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Dear Delegates,
Dear Guests,
Ladies and Gentlemen,

I am greatly pleased, as the President of the 
Austrian National Council, to welcome you to 
the coming 16th World Congress of the Inter-
national Society of Cryosurgery as well as to 
present my best compliments to all delegates 
and guests attending this scientific meeting 
in Vienna, a city with a great reputation for 
science world-wide. 

The venue for the present 16th World Con-
gress of Cryosurgery in Vienna is of great hi-
storical significance to modern cryomedicine 
and cryosurgery. The coming 16th World Con-
gress of the International Society of Cryosur-
gery reflects one of the important phases in 
the development of modern cryosurgery. 

In June 1972, Vienna was the city where the 
1st International Congress of Cryosurgery 
was prepared and organised by the Viennese 
scientists Dr. Rainer Gottlob as the President 
and Dr. Horst Haschek as the Secretary, in 
collaboration with international colleagues. 
The cradle of the 1st International Congress 
of Cryosurgery in Vienna gave the basic con-
cept and principles for the foundation of the 
International Society of Cryosurgery in the 
near future. Similarly, this lead to an impulse 
for further innovative research in cryobiology.  

At present, the use of low temperatures as 
one of the branches of modern medicine and 
medical science is being practiced world-wi-
de and is being applied in the diagnosis and 
treatment of several kinds of diseases, espe-
cially malignancies.  

Among the international scientists who have 

achieved and contributed to the progress of 
modern cryomedicine, cryosurgery and cry-
otechnology some Austrian and Viennese re-
searchers are also included.

Hopefully, the presented research data on 
the coming 16th World Congress of the Inter-
national Society of Cryosurgery in Vienna will 
give a significant impulse for the further esta-
blishment of cryosurgery. 

I wish you all scientific success, a pleasant 
stay in Vienna and good luck for the future!

Mag.a Barbara Prammer
President of the Austrian National Council

October 2011

Welcome Congratulation Letter 
by the President of the Austrian National Council
Mag.a Barbara Prammer
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Dear Delegates,
Dear Guests, 
Ladies and Gentlemen,

   
It is my great pleasure to welcome you to the 
coming 16th World Congress of the Internatio-
nal Society of Cryosurgery held on October 
29th – November 2nd, 2011 in Vienna, Austria!

Since its modern commencement in the 
1960s, subzero temperatures have been stu-
died theoretically, experimentally and clinical-
ly as well as with a focus on human use. In 
practice, the minimally invasive deep freezing 
surgical option, commonly known as cryos-
urgery in the field of low temperature expos-
ure, is increasingly used for the controlled 
destruction of pathological tissue, mostly ma-
lignancies.  Advances in cryosurgical tech-
nology have aroused scientific interest in the 
implementation of low temperatures for inno-
vative diagnostic purposes and the modern 
treatment of different kinds of diseases, es-
pecially in surgical oncology. 

Incidentally, international modern cryosurge-
ry has a long tradition in Vienna. In 1972, al-
most four decades ago, for the first time, the 
latest developments in cryosurgery connec-
ted to experimental and clinical cryosurgery 
as well as to cryosurgical instruments were 
discussed by scientists, researchers and 
physicians from Austria and all around the 
world during the first International Meeting in 
Vienna. The insights gained from the scienti-
fic discussions in Vienna lay the foundations 
for the beginnings of the Society of Cryosur-

gery world-wide.

I strongly believe that at the coming 16th World 
Congress of the ISC, not only new discove-
ries in the field of cryosurgery will be made, 
but also new perspectives will be gained for 
the future. 

I wish you all the best and a successful inter-
national meeting in the scientific and medical 
area, namely modern cryoscience and cryos-
urgery, in Vienna! 

Alois Stöger, diplômé
Federal Minister of Health of the 
Austrian Republic 

October, 2011

Welcome Congratulation Letter by the Federal Minister of 
Health of the Austrian Republic Alois Stöger, diplômé
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Dear Estimated Scientists,
Dear Delegates,

I am delighted to welcome you to the coming 
16th World Congress of the International So-
ciety of Cryosurgery prepared and held bet-
ween October 29th and November 2nd, 2011 in 
the wonderful city of Vienna, Austria with an 
international charm.

 The Olympic Flame, which opens the winter 
and summer Olympic Games, marks the start 
for the best athletes in the world to show their 
extremely high physical and mental fitness. 
But all categories of the Olympic Games 
mobilise people to reach their newest aims 
in order to raise the bar higher than already 
achieved and finally to emerge victorious. 

The coming World Congress of Cryosurgery 
should be viewed in a similar light where the 
newest scientific and medical knowledge in 
the field of cryosurgery regarding ill patients 
can be discussed by the best experts from 
all over the world. But at the same time, new 
perspectives and visions for the future should 
also be considered.

Athletic performance mobilises only a few 
people to demonstrate not only a human skill 
but also to inspire humanity. However, also 
the scientific mind of all future doctors and 
researchers will play a dominant role in ge-
nerating strong impulses in the field of cryos-
urgery in medicine and science worldwide for 
the future.

Just as the Olympic Games are of historical 
significance based on principles of demo-
cracy, legality and peace, the coming World 
Congress for medicine in Vienna is to be con-

sidered like this as well.

Furthermore, since cancer has to be accep-
ted nowadays as a biological, medical as well 
as human tragedy, the World Congress in Vi-
enna also makes significant contributions in 
science and practical medicine on a global 
basis. 

I wish you all not only professional success, 
but also significant accomplishments and col-
legial understanding for the future!

Alexander I. Tichonov
Sportsman of the 20th Century, 
Reiterate Olympic and World Champion

October 3rd, 2011

Welcome Congratulation Letter 
by the Sportsman of the 20th Century, 
Reiterate Olympic & World Champion Alexander I. Tichonov
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Ladies and Gentlemen,

In my current role as the President of the 
International Society of Cryosurgery, it is an 
honour and pleasure for me to welcome you 
to the 16th World Congress in Vienna again 
since 1972.

A special welcome to the eminent guests 
from Austria and from all over the world at-
tending the up and running ISC meeting in 
Vienna, and those who sent the Welcome 
Congratulation Letters to the Delegates of 
the 16th World Congress of ISC. These inclu-
de the following eminent guests such as the 
Parliament President of the Austrian Repu-
blic Mag. Barbara Prammer; the Federal Mi-
nister of Health of the Austrian Republic Alois 
Stöger, diploma; Sportsman of the 20th Cen-
tury, Reiterate Olympic and World Champion 
Alexander I. Tichonov; Participants of the 1st 
International Congress of Cryosurgery in Vi-
enna, June 1972, Prof. Dr. Andrew A. Gage 
from USA and Dr. Akira Hoki from Japan. 

An International Congress of Cryosurgery 
was held between June 4th and 7th in 1972 
in Vienna organised by R. Gottlob, and H. 
Haschek. For the first time, everybody invol-
ved in the congress thought it a somewhat 
uncertain undertaking and representatives 
of basic research and specialists in the diffe-
rent medical disciplines met to mutually ex-
change ideas and experience in cryosurgery. 
The success and the extensive interest in the 
scientific contribution of the congress encou-
raged G. Sesia to hold the second congress 
in Torino in 1974. On the occasion of this 
congress, the International Society of Cryos-
urgery was founded. Afterwards, cryosurgery 
developed while absorbing knowledge of the 
Society for Cryobiology that rose in 1964.

Cryosurgery has a long history since J. Arnott 
in 1851, and it is a supreme surgical tech-

nique in terms of minimally invasive ablati-
on, availability, and quality of life result and 
prognosis. I. Cooper, founder of the mo-
dern cryosurgery, described the advantage 
of cryosurgery that the patient is awake, 
conscious and cooperative during surgery. 
Today‘s percutaneous cryosurgery correctly 
shares in the benefits of that advantage. 

The mission of this congress is the basic and 
practical establishment of correct and com-
plete destruction of diseased targets using 
freezing and thawing, and of a competent de-
rivative method of strong response of cryo-
vaccination of tumour hosts, that is the quest 
for the Holy Grail of clinical oncology. 

This is my second time as president of the 
ISC after 33 years since the 5th Congress in 
Manila in the Philippines in 1983. I should say 
that the state of the ISC has been one of cha-
os in the past few months.. It was necessary 
to change the direction of the ISC so that we 
could get back on track.. However, nobody 
liked the conflict. Then, I remembered two 
words on a flag raised by Prague Castle in 
Czech; „Truth prevails“ which became our 
catchphrase to adjust the wrong direction of 

Welcome Message 
by the President of the International Society of Cryosurgery,
Honorary President of the International Society of Cryosurgery
Professor Dr. Sajio Sumida 
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the ISC. The results were given in the inaugu-
ral address of my presidency.

We are sure that the participants from all over 
the world will agree with me that it is a privi-
lege for all of us to open this 16th World Con-
gress of ISC.

May we hereby thank you, Prof. Dr. Niko-
lai Korpan and your staff for the efforts and 
great care dedicated to this, our 16th World 
Congress of Cryosurgery, and also we cordi-
ally appreciate Prof. Dr. Kecheng Xu and his 
Fuda hospital group, and Dr. Patrick Le Pivert 

and the Online election committee members 
for the wonderful job that they have done, for 
without them we wouldn’t be sitting here to-
day. Finally, I must not forget to express im-
mense gratitude to ardent participants from 
China, Japan, and all over the world. It is very 
regrettable not to be able to express gratitude 
to everyone individually.   

With best wishes for a successful course and 
completion of the Congress in Vienna 2011!

Thank you. 

Prof. Sajio Sumida, MD, PhD, F Soc Cryo-
biology
The President of the International Society of 
Cryosurgery
The Honorary President of the International 
Society of Cryosurgery

October 7th, 2011“PRAVDA VITEZI.“ – Truth Prevails.”

Dear Delegates,
Dear Colleagues,
Dear Friends,

The modern era of cryosurgery began late 
in the 1960‘s and interest in the technique 
quickly spread worldwide. This led to the first 
International Congress of Cryosurgery, which 
was held in Vienna in 1972. 

Three years later, at the second Congress of 
Cryosurgery in Torino, the International So-
ciety of Cryosurgery (ISC) was founded and 
has met periodically ever since then. These 
meetings have contributed greatly to the de-
velopment of cryosurgical practice as impro-
vements in cryosurgical equipment, freezing 
monitoring techniques, and new applications 
to diverse diseases were described. 

It is especially appropriate to have the 16th 
meeting of the ISC in Vienna, which in some 
respects is where the Society has its roots.

The coming 16th meeting of the ISC on Octo-
ber 29th – November 2nd, 2011 in Vienna, Au-
stria features the reorganization of the ISC, 
which should serve to promote the interest in 
and practice of cryosurgery. The initiation of 
this reorganization has been a difficult task 
and those individuals who have met the chal-
lenges merit our compliments and gratitude. 
I trust that the ISC will serve as a unifying 
agent to include the activities of the several 
national societies of cryosurgery. The manner 
in which this integration can be done should 

be a major item on the agenda of the Execu-
tive Committee of the ISC in its planning for 
the future.

Best Wishes for a successful enjoyable mee-
ting!

Andrew A. Gage, MD, FACS
Professor of Surgery Emeritus
School of Medicine & Biomedical Sciences
State University of New York at Buffalo, USA 

Participant and Speaker of the 1st Internatio-
nal Congress of Cryosurgery, Vienna, June 
1972

October 2nd, 2011

Welcome Message 
by Participant and Speaker of the 
1st International Congress of Cryosurgery, Vienna, 1972
Andrew A. Gage, MD, FACS, USA



20 21

Dear Delegates,
Dear Colleagues,
Dear Friends,

First I have to show my heartfelt thanks for 
the help from your countries after the earth-
quake and tsunami in Japan. 

I am very surprised that the congress of the 
International Society of Cryosurgery has la-
sted for39 years, such a long time. 

It is very meaningful that the 16th World Con-
gress of the ISC is reorganized and held in 
Vienna where the 1st Congress of Internatio-
nal Cryosurgery was held in April of 1972. 

Moreover, many doctors from around the 
world attend this historically significant mee-
ting which will provide a further innovative 
scientific basis for the future development of 
cryomedicine and cryosurgery world-wide.

I hope that the coming 16th World Meeting of 
Cryosurgery will be successful and that the 
International Society of Cryosurgery will de-
velop more and more in the future. 

Finally, I wish all participants attending the 
coming meeting in Vienna between October 

29th  and November 2nd, 2011 scientific suc-
cess and a nice stay in the wonderful city of 
Vienna.

Akira Hoki, MD, Japan
Participant and Speaker of the 1st Internatio-
nal Congress of Cryosurgery,

October 1st, 2011

Welcome Message 
by Participant and Speaker of the 
1st International Congress of Cryosurgery, Vienna, 1972
Akira Hoki, MD, Japan
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Dear Delegates,
Dear Colleagues,
Dear Friends,

I feel honoured and privileged to welcome 
you to the coming 16th World Congress of the 
International Society of Cryosurgery in Vi-
enna, one of the foremost international con-
gress cities in the heart of Europe. 

Another mission and true vision of the mee-
ting are to bring together respected and 
young scientists, researchers and physicians 
from all over the world who have collected 
the newest pioneering data in the field of mo-
dern cryoscience, cryomedicine, cryosurgery 
and cryotechnology. The exchange of experi-
ences, especially in practice, should lead to 
the opening of new perspectives referring to 
the development of cryoscience and cryome-
dicine, including cryosurgery and cryotechno-
logy, in the near future. This way the horizon 
of the ISC should be broadened, too. 

The 16th World Congress of the ISC hosted in 
the imperial Viennese Hofburg, held between 
October 29th and November 2nd, 2011, is di-
rectly connected to an historical context re-
flecting the development of the International 
Society of Cryosurgery since its beginnings 
in 1972 in Vienna.    

Considering the usage statistics for the official 
website of the ISC: www.isc.cryosurgery.at 
there were 884 visits connected to the 3824 
pages, 8612 files and 19699 hits within the 
few past months. For the first time in the who-
le history of the ISC, which is almost 40 years 
long, 151 delegates from four continents 
Asia, Europe, Latin America and USA will be 
attending the coming meeting in Vienna. This 
objective fact indicates the enormously high 
interest of researchers and physicians in the 
present subject matter, especially after the 
recent discussions with each other. 

Therefore, the main aim of the coming 16th 

World Congress of the ISC in Vienna is to re-
vitalize, reconstruct and renew the ISC in a 
democratic and legal way existing in modern 
human society.  

Finally, for the first time, numerous young sci-
entists have been invited to attend the ISC 
Congress in Vienna under special benefits. 
The participation of young specialists will 
create fertile ground for interdisciplinary col-
laboration on national and international levels 
in the near future in science and medicine. 

I am very pleased to welcome you to Vien-
na to the coming 16th World Congress of the 
ISC!

Univ.-Prof. Dr. Nikolai N. Korpan
16th Congress President of the International 
Society of Cryosurgery 

October 5th, 2011

Welcome Message 
by the 16th Congress President of the 
International Society of Cryosurgery
University Professor Dr. Nikolai N. Korpan



24 25

History of Cryosurgery

Sajio Sumida
Sajio Sumida Clinic, Takeda Bldg. 203, 2-11-
6 Ginza, Chuoku, Tokyo, 104-0061, Japan, 
email: cryomedicine@aol.com

I became a surgeon in 1960, and operate still 
now. I knew cryosurgery as a subscriber of 
the journal of Cryobiology in 1965. I joined 
the Society for Cryobiology soon in 1966. We 
know already, James Arnott performed local 
freezing to treat cancer for the first time in 
1845 in the world. The structure of the refri-
gerate irrigation instrument that we are using 
for the topical cooling today is originally desi-
gned by him. 

Treatment by freezing the site of disease 
had been done also in Japan since 1911 by 
Dr. S. Dohi and others using carbon dioxide. 
He described that tissue edema, dilation of 
lymphatic vessels, round cell infiltration were 
observed in the frozen field of subcutaneous 
tissue that would be the first observation of 
cryoimmune response. As liquid nitrogen im-
mersed cotton swab and solid carbon dioxide 
are safe, handy, cheap, and unnecessary of 
special equipment, they have been used for 
100 years or more in the outpatient clinic of 
dermatology. 

I have written and lectured the history of 
cryosurgery several times. However, it was 

the first time that I was made to think about 
something with the history recently, so I 
shall discuss it briefly. Due to the needs in 
the age of the minimally invasive ablation of 
the diseased tissue, cryoprobe became gra-
dually thin of 1.5mm in the outside diameter 
recently, and refrigerants changed from cold 
water solution to a liquefied gas or a high-
pressure gas. The big difference between the 
20th and the 21st century is the site where 
low temperature is generated by the effect 
of Joule-Thomson. However, if the image 
guiding technology and the technology of 
transcutaneous puncture using such a thin 
cryoprobe cannot be made good use of, the 
patient’s demand in the age when a super-
minimally invasive surgery is required cannot 
be satisfied. I think that it is not necessarily 
in the vain effort to search for the origin of 
the cryosurgical equipment and for the cur-
rent topics of cryo-vaccination, the Holy Grail 
while staring at the future of cryosurgery.

Cryosurgery is one kind of surgical ablation 
of the diseased part of human body. I like to 
give the results quoting the famous inscripti-
on on the statue of Ambroise Paré (1510-90), 

“Je le pansay, Dieu le guarit”.

 He invented many new surgical instruments.

Plenary Lectures
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The First International Congress 
of Cryosurgery in Vienna in 1972
Hoki Akira, MD
Matumoto E.N.T. Clinic
2-7 5-Chome, Ebine, Fukushima-ku, Osaka, 
553-0001 Japan

The opening lecture was presented by Prof. 
I.S. Cooper, and many famous doctors atten-
ded and presented many papers. I have lear-
ned long time many things from them.

I studied post graduate course about freezing 
and thawing in Department of Physiology, 
Kobe University under the guidance of Prof. I. 
Suda. One of his main studies was the brain 
function.

Cat brains were frozen after perfusion with 
dimethylsulfoxide or glycerol solution. Fro-
zen for 1~5 years, the brain was thawed. The 
brain showed brain wave.

My thesis study was “Types of Freezing and 

Thawing Survival of Mammalian Tissue” in 
1968, I started cryosurgery using cryogenic 
equipment which was made by me.

Finally I have treated over 3 thousand cases 
which involved malignant tumors, precan-
cerous lesions and benign diseases.

I attended the First International Congress of 
Cryosurgery in 1972 in Vienna and presented 
two papers.

1. An observation on microcirculation of 
mouse ear lobes under different conditi-
ons of freezing and thawing.

2. Problems of cryosurgery in head and 
neck diseases.

After the congress, the proceedings were pu-
blished by H. Haschek.

Plenary Lectures
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Modern Cryosurgery: Present 
and Future
Nikolai N. Korpan, MD, PhD, FICS
International Institute for Cryosurgery, The 
Rudolfinerhaus
Vienna, Austria

At the start of the 60s, the beginning of the 
development of modern cryosurgery, the indi-
cations for the medical application of cryosur-
gery were very limited, only few medical dis-
ciplines for cryosurgery were used and there 
was only a limited number of doctors skilled 
in this field. At that time, cryosurgery was in-
tended for and used on patients with advan-
ced stages of cancer as a palliative method 
of treatment.

In the following 50 years, the indications on 
an experimental and clinical level increased 
massively and opened up completely new 
scientific and practical fields in science and 
medicine, firstly in cryosurgical radiology. 
Currently, modern cryosurgery as an area of 
medicine does not only present itself as the 
palliative treatment of the patient with diffe-
rent types of cancers but also as an option for 
diagnosis and remedial treatment in terms of 
the entire treatment concept.

Interdisciplinary development and the prac-
tical meaning of modern cryosurgery are in-
creasing worldwide in the field of medicine. 
Cryosurgery is used more and more in prac-
tice, particularly in surgical oncology.

Which theoretical, experimental and clinical 
visions and new innovative areas of science 
can be developed worldwide in the near fu-
ture?

The following new areas in cryoscience and 

cryomedicine, using very low temperatures, 
could be developed worldwide in the near fu-
ture.

Oncological fields of very low temperature 
application could include:

1. Immobilisation tumour cryodiagnosis

2. Cryosurgery which does not damage or-
gans, tissue and functions

3. Nano-cryoscience, nano-cryomedicine, 
nano-cryosurgery, nano-cryoequipment 

4. Endoscopic cryosurgery, especially colon 
and stomach

5. Navigation cryoscience, cryomedicine 
and cryosurgery

6. Tele and robotic cryoscience, cryomedici-
ne and cryosurgery 

7. Anti-cancer cryovaccine

8. Preventive cryomedicine in people with 
high-risk malignancies 

9. Curative tumour cryodiagnosis, tumour 
cryotreatment and tumour cryopreventi-
on en bloc

10. Distant cryomedicine, especially local 
ice-crystal formation

11. etc. 

The newly developed non-oncologic areas 
of very low temperature implications could 
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Cryosurgery in China

Kecheng Xu
Jinren Zhang

Abstract

• Modern cryosurgery in China has been 
performed for more than 30 years. Be-
fore the introduction of the argon-based 
cryosurgical system in 1999, liquid nitro-
gen was used as a cryogen for the treat-
ment of tumor with a limited progress.

• After the first percutaneous cryosurgery 
for liver cancer in Zhujiang Hospital of 
Guangzhou, Now thousands of patients 
have been treated by either intraoperati-
ve or percutaneous cryosurgery for both 
curable and palliative approach with the 
spectrum of disease involving almost any 
solid tumors.

• In particular, percutaneous cryotherapy 
for central-type lung cancer and pancrea-
tic cancer has been performed for the first 
time in the world here in Fuda Cancer 
Hospital, Guangzhou.

• There are hundreds of articles published 
in Chinese while most reports are not 
well-designed. Therefore, randomized 
and controlled studies in a multicentral 
basis are above all needed.

Introduction

Modern cryosurgery in China has had hi-
story of more than 30 years. Early in 1980s, 
there were two special cryoprobes for treat-
ment deep in the body and the technology of 
designing these probes presented in detail. 
The experimental aspects of heat transfer in 

frozen tissue and of the temperature profiles 
both of a human brain during surgery and of 
the cryoprobes were described. Other impro-
vements in the field of cryosurgical devices, 
e.g., four main ways of attaching freezing tips 
to cryoprobes during surgery and a liquid ni-
trogen transfer tube with high dexterity are 
also presented. Finally, the development of 
commercial cryosurgical apparatus in China 
was shown as well [Shu et al., 1986].

In the early 1990s, supercooled liquid nitro-
gen was replaced by Joule-Thompson (JT) 
cooling which used rapid expansion of high 
pressure Argon gas for faster freezing and 
better control. In 1998, Endocare Cryoca-
re™ Cryosurgical System was approved by 
FDA, USA, for treatment of prostate cancer. 
In 1999, Professor Jiren Zhang at Zhujiang 
Hospital, Guangzhou, first introduced En-
docare Cryocare™ System in China from 
USA, which was named “Argon-Helium 
Knife”. It was the hospital where Professor 
Zhang works that first performed percuta-
neous cryosurgery for liver cancer under the 
guidance of ultrasound. Following Zhang, 
Professor Kecheng Xu at Fuda Cancer Hos-
pital, Guangzhou, introduced the system in 
2000. Their application in the treatment of li-
ver cancer has rapidly expanded the reputati-
on of this cryosurgical system and resulted in 
more medical units to purchase and use the 
equipment. Up to October 2007, when 14th 
International Conference of Cryosurgery held 
in Beijing, China, over 80 hospitals have en-
gaged with cryosurgery and over 20000 ca-
ses underwent the treatment. Only in Fuda 
Cancer Hospital, Guangzhou, more than 
3000 patients with diverse tumors underwent 
cryosurgery.

include:

1. Post-traumatic, post-operative and post-
burn scars

2. Cosmetic medicine

3. etc. 

Amongst others, new theoretical, experimen-
tal and clinical disciplines can be developed; 
this is especially the case in oncology:

1. Cryological mathematics

2. Nano-cryological mathematics

3. Cryological physics

4. Nano-cryological physics

5. Cryological chemistry

6. Nano-cryological chemistry

7. Cryological pharmacy

8. Nano-cryological pharmacy

9. etc.

Finally, new medical fields of application and 
indications will be developed: 

1. Neuro-cryosurgery

2. Thyroid-cryosurgery

3. 3-D Cryoscience

4. 3-D Cryoequipment

5. etc.

Therefore, a new standard for oncological 
diagnosis and surgery will establish a new 
level in the future of modern science and mo-
dern medicine in the short term. In medical 
practice, these theoretical steps will become 
a reality in the near future. 
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The cryosurgery with argon-helium cryosur-
gical system has been used not only for the 
treatment of liver cancer, but also for other 
tumors, including lung cancer, kidney tumor, 
pancreatic cancer, breast cancer, uterine tu-
mor, ovary cancer and soft tissue tumors. 
The cryosurgery is performed not only by 
open approach, but also by laparoscopic, 
and especially, percutaneous approach. Se-
veral papers involving cryosurgery for cancer 
have appeared. In 2003, Cryocare Targeted 
Cryoablation Therapy edited by Jiren Zhang 
was published by Pioneer Bioscience Publis-
hing Co. In 2007, Cryosurgery for Cancer (in 
Chinese) edited by Kecheng Xu and Lizhi Niu 
was published by Shanghai Science-Educa-
tion Publisher, China. In 2010, Argon-Helium 
Cryoablation for Tumor (in Chinese) by Yuey-
ong Xiao and Jinlin Tian was published by 
People’s Military Medical Press.

  Nowadays, two cryoablation devices are 
commercially available in China: (1) the Per-
cryo System, produced by HealthTronics 
(formerly Endocare) of Austin, Texas, which 
involves up to eight 1.7- to 2.4-mm diameter 
cryoprobes; and (2) the Galil Medical Cryo-
ablation System, manufactured by Galil Me-
dical in Arden Hills, Minnesota, which uses 
uniformly-sized 1.47-mm MRI-compatible 
cryoprobes.

Experimental studies of cryosurgery

Feasibility and safety of cryosurgery

There have been several animal investigati-
ons that demonstrate the safety of cryoablati-
on for diverse organs, especially the vessels, 
bile duct, and bronchus. Researchers from 
Cancer Prevention and Treatment Center 
of Zhujiang Hospital, Guangzhou, studied 
the tissue reaction to cryoablation for lung-
bronchi as well. Li and his colleagues [2008] 
of this unit investigated the effects of cryo-
ablation on different bronchi of normal pigs. 
They found that the freezing damages to the 
bronchi worsened with the reduction of the 
bronchial lumen; the damages to the major 
bronchi and the second-order bronchi were 
relatively slight, which also showed better re-
covery 28 days after the ablation. Yu et al. 

[2009] investigated the effect of cryoablation 
on portal region of the liver in dogs. Results 
showed that no obvious damage was found 
in the vascular wall of the portal vein by gross 
or microscopic observation while the liver tis-
sue surrounding the blood vessels was totally 
necrotic after cryoablation. In spite of diffe-
rent degrees of the injury in the bile duct sy-
stem after cryoablation, no severe damages 
such as perforation or full-thickness necrosis 
occurred in bile duct wall with most damages 
temporary and reversible.

A series of studies have been investigated 
on the feasibility and safety of the cryosur-
gery for solid organs at Fuda Cancer Hos-
pital, Guangzhou. Niu et al. [2010b], in the 
lung cryoablation of healthy Tibetan miniatu-
re pigs, found that the ice-ball grew gradual-
ly in relation to the increase in freezing time 
and number of cycles. The cryolesion area 
on autopsy was larger than the size of the 
ice-ball under CT scan during operation, re-
gardless of whether 2 or 3 freeze-thaw cycles 
were performed. They suggest that it is ne-
cessary to perform three freeze-thaw cycles 
to achieve the optimal response for lung 
cryoablation and it might be not necessary 
for cryoablation to reach a “1 cm safe border” 
beyond the tumor edge in the lung. 

Chiu et al. [2010] performed percutaneous 
pancreatic cryosurgery in the same animals. 
By biochemical analysis and histological as-
sessment, there was a significant level of ne-
crosis in the central and lateral regions of the 
tissue frozen within the ice-ball, neither hype-
raemia, edema nor hemorrhage were obser-
ved in the un-frozen parts of the pancreas. All 
experimental pigs appeared healthy until the 
sacrifice time. The results suggest that cryos-
urgery is a safe and effective ablative proce-
dure for pancreatic tissue resulting in minimal 
complications.

Researchers from Cancer Prevention and 
Treatment Center of Zhujiang Hospital, 
Guangzhou, studied the tissue reaction to 
cryoablation for lung-bronchi as well. Li and 
his colleagues [2008] of this unit investigated 
the effects of cryoablation on different bron-
chi of normal pigs. Pigs were sacrificed on 

day 3 or day 28 after percutaneous cryoabla-
tion of the lung. They found that the freezing 
damages to the bronchi worsened with the 
reduction of the bronchial lumen; the dama-
ges to the major bronchi and the second-or-
der bronchi were relatively slight, which also 
showed better recovery 28 days after the ab-
lation. The result shows that percutaneous 
cryoablation does not produce serious effects 
on the major bronchi and the second-order 
bronchus.

Wang and Liu [2004] from Coal and Mining 
General Hospital, Beijing, also evaluated the 
changes of rabbit carotis artery during and 
after cryosurgery. An iceball formed around 
the carotis artery after 3.25 min freezing while 
blood kept flowing inside the artery, and the 
vessel looked well and blood flow was normal 
after ice thawing.

Ng et al. [2004] at Center for the Study of 
Liver Disease, University of Hong Kong, 
conducted an in vivo study on 23 domestic 
swine, and demonstrated that the systemic 
responses of radiofrequency ablation (RFA) 
were significantly less severe than those of 
cryotherapy in this porcine liver model. Ho-
wever, the increase in serum inflammatory 
markers and pneumonitis after RFA was sub-
stantial when compared with hepatectomy. 
But further studies discover positive results.

Zhang and his colleagues [2008], from Zhuji-
ang Hospital of Southern Medical University, 
Guangzhou, compared the therapeutic ef-
fects of cryoablation, radiofrequency ablati-
on (RFA), and microwave coagulation (MCT) 
in 45 rabbits with VX-2 liver cancer. Animals 
were randomly and equally allocated into 5 
groups to receive treatment with cryoabla-
tion (group A), RFA (group B), MCT (group 
C), surgical resection (group D) and control 
group (group E), respectively. Significant 
differences were found in the occurrence of 
tumor residue, intrahepatic metastasis and 
abdominal implantation tumor between the 5 
groups, but not in lung and abdominal lymph 
node metastasis. They suggested that cryo-
ablation can be more effective than RFA and 
MCT in reducing tumor residue and metasta-
sis and prolonging the survival time of rabbits 

with VX-2 liver cancer.

Cryoablation mechanism

Zhang and his colleagues [2006a] from 
Shanghai Jiao Tong University have studied 
the freezing-injury mechanism. They presen-
ted a model to simulate the cooling proces-
ses during tumor cryosurgery with different 
kinds of flows through the cryoprobe. Simu-
lation of the tumor temperature profiles under 
different flow conditions showed that the heat 
transfer coefficient is a crucial parameter in 
temperature prediction during cryosurgery. 
Results indicate that when the cryoprobe wall 
is assumed at a constant temperature con-
ventionally, the cooling effect could be overe-
stimated. It would be more reasonable to use 
the constant wall heat transfer coefficient to 
simulate the cooling progress under a speci-
fic flow. Further, they used ECMatrix 625 to 
mimic the tumor environment and to allow the 
endothelial cells cultured in vitro to form the 
tube-like structure of the vasculature, and in-
vestigated the influence of water dehydration 
on the integrity of this structure [Zhang et al., 
2006b]. It was found that the initial cell shape 
change was mainly controlled by water de-
hydration resulting in the shrinkage of cells 
in the direction normal to the free surface. As 
the cooling was prolonged and temperature 
was lowered, further cell shape change could 
be induced by the chilling effects on intracel-
lular proteins, and focal adhesions to the ba-
sement membrane. They suggested that this 
could be one of the major causes of the final 
breaking of the cell junction and cell detach-
ment.

Guo et al. [2008], from Tianjin Medical Uni-
versity Cancer Institute and Hospital, investi-
gated the effect of cryoablation on the blood-
flow of hepatic artery in dogs. They found that 
the bloodflow of hepatic artery could affect 
the cryoablation rate. The cryoablation rate 
decreases as the bloodflow increases.

Wen and his colleagues [2007] from Navy 
General Hospital, Beijing, demonstrated that 
cryoablation appeared to induce apoptosis in 
the peripheral freeze zone through the intrin-
sic mitochondrial Caspase pathway based 
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on bax upregulation in a mice model of sub-
cutaneously transplanted lung cancer, while 
in central cryoablated zone, necrosis was the 
dominant mode of cell death.

Cryosurgery and immunology

Guo has organized a series of studies on cryo-
immunology of prostate cancer at Tianjin Me-
dical University Cancer Hospital and Institute 
[Si et al., 2008]. In a study of 20 patients with 
high-risk prostate cancer, they demonstrated 
that the levels of TNF-α and IFN-γ were si-
gnificantly increased 4 weeks after cryoabla-
tion compared to that before treatment and 
8 weeks after treatment. No changes in IL-4 
or IL-10 were observed. The Th1/Th2 ratio 
was increased 4 weeks after treatment but 
decreased 8 weeks later. Tumor-specific T-
cell responses were evident after cryosurge-
ry in PBMC. Cytolytic activity against prostate 
LNCaP cancer cells was increased 4 weeks 
after treatment, but decreased 8 weeks later. 
No response was found in cytolytic activity 
against renal GRC-1 cancer cells. These re-
sults suggested that cryoablation of prostate 
cancer can improve tumor-specific cytotoxic 
T-cell response. However, the response is 
not enough to prevent cancer relapse. They 
further assessed the anti-tumor immune re-
sponse to percutaneous cryoablation in 10 
patients with local prostate cancer, and found 
the similar immunological response as above 
[Si et al., 2009b]. In a mouse prostate can-
cer model, they found that Th1/Th2 ratio, the 
number of IFN-γ+ cells and cytolytic activity 
of cytotoxic T lymphocyte against prostate 
cancer cells were all significantly increased 
in cryoablation group compared with that in 
surgery group and the control, at day 7 post-
treatment. At day 28 post-treatment, the di-
stant lymph node (DLN) metastasis was 
100%, 80% and 40%, respectively, while the 
all the animal developed lung metastasis. 
These results indicate that cryoablation for 
prostate cancer can induce the Th1 response 
of anti-tumor immunity and generate the tu-
mor-specific immune response in DLN [Guo 
et al., 2010]. In the same Department, Liu et 
al. [2010] observed the effect of cryotherapy 
combined with transcatheter renal arterial 
embolization (TRAE) on the differentiation 

of regulatory CD4+ CD25+ T cell (Treg) and 
its implication in 77 patients with renal car-
cinoma. They found that the percentages of 
Treg/CD4+ T cells in combination group were 
decreased while the percentages of CD3+, 
CD4+, CD8+ T cells, NK cells and CD4+/
CD8+ T cells were significantly increased af-
ter treatment, which was a slight but not si-
gnificant increase in TRAE group. The tumor 
necrosis in the combination group was more 
evident than those in TRAE group. Treg cell 
decrease was correlated with tumor necrosis 
rates and patient’s survival. The median sur-
vival in combination group was 20 months, si-
gnificantly longer than that of the TRAE group 
(12 months). These results implied cryoabla-
tion contributed to reduce the percentage of 
Treg cells and improve the immune situation 
of patients with renal cell carcinoma.

A specific anti-tumor effect also seems hap-
pened in human lung cancer cells after cryo-
therapy. Zhou et al. [1999] from General Hos-
pital of Wulumuqi, Xinjiang found the levels of 
soluble interleukin-2 receptor (SIL2-R), IL-6 
and lymphocyte transformation rate (LTR) 
were all significantly increased after freeze of 
lung cancer cells. The supernatant of frozen 
cells could remarkably inhibit the proliferation 
of the autologous lung cancer cells, indica-
ting that cryotherapy could provoke the an-
titumor immunity. The bone marrow-derived 
dendritic cells (DCs) could efficiently process 
and present the antigens of freeze-thawing 
treated cancer cell, and subsequently activa-
te CTLs or NK cells and induce cancer cell 
apoptosis. Secretion of IL-12 by DCs was 
enchanced when cultured with cryo-treated 
lung cancer cells [Li et al., 2007; Wang, 2009; 
and Feng et al., 2005] which could activate 
DCs to secrete IL-12 as well as DCs maturity, 
thus killing cancer cells specifically [Li et al., 
2007]. Li et al. [2000] found tumor infiltrating 
lymphocytes (TIL) from lung cancer had no 
change after the treatment of liquid nitrogen 
freezing and thawing, suggesting immunolo-
gic property and cytolytic activity of TIL can 
be well kept after liquid nitrogen freezing.

Li and his colleagues [2010] at Institute 
of Neuroscience of Guangdong Province, 
Guangzhou, studied the cell apoptosis at the 

glioma foci and the cellullar immunity chan-
ges following argon-helium cryosurgery in a 
rat model bearing subcutaneous C6 glioma. 
Compared with surgical resection, cryosur-
gery resulted in significantly increased per-
centages of CD3+ and CD4+ cells 14 days 
after the operation. These results demonstra-
te that in addition to tumor cell destruction, 
cryosurgery also results in enhanced cellu-
lar immunity and antitumor response in C6 
glioma-bearing rats.

Cryosurgery equipment

The researchers from University of Science 
and Technology of China have made a great 
effort to study novel cryosurgical equipment 
[Zhao et al., 2006]. They have tested a new 
system from a multidimensional, finite ele-
ment analysis (FEA) for the freezing, holding, 
rewarming and heating processes of biolo-
gical tissues during the cryosurgery. It was 
found that when the same boundary conditi-
on and the same target tissue presented, the 
novel system could supply the target tissue 
an approximative cooling rate, a much lower 
minimal temperature, a much greater war-
ming rate, and a much greater thermal gra-
dients compared with that of the simplified 
Endocare system. The numerical simulation 
indicates that the novel combined cryosurge-
ry and hyperthermia system can provide an 
excellent curative effect in the corresponding 
cryotherapy. Moreover, it can be easily ma-
stered by the surgeon due to the friendly GUI 
(graphical user interface) of Ansys software. 
They further tested with enthalpy method the 
influence of heating effect due to blood flow 
and metabolism and furthermore, the effect 
of pre-injecting solutions with particular ther-
mal properties into the target tissues. They 
found that the heat source term due to blood 
flow and metabolism in the bioheat transfer 
equation had a significant influence on the 
thermal and thermal gradient histories of the 
target tissues, and that the method of injec-
tion of solutions with particular thermal pro-
perties into the target tissues before cryosur-
gery might be a possible way to optimize the 
treatment process [Zhao et al., 2007].

Cryoablation guidance

Cryoablation needs to be performed under 
the guidance, of which CT and ultrasound are 
the most common. Some investigations have 
studied the characteristic of cryolesion in CT, 
MR, or ultrasonic images. 

Sun and his colleagues [2008] of Shandong 
University, Shandong Provincial Medical 
Imaging Institute, Jinan, Shandong, made an 
exclusive study to investigate the perfusion 
characteristics of rabbit liver tumors before 
and after argon-helium cryoablation using 
functional CT and to evaluate the therapeu-
tic effect of cryoablation for rabbits model 
with implanted VX-2 tumor of the livers. After 
cryoablation treatment, 52% of tumors exhi-
bited complete necrosis, and their perfusion 
parameters, such as blood flow (BF), blood 
volume (BV) and permeability values, were 
significantly lower than those before treat-
ment. In the earlier stage (within 14 days of 
treatment), the whole tumor perfusion para-
meters of BF, BV and permeability were si-
gnificantly lower than those before treatment. 
In the late stage, the whole tumor perfusion 
parameters of BF, BV and permeability were 
not significantly different compared with the 
pretreatment results. They suggest that func-
tional CT can measure the perfusion charac-
teristics of hepatic tumors and is consistent 
with histopathological changes in the tumor 
after cryoablation, also may be used in jud-
ging the therapeutic effect of cryoablation.

In 2009, Song et al. [2009] investigated the 
feasibility of mini-invasive MR imaging-gui-
ded cryoablation for rabbit brain tumor. VX-2 
tumor segments (0.96 x 0.96 x 50 mm) were 
implanted into parietal lobes of 26 New Zeal-
and white rabbits. Cryoablation was achieved 
with a MR-compatible cryoablation unit using 
1.47-mm cryoprobe in an open 0.23 Tesla (T) 
MRI scanner. The therapeutic response was 
evaluated with follow-up 3.0 T MRI and the 
corresponding histopathology. Of 17 rabbits, 
6 died on the first postoperative day. Histo-
pathology revealed coagulation necrosis in 
samples from the 3rd, 7th, and 14th day, and 
reactive changes at 60 days, which were con-
sistent with MRI. The longest survival time in 
the treatment group, 60 days (n = 2), was 
considerably longer than the survival times in 
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control group. It is suggested that successful 
rabbit brain tumor cryoablation can be achie-
ved using argon-based cryodevice under 
MRI guidance. But the complication rate in 
this series was relatively high.

Cryosurgery methodology 

Wang et al. [2008] from Zhujiang Hospital, 
Guangzhou, observed the effect of cryothera-
py on human liver cancer cells SMMC7721 by 
different cryo-speeds (fast or slow freezing), 
minimum low temperature (−40°C under or 
over) and freeze-thaw cycles (1 or 2 cycles). 
They found that only when the temperature 
dropped to below –40°C, cell death rate was 
up to 100%, compared with incomplete death 
between –40°C to –20°C. Cryosurgery with 
or without hypertonic saline injection into the 
tumor for mice with H22 tumor cells implan-
ted showed significantly inhibition of tumor 
growth. It is suggested rapid freezing, repea-
ted freeze-thaw with freezing temperature 
of below –40°C are favorable conditions for 
tumor cells killing, and moderate cryosurgery 
with hypertonic saline injection may be of an 
effective combination for liver cancer.

Chen et al. [2010] from Sichuan University 
studied the feasibility and efficacy of cryos-
urgery for pancreas in 12 healthy pigs which 
underwent laparotomy with cholecystojeju-
nostomy and gastroenterostomy, and two 
different techniques of cryosurgery were 
used. Results showed that mild hypothermic 
cryosurgery with liquid nitrogen superficial 
refrigeration might lead to pancreatic inju-
ry and induce acute pancreatitis while deep 
hypothermic cryosurgery with adequate time 
could destroy pancreatic tissue more comple-
tely and prevent acute pancreatitis.

Liu et al. [2008] investigated the CT and pa-
thologic findings of transplanted liver cancer 
in rabbit after cryoablation, and found that 
all cryolesions in rabbits with VX-2 tumors 
(group A) and in the healthy (group B) exhi-
bited low density, no enhancement with ring 
enhancement at the edge. In the fourth week, 
CT scan showed low density in cryolesions 
in both groups. The results indicate that ima-
ging characteristics after cryoablation are 

helpful to evaluate the treatment efficacy of 
liver cancer. 

Clinical studies on cryosurgery

Cryosurgery for liver cancer

Zhou and Tang [1997] from Zhongshan Hos-
pital of Shanghai reported the progress of 
management in pathologically proven he-
patocellular carcinoma (HCC) over the past 
three decades. There were 191 out of 2639 
patients performed cryosurgery; among 
them were 56 with small HCC (≤ 5 cm). The 
5-year survival after cryosurgery was 37.9% 
for the whole series and 53.1% for patients 
with small HCC, which was 45.9%, 61.3%, 
and 67.8% for the patients with resection (n 
= 1826), with small HCC with resection (n = 
645), and for the patients receiving sequen-
tial resection after cytosurgery (n = 73), re-
spectively. The improved 5-year survival has 
been attributed to the increased proportion of 
small HCC and limited resection, number of 
re-resections for recurrence and second sta-
ge resections. They demonstrated that he-
patic artery ligation (HAL), cannulation with 
arterial infusion (HAI), and cryosurgery, etc., 
are superior to palliative resection with resi-
dual cancer. Cytoreduction and sequential 
resection have provided hope for localized 
unresectable HCC, particularly in the right 
cirrhotic liver [Tang et al., 1997].

Zhu et al. [2003] compared the effects of three 
commonly used local ablation methods in the 
treatment of transplanted hepatocellular car-
cinoma in mice. The tumor inhibition rates by 
percutaneous local cryosurgery therapy, per-
cutaneous acetic acid injection therapy, and 
percutaneous ethanol injection therapy were 
99.2%, 85.3%, and 72.8%, respectively. The 
tumor necrosis was 100% (5/5), 60% (3/5), 
and 40% (2/5), with the survival time of 88.11 
± 5.67, 86.67 ± 7.26, and 72.89 ± 12.86 days, 
respectively. Results suggest that cryosurge-
ry yields relatively better outcome than the 
other two methods.

Intraoperative cryosurgery with liquid nitro-
gen

From early 1980s to early 2000s, several sur-
geons in China had performed intraoperative 
cryosurgery using liquid nitrogen as cryogen 
for the treatment of all stages of liver cancer, 
and showed the advantages of cold therapy 
including its convenience, few complications, 
and approval results.

The Liver Cancer Institute of Shanghai Medi-
cal University has the most abundant experi-
ence for the treatment of hepatocellular car-
cinoma and intraoperative cryosurgery using 
liquid nitrogen has been used as an impor-
tant supplement of resection for unresectable 
tumor since early 1970s [Zhou, 1992; Zhou 
and Tang, 1997 and 1998; Zhou et al., 1988 
and 2002; Tang et al., 1997].

In 1988 they reported 60 patients with HCC 
who underwent open cryosurgery from No-
vember 1973 to August 1987. The postope-
rative course was uneventful, there were no 
operative mortality and no complications. The 
5-year survival rate was 11.4%. Among the 
21 patients with tumor nodules less than or 
equal to 5 cm in diameter, the 5-year survival 
rates was 37.5%. At the beginning, plate-like 
cryoprobes and thermocouples were used to 
monitor the frozen area. Later on they desi-
gned single- and multiple-needle cryoprobes 
for freezing tumors deeply into the hepatic 
parenchyma and intraoperative ultrasound 
was used to monitor hepatic cryolesions 
[Zhou et al., 1988]. In 1992, another report 
of 87 patients with HCC showed that the 1-, 
3-, and 5-year survival were 60.5%, 32.0%, 
and 20.2%, respectively. Among the 30 pati-
ents with HCC of ≤ 5 cm, the 1-year, 3-year, 
and 5-year survival were 92.6%, 66.6%, and 
50.8%, respectively. There were no operative 
mortality and complications such as rupture of 
the tumor, delayed bleeding, and bile leakage 
[Zhou, 1992]. In their report in 1998 involving 
235 cases, the 5-year survival was 26.9% 
for cryosurgery alone; 39.6% for cryosurge-
ry plus hepatic artery ligation and perfusion; 
46.0% for cryosurgery for residual tumor plus 
resection of the main tumor; and 60.4% for 
by cryosurgery followed by resection of the 
frozen tumor [Zhou and Tang, 1998]. In 2002, 
they further showed their experience on 84 
cases, showing the 1-, 3-, and 5-year survi-

val rates after cryohepatectomy were 98.7%, 
83.9%, and 64.0%, respectively. These re-
sults indicate that cryosurgery is a safe and 
effective local treatment for unresectable 
HCC [Zhou et al., 2002].

In 1998, Lam of Queen Mary Hospital, Uni-
versity of Hong Kong, China, made a retro-
spective analysis of patients with recurrent 
HCC after previous curative hepatectomy 
treated with cryosurgery [Lam et al., 1998]. 
Four patients with recurrent HCC not suitable 
for further resection were enrolled for cryos-
urgery; their clinical parameters, the opera-
tive details and outcome were studied. No 
intraoperative or postoperative complications 
were noted. The duration of operation ranged 
from 3 to 5.2 hours and the operative blood 
loss was from 173–1300 ml. All patients are 
still alive with survival after cryosurgery ran-
ging from 12 to 23 months (25 to 63 months 
after the hepatic resection). Three patients 
showed evidence of recurrent disease and 
one patient was disease free.

In 2003, Rui et al. [2002] from Peking Union 
Medical College Hospital, Beijing, reported 
191 patients with large liver carcinoma (5.2 
to 19.7 cm) who were treated surgically from 
January 1993 to June 1999. Among them, 70 
patients underwent cryosurgery. The 1- and 
3-year survival rates in cryosurgery group 
were 63.2% and 37.0%.

In the same year, Dou et al. [2003] from Xijing 
Hospital, Fourth Military Medical University, 
Xi‘an, assessed the value of argon supper-
cryosurgery for 42 patients with middle and 
late stage liver cancer and discovered that 
cold and heat reversed therapy of argon sup-
per-cryosurgery can drastically destroy tumor 
tissue, especially the tumors which are too 
large to resect or close to the large vessels.

Mo et al. [2003] at Affiliated Tumor Hospital, 
Guangxi Medical University investigated the 
efficacy of surgery-predominant comprehen-
sive therapy for 134 patients with small HCC 
in reducing the recurrent rate and improving 
the outcome. In them, 13 cases of nonresec-
table small liver cancer received multimodali-
ty treatments by various combinations, inclu-
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ding cryosurgery. The 5- and 10-year survival 
rates were 63.4%, and 41.7%, respectively. 
In 2004, Liang et al. [2004] at the same unit 
reported their retrospective analysis of 607 
patients with primary liver cancer received 
comprehensive treatment from 1985 to 2001. 
Among them, 184 nonresectable cases were 
treated with various combinations of therapy, 
including cryosurgery. The 3-, 5-, and 10-year 
survival were 9.6%, 5.1%, and 6.7%, respec-
tively.

