component score of 2
were related to significantly longer LOE than those with
R score of 1 (f=0.647, P=0.02). Anterior location was
associated with a 0.717 day increase of LOE (B=0.717,
P=0.009) compared with posterior location. The prediction
formula for LOE was as follows: LOE=0.640+0.647xR
scorest 0.717x”A”+0.324x”X” (reference= posterior,
A=0, X=0; anterior, A=1, X=0; unknown A or P,
A=0, X=1).

LOE with Surgical Complications

No complications were found in 35 patients (35/90,
38.9%). In the Clavien-Dindo classification, there were
45 patients, 9 patients and one patient with grade I,
grade II and grade III, respectively. No statistical signifi-
cance was found between LOE and grades of the Clavien-
Dindo classification (Spearman correlation rho=0.185,
P=0.081). Given the limited numbers of our study, these
90 patients were splitted into two groups: 49 patients
(54.4%) with LOE of one day and 41 patients (45.6%)
with LOE over one day. The incidence of complications in
patients with LOE over one day (31/41, 75.6%) was higher
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Figure | Features of US and CEUS of a patient with a drip spot of the contrast agent extravasation. A 52 years-old woman with a 2.4x2.0cm diameter solid tumor
underwent RANSS. (A) Conventional US displayed a hyperechoic mass located in the middle-lower pole of the left kidney before surgery (arrows). (B) On
postoperative day |, conventional US demonstrated the wound as a severe hollow on the renal surface (arrows). (C) On postoperative day |, in the medullary phase
CEUS demonstrated a drip spot of the contrast agent extravasated from the wound to the filling defect which represented the effusion (arrow). (D) The extravasation could
not be detected on postoperative day 3 (arrow). A drip spot of the contrast agent extravasation from the wound on postoperative day 2 was the same as that on day |.

than those with LOE of one day (24/49, 49%, P=0.016).
Surgical complications are summarized in Supplemental
Table 2. Although intraoperative collecting system entry
was recognized in 25 patients, no complications of urinary
leaks were found.

Discussion

With the application of laparoscopic and robotic techni-
ques and ERAS protocols, LOS after NSSs has been sig-
nificantly decreased. Discharge on PODI after MINSS
without an increase in post-discharge complications was
reported in several centers, and it was more likely that
MINSSs with next-day discharge were performed in
patients with small (tumor size <4cm) and non-complex
masses (R.E.N.A.L. studies.””
However, it was unknown that whether ERAS protocol

score <9) in these

was suitable for patients with large or complex masses,
and to date, there have been no prospective studies that

have determined which perioperational factors allowed
early discharge.”

Kidney wound healing which was one of the critical
factors associated with the recovery of NSS may be crucial
for early discharge, and the morphological evidence of
kidney wound healing was lacking. Gregory et al*
checked the leakage from partial nephrectomy defects by
injecting indigo carmine into the renal arteries of porcine
kidneys to compare the suture effect, which showed leak-
age or not of vascular contents could reflect the state of
wound recovery. As far as we know, CEUS has not been
utilized to assess the recovery of the renal wound, so we
first applied CEUS with pure intravascular microbubbles
to evaluate the kidney wound healing after MINSS and
found some significant appearance and changes of kidney
wound in CEUS.

CEUS is widely applied to evaluate the solid organ
injury in blunt abdominal trauma,®® but few researches
reported the application of CEUS in the follow-up of
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Figure 2 Features of US and CEUS of a patient with a band-like spot of the contrast agent extravasation. A 69 years-old woman with 3x3cm diameter solid tumor
underwent RANSS. (A) Conventional US displayed a hypoechoic small mass located in the upper pole of the left kidney before surgery (arrows). (B) On postoperative day |,
conventional US demonstrated the wound as a hollow on the renal surface (arrows). (C) On postoperative day |, in the medullary phase CEUS demonstrated a band-like
spot of the contrast agent extravasated from the wound to the filling defect which represented the effusion (arrow). (D) The extravasation could not be detected on
postoperative day 2 (arrow). (E) The area of renal wound exstrophy which showed the unsatisfactory closure after continuous suture may be the site of contrast agent

extravasation (arrow).

abdominal trauma without a standardized protocol.**2°
Miele et al*’ found CEUS at 24 h and 72 h from trauma
a very good correlation with onset contrast-enhanced CT.
In another study, CEUS was performed at 12, 24, and 48

h after mild liver and spleen trauma to ensure a safe
discharge from ICU to the general ward.”® What’s more,

Tagliati et al published three researches with the same

29-31
9,93

patients with splenic trauma in 201 patients
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underwent serial CEUS at short time intervals (1, 3, 8, 15,
30, 60, 90 and 180 days post-trauma) until splenic trauma
became no more visible. But no change in injury was
observed within three days post-trauma, and CEUS was
applied to diagnose delay active hemorrhage or assess
healing time of solid organ injuries in these studies. Our
study first reported the process of gradual cessation of
ultrasonic contrast agent extravasation from kidneys in
the early postoperative stage.

