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Background: This study investigated the safety and efficacy of a new cooling device for use in minimal-incision kidney trans-
plantation (MIKT).

Material/Methods: From June 2016 to December 2021, 9 patients underwent MIKT surgery in our hospitals using the new cooling
device to maintain hypothermia. We recorded and analyzed information on the etiology, comorbid status, on-
going renal replacement assessment, BMI, HLA mismatching sites of donors and recipients, and perioperative
and postoperative clinical data for recipients.

Results: Kidney transplantation was successfully performed in all patients. The kidney surface temperature measure-
ment results showed that the intraoperative renal anterior and posterior surface temperatures were stable at
approximately 3.8+1.2°C and 5.2+1.3°C, respectively, during ice-water circulation. The mean operation time was
112415 min, the artery anastomosis time was 16+6.0 min, and the vein anastomosis time was 14+4.5 min. All
recipients recovered uneventfully. The patients were followed up for 6-30 months. Urinary and vascular com-
plications were not found in any recipients.

Conclusions: The new cooling device can facilitate MIKT. It is safe and feasible to carry out MIKT using the new cooling de-
vice, which can reduce surgical trauma and improve the quality of vascular anastomosis with satisfactory cos-
metic results.

MeSH Keywords: Anastomosis, Surgical ¢ Hypothermia, Induced ¢ Kidney Failure, Chronic ¢ Kidney Transplantation ¢
Surgical Procedures, Minimally Invasive
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Background

Recipients of renal transplants are patients with kidney failure,
often accompanied by anemia, hypoalbuminemia, and edema.
The incidence of wound infection, poor wound healing, and
other complications after renal transplantation are potential-
ly higher than those in other surgical patients [1]. Therefore,
reducing the trauma of kidney transplantation and protecting
the donor kidney from all possible adverse factors during the
operation are still important clinical goals for transplant sur-
geons. Surgeons have performed many studies on this top-
ic. The minimal-incision technique for kidney transplantation
(MIKT) has been previously reported [2-6]. In recent years, we
have carried out a series of animal experiments and clinical
studies on laparoscopic kidney transplantation [7-11] and de-
signed a net-restrictive bicirculating double-layer plastic jack-
et (China, patent number: ZL2018 2 0687164.X). We speculate
that it is reasonable and feasible to use this device for MIKT,
so we refined this new cooling device and performed the pres-
ent clinical study to investigate its safety and efficacy in MIKT.

Material and Methods

From June 2016 to December 2021, 9 patients underwent MIKT
surgery in our hospitals using the new cooling device to main-
tain hypothermia: 1 patient undergoing a related-donor kid-
ney transplantation and 8 patients undergoing a donation after
cardiac death kidney transplantation. All the deceased donors
were male and healthy (Table 1), and the routine virology test
result was negative. We recorded and analyzed information on
the etiology, comorbid status, and ongoing renal replacement
assessment, BMI, HLA mismatching sites of donor and recip-
ient, and perioperative and postoperative clinical data for re-
cipient (Table 2). The study was approved by the hospital re-
view board, and informed consent was obtained from each
patient. The study adhered to the ethical standards of the
2000 Declaration of Helsinki and the Declaration of Istanbul
2008. No executed prisoners were used as donors.

Table 1. The medical reasons for brain death of the donors.

1 Male 45 33
""""" 2 Male 50 35  Circul
| & Male s 29 Head
""""" 4 Male 23 23 Traun
| Male - s 30 Head
""""" 6  Mae 20 28 Traffi
""""" 7 Mae 25 20 Exten
""""" 8  Mae 51 18 Traffi
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Design and assembly of the net-restrictive plastic jacket

The net-restrictive plastic jacket (NPJ) is composed of a home-
made sealed plastic bag (approximately 12x20 cm, with 2 sili-
cone or latex tubes) and a small plastic mesh bag. The bottom
of the plastic bag is dented to form a new cavity. The donor
kidney is put into the cavity, and then the opening of the cav-
ity is closed from both sides with titanium clips, leaving a gap
in the middle for the vessels to be placed outside. The plas-
tic bag (including the kidney) is wrapped and trussed tightly
with the mesh bag. Then, the mesh bag is cut open (approx-
imately 3 cm) at the renal hilum to expose the renal artery
and vein for intraoperative anastomosis. The device was de-
signed to cover almost the entire kidney and is equipped with
2 tubes, with flow formed by the circulating perfusion of sa-
line ice-water at 0-4°C during the operation to achieve a con-
stant and reliable cooling effect (Figure 1).