In 2008, Fan et al. [2008] at Zhujiang Hospital 
of Southern Medical University, Guangzhou, 
evaluated the safety and efficacy of intraope-
rative argon-based cryosurgery in surgical 
resection of advanced hepatic carcinoma in 
86 patients (14 undergoing cryosurgery for 
tumor removal and 72 receiving cryosurge-
ry in addition to surgical tumor reduction). 
No death occurred in the operation or du-
ring the postoperative hospitalization period. 
Improvement of the clinical symptoms was 
observed in 76.7% of cases. Postoperative 
CT scan demonstrated obviously reduced tu-
mor size in 67.4% of cases. The 1-, 3-, and 
5-year survival rates were 72.9%, 58.3%, 
and 41.7% in the patients with primary hepa-
tic carcinoma, respectively, as compared with 
those of 81.8%, 50.1%, and 36.3% in pati-
ents with metastatic hepatic carcinoma. The 
1-, 3-, and 5-year survival rates of the pati-
ents undergoing surgical tumor resection and 
cryosurgery were 90.3%, 78.3%, and 41.4%, 
respectively, significantly higher than the ra-
tes of 71.4%, 66.7%, and 33.3%, respective-
ly, in the patients receiving cryosurgery only.

Percutaneous hepatic cryosurgery

From early 2000, with introduction of argon-
bases cryosurgical system into China, the 
cryosurgery for liver cancer has been perfor-
med with percutaneous approach. The first 
percutaneous cryosurgery for hepatocellular 
carcinoma was performed under the guidance 
of CT and ultrasound by Zhang et al. [2003] 
at Cancer Prevention and Treatment Center, 
Zhujiang Hospital, Southern Medical Univer-
sity, Guangzhou.

1. Efficacy

In 2003, Xu and his colleagues [2003] from 
Fuda Cancer Hospital, Guangzhou reported 
the results of a total of 105 masses in 65 he-
patocellular carcinoma patients which under-
went percutaneous cryoablation. Thirty-three 
patients (50.8%) were free of tumors, 22 pa-
tients (33.8 %) alive with tumor recurrence. 
Among 41 patients who were followed up 
for more than one year, 32 (78%) were ali-
ve despite of tumor recurrence. Seven pati-
ents (10.8%) died due to disease recurrence. 
Three patients (4.6%) died of non cancer-re-
lated diseases. 

Qian et al. [2008], from Eastern Hepatobiliary 
Surgery Hospital of Second Military Medical 
University, followed 8 patients with tumor in 
second hepatis, pathologically or clinical-
ly confirmed as primary or secondary small 
hepatocellular carcinoma (≤ 5 cm), after per-
cutaneous cryosurgery. The results showed 
that AFP became negative in about 75%, co-
agulation necrosis rate was 62.5%, 1/2 and 
1 year survival without local recurrence were 
100%, 87.5%, respectively. 

Wang et al. [2008] from 302 Hospital of PLA, 
Beijing, evaluated the therapeutic effect, sa-
fety and complication of percutaneous argon-
helium cryoablation in the treatment of 300 
primary hepatocellular cancers. After the 
treatment, the mean survival of patients with 
early stage, intermediate stage, and advan-
ced stage was 38.7 ± 3.8 months, 26.5 ± 4.2 
months, and 16.9 ± 1.4 months, respectively. 
Serious complications were found in17 pati-
ents (5.7%), including 6 cases of cold shock 
(2.0%), 5 cases of bleeding for rupture of the 
tumor (1.7%), 4 cases of bleeding from stress 
gastric ulcer (1.3%) and 2 cases of liver fai-
lure (0.7%).

Zhou et al. [2008 and 2009] of PLA Postgra-
duate Medical School, Beijing, evaluated the 
clinical effect of percutaneous cryosurgical 
ablation to treat 48 patients with early-stage 
hepatocellular carcinoma. The survival rates 
of 1, 2, 3, and 4 years were 81.3%, 62.1%, 
47.6%, and 44.4%, respectively. In another 
series of 124 unresectable hepatocellular 
carcinoma, serum level of AFP was reduced 
in 76 (82.6%) patients, 205 (92.3%) of the 

222 tumors were diminished or unchanged 
after cryoablation. The median survival time 
was 31.25 months in early stage group, 
17.41 months in middle stage group and 6.82 
months in advanced stage group.

Min-na Zhang, Professor of 302 hospital of 
PLA, Beijing, investigated 227 patients with 
different stages of HCC treated by cryosur-
gery and found overall survival and median 
survival were significantly different correlated 
to different stages. The advanced HCC was 
more sensitive to cryosurgery, which showed 
significantly prolonging survival comparative-
ly [Zhang et al., 2009].

Fang et al. [2006] reported that a total of 47 
times of the percutaneous cryosurgery in 15 
patients with advanced liver cancer were 
successfully performed, imaging revealed 
that the tumor shrank for 1–13 cm after the 
treatment.

Similar with it in primary liver cancer, cryos-
urgery also showed an advantage in the 
treatment of metastatic liver cancer. Xu and 
his colleagues from Fuda Cancer Hospital-
Guangzhou reported their results of percuta-
neous cryosurgery for the treatment of co-
lorectal liver metastases [Xu et al., 2008a]. 
All 326 patients with non-resectable hepatic 
colorectal metastases underwent a total of 
526 procedures of cryosurgery under the ul-
trasound or CT guidance. At 3 months after 
cryosurgery, carcinoembryonic antigen (CEA) 
levels in 77.5% of patients who had eleva-
ted markers before cryosurgery decreased 
to normal range. Cryotreated lesions under 
postoperative CT scan showed complete re-
sponse (CR) in 14.6% of patients, partial re-
sponse (PR) in 41.1%, stable disease (SD) in 
24.3%. Overall survival was 78%, 62%, 41%, 
34%, and 23% at 1, 2, 3, 4, and 5 years, re-
spectively, after the treatment.

In 2005, Qian and his colleagues of Eastern 
Hepatobilirary Surgery Hospital, the Second 
Military Medical University, Shanghai, repor-
ted a total of 22 patients with the metasta-
tic liver malignancy, confirmed histologically 
or clinically, who were treated with percuta-
neous cryosurgery. The survival rate of 12, 

18, and 24 months was 81.8%, 63.6%, and 
22.7%, respectively [Qian et al., 2005].

From clinical research, Professor Huanwei 
Chen [Chen et al., 2008] found 1-year sur-
vival rate of secondary and recurrent liver 
cancer patients treated by cryosurgery were 
80.21% and 46.22%, respectively. 

Han et al. [2010] from Guizhou made a clinical 
study on the treatment for 116 patients with 
unresectable hepatocellular carcinoma using 
interventional therapy (A), three-dimensional 
conformal radiotherapy (B), and cryoablation 
therapy (C). The survival of 1-year in A, B, 
and C group was 14.9%, 64.0%, and 85.7%, 
respectively; of 2-years 11.2%, 32%, and 
64.3%, respectively; and of 3-years 0, 0, and 
32.1%, respectively. The survival in group C 
was better than that of group A and group B.

Moreover, reducing complication is another 
advantage showcased in cancer treatment 
compared with other therapies. Many clini-
cal researches have shown that cryosurgery 
would not accompany with severe complicati-
ons, such as vascular wall injury, massive he-
morrhage, bile leakage and death [Zhou and 
Tang, 1998; Qian et al., 2008 and Zhou et al., 
2005]. Xu of Fuda Cancer Hospital-Guangz-
hou, analyzed the complications of 320 ad-
vanced liver cancer patients that occur after 
cryoablation, and found the mortality was to-
tally 1.5% with 5 deaths, 2 of whom was from 
massive haemorrhage and 3 from liver rup-
ture [Xu et al., 2010]. Cryosurgery, especial-
ly for liver cancer accompanied with severe 
cirrhosis, is advanced in reducing complicati-
ons, enhancing effect and prolonging survival 
period [Zhou et al., 2008].

2. Combined application

Qian et al. [2003] of Eastern Hepatobiliary 
Surgery Hospital, Second Military Medical 
University, Shanghai, assessed the indicati-
ons, efficacy and clinical significance of per-
cutaneous cryoablation following transartery 
chemoembolization (TACE) in 34 patients 
with histologically or clinically confirmed pri-
mary or metastatic carcinomas in the peri-
od of July 2001 to June 2002. After 1 week 
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to 1 month of TACE, they were treated with 
percutaneous cryosurgery under ultrasound 
guidance. During the follow-up period (3 to 15 
months), 41.1% patients were recognized as 
clinical cure because the serum tumor mar-
kers became normal, or CT and MRI images 
revealed that the lesion became completely 
necrotic. 44.1% patients were recognized ef-
fectively treated.

Guo et al. [2005] in Fuda Cancer Hospi-
tal reported one case of cryo-chemo thera-
py for huge nodular hyperplasia of liver. Xu 
and his colleagues at the same hospital re-
ported TACE and percutaneous cryosurgery 
for unresectable HCC [Xu et al., 2009]. Four 
hundred and twenty patients were enrolled in 
this study. The overall 1-, 2-, 3-, 4-, and 5-year 
survival rate was 72%, 57%, 47%, 39%, and 
31%, respectively. The 1- and 2-year survi-
val rates (71% and 61%) in sequential group 
were similar to those (73% and 54%) in cryo-
alone group, while the 4- and 5-year survival 
rates were 49% and 39% in sequential group, 
higher than those (29% and 23%) in cryo-alo-
ne group. Eighteen patients with large HCC 
(> 5 cm in diameter) survived for more than 
5 years after sequential TACE and cryosur-
gery while no patient with large HCC (> 5 cm 
in diameter) survived more than 5 years after 
cryosurgery. They suggested that pre-cryos-
urgical TACE can increase the cryoablation 
efficacy and decrease its adverse effects, 
especially bleeding. Sequential TACE and 
cryosurgery may be the better procedure for 
unresectable HCC, especially for large HCC.

Bai et al. [2010] from Guangxi evaluated the 
safety, clinical value and efficacy of cryoab-
lation ablation combined with gemcitabine + 
oxaliplatin in the treatment of advanced liver 
cancer, and showed that the combination 
therapy was more effective, more reliable 
and safer.

Shen et al. [2010] from Jiangsu compared the 
percutaneous cryosurgery followed by TACE 
with TACE only for advanced liver cancer. The 
effective rate of combined group was 100%, 
which was significantly higher than 47% of 
TACE only with no serious complication.

Cryosurgery for lung cancer

Percutaneous cryosurgery for lung cancer 
has been widely performed in China. In Jan. 
2000, Wu in Shanghai carried out the first 
CT-guided percutaneous cryosurgery for 
lung cancer in the world. Jian Li in Beijing 
University carried out the first thoracoscope-
guided cryosurgery for advanced lung cancer 
[Zhang, 2007].

1. Efficacy

Du et al. [2003] from Beijing compared cryo-
therapy and surgical resection in 26 and 18 
patients, respectively, and results showed 
that the cryotherapy group had less local re-
currence and distal metastases with 1-year 
survival (75%) and 3-year survival (33.5%) 
of cryoablation obviously higher than that of 
resection (58.3% and 0%, respectively).

In 2006, Niu and his colleagues [2006] from 
Fuda Cancer Hospital, Guangzhou, reported 
a retrospective study on 508 lung cancer pa-
tients after percutaneous cryosurgery under 
the guidance of CT, with final outcome as 
1-year-survival rate of 100%, 82.1%, 35.3%, 
and 18.4% for primary lung cancer in stage I, 
stage II, stage III, and stage IV, respectively, 
and 43.2% for lung metastases.

Yonghui An et al. [2005] in Shijiazhuang, 
Hebei, treated 256 cases of non-small cell 
lung (NSCLC) cancer by cryoablation and 
compared with surgery group. The 1-year, 
2-year survival of the whole patients were 
74.61% and 53.23%, respectively, compa-
red with 72.93% and 51.58% of cryosurgery 
only group, 75.31% and 53.33% of cryosur-
gery-chemotherapy group, and 78.58% and 
58.06% of cryosugery-radiotherapy group.

Xu et al. [2007] summarized 625 cases of 
percutaneous cryotherapies for unresectable 
locally advanced NSCLC. The result manife-
sted median survival period was 13 months, 
CR, PR, SD, and PD were 15.9%, 41.8%, 
35%, and 7.4%, respectively.

Chen et al. [2009] found that all the tumors 
shrank one month post-cryoablation compa-

red with one week pre-cryoablation, with the 
average maximum diameter of tumor redu-
ced from 5.61 ± 3.13 mm to 5.15 ± 3.00 mm, 
improvement rate of 10.29% and total effecti-
ve rate of 98.52%.

Du and his colleagues [2010] from Beijing 
assessed the survival rate and quality of life 
in patients with intermediate and advanced 
NSCLC after cryoablation. Forty-four papers 
on treatment of intermediate and advanced 
NSCLC with argon-helium cryoablation were 
searched from “lung cancer” and “argon-
helium cyroablation”. It is suggested that 
cyroablation can improve the quality of life 
in patients with intermediate and advanced 
NSCLC, while combination with radiotherapy 
and chemotherapy does not show any clini-
cal advantages over cryoablation alone and 
even decreases the quality of life in such pa-
tients.

Niu and his colleagues [2010c] from Fuda 
Cancer Hospital, Guangzhou, analyzed the 
most common complications after percuta-
neous cryoablation for advanced lung cancer. 
A total of 644 lung cancer patients had been 
treated with percutaneous cryoablation gui-
ded by ultrasound and/or CT scan, and the 
results showed that complications were rela-
tively minor and could be controlled with rou-
tine methods. Serious complications included 
cardiac arrest and hemopneumothorax, and 
thus preventative steps should be taken.

2. Combined application

Zhang et al. [2007] from Hebei reported 62 
patients with uncontrolled NSCLC after com-
mon radiotherapy and/or chemotherapy who 
were re-treated with therapeutic alliance of 
cryotherapy and interventional chemothera-
py, with 1-year survival of 80.1%.

Luo et al. [2010] of Meitan General Hospital, 
Beijing, reported the result of the 139 patients 
with unresectable NSCLC patients confirmed 
by pathology and with follow up from July 
2006 to July 2009. Different combinations of 
multiple minimally invasive treatments were 
selected according to the blood supply, size 
and location of the lesion. Among the 139 ca-

ses, 102 cases of primary and 37 cases of 
metastasis to mediastinum, lung and chest 
wall, 71 cases of abundant blood supply used 
the combination of superselective target arte-
ry chemotherapy, percutaneous cryoablation 
and radiochemotherapy with seeds implan-
tation; 48 cases of poor blood supply used 
single percutaneous cryoablation; 20 cases 
of poor blood supply used the combination 
of cryoablation and radiochemotheraoy with 
seeds implantation. The KPS score increased 
after the treatment. Following up for 3 years, 
it was found 44 cases of CR, 87 cases of 
PR, 3 cases of NC, and 5 cases of PD, and 
the efficiency was 94.2%. The 1- and 2-year 
survival was 71.2% and 30.2%, respectively. 
Average survival was 16 ± 1.5 months. 

Zhou et al. [2008] in Fuda Cancer Hospital, 
Guangzhou, observed adverse reactions and 
therapeutic effects of cryosurgery combined 
with iodine-125 seeds implantation in treating 
advanced lung cancer patients. The patients 
at 6 months post-treatment had CR of 93.4%, 
PR of 70.1%, SD of 7.4%, and PD of 5.7%. 
The half-year and one-year survival rates 
were 94.3% and 65.7% respectively. The-
re were no serious complications intra- and 
post-operatively.

Wang et al. [2009] from Meitan General Hos-
pital, Beijing, evaluated the application, secu-
rity and effectiveness of percutaneous cryos-
urgery combined with radioactive seeds/
release-controlled drugs implantation for 
percutaneous treatment of pulmonary neo-
plasma by CT guidance in 20 cases with 16 
primary lung cancer and 4 secondary lung 
cancer. Side effects were observed during 
cryosurgery and seeds implantation. The me-
dium survive time was 16 months and ave-
rage survival period was 14.0 ± 2.6 months. 
More than 60% of patients survived more 
than 1 year.

In 2007, Hu and his colleagues [2007] from 
Dongfang Hospital, Beijing University of Chi-
nese Medicine, observed the clinical effect 
of the combined therapy using argon-based 
cryosurgery and Chinese herbal medicine in 
treating 57 NSCLC patients. The treatment 
was successfully completed in all patients 
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with mild adverse reactions. The effective 
rate was 83.8% at 3 months after the opera-
tion, 79.6% at 6 months after the operation, 
and 77.3% at 12 months after the operation, 
with median survival of 9 months. The 1- and 
2-year survival rate was 46.67% and 36.36%, 
respectively.

Cryosurgery for cardiac and pericardiac tu-
mors

Niu et al. [2003 and 2009] of Fuda Cancer 
Hospital--Guangzhou reported the only ex-
perience of cryosurgery for the treatment of 
three patients with cardiac and pericardiac 
tumors, including vascular sarcoma of peri-
cardium, malignant mesothelioma, and me-
tastatic cancer of heart, achieving better re-
sults.

Cryosurgery for pancreatic cancer

1. Efficacy

From 2003, Fuda Cancer Hospital in Guangz-
hou, China, has made a pilot study on per-
cutaneous cryosurgery for pancreatic cancer. 
Niu followed up 13 unresectable pancreatic 
cancer patients, among whom mean sur-
vival was 13 months, and 6-, 12-, 18-, and 
24-month survival rates were 92.3%, 53.8%, 
38.5% and 15.3% [Niu et al., 2003].

  There are few researches of cryosurgery for 
pancreatic cancer. There were no intraope-
rative death and postoperative pancreatitis. 
Pancreatic carcinoma shrank in CT images in 
most of the patients. The major postoperative 
complication was delayed gastric emptying. 
The median survival time was 14 months and 
the 1-year survival rate was 57.5% [Li et al., 
2004].

Following Xu’s report, in 2009, Niu and col-
leagues of this unit prospectively investiga-
ted 59 consecutive patients with locally ad-
vanced unresectable pancreatic cancer with 
vascular and lymph node involvement or liver 
metastasis, who underwent percutaneous 
cryoablation alone at Fuda Cancer Hospital 
from Sept. 2008 to Sept. 2009. The result 
showed that adverse effects were minor. The 

overall survival at 3, 6, and 12 months was 
89.7%, 61.1%, and 34.5 %, respectively and 
92.4%, 84.2%, and 62.1%, respectively, in 40 
patients without liver metastases [Niu et al., 
2010b].

J. D. Li et al. [2010] of Affiliated Hospital of 
North Sichuan Medical Collage, Nanchong, 
China, made a retrospective study which was 
conducted on 142 patients who underwent 
palliative bypass with cryoablation (PBC 
group: 68) or without cryoablation (PB group: 
74) for unresectable pancreatic cancer from 
1995 to 2002. There was no significant dif-
ference in the rate of overall complications 
between the two groups, except for a high-
er delayed gastric emptying rate observed in 
the PBC group. In the PBC group, the me-
dian preoperative CA19-9 concentration was 
decreased, CT scan results of 55 patients 
indicated that tumor mass shrinkage occur-
red in 36 of them. Kaplan-Meier analysis and 
year survival rate showed no significant dif-
ference. The results show that cryosurgery 
combined with palliative bypass surgery can 
be considered a safe and effective treatment 
for unresectable pancreatic cancer.

2. Combined application

In 2008, Xu and his colleagues [2008b] re-
ported the result of combination of cryosur-
gery and iodine-125 seed implantation for 
locally advanced pancreatic cancer. Forty-
nine patients with locally advanced pancrea-
tic cancer were enrolled in the study. Twel-
ve patients had liver metastases. Thirteen 
patients received intraoperative cryosurgery 
and 36 received percutaneous cryosurgery. 
Iodine-125 seed implantation was perfor-
med during freezing procedure in 35 patients 
and 3 to 9 days after cryosurgery in 14 ca-
ses. At 3 months after therapy, most patients 
showed varying degrees of tumor necrosis. 
There was no therapy-related mortality. The 
median survival was 16.2 months, with 26 
patients (53.1%) surviving for 12 months or 
more. Overall, the 6-, 12-, 24-, and 36-month 
survival rates were 94.9%, 63.1%, 22.8% 
and 9.5%, respectively. The results show that 
cryosurgery, which is far les s invasive than 
conventional pancreatic resection, and is as-

sociated with a low rate of adverse effects, 
should be the treatment option for patients 
with locally advanced pancreatic cancer. 

Wu et al. [2005b] from Changzheng Hospital 
of the Second Military University, Shanghai, 
observed the clinical effects of cryoablation 
on 11 patients and found life span varied from 
7 to 18 months, with 13.4 months of median 
survival and overall survival rate was 63.6%.

Yi et al. [2006] also treated 8 patients with ad-
vanced pancreatic cancer by intraoperative 
cryosurgery, and the outcome was survival of 
8.6 months in average.

Cryosurgery for pelvic tumors

Bai et al. [2006] from Guangxi Traditional 
Chinese Medical University, created the la-
paroscopic cryosurgical technology, using la-
paroscope-guided percutaneous cryosurgery 
for the ablation of abdominal and pelvic tu-
mor, and in addition, combined with Chinese 
herbal medicine as “green treatment”.

Forty-two patients with uterine myomas re-
ceived percutaneous cryosurgery in Fuda 
Cancer Hospital, Guangzhou. Thirty-eight ca-
ses were followed-up for 5 to 65 months. Out 
of them, 34 cases (89.5%) had shrinkage of 
tumor masses in various degrees, and 23 ca-
ses (60.5%) had disappearance of bleeding 
from below (unpublished data).

Cryosurgery for renal and adrenal cancer

Xu et al. reported that 12 patients with locally 
advanced renal carcinoma received percuta-
neous cryosurgery in Fuda Cancer Hospi-
tal Guangzhou. Tumors shrank for 60% to 
90%. Survival time was 5 to 49 months. Xu 
et al. also reported that 5 patients with pri-
mary and metastatic tumor of adrenal gland 
received percutaneous cryosurgery under 
CT guidance, and achieved better efficacy in 
short-term follow-up (unpublished data).

J. Xu et al. [2008] from Nanjing General Hos-
pital of Nanjing Military Command of PLA 
performed percutaneous cryosurgery for 
7 patients with renal carcinoma under CT 

guidance. The results showed no serious 
complications occurred and low-density lo-
cal necrosis in all tumors under CT scan one 
month later while the tumor reduction in size 
was found only in 2 cases. They indicated CT 
guiding percutaneous cryoablation for renal 
carcinoma is a safe, effective and minimally 
invasive therapeutic method, particularly for 
inoperable cases.

In Wuhan General Hospital of Guangzhou 
Military Command of PLA, 14 patients with 
adrenal pheochromocytoma recurred after 
surgery received percutaneous cryosurgery. 
The related symptoms were improved at 2 
weeks after treatment. Tumors shrank up to 
30% to 60% at 3 months postoperatively. The 
mean survival time was 9 months during 5 to 
15 months follow-up [Wang et al., 2008].

Cryosurgery for prostate cancer

Si et al. [2009a] reported a total of 12 patients 
with metastatic hormone refractory prostate 
cancer who were treated by combining cryo-
ablation and granulocyte macrophage colo-
ny-stimulating factor (GM-CSF) administrati-
on. The median PSA decline percentage was 
69.4% (range 30.5% to 92.5%) and the medi-
an time to the nadir PSA was 4 months after 
therapy (range 3 to 6 months). The median 
time to disease progress was 18 months, 
and 1 patient obtained a 92.5% PSA decli-
ne and a greater than 50% reduction of lung 
metastasis and survived 31 months. Four or 
8 weeks after treatment, the tumor-specific T-
cell responses were increased in peripheral 
blood mononuclear cell. The cytolytic activity 
against prostate cancer cell LNCaP was also 
increased significantly whereas no response 
was found against renal cancer cell GRC-1. 
They suggested that combined cryoablation 
with GM-CSF treatment was an alternative 
approach for metastatic hormone refractory 
prostate cancer and could induce tumor-spe-
cific immunologic response.

Wu et al. [2005a] from Changzheng Hospital 
of Second Military Medicine University used 
cryosurgery for prostate cancer under rectal 
ultrasonography. After cryosurgery, the com-
plete and incomplete ablation was 34.8% 
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(8/23) and 65.2% (15/23), respectively under 
MRI image 3 weeks after operation with the 
positive biopsy of the cryolesion being 0 and 
20% (3/15), respectively, after 6 months. The 
main complications were incontinence (13%) 
and the erectile dysfunction (9/16, 56.2%).

Hao et al. [2007] from PLA General Hospi-
tal, Beijing observed 29 patient s with local 
end stage prostate cancer who received the 
neoadjuvant hormonal therapy before the 
cryotherapy for 3 months, then a procedure 
of transperineal cryoablation of the prosta-
te under the guidance of CT, and succee-
ded with the adjuvant hormonal therapy for 
3 months. All the 29 patients were followed 
up within 12 months, and the main compli-
cations were urethral obstructions by floccus, 
pelvic pains and urethral incontinence. Bio-
chemical recurrences were found in 4 pa-
tients, and progressive clinical stages were 
found in 2 cases. They concluded that cryos-
urgery combined with the hormonal therapy 
is a recommendable method with safety and 
effectivity in the treatment of local end stage 
prostate cancer.

Cryosurgery for soft tissue tumors

It is reported that 53 patients with soft tissue 
tumor including fibroblastoma, fibrosarcoma, 
malignant teratoma, rhabdomyosarcoma, 
neurofibromatosis, liposarcoma, received 
intraoperative or percutaneous cryosurgery, 
in Fuda Cancer Hospital, Guangzhou, with a 
great improvement in most cases and cured 
results in some cases [Xu et al., 2006 and 
unpublished data].

Cryosurgery for brain tumor

C. Li and his colleagues [2010] from Shan-
dong Provincial Medical Imaging Research 
Institute, Shandong University, Jinan, eva-
luated the initial experience and safety of 
MRI-guided transcranial cryoablation in cy-
stic metastatic brain tumors. Seven cystic 
metastatic brain tumors in six patients were 
treated with cryoablation. The procedure was 
performed under local anesthesia and cons-
cious sedation. A 0.23-T open MRI system 
with optical tracking was used for procedural 

planning, instrument guidance and procedu-
ral monitoring of the ice ball formation. An 
MR-compatible, argon-based cryoablation 
system was used. Seven treatment sessi-
ons were performed. All the cryoprobes were 
successfully inserted into the target with one 
pass. All the patients tolerated the procedu-
re well without experiencing any neurological 
deficits during the treatment phase or during 
the immediate post-treatment period. They 
suggested that cryoablation of brain meta-
stasis under MR guidance and monitoring is 
technically feasible and may represent an al-
ternative treatment in selected patients.

Cryosurgery for other cancer

Z. Y. Li [1991] from Xinqiao Hospital, Cong-
qing, reported that from March 1975 to Oc-
tober 1985, 50 patients with primary tongue 
carcinoma who were treated by cryosur-
gery. Three weeks after the primary tumors 
were controlled cryosurgically, 48 patients 
underwent radical neck dissections. All pati-
ents were observed for 3 to 10 years. After 
cryosurgery, the primary lesion disappeared 
in 45 (90%) patients; 5 were not controlled. 
The 3- and 5-year survival rates were 71.9% 
(23/32) and 72.3% (13/18), respectively. The 
recurrence rate in this series was 10% (5/50). 
The author suggests that cryosurgery for ton-
gue carcinoma is shown to be effective and 
safe.

Sheng et al. [1993] of Shenzhen City, Guang-
dong, reported from April 1986 to June 1989, 
49 patients with advanced nasopharynx car-
cinoma who underwent multimodalities, in-
cluding liquid nitrogen-based cryosurgery in 
25 cases. All of the patients were followed up 
for more than one year, and 48 of them sur-
vived (97.9%). Thirty-five patients were follo-
wed up over two years and 28 of them sur-
vived (80%). Twenty patients were followed 
up over three years, and 12 of them survived 
(60%). The authors suggest that the combi-
ned treatment of regional chemotherapy and 
cryosurgery should be the choice for advan-
ced nasopharynx carcinoma.

Conclusion

Cryosurgery, especially the argon-helium-
based percutaneous cryosurgery, has been 
performed nationwide since 1999 when first 
cryosurgical system was introduced from 
USA by Professor JirenZhang at Zhujiang 
Hospital and second introduction in 2000 by 
Kecheng Xu at Fuda Cancer Hospital. Expe-
rience has been collected since first percuta-
neous cryosurgery for liver cancer. Now thou-
sands of patients have been treated by either 
intraoperative or percutaneous cryosurgery 
for both curable and palliative approach with 
the spectrum of disease involving almost 
any solid tumors. In particular, percutaneous 
cryotherapy for central-type lung cancer and 
pancreatic cancer has been performed for 
the first time in the world here in Fuda Cancer 
Hospital, Guangzhou. With so many articles 
published in Chinese, it is impossible for this 
review to include all these results. However, 
with most reports not well-designed, it is evi-
dent and worthwhile to advance the randomi-
zed and controlled study.
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Since its inception in the 1960s with liquid 
nitrogen systems cryosurgery has evolved 
as a local ablative modality, i.e. cryoablation, 
practiced by surgeons and other specialist in-
terventionists as well. It’s become a minimally 
invasive tool for image-guided interventions 
in the 1980s when it was demonstrated that 
the freezing procedure could be monitored in 
real time with ultrasound.

The technological advances in cryoprobe 
design and cooling systems have allowed 
the application of low temperatures to deep-
seated targets, through percutaneous, en-
doscopic, or endovascular approaches with 
an improved safety and efficacy. Applicati-
ons to skin, liver, prostate, bone, lung, breast 
cancers, to cite only a few, are in use today 
with acceptable results compared to other lo-
cal ablative or surgical modalities. However 
cryosurgery is now facing a new challenge 
which is the rate of local recurrences due to 
residual disease in the cryosurgically treated 
site. 

From the 1990s a number of associated me-
thods have been developed at the pre-clinical 
and clinical level to optimize cryosurgical ab-
lation, which uses various adjuvant therapies, 

such as chemicals, chemotherapeutics, bio-
logics (vaccines, immunological enhancers), 
radiotherapy, or surgery. These combined 
techniques show some promising results. 
Among them, cryochemotherapy, a method 
which combines cryosurgery and chemothe-
rapy has a huge potential since it can help 
with enhancing cryoablation, overcoming 
multidrug resistance, and possibly promoting 
loco-regional anti cancer reaction. A great 
deal of research is headed at understanding 
the underlying interaction mechanisms and 
at determining the type, dosage and admi-
nistration timing of chemotherapeutic agents 
for optimal efficacy on cancer.

Within the cryochemotherapy framework a 
new paradigm is emerging that considers the 
freeze-thaw structural changes crucial and 
beneficial to the transport and distribution of 
various drug(s).Such view brings along the 
concept of concurrent local application of the 
cryogenic and drug therapy. Is cryosurgery 
reaching a turning point as it becomes an 
ablative as well as a manipulating tool with 
potential for optimizing local cancer  chemo 
(immuno) therapies? Evidence shows that lo-
cal or loco-regional combination therapy with 
cryosurgery is feasible, easily and readily 
applicable, and cost-effective within the mul-
timodal therapeutic strategy against cancer.

* ID2S2: Interventinoal Drug Delivery Sy-
stems & Strategies
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huge cervical malignant teratoma, Zhongguo Jiao 
Tong Yi Xue Za Zhi, 20, pp. 156 (in Chinese).

67. Xu, K. C. and Niu, L. Z. (2007) Cryosurgery for 
Cancer, ed. Niu, L. Z. and Xu, K. C., “Lung Can-
cer,” (Shanghai Science and Technology Education 
Press, Shanghai) pp. 106–122 (in Chinese).

68. Xu, K. C., Niu, L. Z., He, W. B., et al. (2008a). Per-
cutaneous cryosurgery for the treatment of hepatic 
colorectal metastases, World J. Gastroenterol., 14, 
pp. 1430–1436.

69. Xu, K. C., Niu, L. Z., Hu, Y. Z., et al. (2008b). A pilot 
study on combination of cryosurgery and (125)iodi-
ne seed implantation for treatment of locally advan-
ced pancreatic cancer, World J. Gastroenterol., 14, 
pp. 1603–1611.

70. Xu, K. C., Niu, L. Z., Zhou, Q., et al. (2009). Se-
quential use of transarterial chemoembolization and 
percutaneous cryosurgery for hepatocellular carci-
noma, World J. Gastroenterol., 15, pp. 3664–3669.

71. Xu, K. C., Niu, L. Z., Wang, J., et al. (2010). Com-
plications of cryoablation: 320 cases of liver cancer, 
Zhongguo Zhong Liu Lin Chuang yu Kang Fu, 17, 
pp. 508–510 (in Chinese).

72. Yi, F. T., Song, H. Z., Li, J. (2006). Introoperative Ar-
He targeted cryoablation for advanced pancreatic 
carcinoma, Zhonghua Gan Dan Wai Ke Za Zhi, 12, 
pp. 186–187 (in Chinese). 

73. Yu, H. B., Ge, C. L., Huang, Z. H., et al. (2009). 
Effect of targeted argon-helium cryoablation on the 
portal region in canine livers, Nan Fang Yi Ke Da 
Xue Xue Bao, 29, pp. 538–540 (in Chinese). 

74. Zhang, A., Luo, X., Chen, C., et al. (2006a). Nume-
rical simulation of tissue freezing by liquid nitrogen 
based cryoprobe, Cryo Letters, 27, pp. 243–252.

75. Zhang, A., Xu, L. X., Sandison, G. A., et al. (2006b). 
Morphological study of endothelial cells during free-
zing, Phys. Med. Biol., 51, pp. 6047–6060.

76. Zhang, F. T., Li, X. L., Li, H. J., An, Y. H. (2007). Cli-
nical analysis of the therapy for recurrent and intrac-
table non-small cell lung cancer with combination of 
cryoablation and intervention, Jie Ru Fang She Xue 
Za Zhi, 16, pp. 759–761 (in Chinese).

77. Zhang J. R. (2003) Cryocare Targeted Cryoablation 
Therapy, Ed. (Pioneer Bioscience Publishing Co., 
Hongkong) (in Chinese).

78. Zhang, J. R. (2007). Argon-helium cryoablation in 
the treatment for cancer, Zhongguo Zhong Liu, 16, 
pp. 335–337 (in Chinese).

79. Zhang, K. Q., Zhang, J. R. and Wei, H. M. (2008). 
Comparison of cryocare cryoablation, radiorequen-
cy ablation and microware coagulation therapy for 
destruction of experimental VX2 liver tumors in rab-

bit, Zhongguo Zhong Liu, 17, pp. 964–966 (in Chi-
nese).

80. Zhang, M. N., Lu, Y. Y., Wang, X. Z., et al. (2009). 
Clinical study of argon-helium cryosurgical ablati-
on in the treatment for hepatocellular carcinoma, 
Zhongguo Zhong Liu, 18, pp. 329–331 (in Chinese).

81. Zhao, G., Bai, X. F., Luo, D. W., et al. (2006). Mo-
deling the heat transfer problem for the novel com-
bined cryosurgery and hyperthermia system, Cryo 
Letters, 27, pp. 115–126.

82. Zhao, G., Zhang, H. F., Guo, X. J., et al. (2007). 
Effect of blood flow and metabolism on multidimen-
sional heat transfer during cryosurgery, Med. Eng. 
Phys., 29, pp. 205–215. 

83. Zhou, H. T., Niu, L. Z., Zhou, L., et al. (2008). Cryos-
urgery combined with Iodine-125 seed implantation 
in the treatment of unresectable lung cancer, Zhong-
guo Fei Ai Za Zhi, 11, pp. 780–783 (in Chinese).

84. Zhou, L., Yang, Y. P., Feng, Y. Y., et al. (2009). Ef-
ficacy of argon-helium cryosurgical ablation on pri-
mary hepatocellular carcinoma: a pilot clinical study, 
Ai Zheng, 28, pp. 45–48 (in Chinese). 

85. Zhou, P., Lu, Z. X. and Zhang, G. Q. (1999). A stu-
dy on immunity enhancement of frozen human lung 
cancer cells in vitro, Fei Ai Za Zhi, 2, pp. 32–34 (in 
Chinese).

86. Zhou, X. D., Tang, Z. Y., Yu, Y. Q., et al. (1988). Cli-
nical evaluation of cryosurgery in the treatment of 
primary liver cancer. Report of 60 cases, Cancer, 
61, pp. 1889–1892.

87. Zhou, X. D. (1992). Cryosurgery for primary hepatic 
cancer of 87 patients, Zhonghua Wai Ke Za Zhi, 30, 
pp. 334–336 (in Chinese).

88. Zhou, X. D. and Tang, Z. Y. (1997). Management 
of hepatocellular carcinoma: long-term outcome in 
2639 cases, Gan To Kagaku Ryoho, 24(Suppl 1), 
pp. 9–16.

89. Zhou, X. D. and Tang, Z. Y. (1998). Cryosurgery for 
primary liver cancer, Semin. Surg. Oncol., 14, pp. 
171–174.

90. Zhou, X. D., Tang, Z. Y., Yu, Y., et al. (2002). Cryo-
hepatectomy for hepatocellular carcinoma––results 
in 84 patients, Asian J. Surg., 25, pp. 68–72.

91. Zhou, X. D., Tang, Z. Y., Yu, R., et al. (2005). In-
itial analysis of cryosurgery in reducing recurrence 
of liver cancer, Zhonghua Wai Ke Za Zhi, 43, pp. 
439–441 (in Chinese). 

92. Zhu, W. L., Zhang, J., Zhang, J. R., et al. (2003). 
Comparative study of three local ablation methods 
for transplanted hepatocellular carcinoma in mice, 
Di Yi Jun Yi Da Xue Xue Bao, 23, pp. 1297–300 (in 
Chinese).



50 51

Revisit of a discovery: no signal 
from ice ball on MR images 
during cryosurgery

Haruo Isoda, M.D.,Ph.D.
Department of Radiological Technology, 
Nagoya University School of Health 
Sciences
1-1-20, Daikominami, Higashi-ku, Nagoya 
461-8673 Japan
E-mail: isoda@met.nagoya-u.ac.jp
TEL: +81-52-719-3154, FAX: +81-52-719-
1509

Cryosurgery is a treatment of cancers, such 
as carcinomas of the face, oral cavity, prosta-
te, breast, rectum and liver. The most impor-
tant factor affecting the outcome of this treat-
ment is the ability to define the extent of the 
cryolesion. Image guided cryosurgery with 
Argon based cryosurgical devise and MR 
imaging has gradually become the standard 
method. I will show my two previous studies, 
regarding no signal from ice ball on MR ima-
ges, which appeared in a Japanese journal 
in 1989.

The purpose of my first study (1) was to de-
tect a cryolesion in a gel by MR imaging du-
ring cryosurgery. A fundamental study was 
performed to demonstrate MR images of po-
lyvinyl alcohol (PVA) gel, which was used as 
a phantom for MR imaging, under the con-
dition of low temperature. MR imaging was 
performed on a 0.1 Tesla system (ASAHI MR 
Mark-J). As the temperature lowered, the un-
frozen PVA gel showed decreases in T1 and 
T2 relaxation times, and an increase in signal 
intensity on the low flip (LF) angle images, 
which were obtained using 60 degrees of flip 
angle, repetition time of 100 msec, echo time 
of 18 msec with gradient echo acquisition 

method. The frozen PVA gel showed no si-
gnal intensity on the LF images and zero in 
T1 and T2 relaxation times. From the facts 
described above, it was concluded that MR 
imaging would be able to detect cryolesions 
during cryosurgery.

The purpose of my second study (2) was to 
investigate whether MR imaging was useful 
for monitoring the extent of cryolesions in ani-
mals during and after cryosurgery. I used 13 
Wistar rats inoculated with Walker 256 can-
cer on both sides of femoral regions.  Cryos-
urgery was done with an absorbent cotton 
ball dipped in liquid nitrogen and applied for 
15 seconds to the surface of the right femoral 
tumor 3 to 6 times. Gradient echo MR ima-
ging was carried out every minute with a 0.1T 
MR scanner from the onset of freezing until 
thawing. After complete thawing T1 and T2-
weighted images were obtained. Two and 7 
days after cryosurgery, MR images were ob-
tained along with corresponding pathological 
examinations.  The frozen cryolesions were 
well identified as no signal regions on the gra-
dient echo MR images during the cryosurge-
ry. MR findings were well correlated with the 
histological findings in the follow-up studies 
after cryosurgery. In conclusion, MR imaging 
was thought to be useful for monitoring the 
process of cryosurgery during and after the 
procedure.
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1. 1. Isoda H. Sequential MRI and CT monitoring in 
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The impact of cryotechnology 
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procedures.
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Cooling can occur by evaporation, Joule-
Thompson (JT) gas expansion, conduction 
and/or convection.  Evaporation causes enor-
mous volume expansion which can complete-
ly stop liquid nitrogen (LN2) flow, causing „va-
por lock“.  Sophisticated LN2 systems were 
designed to avoid vapor lock but were quickly 
replaced by fast JT cooling in the 1990s.  Yet, 
worldwide utilization of cryotherapy has been 
limited by costs, regulations and potential 
dangers of high-pressure Ar tanks (e.g., 6000 
psi).  JT cooling is also inefficient since circu-
lating gas produces poor heat exchange.

Conduction and convection produces more 
powerful cooling due to greater heat ex-
change when using cryogens in their near 
critical (NC) or liquid state. A weakness of 
NC cooling relates to the complex physics of 
pumping a NC cryogen down multiple pro-
bes.  A single phase liquid cooling (SPLC) 
cycle provides for a non-compressible fluid 
to be easily pumped in a closed-loop, low-
pressure system, including catheter-based 
applications.  The power of SPLC cryopro-
bes approach 200W, while comparable 2.4 
mm JT-based cryoprobes were measured at 
~30W.  Therefore, the configuration of mul-
tiple cryoprobes within a tumor volume are 
crucial to distribute this greater power.  

Clinically, cryotherapy has at least three di-
stinct benefits over heat-based ablation for 

any organ system: a.) visualization of the 
treatment zone, or ice margin; b.) minimal 
discomfort for most outpatient procedures, 
and c.) minimal scarring during tissue healing 
and resultant marked reduction of the ablati-
on zone.  Optimum clinical outcomes require 
thorough understanding of the extent of un-
derlying lethal ice, roughly defined as -30°C.  
This lethal -30°C isotherm consistently resi-
des ~5-10 mm behind the leading edge of the 
iceball, or 0°C line.  Multiple cryoprobes in-
crease the percentage of lethal ice, such that 
single cryoprobes have only 35% of their ice 
diameter below -30°C, compared to ~75% for 
4-probe configurations.  

These important, yet basic, cryobiology and 
probe placement principles were used in our 
treatment of over 500 patients.  We conside-
red cryoablation in 4 major procedure locati-
ons of: liver, lung, kidney and non-organ soft 
tissue ablations.  Cryoablation has shown 
superiority for renal tumors by treating both 
larger and central kidney cancers without 
significant scarring of the adjacent calyceal 
system.  Similarly, cryoablation has benefits 
for tumors near the chest/abdominal wall or 
centrally in the liver or lung.  Finally, our „soft 
tissue“ cryoablation procedures would have 
been very difficult, painful and/or inappropri-
ate for heat-based ablation technology, espe-
cially for subcutaneous and/or superficial lo-
cations (e.g., breast).  Improved survival has 
also been recently noted in our patients with 
metastatic disease from renal, lung, ovarian 
and colon cancer when cryoablation was ad-
ded as an adjunct to systemic therapy and 
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Abstract

There are three mechanisms of the tissue de-
struction in cryosurgery, the mechanical and 
the osmotic destruction, the necrosis due to 
microcirculatory failure and the inflammatory 
and the immunological death and apoptosis. 
Cryoinjury of biological tissues has been stu-
died extensively by cryopreservationists and 
cryosurgeons. In cryosurgery, the lesions are 
cryo-ablated in a variety of cooling and war-
ming conditions. Therefore, the problems are 
in the optimal freeze-thaw techniques for a 
targeted destruction of the lesions. In this re-
view, the author described those problems in 
detail based on the experimental and clinical 
evidences of cryodestruction and cryopreser-
vation. 

The real-time image monitoring and the 
Joule-Thomson cryoprobes have actually 
played an essential role for the targeted free-
zing of the lesions, To effectively destroy the 
tissue cells of lesions, the cooling temperatu-
re should be less than -50°C at the ice front 
and rapidly cooled at more tan 100°C/min, 
and the rewarming be as slow as possible.

Cryonecrosis is caused by a microcirculatory 
failure after freezing. To prove the fact experi-
mentally, it will be the best to record the free-
zing and thawing process of rat‘s mesentery 
blood flow in the 16 mm movie under a cryo-

microscope, which clearly demonstrated dis-
seminated intravascular coagulation quickly 
developed due to the endothelial cell destruc-
tion and the intravascular hemolysis after the 
freezing and thawing of the mesentery.

In the clinical practice, the boundary of cryo-
destructed lesions might be located at the in-
ternal margin of formed ice ball, which can be 
confirmed by naked eyes, ultrasound image, 
X-ray CT, or MRI.

Missing or holes of the tissue cell membrane 
by freezing are an enough size so that anti-
cancer agents may easily diffuse to the target 
tissues. Thus, freezing and thawing induce 
the changes of membrane permeability and 
perturbation, resulting in the effective per-
meation of anticancer agents. Recently, cryo-
apoptosis has been put forward as a hypo-
thesis in cryosurgery. It will be a reasonable 
and a correct phenomenon of cell death due 
to the cryo-induced perturbation and scram-
bling of the cell membrane.

The best results produce targeted cryo-ne-
crosis of the lesions that will result in either 
absorption by the body for internal tumors, 
or formation of a scab for the external tu-
mors. The antigenic proteins liberated from 
freeze-destroyed tissue cells result from low 
and high zone tolerance of immunological re-
sponse and the immunocompetent state of 
the cancer patients and, as such, conceivab-
ly activate the autoimmune system. If humo-
ral and cellular immune responses are acti-
vated, cryoimmunological destruction of the 
tumor can be enhanced when used in combi-
nation with the biological response modifiers 
(BRM) and conventional chemotherapy.
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included many soft tissue locations.

In summary, advances in cryotechnology 
have provided for more user-friendly delivery 

of much greater freezing power.  Broad appli-
cation of cryotherapy to nearly any tumor site 
in the future will depend more upon ongoing 
advances in probe design.  



56 57

SUCCESSFUL LOCAL 
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NEOPLASTIC LESIONS WITH 
CRYOSURGERY

Mauro JE
Institution:  Durand Hospital Buenos Aires 
Argentina

Introduction: Neoplastic vulvar lesions have 
been increasing in the last 20 years espe-
cially in young women, related, to global HIV 
infection epidemic, among other factors. The 
treatment is associated to important pro-
blems due impact on body image, self-steem, 
sexuality and global quality of life (QoL). New 
strategies are being sought to improve the-
se results. Cryosurgery is an effective, non 
aggressive technique with satisfactory post-
operative outcomes that conserves anatomy, 
sensitivity and allows treatments of eventual-
ly recurrences. However, literature on this to-
pic is scarce. 

Objective

To report our results after applying a new 
strategy to locally control vulvar neoplastic 
lesions in patients with overall poor health or 
those who refuse radical surgery.

Method

We report one group of 23 consecutive ca-
ses of women with   neoplastic lesions of 
the vulva attended in our Service from year 
1994 to 2010: Mean age 64.42±20.5 (range 
27–93) year’s old patients with overall poor 
health and the majority with advanced sta-
ges.  Main complaints before treatment were 
pain, itching, burning, fetid discharge, and 
several quality of life (QoL) alterations (e.g.: 

impossibility to sit, to walk, have adequate 
sexual intercourse, etc.). The treatment was 
performed in two steps. First, we excise exo-
phytic and suspicious areas with radiofre-
quency for histology and debulking. Second, 
2-3 freezing-thawing cycles were applied 
to the tumor bed and margins (1cm-1,5cm) 
with LN2 spray. Distal urethra and anal mar-
gin are frozen when compromised. Nodes 
treatment was performed as needed inde-
pendently from tumor treatment, 2-3 months 
after cryosurgery. Our results include objecti-
ve (anatomic and functional preservation as-
sessment) and when appropriate, subjective 
(vulvar sensitivity, visual analogic scale and 
global assessment question) evaluations.

Results

Postoperative course was satisfactory with 
neither antibiotic or analgesia need nor long 
hospital staying. Mean time to complete he-
aling was 4-10 weeks. Mean follow-up was 
46 months (1-116) or 3,85 years  (maximun 
9,7 years)

All patients achieved satisfactory local and 
symptom control, preserved vulvar sensitivi-
ty, and had improvement in quality of life (no 
odor or discharge, able to sit, walk, dress, 
and able to resume sexual activity). Func-
tional and cosmetic results were also good. 
None had fever, infections, severe local pain 
or painful micturition. Eleven patients died 
from non-related causes and two because of 
disease progression without local recurrence. 
In patients that recurred  (n= 2 ) new cryosur-
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Cracking of the frozen tissues with associated 
bleeding has been frequently reported during 
cryosurgery. The cracking is secondary to the 
thermal stresses, de-vitrification of extra-and 
intra-cellular fluid, and due to the increased 
specific volume of water, occurring during the 
rapid freezing and thawing process at the site 
where the cryoprobe was put into the tumor. 
For these reasons, the author recommends 
fast cooling and slow rewarming. Rapid coo-
ling should be done so that stress does not 
concentrate in a constant direction according 
to the principle of Griffith’s law and of perco-
lation in the tissue consisting of cell and intra-

cellular substance.

