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Case Report
Intraoperative cryoablation of locally advanced  
pancreatic cancer: report of two cases
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Abstract: Pancreatic cancer is one of the most deadly cancers and more than 80% of patients do not qualify for 
radical resection. Here we report two patients, diagnosed with pancreatic head and body/tail cancer that received 
an exploratory operation. Two tumors were locally advanced and radical resection was impossible. Intraoperative 
cryoablation of the tumor was performed and the perioperative data were collected and evaluated. The two patients 
recovered smoothly without any major complications. The serum CA19-9 level of both patients was >1000 U/ml 
before surgery, but was decreased to 126 U/ml and 705 U/ml post-operation, respectively. The tumor size was re-
duced from 3.1 cm*2.2 cm and 5.0 cm*2.5 cm to 2.1 cm*2.0 cm and 4.5 cm*2.5 cm, respectively. The complaint 
of pain was significantly relieved from 5 and 8 to 2 and 2, respectively. In general, cryoablation is a safe and effec-
tive treatment for patients with locally advanced pancreatic cancer.
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Introduction

Pancreatic cancer is one of the deadliest solid 
malignancies with poor prognosis and the 
5-year survival rate remains at only about 5% 
[1]. Surgical resection of the tumor is consid-
ered the only effective way to cure pancreatic 
cancer, however more than 80% of patients do 
not qualify for radical resection at the time of 
diagnosis [2]. Invasion by tumor of the adjacent 
major vascular structures is common. Greater 
than 180-degree involvement of the celiac axis 
or SMA (superior mesenteric artery) is consid-
ered locally advanced which means resection 
of these cancers is either not possible or would 
result in a R2 resection [3]. Cryoablation for 
solid tumors is an effective approach for in situ 
tumor ablation [4]. It is reported that cryoabla-
tion can freeze and kill the tumor cells, thus 
reducing tumor growth in advanced pancreatic 
carcinoma [5]. This article describes two pa- 
tients of advanced pancreatic cancer who 
received intra-operation cryoablation of the 
tumor when it was been found that radical 
resection was not possible through operative 
exploration. 

Case reports

Case 1

A 75-year-old male, complaining of upper 
abdominal pain for 2 weeks was admitted to 
our hospital in January 2017. The patient had 
cholecystectomy 14 years ago. Physical exami-
nation revealed no obvious abnormality. La- 
boratory tests showed that routine blood count, 
kidney functions, electrolytes were normal, 
while liver functions was TBIL, 150.6 umol/L 
(normal range, 1.7-17.1 uoml/L), DBIL, 127.9 
umol/L (normal range, 0-5.1 uoml/L), ALT, 402 
IU/L (normal range, 0-41 IU/L), AST, 325 IU/L 
(normal range, 0-40 IU/L), and serum CA19-9 
was markedly increased to >1000 U/ml (nor-
mal, 0-37 U/ml). In addition, abdominal con-
trast-enhanced thin-slice CT scan revealed 
there was an occupancy lesion in pancreatic 
head, which was likely to encroach on SMA 
(Figures 1A, 2A, 2B).

An exploratory operation was performed after 
excluding surgery contraindications. There was 
no abdominal metastases. The mass was about 
3.1 cm*2.2 cm located at the head of pancreas 
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and the tumor involvement of SMA was greater 
than 180-degree which was sub-classified at a 
stage of locally advanced or unresectable and 
thus radical resection of the tumor was not 
possible. Gastroenterostomy and cholangioje-
junostomy was performed and intraoperative 
cryoablation of the tumor was performed which 
had been informed to patient with the detail 
before the operation. The equipment we used 
during the cryoablation was the Ar-He targeted 

Cryo-System (Cryocare, HealthTronics, Texas, 
USA), a system providing cold or hot Ar-He gas 
source. A probe of 1.7 mm in diameter was 
inserted into the tumor which could provide the 
ice ball at most about 5.4 cm*3.3 cm in dimen-
sion. We used ultrasound to guide accurate 
placement of the probe and kept avoided acci-
dental injury of major blood vessel. The tumor 
was frozen and rewarmed for two cycles, in 
detail, freezing to -160°C for 8 min, then 

Figure 1. Arterial phase of computed tomography scan of the occupancy lesion of pancreas. (A), Case 1, before 
cryoablation, a 3.1 cm*2.2 cm lesion in pancreatic head with lower density compare to the normal pancreas tissue 
(arrow) (B), Case 1, after cryoablation, a 2.1 cm*2.0 cm even lower density lesion compare to pre-operation (arrow). 
(C), Case 2, before cryoablation, a 5.0 cm*2.5 cm lesion in pancreatic body and tail with lower density compare 
to the normal pancreas tissue (arrow) (D), Case 2, after cryoablation, a 4.5 cm*2.5 cm even lower density lesion 
compare to pre-operation (arrow).
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rewarming to 37°C for the first cycle, and freez-
ing to -160°C for 8 min, then rewarming to 37°C 
for the second cycle (Figure 3A, 3B). The sur-
gery procedure went well.