Kidney transplant surgery

Before the transplantation, we performed a careful and me-
ticulous back-table preparation of the kidney and completed
the assembly of the NPJ, kidney placement, and leakage test-
ing. All components, including temperature-measuring elec-
trode wires, were strictly disinfected. A thread was tied trans-
versely on the surface of the graft kidney between the artery
and vein, and the measuring electrode probe was placed and
fixed to the thread on both sides of the kidney before the kid-
ney was put into the jacket. Oblique incisions in the right or
left hypogastrium were made 3-4 cm above the inguinal liga-
ment and 2-3 cm from the midline at the medial end, with a
length of 7-9 ¢m (Figure 2). During transplantation, the skin,
subcutaneous tissue, and external fascia were incised through
the minimal incision, and then the internal oblique was care-
fully separated, and the transverse fascia was incised to cre-
ate the extraperitoneal space. The abdominal muscularis lay-
er was only cut if necessary, depending on recipient condition.
After a sufficient iliac fossa extraperitoneal pouch was formed,
the donor kidney and the cooling device were fully placed into

Intracranial hemorrhage

Traffic acciden
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Table 2. Summary of characteristics of donor and recipient.

Recipient, n 9
© Gender (n, Male/Female) &1
CAge 3931143
e 3519

Chronic GN 6
"""" lgAnephropathy 1
"""" Unknown 2
CoDonor
"""" Related donor 1
"""" Gender (n, Male/Female) o1
"""" Unrelated,DCD 8
© Gender (n, Male/Female) s0
CAge 432141
ewi o70s61
© Serum creatinine (mg/d) 125:05
© Graft laterality (0, LR) s4
 Graftangioplasty  3(333%)
 HlAmismatch 3804
© PRApanel reactive antibody 4512
© lymphocytic toxicity test 40510

MIKT — minimal incision kidney transplantation; BMI — body
mass index; GN — glomerular nephritis; DCD — donation after
cardiac death; HLA — human leukocyte antigen; PRA — panel
reactive antibody.

the pouch; only the inlet and outlet of the cooling device and
the measuring electrode wires crossed the incision (Figure 3).

During the operation, the cooling water was circulated with-
in the cooling system by 2 assistants using two 50-mL injec-
tion syringes at a rate of approximately 5 syringes per min-
ute (approximately 250-300 mL/min). One assistant pushed
ice-water in the syringe from one tube, and another assis-
tant refilled another syringe with ice-water in a basin that
acted as an ice-water reservoir collecting the circulated ice-
water from another tube of the NPJ. The renal vein and re-
nal artery were anastomosed end-to-side with the external
iliac vein and external iliac artery, respectively, in only 1 posi-
tion in the pouch. Approximately 3-5 min before the anasto-
mosis was performed (3—-5 min before revascularization), we
stopped the circulation of the cooling water. Real-time moni-
toring of graft kidney temperature was performed using a mul-
tichannel temperature tester (JK808, Changzhou Jin Ai Lian
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Electronic Technology Co., Ltd, Changzhou, China) and record-
ed and shown on a computer screen during renal artery and
vein anastomosis (Figure 4).

After completing the renal artery and vein anastomosis, the
revascularization of the kidney was performed. Ensuring that
there was no active bleeding in the surgical field, the cooling
jacket was cut open to free the kidney, all components of the
device were removed completely, and the measuring electrode
was removed (Figure 5). The ureter and bladder were anasto-
mosed by mucosa-to-mucosa procedures, while a double “)”
tube was inserted intraoperatively. Then, the bladder seromus-
cular layer was intermittently sutured with the 4-0 absorbable
suture for 2-3 stitches to bury the anastomosis. After instru-
ments and dressings were accounted for, 1 drainage tube was
embedded in the wound, and the incision was closed.