The author can not specify an optimum coo-
ling and rewarming rate, either in cryosurge-
ry or in cryopreservation that does not result 
in cracking. A supercooled/vitrified solution 
is very metastable. As it is devitrified or re-
crystallized, it can easily to be secondarily or 
discontinuously transformed to a stable solid 
phase to form hexagonal ice (Ih) and to in-
crease the specific volume at low tempera-
ture, where crack formation of the ice block 
can occur.
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It is known, that the main virtue of cryosurge-
ry in ontological practice is a maximally abla-
stic technique. Freezing with liquid nitrogen 
due to its extremely low temperature does 
not allow malignant cells to spread via the 
blood or lymph stream, or via interstitial fluid. 
Generally, during cryooperation tumor is de-
stroyed by freezing according to recommen-
ded technique and then grows are removed 
by mechanical cutting or electrical and laser 
cautery. However, in tumors with high mali-
gnant potential (for example, melanoma), 
dissemination of malignant cells risk are high 
– in such cases routine techniques cannot 
assure ablastic operation.

We recognized this method of treating mela-
noma in 1980. In that time radiologic, ultra-
sound and electrorengenogrsaphic examina-
tion techniques were used for tumor spawn 
diagnostic. In the following way tumor thick-
ness, outspread and tendency was detected. 
Because of deficient technical level it was im-
possible to get necessary information about 
tumor-induced angiogenesis. 

Today we use high frequency ultrasound 
device LOGISCAN Nr. 128 with highly sen-
sitive NL10.0/25/96Z sensors. This device al-
lows to perform high quality ultrasound test, 
when ultrasound makes complete colored vi-

sualization of tumor and angiogenesis field. 
Now before surgery we measure more than 
tumor depth, size and spread, we evaluate 
angiogenesis beneath tumor and quantity 
of tumor-feeding vessels, blood inflow and 
outflow streamlines – it is very important to 
forecast further course of illness and pos-
sible metastatic dissemination vector. In this 
way we determine freezing zone. Freezing is 
made using particular chosen cryoprobe tips 
for each case. It should be highlighted that 
this technique can only be used while tumor 
size does not exceed 5 cm. If tumor is larger, 
technique differs. Ultrasound sensor is used 
to size the freeze depth. It is important that 
optimal depth of freeze should reach fascial 
line. According to commonly acquired tech-
nique, frozen tissue removed down to the fa-
scia by using annular scalpel of appropriate 
measurements. Diameter of the scalpel must 
be smaller than diameter of frozen tissue. We 
do not remove frozen tissue remaining on fa-
scia. Healing wound left open to granulate 
and only approximately in 5% wound cove-
red with surrounding tissues or with skin graft 
from inguinal area.

During 1980-2008 in Oncological Research 
Institute of Lithuania and in Vilnius Center 
of Dermatological Prophylactics „Apgamas“ 
cryotherapy operations were performed for 
more than 500 patients, who were diagnosed 
with various localizations of melanoma. 287 
patients had undergone annular cryoexcisi-
on, only 3 cases of transit metastasis occur-
red. It should be mentioned that all patients 
had surgical treatment after mono- or poly-
chemotherapy or fytotherapy. 
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gery cycles were performed.

Conclusion

All 23 patients, some with extensive or mul-
tiple lesions, which would have required lar-
ge resections, grafting or intestinal surgery 
after a conventional vulvar surgery achie-
ved adequate local control and QoL impro-

vement, which make cryosurgery an inte-
resting option. For eventual recurrences, 
cryosurgery may be performed again. Alt-
hough more controlled trials are required, 
radiofrequency+cryosurgery is an effective 
and safe strategy to control vulvar neopla-
stic extensive lesions including patients with 
overall poor health. 



60 61

Keloid histopathology after 
intralesional cryosurgery 
treatment
Y Har-Shai,† 
I Mettanes,† 
O Genin, ‡ 
I Spector‡, 
M Pines‡
† Departments of Plastic Surgery, Carmel 
and Linn Medical Centers. The Bruce 
Rappaport Faculty of Medicine, Technion 
– Israel Institute of Technology, Haifa, and 
‡ Institute of Animal Sciences, the Volcani 
Center, Bet Dagan, Israel

Yaron Har-Shai M.D
The Unit of Plastic Surgery
Carmel Medical Center
Haifa, Israel 34642
Phone: + 972-4-8345569
Fax: +972-4-8347464
E-mail: yaron07@yahoo.com

Abstract

Background 

Keloid scars presents a great healthcare 
challenge. The patients suffer from pruritus, 
pain, discomfort and aesthetic disfigurement. 
Although various treatments are recommen-
ded, a single, highly effective treatment re-
presents a great clinical need.

Objective 

This study aimed to evaluate the cellular 
events and histopathology that follow intrale-
sional cryosurgery in keloids. This investiga-
tion encompasses cell proliferation, the num-
bers of cells expressing fibroblast-specific 
markers, collagen synthesis and organizati-

on, and mast-cell infiltration.

Methods 

Keloid biopsies were collected before and 
after intralesional cryoneedle (CryoShape) 
procedure. Collagen structure was evalu-
ated with confocal microscopy z-stacks, and 
3-dimensional reconstruction was performed 
with Imaris software. Mast cells and blood 
vessels were identified by immunohistoche-
mistry with tryptase antibodies and with von 
Willbrand Factor antibodies, respectively, 
and cell proliferation was estimated by proli-
ferating cell nuclear antigen antibodies.  

Results 

Keloids contain abnormally thick collagen 
bundles, organized in swirls comprising clo-
sely bound fibrils. After intralesional cryos-
urgery the collagen bundles lost their swirl 
structure, the thickness of the collagen layer 
decreased, and the bundles became more 
compact with less space between the fibers. 
A clear distinct transition zone separated the 
treated from the unaffected area. The frozen 
tissue was devoid of proliferating cells and 
of mast cells whereas the number of blood 
vessels remained unaltered. Most of the fi-
broblasts expressed all tested myofibroblast 
markers although some of them exclusively 
expressed one and not the other. Few nuclei 
were observed in the affected area after intra-
lesional cryoneedle treatment and very few 
of them expressed any fibroblast markers. Al-
most no mast cells were found following the 
cryo-treatment.
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Also, cryoannular excision – the best method 
to remove nevus of inconvenient localization.

Whereas cryoannular excision technique 

yields good results, we suggest, it can be 
used widely
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Conclusions Intralesional cryosurgery treat-
ment resulted in major changes in collagen 
structure and organization. In addition, the 
treatment reduced the numbers of prolifera-
ted cells in general and myofibroblasts and of 
mast cells in particular. These results may ex-
plain the significant reduction in no-response 
rate and the amelioration of the subjective 

and objective clinical symptoms after intrale-
sional cryosurgery treatment. 
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Abstract

Aim

To assess the therapeutic effect of combi-
nation of cryosurgery and 125iodine seed 
implantation for stage IV pancreatic cancer 
patients with different characteristics such as 
CA19-9 level in serum, long diameter of tu-
mor, primary tumor site. 

Methods 

Seventy-one patients with stage IV pancrea-
tic cancer were enrolled in the study. In all ca-
ses the tumors were considered unresectable 
after a comprehensive evaluation. Forty-se-
ven patients were treated with cryosurgery, 
which was performed percutaneously under 
guidance of ultrasound and/or computed to-
mography (CT), and 125iodine seed implan-
tation, which was performed during cryosur-
gery or post-cryosurgery under guidance of 
ultrasound and/or CT. Un-operated patients 
(24 patients) were treated with chemotherapy 
and 125iodine. 

Results
1) Compared with patients of conservative 

treatment, there was a four-month (11 
months versus 6.5 months) extension 
towards median survival time (MST) for 
patients with combined therapy. 

2) After combined therapy, the extension of 
patients’ MST was 9.5 (pancreatic body 
cancer), -2 (pancreatic head cancer) and 
6 (pancreatic tail cancer) months respec-
tively. 

3) For the patients with a cancer whose long 
diameter was less or more than 5cm, the 
extension of patients’ MST were 4.5 or 6 
months respectively. 

4) For the patients whose serum carbohy-
drate antigen 19-9 (CA19-9) was more 
or less than 10000U/ml, the extension of 
patients’ MST was 4 or 1 month respec-
tively. 

Conclusion

There was a obvious promotion on MST of 
patients with stage IV pancreatic cancer af-
ter combined therapy. Except pancreatic 
head cancer, combination of cryosurgery and 
125iodine seed implantation for stage IV pan-
creatic cancer had an advantage over con-
servative treatment. Serum CA19-9 level had 
predictive value for the combined therapy. If 
the patients’ serum CA19-9 level were more 
than 10000U/ml, his (or her) MST may last 
more than 10 months; otherwise, the MST 
may last more than 12 months.
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Introduction

Pancreatic cancer is the fourth leading cau-
se of cancer related death among in western 
societies[1] and the incidence of this tumor 
almost equals its mortality rate because pan-
creatic cancer has one of the worst progno-
ses of all human malignancies. Little patients 
can be treated by surgery and less than 20% 
pancreatic cancers are curative on diagnosis 
[2]. Overall survival for patients with localized 
pancreatic cancer is usually less than a year 
and for metastatic disease, also called stage 
IV pancreatic cancer, the overall survival is 
less than 6 months [3-4]. Treatment for sta-
ge IV pancreatic cancer may include cryos-
urgery[5-6], palliative surgery[7] and chemo-
therapy[8-9], The two latter methods are the 
standard treatment for stage IV pancreatic 
cancer and cryosurgery, which is widespread 
accepted as a physical technique to cure so-
lid tumors, emerged to be a new technique 
for the therapy of pancreatic cancer. Com-
bination of cryosurgery and 125iodine seed 
implantation, which continually eliminate resi-
dual tumor in the frozen position for treatment 
of locally advanced pancreatic cancer, had 
been used in our hospital by Dr Xu and Niu 
in 2008 [10]. In the report, the MST was 16.2 
months, with 26 patients (53.1%) surviving 
for 12 months or more. the Overall 6-, 12-, 
24- and 36-month survival rates were 94.9%, 
63.1%, 22.8% and 9.5%, respectively [11].  

Here we emphasized on the effects of com-
bined therapy to patients with stage IV pan-
creatic cancer. Compared with conservative 
treatment, whether Combination of cryosur-
gery and 125iodine seed implantation can 
increase patients’ survival time and whether 
several factors such as tumor grade, site and 
size, preoperative tumor marker CA19-9 [12-
13] have influences on survival of pancreatic 
cancer patients?  Seventy-one patients with 
stage IV pancreatic cancer were selected 
according to AJCC Cancer Staging Manu-
al (7th edition, the updated Cancer Staging 
Posters of the TNM classification[14]) and 47 
patients were treated with combined therapy 
of cryosurgery and 125iodine seed implanta-
tion. After follow-up of more than two years, 
a retrospective analysis was carried out and 

overall median survival time were calculated 
by statistics method and the association bet-
ween MST and different characteristics, such 
as CA19-9 level in serum, long diameter of 
tumor, primary tumor site also be investiga-
ted. 

Material and Methods

Patients

From September 2008 to August 2011, se-
venty-one patients with pancreatic cancer 
of IV stage underwent cryosurgery combi-
ned with 125iodine seed implantation (47 
persons) or conservative treatment (24 per-
sons). There were 39 males and 32 females, 
aged 39-87 years, with a median age of 56 
years. Primary tumor sits included pancreatic 
head (36 patients), body (12 patients) and tail 
(23 patients). Tumor size ranged from 2.7-11 
cm in the largest diameter. All patients had 
metastases of liver, peritoneum, lung and 
stomach, et al. In all patients which were 
from 8 different countries, the diagnosis was 
mainly based on CT and all patients had a 
positive histology. Before hospitalization, all 
patients received a comprehensive evaluati-
on and were considered to be unresectable. 
The patients were provided information on 
cryosurgery guidelines, and the study recei-
ved ethical approval.

Percutaneous cryosurgery

The procedure was performed in all patients 
under local anesthesia and guidance of CT. 
Based on the location of the tumor, cryoprobe 
insertion was carried out via the retroperito-
neal approach. Generally, 2 or 3 mm cryopro-
bes were used. For tumors greater than 3cm 
in long diameter, 2 to 3 probes were used. 
For liver metastases, simultaneous cryosur-
gery was performed using additional cryo-
probes which were inserted through the right 
intercostal space. A double cycle of freeze/
thaw procedure was used with an argon gas-
based cryosurgical unit (Endocare, Inc., CA, 
USA). Each cryoprobe was cooled to -160°C 
and the resulting ice ball was monitored un-
til the frozen region encompassed the enti-
re mass of the tumor with at least a “0.5-cm 

safe border”. The tissue was then allowed to 
slowly thaw to 0°C. A second cycle of free-
zing/thawing was performed after repositio-
ning of the cryoprobes. The cryoprobes were 
then removed and the still-frozen tract made 
by the cryoprobe was packed with thrombin-
coated Gelfoam to control bleeding. Seed im-
plantation was performed either at the time 
of cryosurgery or after cryosurgery through 
the percutaneous approach under ultrasound 
or CT guidance. The 125iodine seeds were 
implanted at the tumor border. The number 
of seeds employed depended on the tumor 
size, with each seed implanted at a distance 
of 0.5 cm. 

Conservative treatment

The un-operated patients were treated with 
125iodine seeds and chemotherapeutic 
drugs, consisted of 5-FU (500 mg/m2) or 
gemcitabine (500 mg/m2) routinely.

Postoperative management

The patients were instructed to stop eating for 
at least 3 d after the procedure. An analogue 
of somatostatin was given by intravenous in-
fusion, usually for 3-4 d, or extended further 
until the abdominal pain subsided and the 
elevated serum amylase levels normalized. 
Aprotinin (Trasylol), an inhibitor of pancreatic 
enzymes, and a proton pump inhibitor were 
given by intravenous infusion to patients with 
abdominal pain and elevated serum amylase 
levels.

Follow-up

Postoperative follow-up was performed at one 
month after treatment and every 3 months 
thereafter. On each visit, the patients were 
assessed by tumor marker assay, abdominal 
ultrasonography and CT. Some patients were 
examined by PET-CT. The efficacy of cryos-
urgery was evaluated based on tumor size 
and survival times of the patients. 

Statistical analysis

Survival was calculated using the Kaplan-
Meier test, and contrasted with integral and 

median survival time in accordance with 
practice [15-16]. A significant difference was 
indicated by p < 0.05, and all analysis was 
performed using GraphPad Software (San 
Diego, CA, USA).

Results

Influence of combined therapy to MST of pa-
tients

Although, no statistically significant difference 
was found in the integral survival time bet-
ween cryosurgery plus 125iodine (combined 
therapy) group and control group (unope-
rated patients), the treatment of combined 
therapy versus conservative treatment was 
associated with improvement in MST (12.5 
months versus 8.5 months). That showed 
that there was a 4 months extension of MST 
for combined therapy group contrasting with 
control group (Figure 1).

Figure 1. Kaplan-Meier analysis of cumulative survival 
of patients between cryosurgery plus 125iodine group 
and control group.

Influence of primary tumor site to MST of pa-
tients

According to the tumor primer site, all the pa-
tient were stratified in three parts, pancreatic 
head, body and tail cancer and MSTs of every 
part were analyzed, no statistically significant 
difference was found in the integral survival 
time among combined therapy-treated pati-
ents with various primary tumor sites (Figure 
2A). For pancreatic head, body and tail can-
cer, the MST of combined therapy group was 
12, 15.5 and 12 months, respectively; mean-
while that of control group was 11, 6 and 6 
months, respectively (Figure 2B). The effect 
of combined therapy was better for cancer of 
pancreatic body and tail, especially for that of 
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pancreatic body.

Figure 2. Kaplan-Meier analysis of cumulative survival 
of patients whose primary tumor sites were pancreatic 
head, body and tail, with or without combined therapy. 
A, Contrast among the combined therapy-treated pati-
ents. B, Contrast among the different sites of primary 
tumors.

Influence of tumor long diameter to MST of 
patients 

Before cryoablation, CT scanning was con-
ducted and tumor long diameter were collect 
as a indicator of severity. No statistically signi-
ficant difference was found in the integral sur-

vival time among combined therapy-treated 
patients with different tumor long diameter 
(median of the enrolled values was 5 cm, Fi-
gure 3A). For the patients’ tumor whose long 
diameter were less than 5 cm, the MST of two 
groups were 12.5 and 8 months, respective-
ly; meanwhile that of greater than 5 cm, the 
MST of two groups were 12 and 6 months, 
respectively (Figure 3B). In all, the effect of 
combined therapy was obvious no matter of 
the tumor size, especially to the tumors with 
greater long diameter.

Figure 3. Kaplan-Meier analysis of cumulative survival 
of patients whose tumor long diameters were more or 
less than 5 cm, with or without combined therapy. A, 
Contrast between the combined therapy-treated pati-
ents. B, Contrast between the different long diameters 
of primary tumors.

Influence of serum CA19-9 level to MST of 
patients 

In three year’s follow-up, different serum le-

vel of CA19-9 (median of the enrolled values 
was 10000 U/ml, Figure 4A) were collected 
in the patients and the patients were divided 
into two team according to the serum level of 
CA19-9. The serum level of CA19-9 of first 
team was greater than 10000 U/ml and the 
second was less than 10000 U/ml. There was 
no difference of the integral survival time bet-
ween combined therapy-treated patients of 
these two teams, the MST of two teams were 
10 and 6 months, respectively; meanwhile 
that of less than 10000 U/ml, the MST of two 
groups were 13 and 12 months (Figure 4B). 
In all, the effect of combined therapy was ob-
vious only when the serum level of CA19-9 
were greater than 10000 U/ml.

Figure 5. Kaplan-Meier analysis of cumulative survival 
of combined therapy-treated patients whose serum 
level of CA19-9 were more or less than 10000 U/ml, 
with or without combined therapy. A, Contrast between 
the combined therapy-treated patients. B, Contrast be-
tween the different levels of serum CA19-9.

Discussion

For pancreatic cancer, about 85%, patients 
were in a difficult position that the cancer 
cannot be resectable at time of the diagno-
sis. Radiochemotherapy trials may be the 
only choice for patients without metastases, 
but presenting with marginally resectable or 
locally non-resectable tumors. After finishing 
treatment and restaging, a potentially curati-
ve resection can be achieved in approximate-
ly one-third of these patients. For distinct lo-
cally unresectable or metastasized advanced 
pancreatic cancer, treatment of bile duct or 
duodenal obstruction is an essential part of 
the comprehensive palliative therapy. Howe-
ver, both endoscopic / percutaneous stenting 
procedures and surgical bypass makeshifts 
constitute safe and highly effective therapies 
[17]. Along with the progress of the surgical 
technique, pancreatic cryosurgery has gradu-
ally been successful applied in the treatment 
of pancreatic cancer. Because of not surgi-
cal resection, the method effectively reduces 
the risk of operation, decrease the chance 
of complications, improve the quality of life 
and even extend the patients survival time. 
In the process of cryoablation, oversized ice 
ball formation will increase the complications 
and endanger patient life; undersized ice ball 
formation can lead to recurrence of remnants 
tumor in freezing edge. For cancer therapy, 
ice ball formation beyond 1 cm of tumor dia-
meter should be a basic principle. Because 
of the tumor volume of stage IV pancreatic 
cancer were generally bigger and often ap-
parent adhesion to other organ or tissue and 
invasive growth, percutaneous cryotherapy 
cannot guarantee clear resection and com-
bination of cryosurgery and 125iodine seed 
implantation may be a better choice for these 
patients. The combination can minimize the 
recurrence of remnants tumor and increase 
patient survival time as long as possible.

There are different effects among the three 
different treatment methods, including cryos-
urgery, palliative surgery and chemotherapy, 
for stage IV pancreatic cancer. In 2010, Sta-
this et al reported that the MST for patients 
of stage IV pancreatic cancer treated with 
single-agent 5-FU and gemcitabine were 
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4.41 and 5.65 months[8]. In 2011, in the 
treatment of unresectable pancreatic cancer, 
a retrospective study on tumor cryoablation 
combined with palliative bypass surgery was 
reported by Li et al [6]. Compared with the 
palliative bypass group, the serum CA19-
9 concentration (690 U/ml vs.56 U/ml) and 
MST (8.5 months vs. 11.5 months)of combi-
ned group changed a lot. In our study, there 
was a 4 months extension (11 months versus 
6.5 months) of median survival time for com-
bined therapy group contrasting with control 
group. We found that for different conservati-
ve treatment, the MST of patients in our hos-
pital was higher than that of Stathis’s; for dif-
ferent combined therapy, the MST of patients 
in our hospital was higher than that of Li’s. 

Though the important effect of tumor grade, 
site, size and preoperative tumor marker 
CA19-9 are associated with survival time of 
patients, we now can put forward the assess-
ment programme which was on the stage IV 
pancreatic cancer patients treated with our 
combined therapy. Namely, no matter the 
long diameter and primary site of stage IV 
pancreatic cancer, if his (or her) serum CA19-
9 level more than 10000U/ml, the MST may 
last more than 10 months; otherwise, his (or 
her) MST may last more than 12 months. At 
the same time, combined therapy did not take 
obvious advantage to conservative treatment 
in MST (12 months versus 11 months) (Tab 
1), partly because pancreatic heads are close 
to duodenum, portal vein and gastric fundic 
region. The complicated anatomical position 
made percutaneous cryosurgery difficulty and 
the effect of combination of cryosurgery and 
125iodine seed implantation may be severely 
affected. In all, almost all kinds of stage IV 
pancreatic cancer patients are fit for our com-
bined therapy, except some conditions with 
pancreatic head cancer. Though palliative 
surgery and conservative treatment are the 
standard treatment of the treatment for stage 
IV pancreatic cancer, cryoablation combinati-
on with 125iodine seed implantation may in-
crease the patients’ life much longer.

Tab 1. Therapy selection of patients with stage IV pan-
creatic cancer

Although there were more median survival 
time (12.5 months versus 8.5 months) for our 
combined therapy of cryosurgery and 125iodi-
ne seed implantation on patients of stage 
IV pancreatic cancer, the ideal treatment of 
pancreatic cancer is still on the road. Nowa-
days, lots of methods in animal experiment 
were carried out to enhance tumor treatment 
efficiency, including combined application of 
other frozen adjuvants in frozen edges (e.g. 
thermophysical adjuvant, chemotherapeu-
tics, inflammatory cytokines and immunolo-
gical adjuvant)[18], Nano freezing [19-20], 
reconstruction of immune system (adoptively 
transfer effector and memory T cells activa-
ted in vitro)[21-22], inhibition of macrophages 
[23-24], stimulation of innate immune cells 
[25], inhibition of regulatory T cells [26-28], 
tumor vaccine [29] or multiply combined the-
rapies[30-31]. In combination with cryoabla-
tion, all the methods above may be used in 
therapy of stage IV pancreatic cancer. In all, 
much more endeavors are needed for further 
enhancement the effect of cryotherapy.  
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Abstract

Objective

This study was designed to basic information 
concerning the efficacy and safety of cryos-
urgeryfor pancreatic cancer. Fifteen healthy 
pigs were used to perform biochemical ana-
lysis and histological assessment. 

Methods

Following anesthesia and laparotomy, an ar-
gon–helium cryoprobe was inserted into the 
pancreas. The introduction of argon gas indu-
ced a rapid decrease in temperature to_160 
_C (Group I, 5 pigs) or _110 _C (Group II, 5 

pigs), respectively, resulting in ice-ball forma-
tion of 15–20 mm diameter after 5 min. Fol-
lowing freezing, helium gas was circulated 
in the probe tip to increase the temperature 
to 10–20 _C over 3 min to thaw. The freeze/
thaw cycle was then repeated. Group III (3 
pigs) had a cryoprobe inserted, but without 
freezing, and Group IV (2 pigs) included un-
treated or normal control animals. Levels of 
serum amylase (AMY), IL-6 and C-RP were 
measured prior to freezing and for 7 days 
following the procedure. All pigs were eutha-
nized 7 days post-treatment and pancreases 
were examined histologically. 

Results

Neither hyperaemia, edema or hemorrhage 
were observed in the un-frozen parts of the 
pancreas. Histological assessment revealed 
a significant level of necrosis in the central 
and lateral regions of the tissue frozen within 
the ice-ball. All cellular ultrastructure was de-
stroyed and only observable as a few of re-
maining nuclei with broken crests and degra-
nulated mitochondria and rough endoplasmic 
reticulum. There was a significant increase 
of serum AMY levels for a brief period in 
both ‘‘deep frozen” and the ‘‘shallow frozen” 
groups. However, the AMY also increased in 
two pigs in the ‘‘normal control” group and 
one pig from the ‘‘inserted cryoprobe without 
freeze” control group. All experimental pigs 
appeared healthy until the sacrifice time. 

Conclusion

Original Papers
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The 15 experimental pigs were maintained 
on normal diets and their daily activities were 
observed. Serial blood biochemical tests Pre-
operative and post-operative determination 
following tests were performed for all of the 
experimental pigs:

(1) Serum amylase (AMY): serum amylase 
level was pre-operatively and post-operative-
ly determined on days 1, 2, 3, 4, 5, 6 and 7.

(2) Serum interleukin-6 (IL-6) and serum C-
reaction protein (C-RP): were determined 
post-operatively on days 1, 2, 3, 4, 5, 6 and 7 
by solid-phase ELISA by the kits of Quantiki-
ne– R&D Systems (Minneapolis, Minnesota, 
USA) and Behring Nephelometer – Analyzer 
(Marburg, Germany). Visual and histologi-
cal observation Group I and II: The 10 pigs 
were sacrificed by bloodletting at post-ope-
rative day 7. A laparotomy was immediately 
performed and the pancreas and its adja-
cent organs were observed. Two pancreatic 
specimens were taken at each three places 
within the primary freeze/insertion zone: (A) 
the central area of the ice-ball; (B) the lateral 
central area of the ice-ball; and (C) ice-ball 
edge area close to normal un-frozen tissue. 
The specimens were fixed in 10% formalin 
and 2.5% glutaraldehyde for light microsco-
pic and electron

microscopic examination, respectively. Group 
III: The pancreatic specimens were taken 
from the 3 pigs, as above, for light microsco-
pic and electron microscopic examination, 
respectively. Group IV: The two pigs as nor-
mal control also had pancreatic specimens 
taken at operation and post-operative day 
7,respectively.

Results

Clinically

All of the 15 experimental pigs exhibited nor-
mal eating, drinking and behavioral activities 
until their sacrifice. No bleeding tendencies 
appeared. Biochemical tests Serum AMY 
(Fig. 2): 13 (86.7%) of the 15 pigs had signi-
ficant increased serum AMY. In all pigs of the 
Group I and II, serum AMY showed a prompt 

increased levels after cryosurgery and rea-
ched peak levels within 2–3 days before ra-
pidly declining. However, by post-freeze day 
6, serum AMY returned to normal. In Group III, 
two of three experimental pigs demonstrated 
no change in serum AMY levels, only pig (No. 
13) had mild increase of serum AMY at post-
operative day 5, and did not return to normal 
at post-operative day 7. Two pigs in Group IV, 
as normal controls, had significant increases 
in AMY level at post-operative day 1. In one 
of the two pigs, AMY returned to normal at 
post-operative day 4, while the other remai-
ned high up to post-operative day 7. Serum 
IL-6: Of 15 pigs, 5 (33.3%, 2 in the Group I, 
1 in the Group III and 2 in the Group IV) had 
mild increases in IL-6 level at post-operative 
day 7, day 1, day 1 and day 6, respectively. 
For one in the Group III, IL-6 level returned 
to normal the next day. The other four pigs 
had slight increases of IL-6 up to post-opera-
tive day 7. The average serum IL-6 levels in 
‘‘deep freezing” and ‘‘normal control” groups 
were lower than in the ‘‘shallow freezing” and 
‘‘insert cryoprobe without freeze” groups (Fig. 
3). Serum C-RP: All experimental pigs had no 
marked change before and after the experi-
ment. 

Fig. 2. Serum amylase levels before and after the expe-
riment in the 15 pigs.

Fig. 3. Serum average IL-6 levels before and after the 
experiment (normal value is 5.9 pg/ml).

Cryosurgery is a safe and effective ablative 
procedure for pancreatic tissue resulting in 
minimal complications.

Introduction

Pancreatic cancer is a malignancy with very 
poor prognosis and with few treatment opti-
ons [5]. Cryoablation can be a useful thera-
peutic choice of pancreatic cancer [10,23]. 
However, little attention has been paid to ex-
perimental observation of the pancreas after 
cryosurgery. In an effort to provide the basic 
information for efficacy and safety of cryosur-
gery for the treatment of pancreatic cancer, 
we performed serial blood biochemical deter-
minations, and light microscopic and electron 
microscopic observations of the pancreases 
of healthy experimental pigs before and after 
cryosurgery.

Materials and methods

Experimental animal Fifteen certified healthy 
Tibet miniature pigs were obtained from the 
Animal Experimental Center of South Medi-
cal University, weighing 27–32 kg, with an 
average weight of 30 kg. For 2 weeks prior 
to the experimentation, the pigs were obser-
ved to ensure normal behavior. Argon–heli-
um cryosurgery system This study utilized 
the EndoCare™ CryoSurgical System (CA, 
USA). This system relies on the Joule–Thom-
son effect, in which pressurized gas is permit-
ted to depressurize through a narrow nozzle 
located at the tip of the probe. The depressu-
rization of argon gas results in cooling of the 
cryoprobe tip to _160 _C. Helium gas is used 
for probe tip heating (up to 67 _C).

Groups and experimental methods

Group I (deep freezing) Five pigs were anes-
thetized with Isoflurane. Using sterile tech-
nique, the pancreas was exposed through 
abdominal access. A 2- mm diameter cryo-
probe was inserted directly into the pancrea-
tic body, argon flow was set to 100% yielding 
a cryoprobe tip temperature of _130 to _140 
_C and an ice-ball of 15–20 mm in diame-
ter. After 5 min, argon flow was stopped and 
helium gas introduced to raise the tempera-

ture from 10 to 20 _C for 3 min. This freeze/
thaw cycle was repeated. The freezing pro-
cess was completed under ultrasound moni-
toring. With ice-ball formation, the ultrasound 
echoes yielded images of ice expanding 
from the center of the frozen area adjacent 
to the cryoprobe and gradually expanded. 
The cryosurgery was considered a success 
when the ultrasound showed large areas of 
non-echo from the frozen area (Fig. 1). A silk 
suture was placed to mark the center of the 
frozen area. After removing the probe, the 
hole caused by the cryoprobe was filled with 
a thrombin gelatin sponge, and the abdomen 
was closed without drainage. Post-surgically, 
anesthesia was stopped, pigs were retuned 
to their cages, and offered their regular diet. 
Neither intravenous infusion, antibiotics, nor 
other medications was administered.

Group II (shallow freezing) Five pigs un-
derwent the same procedure as described 
above but the argon flow set to 10%. Follo-
wing activation of cryoprobe, the indicated tip 
temperature was _110 to _120 _C resulting in 
a same size ice-ball.

Group III (inserted cryoprobe without freeze) 
Three pigs underwent a sham procedure with 
only the cryoprobe being placed into the pan-
creatic body without any freezing/ thawing 
procedures. The cryoprobe was held in place 
for 10 min, and then removed.

Group IV (normal control) Two control pigs 
not experiencing either the sham or freeze 
treatments were sacrificed and pancreatic 
specimens were taken for light and electron 
microscope examination.

Fig. 1. The pancreatic ultrasound imaging before (left) 
and after (right) the freeze.

Observations

Clinically
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Fig. 5. The pancreatic tissues by light microscopy at post-freeze day 7. (H & E).

Fig. 6. The pancreatic tissues by electron microscopy at post-freeze day 7.

Visualizing 

After the 15 pigs were sacrificed by bloodlet-
ting at post-operative day 7, a laparotomy 
was immediately performed. All un-frozen 
pancreatic tissue appeared normal with no 
hyperaemia, edema or hemorrhage observed 
(i.e., acute pancreatitis or pancreatic fistula). 
In Group I and II, there were obvious dark-
brown necrotic areas around the silk suture 
on the pancreases with a definite boundary 
close to un-frozen pancreases (Fig. 4). In pig 
No. 1 of the Group I, there was a 2 _ 2 _ 3 cm 
necrotic area on the colon wall close to the 
pancreatic frozen zone that had an extensive 
adhesion with the surrounding tissues, and a 
small volume of ascetic fluid within the abdo-
minal cavity. In the Group III, the only obvious 
abnormity on the pancreas was some faint-
ly visible damage along the needle insertion 
tracts.

Fig. 4. The visualizing at post-freeze day 7.

Histology

By light microscopy (Fig. 5): H&E staining 
showed a significant zone of coagulative ne-

crosis in all pancreatic specimens in the cen-
tral and lateral central zones of the ice-ball 
in Groups I and II. More than half specimens 
had inflammatory infiltration in these zones. 
The severity of the necrosis and inflamm-
atory lesions gradually diminished from the 
center areas outwards to freeze zone edges. 
Conversely, granulation tissue hyperplasia 
appeared on 8 specimens at the edges, 4 
specimens at the lateral central areas, and 2 
specimens in central areas. In addition, pan-
creatic duct hyperplasia appeared in 3 speci-
mens of the Group I, and 1 of the Group II, 
respectively. There was vasculitis on a speci-
men on the edge freeze zone in the Group 
I. No significant difference in the severity of 
necrosis between Group I and II was noted. 
Likewise, no abnormal

changes were noted in Group III and IV. By 
electron microscopy (Fig. 6): In the Group I 
and II, all cells became necrotic, all cellular ul-
trastructure was destroyed and disappeared 
in the central areas. In the lateral central zone 
of the freeze zone, most cells were necrotic 
with few relict cellular nuclei along with rup-
tured nuclear membranes. Organelles were 
persistent, mitochondria broken with degra-
nulation. Also rough endoplasmic reticulum 
was degranulated. At the edge of the frozen 
areas, most of the cellular membranes had 
ruptured but most organelles remained inclu-
ding nuclei, rough endoplasmic reticulum and 
secretory granules. No significant differences 
between the severity of tissue necrosis and 
organelle damage between the Group I and 
II was observed. No abnormal changes were 
noted in Group III and IV.
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of pancreatic cancer may not necessarily re-
quire the ‘‘1 cm safe border”. However, this 
conclusion requires further study. Our study 
includes ‘‘deep freezing” group and ‘‘shallow 
freezing” group, where the argon gas output 
was 100% and 10% with the final tempera-
tures _140 and _110 _C, respectively. The 
freeze time was 5 min and the non-routine 10 
min. However, the results of light and electron 
microscopy showed that there was no signi-
ficant difference in the severity of tissue da-
mage between ‘‘deep freezing” group and the 
‘‘shallow freezing” group. This finding is an 
important observation for clinical treatment, 
and it indicates that the procedure of lower 
argon gas output power, shorter time and the 
relative non-extreme cold temperature can 
be used for pancreatic cancer cryotherapy. 
Accordingly, milder subfreezing temperatures 
may assure effective cryoablation for cancer 
while reducing excessive trauma to the pan-
creas. Because pancreas contains digestive 
enzymes, damage to pancreatic tissue may 
causes acute pancreatitis, pancreatic necro-
sis, pancreatic fistula and other serious co-
morbidities. This is the most concerning cli-
nical problem. To help solve this problem, we 
examined the levels of serum AMY, IL-6 and 
C-RP preoperatively and at post-operative 
day 1, 2, 3, 4, 5, 6, 7, respectively. Thirteen 
(86.7%) of the 15 pigs had a brief period in-
crease of serum AMY. It reached peak levels 
within 2–3 days, then fell rapidly and retur-
ned to normal at the post-freeze day 6. Two 
pigs in Group IV, as normal control, had si-
gnificant increases of AMY level at postope-
rative day 1. In one of the two pigs, the high 
AMY level remained up to post-operative day 
7. Myers, etc. [15] also found the similar re-
sults in a pancreas frozen by liquid nitrogen 
in 15 healthy rhesus monkeys. The serum 
AMY had a prompt increase 4–5 times that of 
normal level on the first post-freeze day but 
returned to normal 3 days later without evi-
dence of acute pancreatitis. Since many re-
asons can cause an increase of serum AMY 
[22], it is valueless to judge pancreatitis by 
serum AMY only. More articles [3,8,18,1,6] 
showed that unexplained only elevated se-
rum AMY is not evidence of pancreas dama-
ge. Serum IL-6 and C-RP are considered va-
luable indicators of acute pancreatic damage 

[16,4,2]. The average serum IL-6 levels in 
‘‘deep freezing” and ‘‘normal control” groups 
were lower than in the ‘‘shallow freezing” and 
‘‘insert cryoprobe without freezing” groups. 
The undulation of serum IL-6 levels within 
each group were not regular. Serum C-RP of 
the all pigsshowed no marked change. Both 
serum IL-6 and C-RP did not show complica-
ting acute pancreatitis after the freeze. It is 
important to note that all experimental pigs 
exhibited normal characteristics post-opera-
tively. After the aparotomy at post-operative 
day 7, all un-frozen pancreatic tissue ap-
peared normal with no hyperaemia, edema 
or hemorrhage in the ‘‘deep freezing” and 
‘‘shallow freezing” groups. These observati-
on show that pancreatic cryosurgery is safe. 
As with any surgery, the safety of pancrea-
tic cryosurgery is closely related to operati-
ve performance. Especially in percutaneous 
procedures, accurate positioning and appro-
priate freezing are very important. In one pig 
from the ‘‘deep freezing” group, there was a 
local necrotic area on the colon wall close to 
the pancreatic frozen zone, it was apparent-
ly too deeply frozen. Acknowledgments We 
thank John G. Baust, Ph.D., UNESCO Chair 
and Professor, Director, Institute of Biomedi-
cal Technology, Binghamton University, Sta-
te University of New York, Binghamton, NY 
13902 for writing assistance.
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zen zone also should go beyond the tumor 
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the freeze zone. Therefore, the frozen area 



78 79

bution of age, sex, amylase activity, and electropho-
retic mobility, Clin. Biochem. 19 (1986) 250–253.

7. R.A. Fryer, C. Galustian, A.G. Dalgelish, Recent 
advances, developments in treatment strategies 
against pancreatic cancer, Curr. Clin. Pharmacol. 4 
(2009) 102–112.

8. L. Gullo, Day-to-day variations of serum pancrea-
tic enzymes in benign pancreatic hyperenzymemia, 
Clin. Gastroenterol. Hepatol. 5 (2007) 70– 74.

9. N.N. Korpan, Pancreas cryosurgery, in: N.N. Kor-
pan (Ed.), Basics of Cryosurgery, first ed., Springer-
Verlag, Wein, New York, 2001, pp. 151–154.

10. N.N. Korpan, Cryosurgery in the 21st century, in: 
N.N. Korpan (Ed.), Basics of Cryosurgery, first ed., 
Springer, Wien, New York, 2001, pp. 3–8.

11. N.N. Korpan, G. Hochwarter, Pancreatic cryosurge-
ry – a new surgical procedure for pancreatic cancer, 
Eur. J. Clin. Invest. 27 (Suppl. 1) (1997) A33.

12. S.J. Kovach, R.J. Hendrickson, C.R. Cappadona, et 
al., Cryoablation of unresectable pancreatic cancer, 
Surgery 131 (2002) 463–464.

13. P. Limongelli, S.E. Khorsandi, M. Pai, et al., Ma-
nagement of delayed postoperative hemorrhage 
after pancreaticoduodenectomy: a meta-analysis, 
Arch. Surg. 143 (2008) 1001–1007.

14. T. Mala, E. Samset, L. Aurdal, et al., Magnetic re-
sonance imaging estimated three-dimensional tem-
perature distribution in liver cryolesion. A study of 
cryolesion characteristics assumed necessary for 
tumor ablation, Cryobiology 43 (2001) 268–275.

15. R.S. Myers, W.G. Hammond, A.S. Ketcham, Cryos-
urgery of primate pancreas, Cancer 25 (1970) 411–
414.

16. G.I. Papachristou, Prediction of severe acute pan-
creatitis: current knowledge and novel insights, 
World J. Gastroenterol. 14 (2008) 6273–6275.

Late Ultrastructural Mechanisms 
of Liver Tissue Injury
Following Low Temperature 
Exposure
Nikolai N. Korpan, MD, PhD, FICS
Franz Sellner, MD, Gerhard Hochwarter, 
MD
International Institute for Cryosurgery, 
Department of Surgery, The Rudolfinerhaus, 
Vienna, Austria

Abstract

In the last decades, the nature of the cryos-
urgical injury was the subject of numerous 
theoretical and experimental investigations 
on the mechanism of biological tissue injury 
in cryomedicine, i.e. cryosurgery. For the first 
time, the late cell changes were observed in 
the liver tissue after exposure to low tempera-
tures of -60 °C and -180 °C through transmis-
sion electron microscopy in vivo. The expe-
riment study was carried out on 48 mongrel 
dogs. The operation control unit was adju-
sted to the temperature required to produce 
the cryogenic effect of -60 °C and -180 °C by 
cryosurgical probe in contact with liver tissue. 
Ultrastructural cellular changes in liver paren-
chyma were revealed by electron microscopic 
analysis during the late postcryosurgical pha-
se, 24 hours after the finishing of the cryosur-
gical session. Remaining hepatic cells were 
observed to be surrounded by macrophages. 
The matrix of hepatocytes was destroyed, 
and the plasma membrane of hepatic cells 
fully lysed. Mitochondria were observed with 
lysed matrix and disrupted external and in-
ternal membranes. Coagulated protein com-
ponents were found in the mitochondria. 
Active functional macrophages were found, 
and thrombocytes were observed situated 

in the sinusoidal space. Late aseptic cryos-
urgical aponecrosis with subsequent aseptic 
cryosurgical apoptosis as well as cryosurgi-
cal anti-angiogenesis are the main important 
mechanisms of living liver tissue damage as 
a response to the freezing-thawing process. 
In all studied animal groups the bacteriolo-
gical results have not yielded any growth of 
microorganisms (P<0.001).  The late liver cell 
changes were especially pronounced after 
treatment at -180 °C (P<0.001). 
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Introduction

Advances in cryosurgical technology have 
aroused interest in the possibility of using 
cryosurgery to treat liver malignancies (1-8).

The process of freezing and the mechanism 
of cryogenic damage have been investigated 
during hepatic cryosurgery to correlate the 
structures of liver tissue frozen during cryos-
urgery, liver frozen at various constant coo-
ling rates, and unfrozen normal liver (9-15).

No data was previously available on late ul-
trastructural cellular changes in the response 
of normal and pathological liver tissue to 
exposure to low cryosurgical temperatures. 
Neither the in vivo sensitivities of the liver 
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than by insertion of a surgical needle into the 
hepatic parenchyma. In addition, the model 
of surface cryoablation offers a non-traumatic 
approach for healthy tissue, compared to in-
sertion of a cryosurgical needle into the liver 
tissue. This is especially true when several 
specimens must be taken.  

The following procedures as used in this 
study: Freezing with a Cryosurgical Probe, 
Thawing the Tissue, and Electron Microsco-
pic Study of the Liver, have been presented 
previously (16-19).

Bacteriological Investigations

The smear was taken conventionally for the 
bacteriological investigations from the post-
cryosurgical zone by means of the throat 
spill under the aseptic principle in all animal 
groups 24 hours after the finishing of the free-
ze-thaw cycles ().

Statistical Analysis

All data are presented as a mean ± SEM 
(standard error of the mean). For statistical 
analysis of differences in longitudinal chan-
ges between control and intervention groups 
the Man-Whitney U test (Wilcoxon’s test for 
independent samples) was applied. Diffe-
rences were considered statistically signi-
ficant if P was less than 0.05.

Results

Before the Freeze-Thaw Cycle

Electronic micrographs show the structure of 
dog liver cells before cryosurgery (Fig. 1A-B). 

Freeze-Thaw Cycle at -60 °C

Liver tissue was taken directly from the cen-
tral portion of the cryozone in the dog’s liver 
24 hours after cryosurgical exposure to -60 
°C, to observe ultrastructural changes in the 
liver parenchyma (group 1). Likewise, the 
central portion of the cryozone in the dog’s 
liver is presented 24 hours after thawing (Fig. 
2).

A destructively altered hepatocyte (1) is 
shown (Fig. 2). Full lysis of plasma membra-
ne (↑) and a picnotic nucleus (2) are clearly 
shown. Mitochondria with lysed matrices and 
disrupted external and internal membranes 
are found. Coagulated protein components 
(3) are observed, situated in the mitochon-
dria. Neutrophils (4) and erythrocytes (5) are 
observed as well. 

The space of the former sinusoidal capilla-
ry (Fig. 3) is filled with cell detritis and blood 
cells including neutrophils (3), macrophages, 
(4) and erythrocytes (5).

Figure 4 shows a hepatocyte (1) with a de-
structured plasmolemma. The nucleus (2) of 
the hepatocyte displays an eroded nuclear 
membrane and a slightly condensed karyo-
matrix. Mitochondria (2) are found in different 
stages of destructive change (3). Dilated ca-
naliculi of the rough endoplasmic reticulum 
(↑) are easily observed. Sequestered parts 
of hepatocytes (4) and hemolytic erythrocy-
tes (5) can be clearly observed in the former 
sinusoidal space. 

A hepatocyte (1) is visible with an unstructu-
red plasmolemma 24 hours after cryosurgical 
session at -60 °C (Fig. 5). The nucleus (2) of 
the hepatocyte can be seen with condensed 
and lysed karyomatrix (3). Mitochondria are 
indicated in different stages of destructive 
change (4). Furthermore, the electron micro-
graph shows dilated canaliculi in the rough 
endoplasmic reticulum (↑).

The Freeze-Thaw Cycle at -180 °C

Liver tissue was taken 24 hours after cryosur-
gical session at -180 °C to observe ultrastruc-
tural changes in the liver parenchyma (group 
2). The central portion of the cryozone in the 
dog’s liver 24 hours after cryosurgical session 
at -180 °C is shown (Fig. 6). Electron micro-
graphy shows the remained hepatic cells (1) 
surrounded by macrophages (2). The matrix 
of the hepatocytes is destroyed. The plasma 
membrane of the hepatic cell (↑) is fully lysed 
by 24 hours after freezing and thawing using 
the lowest temperature of -180 °C. Mitochon-
dria with lysed matrices and destroyed exter-

parenchyma to different cryosurgical expos-
ures, nor the minimum temperature required 
to cause adequate cryodestruction and pre-
vent tumor recurrence have as yet been de-
fined or described in the medical literature. 
The late cryosurgical response of normal liver 
tissue in animals has not previously been in-
vestigated by electron microscopy. 

Here for the first time, late ultrastructural cel-
lular changes 24 hours after a cryosurgical 
session are observed in animal liver paren-
chyma following exposure to low tempera-
tures of   -60 °C and -180 °C. This study is 
part of a research cycle of experimental in-
vestigations that have been carried out and 
published previously in part (16,17).

We have defined late ultrastructural changes 
in liver tissue as all cellular changes in the 
hepatic parenchyma that have appeared by 
24 hours after the in vivo freeze-thawing pro-
cess.

Materials and Methods

Animals

The experimental study was carried out on 
forty eight mongrel dogs weighing 11.7 to 
18.8 kg, and was aimed at investigating the 
nature of the processes which occur in liver 
parenchyma subjected to destruction by the 
application of low temperatures of various in-
tensities, and the degree of their ultrastructu-
ral manifestations.

The experimental cryogenic operation has 
already been described in detail (16,17). In 
order to study the late ultrastructural changes 
in liver parenchyma after low temperature 
exposure, specimens were taken intraope-
ratively for transmission electron microscopy 
24 hours after the cryosurgical session.

All animals were provided with standard pel-
let food and water, but were not fed for 12 
hours prior to the experiment. In this study, all 
dogs were kept in their cages and observed 
postoperatively for 24 hours.

Experimental Design and Operative Proce-

dure

The experimental design and operative pro-
cedure, as well as the cryosurgical approach, 
have already been described (16,17). Twen-
ty-eight animals were used for the experi-
mental group. These dogs were divided into 
two groups of fourteen each. In group 1, liver 
tissue was frozen at -60 °C and in group 2, 
at -180 °C. The cryosurgical probes were in 
contact with the liver for three minutes at each 
of these temperatures. The remaining twenty 
animals were used as controls and again di-
vided into two groups. In control group A of 
ten animals, the cryosurgical probe was in-
serted into the liver but no freeze-thaw cycle 
was conducted. The second control group B 
(10 animals) underwent simulated laparoto-
my. 

24 hours after the conclusion of the freeze-
thaw cycles, specimens were taken for trans-
mission electron microscopy to observe late 
ultrastructural changes in the liver parenchy-
ma. 