The postoperative period was uneventful. One 
week after surgery, liver functions of the patient 
were TBIL, 36.9 umol/L, DBIL, 29.1 umol/L, 
ALT, 49 IU/L, AST, 46 IU/L. There were no proce-
dure-related complications including infection, 
gastrointestinal or intra-abdominal bleeding 
and gastroparesis. The serum CA19-9 level and 

the tumor size was evaluated 1 month after 
surgery. CA19-9 was decreased to 126 U/ml, 
and the tumor size measured by abdominal 
contrast-enhanced CT scan was reduced to 2.1 
cm*2.0 cm and the lower destiny of central 
tumor was appeared. (Figure 1B) The evalua-
tion of pain intensity used a visual analog scale 
ranging from 0 (indicating no pain) to 10 (indi-
cating the worst pain imaginable). The com-
plaint of pain was significantly relieved from 5 
to 2. The patient is still alive and followed-up 
(Table 1).

Figure 2. Vascular reconstruction to evaluate tumor invasion to adjacent major vessel structure before operation. 
(A), Case 1, CTV showed narrowing of SMV (superior mesenteric vein) root (arrow) (B), Case 1, CTA showed no appar-
ent abnormality of SMA (arrow). (C), Case 2, CTV showed occlusion of splenic vein (arrow) (D), Case 2, CTA showed 
narrowing of splenic artery while no apparent abnormality of celiac axis (arrow).
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Case 2

A 67-yearold female, complaining of upper 
abdominal and lower back pain for 1 months 
was admitted to our hospital in January 2017. 
The patient had no previous medical history 
except for depression for 9 years and it was 
well-controlled on buspirone (10 mg tid), venla-
faxine (225 mg qd) and mirtazapine (15 mg qd). 
Physical examination revealed light direct ten-
derness in the upper abdomen. No palpable 
masses were observed in abdomen. Laboratory 
tests showed that routine blood count, liver and 

kidney functions, electrolytes were normal, 
while serum CA19-9 was >1000 U/ml. CT scan 
revealed an occupancy lesion in the pancreatic 
body and tail which was like to encroach on 
celiac axis (Figures 1C, 2C, 2D).

Exploratory operation was performed and there 
was no abdominal metastases. The mass was 
about 5.0 cm*2.5 cm located at the body and 
tail of pancreas and the tumor involvement of 
celiac axis was greater than 180-degree which 
was sub-classified stage into locally advanced 
or unresectable and radical resection of the 

Figure 3. Intraoperative picture of the two patients. (A), Case 1, the pancreatic tumor exposed during operation to 
protect the adjacent organs (B), Case 1, ultrasound guided puncture to the tumor parenchyma to avoid the injuries 
of the surrounding blood vessels and detect the formation of ice ball (arrow) (C), Case 2, cryoprobe inserting into the 
tumor (arrow) (D), Case 2, ice ball formation after cryoablation (arrow).
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tumor was not possible. Intraoperative cryoab-
lation of the tumor was performed. The equip-
ment and method we used during cryoablation 
was the same as the previous patient. The 
tumor was frozen and rewarmed for two cycles, 
in detail, freezing to -160°C for 15 min, then 
rewarming to 37°C for the first cycle, and freez-
ing to -160°C 10 min, then rewarming to 37°C 
for the second cycle (Figure 3C, 3D). The sur-
gery procedure went well.

According to NCCN guideline of pancreatic can-
cer, resectable stages include AJCC Stages I 
and II, and the subset of Stage III that is defined 
as borderline resectable, and the unresectable 
categories include the subset of Stage III that is 
defined as locally advanced (unresectable), and 
Stage IV (metastatic). Exploratory laparotomy is 
recommended in patients diagnosed as bor-
derline resectable, while it is often encountered 
that the tumor invades greater than 180-degree 

Table 1. Patient demographic and perioperative data
Characteristics Patient 1 Patient 2
Sex Male Female 
Age, years old 75 67
Tumor location Head Body and tail
Vessel invasion SMA Celiac axis
Operative approach Bypass and cryoablation Cryoablation
CA19-9, U/ml
    Pre-operation >1000 >1000
    Post-operation 126 705
Tumor size, cm
    Pre-operation 3.1*2.2 5.0*2.5
    Post-operation 2.1*2.0 4.5*2.5
Pain score
    Pre-operation 5 8
    Post-operation 2 2
Complications, n 0 0
Survival Alive after six months Alive after six months

Table 2. Efficacy and safety of intra-operative cryosurgery on ad-
vanced pancreatic cancer

Studies Kovach et al. 
(2002) [9]

Xu et al. 
(2008) [16]

Li et al. 
(2011) [17]

Song et al. 
(2014) [12]

Cases 10 11 68 42
Efficacy
    CA19-9 decrease - - 66% 50%
    Tumor size shrinkage - - 65% 40%
    Pain relief 67% - - 83%
    Survival time - 16 monthes* 350 days 5 monthes
Safety
    Morbidity 0 - 30% 17%
    POPF 0 - 5% 0
    DGE 0 - 25% 2%
    Hemorrhage 0 - 3% 2%
    Infection 0 - 11% 2%
*The patients also received 125iodine seed implantation and chemotherapy. DGE, 
delayed gastric emptying; POPF, postoperative pancreatic fistula.