Immunosuppression

Patients received intravenous methylprednisolone. The intra-
operative dose was 1 g, and the drug was given consecutively
for 3 days postoperatively at a dose of 500 mg. The postoper-
ative immunosuppressive protocol of tacrolimus, mycopheno-
late, and prednisone was used with tacrolimus 2-3 mg twice a
day. Oral administration was started on the first day after sur-
gery, and the dosage was adjusted according to the blood-drug
concentration. The dosage of mycophenolate was 750 mg, 2
times a day. Oral administration was started on the first day
after surgery. Prednisone was administered at 30 mg a day, and
oral administration was started 4 days after surgery.

Statistical analysis
SPSS 18.0 statistical software (SPSS Inc., Chicago, IL, USA) was

used to perform data analysis. Results are expressed as the
mean standard deviation (SD).

Results

Kidney transplantation was successfully performed in all pa-
tients, and all recipients recovered uneventfully. The kidney
surface temperature measurement results showed that the
intraoperative renal anterior and posterior surface tempera-
tures were stable at approximately 3.8+1.2°C and 5.24+1.3°C
during ice-water circulation (Figures 4, 6). The mean duration
of surgery was 112+15 min, the artery anastomosis time was
16+6.0 min, and the vein anastomosis time was 14+4.5 min.
The patients were followed up for 6-30 months. Urinary and
vascular complications were not found in any recipients. The
intraoperative and postoperative observation data of the re-
cipients are shown in Table 3.
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Figure 1. Components and assembly of net-restrictive plastic jacket. (A) Components: plastic bag and plastic net. (B) Denting the
bottom of the sealed plastic bag to form a new cavity. (C) Placing the kidney into the cavity and closing the cavity from both
sides of the bag with a titanium clip, leaving a gap in the middle for the vessels to be placed outside. Wrapping the plastic
bag and kidney with the mesh bag, and opening a hole to place the renal blood vessels outside. (D) Assembly of the net-
restrictive plastic jacket finished with tubes and probe.

=~ e
Figure 3. Placement of the donor kidney and the cooling
A device into the extraperitoneal space for surgeons to
é — complete the renal arteries and veins anastomosis.
, Only the inlet and outlet of the cooling device and the
measuring electrode line crossed the incision.

Figure 2. Oblique incisions in the right hypogastrium was
performed 3—-4 cm above the inguinal ligament and
2-3 cm from the midline at the medial end, with a
length of 7-9 cm.
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Figure 5. After the completion of revascularization, the transplanted kidney was bright red, with renal artery filling and good pulsation.
The cooling jacket was cut to free the kidney, and the surgical team checked and verified that all components were
completely removed, and the measuring electrode was removed (A). Minimal incisions can be smaller than the kidney (B).

Discussion

The potential advantage of reducing incision trauma will ben-
efit those patients with significantly impaired wound healing
ability due to immunosuppression. During MIKT, the quality of
vascular anastomosis should be ensured while surgical injury
should be reduced, including surgical trauma to the recipient
and various injuries to the donor kidney. @yen et al. reported
on 21 cases of MIKT and carried out a prospective follow-up
control study. The donor kidney was placed in the iliac fossa,
the final position of transplantation, to complete the anastomo-
sis of the vessel and the ureter. The results showed that mini-
mal-incision kidney transplantation could be performed safely
and rapidly and had beneficial effects on postoperative pain/
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analgesia, recovery, and complications [2]. Brockschmidt et al. [5]
reported on 10 cases of MIKT. They placed the donor kidney
outside the body for vascular anastomosis. All recipients had
good graft function without complications. Placing the kidney
in a cooling bag outside the wound with vessels crossing the
abdominal wall through the wound may increase surgical dif-
ficulties when performing blood vessel anastomosis with the
smaller access. In addition, with the reduced access to per-
form anastomosis, it may be possible to tear the blood ves-
sels if the tension is not well controlled. Anastomotic quality
may be compromised if it is performed under excessive ten-
sion. Moreover, during the operation, if the kidney is placed
onto the body, the surgeon or assistant must hold it for anas-
tomosis, which may squeeze the graft kidney, accelerate the
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The temperature profile during operation
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Figure 6. Temperature curves from kidney introduced into
cooling devices to kidney revascularization. CH1(NPJ):
Net-restrictive plastic jacket cooling surgery, underside.
CH2(NPJ): Net-restrictive plastic jacket cooling surgery,
upside.