The Cryosurgical Approach

A disc probe with a diameter of 20 mm was 
placed on the liver. Temperatures of -60 °C 
and -180 °C at the contact point with liver 
tissue, with a temperature stabilization of ± 
1%, were selected for cryosurgical exposure. 
A three-minute freeze followed by complete 
thawing of the liver was used for each free-
ze-thaw cycle. Every cryosurgical lesion was 
observed at 24 hours after thawing. The two 
freeze-thaw cycles were monitored by intra-
operative ultrasound before, during, and after 
cryosurgery. Liquid nitrogen was applied by 
Cryoelectronic, a cryosurgical device of our 
own design, and suitable for universal appli-
cation. Liquid nitrogen was circulated through 
the probe at -196 °C (5,14). 

The cryosurgical cryozone formed by disc 
probe application on the hepatic parenchyma 
is the same as that produced by cryosurgical 
needle insertion into liver tissue. Specimens 
of parenchymal tissue are technically easier 
to recover for transmission electron micro-
scopy by the model of surface cryoablation 
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depends on the technical facility of the cryos-
urgical devices used in performing cryosurgi-
cal operations, especially in surgical oncolo-
gy. This, in turn, is defined by the temperature 
of the working surface of the cryoprobe in 
contact with the tissue to be frozen (22-26). 

Finally, the scientific value of this in vivo re-
search is to clearly define the late ultrastruc-
tural changes in liver tissue after cryosurgery. 
24 hours afterwards, aseptic cryoaponecrosis 
and aseptic cryoapoptosis are the main me-
chanisms of liver tissue damage in response 
to the freezing-thawing process. These are 
generally the main mechanisms of biological 
tissue injury following exposure to low tem-
perature. These mechanisms are especially 
well illustrated at the lowest temperature of 
-180 °C (P<0.001).  

Phenomena in living substance which were 
observed in this study suggest that cryosur-
gery is the first surgical technique based on 
the anti-angiogenesis, i.e. blocked the tumor 
vascularisation with immediately stopping 
oxygen supply to the tumor cells. This in-
itiated an irreversible damage tissue process 
and finally leads to complete destroying of 
tumor mass.    

For the first time, the scientific implication 
of the long standing research is to define 
that the early and late cryosurgical vascular 
changes and circulatory stagnation together 
with the following cryoaponecrosis and cryo-
apoptosis as well as anti-angiogenesis and 
interruption oxygen supply to the tumor cells 
are the main important mechanisms of living 
tissue damage as a response to freezing-tha-
wing process.        

On the other hand, the data from our investi-
gations allows a better understanding of the 
clinical consequences and the main technical 
requirements of cryosurgical devices, espe-
cially considering lowest temperatures such 
as -180 °C, giving rise to new ideas concer-
ning the technical requirements of cryosurgi-
cal equipment for performing modern cryos-
urgical operations, especially in surgical 
oncology (27-28). 

Conclusions

24 hours after freeze-thawing, the proper-
ties of the liver parenchyma’s response to 
low temperature exposure provide impor-
tant insights into the mechanisms of dama-
ge and cryogenic lesion after cryosurgery. In 
all studied animal groups the bacteriological 
findings have not indicated any microflora 
(P<0.001).  Cryosurgical vascular changes 
and circulatory stagnation together with anti-
angiogenesis as well as subsequent aseptic 
cryoaponecrosis and aseptic cryoapoptosis 
are the most important mechanisms of liver 
tissue damage in response to freeze-tha-
wing. The late ultrastructural changes in liver 
tissue in vivo were especially pronounced at 
the lowest temperature of -180 °C (P<0.001).  
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nal and internal membranes can be observed 
as well. Likewise, coagulated protein compo-
nents (3) are situated in the mitochondria.

Electron micrography shows the deglutition 
of cell detritus (1) by macrophages (2) in the 
cryogenic centre zone of the liver tissue (Fig. 
7). 

Liver tissue in the border between the cryo-
zone and untreated liver parenchyma 24 
hours after cryosurgical exposure at -180 
°C is presented (Fig. 8). Electron microgra-
phy illustrates the remainder of hepatic cells 
with fully destroyed plasma membrane and 
unstructured matrix (1). Mitochondria with 
coagulated protein components (2) are easily 
located. An active functional macrophage (3) 
is observed.

24 hours after cryosurgical exposure to -180 
°C, liver tissue on the border between the 
cryozone and untreated liver parenchyma is 
shown (Fig. 9). Electron micrography reveals 
the remainder of hepatic cells (1) with full 
destroyed plasma membrane and unstruc-
tured matrix. Endothelial cells and Kupffer’s 
cells (↑) are observed. Erythrocytes (2) and 
macrophages (3) are located in the perisinu-
soidal space of Disse. Furthermore, thrombo-
cytes (4) are situated in the sinusoidal space. 

In all studied animal groups the bacteriolo-
gical results have not yielded any growth of 
microorganisms (P<0.001).  

Discussion

An inadequately addressed aspect of cryos-
urgery is the mechanism by which damage 
occurs during the freezing process. This is 
important, because although cryosurgery is 
used clinically to treat parenchymal tumors, 
especially liver tumors, neither the freezing 
process nor the mechanism of damage in-
volved in the treatment are fully understood. 
Thus, research studies on the process of free-
zing in liver tissue are of great significance for 
liver cryosurgery (1,8,21).

The experimental investigations of the pre-
sent study were carried out on animals to 

evaluate the effects of low temperature ex-
posure of various intensities on hepatic cells, 
and the degree of their late manifestations. 
The study was focused on the mechanism of 
the freeze-thawing process with applications 
of -60 °C (group 1) and -180 °C (group 2) 
to liver tissue. For the first time, liver tissue 
samples were taken 24 hours after cryosurgi-
cal sessions at -60 °C in group 1 and -180 °C 
in group 2 to observe late ultrastructural cell 
changes in the animal liver parenchyma.  

In the present study, the destruction pheno-
mena of cryoaponecrosis with subsequent 
cryoapoptosis were all observed in liver tis-
sue 24 hours after cryosurgical session at -60 
°C (group 1) and -180 °C (group 2).  These 
effects were especially pronounced in the 
postcryosurgical zone of the liver formed at 
the lowest temperature of -180 °C  in group 
2 compared to the temperature of -60 °C in 
group 1 (P<0.001). 

24 hours after cryosurgical session at -180 °C 
(group 2) electron micrography reveals the 
remaining hepatic cells surrounded by ma-
crophages. Deglutition cell detritus is indica-
ted by macrophages in the cryogenic centre 
zone of the liver tissue (Fig. 7). Active functio-
nal macrophages, as well as endothelial cells 
and Kupffer’s cells are found. Thrombocytes 
are situated in the sinusoidal space. These 
structural changes in the liver parenchyma 
signal the beginning of thrombus formation 
(Fig. 9).

The bacteriological findings were negative 
in all studied animal groups (P<0.001). The 
data generated by our study shows that the 
late ultrastructural hepatic cell changes seen 
in the postcryosurgical zone 24 hours after 
freeze-thawing indicate the non-vital con-
tinuation of the whole postcryosurgical de-
structive process, i.e. the phase of aseptic 
cryoaponecrosis with a subsequent phase of 
aseptic cryoapoptosis. 

Furthermore, among the crucial factors influ-
encing the development of cryosurgery are 
the level and technical properties of cryosur-
gical devices, i.e. the efficiency of the cryos-
urgical method in curative practice firstly 
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micrograph shows a hepatic cell (1) with mitochon-
drion (3), adinocyte (4), and endotheliocyte (5). Si-
nusoidal surface of the hepatocyte (), canaliculi 
of the granular () and agranular () endoplasmic 
reticulum, polysome (↔). Magnification  18,000x

3. Figure 2. Liver tissue taken 24 hours after cryosur-
gical exposure to -60 °C from the  cryogenic centre 
zone. Destructively changed hepatocyte (1). Full 
lysis of plasma membrane (). Picnotic nucleus 
(2). Mitochondria with lysed matrix and deisrupted 
external and internal membranes, as well as inclusi-
ons of coagulated protein components (3). Neutro-
phil (4) and erythrocytes (5). Magnification  12,000x

4. Figure 3. Liver tissue taken 24 hours after the cryos-
urgical exposure to -60 °C in the cryogenic centre 
zone. Destructively changed hepatocyte (1). Full 
lysis of plasma membrane (). Mitochondria with 
lysed matrix and disrupted external and internal 
membranes. Inclusions of coagulated protein com-
ponents (2). Neutrophil (3), macrophagus (4) and 
erythrocyte (5). Magnification 12,000x

5. Figure 4. Cryosurgical exposure to -60 °C: Liver 
tissue taken from the border between the cryo-
zone and untreated liver parenchyma 24 hours 
after thawing. Hepatocyte (1) with destructured 
plasmolemma. Nucleus (2) of the hepatocyte with 
eroded nuclear membrane and slightly condensed 
karyomatrix. Mitochondria (2) are observed in the 
different stages of destructive change (3). Dilated 
canaliculi of the rough endoplasmic reticulum (). 
Sequestered part of a hepatocyte (4), and hemolytic 
erythrocyte (5) in the former sinusoidal space. Ma-
gnification  18,000x

6. Figure 5. Cryosurgical exposure to -60 °C: Liver tis-
sue taken from the border between the cryozone 

and untreated liver parenchyma 24 hours after tha-
wing. Hepatocyte (1) with unstructured plasmolem-
ma. Nucleus (2) of the hepatocyte with condensed 
and lysed karyomatrix (3). Mitochondria are obser-
ved in the different stages of destructive change (4). 
Dilated canaliculi of the rough endoplasmic reticu-
lum (). Magnification  12,000x

7. Figure 6. 24 hours after cryosurgical session at -180 
°C. Liver tissue in the cryogenic centre zone was in-
vestigated. Electron micrograph showing a hepatic 
cell (1) with macrophages (2). The plasma membra-
ne of the hepatic cell () is fully lysed. Coagulated 
protein components (3). Magnification  20,000x

8. Figure 7. 24 hours after cryosurgical session at -180 
°C and liver tissue in the cryogenic centre zone. 
Electron micrograph shows deglutition cell detritus 
(1) by macrophages (2). Magnification  20,000x

9. Figure 8. Liver tissue at the border between the 
cryozone and the untreated liver parenchyma is 
shown 24 hours after cryosurgical exposure to -180 
°C. Remainder of a hepatic cell with fully destroyed 
plasma membrane and unstructured matrix (1). Mi-
tochondria with coagulated protein components (2) 
and a active functional macrophage (3) are indica-
ted. Magnification  12,000x

10. Figure 9. Liver tissue at the border between the 
cryozone and untreated liver parenchyma is pre-
sented 24 hours after cryosurgical exposure to -180 
°C. Electron micrograph shows the remainder of 
a hepatic cell (1) with full destroyed plasma mem-
brane and unstructured matrix. Endothelial cell and 
Kupffer’s cells (). Erythrocytes (2) and macropha-
ges (3) in the perisinusoidal Space of Disse are in-
dicated. Thrombocyte (4) in the sinusoidal space. 
Magnification 12,000x
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Figure Legends
1. Figure 1A.  Before cryosurgical exposure. Electron 

micrograph showing a hepatic cell (1) with a nu-
cleus (2), and lipid (4) and glycogen (5) inclusions. 
Mitochondrion with matrix (3) as well as plasma () 
and nuclear () membranes, polysomes (↔), and 
endoplasmic canaliculi (). Magnification  18,000x

2. Figure 1B. Before cryosurgical exposure. Electron 
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Purpose 

To describe the pilot experience with percuta-
neous cryoablation of pancreatic cancer (PC) 
by using ultrasonography (US) and comput-
ed tomography (CT) guidance, and to assess 
the feasibility and safety of the procedure. 

Materials and Methods

Thirty-three pancreatic tumors (diameter 
range, 2.0-11.0 cm; mean diameter, 5.2 cm) 
in 32 patients were treated with 52 percuta-
neous cryoablations, by using a protocol ap-
proved by institutional ethics review boards 
of Fuda Cancer Hospital. There were 18 men 
and 14 women with median age of 62 years 
(30-77 years). Of 33 masses, 14 were in 
head of pancreas and eighteen were in body 

and/or tail of pancreas; all were cytologically 
or pathologically diagnosed. By using a color 
ultrasound devices and duo helical CT, cryo-
probes were placed and lesions ablated by 
using real-time monitoring. Clinical signs and 
symptoms were assessed and laboratory 
tests were performed. Intraprocedural depic-
tions of iceballs were compared with contrast 
material–enhanced CT imaging–based esti-
mates of cryonecrosis that were obtained 1-3 
months after cryoablation. 

Results

All procedures resulted in no serious com-
plications (such as pancreatic fistula, pan-
creatitis or bile leakage). One patient with 
diabete developd increasing of blood gluco-
se and 2 presented decreasing of platelets. 
Six tumors were successfully ablated by first 
session of US and CT–guided percutaneous 
cryoablation and others were controlled by 
percutaneous cryoablation combined with 
brachytherapy in the following sessions. Ice-
balls were seen as sharply marginated during 
procedure, and correlated to necrosis region. 
Twenty-seven patients experienced a ≥50 % 
reduction of pain score, 22 resulted in 50% of 
analgesic consumption and 16 promoted in 
KPS ≥20. PR (particial response), SD (stab-
le disease) and PD (progress disease) were 
achieved in 9, 21 and 2 patients, respective-
ly. Mean and median survival time was 15.9 
mo (95% CI: 11.7-20.1) and 12.6 mo (95% 
CI: 6.4-18.8), respectively. The 6 mo-,12 mo- 
and 24 mo-suvival rate was 82.8%, 54.7% 
and 27.3%, respectively. 

Original Papers
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rate on the Joule-Thompson principle and the 
refrigerative capacity is limited to the distal 
end of the probes. 

Ultrasond system

The positioning of cryoprobe was monitored 
by color ultrasound devices (ALOKA SSD-
5500SA; Aloka, Japan). This devices works 
with high frequency sound waves transmitting 
into the body by a piezo-electric transducer, 
then differences in the acoustic impedance of 
different tissues reflecting a certain amount of 
the ultrasound energy back to the transducer, 
where it is transmitted via the probe cable to 
the system console and processed into an 
image. A 6-MHz Aloka SSD-5500 transducer 
performed with the Doppler shift of sound re-
flecting from moving tissues (blood) to detect 
and display flow was used. 

Computed tomography system/ Positron 
Emission Computed Tomography 

CT monitoring during the procedure and con-
trast enhanced CT before and after procedu-
re were performed with a double row helical 
scanner (Somatom Emotion Duo; Siemens, 
Germany). Cryoprobe positions and ice ball 
extending were confirmed by using 8.0-mm-
thick sections with a standard CT technique 
(kVp 130, eff. mAs 90, TI 0.8, GT 0.0, W and 
C were adjusted according to need). 

Procedures

 Procedures were performed during localized 
anesthesia with subcutaneous injection of 15 
ml of 1% lidocaine and general anesthesia 
with intravenous injection of midazolam 0.01 
mg/kg, propofol 20 ml/h, fentanyl 3-5 μg/kg, 
administered by the anesthesia service and 
monitored during the procedure. An arterial 
monitoring line was introduced for real-time 
blood pressure, pulse and respiration measu-
rement. 

The patient was then positioned supine (for 
transabdominal precutaneous cryoablation) 
or prone (for transdorsal precutaneous cryo-
ablation) on the CT docking table. US and CT 
images were obtained before cryoablation for 

designing the approach angle, depth and the 
number of probes. Transabdominal approach 
was performed for tumors in the head, body 
or tail of pancreas (Figure 1), while transdor-
sal approach was conducted for tumors in 
the body or tail of pancreas (Figure 2). For 
transabdominal approach, three possible pa-
thways were considered, including through 
stomach (in most cases), through left lobe of 
liver and between stomach and transverse 
colon by pressing with US probe in case of 
large tumors (> 5 cm). Transdorsal approach 
was performed as advancing between T12 
and L1, 4-7 cm away from spine on the left 
side. The angle of approach was calculated 
to allow the maximum distance. Probes (1–8 
probes in total; mean, 4.1) was advanced 
through the center of the mass until the tip 
was positioned along 0.5 cm to its distal in-
ner border. Therefore, to cover the tumor in 
all dimensions, 1 to 4 probes were used for 
masses that were 1–4 cm in diameter, and 
5 to 8 probes were used for larger masses. 
Two or more sessions was performed for re-
sidual tumors in case which were not com-
plete necrosis. Brachytherapy of 125I seeds 
(Length 4.5 mm,diameter 0.8 mm, thickness 
0.05 mm, activity of single seed 0.7 mCi, half 
life period 1-6 mCi)(FTTPS; Beijijng Fei Tian 
Zhao Ye Scientific Ltc.; Beijing) implantation 
planned by TPS was performed for residual 
tumors not big enough for cryoablation. Mat-
ched peripheral dose was 120 Gy. The cryo-
therapy system was activated for 5-10-mi-
nutes freezing at 160±10 degree C by argon 
(freezing rate > 200 degree C/ min ). Continu-
ing US and repetitive pain CT imaging every 
1-3 minutes were applied to monitor ice ball 
formation and tumor coverage. The ice ball 
was depicted as hypoecho and hypodense 
on US and plain CT, respectively. Ice ball size 
was increased until it completely enveloped 
the mass and the edge extended 5 mm bey-
ond the mass. If the size or configuration of 
the mass was such that the maximum ice ball 
generated failed to obliterate the targeted tis-
sue, the probe was thawed at 15±5 degree C 
by helium (thawing rate > 80 oC / min) and 
repositioned using an overlapping technique 
to cover the whole targeted tissue. Ultimately 
2 freeze-thaw cycles were performed throug-
hout the whole targeted mass. The probe was 

Conclusions

US and CT guided percutaneous cryoablation 
of pancreatic tumors is safe and promising for 
the local treatment of pancreatic tumors. This 
technique was proved useful for minimally 
invasive ablation of pancreatic tumors espe-
cially combined with other therapies such as 
brachytherapy, but advanced research with 
large quantity of subjects is needed.

Pancreatic cancer (PC) is the most lethal 
form of digestive cancer. In spite of the re-
cent advances in operation, chemotherapy, 
and radiotherapy, there has been little impro-
vement in the survival of PC patients (1,2). 
The expected incidence of pancreatic cancer 
in 2009 is 42,470 cases with 35,240 deaths 
(3). More than 80% of these carcinomas are 
unresectable at the time of diagnosis due to 
metastasis into adjacent or distant organs. 

Radiofrequency ablation (RFA) is a feasible 
procedure for treatment of unresectable PC, 
but it presents a very high rate of postoperati-
ve complications. Moreover, pain control, life 
quality and survival rate are poor (4).

Cryotherapy, offering instant and delayed 
destruction of cellular ultrastructure (5,6), 
emerged as an alternative technique for the 
treatment of tumors at various organs (7), 
Recently, the development of thin probes 
used with argon-helium systems has led to 
the development of minimally invasive cryo-
ablation techniques that can be performed 
percutaneously under cross-sectional ima-
ging guidance. Percutaneous cryoablation 
has been shown to be safe and effective in 
the treatment of tumors of the kidney, liver, 
prostate, breast, musculoskeletal cancers 
and uterine fibroids (8-13). Whereas, this ap-
plication hasn’t been mentioned in the treat-
ment of PC, cause of particular anatomical 
location of pancreas increasing difficulty of 
percutaneous approach.  

Therefore, the purpose of this study is to in-
troduce percutaneous cryoablation of PC with 
ultrasonography (US) and double row helical 
computed tomography (CT) guidance, and to 
determine its safety and feasibility.

Materials and Methods

Patient selection and preparation

Eligibility for the study required patients 
with histologically or cytologically confirmed 
exocrine PC. All patients diagnosed prepro-
cedurally by ultrasound-guided fine needle 
aspiration biopsy. Patients with unresectable 
PC (stage IIB, III and IV) or resectable PC 
(stage IIA) (Greene FL, 2002) not amenable 
to curative treatment (surgery) were enrolled. 
There was no upper age restriction. Patients 
must have completed chemotherapy, and 
were required to have a Karnofsky Physical 
score (KPS) > 60, a concentration of blood 
leukocyte > 3.0 × 109/L, a platelet > 50 × 
109/L, a hemoglobin > 100 g/L, an absolute 
granulocyte count of 1,500 cells/ L, a calcula-
ted creatinine clearance greater than 50/mL/
min, an AST level no more than three times 
the upper limit of normal, a serum bilirubin le-
vel of less than 2.0 mg/dL before registration. 
Exclusion criteria are listed in Table 1.

From February 2009 to December 2010, 
a single surgeon (L.Z.N.) performed 52 US 
combined CT guided percutaneous cryoab-
lations on 32 patients with PC (Table 2). All 
patients had to sign a study-specific consent 
form, and the study was approved by institu-
tional ethics review boards of Fuda Cancer 
Hospital. 

Cryosurgery system

Percutaneous cryoablation was performed 
by using a Cryocare surgical system (CRYO-
20; Endocare, Inc., U.S.) that had been ap-
proved by the U.S. Food and Drug Admini-
stration. This system consists of a console 
that delivers cold temperatures to targeted 
tissue (via connected cryoprobes) and moni-
tors temperatures in the surrounding tissue 
(via connected tempprobes). The cryocare 
surgical system can control up to eight, sin-
gle-use, disposable cryoprobes and monitor 
up to eight independent tempprobes. The 
console operates off standard 120/230 VAC 
(60/50 Hz) wall power and utilizes inert argon 
and helium gas. The cryoprobes (CRYO-42; 
Endocare, U.S.) of 1.7 mm in diameter ope-
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tastases and four lung metastases were also 
cryoablated percutaneously without any se-
rious complications.

Imaging transformation

The iceballs were seen as sharply margina-
ted during procedure, ellipsoid regions of low 
density on plain CT (Figure 1f,2d,4e) and hy-
poecho on US (Figure 1c,d). Six tumors were 
completely ablated and 25 tumors were part-
ly controlled with a single session of treat-
ment. Tumors that were considered com-
pletely ablated showed no contrast material 
enhancement after treatment. Sixteen large 
tumors underwent second session of cryoab-
lation around one week after first procedure. 
Residual enhanced nodules at the rim of lesi-
ons were detected in 13 lesions 1-3 month(s) 
after first ablative session, 11 of which didn’t 
show progression in situ in the follow-up (Fi-
gure 3c) while others were controlled by follo-
wing brachytherapy. 

Clinical response 

According to RECIST (response evaluation 
criteria in solid tumor) (15), PR (particial re-
sponse), SD (stable disease) and PD (pro-
gress disease) were achieved in 9, 21 and 
2 patients, respectively. CBR (clinical benefit 
response) (16) was 84.4%, with 27 and 22 
patients experienced a ≥50 % reduction of 
pain score and analgesic consumption after 
croablation, respectively. Sixteen patients 
promoted in KPS ≥20. General hospital stay 
after cryosurgery was 8 days (rang, 4-11 
days). 

Survival analysis

The mean and median survival time was 15.9 
mo (95% CI: 11.7-20.1) and 12.6 mo (95% 
CI: 6.4-18.8), respectively. The overall 6 mo-, 
12 mo- and 24 mo-survival rate was 82.8%, 
54.7% and 27.3%, respectively. The maxi-
mum survival time was 32 mo of a 55-year-
old man with pancreatic head cancer and li-
ver metastasis.  

Discussion

Cryotherapy has been considered as an al-
ternative for the treatment of pancreatic can-
cer, for its thermal effects causing necrosis 
and apoptosis of tumor cell (17) and con-
tribution to prolong survival of patients with 
pancreatic cancer (18,19). As has been de-
monstrated, 32 in 33 pancreatic tumors were 
successfully controlled by cryoablation with/
without (16 vs. 15) followed brachytherapy 
in this research. Non-enhancement of cry-
olesions were depicted on CT postcryoabla-
tion, resulting in stable status of local tumor 
and would probably benefit survival (Figure 
3c,4f). Even though little residual parenchy-
ma around the non-enhancement area re-
mained in 18 tumors after cryoablation, none 
of them showed progression in the follow-up, 
which also was considered as completely ab-
lated. These were estimated to be related to 
contribution of relieving tumor load and pro-
longing survival time, as the results of animal 
and clinical experiments of cryosurgery for 
PC by Patiutko IuI (20) early in 1991. 

The application of percutaneous approach 
in the treatment of pancreatic cancer firstly 
introduced in this paper was proved to be 
safe as in the former researches (18,20,21). 
All patients underwent the procedures wi-
thout deaths or severe complications (e.g. 
pancreatic fistula, bile leakage, bleeding), 
thought 11 and 18 patients were in stage III 
and IV, respectively, and 31 patients were 
with celiac artery, mesenteric artery and/or 
regional lymph nodes metastases in this re-
search. This results is hardly expected even 
in surgery for a resectable stage, as the ex-
tending procedures in surgery is associated 
with increased complication rates. By using 
invasive resection procedures, the number 
of resecable patients would increase, howe-
ver, the prize of this treatment decision may 
need to paid off by higher complication rates, 
as well as by lower postoperative quality of 
life of the patients (22). An analysis of ele-
ven large series complications of pancreatic 
resections shows an incidence of common 
complications of 10.4% for fistula, 9.9% for 
delayed gastric emptying, 4.8% for bleeding, 
4.8% for wound infection and 3.8% for intra-
abdominal abscess (23). Unsatisfied results 
of safety were also proved in radiofrequency 

removed after the second thaw cycle and ela-
stic bandage with woven gauze were packed 
to facilitate hemostasis.

Patient was observed in ICU at least for 6 
hours and abrosia for 24 hours after the pro-
cedure. During this time, anti-infection of ce-
phalosporins, metronidazole or tinidazole, 
antacid of omeprazole, inhibiting pancreatic 
juice secretion of octreotide acetate and fluid 
replacement were performed.     

Evaluation

Imaging evaluation was performed via con-
trast medium–enhanced spiral CT or PET/
CT 1-2 day(s) prior and every 1 months af-
ter cryoablation to define the extent cryone-
crosis. Contrast medium–enhanced spiral 
CT of the pancreas was performed with a 
multidetector CT scanner (Somatom Emoti-
on Duo; Siemens, Germany). Collimation of 
1.5–2.5 mm was performed for demonstrati-
on on axial or reformatted sections. Exami-
nations were performed before and after the 
intravenous administration of 140 mL of con-
trast material (Iopromide 300 mg I/ml; Bayer 
HealthCare Pharmaceuticals Inc., Germany) 
and included arterial (25 seconds), venous 
(50 seconds), and delayed (300 seconds) 
hepatic phases with 8.0-mm section thick-
ness and interval, 130 kVp, 170–210 mA. 
Intraprocedural CT images of iceballs were 
compared with postprocedural estimates of 
cryonecrosis, which was defined as new (as 
compared with findings on pretreatment CT 
images) areas of decreased enhancement. 
All of the CT imagings were assess by the 
same imaging specialist (Z.Z.Y.).  

Laboratory evaluation including levels of se-
rum amylase (AMY), blood glucose, white 
blood cell, C reactive protein and platelet 
count were obtained at 6, 12, and 24 hours 
and 1 week after the procedure for the as-
sessment of therapy-related complications.

  KPSs at discharging were assessed and 
compared with those at admission. KPS runs 
from 100 to 0, where 100 is „perfect“ health 
and 0 is death (14). Patients’ KPSs were as-
sessed by the same oncologist (B.H.W.). 

Statistical analysis

Comparisons of KPS in precryoablation and 
postcryoablation were performed with paired-
samples T test (SPSS Statistics 17.0, SPSS 
Inc., Chicargo, IL). A P value of 0.05 or less 
was considered to indicate a significant diffe-
rence. 

Results

Main complications

Percutaneous cryoablations of pancreatic 
cancer by US and CT monitoring were all 
performed successfully without any serious 
complications, such as pancreatic fistula, 
bile leakage, intestinal fistula. Serum AMY 
increased (upper limitation: 220 U/L) in 3 pa-
tients on the first day after precedure, unac-
companied with ascites or leukocytosis, and 
regressed to normal level the following day 
after receiving omeprazole, octreotide ace-
tate and symptomatic treatment, all of them 
were with normal level of serum amylase 
while discharging. Other patients experien-
ced comparatively stable serum AMY level till 
their discharging. One in seven patients with 
diabetes developed an ascending of fasting 
blood glucose to 25mmol/L the first day after 
cryoablation and was well control by insulin in-
jection. Mild decrease of platelet(78.0×109/L 
& 80.5×109/L) developed after both two cryo-
ablative procedures in one pantient, while se-
rum and urine amylase in normal range, and 
back to normal levels in 10-13 days without 
any treatment. Abdominal distension and 
nausia, emerged in one patient the first day 
after procedure, disappeared automatically 
the next day. Postprocedural US showed no 
ascites or abdominal bleeding. The episode 
was believed to be due to the transient slo-
wing down of gastric motility post-freezing 
irritation of ice ball. One patient complained 
poor appetite after procedure and was foun-
ded with few ascites by supersonography, 
improved the following day without any treat-
ment. Other 3 patients were detected with 
few ascites, one of whom developed fever at 
37.6 °C, few pleural effusion, ascites , mild 
increasing of white blood cell and neutrophilic 
granulocyte (Table 3). Fourteen hepatic me-
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available in several sizes, can be placed in di-
seased sites via imaging guided in minimally 
invasive procedures. Other than resulting in 
lowering of early postoperative complications 
frequency (pancreatic fistula, parapancreatic 
septic inflammation and an acute pancreati-
tis) and of chronic pancreatitis acute phase 
evolvement risk in the late postoperative peri-
od as Zaporozhchenko BS (34) mentioned in 
his research of pancreatoduodenal resection 
intraoperative cryo-techniques, the cryoabla-
tion by percutaneous approach reduces the 
surgery trauma and therapy-related compli-
cations and leads to a better acceptability.  

Even so, there were still some limitations of 
this study. Guiding CT were performed in 
8.0-mm-thick sections, which could not be re-
fined enough for identification of ice ball zone. 
A promotion of cryocare system matched CT 
could be lessen complications and more one-
session success shall be expected. Besides, 
advanced research with a larger quantity 
subjects were needed for a further proving. 
Complete ablation didn’t been achieved in 
sixteen tumors until brachytherapy was sup-
plied. The question of whether brachytherapy 
is better than cryoablation in local control or 
better be act as a supplement to cryoablation 
in the treatment of PC still calls for advanced 
studies. 

In conclusion, percutaneous cryoablation with 
US guidance and CT monitoring appears to 
be safe and effective in the treatment of PC. It 
provides an alternative method for gaining a 
well local controlling and reducing tumor load 
with mild complications.   
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(RF) ablation of pancreatic cancer, with abdo-
minal complications occurring in 24% of pati-
ents, half of which were directly associated 
with RF ablation and few with surgery-related 
complications needed reoperation (24). 

Percutaneous cryoablation, compared with 
RF ablation, has three important  advantages 
in the treatment of pancreatic tumors. First 
and probably most important, CT can help 
accurately monitor the cryoablation procedu-
re and supplies three-dimensional views of 
the ice ball as it develops (25,26). The size of 
the ice ball, as visualized with CT, allows the 
extent of cell death to be determined becau-
se uniform cell necrosis occurs 3 mm inside 
the edge of the ice ball (27,28). Second, mul-
tiple cryoprobes can be used simultaneously 
in the treatment of large tumors. Unlike RF 
ablation, in which treatment of tumors lar-
ger than 3 cm in diameter is difficult (29-32), 
cryoablation has enabled the successful ge-
neration of ablation zones larger than 8 cm in 
diameter. Of note, the mean tumor size in our 
series of patients was 5.2 cm, which is larger 
than the sizes reported in recent RF ablation 
studies (29,30,33). Third, direct monitoring 
of the cryoablation procedure with CT allows 
the treatment of tumors in critical locations, 
such as adjacent to the celiac trunk, supe-
rior menteric artery, bile duct or bowel. The 
probe-specific control of the cryoablation sy-
stem permits regulation of individual cryopro-
bes to slow or stop the freezing process if the 
growing ice ball approaches a vital structure. 
Tumors in either pancreas head or body/tail 
can be treated percutaneously by transabdo-
minal or transdorsal approach . Vital adjacent 
structures can be manipulated from the abla-
tion site with cryoablation techniques. Local 
accurate treatment such as brachythereapy 
and microvascular intervention therapy could 
be applied as supplement to cryoablation for 
controlling of the incomplete ablated region 
or residule lesions.  

Guidance modality is considered as one of 
the most important factor for reducing ope-
ration-related complications in surgery and 
especially in percutaneous operation. Even 
though, percutaneous cryoablation of pan-
creas was recognized intricate and difficult 

for its particular location right behind duode-
num and extremly close to superior mesente-
ric artery, spenic artery and celiac trunk. Ho-
wever, based on the results achieved in this 
research, percutaneous approach of cryo-
ablation under US and CT guidance seems 
feasible and safe for pancreatic tumor. US is 
an optimal real-time guidance for cryoablati-
on. Kovach et al (18) performed 9 intraope-
rative US guided cryosurgeries on patients 
with pancreatic cancer, neither pancreatitis 
nor pancreatic fistular were found during and 
after cryosurgery. By US scanning from the 
abdominal or dorsal skin surface opposite 
the tumor, the margin of the tumor and the 
adjacent arteries was insonated, allowing the 
visualization of its relationship with the peri-
pheral organs and arteries. Even so, posteri-
or acoustic shadowing limits its visualization. 
CT, a widespread technique in cryoablated 
tumors monitoring allowing morphologic 
imaging of various organs, can be used as 
complement to visualize the entire ice-ball, 
which is hypodense relative to unfrozen tis-
sue (Figure 3b,4e). Compatible continuous-
monitoring by CT scanning with a high spatial 
resolution provide an assurance of accurate 
cryoprobe advancing and positioning. Moni-
toring also can be performed with MR ima-
ging, but prolonged time with an MR unit (3–4 
hours) (9) and MR imaging–compatible abla-
tion equipment is required. In addition, con-
siderable anesthetic control of patient brea-
thing must be attained to allow for nearly 60 
seconds of breath-holding during image ac-
quisition (9). For PC, percutaneous cryoabla-
tion has two advantages over US and CT gui-
ded approach: achieving an optimal design 
of cryoprobes positioning and varying during 
procedure, protecting adjacent vascular and 
organs during the process of cryoprobe po-
sitioning and freezing via a better combined 
visualization of US and CT imaging, supplied 
real time and accurate monitoring of ice ball 
formation, easier and shorter of procedure 
performance with about 1 h in average, better 
recovery and shorter length of stay in hospi-
tal. 

The technological advances of percutaneous 
cryoablation have caused renewed interest in 
cryosurgery. The thin, highly efficient probes, 
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Characteristics N 
Survival (%)

P-value6-months 12-months
Age, years

Median 62 (Rang, 30-77)
          <62 15 12/14 (85.7) 7/14 (50.0)

0.857          ≥62 17 12/15 (80.0) 6/11 (63.6)
Sex

Male 18 13/15 (86.7) 8/13 (64.6)
0.272Female 14 11/14 (78.6) 5/12 (44.2)

Pancreas tumor location
Head of pancreas 13 10/12 (83.3) 6/10 (64.3)

0.133
Body and/or tail of 
pancreas 19 14/17 (82.4) 7/15 (48.4)

Max diameter of tumor, cm

Mean (mean ± SE)
5.2 ± 0.3 
(Rang, 2.0-11.0)

>2, ≤5 16 13/15 (86.7) 6/11 (60.5)
0.671>5 16 11/14 (78.6) 7/14 (50.0)

Stage
II 3 2/2 (100.0) 1/1 (100.0)
III 11 8/10 (80.0) 4/9 (46.7)

0.973IV 18 14/17 (82.4) 8/15 (56.1)
* Staging according to American Joint Committee on Cancer Staging Manual (ed 6). (Exocrine pancreas, 2009)

Table 3. Therapy-complications of percutaneous cryoablation

Complications n
Pleural effusion/Ascitis 4
Nausea/Vomit 1
Fever 1
 Serum AMY rising 3
blood glucose rising 1

PLT decreasing 2
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Table 1.  Exclusion Criteria

Evidence of bile ductal, pancreatic ductal or gastrointestinal obstuction on CT, MRI or endoscopy
Patients with high celiac pressure due to biliary tract or gastrointestinal obstuction, ascitis or aerenterectasia
Ambiguous or unclear apparence of structure of pancreas and intestine on imaging
Patients discovered to have _ 1_ proteinuria at baseline were required to have a 24-hour urine protein _ 1,000 
mg
Patients with too thick abdominal and lumbar adipose
Note. —Abbreviation: CT, computed tomography; MRI, magnetic resonance imaging. 

Table 2.  Patients’ Characteristics
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Figure 3. CT imaging comparison of pancreatic body carcinoma prior, during and one and half months after cryo-
ablation. Male, 71 years old, pancreatic body adenocarcinoma with live metastasis, pancreatic tumor 4.5×4.6×3.8 
cm, stage IV (arrow head in a). Cryoprobes were inserted through stomach approaching to the mass (arrow). Cryo-
ablative procedure was performed with a complete coverage of primary pancreatic tumor by ice-ball (hollow arrow), 
resulting shrinkage and non-enhancement of mass 1.5 months postcryoablation (arrow head in c) and a survival of 
7.6 months in total with 90 in KPS. 

Figure 4. US and CT-guided percutaneous cryoablation for a 74-year-old female patient with pancreatic head ade-
nocarcinoma (3.7×3.6×3.1 cm, stage IIa) (arrow head in a and c). Procedure was performed by cryoprobe ap-
proaching through left liver lobe and the centre of mass to the inner border of mass (arrow), and two freeze-thaw 
cycles gradually enlarging ice ball till completely covering the mass (hollow arrow). Contrast enhanced CT imaging 
of 3 months after cryoablation depicted a non-enhancement in the situ of tumor (arrow head in e). A survival of 6.8 
months with KPS 95 has been achieved up to now.

Figure 3. Transabdominal percutaneous cryoablation guided and monitored by US (a, b, c, d) and CT (e, f) in a 
59-year-old patient with tumor in head of pancreas (adenocarcinoma, 3.5 × 4.0 cm, stage IV). Depicted the corre-
lation of tumor (arrow head) and its adjacent vessels. Three cryoprobes advanced through stomach to the distal 
edge of tumor (arrow) and initiated freeze-thaw cycles, ice-ball enlarged in tumor showing on US and CT imaging 
(hollow arrow), and final covered more than 90% of the tumor (d, f).

Figure 4. Percutaneous cryoablation with transdorsal approach with US and CT guidance in a patient with body and 
tail pancreatic cancer (cystadenocarcinoma, 4.5 × 3.2 × 2.1 cm, stage IV) (arrow head). Cryoprobe was advancing 
through between T12 and L1, 5 cm away from spine on the left side to the distal inner border of the mass (arrow). 
Real-time plain CT scan showing ice-ball enlargingand covering more than 90% of tumor finally  (hollow arrow).
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Abstract

Objective 

This study was designed to basic informati-
on concerning the security and feasibility of 
cryosurgery for pancreatic head. 

Methods

Healthy Tibet pigs were used, and following 
anesthesia and laparotomy, an argon–heli-
um cryoprobe was inserted into the head of 
pancreas. The output power of argon was 
100% (deep freezing group) or 10% (shallow 
freezing group), respectively for 5 min. Then 
helium was circulated in the probe tip to in-
crease the temperature over 3 min to thaw. 
The freeze / thaw cycle was then repeated. 
Non-freezing group had a cryoprobe inser-
ted, but without freezing; and control group 
was animals with laparotomy for 30 min only. 
Levels of TNF-α, IL-6, IL-8, C reactive pro-
tein (CRP) and serum amylase (AMY) were 
measured prior to cryosurgery and at day 1, 
3 and 5 post cryosurgery. All pigs were eutha-
nized 7 days post-cryoablation, pancreases 
and adjacent organs were examined histolo-
gically, as well as the routine blood analysis. 

Results
1) There was an obvious dark-brown cry-

olesion with a clear boundary between 
the frozen and unfrozen pancreatic parts, 
and long diameters of cycle 1, 2 iceball, 
and cryolesion increased gradually; 

2) In 5 days after cryosurgery, multiple in-
flammatory factors and AMY levels in two 
freezing groups were all higher than the 
control group; 

Original Papers
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the nozzle. 

3. Groups and experimental methods: Two 
programs are selected (deep and shallow 
freezing program) and eight pigs were ran-
domly divided into two groups according to 
the program applied. For deep freezing pro-
gram, the argon output power was set up to 
100% and for shallow freezing program, the 
argon output power was set up to 10%. All 
pigs were anesthetized with isoflurane. With 
sterile technique, the abdomen was opened 
and the pancreas was exposed. A cryoprobe 
with 2 mm in diameter was inserted directly 
for 1 cm into the pancreatic head, keeping 
away from the main pancreatic duct, with the 
freezing point about 1 cm distance from por-
tal vein, duodenum and liver. The cryoabla-
tion protocol was a double freeze-thaw cyc-
le, consisting of a 5-min freeze, 3-min thaw 
and repeats the cycle. Freezing temperature 
in the central point of cryoprobe was recor-
ded in detail with temperature detector, ice-
ball and cryolesion formation was calculated 
using vernier caliper and ruler respectively. 
After cryosurgery was finished, the probe 
was pulled out, and the pinhole was filled 
in with thrombin gelatin sponge. After the 
abdomen was closed without drainage, the 
pigs were returned to their cages, and regu-
lar food was offered post-operation. Neither 
intravenous infusion, antibiotics, nor other 
medication was administrated. The third ex-
perimental group of 3 pigs were non-freezing 
group, which means that cryoprobe was in-
serted in the head of pancreas for 10 minutes 
without freezing. The last group was control 
group and only laparotomy was preceded in 
3 pigs. Seven days after cryosurgery, all pigs 
were sacrificed. Adhesion of pancreatic head 
to adjacent organs were observed, and cryo-
zones were inspected grossly for anatomic 
consistency. 

4. Routine blood analysis: Venous blood was 
extracted from subclavian vein plexus in the 
previous day and day 1, 3 and 5 postopera-
tive. Routine blood of all samples from 14 
animals were detected by CELL-DYN3700 
(Abbott, Chicago, IL).

5. Detection of inflammatory factors and AMY 

in serum: Serum was extracted from venous 
blood and ELISA detection was performed for 
all of the experimental pigs. Porcine ELISA 
Kits of TNF-α, IL-6, IL-8 , CRP and AMY were 
all purchased from Langdun biotechnology 
co., Ltd (Shanghai, China), and the purified 
and HRP-labeled detection antibodies were 
all from Bethyl (Minneapolis, TX), except that 
of AMY (Thermo, IL). The detection was per-
formed by sandwich method according to the 
manufacturer’s instruction books. 

6. Pathology: Pancreatic head were taken 
out and inspected grossly for anatomic consi-
stency. All the tissues, including surrounding 
adhesion tissues, were embedded in paraffin. 
Five-μm-thick slices were made and stained 
with hematoxylin and eosin. Histopathologic 
analyses were performed in cryozones and 
surrounding adhesion tissues. Pathological 
analyses were performed by an attending 
surgical pathologist.

7. Statistical analysis: All analyses were per-
formed using the Graphpad Prism (Graph-
Pad, Inc., CA) software. The iceball length 
were measured and analyzed by t test; mul-
tiple serum factors and blood routine were 
analyzed by two-way analysis of variance 
and were expressed as mean values ± stan-
dard deviation. Since multiple comparisons 
were made during the analysis, a Bonferroni 
correction was calculated and applied. A va-
lue of P < 0.05 was considered to indicate a 
statistically difference, with P < 0.01 and P < 
0.001 indicating highly significant differences.

Results

1. Measure of iceball length and cryolesion 

The argon output power of 10% and 100% 
was used in freezing of pancreatic head in 
shallow and deep freezing groups, respec-
tively, and iceballs were seen forming fast in 
operation. Animals were sacrificed 7 days la-
ter, and boundaries were visible between cry-
olesion and the surrounding tissue (Fig 1A). 
Probe temperatures were recorded intraope-
ratively, and we knew that the temperature 
dropped to -70°C in 1 min in shallow freezing 
group, then kept on dropping and reached 

3) Slight elevation only appeared on the 
sum and proportion of lymphocytes in 
blood routine analysis of deep freezing 
group 7 days post cryosurgery; 

4) Two groups both appeared varying de-
grees of adhesion of frozen parts with se-
veral organs around, the probability was 
highest in deep freezing group; 

5) Histologically, diameters of necrotic and 
apoptosis areas in two freezing groups 
were similar. 

Conclusion
1) The safety of pancreatic head cryoab-

lation was definite, after cryosurgery in-
flammatory reaction / tissue destruction 
of non-freezing group stopped in 3 days, 
inflammatory reaction of two freezing 
groups stopped in 5 days, but tissue de-
struction of two freezing groups lasted for 
more than 5 days; 

2) Shallow freezing can cause similar frozen 
effects with deep freezing group. Visible 
cryolesion included completely necrosis 
and apoptosis zones, which were in two 
groups; To the aim of complete necrosis 
of tissue, the referenced iceball diameter 
in tumor cryoablation ought to be tumor 
diameter / (0.55-0.57) in two freezing 
groups.

Introduction

Cryosurgery, a treatment based on specific 
cytototic effects of cold in tissue, had been 
used as a alternative method in solid tumor, 
such as cancer of prostate1, liver2, lung3, kid-
ney4 and breast5, et al. As a new technique 
for cancer therapy, lots of attempt had been 
taken on expanding its clinical application, 
especially on pancreatic cancer. Preliminary 
clinical observations of Kovach6 and Korpan7, 

8 all showed that the cryoablation is far less 
invasive than conventional pancreas resec-
tion, the rate of complications and postope-
rative mortality was very low, and cryosur-
gery might be choice for most patients with 
pancreatic cancer. For all pancreatic car-
cinomas, approximately 75% are located in 
the head or neck of the pancreas, 15-20% in 
the pancreatic body, and 5-10% occur in the 
tail. As the pancreas is small, soft and thin, 

and pancreatic heads are close to a few vital 
organs (e.g. duodenum, portal vein and ga-
stric fundic region), the complicated anatomi-
cal position makes cryosurgery very difficult 
and needs further consideration. Until now, 
the application of cryosurgery for pancreatic 
head cancer is still in a primary stage, and its 
safety and efficiency require observation by 
experimental and clinical practices.

In this paper, safety and efficiency of pan-
creatic head cancer cryosurgery had been 
assessed in a Tibet pigs model, the dama-
ge of pancreatic head and adjacent organs 
were assessed and multiple indexes inclu-
ding inflammatory cytokines (TNF-α, IL-6, 
IL-8, CRP), AMY, blood rountin analyses 
(e.g. WBC, PMN and RBC, et al) had been 
observed on pancreatic damage and immu-
ne response. For cryosurgery of tumor, since 
oversized iceball formation will increase the 
complications and endanger animals’ life and 
undersized iceball formation can lead to re-
currence of remnants tumor in freezing edge, 
two programs of different degree were selec-
ted to analyse different effects on pancreatic 
head cryosurgery. Optimum iceball formation 
and minimum complications is our pursuit

Materials and methods

1. Experimental animal: Fourteen certified 
healthy Tibet miniature pigs, provided by the 
Animal Experimental Center of South Medi-
cal University, weighing 27 to 32 kg. Study 
approval was obtained from the Research 
Animal Care and Use Committee of South 
Medical University, and all experimental stu-
dies were compliant with the Guide for the 
Care and Use of Laboratory Animals.

2. Argon-Helium cryosurgery system: The 
cryosurgery equipment is the CryocareTM 
Cryosurgical System (Endocare, Irvine, CA), 
including main body and cryoprobes. The sy-
stem is used on the principle of Joule-Thom-
son effect. Pressurized gas is depressurized 
through a narrow nozzle located at the tip of 
the probe. In accordance with the gas coef-
ficient and the dimension of the nozzle, dif-
ferent gaseous elements generate different 
thermal exchange events at the area close to 
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blood cell volume distribution; PDW, platelet distribu-
tion width; MPV, mean platelet volume; MCH, mean 
corpuscular hemoglobin; RBC, red blood cell; HGB, 
hemoglobin; MCHC, mean corpuscular hemoglobin 
concentration; HCT, hematocrit; LC%, percentage lym-
phocyte; PMN%, percentage polymorphnuclear cell. * 
P<0.05 and ** P<0.01.

4. Adhesion of pancreatic head to adjacent 
organs.

All the animals were put to death 7 days after 
cryoablation, and we found different degrees 
of adhension between pancreatic head and 
adjacent organs in two freezing groups, (Fig. 
4A), and adhesion can all easily be separated 
bluntly. Pathological examination for adhesi-
ve sites were carried out, and we found ob-
vious fibroelastosis, bleeding necrosis focal 
and a large amount of neutrophil infiltration, 
which showed some degrees of tissue dama-
ge in such sites. Some of the pancreatic head 
surrounding lymph nodes were severely da-
maged, almost totally destroyed (Fig. 4B).

Fig. 4. Adhesion of pancreatic head to adjacent organs 
after cryosurgery. (A) positive proportions of adhesion 
in three experimental groups; (B) typical pathological 
changes of three experimental groups. Black arrows 
represent fibroelastosis, and asterisks represent blee-
ding necrosis focal. Picture photography proportion are 
all 100×. Figures listed in the photograph represent 1-4 
typical photos.