In the arterial phases of CUES, active bleeding is pre-
sented as a region of hyperechoic perfusion associated with
contrast agent extravasation. Active bleeding from a solid
organ trauma involving the organ capsule appeared as
a fountain or spring with a high velocity.'* In detecting active
bleeding of blunt renal trauma using real-time three-
dimensional CEUS, Xu et al’> found that consistent
enhanced signal gushed from the injured site. In contrast,
continuous extravasation of contrast agent as a drip or
a band-like spot with a low velocity out of the sutured capsule
was found in our study. Because CEUS could evaluate capil-
lary perfusion in real time,'” we assumed incomplete closure
of the microvasculature in kidney wound resulted in this
appearance. The area of wound exstrophy which showed
the unsatisfactory closure after suture may be the site of
extravasation (Figure 2E). Contrast agent leaked from the
broken end of capillary and gradually stopped extravasating
from the kidney wound with its healing process. We repre-
sented “ultrasonic healing” as the judgment standard of pri-
mary healing of the kidney wound, but further animal models
and histological verification are needed.

The extent and stability of wound were influenced by
tumor and surgical factors such as suture methods. CEUS
as an imaging method could objectively reflect and predict
it, lest the influence of subjective surgical factors to an
extent. Moreover, location (anterior/posterior) and R score
were found related to LOE in our study, which also influ-
enced the extent and stability of wound. CEUS is a non-
invasive, repeatable and radiation-free method that could
be implemented at the bedside of patients and is conveni-
ent for the follow-up of patients in bed after surgery.
Microbubbles are safer than iodine contrast because of
low risk of allergies. However, injury of the kidney col-
lecting system such as urine leakage may be neglected in
CEUS due to a lack of microbubble urinary excretion by
intravenous injection. Moreover, subcutaneous emphy-
sema could hinder the implementation of CEUS, and the
microbubble extravasation from wound is subject to the
subjective judgment of the examiner.

49 of 90 patients (54.4%) achieved ultrasonic healing
on PODI1, which may support next-day discharge was
feasible for patients after MINSS. Because of only four
patients (4.4%) with LOE over three days, it may be
relatively safe for discharge within three days after
MINSS. Several retrospective studies showed larger
tumor size was related to LOS>1 day and prolonged
LOS after RANSS.**** Correspondingly, R score of two
points (tumor size>4cm) was associated with longer LOE
in our study. The prediction formula could provide
a reference for the evaluation of LOE and relatively safe
time of discharge before surgery, especially helpful for
hospitals without the condition of CEUS examination in
an underdeveloped region. What’s more, the evaluation of
LOE was useful for surgeons to decide upon the surgical
strategy and improve the suture methods such as an
increase in suture tightness, leading to the enhancement
of kidney wound’s stability. No statistical significance was
found between LOE and grades of Clavien-Dindo classi-
fication, the limited number of patients with different
grades of complications may account for it. Patients with
LOE over one day were more likely to have surgical
complications than those with LOE of one day (75.6% vs
49%, P=0.016), which demonstrated that LOE was asso-
ciated with a clinically relevant outcome such as the
increased risk of complications that would be a true find-
ing. The postoperative management for the patients with
LOE over one day might be more conservative.

There are some limitations in our study. A relatively
small sample size may increase the probability of type II
errors and reduce the statistical power, which would affect
the conclusions of the study. The ultrasonic healing repre-
sents which stage of kidney wound healing needs further
More
researches are needed to determine whether there is an

animal models and histological verification.
increase in postoperative complications to discharge after

ultrasonic healing.

Conclusions

CEUS was feasible, repeatable and useful in the assess-
ment of kidney wound recovery. Tumor size and location
were related to LOE after MINSS. LOS after MINSS
within three days might be relatively safe.
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