melting of the ice slush, increase or fluctuate the temperature
of the kidney, and waste time when adding ice slush and re-
moving water. Compared with traditional kidney transplanta-
tion, the duration of MIKT may be prolonged if the kidney is
placed into the body for anastomosis of vessels. Studies have
revealed that prolonged anastomosis time leads to significantly
inferior long-term graft outcomes and patient survival [12,13].
MIKT may be more likely to become an extensively accepted
procedure if the kidney is inserted into the body with reliable
hypothermia protection measures for the anastomosis of the
renal and iliac vessels. The device used in this study achieved
satisfactory results in the clinical application of laparoscopic
kidney transplantation [10,11]. In the first laparoscopic kidney
transplantation in China, this device worked for 125 min dur-
ing the surgery, maintaining the temperature at 1-4°C [10].

The advantages of this NPJ are: (1) it can produce a reliable
cooling effect and maintain it for the required length of time;
(2) the mesh bag can be clamped to adjust the position of the
kidney for vascular anastomosis; (3) it can protect the kidney
from instrument injury; (4) the mesh bag at the outermost
border could limit the overexpansion by wrapping the donor
kidney tightly and occupying a small space; and (5) it avoids
the disadvantages of the ice gauze jacket that was used tra-
ditionally, which needed repeated saline suction and contin-
uous clear visibility. Dependable intraoperative hypothermia
can ensure the renal function of transplantation and increase
the time limit of vascular anastomosis, which reduces the
pressure on the surgeon, thus ensuring the quality of vascu-
lar anastomosis. A limitation of this study is the small sample
size. The NPJ is made in-house, and it will perform better if it
is refined as a commercial product.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€928773-6

LiY.etal:
A cooling device for kidney transplantation
© Ann Transplant, 2020; 25: 928773

Table 3. Perioperative and postoperative clinical data for
recipients.

Incision length (cm) 7.9+1.2
© Warm ischemia time (min)  50+13
© Coldischemiatime(h)  65s¢10
* Operation time (min) 112¢15
© Artery anastomosis time (min) 16160
© Vein anastomosis time (min)  14x45
©Surface temperature ()
"""" Upsidet  38:12
"""" Underside* 52613
~Blood lose (m) 5:10
 Postoperative analgesic(n) | >
Indwelling drainage tube (median,d) 3.0 (2-4)
© Resume normal dieting time(median) 18 (1-2)
© First postoperative day NRS (median) 22
© Hospital stay (median,d)  95(7-13)
©surgical complications
"""" Perinephric space effusion () 0
"""" Wound infection 0o
AN o
&R 1
 Creatinine (mg/a)
 Attime o discharge 19:14
 Atthe latest follow-up 16:18
© Survival of graft/recipient (%) 100/100

MIKT — minimal incision kidney transplantation;

NRS — 0-10-point numerical rating scale; ATN — acute renal
tubular necrosis; AR — acute rejection. * The mean temperature
was calculated for the circulating period.

Conclusions

The new cooling device NPJ could facilitate MIKT. It is safe and
feasible to carry out kidney transplantation with minimal inci-
sion using the NPJ to induce hypothermia, which can reduce
surgical trauma, protect the kidney from injuries, shorten the
duration of vascular anastomosis, improve the quality of vas-
cular anastomosis, achieve satisfactory cosmetic results, and
improve graft function. The NPJ should be widely used in clin-
ical transplantation.
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