5. Pathological changes of cryozones 

Cryozones of freezing groups were taken out 
and pathological examinations were carried 
out. It was found that from necrosis center 
to peripheral, every sample can be divided 
into five areas obviously, which were central 
necrosis, inflammation, granulation, seve-
re apoptosis and slight apoptosis area. No 

matter in deep (Fig. 5A) or shallow freezing 
group (Fig. 5B), the pathological phenomena 
of each area were (1) central necrosis: large 
range of pancreatic tissue necrosis, in which 
are large amount of cell necrosis pieces; (2) 
inflammation: large amount of cell necrosis 
pieces and neutrophils infiltration; (3) gra-
nulation: obvious fibroblast hyperplasia and 
neutrophils infiltration; (4) severe apoptosis: 
much visible apoptotic cells, little residued 
pancreas acinus and ductal epithelial hyper-
plasia; (5) slight apoptosis: visible normal 
pancreatic tissue structure, much acinus are 
between numerous neutrophils infiltrating, 
and more appearant apoptotic cells. Among 
them, central necrosis, inflammation and gra-
nulation areas are complete necrosis zones, 
and severe and slight apoptosis areas are 
apoptosis zones. Radiuses of complete ne-
crosis zone in deep (5.9±0.7mm) or shallow 
freezing group (5.2±0.6mm) were approxi-
mate (P=0.502), and the same as the apo-
ptosis areas (deep freezing group 6.6±0.7 
mm vs. shallow freezing group 5.1±1.2 mm, 
P=0.226). Afterwards, typical pathological 
changes and iceball diameters were summa-
rized together (Fig. 5C), which showed that 
tumor diameter / iceball diameter was 0.55 
(or 0.57) in shallow (or deep) freezing group.

-100°C in 5min; after warming by helium gas 
for 1 min, probe temperature rose to 0°C, 
then reached 40°C in 2 min, there were simi-
lar changes of temperature of two cycles. In 
deep freezing group, the cryogenic tempera-
ture of argon gas reached -120°C and -160°C 
in 1 and 5 min, respectively (Fig 1B). After two 
freeze / thaw cycles, we found that the iceball 
diameters of the second cycle were longer 
than the first cycle in both the two groups 
(1.5±0.24 vs. 1.9±0.3 cm in shallow freezing 
group, P < 0.05; 1.73±0.1 vs. 2.13±0.3 cm in 
deep freezing group, P < 0.05). The cryole-
sion diameters in deep freezing group were 
longer than that of shallow freezing group 
(2±0.1 vs. 2.7±0.3 cm, P < 0.01). Since the 
freezing point was about 1 cm distance from 
great vessels, duodenum and liver, the ice-
ball edges of two groups were near (shallow 
freezing group) or contact (deep freezing 
group) with adjacent organs.

Fig. 1. Long diameters of iceball and cryolesion. (A) 
Iceball formation can be seen in the operation, and cry-
olesion can be seen 7 days after cryosurgery; (B) Probe 
temperatures of two different freezing programs. Figure 
transverse line located at -40°C represents the tempe-
rature for definite cell death; (C) Comparison of iceball 
and cryolesion diameter after two different ablation pro-
grams, * P<0.05 and ** P<0.01.

2. Serum factors expression levels changed 
over time 

We took blood and separated serum at day 
-1, 1, 3 and 5 after cryosurgery, detected the 
expression levels of TNF-α, IL-6, IL-8, CRP 
and AMY (Fig. 2). It was shown that the-
re was no differences for all indexes in two 
freezing groups every day after cryoablation, 
but both higher than that of non-freezing and 
control group at day 1 post cryosurgery; eve-

ry index of two freezing groups was higher 
than that of non-freezing and control group 
at day 3, except CRP; only TNF-α, IL-6 and 
AMY of freezing groups were higher than that 
of non-freezing and control group at day 5. 
For the comprehensive trends of every day, 
all indexes rose obviously at day 1, and then 
descended gradually (Fig. 2 merge).

Fig. 2. Expression of multiple serum factors changed 
over time. Among these factors, TNF-α, IL-6 and IL-8 
were secreted by monocytes / macrophages in cyro-
lesion; CRP was secreted by hepatocytes; AMY was 
continuously secreted by necrotic pancreatic cells. Mer-
ge, all factors changed over time after cryosurgery. * 
P<0.05, ** P<0.01 and *** P<0.001.

3. Blood routine changes post cryosurgery

All the animals were sacrificed at day 7 af-
ter cryosurgery, and the differences of blood 
routine among four groups were contrasted 
(Fig. 3). We found that only total lymphocy-
tes number and percentage of lymphocytes 
in deep freezing group were higher than con-
trol group, nevertheless some indexes which 
reflect obvious damage of pancreatic func-
tion (e.g. WBC, RBC, PLT and PMN) made 
no differences, did not show us symptoms of 
pancreatitis at day 7 after cryoablation.

Fig. 3. Blood routine analysis of experimental and con-
trol groups. WBC, white blood cell; PLT, platelet; Total 
LC, total lymphocyte; Total PMN, total polymorphnu-
clear cell; MCV, mean corpuscular volume; RDW, red 
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Discussion

Pancreatic head cancer is the fourth leading 
cause of cancer-related death in western 
societies9 and the incidence of this tumor al-
most equals its mortality because pancreatic 
head cancer has one of the worst prognoses 
of all human malignancies, and it is very dif-
ficult to be treated by surgical operation, es-
pecially for patients of late stage10. Current-
ly, treatment for late stage pancreatic head 
cancer includes palliative surgery11, chemo-
therapy12, 13 and cryosurgery14, 15. The first 
two methods are the standard treatment for 
late stage pancreatic cancer, and cryosur-
gery, generally accepted as a physical tech-
nique to cure solid tumors, emerges to be a 
new technique for the therapy of pancreatic 
cancer. In 2002, Kovach et al. reported that 
from March 1995 to March 1999, 10 patients 
with unresectable pancreatic cancer have re-
sponded well to cryosurgery; there were no 
surgical complication or mortality directly as-
sociated with the cryosurgery; nor were intra- 
or post-operative bleeding, fistulas or sepsis 
determined6. In our hospital, since 2001, per-
cutaneous cryosurgery had been applied to 
locally advanced pancreatic cancer patients 
under the guidance of ultrasound or CT by 
Xu KC et al. The 12- and 36-month survival 
rates were 63.1% and 9.5%, respectively and 
53.1% cases survived for 12 months or more 
and median survival was 16.2 months; acute 
pancreatitis was seen in 6 cases, only one of 
them developed severe pancreatitis16.

The cryogenic time in our freezing groups 
was 5 minutes, not commonly used 10 minu-
tes in clinical treatment; we set another group 
of freezing with 10% output power of argon, 
also different from the routine 100% output 
power in clinical treatment17. The results of 
pathology showed that there was no signi-
ficant difference in the complete necrosis or 
apoptosis zones between the deep and shal-
low freezing groups. This finding was an im-
portant revelation for clinical treatment, and 
it indicated that the procedure of lower argon 
output power and shorter freezing time can 
be used for cryoablation of pancreatic head 
cancer, which was similar with the research 
findings on pancreatic body by Chiu18. It is 

to not only ensure effective cryoablation for 
cancer, but also reduce excessive pancreatic 
trauma.

Generally, temperatures lower then -40°C 
and freezing cycles not less than two are ne-
cessary to cause the irreversible necrosis of 
target cells19. However, the temperatures of 
freezing edge district close to normal unfro-
zen tissue are near 0°C20. In order to achieve 
complete necrosis to cancer tissue, clinical 
hepatocellular carcinoma cryoablation of-
ten beyond the tumor edge 1cm, namely „1 
cm safe border“21-23. In this experiment, like 
frozen liver and other solid organs, tissues 
necrosis and cellular structure damage of 
frozen pancreas were in different degrees. 
The cell necrosis degree decreased gradu-
ally from the frozen center districts outwards 
to the edge districts. Since complete necrosis 
zone ought to beyond the tumor edge on the 
cryoablation of pancreas, and the small volu-
me of pancreas, „1 cm safe border“ may be 
difficult to be done. Our study showed that 
the proper diameter of iceball ought to be lon-
ger than [diameter of tumor / (0.55-0.57)](Fig 
5C). Therefore, we can know that only when 
the radius of tumor is 1.22-1.32 cm that the 
„1 cm safe border“ is fit for the clinical cryoa-
blation of pancreatic head cancer. Therefore, 
if the radius of tumor is even longer, the „safe 
border“ should be enlarged accordingly. Me-
anwhile, to kill the similar-sized tumor, a big-
ger iceball radius is needed for deep freezing. 
Then it may produce a new contradiction, 
that is, if the appropriate iceball diameter was 
made to kill the tumor, the edges of iceball 
may near or contact the organs around which 
are easy to be damaged. Balance between 
the two aspects are needed to be judged and 
weighed during cryosurgery. 

For cryoablation of pancreatic head, the pro-
bable damage of functions of liver, stomach, 
duodenal and small intestine may be a impor-
tant consideration. In this research, these or-
gans adhesion had been observed and there 
were higher proportion of side effects in deep 
freezing group (Fig. 4). Because there was 
probability to induce stomach, duodenal and 
small intestine damage for cryoablation, and 
patients have to fast several days. The liver 

Fig. 5. Five histological areas were evident at day 7 post cryosurgery. (A) Demonstration of histological areas on 
shallow freezing group; (B) Demonstration of histological areas on deep freezing group; (C) Relational graph of 
typical pathological changes and iceball diameters, which represent the general situation of 4 times of pathological 
examination, the central white lines represent the needle-inserting site.
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function ought to be surveyed in at least 7 
days after cryoablation because liver adhesi-
on and damage also be observed in 3 cases. 

In pancreatic cryosurgery, acute pancreatitis-
like damage24 must be assessed by the de-
tection of multiple indexes: (1) TNF-α derives 
predominantly from activated macrophages, 
and functions as a pro-inflammatory factor 
for neutrophils activation in acute pancreati-
tis25, 26; (2) IL-6 is produced by a wide range 
of cells including monocytes-macrophages, 
endothelial cells and fibroblasts in response 
to stimulation by IL-1β and TNF-α27-29; (3) IL-8 
raises in acute pancreatitis and is a strong 
chemokine of neutrophils and a predictor of 
disease severity30, 31; (4) CRP is synthesized 
by hepatocytes, whose blood concentration 
increases dramatically in acute trauma and 
infection32, 33, and is a reliable evaluation in-
dex after 48 h in hospital34; (5) AMY is a clas-
sic detection and diagnosis index for acute 
pancreatitis35, 36. By these pancreatitis-related 
indexes at day 1, 3 and 5 after cryoablation 
(Fig 2), different degrees of pancreatic da-
mage in three experimental groups can be 
observed and evaluated(Tab. 1). All the inde-
xes descended obviously in 3(non-freezing 
group) to 5 (shallow and deep freezing group) 
days except AMY. AMY maintained at high le-
vel for 5 days in both two freezing groups. 
At the same time, routine analysis of blood 
had been observed 7 days after cryoablati-
on. There were no evident cellular changes 
found in blood (e.g. WBC37, PMN38, RBC39, 

40 and PLT41, Fig 3), which showed no fierce 
activation of innate and adaptive immune re-
sponse, especially for shallow freezing group 
(without elevation of number and percentage 
of lymphocytes). 

Tab. 1. Inflammatory reaction and tissue destruction 
changed over time after pancreatic head cryosurgery

In all, regarded at the characteristics of pan-
creatic head (e.g. smaller volume, soft, or-
gans around is near) and the improved de-
sign scheme of Chiu’s, we had contrasted the 
diameters of visible and pathological necro-
sis of frozen districts, damage of adjacent or-
gans and acute pancreatitis-related detection 
indexes, confirmed the new cryogenic proto-
col to reduce the damage of pancreatic head 
tissue (self-limiting); brought out announce-
ments of minimizing the damage to the sur-
rounding tissue and complications care after 
cryoablation (safety); put forward iceball dia-
meter prediction methods of the two freezing 
schedules (efficiency). This study had pro-
posed in the train of thought for designing the 
cryogenic protocol according to the part and 
size of pancreatic head cancer, and provided 
an may be more ideal treatment plan for pro-
longing survival period of late-stage pancrea-
tic head cancer patients and improving their 
quality of life. 
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Abstract    

Objective 

To present the short- to intermediate- results 
of the use of third-generation cryotherapy as 
salvage treatment for locally recurrent prosta-
te cancer after radiation therapy. 

Patients and methods 

From January 2006 to July 2010, 32 pati-
ents with locally recurrent prostate cancer 
after radiotherapy underwent salvage cryo-
ablation using third-generation technology. 
Biochemical recurrence-free survival (BRFS) 
was defined as the time period from sal-
vage treatment to the date of biochemical 
recurrence(Phoenix definition of nadir + 2ng/
ml). Complications were classified as grades 
1–5 according to the modified Clavien sy-
stem. 

Results 

The median follow-up was 35 months (ran-
ge 12 to 68). Mild complications (grades 1 
and 2) included mild incontinence(9.4%), 
rectal pain(31.3%), hematuria(6.3%), scrotal 
edema(9.4%), urinary tract infection(3.1%), 
lower urinary tract symptoms(15.6%),and 
ED(81.3%). Severe events (grades 3) inclu-
ded severe incontinence(3.1%) and urethral 
sloughing(6.3%). The rate of rectourethral fi-
stula and urinary retention was 0%.The over-
all BRFS rate using the Phoenix definition for 
biochemical failure was 84.4% at 12 months, 
76.9% at 24 months and 60% at 36 months. 
The 5-year BRFS rate was 40%.There were 
no operative or cancer-related deaths. The 
overall survival rate was 100%. 

Conclusion 

Short- to intermediate- results suggest that 
salvage cryotherapy using third-generation 
technology offers a safe and effective alter-
native for locally recurrent prostate cancer af-
ter radiation therapy. Additional studies with 
longer follow-up are necessary to determine 
the sustained efficacy of this procedure.

Keywords   

prostate cancer, recurrence, cryotherapy, ra-
diation

Introduction

Radiation is a common form of therapy for 
patients with newly diagnosed and localized 
prostate cancer. It has been estimated that 
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SF).

Result

Patients’ characteristics before salvage cryo-
ablation are summarized in Table 1. Prostate 
cryoablation was well tolerated by the pati-
ents. The median follow-up was 35 months 
(range 12 to 68). The complications asso-
ciated with salvage cryoablation are summa-
rized in Table 2. Three patients developed 
mild incontinence requiring 1 to 2 pads per 
day. One patient with severe incontinence 
had transurethral collagen injection postope-
ratively. Urethral sloughing occurred in 2 of 
the 32 patients. Transurethral resection of 
sloughing was required in 1 of the two patients 
and was performed one month after the pro-
cedure, while catheter drainage was required 
in the other patient nonoperatively. Eighteen 
patients had erectile dysfunction(ED) preope-
ratively and remained with ED after salvage 
cryoablation. Of 14 patients who reported 
adequate erectile function before their ope-
ration, six regained the same activity, eight 
had loss of erectile function. The overall rate 
of ED after salvage cryoablation was 81.3%. 
The rate of rectourethral fistula and urinary 
retention was 0%.

The biochemical outcomes were as follows. 
There was an initial reduction in PSA level for 
all patients at 3 months after treatment. The 
median (range) PSA nadir was 0.2 (0.01–6.1) 
ng/ml and one-third the patients achieved a 
PSA nadir at 3 months. The overall BRFS 
rate using the Phoenix definition for bioche-
mical failure was 84.4% at 12 months, 76.9% 
at 24 months and 60% at 36 months. The 
5-year BRFS rate was 40%. There were no 
operative or cancer-related deaths. The over-
all survival rate was 100%.

Discussion

Salvage cryosurgery can be considered as a 
treatment option for curative intent in patients 
who experience disease progression after ra-
diation therapy[1].The most appropriate can-
didates have biopsy proven persistent organ-
confined prostate cancer, a PSA <10 ng/ml, 
and a negative metastatic evaluation as de-

termined by standard assessment tools such 
as imaging modalities[9]. Some centers have 
reported encouraging short-term data with 
BRFS up to 74% at 2 years[7]. Longer-term 
salvage data are now becoming available. 
Bahn et al reported 7-year salvage bioche-
mical failure-free rates of 59% to 69%[10]. 
Cheetham P et al recently reported 10-year 
outcomes for salvage cryotherapy, the lon-
gest follow-up salvage series to date. Good 
biochemical and local control rates were re-
ported, supporting the use of this treatment 
for localized recurrence after failed radiati-
on therapy[11]. However, these procedures 
were performed using both second genera-
tion and third generation technologies. In the 
present study we report our experience from 
the first 32 patients, evaluating the biochemi-
cal outcome and complications after salvage 
cryotherapy using only third-generation tech-
nology. To our knowledge, these are the first 
published results of a large series of third-
generation cryosurgery for locally recurrent 
prostate cancer after RT in China.

As with other therapies for prostate cancer, 
posttreatment PSA-level measurements are 
an integral part of follow-up. However, defi-
ning biochemical failure after localized pro-
state cancer treatment is controversial. The 
variations in definitions of biochemical failure 
may account for differences in comparing out-
comes with other studies where different de-
finitions of biochemical failure are used[11]. 
The American Society for Therapeutic Ra-
diology and Oncology (ASTRO) definition of 
biochemical failure (three consecutive rises 
after nadir) incorporates backdating, resul-
ting in an artificial flattening of Kaplan-Meier 
curves and overly favorable estimates when 
follow-up is short. The nadir + 2 ng/ml (Nadir 
+ 2; Phoenix) definition reduces these artif-
acts. Abramowitz MC et al compared ASTRO 
and Phoenix BF estimates as determinants 
of distant metastasis, cause-specific mortali-
ty, and overall mortality. They concluded that 
the Phoenix definition of BF is a more robust 
determinant of patient outcome compared 
with the ASTRO definition[12]. In the present 
series we used the Phoenix definition to de-
fine biochemical failure. The overall BRFS 
rate was 84.4% at 12 months, 76.9% at 24 

nearly one-third of newly diagnosed prosta-
te cancer patients will choose one form of 
radiation therapy(RT) as their primary treat-
ment[1]. After primary RT for prostate cancer, 
it has been demonstrated that up to one third 
of patients with biochemical failure will have 
a positive biopsy[2]. Locally recurrent prosta-
te cancer can lead to significant morbidity, 
metastasis, and death. Curative options for 
these patients are limited, including salvage 
cryotherapy, salvage radical prostatectomy, 
and salvage brachytherapy. There is no one 
therapy that is clearly superior in the manage-
ment of locally recurrent prostate cancer after 
RT[3]. Relative to the most aggressive and 
definitive approach of salvage prostatectomy, 
cryoablation seeks to strike a balance bet-
ween cancer control and toxicity. Patients in 
whom radiotherapy has failed and those with 
limited life expectancy or multiple comorbi-
dities would be precluded from salvage sur-
gery. Salvage therapy can provide a curative 
treatment option that improves local control 
and possibly increases long-term survival[1]. 
Several reports have documented the effica-
cy and complications of salvage cryothera-
py[3-7]. However, these procedures were 
performed using both second generation and 
third generation technologies. In the present 
retrospective case series we report our expe-
rience, evaluating the biochemical outcome 
and complications after salvage cryotherapy 
using only third-generation technology for lo-
cally recurrent prostate cancer after RT.

Patients and menthods

From January 2006 to July 2010, 32 patients 
underwent salvage cryoablation of the pro-
state. All patients had local and biopsy-pro-
ven recurrence, and had negative metastatic 
screening with abdominal and pelvic comput-
ed tomography (CT) or magnetic resonance 
imaging (MRI) and whole-body bone scan-
ning. 

All cryoablation procedures were performed 
using the Cryo-Hit System (Galil Medical Ltd, 
Israel) by a single urologist. Over a guidewi-
re a double-lumen urethral warming catheter 
was placed and warm normal saline(40°C) 
circulated to protect the urethra. Under 

transrectal ultrasound guidance,1.47 mm 
17G IceSeed cryoneedles were placed into 
the prostate by way of the perineum using 
a brachytherapy grid. Two single-point tem-
perature-monitoring probes were placed at 
Denonvilliers fascia and the urinary sphinc-
ter, respectively. The number of cryoneedles 
varied depending on the estimated volume 
of the prostate gland. If the procedure was 
performed in the patient with recurrent disea-
se following interstitial prostate brachythera-
py, placing the needles in the sagittal plane 
could overcome some confusion caused by 
previously placed radioactive seeds. Due to 
previous radiation, the gland may be adher-
ent to the anterior rectal wall, diminishing the 
thickness of Denonvilliers’ fascia. Particular 
care was taken not to place cryoneedles too 
close to the posterior prostate capsule, the 
closest relationship with the rectal wall. Free-
zing was stopped when the iceball reached 
the anterior rectal wall. Two cycles of rapid 
freeze–thaw was carried out in all patients. 
After completion of the procedure, the ure-
thral-warming catheter was exchanged for 
an 18F Foley catheter, which was removed 
2 weeks later. 

The patients were followed up with physical 
examination and prostate specific antigen 
(PSA) measurement every 3 months for the 
first year and 6 months thereafter, and with 
radiologic imaging and/or bone scan when 
clinically indicated. Biochemical recurrence 
was defined using the Phoenix definition of 
nadir plus 2 ng/ml. Biochemical recurrence-
free survival (BRFS) was defined as the time 
period from salvage treatment to the date of 
biochemical recurrence. Patients with bio-
chemical recurrence were re-staged by bone 
scan, pelvic CT/MRI and prostate biopsy. 
Cryoablation was repeated in men with a po-
sitive biopsy and no evidence of metastatic 
disease. Patients with metastatic diseases 
received androgen-deprivation treatment. 
Complications were classified as grades 1–5 
according to the modified Clavien system [8]. 
Impotence was assessed by using the Inter-
national Index of Erectile Function-5 (IIEF-5), 
and incontinence was assessed by using the 
International Consultation Committee on In-
continence Questionnaire Short Form (ICI-Q-



112 113

11. Cheetham P, Truesdale M, Chaudhury S, et al 
(2010) Long-term cancer-specific and overall sur-
vival for men followed more than 10 years after 
primary and salvage cryoablation of the prostate. J 
Endourol 24:1123-1129

12. Abramowitz MC, Li T, Buyyounouski MK, et al 
(2008) The Phoenix definition of biochemical failure 
predicts for overall survival in patients with prostate 
cancer. Cancer 112:55-60

13. Long JP, Bahn D, Lee F, et al(2001) Five-year re-
trospective, multi-institutional pooled analysis of 
cancer-related outcomes after cryosurgical ablation 
of the prostate.Urology 57: 518–523

14. Spiess PE, Katz AE, Chin JL, et al (2010) A pretreat-
ment nomogram predicting biochemical failure after 
salvage cryotherapy for locally recurrent prostate 
cancer. BJU Int 106:194-198

15. Ng CK, Moussa M, Downey DB, et al (2007) Sal-
vage cryoablation of the prostate: followup and 
analysis of predictive factors for outcome. J Urol 
178:1253-1257

16. Robinson JW, Donnelly BJ, Coupland K, et al (2006) 
Quality of life 2 years after salvage cryosurgery for 
the treatment of local recurrence of prostate cancer 
after radiotherapy. Urol Oncol 24: 472-476

17. Pisters LL, von Eschenbach AC, Scott SM et al 
(1997) The efficacy and complications of salvage 
cryotherapy of the prostate. J Urol 157: 921–925

18. Donnelly BJ, Saliken JC, Ernst DS, et al (2005) Role 
of transrectal ultrasound guided salvage cryosurge-
ry for recurrent prostate carcinoma after radiothera-
py. Prostate Cancer Prostatic Dis 8: 235-239

Table 1. Patients’ characteristics before sal-
vage cryoablation

Parameter Value
Number of patients 32
Age(year) 
Median 74
Range 56-84
Pre-RT Gleason score

≤6 8
7 9
8-10 14
Pre-RT clinical T stage
T1c 4
T2 21
T3a 6
PSA of recurrence (ng/ml)
Median 9.5
Range 4.6-16.1
Biopsy Gleason score of recurrence
≤6 5
7 7
8-10 19
TRUS prostate volume (ml)
Median 37
Range 21-56
Pre-existing ED 18

PSA   prostate-specific antigen 

TRUS  transrectal ultrasound 

ED  erectile dysfunction

RT  radiation therapy

Table 2. Characteristics of postoperative 
complications

Grade/Complication No.(%)
Grade I
Mild incontinence 3(9.4%)
Perineal,rectal pain 10(31.3%)
Hematuria 2(6.3%)
Scrotal edema 3(9.4%)
Grade II
Urinary tract infection 1(3.1%)
Lower urinary tract symptoms 5(15.6%)
ED 26(81.4%)
Grade III
Severe incontinence 1(3.1%)
Urethral sloughing 2(6.3%)

ED  erectile dysfunction

months, 60% at 36 months and 40% at 60 
months, which was comparable to other con-
temporary series[6].

Salvage cryotherapy is technically more chal-
lenging than primary treatment and the risk 
of complications is significantly greater[13]. 
Recent advances in technology have redu-
ced the complication rates associated with 
salvage cryosurgery[5,14-16]. Our data have 
also confirmed a minimal rate of side effects. 
Complication rates in this series were compa-
rable to those in other published series[4-6]. 
At present, incontinence rates following sal-
vage cryosurgery was reported <10%[5]. In 
our study, three patients reported mild incon-
tinence requiring 1 to 2 pads per day after 
therapy, and one patient with severe incon-
tinence had transurethral collagen injection 
postoperatively. The urinary incontinence rate 
has declined dramatically with better tempe-
rature control around the external sphincter 
and the use of a urethral warming catheter. 
Despite these improvements, incontinence 
rates in the salvage setting are still higher 
compared to those following primary cryosur-
gery. This might be related either to the lack of 
protection of the urethra and external sphinc-
ter, or periurethral scarring after RT[17]. Rec-
tourethral fistula was also reported to occur 
more frequently in salvage cases; however, 
recent studies report this serious complicati-
on has been significantly diminished (0% to 
3%)[14,15].No patients developed fistula in 
the present series. The currently reported in-
cidence of rectal pain in patients undergoing 
salvage cryosurgery ranges from 14% to 
39.5%[7,15,18], and rectal pain occurred in 
10 of the 32 patients (31.3%) in the present 
series. The cause of the pain is unknown but 
may be related to an ischemic event that oc-
curs near the anterior rectal wall. After radia-
tion, there may be reduced blood supply to 
this area and introducing lethal ice may elicit 
further devascularization. ED occurs more 
frequently after cryotherapy than other local 
treatments. However, in salvage cryotherapy 
most patients already have ED secondary to 
hormone therapy and RT, which makes it dif-
ficult to assess the true incidence of the pro-
blem. The rate of ED in the present study is 
comparable to other published results [6].

In conclusion, the present results suggest 
that cryotherapy using third-generation tech-
nology offers a safe and effective alternative 
for salvage treatment of locally recurrent pro-
state cancer after RT. The short- to intermedi-
ate-term oncologic efficacy using this system 
appears favorable, and the side-effect profile 
is low. Long-term results and randomized tri-
als are the next step in determining whether 
these results could mean longer disease-free 
intervals and increased patient survival com-
pared with results of salvage radical prosta-
tectomy.
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Abstract

Aim

To study the therapeutic value of combination 
of cryosurgery and 125iodine seed implanta-
tion for locally advanced pancreatic cancer.

Methods

Forty-nine patients with locally advanced pan-
creatic cancer (males 36, females 13), with a 
median age of 59 years, were enrolled in the 

study. Twelve patients had liver metastases. 
In all cases the tumors were considered un-
resectable after a comprehensive evaluation. 
Patients were treated with cryosurgery, which 
was performed intraoperatively or percuta-
neously under guidance of ultrasound and/
or computed tomography (CT), and 125iodi-
ne seed implantation, which was performed 
during cryosurgery or post-cryosurgery under 
guidance of ultrasound and/or CT. A few pa-
tients received regional celiac artery chemo-
therapy. 

Results

Thirteen patients received intraoperative 
cryosurgery and 36 received percutaneous 
cryosurgery. Some patients underwent re-
peat cryosurgery. 125Iodine seed implantati-
on was performed during freezing procedure 
in 35 patients and 3-9 d after cryosurgery in 
14 cases. Twenty patients, 10 of whom had 
hepatic metastases received regional che-
motherapy. At 3 mo after therapy, CT was 
repeated to estimate tumor response to the-
rapy. Most patients showed varying degrees 
of tumor necrosis. Complete response (CR) 
of tumor was seen in 20.4% patients, parti-
al response (PR), in 38.8%, stable disease 
(SD), in 30.6%, and progressive disease 
(PD), in 10.2%. Adverse effects associated 
with cryosurgery included upper abdomen 
pain and increased serum amylase. Acu-
te pancreatitis was seen in 6 patients one 
of whom developed severe pancreatitis. All 
adverse effects were controlled by medical 
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der”. The tissue was then allowed to slowly 
thaw to 0 °C. A second cycle of freezing/tha-
wing was performed after repositioning of the 
cryoprobes. The cryoprobes were then re-
moved and the still-frozen tract made by the 
cryoprobe was packed with thrombin-coated 
Gelfoam to control bleeding. Metastases of 
the liver were treated with cryosurgery at the 
same time[8,9].

Percutaneous cryosurgery

The procedure was performed under local 
anesthesia and under guidance of untra-
sound or CT. Based on the location of the 
tumor, cryoprobe insertion was often carried 
out via the retroperitoneal approach. Gene-
rally, 2 or 3 mm cryoprobes were used. For 
tumors

greater than 3cm in size, 2 to 3 probes were 
used. For liver metastases, simultaneous 
cryosurgery was performed using additional 
cryoprobes which were inserted through the 
right intercostal space. The cryosurgery pro-
cedure was similar to that performed intra-
operatively[9].

Seed implantation

The procedure was performed either at the 
time of cryosurgery or after cryosurgery 
through the percutaneous approach under 
ultrasound or CT guidance. The 125iodine 
seeds were implanted at the tumor border. 
The number of seeds employed depended 
on the tumor size, with each seed implanted 
at a distance of 0.5 cm.

Postoperative management

The patients were instructed to stop eating for 
at least 3 d after the procedure. An analogue 
of somatostatin was given by intravenous in-
fusion, usually for 3-4 d, or extended further 
until the abdominal pain subsided and the 
elevated serum amylase levels normalized. 
Aprotinin (Trasylol), an inhibitor of pancreatic 
enzymes, and a proton pump inhibitor were 
given by intravenous infusion to patients with 
abdominal pain and elevated serum amylase 
levels.

Adjuvant regional chemotherapy

Infusion of chemotherapeutic drugs was in-
itiated one wk after cryosurgery, via a cathe-
ter in the celiac artery or hepatic artery. The 
treatment consisted of cycles of 5-FU 500 
mg/m2, mitomycin C 8.5 mg/m2 and gemci-
tabine 500 mg/m2, every 2 wk.

Follow-up

Postoperative follow-up was performed at 
one mo after treatment and every 3 mo the-
reafter. On each visit, the patients were as-
sessed by tumor marker assay, abdominal ul-
trasonography, and CT. Some patients were 
examined by positron emission tomography-
CT PET-CT. The efficacy of cryosurgery was 
evaluated based on tumor size and survival 
of the patients. Changes in tumor mass were 
measured according to The Response Eva-
luation Criteria in Solid Tumors (RECIST) pro-
tocol[10], which is based on objective measu-
rements of the tumor size before and after 
treatment. Complete response (CR) means 
that all targeted lesion had disappearance 
(scar) or reduced to less than 25% of the 
original size. Partial response (PR) means 
a greater than 30% decrease in the sum of 
the largest diameter of all targeted lesions. 
Stable disease (SD) means less than 30% 
decrease in the sum of the largest diameter 
of all targeted lesions. Progressive disea-
se (PD) means an increase of greater than 
20% in the sum of the largest diameter of all 
targeted lesions. All radiologic studies were 
reviewed by the same radiologist with an 
expertise in pancreatic imaging. Ultrasound-
guided biopsy was performed for lesions that 
were suspicious for recurrence. Cryosurgery 
was repeated if histology showed a positive 
result. The presence of a persistent nodule 
on imaging studies without tumor activity on 
PET-CT, with decreasing or normal tumor 
markers (CA19-9), or no changes in the ab-
sence of any other treatment for an interval of 
at least 6 mo after cryosurgery, was conside-
red as remnant tumor. Tumor recurrence was 
determined by a positive histology, or by the 
combination of an increase in the cryotreated 
lesion on ultrasound, CT or PET-CT imaging, 
an increase in the tumor markers or by the 

management with no poor outcome. There 
was no therapy-related mortality. During a 
median follow-up of 18 mo (range of 5-40), 
the median survival was 16.2 mo, with 26 pa-
tients (53.1%) surviving for 12 mo or more. 
Overall, the 6-, 12-, 24- and 36-mo survival 
rates were 94.9%, 63.1%, 22.8% and 9.5%, 
respectively. Eight patients had survival of 24 
mo or more. The patient with the longest sur-
vival (40 mo) is still living without evidence of 
tumor recurrence. 

Conclusion 

Cr yosurger y, whi ch i s far les s invasive 
than conventional pancreatic resection, and 
is associated with a low rate of adverse ef-
fects, should be the treatment of choice for 
patients with locally advanced pancreatic 
cancer. 125Iodine seed implantation can de-
stroy the residual surviving cancer cells after 
cryosurgery. Hence, a combination of both 
modalities has a complementary effect. © 
2008 WJG . All rights reserved.

Key words: Pancreatic cancer; Cryosurgery; 
Cryoablation; 125Iodine seed implantation

Introduction

Pancreatic cancer is a rapidly growing tumor 
that is nearly always fatal. The majority of 
pancreatic cancers are detected at a late sta-
ge of illness, and only a minority of patients 
are candidates for curative surgical resec-
tion. Overall, the 1-and 5-year survival rates 
are only 20% and 5%, respectively[1-3]. Pa-
clitaxel and gemcitabine are considered to be 
effective agents in pancreatic cancer,

but their response rates are no more than 
20%, and the effectiveness is less than 6 
mo[4,5]. Therefore, it is necessary to seek 
novel treatment modalities[6,7]. This report 
examines the role of combined cryosurgery 
and 125iodine seed implantation in the treat-
ment of locally advanced pancreatic cancer.

Materials and Methods

Patients

From March 2001 to November 2007, forty-
nine patients with locally advanced pancrea-
tic cancer underwent cryosurgery combined 
with 125iodine seed implantation. There were 
36 males and 13 females, aged 28-89 years, 
with a median age of 59 years. Tumor size 
ranged from

2.2-7.1 cm in the largest diameter. Twelve pa-
tients had hepatic metastasis. In all patients, 
the diagnosis was based on ultrasound, com-
puted tomography (CT) and MRI imaging, 
and 38 patients had a positive histology. Be-
fore hospitalization, 14 cases had received 
4-6 cycles of chemotherapy (gencitabine, 
cisplatin, 5-FU). All patients received a com-
prehensive evaluation and were considered 
to be unresectable. The patients were provi-
ded information on cryosurgery guidelines, 
and the study received ethical approval.

Cryosurgery

Cryosurgery was performed with intraoperati-
ve or percutaneous approaches. Intraopera-
tive cryosurgery: Patients were administrated 
general anesthesia and were positioned for 
an upper abdominal incision. The involved 
pancreas was exposed by trans-peritone-
al mobilization of the bowel and stomach. 
Once the pancreatic mass was identified, an 
18-gauge Tru-Cut biopsy needle was used 
to obtain one or two cores of tissue from the 
solid mass. If it was determined that the tu-
mor was unresectable, after a thorough inve-
stigation, cryosurgery was performed under 
direct vision and under ultrasound guidance. 
A variable number (one to three) of 2 or 3 mm 
cryoprobes were placed directly into the pan-
creatic mass and positioned under ultrasound 
guidance. In general, lesions smaller than

3 cm could be frozen reliably with a single 
centrally placed 3-mm probe, whereas lar-
ger lesions required multiple probes. A doub-
le cycle of freeze/thaw procedure was used 
with an argon gas-based cryosurgical unit 
(EndoCare, Inc., CA, USA). Each cryoprobe 
was cooled to -160 °C and the resulting ice-
ball was monitored with ultrasound until the 
frozen region encompassed the entire mass 
of the tumor with at least a “0.5-cm safe bor-
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adjuvant chemotherapy, of the six factors te-
sted, including patient’s age, gender, tumor 
size, location, mode of cryosurgery, number 
of 125iodine seeds implanted and hepatic 
metastases, only hepatic metastases was an 
independent prognostic factor (P = 0.007).

We describe six case studies

Case 1

Male, 80 years old. Ultrasound showed a 
3 cm × 3 cm lesion in the pancreatic neck. 
Biopsy revealed cystadenocarcinoma. The 
patient underwent percutaneous cryosurgery 
with 125iodine seed implantation under CT 
guidance. Three mo after treatment, CT scan 
showed tumor necrosis, containing 125iodi-
ne particles. Current ultrasound and CT scan 
show that the original tumor has decreased 
to 1.5 cm × 1.1 cm in size (Figure 2). The 
patient has had recurrence-free survival of 40 
mo. 

Case 2

Male, 61 years old. CT scan showed lowden-
sity areas, 4 cm × 5.5 cm in size in the body of 
pancreas and 3 intrahepatic lesions ranging 
from 2 cm to 5 cm in size. Biopsy showed 
adenocarcinoma. The serum CA19-9 was 
512 IU. The patient underwent percutaneous 
cryosurgery and 125iodine seed implantation 
under CT/ ultrasound guidance for the pan-
creatic lesion and hepatic

metastases. Repeat CT scan showed tumor 
shrinkage and stability of lesions in both the 
pancreas and liver (Figure 3). Ultrasound-
guided biopsy showed no evidence of can-
cer. CA19-9 levels decreased to < 40 IU. The 
patient is now alive for 27 mo. 

Case 3

Male, 36 years old. Ultrasound and CT re-
vealed a mass in the pancreatic head with 
dilated common bile duct. Serum CA19-9 
was 210 IU. The patient underwent laparo-
tomy which revealed a mass, 5 cm × 5 cm in 
size in the pancreatic head. Biopsy showed 
moderately differentiated adenocarcinoma. A 

palliative cholecystojejunostomy was carried 
out to relieve the obstructive jaundice, and 
cryosurgery was performed under direct vi-
sion and ultrasound guidance. A repeat CT 
at three mo after treatment showed shrinka-
ge and necrosis of the pancreatic mass with 
“honeycomb”-like change (Figure 4). CA19-9 
had decreased to 48 IU. The patient survived 
for 19 mo. 

Case 4

Male, 67 years old, with obstructive jaundice 
was found to have a mass, 5 cm × 3 cm in 
size in the pancreatic head with dilated com-
mon bile duct and gallbladder. Biopsy of the 
mass showed moderately differentiated mu-
cinous adenocarcinoma. He was treated with 
percutaneous cryosurgery and 125iodine 
seed implantation. CT at 8 mo after treatment 
showed shrinkage and necrosis of the pan-
creatic mass (Figure 5).

Case 5

Female, 59 years old. CT scan showed a 
mass, 4 cm × 3 cm in size, in the pancreatic 
tail. Biopsy revealed adenocarcinoma. Per-
cutaneous cryosurgery with 125iodine seed 
implantation was performed (Figure 6). Fol-
low-up after 14 mo of treatment showed stab-
le pancreatic tumor. The patient is currently 
alive 28 mo after diagnosis. 

Case 6

Famale, 59 years old. Ultrasound and CT 
showed a mass of the pancreatic head, 4 cm 
× 4 cm in size. Biopsy showed poor-differen-
tiated adenocarcinoma. She underwent per-
cutaneous cryosurgery and 125iodine seed 
implantation. Twelve mo later, the tumor in 
the pancreatic head was stable, however a 
new lesion has

appeared in the pancreatic body. The patient 
underwent a second course of percutaneous 
cryosurgery for the lesion in the pancreatic 
body. Follow-up PET-CT at 3 mo after the 
treatment, showed a significant decrease in 
the metabolic activity of the original lesion (Fi-
gure 7).

discovery of metastases. 

Statistical analysis

Survival was calculated using the Kaplan-
Meier test[11]. Prognostic factors influen-
cing survival were tested using the Log-rank, 
Tarone-Ware or Breslow test for univariate 
analysis and Cox regression[12]; Cox’s pro-
portional hazard model with the forward-step-
wise method (likelihood ratio) was used for 
multivariate analysis with various covariates. 
A significant difference was indicated by P < 
0.05. Statistical analysis was performed using 
SPSS version 11.5 (SPSS, Chicago, USA).

Results

Thirteen patients received intraoperative 
cryosurgery, and 36 underwent percutaneous 
cryosurgery. Among the patients who recei-
ved percutaneous cryosurgery, 17 received 
a second course of cryosurgery and 3 recei-
ved three courses of cryosurgery. 125Iodi-
ne seed implantation was performed during 
cryosurgery in 35 patients, and 3-9 d after 
cryosurgery in 14 cases. The median number 
of 125iodine seeds implanted was 34, with a 
range of 18-54 seeds. Twenty patients recei-
ved adjuvant regional chemotherapy, 10 of 
whom had hepatic metastases. Five patients 
received 1 cycle of chemotherapy, ten recei-
ved 2 cycles, three 3 cycles and two 4 cycles 

Response to treatment: Based on CT fin-
dings, at 3 mo after treatment, most patients 
showed varying degrees of tumor necrosis. 
The results of CR, PR, SD and PD were 
20.4% (10/49), 38.8% (19/49), 30.6% (15/49) 
and 10.2% (5/49), respectively.

Adverse reactions

As shown in Table 1, 69.4% of patients had 
abdominal pain, which usually subsided in 
2-3 d. About one-half of the patients (51.0%) 
had elevated serum amylase levels, which 
generally ranged 1-2 times of the normal re-
ference values and lasted for 5-7 d. Acute 
pancreatitis with acute abdominal pain, and 
elevated serum amylase levels to four times 
or more was seen in 6 patients (12.2%), one 

of whom developed severe pancreatitis with 
intra-abdominal fluid effusion, and serum 
amylase levels 12 times of the normal refe-
rence values. All patients with pancreatitis 
recovered with conservative management. 
Three patients (6.1%) had intra-abdominal 
bleeding, however, abdominal fluid obtained 
by paracentesis did not have increased amy-
lase levels. The intra-abdominal bleeding dis-
appeared within four days. Nearly one-half of 
the patients (53.1%) had fever of 38-39.5°C, 
accompanied with chills. Fever persisted for 
3-4 d, generally less than 7 d. Two patients 
had pulmonary infection, which recovered 
within 7-10 d with antibiotic therapy. Two 
patients aged 78 and 91 years, developed 
cerebral infarction and myocardial infarction 
respectively. There was no treatment-related 
mortality.

Overall survival

During a median follow-up of 18 mo (range of 
5-40 mo), the median duration of survival was 
16.2 mo. Twentysix patients (53.1%) survived 
12 mo or more, 8 of whom lived for 24 mo 
or more. The patient with the longest survival 
(40 mo) is still living without any evidence of 
tumor recurrence. A total of 36 patients died, 
in whom 17 died of cancer spread, 11 with 
hepatic metastases died of liver failure, 5 of 
cardio-cerebral vascular diseases and 3 of 
unknown causes. The 6-, 12-, 24- and 36-
mo survival rates were 94.9%, 63.1%, 22.8% 
and 9.5% respectively (Figure 1A). Univariate 
analysis was performed for factors influen-
cing survival. Of the 5 variables tested, adju-
vant chemotherapy and hepatic metastases 
were associated with a poor prognosis. The 
mode of cryosurgery (intraoperative vs per-
cutaneous), tumor size (≤ 4 cm vs > 4 cm), 
and location (head vs body or tail) did not 
show independent significance for prognosis 
(Figure 1A and B). The univariate analysis 
(Breslow test) of median survival in the dif-
ferent subgroups of patients with pancreatic 
cancer is shown in Table 2. The following fac-
tors were associated with longer median sur-
vival: cancer of pancreatic head, absence of 
hepatic metastases and absence of adjuvant 
chemotherapy. A Cox model for multivariate 
regression analysis showed that apart from 
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longest survival is living for 40 mo, with no 
evidence of recurrence. The findings indicate 
that combination of cryosurgery and 125iodi-
ne seed implantation offers the possibility of 
complete remission.

Using univariate and multivariate analysis, 
presence of hepatic metastasis was an in-
dependent prognostic factor and was asso-
ciated with poor outcome. It was surprising 
to note that patients who were underwent to 
adjuvant regional chemotherapy had a lower 
survival. This finding could in part be related 
to patient selection; patients receiving che-
motherapy had more severe illness, and one-
half had hepatic metastases. 

By univariate analysis, it was observed that 
patients with cancer of pancreatic head had 
longer median survival compared with pati-
ents with cancer of pancreatic body or tail. 
The reasons may be that cancer of pancrea-
tic head is detected relatively earlier because 
of the development of obstructive jaundice.

It is believed that tumor size is of critical im-
portance in cryotherapy[35]. However, tumor 
size could not be confirmed as an indepen-
dent prognostic factor in our analysis. This 
finding may be related to the possibility that 
the combination of cryosurgery and 125iodi-
ne seed implantation may effectively destroy 
the entire tumor or a greater part of the tar-
geted tissue, even in the presence of a large 
mass. 

A great deal of attention has been paid to the 
safety of cryosurgery in the treatment of pan-
creatic cancer. Korpan[8] performed an ex-
perimental study on dogs who received pan-
creatic cryosurgery using the disc cryoprobe. 
None of the animals developed complications 
and there was no cryosurgery-related morta-
lity. Moreover, there was no post-cryosurgery 
bleeding, pancreatic fistulae or secondary in-
fection. In our series, no cryosurgery-related 
mortality was observed. The main adverse 
effects were abdominal pain, fever and in-
creased serum amylase levels. Some pati-
ents developed acute pancreatitis, but none 
had a poor outcome. In addition, 125iodine 
seed implantation can be performed at the 

same time, and is not accompanied with the 
adverse effects observed with chemo-radio-
therapy.   

As a whole, combination therapy of cryosur-
gery and 125iodine seed implantation is a less 
invasive procedure. Korpan[8,18] pointed out 
that there were almost no known contraindi-
cations to the use of cryosurgery for pancrea-
tic cancer. For most patients with pancreatic 
cancer, cryosurgery can substitute conven-
tional surgery. These observations need to 
be confirmed by more studies. According to 
our experience, cryosurgery has several ad-
vantages in the treatment of unresectable 
pancreatic cancer: (1) The conventional ma-
nagement of unresectable pancreatic cancer 
involves a bypass operation without removal 
of the tumor. Cryosurgery can make up this 
shortcoming of conventional therapy, by con-
verting the surgery from “palliative” to “radi-
cal”. (2) Cryosurgery is less invasive, and has 
lower rate of complications compared with 
conventional resection. (3) Unresectable tu-
mors can be treated with percutaneous cryos-
urgery under ultrasound or CT guidance, with 
similar efficacy as intraoperative cryosurge-
ry and is much less invasive to the patient.
(4) During percutaneous cryosurgery, other 
modalities, such as 125iodine seed implan-
tation, can be used simultaneously. (5) Meta-
static tumors can be treated simultaneously, 
using the combination technique. (6) Immune 
enhancement or activation after cryosurgery 
may occur probably due to quantitative and 
qualitative changes in the surface antigen 
(component) of tumor cells[36]. That is called 
“cryoimmunity”[37]. (7) The cryoablated can-
cerous tissue has increased sensitivity to 
chemo/radiotherapy[38,39].                 

In conclusion, although the present data is 
preliminary, it indicates that combination of 
cryosurgery and 125iodine seed implantation 
may play an important role in the treatment 
of locally advanced pancreatic cancer. The-
se findings warrant further refinement of the 
technique as well as initiation of controlled cli-
nical studies to better define the true value of 
combination treatment in pancreatic cancer.

Discussion

Cryosurgery has provided a novel therapeu-
tic approach to the treatment of benign and 
malignant tumors, especially unresectable 
tumors[13]. A number of clinical trials have 
been published using this modality for the 
treatment of liver cancer, prostate cancer, 
kidney tumors, and breast cancer, with en-
couraging results[14,15]. 

There are few reports on the use of cryosur-
gery for the treatment of pancreatic cancer. 
Kovach[16] reported 9 patients with unresec-
table pancreatic cancer who received a total 
of 10 sessions of intraoperative cryosurgery 
under ultrasound guidance. There was no 
cryosurgery-related mortality and no post-
cryosurgery pancreatic fistulae or pancreati-
tis. Following treatment, patients experienced 
alleviation of pain and reduction in the use 
of analgesic agents. All patients were able to 
take normal diet at the time of discharge from 
the hospital. Patiutko[17] treated 30 patients 
with locally advanced pancreatic cancer with 
a combination of cryosurgery and radiation. 
All patients had effective control of pain, re-
duction in CA19-9, improvement of perfor-
mance, and increase in the survival rate. 
Korpan[18] summarized the experience of 
cryosurgery for pancreatic cancer, and con-
cluded that most patients obtained good re-
sults with this therapeutic modality. 