The postoperative period 
was smooth. The level of 
ascites amylase was incr- 
eased to 582 IU/L (norm- 
al, 0-300 IU/L) transiently, 
and returned to 152 IU/L 
on the seventh days. The 
serum CA19-9 level and 
the tumor size was evalu-
ated 1 month after the su- 
rgery. CA19-9 was decrea- 
sed to 705 U/ml, and the 
tumor size was reduced to 
4.5 cm*2.5 cm, and a 
lower destiny of central 
tumor appeared. (Figure 
1D) The complaint of pain 
was significantly relieved 
from 8 to 2. The patient is 
still alive and followed-up 
(Table 1).

Discussion

Pancreatic cancer is one of 
the most deadly cancers 
with a median survival time 
of 6 months. Surgical rese- 
ction remains the only ch- 
ance for a cure, however 
more than 80% of patients 
do not have a chance to be 
a candidate for surgery. Tu- 
mors of the body and tail  
of pancreas are diagnosed 
even later due to a lack of 
specific clinical manifesta-
tions at the early stages. 
The resection rate for pan-
creatic cancer of the body 
and tail is about 10% to 
13% [6].
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of celiac axis or SMA which is defined as locally 
advanced [7]. If unresectable stage is found, 
the primary goal of treatment of these patients 
is palliation. Surgical biliary or gastrointestinal 
bypass followed by systemic therapy is recom-
mended, while the primary tumor is always 
ignored, and the overall prognosis of these 
patients is poor [8]. 

Cryoablation is an effective local ablative thera-
py in the management of solid tumors, it has 
been successfully used in prostate cancer, kid-
ney tumors, lung cancer, and liver cancer. 
Recently, reports of cryoablation on the treat-
ment of advanced pancreatic cancer has 
emerged (Table 2) [9, 10]. In the cryoablation 
technique, intracellular ice crystals are devel-
oped by rapid freezing of tumor tissue, which 
damages the cell membrane and organelles 
and results in cell death [4]. Therefore, cryoab-
lation can destroy pancreatic cancer cells and 
suppress progression of the disease. 

It has been reported that cryoablation of 
advanced pancreatic cancer was performed 
either percutaneously or during the open sur-
gery [11]. In our patient with borderline resect-
able tumor, exploratory laparotomy was per-
formed and showed that the tumor involve- 
ment of SMA or celiac axis was greater than 
180-degree and the radical excision was im- 
possible. Intraoperative cryoablation was then 
carried out immediately, which did not increase 
the trauma to the patients. 

Cryoablation of pancreatic cancer is safe in 
general, and the main postoperative complica-
tions that have been reported include pancre-
atic leakage, bile leak, intra-abdominal hemor-
rhage, infection, and gastroparesis [12, 13]. 
Our two patients developed no procedure-relat-
ed complications except patient 2, with a slight 
transient increase of the ascites amylase level. 
We used ultrasound guided puncture to the 
tumor parenchyma to avoid the injuries of the 
surrounding blood vessels, while the adjacent 
large vessels close to the ice ball formed during 
the freeing process could avoid injury by the 
rapid blood flow, namely a hot pool effect. To 
protect the adjacent organs, the application of 
flowing warm water to the surface of ice ball 
and wet gauze separating tissues from the pan-
creas was used. 

Serum CA19-9 is a sensitive marker for pancre-
atic cancer, and its level is partly related to 

tumor burden that is used to assess the effect 
of cryoablation. The CA19-9 level of our two 
patients was decreased significantly after treat-
ment indicating that it was an effective therapy 
to them. The incidence of retroperitoneum neu-
ral invasion in pancreatic cancer is high, espe-
cially in the advanced ones who suffering from 
pain seriously. Cryoablation damages tumor 
cells and tumor-eroded nerves to alleviate can-
cer pain [15]. However, the improvement of su- 
rvival time after cryoablation is still controver-
sial and future large-scale investigations are 
needed. 

In conclusion, cryoablation is a safe and effec-
tive treatment for patients with locally advanced 
pancreatic cancer. It could ease the tumor bur-
den and relieve the patients’ symptoms, while 
survival time after cryoablation needs further 
investigation.
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