The effectiveness of cryosurgery is dependent 
upon complete cryoablation to all the targe-
ted tissue. Tumor persistence or recurrence 
at the site of cryoablation is often the result of 
incomplete destruction. Temperatures lower 
than -40°C are believed to be necessary for 
tumor ablation. Ice-balls targeted lesions are 
thus necessary for complete destruction of 
the tumor, because the outer several millime-
ters of the iceball circumference are at non-
lethal temperatures. The 1-cm ice-ball exten-
sion beyond the tumor borders is required for 
adequate ablation[19,20]. However, becau-
se the pancreatic volume is relatively small, 
cancer often involves most of the gland, and 
over-freezing increases the risk of complica-
tions, it is often difficult to ensure the “1 cm 
safe border”. Therefore, we decided to use 

the combination of cryosurgery with 125iodi-
ne seed implantation for the treatment of the 
pancreatic cancer. 125Iodine with a half-life 
of 59 d provides γ radiation for a short di-
stance, resulting in the death of the targeted 
cells. Brachytherapy using 125iodine seed 
implantation has been

successfully used for the treatment of pro-
state cancer and metastatic or recurrent can-
cer[21-24]. As a result, the use of 125iodine 
seed implantation is likely to be complemen-
tary to cryosurgery .

In the present study, 49 patients with local-
ly advanced pancreatic cancer were treated 
with a combination of cryosurgery and 
125iodine seed implantation. Thirteen pati-
ents underwent intraoperative cryosurgery 
and 36 patients percutaneous cryosurgery 
under ultrasound and CT guidance. The tu-
mors showed different degrees of necrosis, 
and the CR, PR and SD were 20.4%, 38.8% 
and 30.6%, respectively, and only 10.2% de-
monstrated PD. During the median follow-up 
of 18 mo (5-40 mo), the median survival was 
16.2 mo, of whom 26 patients (53.1%) survi-
ved 12 mo or more. The 6-, 12-, 24- and 36-
mo survival rates were 94.9%, 63.1%, 22.8% 
and 9.5%, respectively.

Currently, the conventional therapies for lo-
cally advanced pancreatic cancer are chemo-
therapy and radiotherapy. Previous reports 
showed a median survival of 6-10 mo in pa-
tients with locally advanced disease treated 
with 5-FU-based chemoradiation. Patients 
with metastatic disease had a shorter survival 
(3-6 mo)[1]. A recently described combination 
regimen that is under investigation consists 
of gemcitabine, 5-FU, cisplatin, capecitabine 
and/or radiation[25-34]. These combinati-
on therapies produced a median progressi-
on-free survival ranging from 3-10 mo, and 
median survival of 7-16 mo, the objective 
response rate of the tumors was 22%-40%, 
and 1-year survival was 20%-78% (less than 
60% in most reports) (Table 3). The results in 
our series were similar to those reported pre-
viously. However, it is important to note that 
in this series there were 8 cases who survi-
ved for 24 mo or more. The patient with the 
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Figure 4 CT scan in case 3. A: Before treatment; B: Three months after treatment.

Figure 5 CT scan in case 4. A: Before treatment; B: During treatment; C: Eight months after treatment.

Figure 6 CT scan in case 5. A and B showing cryoprobe and 125iodine seeds in different layers during treatment.

Figure 7 CT and PET-CT in case 6. A: CT at 10 mo after the first treatment, showing 125iodine seeds; B: PET-CT at 
12 mo after the first treatment showing new lesion in pancreatic body; C: PET-CT at 3 mo after second treatment.

Figure 1 Survival rates of patients with pancreatic cancer. A: Overall results and those in patients with different 
location and size of the tumor; B: Pancreatic cancer with different modes of therapies, and with or without hepatic 
metastases.

Figure 2 Pancreatic CT scan in case 1. A: Before treatment; B: Three months after treatment; C: Twelve months 
after treatment.

Figure 3 CT scan of case 2. A: Before treatment, a mass was seen in pancreatic body and trail; B: 0ne month after 
treatment; C: Six months after treatment.
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Objective

To evaluate the safety and application of en-
dobronchial argon plasma coagulation (APC) 
combined percutaneous cryoablation for the 
treatment of central lung neoplasma with air-
way obstruction and pulmonary tumor.

Materials and Methods

34 cases with central lung cancer (male 
26,femail 8, average 67.1±5.8 years) were 
retrospectively reviewed for the treatment of 
APC combined cryoablation, which including 
22 squamous carcinoma, 6 adenocarcinoma, 
2 squamo-adenocarcinoma, 2 small cell lung 
cancer, 2 lung metastasis from colon cancer. 
All patients were in III~IV stage of TNM. All en-
dobronchial APC procedures were performed 
with an electric flexible bronchoscope in ca-
ses with bronchus carcinoma. The pulmona-
ry masses were ablated by percutaneous 
cryoablation with CT guidance. Pulmonary 
CT scan was repeated in 1,3,6 months, and 

telephone interviewed for patients and their 
families at 1 to 32 months of follow-up after 
cryoablation.

Results

The airway obstruction  was 87.1±3.3% be-
fore APC and 33.3±4.2% after 3.72 procedu-
res of endoluminal APC. Complete obstruc-
tions were relieved in 8 patients of them after 
3 to 6 procedures of APC. The efficiency 
was 100%, which means CR 9((26.5%), PR 
15(44.1%), MR 10(29.4%) after APC. Short 
breath score improved significantly from 
4.1±1.3 before APC to 2.1±0.1(P<0.05) af-
ter APC. KPS was obviously increased from 
28.4% to 77.4%(P<0.01).The effectiveness 
of cryoablation was closely associated with 
the diameter of tumor in pulmonary. The ef-
ficiency and percentage of cryoablation size 
were 100.0% and 94.3 ± 1.5% respectively in 
tumor with < 4 cm in diameter, while 76.5% 
and 85.6 ± 1.6% respectively in tumor with 
> 4 cm in diameter. Tumor was gradually 
shrunk after 1 month of cryoablation although 
it was expanded at the beginning within 1 
month. Cavities were present in tumor at be-
ginning of cryoablation and disappeared after 
6 months. CR was achieved in 3(8.8%) pati-
ents, PR 21(61.8%), MR 10(29.4%). The ef-
ficiency was 100% in patients with cryoablati-
on. There were no severe complication during 
or after ablation. Media survival time was 10 
months for all patients for 1-32 months follow-
up. The average survival period was 11.8±1.7 
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2006 to December 2007. Causes of cen-
tral lung carcinoma included  22 squamous 
carcinoma, 6 adenocarcinoma, 2 squamo-
adenocarcinoma, 2 small cell lung cancer, 2 
lung metastasis from colon cancer. All pati-
ents were 1 in stage IIIa, 21 in stage IIIb,12 
in stage IV of TNM. 18 tumors located in right 
bronchus(10 right upper bronchus, 4 median 
bronchus and 4 lower bronchus and 16 loca-
ted in left bronchu, 8 right upper, 1 lingual and 
7 lower bronchus). Atelectases were present 
in 17 patients. APC was first performed, then 
percutaneous cryoablation was given subse-
quently in most patient with lung cancer. Ra-
diotherapy, chemotherapy are the standard 
strategies before and after APC or cryoabla-
tion in patients.

Technical Aspects of Endobronchial APC

The technical aspects of endobronchial APC 
have been described previously[7]. Indica-
tions for endobronchial APC include endo-
bronchial, obstructive tumors that cause 
symptoms or that are likely to result in the im-
mediate development of symptoms. Before 
endobronchial APC, the procedure, benefits, 
and risks are explained to the patient, and 
informed consent is obtained. 83.3±3.3% of 
airway was obstructed before APC .The pro-
cedure is performed under local anesthesia 
with or with out general sadation, using an 
electrical flexible bronchoscope (PENTAX 
EB-1830T3,intralumen Ø2.6 mm). Oxygena-
tion is maintained during procedure. A probe 
was inserted through the working channel of 

bronchoscope and applied to the tumor. Tis-
sue samples for histologic examination are 
obtained before each APC. Necrotic tumor 
material was removed after each APC sessi-
on using a biopsy-type clamp for 24 to 48 h 
after APC. Short breath score and Karnofsky 
performance status were obtained according 
to previous described paper[8,9].

PLC with CT Guidance and Calculated 
Cryoprobe Placement[6] 

All PLC procedures were performed by 
using an Elscint CT Twin II unit (Elscint, 
Haifa, Israel). Tumor location and size 
were noted at preoperative evaluation. An 
enhanced pulmonary artery angiography 
or piston emission tomography- computer 
tomography(PET-CT) was performed to 
clearly show the the  central mass if it 
abutted any of the mediastinal or hilar 
structures. Tumor measurements were 
obtained in two dimensions on CT images. 
Tumor size was (5.7±0.3cm )×(4.7±0.2cm) in 
lung before PLC. 

PLC procedures have been described pre-
viously [6] .Patients lied supine or on the CT 
bed. Treatment plan was made by CT scan..
Most patients received only local anesthetic 
agents and no sedatives. 6-10 ml of 2% lido-
caine was injected into the chest wall. Less 
than 0.5cm length of skin was cut, then tis-
sues were separated to the pleural surface. 
A single-needle set (including needle , dilator 
and sheath) was inserted into tumor target 

Figure 1: Cryoprobe placement by CT guidance
Left: Four single-needle sets (including needle , dilator and sheath) were placed through percutaneous punctures 
in chest back
Right: Four Cryoprobes were inserted through the sheaths after the needles and dilators were removed

months and the survival rate at 1 year was 
34.8% in 23 died patients. 

Conclusion

APC is a progressive, minimal invasive pro-
cedure in the treatment of airway obstruction. 
Percutaneous cryoablation is a rapid and mi-
nimal method for ablation of pulmonary tumor.
The combination of APC and cryoablation is 
a safety and effective therapy for maintaining 
airway unimpeded and destroying peripheral 
pulmonary tumor in situ.

Key Words: 

Central lung neoplasma, Argon plasma co-
agulation, Cryoablation,  Bronchoscopy, 
Computer Tomography

Lung cancer is the leading cause of death 
from malignant disease in the world.At the 
time of diagnosis, > 80% of patients are in-
operable, resulting in a 5-year survival rate of 
14%.Approximately 30% of patients present 
with a large carcinoma obstructing the tra-
chea or main bronchi and causing dyspnea, 
cough, or hemoptysis[1]. The gold standard 
of therapeutic method for central airway ste-
nosis is segmental resection and reconstruc-
tion with primary anastomosis [2]. However, 
in situations where surgery is impossible, 
bronchoscopic procedures such as argon 
plasma coagulation, endoscopic resection, 
brachytherapy are all useful options [4-5]. 
Palliative reopening of the affected airways 
often alleviates symptoms.  

APC, a form of noncontact electrocoagulati-
on, offers the simplicity and rapid coagulation 
with minimal manipulation of and mechani-
cal trauma to the target tissue[5].APC utili-
zes electrically conductive argon plasma as 
a medium to deliver high-frequency current 
via a flexible probe. The argon plasma flow 
transfers electricity between the probe and 
the target tissue. Tracheobronchial access 
is obtained by passing the probe through the 
working channel of the bronchoscope.Now, 
endoluminal APC was widely used for pati-
ents with endobronchial invasion. 

Radiotherapy,chemotherapy,and percuta-
neous ablation are the standard treatment 
modalities available for palliation of lung 
cancer. CT-guided, percutaneous lung cryo-
therapy (PLC) has been reported in recent 
years[6] . 

Cryoablation is the controlled application of 
extreme cold for local destruction of abnor-
mal living tissue. Attempts to treat malignant 
tumors with local application of cold were 
made in the mid-19th century, although ma-
nufacturing of reliable percutanous cryoab-
lation equipment-Endocare Cryoablation Sy-
stem  was not achieved until a century later. 
In October, 1999, the first CT-guided percuta-
neous hepatic cryotherapy was performed in 
China with an American collaborator (PJL).  A 
subsequent U.S. press release of the first CT-
guided PLC in Sept., 2000 prompted Chinese 
programs to begin treating their burgeoning 
lung cancer population. PLC with the minimal 
patient discomfort, high contrast CT moni-
toring, and minimal disruption of adjacent tis-
sues has been encouraged rapidly in China 
since then.

Combined APC and PLC have rapid reaction 
for reopening obstructive airways and abla-
ting pulmonary tumors which attributed to the 
improvement of quality of life and survival 
rate in advanced patients with central lung 
carcinoma. In this study, we analyzed the 
effects of palliative endobronchial APC and 
PLC on symptoms, performance status, and 
survival in patients with central lung tumors 
who underwent at least two APC procedures 
and cryoablation sessions.

Materials and Methods

A human use protocol was approved by the 
human investigation committee of Coal Ge-
neral Hospital. An informed consent form was 
signed by all patients. The included patients 
primarily were considered to be ineligible for 
surgery, or they had undergone other lung 
cancer therapies that were failed. Thirty-
four patients (26 male, 8 female; mean age, 
67.1±5.8 years)underwent endobronchial 
APC and PLC for obstructive, symptomatic, 
malignant endobronchial tumors from March 
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Figure 2. 
An example of tumor ablating using APC and cryoablation for the treatment of an airway obstruction and peripheral 
tumor in a patient with trachea and right lung carcinoma. 

Top left: A pretreatment CT examination shows a mass locates in the right wall of trachea.
Top middle: A pretreatment bronchosopic examination there is  an endoluminal mass in the trachea, 50% of endo-
lumen is obstructed. 
Top right: A complete reopening of the trachea immediately after APC and tumor removal. 
Bottom left: The trachea seems normal after APC,but there is a mass around the right upper bronchus.
Bottom middle: A pretreatment 3D-CT examination shows  an big mass in the right lung. 
Bottom right: Nearly 70% of the tumor is covered by ice immediately showed after percutaneous cryoablation,and 
cryoproble trace remains in the tumor.

Figure 3. An example of tumor debulking using endobronchial APC combined with tumor ablation using percuta-
neous cryoablation for the treatment of right central lung carcinoma. 
Top left: A pretreatment endobroncoscopy shows right medium bronchus obstruction by a endoluminal mass
Top middle: Reoppening of  upper lobe and right medium bronchus after 1 week of APC
Top right: Reoppening of  upper lobe and right medium bronchus after  15 months of APC
Bottom left: A pretreatment CT shows a mass (3 cm×4cm)  in the right hilar and right medium bronchus strictures 
Bottom middle: a hilar mass shrinks and a cavity is developed after 2 months of cryotherapy, and right medium 
bronchus is enlarged.
Bottom right: a hilar mass and cavity disappeared after 15 months of cryotherapy, and right medium bronchus 
seems normal.

through percutaneous puncture. The needle 
tip was placed through the mass to the far 
margin, then the dilator and 11-F sheath were 
then slid over the needle to the depth of the 
needle insertion (1 probe was needed in tu-
mor diameter < 4 cm, more than 2 probes in 
those  ≥4 cm).. The needle and dilator were 
removed, leaving the sheath in place to recei-
ve the 3-mm cryoprobe. The cryoprobe was 
carefully placed to the same predetermined 
depth at the far tumor margin. The sheath 
was then retracted approximately 4 cm to 
expose the length at the tip of the cryoprobe 
that generates ice (Figure 1). At the time of 
this study, only straight-shafted 2 or 3-mm-
diameter cryoprobes  were available.   

The freezing procedure was  15 minute free-
ze- 5 minute thaw -15 minute re-freeze. Im-
mediately following the re-freeze and probe 
removal, the patient was immediately scan-
ned and ice formation measured.  The per-
centage of any unfrozen tumor rim was esti-
mated in relation to tumor size.  Hounsfield 
units (HU) were used to confirm solid ice for-
mation, frequently ranging between 0 and -10 
HU.  

The cryotherapy equipment that we used 
consisted of an argon:helium gas–based 
system (CryoCare; Endocare, Irvine, Calif) 
and 2- and 3-mm-diameter cryoprobes (En-
docare). With use of these cryoprobes, the 
diameters of the resulting ice balls may vary 
according to tissue type and blood supply, but 
the freeze lengths are consistent for both pro-
bes: approximately 4.5 cm. Ice ball diameter 
refers to the outer 0°C margin of the visible 
low-attenuating ice, but cytotoxic ice tempe-
ratures (-20°C) are known to occur 3–5 mm 
inside of visualized ice margins [10].

All feasible efforts to obtain repeat CT scans 
were taken. The available results of CT ex-
aminations of peripheral and central loca-
tions, including tumor coverage by ice ac-
cording to tumor size and location, related 
complications, and short-term clinical follow-
up findings, were evaluated over time.

Statistical Analyses

All mean value comparisons were performed 
by using the two-tailed Student t test. Fre-
quency comparisons (ie, percentage tumor 
coverage by ice) were performed by using 
the X2 test. P < 0.05 indicated statistical si-
gnificance.

Results

APC effectiveness

Symptoms and dyspnea improved imme-
diately after tumor debulking in all patients. 
87.1% occlusion of the bronchus before APC 
by an endoluminal mass decreased to 33.3% 
after 3.2 procedures of APC(Table1). Short 
breath score (SBS) was 4.1±1.3 before APC 
and 2.1±0.1 after APC, respectively(P<0.05). 
KPS was from 28.4±4.1% before APC to 
77.4±3.8% after 2 days of APC(P<0.01). CR 
9 (26.5%), PR 15(44.1%), MR 10(29.4%), ef-
ficiency 100%. 13 patients got into sleep ea-
sily after APC even though they could not be 
supine. Complete reopening of the mainstem 
bronchus immediately achieved after APC 
and tumor removal in 8 patients underwent 
3-6 APC interventions (Figure 2,3).Atelecta-
ses disappeared in 4 patients. They were not 
reopened in 16 patients with obstructed bron-
chus and peripheral lung cancer.

Table 1: Effectiveness after immediate APC

Occlusion (%)       

Location     N  -----------------------   t     p   

Pretreatment  After APC       

Left main 

bronchus
15 87.7±4.9 45.0±8.0 4.55* <0.01

Right main 

bronchus
19 86.3±3.5 31.7±2.9  12.01 <0.001

Note :  * P<0.01 (comparison between before and 
after APC in a group)
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on, frequency thermoablation and microwave 
thermoablation). Unfortunately, it is rare re-
ported for the combination  of  endobronchial  
and paercutaneous techniques.

Although large, randomized, comparative 
studies are not available, data show signi-
ficant improvement in patient outcomes and 
quality of life with respective treatment both 
of central airway obstruction and peripheral 
tumor. Currently, the most comprehensive 
approach can be offered at our hospital with 
expertise in the management of complex air-
way disorders and availability of  endoscopic 
and percutaneous options.

Perhaps the most important aspect of ma-
naging these patients is to first debulk the 
intraluminal mass  to ensure alleviation of 
symptoms and improved quality of life. Bron-
choscopy (either rigid or flexible) is always 
necessary in assessing airway obstructions 
and performing definitive treatment. Direct 
visualization allows the nature and extent of 
the obstruction to be determined, and pro-
vides useful treatment planning information 
such as the relative amount of intraluminal 
and extraluminal disease. Most importantly, 
bronchoscopy allows a tissue diagnosis to be 
made(11). 

APC is a mode of noncontact electrocoagu-
lation that has been increasingly used as an 
alternative to contact electrocautery and non-
contact laser therapy. Argon plasma is for-
med when a 5,000- to 6,000-V spark created 
at the tip of the probe by a tungsten electrode 
ionizes argon gas released at the probe tip. 
The plasma then finds the nearest grounded 
tissue and produces coagulative necrosis. 
For endoscopic procedures, a coagulation 
depth of 2–3 mm is achieved (15,16). This 
has been associated with excellent hemosta-
sis, and a minimal risk of airway perforation. 
When debulking tumors with the APC, the vi-
sible surface of the mass is sprayed with the 
argon beam. This decreases the risk of blee-
ding and causes a variable degree of tumor 
shrinkage by dehydration(15). The crusted or 
coagulated tumor tissue  is removed with a 
grasping forceps or suction. The extraction 
of devitalized tissue in large pieces is desi-

rable to shorten the duration of the procedu-
re through  the biopsy forceps or combined 
endoluminal cryoadhesion to the tissue by 
simultaneously withdrawing the bronchosco-
pe with the tissue attached. But repeat bron-
choscopy is needed 1–3 days after APC to 
remove necrotic materials. 

In this study, endoluminal obstruction is im-
proved significantly from 87.1±3.3% before 
APC to 33.3±4.2% after 3.2 APC procedures. 
A limited intraluminal mass could be eradica-
ted by one procedure of APC. But sequential 
APC procedures should be performed in a 
major airway with diffused lesions. A half of 
complete obstructed airways was reopening 
after 3-6 procedures of APC. The reopening 
rate is 100% in third bronchus obstruction but 
0% in forth bronchus obstruction due to the 
bronchoscope(forehead ф5.3 mm).It is not 
necessary to reopen the bronchiole obstruc-
tion because large bleeding might be happe-
ned if the blood vessels near the bronchiole is 
damaged. It is our dangerous experience that 
a large bleeding was successfully treated in 
a patient with left lower dorsal bronchus ob-
struction during APC procedure. The ablation 
size should be over 1 cm of tumor margin. 
Before APC treatment, the extent of the ob-
struction should be determined and useful 
treatment should be planned, such as the re-
lative amount of intraluminal and extraluminal 
disease in atelactasis caused by tumor. Now 
in our institute, it is a rapid method to com-
bine APC and endoluminal cryoablation to 
debulk the mass in major airways. The short 
breath score and KPS improved significantly 
after APC.

Almost all endobronchial therapies are pal-
liative in patients with lung cancer involving 
the major airways. A small number of patients 
with in situ lung cancer, who cannot undergo 
resection because of comorbid conditions, 
may be cured with endobronchial cryothera-
py or photodynamic therapy  (9,14). But it is 
troublesome for most endobronchial cryothe-
rapies not to totally eradicate the tumor in ad-
vanced stage. Thus, even though tumor and 
hemoptysis may be controlled to some extent 
by these methods in a short time, other types 
of therapy may be required to control the di-

Cryotherapy effectiveness

Tumor size was highly significant indepen-
dent variable for determining the likelihood 
of tumor coverage by ice (P < 0.01). (Table 
2). The less the tumor diameter, the more the 
percentage of ice coverage of tumor area.

Table 2  
The relationship between cryotherpy effectiveness and 
tumor size

Tumor 
diameter 

N ice cove-
rage of 

tumor area 
(%)

efficency%Δ   

< 4 cm 8 94.3 ± 1.5* 100.0*

≥ 4 cm 26 85.6 ± 1.6 76.5
Δ  efficency % = (number of >80% iceball coverage / all 
lesions)×100%
* comparison between two groups P<0.01  

The percentages of masses for which follow-
up CT data collected over time were available 
are listed according to degrees of cavitation 
and changes in treated tumor size in Table 3. 
An area of cavitation larger than the original 
tumor was seen in 80% of treated areas 1 
week after PLC. The cavitation rate had de-
creased to only 13.3% (2 of 15 treated areas) 
by 6 months, suggesting resorption of nearly 
all necrotic debris. By 6 months, 2/3 (10 of 
15) of the treated areas were stable or smal-
ler than the original tumor including 3 CR.

Table 3 
Tumor changes of CT scan after cryotherapy

1 week 1 month 3 

months

6moths

n1(%) n2(%) n3(%) n4(%)

((n=34) (27) (20) (15)

Tumor size

Enlarged 32(94.1) 3(11.1) 1( 5.0) 3 (20.0)

Decreased 50% 0 15(55.6) 11(55.0)  4 (26.7)

Disappeared 0 0 1( 5.0) 3(20.0)

Unchanged 2(5.9) 9(33.3) 7(35.0) 5(33.3)

Density 

Unchanged 7(26.9) 17(63.0) 15(75.0) 9 (60.0) 

Increased 0 0 0 4(26.7)

Cavities 27(79.4) 10(37.0) 5(25.0) 2 (13.3)

Follow-up

The median survival time and it 95% con-
fidence interval: 12 months (8 months, 21 
months) after cryoablation for follow-up 1~32 
months(Fig.4). The mean survival time was 
11.8±1.7 months in 23 deaths, and 34.8% of 
them survived more than 1 year. Most pa-
tients died of or heptic or brain metastasis.
There is no death related to the complicati-
ons of cryotherapy or APC.

Discussion

More than 80% of lung cancer is central 
type which is involved in central airways and 
pulmonary parenchyma. Obstruction of the 
central airways, the trachea and mainstem 
bronchi, can result from a variety of disease 
processes and present with life-threatening 
dyspnea or hemoptysis in patients with lung 
cancer(11,12), and up to 40% of lung can-
cer deaths may be attributed to locoregio-
nal disease (13). Death from suffocation is 
a frequent outcome. Surgery is always im-
possible because intraluminal tumor grow-
th in the major airways always comes from 
pulmonary parenchyma carcinoma. In cases 
in which the possibility of surgery has been 
eliminated, other palliative measures should 
be considered. These treatments include en-
dobronchial therapies (such as cryoablation, 
laser therapy, photodynamic therapy, argon 
plasma coagulation, and brachytherapy) and 
paercutaneous ablation (such as cryoablati-

Figure 4 
The median survival time after cryoablation
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Cryotherapy can preserve the collagenous 
architecture of the central bronchi and the 
vasculature, as suggested by reported en-
dobronchial cryotherapy experiences (17). It 
is also good effect for the tumor ablation in 
pulmonary, but cryomedium is different from 
percutaneous cryoablation and  endobron-
chial cryotherapy. Cryocare system is based 
on the extreme freeze caused by argon gas 
delivery and rapid thaw caused by helium 
delivery. The number and type of cryopro-
bes depend of the tumor location and size.
The ability to visualize lower attenuating ice 
as it thoroughly covers a soft-tissue tumor 
mass during the freeze cycles is a potential 
benefit that is not available with heat-based 
treatments. CT imaging immediately after 
freezing is crucial to evaluate the ice cove-
rage of tumor. Tumor size and location were 
highly significant independent variables for 
determining the likelihood of tumor coverage 
by ice .In general, the greater the number 
of cryoprobes used, the larger the lethal ice 
zone and the shorter the freeze time required 
to achieve thorough tumor coverage by low-
attenuating ice(6). It is a good outcome that 
emphasizes the need for approximately 1-cm 
ablative margins as treatment goals. Enhan-
ced tomoangiography or PET-CT should be 
given before PLC so as to avoid blood vessel 
damage during percutaneous puncture alt-
hough large vessels are not disrupted due to 
the thermal pool effect(18,19).Tumor necro-
sis could be seen in 3 days after cryoablation.
Cavitations appeared in tumor ablaion cove-
rage in 1 month after PLC and gradually dis-
appeared after 3 months of PLC. The  iceball 
covering percentage is 94.3% in a tumor with 
<4 cm in diameter while 85.6% in a tumor ≥ 
4 cm in diameter. Cavitation surrounding all 
previous tumor margins also may serve as 
an indicator of thorough treatment effect.In 
our study, the responsiveness of PLC had 
been maintained more than 6 months. There 
are no severe side effects related to PLC. In 
addition, the patients with advanced disea-
se in this study felt better—that is, their KPS 
scores increased—within 1 week after under-
going cryotherapy.

This is the first report to use endoluminal de-
bulking combined with percutaneous cryo-
therapy. The median survival time is nearly 
1 year, and 34.8% of deaths survived more 
than 1 year. Most patients derive some bene-
fit from treatment such as longer survival or 
amelioration of symptoms.

The main limitation of this retrospective stu-
dy is the lack of uniform treatment protocols, 
who predominantly were ineligible for surge-
ry and had undergone other treatments that 
failed, which is very difficult to determine the 
prospective management planning due to 
the different stages of disease and different 
treatment strategies coming from different 
institutes. Furthermore, the evidence-based 
studies should be done in the future.

Multidisciplinary management of lung cancer 
has been strongly recommended in recent 
years[20]. Minimally invasive alternatives to 
surgery for the treatment of malignancy are 
becoming more attractive owing to improve-
ments in technology, reduced morbidity and 
mortality, and the ability to provide treatment 
in an outpatient setting. Endobronchial the-
rapy followed by percutaneous cryotherapy 
may prove to be a palliative treatment of air-
way obstruction and large tumors that cau-
se symptoms such as cough, hemoptysis, In 
patients with metastatic disease, cryoabla-
tion may be suitable for treatment option of 
serveral tumors. We have some experiences 
in interventional bronchoscopy, such as cryo-
ablation, APC, PDT, brachytherapy and stent 
on the treatment of airway obstruction, and 
percutaneous cryoablation in advanced lung 
cancer. It is sure that further studies should 
mainly focus on the combination of different 
therapies including sequential or concurrent 
protocols.
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Introduction

Percutaneous cryoablation is a minimally in-
vasive nephron-sparing treatment for renal 
cell carcinomas. MRI allows accurate depic-
tions of entire extent of the iceball with ex-
cellent contrast between ice and surrounding 
tissue. The purpose of our study is to descri-
be the chronological changes of cryo-ablated 
areas.

Materials and Methods

MRI-guided percutaneous renal cryosurgery 
was performed in 13 patients between March 
2001 and May 2002 for clinical trial of national 
approval of CryoHit unit (Galil Med., Israel) in 
Japan. Renal tumors were less than 4 cm in 
diameter (mean 2.7cm). CT scan was perfor-
med every 3 to 6 months, and retrospective-
ly reviewed CT images of cryo-ablated area. 
Follow-up duration is up to 120 months.

Results

On follow-up dynamic CT images, all ablated 
area showed lack of enhancement effect just 
after ablation. The size of ablated area gradu-
ally decreased, and some of tumors almost 
disappeared. Ablated area changed to fatty 
degeneration in 5 cases and scarring in 8 pa-
tients. The tumor disappeared within 4 years 
in all patients in the fatty degeneration group. 
Whereas in the scaring group, tumors disap-
peared in 3 patients, remained but a reduced 
size in one patient, and 3 recurrent patients 
were operated. Calcification of ablated area 
was observed in 6 of 9 patients. Calcificati-
on appeared from 19 to 54 months. Sizes of 
calcification are various, and shapes of calci-
fication are tendency to marginal and linear.

Conclusion

After renal cryoablation, ablated area gradu-
ally decreased in size, and some of the tu-
mors were almost disappeared. CT imaging 
reveals characteristic changes in the ap-
pearance of ablated area, such as fatty dege-
neration and calcification.

Crysurgery to treat HPV induced 
lesions on the vulva, perineum 
and anus.
Mauro JE*
Bertolino MV**
Cafoni M***
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Nassif JC****
Durand Hospital Buenos Aires Argentina

Introduction

HPV disease in the lower genital tract (LGT) 
is the most common sexually transmissible 
infection (STI) affecting approximately 70% 
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Objective

To investigate the clinical efficacy and safety 
of percutaneous pulmonary neoplasms tar-
geted Argon-Helium cryotherapy. Methods: 
1525 cases of non-small cell lung cancer 
and 2316 focus were underwent cryotherapy 
guided by computer tomography (CT).The 
chest CT, 18F-fluorodeoxyglucose (FDG), 
lung tissue biopsy were determined and the 
survival rate and median survival time after 
follow-up and complications were observed 
at different stages of cryotherapy. 

Results

1135 focus for tumor size <4 cm in diameter 
were determined and their ice ball surface 
coverage was 96%, the efficacy rate was 
97%,1181 focus >4 cm in diameter, ice ball 
coverage was 82%, efficacy rate was 68%.
The cryotherapy was safe, and no death oc-
cured during operation.The common side-
effects were a little emptysis 38%, fever 35%, 
pneumothorax 15%,pleural effusion 6%, not 
serious complications.CT scan showed that 
necrotic cavitation larger than the original 
mass within one week,and mostly resolved 
by 6 months. FDG images showed that cu-
mulative radioisotope of focuses reduced ob-
viously.The focuses density reduced on CT. 
Necrotic coagulation could be found within 1 
month and fibrin scarring 3 months postcryo-
ablation.The survival rates were respectively 
91%, 76%, 36%, 18% after follow-up 0.5, 1, 
2, 3 year. The median survival time was 17.8 
months after follow-up. 

Conclusion

Percutaneous pulmonary neoplasms target-
ed argon-helium cryotherapy guided by CT is 

safe,effective and has little hurt.The effect of 
cryoablation is mainly associated with clinical 
stage,tumor size and location.This technique 
is especially propitious to pulmonary neo-
plasms that is irresectable or insupportable 
radiotherapy and chemotherapy.

Key words

cryocare surgical system; cryotherapy; non-
small cell lung cancer

Kriodestruction in treatment of 
metastatic lesion of the liver by 
colorectal cancer
Bondar G.V., Sedakov I.Y
Ishchenko R.V.
Donetsk National Medical University,
oncology chair.
Donetsk regional oncology center.

Summary

Material and methods

To the real moment palliative cryodestruction 
is executed to the 81 patient with the meta-
static defeat of liver at a colorectal cancer. 
From them there are 56 men and 25 women, 
by age from 32 to 78 (middle age of 56,4±2,5 
years).  In clinic was developed and introdu-
ced the method of single-step cryodestruc-
tions of the metastatic centers of liver and 
catheterizations of hepatic artery, for carrying 
out regional intraarterial polychemotherapy 
and an intraarterial antibioticotherapia. From 
first days after operation begin intraarterial 
introduction of antibiotics, introduce a solu-
tion of heparin for clottage preventive main-
tenance. After restoration of peristalsis of an 
intestine (middle 2-4 days) begin intraarterial 
polychemotherapy (IAPCT).

Results

The satisfactory  results of treatment of pa-
tients are got. Postoperative complications 
were observed at 6 patients (7,4±2,3%) and 
were not related to realization of cryodestruc-

of women at some point in their lives. They 
are more frequent during active sexual life 
and may involve the entire anogenital tract, 
producing an extraordinary variety of lesions 
from benign ones to premalignant and mali-
gnant ones, depending on the virulence, host 
immunity and co-factors. HPV is responsib-
le for approximately 10% of all human ma-
lignancies, being the most important one in 
women, the cervical cancer. It can also cau-
se tumors of the vulva, vagina, anus, penis, 
skin, rectum and bladder. Exophytic clinical 
forms have variable expressions (in number 
and sizes) and severe forms may be related 
to host impaired immunity. Symptoms due 
to massive growth and infection are pain, it-
ching, inability to have sex, dress or sit. The 
major complaint is generally related to the 
offensive odor which leads the patient to 
promptly consult. Treatment choice depends 
on the number of lesions, size, location and 
histology. Large lesions and recurrences re-
quire more aggressive treatments, which 
produce significant anatomical and functional 
sequelae. In these cases we associate radio-
frequency with cryosurgery. The aim of this 
study is to report our results with the above-
mentioned approach.

Patients and methods

We included 54 women between 15 and 
49 years old (mean 30.5±8.5) with massi-
ve or recurrent HPV lesions; 6% (n=3) were 
pregnant (mean gestational age: 23 weeks). 
Risk history for HPV infections included early 
sexual debut (mean age 17,6), HIV infection 
(n=5), smoking habit 59% (n=32, 53% ≥10 
cigarettes/d) and co-morbidities 20% (n=11). 
HPV lesions involved ¼ of the vulva (n=5), 
2/4 (n=12), 3/4 (n=9), 4/4 of the vulva (n=14), 
and more than the vulvar area, perineum, 
and anus (n=14). Treatment was performed 
with radiofrequency (shaving and debulking 
of exophytic lesions) and cryosurgery of the 
lodge and safety marging with liquid nitrogen 
spray (2 cycles of freezing-thawing). Follow-
up: mean 19,7 ( range 1-132) months, in 40, 
7% (n=22) of the patients follow up was more 
than 6 months.

Results

All lesions were locally controlled. Only 1 
recurred twice (a woman with idiopathic 
trhrombocytopenic purpura) and was treated 
with the same scheme. Local sensitivity was 
maintained and sexual function prompt resu-
med in all the patients.

The procedure had very low surgical risk, 
minimal anesthetic requirements, none or 
minimal postoperative pain, possibility of re-
petition, no local or general toxicity, no he-
morrhages, infections or retractile scars or 
synechias. The most important advantages 
are the excellent anatomic and functional re-
sults. Satisfactory sexual life resumption was 
possible through restoration of local sensitivi-
ty and body image.

Conclusions

Radiofrequency + cryosurgery are an excel-
lent option for HPV ano-genital lesions, and 
especially for extended ones in young wo-
men with active sexual life.

*Head of Lower Genital Tract Section, 
Department of Gynecology, Durand Hospital 
Buenos Aires Argentina. jmauro@intramed.
net
** Gynecologist, Department of Gynecology, 
Durand Hospital Buenos Aires Argentina. 
mbertolino@intramed.net
*** Gynecologist, Department of Gynecology, 
Alvarez Hospital Buenos Aires Argentina 
morinac@yahoo.com.ar 
**** Gynecologist, Department of 
Gynecology, Durand Hospital Buenos Aires 
Argentina. cynthia.farah@yahoo.com.ar
***** Head Maternal and Child Department. 
Durand Hospital Buenos Aires Argentina. 
jcnassif@fibertel.com.ar
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argon-helium ablation for non-
small cell lung cancer
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treatment in a month – Stomatococcus spp. 
(5*10^3 CFU/tampon). With two children 
there was no dynamics – before and after 
the treatment Neisseria subflava (1,8 * 10^4 
CFU/tampon) was seeded. With one child 
there is negative dynamics: before treatment 
- Streptococcus pneumoniae (1* 10^5 CFU/
tampon), in a month after cryotherapy Strep-
tococcus pneumoniae (2,4* 10^6 CFU/tam-
pon) and Neisseria canis (2,4 * 10^7 CFU/
tampon).

Thus in the result of cryotherapeutic effect 
on mucous membrane of adenoids there is a 
change of microbial flora mainly to the posi-
tive (the replacement of microbes to more  
saprophytic, the reduction of the quantity of 
one and the same microbe, absence of  colo-
ny-forming microorganisms in the observable 
material).

The role of cryoablation for 
metastatic colorectal cancer to 
the liver 
Masashi Watanabe, 
Naohiro Washizawa, 
Fumi Saito, 
Yuko Sawaguchi, 
Masaru Tsuchiya, 
Akira Tamura, 
Yuichiro Otuka, 
Yoko Oshima 
Hironori Kameko
Department of Gastrointestinal Surgery
Toho University Medical Center Omori 
Hospital, Tokyo, Japan 
res18@med.toho-u.ac.jp
Tel.+81-3-3762-4151 Fax +81-3-3768-3620

The most effective treatment for metastatic 
colorectal cancer to the liver ( liver metas) is 
early diagnosis and curative resection. Va-
rying technologies including radiofrequency 
(RF) ablation, cryoablation, microwave ablati-
on, transarterial chemoembolization (TACE), 
and systemic chemotherapy, fill this niche. 
The recent study was to determine the feasi-
bility and safety of percutaneous cryoablation 
for the treatment of small (<3 cm) liver metas 

using a 17 G cryoprobe. However, when li-
ver metas are located in the liver surface, the 
dissemination of the cancer cell are possible 
at the time of puncture. For those patients, 
laparoscopic hepatectomy is recommended. 

The liver is often the only site of liver metas 
and, therefore, if the liver disease can be 
controlled, the patient can experience real 
benefit in length of survival or even cure. Ho-
wever, because liver metas is a disease that 
develops as systemic disease (patients are 
likely to continue to develop lung metastases 
or lymphonodular metastases), the only truly 
curative therapy is systemic chemotherapy. 
Transarterial chemoembolization (TACE) is 
one of the most frequently performed treat-
ments for unresectable liver metas. 

It is necessary to choose a cure method while 
considering the size of the tumor, depth from 
the liver surface, and the position relations 
with the vas. We believe that the cryoablation 
is best method for the small tumor which the-
re is near a vas. 

Universal Cryosurgical Complex 
- Future of Cryosurgical 
Equipment
Iaroslav.V.Zharkov1

Vitaliy.S.Bogorad1, MD, PhD
Nikolai N. Korpan2, MD, PhD, Univ. Prof.
Volodymyr M. Leshchenko1

 
1 Scientific and Production Firm „Pulse“, 2-b, 
Lesya Kurbasa Ave.,  Kyiv 03148, Ukraine; 
e-mail: pulse@cryo-pulse.com, phone/fax: 
+38044 407 3183
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Billrothstrasse 78, A-1190 Vienna, Austria; 
e-mail: institut@cryosurgery.at , phone: +43-
1-36036-5105, fax: +43-1-36036-5805      

The concept of modern Universal Cryosur-
gical Complex (UCC) was developed on the 
basis of our theoretical, experimental and 
long-term practical experience in collabora-
tion with medical institutions. UCC makes 
it possible to apply the main advantages of 

tion. A median of survivability was 18,6±1,3 
month. At impossibility of radical treatment 
a cryodestruction can be considered one of 
basic methods of treatment of patients with 
the metastatic defeat of liver.

Conclusions

Advantages of the presented method of treat-
ment consist in maintenance of the maximum 
safety and development risk of depression of 
bleeding or hematoma formations at extrac-
tion of a catheter after the treatment termi-
nation, absence of tromboembolic episodes.

Microbial flora of adenoids after 
cryotherapy
Kochenov V.I.
Vjugina I.I.
Tsybusov S.N.
Bulanov G.A.
Russia, Nizhny Novgorod State Medical 
Academy, Scientific Clinical Centre of 
Medical Cryology “onKolor”
(kriol.nnov@list.ru)

The influence on the condition of microbial 
flora on the surface of adenoids by intranasal 
nitrogen cryoeffect distinguished by pulsed 
dotted cryoirrigation on inflamed nasopha-
ryngeal tonsil through the general nasal duct 
is analyzed.

49 children with chronic adenoiditis were ex-
amined. The age of the children was from 2,5 
to 9 years old.

For determination of the character of inflam-
matory process biocenose of nasopharynx 
was examined. Not only qualitative composi-
tion of microflora is identified, but the quanti-
tative cmposition of separate microorganisms 
on the mucous tunic of adenoids is identified 
too according to the existing norms estimated 
in colony-forming units of microorganisms – 
CFU/tampon. A diagnostic smear was taken 
with a sterile microtampon placed into naso-
pharynx through the sterile polyvinyl chloride 
tube of diameter 1,5 mm. Microflora of the 

nose and the throat was examined before the 
cryotherapy and after a month of cryotherapy. 
The composition of microflora of nasophar-
ynx was examined (the analyses were hold in 
the laboratory of microbiology and diagnos-
tics of disbioses of Nizhegorodsky research 
institute of epidemiology and microbiology by 
I.N. Blokhina. The material from the mucous 
tunic of adenoids was located into a test tube, 
containing sterile 0,89% solution of sodium 
chlorides, where the content was thoroughly 
slurried for some seconds. Further the mate-
rial was sent into laboratory, where inocula-
tion was.

The treatment was clinically effective in all 
the cases: edema of mucous tunic of nose 
reduced, purulent discharge in nasopharynx 
disappeared, the amount of exacerbations of 
chronic adenoiditis and frequency of acute 
respiratory viral infection (ORVI) reduced.

Different microflora is defined in the inocula-
tions before and after cryotherapy: Neisseria 
cinerea(1,5*10^6 CFU/tampon), Neisseria 
subflava (1,8 * 10^4 CFU/tampon), Neisse-
ria mucosa(6*10^2 CFU/tampon), Staphylo-
coccus epidermidis (1* 10^4 CFU/tampon), 
Staphylococcus aureus (6*10^2 CFU/tam-
pon), Moraxella catarrhalis (1,6* 10^5 CFU/
tampon), Streptococcus pneumoniae (1,4* 
10^7 CFU/tampon), Neisseria canis (2,2 * 
10^6 CFU/tampon), Staphylococcus hominis 
(2,2 *10^3 CFU/tampon), Haemophilus para-
influenzae (3*10^4 CFU/tampon), Neisseria 
flavescens (1,5 *10^4 CFU/tampon).

In the inoculations of 25 children (more than 
a half of the examined) in a month after cryo-
therapy there was no colony-forming micro-
flora.

13 children had Neisseria mucosa (6*10^2 
CFU/tampon), and in a month after cryo-
therapy  the quantity of colony-forming mi-
croorganisms reduced to Neisseria mucosa 
(1-2*10^2 CFU/tampon) – saprophytic flora. 
With 8 children there was positive dynamics, 
but the composition of microflora changed: 
for instance, before cryotherapy from the sur-
face of adenoids Staphylococcus epidermidis 
(4* 10^3 CFU/tampon) was seeded, after the 
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uptake was also found, at the 5th day, in such 
cells as bile duct cells, vessel epithelial cells 
and fibrocytes, which construst the liver, com-
paratively apart from the frozen part, it was 
suggested that a kind of the growth factor 
appeared in the serum after freezing of the 
tumour.

Cryochemotherapy in treatment 
of the patients with advanced 
pancreatic cancer
Dronov O.I.
Kryuchyna Ye.A.
Dobush R.D
National Medical University named 
O.O.Bogomolets, General Surgery 
Department N1, Kyiv Liver, Bile Ducts and 
Pancreas Surgery Center, Kyiv, Ukraine

Background and aim

Pancreatic cancer has the worst prognosis 
among gastrointestinal malignancies. Treat-
ment options for unresectable pancreatic 
cancer  (UPC) are very limited. UPC appear 
to be a new target of cryotherapy and limit-
ed data with controversial results related to 
this tumors have been published to date. In 
some studies were proved that chemother-
apy (ChT) before freezing, even mild tem-
peratures, resulted in complete loss of vali-
ability of tumor cells. Time of administration 
of chemotherapeutic drugs is controversial. 
Appropriative cytotoxoc drug sould be deliv-
ery systemically during the period of thawing 
and before microcirculation fails (about 1 h)  
or instillation drug locally into the previous 
frozen tissue may be used .The aim of this 
study was to identify the benefit acquired by 
the use of  cryochemotherapy (CChT) in pa-
tients with UPC.

Materials and methods

During the period 2005-2011 years 36 patients 
with UPC underwent CChT. The patients who 
died after surgery during 30 days (2 patients) 
and with severe aggravation of general con-
dition during 2 cycles of ChT (5 patients) were 

excluded from the study. During surgery cryo-
probe was deployed directly into the tumor 
for freezing to -196 °C twice, lasting for 10-
12 min, with the common bile duct, stomach, 
and jejunum protected by dry cotton pads.  
gemcitabine (GEM) was simultaneously giv-
en to the patients during cryoablation. Sub-
sequent ChT was performed according to the 
standard protocols (GEM+oxaliplatin). Rec-
ryoablation was performed in 1 patients with 
partial response (PR)  after 4 month of CChT. 
Anti-tumor effect of treatment were assessed 
from RECIST 1.0, the change of serum CA 
19-9 value, nutritional index (NI), which is 
calculated as follow: NI=lymphocyte (mm3)
x0,005+albuminx10 (g/dl). Quality of life was 
measured by the Symptom Distress Scale 
and SF-36. 

Results

The PR was observed in 14 patients (48,3%), 
no change – in 8 patients (27,6%), and pro-
gressive disease - in 7 patients (24,1%). The 
decrease of CA 19-9 was recognized in the 
all patients with PR, in 4 out of 8 in NC, and 
non out of patient in PD respectively. NI in 
the patients who were performed more than 
2 cycles of ChT was significantly higher than 
NI of patients who were excluded from study 
(51,2±4,6 and 33,3±4,8 respectively). NI in 
the patients with PR was significantly higher 
than NI of patients with NC and PD (53,2±2,7, 
44,5±3,3, 42,2±3,1 respectively). After treat-
ment NI was improved in 9 patients whose 
CA 19-9 fell down (only in patients with PR). 
There was a trend toward improved overall 
quality of life, measured by the Symptom Dis-
tress Scale, with significant improvements in 
domains of insomnia, pain, and outlook in pa-
tients with PR and elimination of pain in all 
patients (the same results according SF-36). 
Survival was significantly longer in patients 
with reduction of CA19-9 (345±137 days) 
than those of the patients whose CA19-9 not 
decreased (149±53 days).

Conclusions

The CChT was well tolerated. CChT seems 
to provide survival benefit and increase qual-
ity of life in patients with  UPC. Pathients with 

cryosurgery in almost all fields of medicine. 

The UCC consists of the following three 
independent cryosurgical systems: 

1) Cryosurgical System Mobile - CSM
2) Cryosurgical System Stationary - CSS 
3) Cryosurgical System Ambulatory – CSA

All cryosurgical systems of the Complex use 
liquid nitrogen as a cryoagent, which is the 
most efficient, cheap and easily available. It 
is the only cryoagent that allows the highest 
freezing power to be reached, the greatest 
volume of tissue to be frozen and a durable 
cryosurgical operation to be performed.

The mobile cryosurgical system is a movab-
le installation with a cryogenic system and 
computerised control unit. The internal 10-lit-
re Dewar vessel provides continuous func-
tioning of the system for 3-4 hours without 
requiring additional liquid nitrogen. A wide 
range of exchangeable cryoinstruments and 
cryoapplicators makes it possible to perform 
cryosurgical operations in various fields of 
medicine e.g. in abdominal and thoracic sur-
gery, gynecology, urology, proctology, derma-
tology, etc. The operations can be performed 
easily both in the hospital and in outpatient 
departments.

The stationary cryogenic system is a new ap-
proach in cryosurgical systems development 
and any modern operating theatre must be 
equipped with it. CSS consists of a fixed con-
trol unit and cryogenic unit that are placed 
above the operating table and are equipped 
with a complete set of cryosurgical instru-
ments. Any of the instruments can be fixed 
at a required angle during the operation that 
provides easy access to the tools and make 
the surgeon‘s hands free during a long cryo-
application procedure.

The portable ambulatory cryosurgical sy-
stem is made in the form of a portable box 
and consists of a control unit, a small cryo-
genic unit (weight 1.5kg plus a 400ml vessel 
for liquid nitrogen) and a set of cryosurgical 
instruments and applicators. It is easily trans-
portable and can provide single cryodestruc-

tion of no more than 40 cm3 of tissue. The 
CSA can be used in outpatient departments 
or during transportation of the patient in ca-
ses of emergency. 

All the cryosystems of the Complex have 
uniform joints and interchangeable cryoin-
struments and cryoapplicators. The cryos-
urgical systems contain a number of unique 
elements that provide the highest freezing 
power and effectiveness of the equipment: 
heat-exchange chambers, exchangeable 
cryosurgical instruments and applicators, ex-
tremely low-temperature electromagnetic val-
ves, tubular heaters, vacuum-insulated cryo-
genic pipes, etc. A programmable control unit 
of the cryosystem allows variable parameters 
of cryoapplication to be controlled, both in the 
stage of freezing and thawing. 

Incomplete freezing of liver 
tumours
Yuko Sawaguchi, 
Masashi Watanabe, 
Fumi Saito, 
Yoko Oshima, 
Masaru Tsuchiya, 
Yuichiro Otsuka, 
Akira Tamura, 
Hironori Kaneko
Department of Surgery (Omori), School of 
Medicine, Faculty of Medicine, 
Toho University

Incomplete freezing was performed to an 
animal liver cancer model, VX2 carcino-
ma, transplanted to a rabbit’s liver.The time 
course of the changes in the tissues after 
incomplete freezing was investigated by an 
immunohistochemical technique using the 
anti-BrdU monoclonal antibody.Although the 
rate of BrdU uptake of unfrozen VX2 cells 
was about 20%, the rate of the unfrozen part 
at the 2nd day increased to 40%, and at the 
5th day, the rates of both the cryomargin and 
unfrozen part showed 40%.At the 7th day, the 
rates of the cryomargin and unfrozen part de-
creased to 20%, but the rates at the 14th day 
increased to 40%, in both areas, again.BrdU 
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locally advanced cancer of the 
oral cavity and oropharynx

Halay O.O.
Slipetsky R.R.

50-70% of patients with cancer of the oral ca-
vity and oral part of the pharynx, in spite of 
visual localization of tumor, enter treatment 
with locally advanced disease and mandible 
often is involved in the process. Combined or 
extended combined surgery is the main sta-
ge in the treatment of such patients. There-
fore improvement of experimental and tech-
nical approaches of treatment cancer of the 
oral cavity and oropharynx is very actual and 
important.

59 patients with locally advanced cancer of 
the oral cavity and oropharynx (III-IV stage) 
were treated with intraoperative criodestruc-
tion of the primary tumor to define efficiency 
of such treatment approach and assessment 
of treatment pathomorphism of tumor. Con-
trol group consisted of 56 operated patients 
after preoperative course of radiation therapy 
with total local dose 40 Gy. 

Distribution of tumor process and lymph node 
involvement in the main group was following: 
T3N0M0 – 11 (18,6%), T3N1M0 – 9 (15,3%), 
T3N2M0 – 9 (15,3%), T4N0M0 – 9 (15,3%), 
T4N1M0 – 12 (20,3%), T4N2M0 – 9 (15,3%). 
Among patients in control group 22 (39,2%) 
had T3N0M0, 28 (50,0%) – T3N1M0, 3 
(5,4%) – T3N2M0 and 3 (5,4%) – T4N0M0.

The most typical size of tumor was within li-
mits of T3 – at 82 (71,3%) cases. Metastasis 
to regional cervical lymph nodes were regi-
stered at 70 (60,9%) cases, that confirmed 
by data of pathomorphology examination of 
lymph nodes after neck dissection.

 In the control group came into notice prefe-
rence of tumor parenchyma over “non-paren-
chyma” stroma. Volume of viable parenchy-
ma cells was detected at level 37,4±3,8%, 
except spontaneous necrosis of “non-paren-
chyma” stroma. During external beam radiati-
on therapy regardless of tumor differentiation 
always developed superficial necrosis. Using 

of intraoperative criodestruction of the prima-
ry tumor allow to reduce volume of viable par-
enchyma cells to 15,9±2,9% in comparison 
with control group (37,4±3,8%).

Thus data of clinical and morphologic analy-
ze affirm expediency of inclusion intraoperati-
ve criodestruction to the combined treatment 
of oral and oropharynx cancer. This approach 
specify considerable devitalization of tumor 
before it excision and is associated with 
multiple microtrombosis and lysis of cancer 
cells in vessels within the range of cryosur-
gery zone. All of it objectively decreases risk 
of tumor dissemination during operation and 
increases ablastics and disease free survival. 

Halay O.O. – chief of the Department of 
head and neck tumors
Lviv state oncologic regional medical-
diagnostic center, Lviv city, Ukraine. 
Adress: Gashek street, 2a
Postal code: 79031
Phone num.: +380-322-95-41-03, +380-322-
95-41-02
Fax: +380-322-95-37-51
E-mail: ohalay@gmail.com

Slipetsky R.R. – surgical resident of the 
Department of head and neck tumors
Lviv state oncologic regional medical-
diagnostic center, Lviv city, Ukraine. 
Adress: Gashek street, 2a
Postal code: 79031
Phone num.: +380-97-951-81-08
Fax: +380-322-95-37-51
E-mail: slipetsky@gmail.com

Title: The fate of colony 
forming bone marrow cells 
cryopreserved at -196°C since 
1972, and the differentiation 
to dendritic, mesenchymal, 
erythroid, and other cells, and 
the functional activities of those 
marrow derived cells.

NI more than 47 is a good candidates for 
CChT. Futher studies should be conducted 
to determine the usefulness of recryoablation 
and define the timing of delivery of cytotoxic 
drugs and the role of other agents, including 
target agents and apoptotic promoters.  
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Abstract

Objectives

Cryopreserved aortic homograft implantation 
has many advantages over the prosthetic 
valves and vascular grafts especially for in-
fected cardiovascular diseases, including in-
fected aortic aneurysm, vascular prosthetic 
graft infection, prosthetic valve endocarditis, 
and also in inflammatory aortic diseases such 
as aortitis syndrome and Behçet’s disease.  
The aim of this study is to evaluate the surgi-
cal results and mid- and long-term outcomes 
after homograft surgeries in this institute, and 
to elucidate the advantages and limitations of 
the surgical management.

Methods

A retrospective chart review was conducted 
on the cases who underwent cryopreserved 
aortic homograft implantation in Tohoku Uni-
versity Hospital between 1996 and 2011. 

Those patients have been followed by peri-
odic CT scan out-patient clinic.  These cryo-
preserved homografts were provied from ei-
ther University of Tokyo Tissue Bank (UTTB), 
Tokyo, JAPAN, or Cryolife Inc., U.S.A.

Results

Total of 28 cases, 19 males and 9 females 
with mean age of 56.7 years, underwent ho-
mograft implantation during this period for the 
infected cardiovascular diseases (n=21) and 
the inflammatory diseases (n=7).  The opera-
tive mortality was 6 cases (21.4%), and the 
long term survival rate was 68% and 60% at 
5 years and 10 years after implantation.  The 
late mortarity was 3 (13.6%), and none of 
them was directly related with the homografts.  
Among the survived cases, no recurrence of 
infection was observed, and the event free 
ratio was 68% at 2 years after implantation.  
Seven cases required the additional surger-
ies or interventions during the follow-up pe-
riod due to either homograft degeneration or 
pseudoaneurysm formation, and 6 of them 
have been treated within 2 years after homo-
graft implantation.  All of them have tolerated 
the secondary intervention well.  The aortic 
root replacement with a homograft was iden-
tified as a risk factor for the late formation of 
lesions necessitating additional treatments  
(p < 0.029). 

Conclusions

The cryopreserved homograft implantation 
for infected cardiovascluar diseases or in-
flammatory aortic diseases was effective with 
acceptable operative mortality and long-term 
survival.  After implantation, careful mid-term 
(~2 years) follow-up is important, especially 
for the patient with aortic root replacment with 
a homograft.  The additonal treatment for the 
homograft-related late complication can be 
achieved safely.

Morphologic assessment of 
intraoperative cryodestRuction 
efficiency among patients with 
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The formation of visible, streaming along a 
cooled cannula, flowing down to an applica-
tor and forming a drop of oxygen passively 
liquefying in the air should be taken as the 
criterion of sufficient working efficiency and 
good refrigeration capacity of cryogenic ap-
paratus. The layer of passively liquefied at-
mospheric oxygen appears also on passively 
cooled cryoapplicators immediately after they 
had been got from cryogenic nitrogen as well 
on liquid nitrogen droplets directed towards a 
being frozen object in cryospraying. 

Touching the surface of a living biological tis-
sue by a cooled cryo-applicator with a layer 
of passively liquefied oxygen or if there is a 
drop of liquid atmospheric oxygen at applica-
tor tip is accompanied by cryooxycavitating 
effect (explosive-like ebullition). Applicator 
adhesion even to moist mucosa appeared 
impossible. However heat transmission due 
to liquid oxygen ebullition turned out to be the 
most active. Therefore, we began to use pas-
sive liquefaction of atmospheric oxygen on 
cryo-applicators in all cryotherapy procedu-
res on reducing applicator and tissue contact 
exposition. 

In the course of cryodestruction of tissue 
when an applicator was brought to the latter 
being warm, we had cooled it when in contact 
with nidus before visible oxygen liquefaction 
occurred, and provided its dripping into heat 
transmission plane. It accelerated the pro-
cess of deep freezing. 

In contrast to liquid nitrogen, oxygen dissol-
ves in water, actively enters into tissues and 
cells and is responsible for cryooxyabsorpti-
on and cryooxysoaking, tissue cryooxysatu-
ration at the moment of cryotherapy, initiates 
new oxidative mechanisms leading to curati-
ve effect, increases cryodestruction (the bor-
der of cryonecrosis in skin and tumours after 
cryodestruction coincided with the border of 
freezing zone).

In order to activate passive cryooxyconden-
sation we started to perform cryotherapeutic 
and cryosurgical procedures in gaseous oxy-
gen. In this case the formation rate of layer 
and drops of passively liquefied oxygen in-

creased significantly (from 40 to 180 drops 
per minute on of “Ledok” apparatus applica-
tor with cannula 8 mm in diameter).

For cryodestructive effect enhancement we 
used ozonized oxygen. We began carrying 
out tumour destruction by placing non-in-
sulated cannula, applicator and malignancy 
surface in gaseous izonized oxygen. The 
intensity of izonized oxygen passive liquef-
action process increased more as ozone li-
quefaction temperature is about 110°C below 
zero. Liquid ozonized oxygen was absorbed 
by frozen tissue more actively than oxygen. 
Even after the first freezing-thawing cycle in 
cryoozone destruction of experimental Pliss 
lymphosarcoma became tremelloid. We sta-
ted that experimental animals with dissemi-
nated lymphosarcoma were cured, and there 
was total elimination of not only the primary 
but also metastatic sites. It was an evidence 
of deep general immune anticancer effect.

We consider it efficient to start using cryooxy-
therapy and cryooxyozone destruction in all 
clinical spheres of medical cryology.

Cryoablation in surgical 
treatment of pancreatic cancer
M.D. Khanevich
G.M. Manikhas
M.S. Dinikin
R.V. Fadeev
City clinical oncology dispensary, Saint-
Petersburg, Russia
Saint-Petersburg State Medical University  
of acad. I.P. Pavlova, Russia

Abstract

Objective

To improve treatment results of  pancreatic 
cancer, using method of tumor cryoablation 
with  deep freezing and to determine  the con-
ditions for optimal prevention  of tumor cells  
translocation to blood and lymphatic vessels 
during surgery.

Sumida S1), 
Kitamura T1), 
Motomura N2), 
Saito A3)

Sajio Sumida Clinic, Takeda Bldg. 203, 2-11-
6 Ginza, Chuoku, Tokyo, 104-0061, Japan1). 
Tissue Bank, Dept. Cardiovas. Surg. Tokyo 
Univ. Sch. Med. 7-3-1 Hongo, Bunky-ku, 
Tokyo, 113-0033, Japan2)

Abstract

Aim

The long-termed cryopreservation technolo-
gy will be an ultimate object of cryomedicine. 
We did this study to confirm the proliferati-
on and differentiation of the thawed marrow 
cells, which had been cryopreserved in a li-
quid phase of liquid nitrogen since 1972. 

Methods and Materials

 Autologous marrow cells of 5.1 ± 2.9 × 10 6~9 
were harvested for salvage of the chemo- or 
irradiation-ablated marrow of 293 advanced 
malignant solid tumor patients, suspended in 
a  15%  (final %) glycerol in a tissue culture 
medium 199 in 1972-1982 or a 10% (final %) 
Me2SO in the auto-plasma thereafter, enc-
losed in a Teflon-Capton bag, cooled down to 
around -75±5°C at a programmed rate of 2 or 
5°C/min, and preserved at -196°C.

The thawed marrow cells were cultured in a 
semisolid medium in a 35X10mm Petri dish 
with colony stimulating factors (GM-and E-
CSF, erythropoietin, adult sera and limulus 
blood cell lysate) in a 5% CO2 incubator.

The CFU-C recovery % was calculated, and 
the surface makers of each colony cells were 
analyzed by the flow cytometry analyses at 
day 0, 3, 6, 9, 14 and 21 using the mouse 
mAbs conjugated with fluorescein isothiocya-
nate (FITC): CD1, 2, 3, 4, 11b, 14, 16, 20, 30, 
38, 57, HLA-DR, and glycophorin A, and with 
phycoerythrin (PE): CD5, 7, 8, 10, 11c, 13, 
19, 22, 33, and 34. 

Results

The colonies consisted of the different pro-
genitors: erythroblasts, small and large mo-
nocytes, and mesenchymal stroma cells, 
expressing the surface markers of CD33, 
HLA-DR, and Gp-A in response to the stimu-
lating factors respectively except mesenchy-
mal cells. The up-and down changes of the 
marker expressions were caused by different 
responses of each cell against the stimula-
ting factors. 

Conclusions

Bone marrow stem cells and mesenchymal 
stromal cells of the advanced malignant 
tumor patients were confirmed to be suc-
cessfully cryopreserved longer than 40 years 
at -196°C without declined viability, becau-
se even those marrow cells of advanced 
malignant tumor patients preserve a strong 
self-maintenance. This study will be hel-
pful to solve some problems concerning the 
cryopreservation of the human bone marrow 
stem cells and mesenchymal stromal cells for 
transfusion and transplantation, not only allo-
geneic but autologous.

Cryooxynherapy and 
cryoozondestruction
Kochenov V.I., 
Grigoryev A.G.
Tsybusov S.N.
Ort A.A.
Nizhny Novgorod State Medical Academy, 
Scientific Clinical Centre of Medical Cryology 
“onKolor”. 
kriol.nnov@list.ru

A new technique is based on physical phe-
nomenon of nature composed of passive li-
quefaction of oxygen fraction of ambient air 
on working part surface of cryo-instruments 
cooled below 182°C below zero.

We performed chemical identification of cryo-
genic liquid condensed at maximally cooled 
cryo-applicators of “Ledok” apparatus and 
proved that it was cryogenic oxygen.
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roscopic technique combines with the 
percutaneous approach as laparoscopic as-
sisted cryosurgery is feasible, and has been 
applied for malignancy in lever, kidney and 
other intraabdominal solid organs with some 
benefits: improving the diagnostic, better 
way in monitoring the process for the effec-
tiveness and safety of the treatment.

Cryosurgical treatment of 
adenomyosis
A.Senchuk, MD 
Head of a chair of Obstetrics & Gynecology 
of Kyiv Medical University of Ukrainian 
Association of Folk Medicine. 
Ukraine, Kyiv, Kharkivske Shosse, 121. 
Tel: +380445603284
Fax: +380445603284
E-mail: a-senchuk@ukr.net

According to the data of the world and Ukrai-
nian literature adenomyosis is an actual med-
ico social problem which draws attention of 
scientists and doctors of practical health pro-
tection. Adenomyosis is a disease at which 
physical, psychic, reproductive, social health 
and prospering abnormalities of a woman and 
her environment in a family and at work take 
place. The prevalence of this disease varies 
greatly, that is, prom 10 up to 59 per cent, de-
pending on study population of patients.

The basic methods of adenomyosis treatment 
are main hormone-containing and surgical. 
At the same time its necessary to admit that 
hormone-containing treatment of adenomyo-
sis has  number of contraindications and very 
often its administration leads to heavy com-
plications, namely thromboembolytic (TEC). 
Surgical methods are traumatic, as a rule 
they lead to removal of organ and further dis-
order of menstrual and reproductive function 
of women. Besides that operative and physic 
traumas, harmful influence of narcosis, limi-
tation of movements in postoperative period 
and all these at the background of genital 
and somatic pathology in women mainly over 
forty are components causing high risk of de-
velopment of TEC. 

The purpose of this study was increase of 
efficiency of adenomyosis treatment due to 
improvement and introduction into clinical 
practice complex approach to diagnostics 
and treatment as well as prognosis and pre-
vention of thromboembolic complications of 
the given pathology.

With the purpose of study of clinical efficiency 
of intrauterine cryodestruction of  endometri-
um for treatment of internal endometriosis n 
dynamics 00 patients have been examined. 
Echostrctural changes of uterus as well as 
condition of homeostasis system before and 
at different terms after cryosurgical intrauter-
ine treatment.

Cryosurgical intervention  was performed 
with the help  of  “Cryo-Pulse”, in which liquid 
nitrogen is used as cold agent. Depending 
on the sizes of uterine cavity 3 or 4 intrauter-
ine cryoapplications by the probe cooled to 
-160°C-170°C were performed.

Endosurgical intervention  was performed in 
out-patient conditions. The patients were not 
administrated bad regimen after cryosurgi-
cal intervention, there was no necessity for 
restriction of professional work. In order to 
prevent septic complications antibacterial of  
a wide spectrum of actions, biological prepa-
rations for microflora normalization of intes-
tine and vagina, antihistaminic preparations, 
venotonics, low-molecular heparin (Klexan) 
were administrated per orally.

Results of own studies and their discussion.

Endocryosurgical operations and postop-
erative period were without complications. 
During the first and the second week after 
endocryosurgical treatment of adenomyosis 
all patients (100 women – 100%) noted a 
periodic dull pain in the lower pat of abdo-
men, moderate, and in 36% of cases profuse 
sevous discharge from sexual ways.

Common condition was broken in 24% of pa-
tients; it was manifested in weakness, reduc-
tion of efficiency during the first 2-3 days after 
operation.

Background

In spite of increased opportunities of radical 
surgery in cases of  pancreatic cancer, appli-
cation of regional chemotherapy and radiati-
on therapy, a 5-year survival of these patients 
remains low and does not exceed 15%. 

To improve  the treatment results of patients 
with pancreatic cancer today, cryogenic tech-
nology can be used by the way of  advanced 
ablation during the removal of  pancreas,  de-
struction of  lymphatic collectors in tumor site 
and  increasing reparative capacity of tissue 
in the operated area.

Material and Methods

We observed 34 patients operated for cancer 
of pancreas with cryoablation by liquid nitro-
gen. In 20 cases pancreatoduodenal resec-
tion was performed, in 11 - distal resection, 
in 3 - pancreatectomy. For cryoablation the 
domestic unit „Cryo-MT“ was used, the tem-
perature of working part of the applicator was 
-1800C.

Basic principles of cryoablation were: repea-
tedly (three or more times), duration (3 to 10 
minutes),  quick-freezing and  itself slow tha-
wing.  Capture zone of freezing was 1,5 - 2 
cm distal of visible margin of the tumor. Re-
troperitoneal fat and tumor site were freezed.

Results

In all cases (n=34) surgery with application 
of cryoablation was performed radically with 
the „ice block“, which included tumor with 
surrounding tissues.  Mobilization of the main 
arteries was technically simple. No bleeding 
was observed during surgery and minimal 
traumatization was achieved.

Conclusions

Three-year observation of patients made it 
possible to expect an improvement of results 
of surgical treatment of pancreatic cancer. 
3-year survival of patients with cryoablation 
was 21.5%, without - 13.3%.

Thus, the use of cryoablation during surge-
ry of pancreatic cancer can improve 3-years 
survival, which is primarily due to application 
of ablation during surgery.
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M.D. Khanevich – prof., PhD, chief surgeon 
of “City clinical oncology dispensary”, Saint-
Petersburg, Russia
Mikhail Khanevich – 198255, Russia, Saint-
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Laparoscopic assisted 
cryosurgery for intra abdominal 
malignancy
 
Barlian Sutedja MD
Teguh Widjajadi MD
Gading Pluit Hospital, Jakarta , Indonesia

Cryotherapy for cancer was first re-
ported by James Arnott in England in 
1850. But the clinical applications were wi-
despread more than one century later along 
with the development of better instrumentati-
ons for cryosurgery, especially due to the signi-
ficant improvement of imaging techniques. Be-
side the open surgical procedure, recently, the 
application of cryosurgery to the organ inside 
the body can also be done percutaneously or 
with laparoscopic technique as minimally in-
vasive approach.

Compare to the open surgical approach, the 
laparoscopic technique shows some advan-
tages, such as: less pain, faster recovery, 
lower surgical site infections, better cosmetic 
result and as

an excellent diagnostic tool.

In the recent years, this technique has 
been more acceptable to replace the 
open surgical approach in many surge-
ry procedures. In cryosurgery, the lapa-
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tosis and plasmatic hemostasis as well as 
in the system of fibrinolysis which testify 
to the presence  in these patients sighs of 
I stage of chronic syndrome disseminati-
ve intravascular blood coagulation.

3) Absence f complaints typical for adeno-
myosis (pains, hemorrhagic syndrome, 
etc.) absence of complaints  during bi-
manual examination, decrease of ute-
rus size according to ultrasonic findings 
and palpation, thickness of endometrium 
up to 5 mm within the second phase of 
menstrual cycle should be considered 
as criteria for assessment of treatment 
efficiency. The conclusion  of cytologist 
about study results of aspirate from ute-
rus  which was determined as cytogram 
of aspirate without peculiarities, normali-
zation of  indexes of hemostasis system, 
decrease  in a level of free radical oxi-
dation and  normalization of parameters 
of the system of antioxidant defense was 
obligatory.

4) The complex approach developer and 
introduced into clinical practice to dia-
gnostics and adenomyosis treatment, 
forecasting and prevention of thrombo-
embolic complications in patients with 
adenomyosis is highly effective (efficien-
cy of treatment made up 96%, and pre-
vention of TEC 100%).

Long-term follow up of patients 
with non-invasive vulvar Paget 
disease treated with cryosurgery
Mauro JE*
D´Atri GM**
Bertolino MV***
Cafoni M*****
Becker C*****
Durand Hospital Buenos Aires Argentina

Introduction

Extramammary Paget‘s disease (EPD) of the 
vulva is a rare entity (1.9% of all vulvar can-
cers) and often confused with chronic derma-
titis. Its clinical and hystologic presentation 
include a red slowly growing macula (some 

cases are non- pigmented) and cells contai-
ning Paget vacuoles, respectively. Main com-
plaints are itching and/or long-time irritation. 
The diagnosis is made by biopsy complemen-
ted by inmmunohystochemistry, which can 
help to better identify the safety margins of 
the lesion. EPD can be accompanied (30%) 
by cancers in adjacent organs (bladder, rec-
tum, cervical, breast, skin or colon). Other 
EPD locations may involve armpits, perine-
um and penis. When confined to the dermis, 
metastases are rare.

Objective

To report our results after applying cryosur-
gery for non-invasive vulvar Paget disease.

Method

We report five clinical cases of women, mean 
age 65 years old (range 40-78 yrs old) with 
non-invasive vulvar Paget disease affecting 
the whole vulva, perineum and anum. Two 
cases were local recurrences of the disease 
(one recurred twice after conventional sur-
gery and the other after radical surgery and 
radiotherapy) and three lesions had not been 
previously treated. Cryosurgery was perfor-
med in two steps. Firstly, we biopsed and 
resected suspicious areas and performed 
shaving of non-suspicious ones with radio-
frequency. Secondly, we applied cryosurgery 
with liquid nitrogen spray (two cycles of free-
zing and thawing with a safety margin of 1.5 
cm).

Results

All patients achieved satisfactory symptom 
control. Healing was complete by 8-10 
weeks. Mean follow-up was 5.2 years (2.5-
6.5). Three out of five patients were free of 
disease after one cycle treatment (follow up 
2.5, 6 and 6.5 years respectively) and two 
patients recurred (one seven times and the 
other only once). Both recurrences were 
treated with cryosurgery and the disease was 
finally controlled. After 5 years, two patients 
died of non-related causes (urotelial and co-
lon cancer, respectively) without local Paget 
disease. 

During ultrasomic examination after 1-2 
weeks of operation the sizes of uterus were 
increased in 1,2-1,5 times, in its cavity (the 
average size 15-19 mm) liquid component 
with parietal necrotic tissues prevailed.

During further supervision it was found out 
that vaginal discharge sharply reduced and 
during the fourth postoperative week they 
had mucous origin. 60% of operated women 
in a month after endocryosurgical treatment 
had menstrual like poor bloody discharge 
within 3-4 days. In 40% of women there was 
no menses after 1 and 2 months.

In 1-1,5 months after operation during ul-
trasonic examination the size of uterus de-
creased by 10-15% according to examination 
held at the second week after intrauterine 
cryosurgery. In cavity of uterus decreased al-
most in 2 times (9-11 mm) and it was filled 
with heterogeneous manly echopositive con-
tents.

In a month after treatment we investigated 
the condition of hemostasis system in our 
patients and revealed signs of positive influ-
ence of cryosurgical method of treatment on 
this system, so, first of all, comparing with pa-
tients with adenomyosis before operation the 
number of thrombocytes in healthy women. 
Index of aggregation testified to the normal-
ization of aggregation ability of thrombocytes.

Parameters after treatment changed (p < 
0,05) and became nearer to a condition of 
aggregation of thrombocytes in healthy wom-
en. There is a tendency to normalization of 
condition of coagulation system.

Positive retractions of ethanol test (the num-
ber of which decreased comparing with the 
index before treatment in 1,5, that is from 
97,3% to 63,6%) also testify to normalization 
of the system of fibrinolisis.

In three months after operation normalization 
of menstrual cycle look place in 56% of wom-
en or amenorrhea was diagnosed in 44% of 
patients.

Ultrasonic data, obtained in 3 months after 

treatment showed the absence of signs of in-
ternal endometriosis and decrease of anteri-
or-posterior size of uterus.

The cytological findings of aspirate from uter-
ine cavity, obtained in 3 months after the in-
trauterine cryosurgical operation, proved the 
absence of atypical or pretumour process. 

Thus, in 3 months clinical efficiency of en-
docryosurgical method of treatment this was 
confirmed by ultrasonic examination made 
up 100%. Criteria of efficiency of treatment 
were absence of complaints typical for ad-
enomyosis (pain, hemorrhagic syndrome, 
etc.) absence o complaints during bimanual 
examination, decrease of uterus size accord-
ing to ultrasonic findings and palpation (thick-
ness of endometrium 3-4 mm).

In  months  after endocryosurgical treatment 
of adenomyosis efficiency according to clini-
cal data and ultrasonic results made up 96%.

In 4 patients we did not note decrease of 
uterus (before and after 6 months the size of 
uterus was like 10-2 week of pregnancy). The 
anterior-posterior sizes of uterus were also 
the same.

One patient was operated at her request in 
volume supravaginal amputation of uterus 
without appendages.

The system “Mirena” was placed into the cav-
ity of uterus to three patients in two months 
after repeated course of treatment. All these 
three patients are being supervised  by gy-
necologist within 2,5-3 years and the results 
show the absence of recurrence or advanc-
ing of disase.

Conclusions

To thrombophilic significant risk factors n wo-
men suffering from adenomyosis belong:
1) Age over 40, smoking, leiomyoma car-

diovascular diseases (hypestension, va-
ricosity) and other severe extragenital 
pathology, hormonals.

2) Changes of homeostasis as abnormali-
ties in the system of vascular thrombocy-
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Abstract

Background

Intralesional cryosurgery effectively treats hy-
pertrophic scars and keloids (HSK), but pain 
experienced by the patient during treatment 
can limit the application of cryosurgery. 

Objectives

To characterize the pain response during 
cryosurgical treatment of HSK, and to eva-
luate the pain experienced during contact 

and intralesional cryosurgery that employs a 
pain-control protocol. 

Methods

Twenty-nine patients (17 females, 12 males) 
aged 17 years and older (mean ages 31.9 ± 
12.5 and 38.9 ±18.6 years, respectively, p = 
0.24), who were treated for a total of 36 HSKs 
by intralesional (n = 20; 22 cryotreatments) or 
contact (n = 9 ; 14 cryotreatments) cryosur-
gery were evaluated. The pain-control proto-
col involved oral pain-relief tablets (Dipyrone) 
and translesional local anesthesia with Bupi-
vacaine hydrochloride 0.5%. Pain evaluation 
according to the Visual Analog Scale (VAS) 
(0 to 10 cm) was compared between the two 
groups at three time points: during cryosurge-
ry, immediately after it, and 4 h later. Scores ≤ 
3 cm were considered to define the „zone of 
analgesic success“. These results were com-
pared with control data (contact cryosurgery 
without a pain-control protocol; n = 56).  

Results

Pain in the intralesional group was significant-
ly lower than that in the contact group during 
and immediately after cryotreatment. During: 
mean VAS = 1.68 ± 2.21 vs. 5.07 ± 4.01 cm; 
median VAS = 0.5 vs. 5.5 cm, respectively;  
p < 0.0001. Immediately after: mean VAS = 
1.22 ± 1.77 vs. 5.38 ± 3.81 cm; median VAS 
= 0 vs. 6.0 cm, respectively; p = 0.001.

The control group had more pain during treat-
ment (mean VAS = 5.34 ± 2.31, median = 
6.0)) and 4 h later (mean = 3.79 ± 2.35, me-
dian = 4.0)) than the intralesional group (p < 
0.0001 and p = 0.988, respectively).

The pain level in the control group during the 
cryotreatment did not differ from that in the 
contact group (p = 0.988). 

In the intralesional, contact, and control 
groups analgesic success (VAS ≤ 3 cm) was 
achieved in 77.3, 35.7, and 33.9%, respec-
tively, of cases (p = 0.002) during cryotreat-
ment, and in 54.5, 42.9, and 33.9%, respec-
tively, of cases 4 h after treatment (p = 0.24). 

Conclusion: All patients, with extensive le-
sions, which would have required large re-
sections, grafting or intestinal surgery after 
a conventional vulvar surgery achieved ade-
quate local control. Cryosurgery is an effec-
tive, non aggressive technique with satisfac-
tory postoperative outcomes that conserves 
anatomy, sensitivity and allows treatments of 
eventually recurrences. 
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Сryosurgery for multimodal 
treatment of advanced 
abdominal and pelvic 
malignancies

Dronov O.I.
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Department N1, Kyiv Liver, Bile Ducts and 
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Cryoablation allow to expand the resectabi-
lity of malignant tumors, and improvement 
of technologies of cryosurgical procedures, 
cryosurgical equipment, follow-up techniques 
makes cryosurgery one of the most impor-
tant components of combined and complex 

treatment of patients with malignant tumors. 
The aim of  study was  to assess the effec-
tiveness and safety of low-temperature de-
struction techniques in the treatment of pri-
mary and metastatic tumors of abdominal 
cavity, advanced pelvic and retroperitoneal 
tumors. From 2004 to 2011 cryosurgical  pro-
cedures in combined treatment of patients 
with the above localization of tumors were 
used in 450 patients with limited side effects 
and morbidity. Cryosurgical intervention was 
performed by own developed methods, de-
pending on volume of tumor, morphological 
structure and blood supply with employment 
of cryosurgical installation “CRYOPULS”. We 
used the following technologies: cryoablati-
on before tumor’s mobilization for prevention 
dissemination tumor cells (vs vascular isola-
tion), ablation of resection margin (R1/R2), 
cryoablation of pancreatic stump after exten-
ded Whipple procedure (vs total pancreatec-
tomy), ablation of residual tumors (bile ducts, 
vessels, pelvic walls etc.),  destruction of the 
liver metastases during extended operation 
in patients with low nutritional index for pre-
vention tumor dissemination with subsequent 
liver resection, cryoablation liver metastases 
± ligation of portal vein branch  ± chemothe-
rapy ± follow-up recryo- or resection, liver 
resection + cryoablation of residual tumors 
or margin of resection, cryoablation of non-
resectable tumors with intra-/postoperative 
chemotherapy. For intraoperative monitoring 
was used ultrasound (valuation of ice-ball for-
mation), and for postoperative – MRI. 

Conclusions

Cryosurgery can be considered a safe and 
effective treatment for early, advanced and 
metastatic tumors. Application of  cryoabla-
tion allows to increase the tumors resectabi-
lity, reduce rate of recurrence, decrease dis-
semination of tumor cells during operation, 
increase overall and  disease-free survival, 
expand the indications for organ-preserving 
procedures, increase the efficacy/lower cost 
chemotherapy, improve the quality of life 
for patients. Availability of cryosurgical tools 
should be obligatory for functioning elective 
and emergency of oncosurgical department.
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Abstract

Background

Atheromas represent benign lesion of epider-
mal origin.There were 18 patients presented 
with atheromas of different localisation (ex-
ternal ear, nose and face) and size that were 
enrolled in this study. All cases were compli-
cated by purulent inflammation.

The predicament of treatment of purulent 
atheromas is that these are located in very 
sensitive areas (external ear canal, pinna, 
face including nasal triangle) with sometimes 
very limited room for manoeuvre in terms of 
both adequate anaesthesia and surgical de-
bridement and prolonged healing as a result 
of that.

Methods

All 18 patients were treated using two-stage 
approach.

The first stage included single incision 
through the centre of atheroma under the lo-
cal anaesthesia with subsequent evacuation 
of purulent discharge from the cavity of the 
atheroma and a dressing with antiseptic ap-
plied.

The second stage was performed on the next 
day because of periphocal oedema subsided 
and extent of the lesion was seen more clear-
ly. This included an application of the cryopro-
be by means of its direct introduction into the 
cavity of the atheroma twice for 30 seconds 
each time with the interval between applica-
tions 30 seconds approximately. No further 
application of the cryoprobe was needed.

No admission to the ENT Department was re-
quired in all cases.

Results

All the patients involved had recovered une-
ventfully. Postoperative wounds healed by 
secondary intention under the crust formed 
as a result of application of the cryoprobe with 
minimal amount of the wound care required 
and very little, virtually invisible scarring. 

Two patients had a relapse of the athero-
mas of the same localisation in 5 months and 
5years period of time respectively.

Conclusion

In comparison to widely adopted traditio-
nal methods of treatment of such pathology, 
cryosurgical approach appears to have pro-
ven to be more beneficial.

First of all, it does require superficial anaes-
thesia only in order to proceed with the first 
stage of treatment with no anaesthesia nee-
ded afterwards unlike of traditional ways with 
more complex modes of analgesia (regional 
block or conscious procedural sedation) of-
ten required.

Secondly, cryosurgical approach has proven 
to be technically simple, less invasive and 
traumatic compare to traditional ones.

In addition to this, there is no such need as 
wide excision of atheroma’s capsule in or-
der to prevent it from relapse because of the 
capsule itself is destroyed by cryoapplication 
from inside of the cavity of the atheroma and 
it is particularly valuable when the one is lo-
cated in the areas difficult in terms of surgical 
approach.

Furthermore, cryosurgical way of treatment  
appears to be safer in comparison to tradi-
tional ones regarding possible haematogenic 
spread of infection, particularly when mani-
pulation is being performed in the nasal tri-
angle area.  

Finally, its cost effectiveness and patient’s 

Conclusion

The pain-control protocol significantly redu-
ced pain severity to tolerable levels (VAS ≤ 
3 cm) during and following intralesional and 
contact cryosurgery. Intralesional cryosurge-
ry caused the least pain during and immedia-
tely after treatment.

Cryoapplication in complex 
treatment of patients with 
pyoinflammatory complications 
of head and neck injuries

O.A. Makarova1, 
Doctor of Medical Science prof. N.L. Kuz-
netsova2

Ear, nose, and throat emergency centre   
City Hospital №231, UNIITO  named 
after V.D.Chaklin2 Ministry of health and 
social development of Russia,  Russia,                  
Yekaterinburg, 620137, Sovetskaya st. 
56-34, olga.malyavochka@yandex.ru, 
8(903)0798433.

Relevance of the problem

Nevertheless the improvement of the surgi-
cal service quality, emerging and large-scale 
implementation of the new anti-infective me-
dicine, the number of patients with pyoin-
flammatory complications of head and neck 
injuries is growing. (Ye.V.Kuzin, 1990; V.G. 
Brechka, 2002; M.M. Abakumov,2003; V.K. 
Gostishev, 2007,Kramkimel N. 2009, Sbidian 
Е, 2010). Along with  morbidity growth, the 
number of patients with generalized course 
of pyogenic process is increasing, which cau-
ses high risks of failure. Nowadays there is 
a wide range of physical and physical – che-
mical methods of  topical treatment for 
suppurative complications, caused by trau-
ma. Among them special place is occupied 
by the development of methods, that depend 
on the use of exogenous liquid nitric oxide. 
(G.G.Prohorov,2005,  L.B.Labeznic, 2007).

The purpose of the study is to improve treat-
ment of patients with suppurative inflamm-

atory complications of face and neck injures 
by using topical cryoapplication. 

Materials and methods

The main group included 187 patients with 
pyoinflammatory complications of head and 
neck injuries, who were treated with both tra-
ditional treatment and topical cryoapplicati-
on to suppurative focus. Comparative group 
consisted of 190 patients with pathology in 
question, treated with traditional methods. 
All patients were urgently hospitalized to the 
ear, nose, and throat emergency centre of 
City Hospital №23, in Yekaterinburg (Ph.D. in 
medical sciences Maltsev S.A. is the head of 
the centre). All patients were treated  surgi-
cally (lancing of furunculus, hematic abscess 
of the nasal septum) as well as they were 
prescribed: anti-infective treatment (Cef-
triaxone 1,0*3 times per day intramuscular), 
analgesics, anticoagulants, topical anti-in-
flammatory treatment. Topical cryoapplication 
method was used after application anesthe-
sia to furunculus area with cryoprobe ( Pa-
tent №93668, publication date 10.05.2010, 
bulletin №13 ), cooled preliminary to -187° 
С, exposure time 10 – 20 seconds, 2-3 cycle 
«freezing – defrosting». Aseptic dressing was 
applied. 

Results and discussion

The use of cryosurgical exposure for sup-
purative complications of the face and neck 
injuries make it possible to reduce the pati-
ents’  hospitalization time to about  3-4 days, 
to reduce the cost of treatment,  to reduce the 
average time  of purulent wounds  healing, 
and to achieve good cosmetic results.  Besi-
des, this method is simple enough and has 
low cost, that allows us to use it in ambulatory 
practice.  

Cryosurgical  treatment  of  the  
atheromas of the  external  ear,  
nose  and face  complicated  by  
purulent  inflammation
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cation), stopping and repeated structuration. 
Foundation for such conclusions were results 
of complex biomineralogical researches of 
gallstones, of their morphology, microstructu-
re and material composition, results analysis 
of one-space associations, conducted by the 
methods of polyarization optical microscopy, 
of X-ray topography and X-ray diffraction, 
and also computer modelling [1].

Dislocation growth of cholesterol crystals at 
the small and moderate  saturation index of 
bile, in the conditions of considerable levels 
of supersaturation changes on denritic  grow-
th. The interaction of dendrite with the ear-
lier sediment crystals of cholesterol results in 
forming of a new aggregation center, round 
which there is most intensively recrystalisa-
tion  and structuration . Thus three-dimen-
sional dendrites are transformed in  primary 
sferolites. Such process proceeds until suf-
ficient there is thickness of the crystalization 
court round the aggregation center.  Natural-
ly, with growth of size of aggregation center 
(of gallstone) at the identical  biochemical 
parameters of bile thickness of the crystali-
zation court diminishes proportionally. Such 
algorithm proceeds until then, while level of 
supersaturation corresponds condition of in-
violability and integrity of the crystalization 
court round the growthing gallstone. At last 
the moment comes, when  a spherolite-den-
drite, achieving a definite critical size, stops 
to grow, and the aggregation center is a new 
three-dimensional dendrite, that grows on a 
similar scenario, that its predecessor. 

This algorithm can repeat of dozens times 
and most logically explains narrow-minded-
ness of sizes of gallstones and reasons of 
origin of their numerous  associations, when 
in one bubble are fixed ten or even hundred 
concrements.

1. Hanitkevych Ya., Dyakiv V., Malinich S., 
Turchak R. Fractal crystallization of bile com-
ponents and its role in the formation of gall-
stones // XVII Congress and Gener. Assem. 
of the IUCr. – Acta Crystallographica Section 
A Foundations of Crystallography. – Vol. A52, 
Supplement Pp. C-1-C-688. – 1 September 
1996. – P.509.

Expression of CD44v6 and 
Integrin before and after 
Cryoablation of Pancreatic 
Cancer Patients and Its Clinical 
Significance

Gang Zhou
David Chiu 
Lizhi Niu
Dajiang Qin 
Lihua He
Jinlei Cai 
Kecheng Xu*
Department of Oncology, The GIBH 
Affiliated Fuda Hospital, Chinese Academy 
of Sciences, Guangzhou, 91 Ju de Zhong 
Road, Chigang, Guangzhou, China

Purpose

This study investigated the change of cell ad-
hesion molecule CD44v6 and Integrin-β1 ex-
pression levels after cryosurgery in patients 
with pancreatc cancer and analyze the relati-
on between CD44v6 and Integrin-β1 expres-
sion levels and clinical pathological feature.   

Methods

Peripheral blood mononuclear cell (PBMC) 
and plasma samples were collected from 
37 pancreatic cancer patients prior and post 
cryosurgery and 12 health people. 

Results

Compared with control group, the levels of 
CD44v6 and Integrin-β1 mRNA and protein 
expression in patients prior and 10 days post 
cryosurgery were significantly increased (P< 
0.05) and have no significant change one 
month post cryosurgery (P> 0.05). Compared 
with the patients prior cryosurgery, the levels 
of CD44v6 and Integrin-β1 mRNA expressi-
on in patients 10 days post cryosurgery were 
not significantly changed(P> 0.05) and the 
protein expression levels were significantly 
decreased(P< 0.05), while both the mRNA 
and protein expression levels in patients one 
month post cryosurgery were significantly de-
creased (P< 0.05). 

satisfaction are obvious compare to traditio-
nal methods because of minimal amount of 
the wound care required , good cosmetic re-
sults and all the cases were managed in the 
outpatient department.    

The examination of the effect 
with the cryotherapy for the 
breast cancer implanted mouse. 
Fumi Saito, 
Hideaki Ogata, 
Yayoi Okada**
Shunsuke Magishi
Shinsaku Kanazawa
Masashi Watanabe*
Hiromasa Kaneko* 
Division of breast and endocrine surgery 
(Omoi) Toho university school of medicine
Division of general and gastroenterological 
surgery department surgery (Omoi) Toho 
university *
Division of immunology Toho university**

Aim

Recently, non-surgical ablation is paid atten-
tion in the breast cancer treatment.  There 
are RFA (radiofrequency ablation), cryosur-
gery, laser, and FMT (forced microwave ther-
motherapy), etc. The use of cryotherapy is 
established in the United States as treatment 
for fibroadenoma; however there are a few 
results of the basic study. On this occasion, 
we report the mean survival duration, tumor 
reduction rate and serum cytokine levels af-
ter cryotherapy. 

Object and Method

The BALB/C nude female mice implanted 
human breast cancer were divided into two 
groups: 5 mice for control group and 5 for 
cryotherapy group. After the cryotherapy, se-
rum cytokine (IFN-γ, IL-2, IL-4, IL-10) was 
measured. Blood samples were collected 24 
hours after the cryotherapy. 

Results

Mean survival duration: control group 
is 80.4±8.96days. Cryotherapy group is 
190.6±94.1days. The median tumor vo-
lume at 6week after cryotherapy: control 
group is 96.4±120days. Cryotherapy group 
is 62.0±122days. And there are significant  
difference of serum cytokine levels between 
control group and cryotherapy group. 

Conclusion

Cryotherapy might bring the effect of tumor 
inhibition

Limits growth of gallstones

Yaroslav Hanitkevych, 
Vasyl Dyakiv*
Danylo Halytsky National Medical University 
of Lviv, Ukraine
Ivan Franko National University of Lviv*, 
Ukraine
e-mail: dyakivw@yahoo.com

By existing presentations of  crystals origin 
of cholesterol takes place at the permanent 
supersaturation of the bile. If crystals of cho-
lesterol (bilious «sand») some time are with-
drawn from the system, their agregation and 
growth take place as concrement, which can 
be shown out natural path through the bile 
duct.

Except for the rare pathological cases, the 
natural border of gallstone growth in the he-
patobilliary human system are geometrical 
parameters, where is growth, it is the size of 
gallbladder. At   cholelithiasis extremely rare-
ly there are  also isolated concrements, which 
fully inherited form and size of gallbladder. 
At the same time shallow and small isolated  
concrements, and also their numerous as-
sociations of a different dimension and mor-
phology are the most ordinary  demonstra-
ting sign of gallstone disease. Why exactly 
on such  «scenario» is forming of stones, on 
the basis of hypothesis of fractal mechanism 
of disipative structures is grounded by us the 
forming in the bile supersaturation, achieve-
ment by their maximum size (points of bifur-
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Table 2 The expression levels of CD44v6 and Integrin-β1 mRNA in pancreatic cancer patients before and after 
cryosurgery as well as controls 

Groups N
Lg value of CD44v6 mRNA  copies 
per million PBMCs P

Lg value of  Integrin-β1  mRNA 
copies per million PBMCs  P

Control 10 3.85±0.23 3.80±0.32

Prior cryosurgery 18 4.44±0.63 0.013a 4.28±0.32 0.028a

10 days post cryosurgery 18 4.06±0.42
0.037a
0.058b 4.11±0.38

0.017a
0.286b

one month post cryosurgery 6 3.41±0.49

0.109a
0.043b
0.043c 3.74±0.41

0.109a
0.043b
0.345c

Table 3 The expression levels of CD44v6 and Integrin-β1 protein in pancreatic cancer patients before and after 
cryosurgery as well as controls 

Group N CD44v6 protein (ng/μL) P Integrin-β1 peotein (ng/μL) P

Control 10 1.49±0.41 1.51±0.47

Prior cryosurgery 18 2.55±0.50 0.013a 1.24±0.54 0.037a

10 days post cryosurgery 18 2.30±0.49
0.009a
0.012b 0.81±0.54

0.047a
0.012b

1 month post cryosurgery 6 1.60±0.49

0.593a
0.043b
0.043c 0.76±0.34

0.285a
0.043b
0.345c

Table 4  Relation between the expression levels of CD44v6 and Integrin-β1 mRNA and pathological feature of 
pancreatic cancer

Pathological features N
Lg value of CD44v6 mRNA  
copies per million PBMCs P 

Lg value of Integrin-β1 mRNA copies 
per million PBMCs P

Sex 0.037 0.941

    Male 22 4.65±0.64 4.21±0.50

    Female 15 4.17±0.69 4.20±0.58

Age 0.301 0.802

     <60 14 4.58±0.64 4.17±0.47

     >60 23 4.37±0.72 4.23±0.53

Tumor position 0.068 0.666

      Head 22 4.28±0.69 4.18±0.48

      Body and tail 15 4.70±0.64 4.25±0.55

Tumor size 0.038 0.056

      <4 cm 15 4.17±0.61 4.02±0.42

      >4 cm 22 4.64±0.69 4.33±0.53

Tumor differentiation 0.047 0.614

       Low 9 4.10±0.63 4.08±0.45

   Middle and high 28 4.57±0.68 4.25±0.52

Clinical stage 0.039 0.041

      I-III 13 4.19±0.75 4.01±0.47

      IV 24 4.60±0.63 4.35±0.52

Lymph nodes metastasis 0.035 0.047

       - 12 4.13±0.55 4.02±0.45

       + 25 4.61±0.71 4.30±0.51

 Liver metastasis 0.004 0.047

       - 14 4.04±0.67 4.02±0.49

       + 23 4.70±0.59 4.32±0.49

Conclusions

CD44v6 and Integrin-β1 were closely related 
to the invasion, development, metastasis and 

prognosis of pancreatic cancer and may play 
an important role in the evaluation of progno-
sis and curative effect of pancratic cancer. 

Table 1  Table 1 Primers and TaqMan fluorogenic probes used in this research

Gene Name Sequence(5’-3’) GenBank Amplicon 
size(bp)

CD44v6
C-F
C-R
Ca

CCAGGCAACTCCTAGTAGTACAAC
GGGAGTCTTCTCTGGGTGTTTG  
TGCCATCTGTTGCCAAACCACTGTTCCT

L05415 107 bp

Integrin-β1
I-F
I-R
Ib

TTCGATGCCATCATGCAAGTTG
CCATCTCCAGCAAAGTGAAACC  
AGCAGCCGTGTAACATTCCTCCAGCC

NM002211 110 bp

β-actin
β-F
β-R 
βc 

CGGGACCTGACTGACTACCTC
CCATCTCTTGCTCGAAGTCCAG  
TCCTTAATGTCACGCACGATTTCCCGCT

M10277 136 bp

  
Fig. 1. The triplex qRT-PCR standard curves generated from CD44v6, Integrin-β1 and β-actin plasmids amplication 
plots. Standard curves were plotted between copy number of recombinant plasmids and cycle threshold (CT) .

      
Fig. 2. The ELISA standard curves generated from CD44v6 and Integrin-β1 standard samples. Standard cur-
ves were plotted between OD values and the concentration of standard samples. The linear formulas of CD44v6 
(y=0.0009x+0.125) and Integrin-β1 (y=0.0028x+0.0872) were obtained and R2 values were 0.9917 and 0.9809, 
respectively.
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possess low boiling temperature (- 196°С) 
and high specific heat of phase transition 
(160 J/cub cm). Latent evaporation heat of 
helium is 2.6 J/cub cm that is 60 times less, 
of argon is average between helium and ni-
trogen. Liquid always takes away heat from 
the cooling surface better then gas. Liquid 
nitrogen at nucleate boiling regime (without 
transition to film boiling) correct arrangement 
in operating cryotool handpiece provides the 
optimum heat flow density of 12 W/ cub cm. 
Thereby the maximum cryodestruction effect 
of pathologic tissues has been achieved. 

In CAN-03 as in the first in the USSR cryode-
vice designed by academician Shalnikov ni-
trogen enters the cryodevice operating area 
due to exhaustion in it. It allowed us to achie-
ve working medium temperature at list 20°C - 
25°C lower than other existing cryodevices. It 
is known that the higher temperature gradient 
the more effective heat transfer. Additional 
working medium temperature drop provides 
to CAN-03 maximum possible cooling effect 
and allows to reduce the surgical intervention 
time and its expenses. 

Cryosurgical equipment operating efficien-
cy also to a considerable degree depends 
of cryotool design or to be more precise on 
its heat exchanger. In CAN-03 cryotools 
heat exchangers are manufactured of sin-
tered copper beads. Liquid nitrogen feeding 
capillary tube is connected with Dewar ves-
sel. Cryoinstrument’s vacuum pump draws 
suction in tool’s annulus that results in liquid 
nitrogen inflow. Liquid nitrogen occurs into a 
heat exchanger where it evaporates. While 
evaporating nitrogen cools operating cryo-
tool handpiece to the nitrogen evaporation in 
vacuum temperature (- 204 - 207°С). Chilled 
handpiece freezes contacting biological tis-
sue. As it was mentioned due to vacuuming 
while manipulating only working operating 
cryotool handpiece has been cooled down, 
other parts remain warm that secures both 
medical staff and patient. 

It’s significant in the judgment of the sur-
geons that CAN-03 at operating cryotools 
(cryoapplicatorы) modification can be em-
ployed in the abdominal surgery, pulmono-

logy, urology, gynecology, breast-cancer, 
osseous tumors, soft tissues tumors, oral 
surgery. 

In the judgment of authors cryosurgical 
equipment CAN-03 (its modifications) enab-
les to shift cryosurgery from high-tech to rou-
tine one. It’s a pity that surgeons – virtuosos 
not many (however as in other professions). 
Their purpose is to set up naster-classes, to 
teach, create new methodologies. Let this 
kind of medical aid should be extensively 
accessible. As oncology all over the civilized 
world is one of the most important medical 
and social problems and there is no decrease 
of oncologic patients. 

 During the 15th Interna-
tional congress of cryosurgeons professor 
V.Kochenov drew attention at the possibili-
ty of tumor destruction enhancement due to 
ozone introduction into the surgical site. To-
gether with the Cell Biophysics Institute of 
RAS (director - correspondent member of 
RAS prof. E.Fesenko) we’ve continued this 
trend through experiments on mice. In the ca-
pacity of organism immune status highlights 
the production of cytokines (tumor necrosis 
factor-α, interferon-γ and interleukins (IL-1α, 
IL-1β), IL-2, IL-3, IL-6, IL-10), interferon-γ, 
nitric oxide (NO) and heat shock proteins. 
Against the background survival value and 
life span enhancement of tumour carriers 
when cryosurgical treatment with increasing 
malignant tumor immune imbalance degree 
decrease induced by tumor growth (especial-
ly at conduction of two or three cryodestruc-
tion sessions) takes place. It’s possible to say 
preliminarily that the results of such investi-
gation will allow to search the most optimal 
cryodestruction conditions including employ-
ment of ozonization and other technique that 
enhance cryosurgery 

We’ll be grateful for questions, information 
interchange in frames of the report issue by 
indicated above E-mail. 

Cryosurgery for hemorrhoids. 

Table 5 Relation between expression levels of CD44v6 and Integrin-β1 protein and pathological feature of pancrea-
tic cancer

Pathological features N CD44v6(ng/μL) P Integrin-β1(ng/μL) P

Sex 0.016 0.598

    Male 22 2.98±0.63 1.49±0.49

    Female 15 2.39±0.78 1.40±0.27

Age 0.511 0.260

     <60 14 2.67±0.21 1.36±0.13

     >60 23 2.78±0.16 1.51±0.11

Tumor position 0.045 0.437

      Head 22 2.55±0.56 1.40±0.51

      Body and tail 15 3.01±0.82 1.54±0.55

Tumor size 0.022 0.146

      <4 cm 15 2.40±0.75 1.32±0.55

      >4 cm 22 2.97±0.67 1.54±0.50

Tumor differentiation 0.005 0.167

       Low 9 2.13±0.60 1.26±0.51

   Middle and high 28 2.93±0.69 1.52±0.52

Clinical stage 0.013 0.042

      I-III 13 2.32±0.62 1.09±0.33

      IV 24 2.97±0.64 1.54±0.50

Lymph nodes metastasis 0.018 0.049

       - 12 2.32±0.66 1.14±0.53

       + 25 2.94±0.71 1.57±0.49

 Liver metastasis 0.016 0.044

       - 13 2.38±0.62 1.03±0.54

       + 24 2.96±0.75 1.53±0.49

Cryosurgical device CAN-03 for 
oncosurgery
Kulakov D., Kungurtsev S., 
Pavlov V. 
Scientific production company 
“Biomedstandart”, Moscow, Russia;    
ph/ fax: +7 (495) 721-32-61; +7(985) 111-23-
52; e-mail: sergei_kun@mail.ru

Currently cryosurgery experiences its “Re-
naissance” owing to modern cryosurgical 
equipment capable of assured of pathologic 
tissue lyse even remaining inside of paren-
chymal organ for instance liver and visualiza-
tion equipment (US, CT, MRT) which enab-
les to provide monitoring cryodestruction 
process and surgeon back coupling. Search 
system PubMed in the Internet using the key 
words “cryosurgery”, “cryoablation”, “cryothe-
rapy” provides about 29 000 published works 
deal with cancer. 

On demand of neurosurgeons that have been 
deprived of special cryosurgical equipment 
our company created such cryoinstrument 
for neurosurgery under the working title CAN-
03. Specially engineered set of vacuumed in-
struments 3.0; 4.5; 6.0 и 8.0 mm diameters 
is attached as a unit. CAN-03 is destined for 
tumor and cavernomas encephalon ablation, 
subcortical structures destruction at therapy 
patients with various extrapyramidal hyperki-
nesis, epilepsia, Parkinson‘s disease. Becau-
se of insufficient number of clinical cases by 
this time let’s dwell only on technical features 
of the presented instrument. 

Liquid nitrogen as a working medium was 
selected in CAN-03, to our opinion is an op-
timal to use for cryosurgical equipment used 
for oncology working medium. Nitrogen is an 
inactive gas without color, odorless, explo-
sionproof and firesafe, nontoxic, easily ac-
cessible (constitutes ~ 78% of ambient air), 
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However, few studies about MR temperature 
images using the T1 value have been repor-
ted compared with using T1 weighted images 
or MR spectroscopy. 

Purpose

The purpose of this study is to evaluate the 
feasibility of visualization of a temperature 
change by a cooling effect using a tempera-
ture-dependent T1 value. 

Materials and a method

Subjects were 10 healthy males and perfor-
med a fatiguing exercise involving 3 bouts 
(i.e., E1, E2, and E3) of 120-sec repeated 
right-ankle dorsiflexion at 1 Hz frequency 
with 5-min between each bout .

The recovery period consists of two conditi-
ons, an icing or a control. The lower leg was 
cooled using 5 degrees circulation water on 
the icing condition.

T1 values were obtained for lower leg muscles 
(tibialis anterior [TA], extensor digitorum lon-
gus [EDL], and soleus [Sol]) using a 3.0-tesla 
Whole body MRI scanner(MAGNETOM Ve-
rio; SIEMENS) before exercise, immediately 
after each bout, and 15 and 30 min after all 
exercises.

The sequence used for measurement of T1 
value is Variable Flip Angles and B1 Correc-
tion which allows measuring more precise T1 
value by shorter acquisition time than other 
sequences for T1 value. Temperature chan-
ges were displayed as color mapping images 
superimposed on morphological MR images.

Result

During exercise, the T1 values of the TA and 
EDL muscles gradually increased along with 
the progression of the test periods E1, E2, 
and E3. Thereafter, the values decreased 
in the recovery period and remained higher 
than the pre-exercise value.

During recovery, the T1 value slowly de-
creased on the control condition. In the icing 

condition, the T1 value suddenly decreased 
shortly after an icing has started, and it was 
lower than one before exercise.

Conclusion

The T1 value of the muscle showed an in-
crease by exercise and a decrease by icing. 
It is speculated that the change of T1 value 
might be feasible to represent a temperature 
change and proved that it is said the T1 value 
is one of factors related deeply to tempera-
ture. This method is expected to be useful to 
evaluate the effectiveness of rehabilitation or 
training in sports where cooling is very com-
mon and in heavy usage. However, the T1 
value is not able to demonstrate the absolute 
temperature, therefore to obtain real tempe-
rature, further study to know relationship bet-
ween T1 value and real temperature using a 
needle temperature sensor will be needed.

Cryosurgical method of 
denervation of arteries 
Sandomirsky B.P.
Chizh N.A.
Sleta I.V.
Belochkina I.V. 
Institute for Problems of Cryobiology & 
Cryomedicine of  the National Academy 
of Sciences of Ukraine, Kharkov, 61015, 
Ukraine, 23 Pereyaslavskaya str,  tel: 
+38057 3727435,
e-mail: chizh.kol@mail.ru

Under different pathological states accom-
panying with sympathetic disorders there is 
used surgical method of arteries’ denervati-
on. Periarterial sympathectomy is quite trau-
matic surgery requiring a high qualification of 
surgeons. 

The research aim is to study the possibility of 
applying cryosurgical method of periarterial 
denervation. 

The experiments were performed in 105 male 
rats by means of the methods of light, contact, 
electron microscopy and following statistical 

Yu. Chernienko
J. Miroshnikov
S. Gichka 
Family Medicine Institute, NAS of Ukraine  
Kiev, Ukraine. St. Nemanskaya, 6.  
Tel. / Fax. (044) 528-98-99.
www.family-health.com.ua
e-mail: surgeon111@ukr.net  
 
Objective

To evaluate the efficacy of cryosurgical 
treatment of hemorrhoids. 

Material and methods

During 2000-2010 yy.  held cryosurgical 
treatment in 265 patients aged 27 to 65 
years (mean age 45+12 years) with 3-4 sta-
ge hemorrhoids. Used portable krioapparat 
„ Inei“ (Ukraine) with a temperature of -190 
degrees Celsius tip. 165 patients (group 1) 
cryodestruction performed on the area of   va-
scular legs lasting 3-5 minutes and the pro-
ximal third of the hemorrhoid (3 minutes). 72 
patients (group 2) vascular leg prepierced 
Vickril 3.0, followed by cryodestruction he-
morrhoids. 28 patients (group 3) vascular 
leg pierced on two levels with subsequent 
traction fallen mucosa of the rectum in the 
proximal direction and spent cryodestruc-
tion hemorrhoid from the rectal mucosa.  
 
The results obtained and their discus-
sion. Postoperative period in patients of group 
1 was accompanied by pronounced swelling 
and prolonged setsernation from wounds to 
1.5 months. Average duration of disability 
was 27+12 days.  Recurrence of hemorrhoi-
ds was observed in 5 patients (8%). Patients 
2 groups of post-operative period was more 
relaxed. The average duration of the recove-
ry period after surgery was 14 +3 days. Ho-
wever, 18 patients had additionally remove 
perianal fringe in terms of 22 to 56 days after 
the primary cryodestruction hemorrhoids. Re-
currence of the disease is not mentioned a 
single patient.

In patients with 3 groups of post-opera-
tive period was 7+2 days. Cosmetically 
has been achieved the best result. The-

re was no recurrence of hemorrhoids   

Conclusions

The optimal method of cryosurgery of 
hemorrhoids can be considered a way 
to plication of the rectum with cryode-
struction hemorrhoids from the mucosa.  
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Background

The longitudinal relaxation time (T1 value), 
which is one of the indexes of MRI has the 
temperature dependence and is used as the 
noninvasive temperature monitoring method 
for thermotherapy or cryosurgery.
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therapeutic method for peripheral lung can-
cer.
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Cryosurgery of colorectal liver 
metastasis
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Abstract

Liver resection remains the standard treat-
ment for colorectal liver metastases. Hepatic 
cryoablation has been used to ablate tumors 
that are otherwise unresectable. This tech-
nique involves circulation of liquid nitrogen 
through metallic probes placed on the sur-
face or into the center of the tumor. 

The aim was to determine the feasibility 
cryosurgery for treatment of colorectal liver 
metastases.

We treated 30 patients with colorectal liver 
metastases. 11 patients after cryosurgery 
had progression of disease. 10 patients had 
tumor recurrence within one year. 9 had stab-
le of disease. 

Further application of cryosurgery for the 
treatment of colorectal liver metastasis is a 
promising method, but requires further deve-
lopment.
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Initial experience of MR-guided 
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for small renal cell carcinoma 
using MR-compatible 17G cryo-
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Purpose

To report the initial experience of MR-guided 
percutaneous cryoablation of small renal cell 
carcinoma (RCC) using new MR-compatible 
17G cryo-needles.

Materials and methods

The patients who had the small RCC (T1a) 
were treated.  Using a high pressure Argon 
based MR-compatible system, MR-guided 
percutaneous cryoablation was performed 
under local anesthesia.  MR-compatible 17G 
cryo-needles were guided and frozen areas 
were monitored with a 0.3T open MR imager.  
We employed two freeze- thaw cycles.

Results

Four patients were treated.  One patient was 
female and the others were male.  The ages 
ranged from 56 to 86, the mean age was 71 

processing of the results. There were applied 
mechanical and cryosurgical methods of peri-
arterial denervation of a. hepatica. At mecha-
nical denervation the periarteral nerve plexus 
was removed along 0.5cm. Cryodenervation 
was made by means of autonomous nitrogen 
cryoinstrument using special copper tip as an 
unclosed circle, the temperature of operating 
surface of applicator was -120°C, cryoeffect 
exposure time was 60 seconds. To estima-
te the effect of a. hepatica denervation there 
were used the animals with experimental liver 
cirrhosis. 

After a. hepatic denervation by mechanical 
and cryosurgical methods there was found a 
stable not less than 14 days increase  in the 
diameter of liver sinusoids (by 30-40%)  and 
relative area of vascular channel (by 50 and 
75%, correspondingly in normal and cirrhoti-
cally changed liver). It has been established 
that cryodenervation of a. hepatica provi-
des longer, not less than 3 weeks, damage 
of nervous fibers in adventitial coat on the 
background of preserving stromal carcass of 
the vessel with following recovery of smooth 
muscle and endothelial components within 
this term. Application of the method of deep 
freezing of the vessel allows to perform a 
complete disintegration of proximal and distal 
parts of nervous fibers with no disorders on 
their membranes’ integrity.  The advantage of 
cryosurgical variant  of a. hepatica denerva-
tion versus mechanical one consists in more 
simple surgical  technique and less injury 
rate, considerably reducing the surgery time. 

CT-guided Conformal 
Cryoablation  for Peripheral 
NSCLC
Yueyong Xiao, MD.
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Jinlin Tian, M.D
Xuyang Ma, M.S. 
Shurong Liu, M.S.
Chao Ren, M.S.
Department of Radiology, Chinese PLA 
General Hospital;
Fuxing Road 28, Beijing, 100853, China.

Purpose

To study the feasibility of CT-guided and mo-
nitored percutaneous conformal cryoablation 
of NSCLC for the patients who are not suitab-
le surgically resected.

Materials and Method

CT-guided percutaneous conformal cryoab-
lation was performed on 46 patients with pe-
ripheral NSCLC. 19 patients with tumor size 
less than 3cm in diameter were treated with 
double-needle clamping cryoablation, while 
the other 17cases with tumor diameter from 3 
to 5cm were treated with multiple-needle con-
formal cryoablation. CT was used to monitor 
the range of cryoablation during the operati-
ons. At 1, 3, 6, 12, and 24 months after the 
operations, CT enhanced scan and/or PET-
CT was performed to evaluate the change of 
tumor size and the progress of cryoablation.

Results

The average CT values of the tumors were 
32±10HU and -21±8HU before and after cryo-
ablation respectively. The largest diameters 
of the lesions at 1, 3, 6, 12, and 24 months af-
ter operations was 2.63±0.56 cm, 1.93±0.51 
cm, 1.55±0.39 cm, 1.43±0.40 cm, 1.38±0.38 
cm in patients with 3cm diameter of tumors, 
and 3.63±0.39 cm, 2.98±0.31 cm, 2.62±0.32 
cm, 2.54±0.34 cm, 2.56±0.37 cm in patients 
with the tumor diameter between 3 and 5cm, 
respectively. There was no statistical diffe-
rence of the lesion sizes at 6 months, 12 and 
24 months (P>0.05). At 24 months, except 3 
patiens with stable local foci in the lung af-
ter cryoablation, died of multiple metastases, 
there were 36 cases of 43(CR) (83.7%), 7 
cases of 43 (PR) (16.3%), and no case of 
43 (SD) and (PD) was observed. 21 patients 
(45.7%) demonstrated hemoptysis and 9 pa-
tients (19.6%) demonstrated pneumothorax, 
ande two of them were treated with thoracic 
closed drainage.

Conclusion

CT-guided percutaneous conformal cryoab-
lation is a safe, effective, and mini-invasive 
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Nasal haemorrhage is an often met pathology 
in otolaryngology. There are many different 
reasons to cause nasal haemorrhage, e.g.:
• Nose inflammatory disease;
• Atrophic process of nose mucous (dry 

rhinitis, nose septum ulcer, etc.)
• Bleeding polyp of nose septum;
• Osler-Rendu disease;
• Desease that cause hypertension (mor-

bus hypertonicus) and nasal haemorrha-
ge.

Haemorrhage can be profuse, scanty and re-
current. Haemorrhages arise from plexus and 
branches of inciziva artery and cells of eth-
moid bone where synechia of nose septum 
appear.

Approach to treatment varies and depends 
upon the place of haemorrhage localization, 
mostly in the area of nasal septum (bone and 
cartilage part).

At profuse haemorrhages (accompanied by 
hypertension stroke) a place of haemorrhage 
is defined and frontal tamponade is conduc-
ted for 3 days. During this period treatment 
is made to reduce arterial pressure, taking in 
medicine with better hematostatic effect. In 
3 days tampon is pulled out and a cryopro-
be (diameter 5-10 mm) is put to the place of 
haemorrhage. Cryodestruction is made in 3 
cycles for 40-50 s.; icy ring is formed that is 
the place for cryonecrosis.

After icy ring defrosting haemorrhage may 
appear again. In this case in the place of 

haemorrhage frontal tamponade is repeated-
ly employed. The next day tampon is extrac-
ted but haemorrhage is not observed.

During 3 days at the place of cryonecrosisa 
whitish crust is formed. This crust can not be 
removed as a process of bleeding vessel he-
aling takes place.

CRYOOXYTHERAPY BY LOW-
BACK PAIN AND INTERCOSTAL 
NEURALGIA
V.V. Kozyaykin 
V.I. Kochenov
PHSMA “Bronnitskaya municipal hospital”, 
“Nizhegorodskaya State Medical Acadimy 
of Federal Agency on public health services 
and social development of the Russian 
Federation”, The Scientific Clinical Centre of  
Medical Cryology «onKolor»
E-Mail:kriol.nnov@list.ru

We used local nitric extreme cryotherapy, 
carried out in the atmosphere enriched by 
oxygen, in treatment of 82 patients with the 
back pains caused by myositis and osteo-
chondrosis of the backbone and with interco-
stal neuralgia.

The medical procedure was started from car-
rying out local extreme nitric cryotherapy of 
skin in the atmosphere of the oxygen in a pro-
jection of pains and on the next sites. Depen-
ding on constitutional features and the age 
of a paitient pulse drop cryoirrigation of skin 
with liquid nitrogen in the atmosphere of ga-
seous oxygen was lead para vertebrally and 
on course of intercostal intervals pulse drop 
cryoirrigation of skin by liquid nitrogen in the 
atmosphere of gaseous oxygen until the oc-
currence of a visible icing, this procedure was 
repetited. Either cryopetrissage was made in 
massage directions with rolling of a tampon a 
mesh woven surface cooled in liquid nitrogen 
with (the patent of the Russian Federation 
№2245114, B.I. №3, published 27.01.2005.) 
or a cryomassage roller cooled in liquid ni-
trogen in oxygen atmosphere. All the instru-
ments for cryotherapy are from a tool kit for 

years old.  The maximum diameters of tu-
mors ranged from 1.0 and 3.2 cm and the 
mean diameter was 2.1 cm.  We placed one 
needle in the first case, 2 needles in the se-
cond case and 3 needles in the other cases.  
Total freezing time ranged from 20 to 27 mi-
nutes and the mean was 23 minutes.  The 
minimum margins between tumor and frozen 
areas ranged from 3 to 7.6 mm and the mean 
was 5.7 mm.  All cryo-needles were located 
safely and accurately under MR guidance 
and frozen areas were clearly visible on the 
MR images.  Technical success was achie-
ved in all cases.  We experienced no compli-
cation during ablation.  Three patients were 
discharged one day after cryoablation and 
one patient was two days after.  A dull pain 
at the puncture site lasted a couple of weeks 
in one patient.  There was no serious compli-
cation. 

Conclusion

The new MR-compatible cryo-needle is a 
safe and very useful for cryoablation of RCC.  
However, the ice-ball size and shape of a 
new cryo-needle are different from old large 
diameter cryo-probe.  We should establish a 
new design concept of ice-ball formation for 
multi-needle cryoablation.

General cryotherapy is the 
method of regenerative 
medicine.
Baranov A.

General cryotherapy is the cooling of total skin 
surface for a short period of time with cryo-
genic gas under the temperature of -130C. 
General cryotherapy favors the regeneration 
of proper functioning of organs. Great expe-
rience of general cryotherapy applying for a 
large number of diseases is collected in Rus-
sia. Among the diseases you can find rheu-
matic arthritis, bronchial asthma, psoriasis, 
diabetes mellitus, brain blood circulation di-
sease, hypertension. The most important fact 
is that this method also positively influences 
the elderly people. You can see it in several 

examples. The course of cryotherapy treat-
ment consists of 10 procedures.

Rheumatic arthritis: average age of the pa-
tients was 63 years old. 80% of the patients 
were women. As a result the feeling of pain 
during the period of body rest reduced from 
90% to 10% and the pain feeling of the pa-
tient in motion reduced from 90% to 15%. 
The index of arthritis became 12 times less 
(reduced from 28.4 to 2.4). The average time 
of morning stiffness reduced from 210 to 21 
min. Blood sedimentation rate reduced from 
55 to 28 mm\hour. The duration of remission 
increased from 4 to 11 months.

Initial brain blood circulation disease: the 
course of general cryotherapy caused an 
essential reduction of disease symptoms. It 
was found: 3.5 times headache decreasing, 
2.8 times increasing of working capacity, 2.5 
times decreasing of the sleeping problem, 1.9 
times increasing of memory. The frequencies 
of finding all symptoms of microembolia re-
duced from 27% to 12%. And manifestations 
of microstructural disease symptoms became 
two times less.

Diabetes mellitus: it was found that there is 
the normalization of blood sugar. The results 
before treatment were 21.5 mmole\l and after 
treatment 8 mmole\l.

Age-protective effects: It was observed 8% 
reducing of biological age of patients and 
12% cardiopulmonary age reducing on ave-
rage. Haemodynamic, psycho-neurophilic, 
hypocoagulative, metabolic, immunotrophic 
effects of general cryotherapy favor the im-
provement of blood supplying to the brain, 
optimization of CNS (central nervous sy-
stem) functions and slow down the rates of 
senescence of the body.

Using general cryotherapy in all cases provi-
des the regeneration of normal body functio-
ning that allows us to refer to this procedure 
as procedure of regeneration.

Cryosurgery at nasal 
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medical cryology by V.I.Kochenov. Gaseous 
oxygen was given to a zone of realisation of 
manipulation from a tank with the compressed 
pure gaseous oxygen, directing an oxygen 
stream onto a cooled cryoinstrument and a 
zone of cryoeffect (a priority under the patent 
of the Russian Federation №2008148217). 
Cooled cryoinstrument at the moment of ma-
nipulation was in the air enriched by oxygen. 
The cooled working surface of all devices for 
cryomassage which were preliminary cooled 
in liquid nitrogen as much as possible and 
the droplets of liquid nitrogen directed onto 
the surface of skin, were being covered by 
a layer of passively liquefied oxygen which 
contacted with skin directly, thus there was 
heard a characteristic hissing, the treatment 
was accompanied by cryooxycavitation on a 
surface of tissues and cryooxyimpregnation 
of tissues.

After the development of strong hyperaemia 
and relative anaesthesia in this zone manual 
massage with the elements of manual thera-
py was gotten eliminating compressive shifts 
of vertebras. At strongly expressed pain syn-
drome before cryogenic influences local an-
ethsatic was done.

For all patients the procedures of the general 
extreme aircryotherapy (cryosauna) and the 
general vortical magnetic cryotherapy (ma-
gneticturbothrone) were prescribed in additi-
on.

The feeling of burning on skin, similar to mu-
stard plaster influence, disappeared in 1-2 
hours. The phenomena of hyperaemia kept 
at times till 2-3 days. The procedure was re-
peated for 1-2 times a week 3-5-fold. A sud-
den reduction of pains came at all patients 
already after the first procedure. A preventive 
repetition of cryotherapy and massage was 
prescribed in 3 months and in a half of a year. 
The resumption of pain within a year is noted 
only with 8 persons.

Distracting, vasodilating, anaesthetising me-
thods, reflex muscle relaxanting effects of 
skin cryotherapy, used in a combination of 
massage and manual therapy, the general 
extreme aitcryotherapy and the general vor-

tical magnetic therapy is reasonable to use 
widely for elimination of low-back pain and in-
tercostal neuralgia, other painful syndromes 
in neurology.

Introduction of new cryosurgical 
apparatus in Japan
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Junta Harada
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Mail address: 2-1, Shintoyofuta, Kashiwasi, 
Chibaken, JAPAN 277-0804
E-mail: ueda@kf.hitachi-medical.co.jp
Phone: +81-4-7131-4191
Fax: +81-4-7131-9191
(2) KKR Sapporo Medical Center Tonan 
Hospital
(3) The Jikei University School of Medicine 
Kashiwa Hospital

We ran clinical trials of CryoHit for liver can-
cer, kidney cancer and uterine fibroids in Ja-
pan from 2001 to 2002. 

We received an approval of the Pharmaceu-
tical Affairs Law from Japan‘s Ministry of 
Health and Welfare for small renal cancer 
cryoablation in January, 2010.

Also, reimbursement has been approved for 
small renal cancer cryoablation in 2011.

Post-marketing surveillance is still continuing.

When we tried to receive the approval of the 
Pharmaceutical Affairs Law from Japan’s Mi-
nistry of Health and Welfare for small renal 
cancer cryoablation, we had to follow tangled 
bureaucratic procedures and it took a lot of 
time and energy.

This report describes how we introduced 
CryoHit in Japan and what kinds of problems 
we had to resolve.

We will report the detailed process of the in-
troduction of CryoHit in Japan in this talk.

The results of cryosurgical 
technologies application in 
treatment of pancreatonecrosis 
and its complications

S.Maskin
L.Igolkina
G.Zhidovinov
N.Ermolaeva
V.Aleksandrov
S.Кungurzev
Volgograd State Medical University
Sc. Pavshikh Borzov, 400131 Volgograd, 
Russia
e-mail: maskins@bk.ru  

Background

surgical treatment of pancreatonecrosis (PN) 
ranks first among acute abdominal patholo-
gies both accompanied by severe complica-
tions and high lethality, and it is one of the 
most difficult and debatable problems in ur-
gent abdominal surgery. Indications for surgi-
cal intervention, its volume and performance 
terms depend on the clinical-morphological 
form, the phase of the disease and its severi-
ty. Local cryosurgery (LC) promotes primary 
breakage of the pathological biochemical and 
morphological changes cascade in a pan-
creas (P) and retroperitoneal tissue, leads to 
changes in the pathological process. 

Objective

to estimate the results of LC application to P 
in different forms of PN.

Materials and methods: a randomized con-
trolled trial of 169 surgical patients of the clinic 
of hospital surgery VolgSMU  was conducted 
in 2005-2010 yr. The main group (1) included 
64 patients: subgroup 1a - sterile PN (6 pa-
tients), 1b – infected PN (27), 1с – infected 
PN with purulent parapancreatitis (PPP) (31). 
Control group (2) was made of 105 patients:  
subgroup 2a – (11), 2b – (45), 2с – (49). 

Patients with pancreatogenic shock and pan-

creatogenic purulent peritonitis were exclu-
ded from the study.

All the patients undergone surgery: patients 
with sterile PN undergone laparatomy, P ab-
domination, omental bursa and abdominal 
cavity drainage, cholecystostomy (in case 
of accompanying biliary hypertension); in 
patients with infected РN omentobursosto-
my was formed; in cases of infected РN with 
PPP drainage of retroperitoneal space was 
additionally done. If  sequesters were pre-
sent necrosequestrectomy  was done in all 
the cases. 

LC on P was performed by B.I.Alperovich 
and N.V.Merzlikin technique with cryosurgi-
cal device of Ural cryogenic laboratory and 
universal cryosurgical equipment krio-01 Ela-
med. Cryoapplicator in diameter to 1 sm with 
temperature of a tip up to-180-196° C was 
applied to 3-4 altered points of the pancreas 
in several cycles. The general duration of the 
local application was 3 minutes. Diagnostics 
and management algorithm were standard in 
both groups.

Results

In subgroup 1a in all 6 patients resorption 
of the parapancreatitis was achieved. Se-
questration, purulent complications of P and 
retroperitoneal tissue were not revealed, all 
patients recovered. In subgroup 2a in 4 pati-
ents from 11 (36,4+10,3%)  purulent-necrotic 
complications of P and PPP have arisen that 
required repeated relaparatomy;  one patient 
(9,1+2,6%) died of endointoxication and mul-
tiple organ failure (p<0,05).  

In subgroup 1b the process development with 
PPP occurred in 2 of 27 patients (7,4+1,3%), 
in subgroup 2b this complication occurred in 
8 of 45 patients (17,8+2,6%) (p<0,01). Letha-
lity was statistically reliably lower in case of 
LC - 11,1+2,0 vs  26,7+3,9 (p<0,01).

In subgroup 1c PPP development took place 
in  5 of 31 patients (16,1+2,8%), in sub-
group 2с this process occurred in 11 of 49 
(22,4+3,1%) cases. Lethality was also lower 
due to LC - 19,4+3,4% vs 28,6+4,0%. But 
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statistically reliable difference in the com-
plications occurrence and lethality in these 
groups were not revealed (p>0,05)

The number of arrosive hemorrhages de-
creased due to LC in infected PN - 0 vs 
4,4+0,6% (p<0,001) and in PPP - 3,2+0,5% 
vs  6,1+0,8% (p<0,05).

Sanational laparatomy was used statistical-
ly rarely in the basic group in comparison 
with the control one:  in subgroup 1b - in 9 
patients (33,3+6,3%), in subgroup 1с – in 
11 (35,5+5,4%); in subgroup 2а – in 4 pati-
ents (36,4+10,3%), in subgroup 2b – in 30 
(66,7+9,9%) (p<0,05) and in subgroup 2с – in 
33 (67,4+9,9%) (p<0,05) patients.

Due to LC in the complex treatment of dif-
ferent forms of PN the occurrence of puru-
lent-necrotic process and PPP development 
was reduced from  21,9+2,1% to 10,9+1,3% 
(p<0,001) and lethality decreased from 
25,7+2,5% to 14,1+1,7% (p<0,001).

Conclusion

the obtained clinical data confirm pathogene-
tic validity of cryoapplication for the treatment 
of defferent forms of pancreatonecrosis, that 
leads to the decrease of  purulent-necrotic 
complication in pancreas and parapancreatic 
tissue and to the decrease of lethality of this 
severe pathology.

Clinical efficacy of cryotherapy 
followed by chemotherapy for 
advanced Non-small Cell Lung 
Cancer

Jianxin Qian, MD
The Second Hospital Affilated tp Second 
Military Medical Universityof PLA
Shanghai, China

Objective

To investigate the efficacy of cryotherapy 
followed chemotherapy and its effect on the 

survival of 113 patients with IIIb or IV NSCLC. 

Methods

From March 2005 to May 2007, 61 patients 
with IIIb or IV NSCLC received cryotherapy 
followed chemotherapy (group A), controlled 
by 52 patients with similar diseases who re-
ceived chemotherapy alone (group B). The 
pain was evaluated by numeric rating scale 
(NRS) and the quality of life (QOL) was as-
sessed by FACT-G scale. The efficacy was 
evaluated by the images of the chest lesions, 
including the realtime extent of necrosis af-
ter cryotherapy, and the changes of tumor 
diameters according the WHO criteria for re-
sponse evaluation in solid tumors. 

Results

The QOL was improved significantly after 
cryotherapy. Twenty-six patients had pain 
before the treatment. Two weeks after the 
cryotherapy, many of them showed pain re-
lief. We evaluated all cases after two cycles 
of chemotherapy. The total effectiveness in 
group A was significantly higher than that in 
group B (34.4% vs 15.4%, P < 0.01). The in-
terval of follow-up ranged from 4 months to 
22 months. The median survival time in group 
A and B was 12.9 and 9.5 months respective-
ly. The one year survival duration was 53.6% 
and 35.4%. There was significant difference 
between the two groups (P < 0.01) . 

Conclusion

The cryotherapy is a safe and effective me-
thod in treating locally advanced tumors. The 
combination of cryotherapy and chemothera-
py has a better efficacy on advanced NSCLC 
than single chemotherapy. The main mecha-
nisms of cryotherapy are to reduce the volu-
me of the lesions. Thus the comprehensive 
effect significantly increased, the pain relie-
ved, and the quality of life improved.

An experiment of iceball fracture 
for MRI-guided cryoablation
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Junta Harada(3)
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Mail address: 6-41-2, Aoto, Katsushikaku , 
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(2) Hitachi Medical Co.
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The Jikei University School of Medicine Kas-
hiwa hospital has started MRI-guided cryo-
ablation using CryoHit approved by Japan’s 
Ministry of Health and Welfare.

In contrary to other papers, until now even 
during clinical trials, we have not experienced 
adverse effects such as iceball fracture in re-
nal cancer cryoablation.

We ran a basic experiment because we 
thought that a risk of cryosurgery with a per-
cutaneous approach may be less severe than 
those associated with conventional surgeries 
such as open surgery and laparoscopic sur-
gery.

In the experiment we made ice balls in water 
and investigated when and how the ice balls 
fracture.

The results showed that ice balls fractured 
only when we stopped freezing.

This suggests that we may find a solution to 
ice ball fracture.

We will report the detailed results of the expe-
riment in this speech.

Cryosurgical device CAN-03 for 
oncosurgery
Kulakov D.
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“Biomedstandart”, Moscow, Russia;    ph/ 
fax: +7 (495) 721-32-61; +7(985) 111-23-52; 
e-mail: sergei_kun@mail.ru

Currently cryosurgery experiences its “Re-
naissance” owing to modern cryosurgical 
equipment capable of assured of pathologic 
tissue lyse even remaining inside of paren-
chymal organ for instance liver and visualiza-
tion equipment (US, CT, MRT) which enab-
les to provide monitoring cryodestruction 
process and surgeon back coupling. Search 
system PubMed in the Internet using the key 
words “cryosurgery”, “cryoablation”, “cryothe-
rapy” provides about 29 000 published works 
deal with cancer 

On demand of neurosurgeons that have been 
deprived of special cryosurgical equipment 
our company created such cryoinstrument 
for neurosurgery under the working title CAN-
03. Specially engineered set of vacuumed in-
struments 3.0; 4.5; 6.0 и 8.0 mm diameters 
is attached as a unit. CAN-03 is destined for 
tumor and cavernomas encephalon ablation, 
subcortical structures destruction at therapy 
patients with various extrapyramidal hyperki-
nesis, epilepsia, Parkinson‘s disease. Becau-
se of insufficient number of clinical cases by 
this time let’s dwell only on technical features 
of the presented instrument. 

Liquid nitrogen as a working medium was 
selected in CAN-03, to our opinion is an op-
timal to use for cryosurgical equipment used 
for oncology working medium. Nitrogen is an 
inactive gas without color, odorless, explo-
sionproof and firesafe, nontoxic, easily ac-
cessible (constitutes ~ 78% of ambient air), 
possess low boiling temperature (- 196°С) 
and high specific heat of phase transition 
(160 J/cub cm). Latent evaporation heat of 
helium is 2.6 J/cub cm that is 60 times less, 
of argon is average between helium and ni-
trogen. Liquid always takes away heat from 
the cooling surface better then gas. Liquid 
nitrogen at nucleate boiling regime (without 
transition to film boiling) correct arrangement 
in operating cryotool handpiece provides the 
optimum heat flow density of 12 W/ cub cm. 
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Thereby the maximum cryodestruction effect 
of pathologic tissues has been achieved. 

In CAN-03 as in the first in the USSR cryode-
vice designed by academician Shalnikov ni-
trogen enters the cryodevice operating area 
due to exhaustion in it. It allowed us to achie-
ve working medium temperature at list 20°C - 
25°C lower than other existing cryodevices. It 
is known that the higher temperature gradient 
the more effective heat transfer. Additional 
working medium temperature drop provides 
to CAN-03 maximum possible cooling effect 
and allows to reduce the surgical intervention 
time and its expenses. 

Cryosurgical equipment operating efficien-
cy also to a considerable degree depends 
of cryotool design or to be more precise on 
its heat exchanger. In CAN-03 cryotools 
heat exchangers are manufactured of sin-
tered copper beads. Liquid nitrogen feeding 
capillary tube is connected with Dewar ves-
sel. Cryoinstrument’s vacuum pump draws 
suction in tool’s annulus that results in liquid 
nitrogen inflow. Liquid nitrogen occurs into a 
heat exchanger where it evaporates. While 
evaporating nitrogen cools operating cryo-
tool handpiece to the nitrogen evaporation in 
vacuum temperature (- 204 - 207°С). Chilled 
handpiece freezes contacting biological tis-
sue. As it was mentioned due to vacuuming 
while manipulating only working operating 
cryotool handpiece has been cooled down, 
other parts remain warm that secures both 
medical staff and patient. 

It’s significant in the judgment of the sur-
geons that CAN-03 at operating cryotools 
(cryoapplicatorы) modification can be em-
ployed in the abdominal surgery, pulmono-
logy, urology, gynecology, breast-cancer, 
osseous tumors, soft tissues tumors, oral 
surgery. 

In the judgment of authors cryosurgical 
equipment CAN-03 (its modifications) enab-
les to shift cryosurgery from high-tech to rou-
tine one. It’s a pity that surgeons – virtuosos 
not many (however as in other professions). 
Their purpose is to set up naster-classes, to 
teach, create new methodologies. Let this 

kind of medical aid should be extensively 
accessible. As oncology all over the civilized 
world is one of the most important medical 
and social problems and there is no decrease 
of oncologic patients. 

During the 15th International congress of 
cryosurgeons professor V.Kochenov drew at-
tention at the possibility of tumor destruction 
enhancement due to ozone introduction into 
the surgical site. Together with the Cell Bio-
physics Institute of RAS (director - correspon-
dent member of RAS prof. E.Fesenko) we’ve 
continued this trend through experiments on 
mice. In the capacity of organism immune 
status highlights the production of cytokines 
(tumor necrosis factor-α, interferon-γ and in-
terleukins (IL-1α, IL-1β), IL-2, IL-3, IL-6, IL-
10), interferon-γ, nitric oxide (NO) and heat 
shock proteins. Against the background sur-
vival value and life span enhancement of tu-
mour carriers when cryosurgical treatment 
with increasing malignant tumor immune im-
balance degree decrease induced by tumor 
growth (especially at conduction of two or 
three cryodestruction sessions) takes place. 
It’s possible to say preliminarily that the re-
sults of such investigation will allow to search 
the most optimal cryodestruction conditions 
including employment of ozonization and 
other technique that enhance cryosurgery 

We’ll be grateful for questions, information 
interchange in frames of the report issue by 
indicated above E-mail. 

From the practice of 
cryotreatment of complex nevi
Juozas Prušinskas
Cabinet * Apgamas* , A. Goštauto 12, 
Vilnius LT-01108,  Phone/fax +370 5 620101
Email apgamas@gmail.com, lisa0207@
gmail.com

In the practice of a dermatologist, oncologist 
and surgeon, up to 10-15% of congenital nevi 
may be classified as unconventional due to 
their size or anatomical localization. Usually 
surgeons refer to these cases as complex. 

Each case requires individual creative ap-
proach to its treatment. Especially complex 
cases are those when a nevus is located on 
the face because during its removal not only 
aesthetics problems must be solved but also 
the functions of mimic muscles or the facial 
nerve, the thermal protection of organs or ne-
arby tissues must be retained. From all known 
surgery methods, at present only cryogenic 
treatment may solve these tasks due to the 
unique feature of this treatment – organotypic 
regeneration of skin.

As a rule, all complex nevi are subjects of 
discrete cryosurgery and, consequently, their 
treatment requires longer periods of time, so-
metimes it takes even up to several years. 
Only experience and professionalism of a 
surgeon may determine the methodology of 
the cryodestruction of each particular nevus. 
In these cases usually we use our own me-
thodology for the metachronic cryodestruc-
tion of a tumour.

In our practice we had a case of a large con-
genital nevus in the inner corner of the eye 
with spread on both eyelids. The tumour was 
removed using the application method for 7 
times; the period between the cryodestruc-
tions comprise from 2 to 6 months. Thus the 
process of treatment lasted 2 years. In the 
result, the cosmetic problem was solved – the 
glandula lacrimalis, eyelids and their ciliary 
function were retained.

Another treatment method was applied for a 
seven years old patient whose almost enti-
re right cheek was densely covered with ne-
vus of various sizes. In this case we used 
cryodestruction procedure-by-procedure, or 
“creeping cryodestruction” as it is called. The 
whole area of affection was divided into small 
sections in which cryodestruction was perfor-
med in series with time intervals from 2 to 6 
months. Required cosmetic results were rea-
ched after 3 years.

We used the tactics “Olympic rings”, well 
known in cryosurgery, in the removal of a lar-
ge (more than 30 square centimetres) conge-
nital nevus on the back side of the hips. The 
treatment consisted of several stages; each 
of them included the freezing of the tumour 
from its periphery using the method “Olympic 
rings”. After the regeneration, approximate-
ly after 3-6 months, the procedure of cryo-
destructions was repeated. This was done 
many times thus nearing to the centre. The 
entire nevus was removed after 12 months.

In conclusion, the experience of 30 years 
allows to assert that such feature of cryo-
destruction as long-term regeneration of the 
epithelium, which is usually considered as 
disadvantage, factually is its advantage due 
to which complex cosmetic and physiological 
problems may be solved.
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International Society of Cryosurgery
as Legal Entity 
Vienna, October 7th, 2011

Deutsche Version

MITTEILUNG
betreffend 

International Society of Cryosurgery (ISC)

Mitte Juli 2011 wurden aufgrund des Ergebnisses der Abstimmung unter den Mitgliedern im 
elektronischen Weg von den dabei interimistisch gewählten Organen Schritte eingeleitet, um 
eine volle Handlungsfähigkeit der Vereinigung wieder zu erreichen und den bevorstehenden 
Jahreskongress in rechtlich geordneten Verhältnissen durchzuführen.

Die Beurteilung der Situation durch die interimistischen Organe seit Juli 2011 und die von ihnen 
dazu angestellten Recherchen in offiziellen Registern und Dokumenten – auch in Italien als 
Herkunftsland des bisher als Präsidenten auftretenden Herr Lugnani - ergab, dass die bisheri-
ge ISC unter dem bisherigen Präsidenten Herr Lugnani keinen internationalen Markenschutz 
hatte und die bisherige ISC in ihrer rechtlichen Struktur im Juli 2011 auch kein anerkannter 
Verein mit voller eigener Rechtspersönlichkeit war. 

Die interimistischen Organe haben daher seit Mitte Juli 2011 das Ziel umgesetzt, die Vereini-
gung als rechtlich anerkannten Verein mit eigener Rechtspersönlichkeit mit dem Sitz in Wien 
zu konstituieren: Dazu wurde von den interimistischen Organen die „Internationale Gesell-
schaft der Kryochirurgie – International Society of Cryosurgery“ mit Stichtag 07.10.2011 als 
offizieller und anerkannter Verein mit Sitz in Wien gegründet. Dieser Verein hat nun seit dem 
07.10.2011 volle eigene Rechtspersönlichkeit, was von der österreichischen Vereinsbehörde 
mit Vereinsregisterauszug vom 07.10.2011 auch amtlich bestätigt wurde (pages 213, 215). 

Zugleich wurde nun auch die Bezeichnung „International Society of Cryosurgery“ samt Logo 
als eigenständige Wortbildmarke angemeldet und nationaler (pages 217, 219) sowie interna-
tionaler (page 221) Schutz für diese Marke mit dem Tag der Einbringung der Markenanmel-
dung am 04.10.2011 beantragt. 

Prof. Dr. Sajio Sumida, Japan
Honorary President of the International Society of Cryosurgery 

Prof. Dr. Nikolai N. Korpan, Austria
16th Congress President of the International Society of Cryosurgery

October 7th, 2011 
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 International Society of Cryosurgery

Recherche

of legally registered and existing Societies worldwide named

„International Society of Cryosurgery“

July 16th – October 7th, 2011

Search – No items found.

English Version

MEMORANDUM
referring to the

International Society of Cryosurgery (ISC)

Middle of July 2011, steps have been taken due to the results of voting among the members by 
electronic means through the bodies temporarily elected in order to reach the full society’s abi-
lity to act again and to carry out the forthcoming annual congress in legally regulated relations.

Since July 2011, the situation assessed by the temporary bodies and the corresponding re-
searches made in official registers and documents – as well as in Italy as country of origin of 
Mr. Lugnani who has been presenting himself as president to date – has showed that present 
ISC headed by president Mr. Lugnani had no international trademark protection and that pre-
sent ISC was not a recognized society with full legal personality in its legal structure in July 
2011. 

Therefore since middle of July 2011, the temporary bodies have implemented targets which 
constitute the society as legally recognized society with own legal personality with place of 
business in Vienna: in this context, the temporary bodies have established “Internationale Ge-
sellschaft der Kryochirurgie – International Society of Cryosurgery” as official and recognized 
society with place of business in Vienna dated 07/10/2011. Now, this society possesses full 
legal personality with effect from 07.10.2011 what was also officially confirmed by the Austrian 
Vereinsbehoerde (authority of society) with a society register excerpt dated 07/10/2011 (pages 
213, 215). 

At the same time, the designation „International Society of Cryosurgery“ plus logo was registe-
red as independent verbal trademark as well as national (pages 217, 219) and international  
(page 221) protections of this mark have been applied for with the date of filling the mark ap-
plication on 04/10/2011. 

Prof. Dr. Sajio Sumida, Japan
Honorary President of the International Society of Cryosurgery 

Prof. Dr. Nikolai N. Korpan, Austria
16th Congress President of the International Society of Cryosurgery

October 7th, 2011 
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Official Bylaws of the ISC
English Version 

September 15th, 2011
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Official Bylaws of the ISC 
German Version

September 15th, 2011
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Appendix 1: Online Election ISC 2011
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Appendix 2: Online Election ISC 2011, Results
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Appendix 3: Interim Organs of the ISC 2011

Interim President of the ISC

Professor Dr. Sajio Sumida (Japan)

Chairman, Board of Directors, Japanese Society of Low Temperature Medicine

Board of Directors of the ISC

 Junta Harada, MD, Prof. (Japan)

Vladimir Kochenov, MD, Prof. (Russia)

 Nikolai Korpan, MD, PhD, Prof. (Austria)

 Patrick Le Pivert, MD (USA)

 Lizhi Niu, MD (China)

 Kecheng Xu, MD, Prof. (China) 

Roxolana Horbowyj, MD, coopted (USA)

Rita Jean-François, MD, coopted (Canada)

Peter Littrup, MD, Prof. (USA)

Juana Elida Mauro, MD, coopted (Argentina)

Juozas Prushinskas, MD, coopted (Lithuania)

Yueyong Xiao, MD, coopted (China)
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Appendix 4: Announcements 1 and 2
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Appendix 5: Official Website of the ISC
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Appendix 6: 1st Congress of Cryosurgery, Vienna 1972
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